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ADDITIONS TO THE U.S. NAVY—BATTLESHIPS 

KBARSARGE AND KENTUCKY. 

Our naval fighting strength will soon be increased 

by the additions of the battleships Kearsarge and Ken- 

tucky, both of which have undergone their acceptance 

trials and are now receiving their proper equipment 

tial particulars. Their most peculiar feature is the 
superimposed turrets forward and aft, the larger and 

lower turrets, each carrying two 13-in. breech loaders, 

and the upper turrets each containing two 8-in. breech 

loaders. In addition in the main battery the vessels 

carry, broadside, fourteen 5-in. rapid fire guns, and in 

the secondary battery twenty 6-pounders and eight I- 

U..S. BATTLESHIP KENTUCKY STEAMING 

for naval service. In our engraving the Kentucky is 

shown steaming full speed ahead during her recent sea 

speed trials. Both these vessels were built atthe Newport 

News yard and they are practically alike in all essen- 

‘““PULL SPEED AHEAD”? ON HER TRIAL TRIP. 

(Original photograph, Copyright, 1899, by N. L. Stebbins, Boston, Mass.) 

pounder rapid fire guns, and also the usual automatic 

and field guns. The defensive powers are provided for 

by a side belt of Harveyized armor of a maximum 

thickness of 161-2 in. and armor plate disposed else- 

(Copyright, 1900, by Aldrich & Donaldson, New York.) 



ois MARINE ENGINEERING. MT 
where for the protection of the ship’s vitals. The pro- 

tective deck is 2 3-4 in. thick. 
In former issues we gave the chief dimensions of 

these vessels and now add some particulars regarding 

the machinery equipment. They are twin screw ves- 

sels with engines of about 10,000 I. H. P. The engines 

are vertical inverted triple expansion, with wrought 

steel framing thoroughly trussed and stayed, and with 

cylinders, 33 1-2 in., 51 in., and 78 in. dia., and 48 in. 

stroke. Single ported piston valves are used through- 

out, one for the H. P., two for the I. P., and four for 

the L. P. cylinders. Stephenson’s link motion is used 

for all valves. Steel forgings are extensively used for 

the working parts and the line, thrust and propeller 

shafts are hollow forged nickel steel. Independent 

pumps are fitted for all services. Manganese bronze is 

used for the propellers, which are three bladed, true 

screws, 16 ft. 9 in. dia. and with pitch adjustable from 

16 ft. to 18 ft. 

Fire tube cylindrical boilers are used; three double 

ended and two single ended, all 15 ft. 8 in. diameter. 

Auxiliaries are numerous, covering a large number of 

pumps for a great variety of purposes from boiler feed 

to sanitary service; also ice machine, distilling appara- 

tus, etc. A more general application of electricity for 

power purposes has been made on these ships than on 

any other of our naval vessels. The installation was 

the subject of a special paper read before the Society 

of Naval Architects and Marine Engineers, reported 

in our last issue. 

Both these vessels have attained a speed considerably 

in excess of the contract 16 knots on trial. In his re- 

port the Secretary of the Navy announces that the 

Kearsarge will be completed for service this month and 

the Kentucky next month. 

On trial the battleship Kentucky attained a speed of 

16.897 knots, and the Kearsarge on trial attained a rate 

of 16.85 knots. 

A. S.M.E. Meetrnc.—Members of the American So- 

ciety of Mechanical Engineers met in New York De- 

cember 5, on the occasion of the twentieth annual meet- 

ing. The presidential address by George W. Melville, 

Engineer-in-Chief of the Navy, treated of “Engineering 

the United States Navy; its Personnel and Matériel.” 

A number of valuable papers on a variety of engineer- 

ing stibjects was read and discussed. Excursions to lo- 

cal points of interest, power plants, etc., were arranged 

for and participated in largely by the members. The 

social side of the meeting is always a strong one with 

the mechanical engineers, and besides excursions, other 

pleasant functions formed part of the programme. The 

solicitation of funds for the provision of a suitable me- 

morial to Robert Fulton was actively carried out by a 

special committee appointed for that purpose. sivemnes 

mains of the great engineer lie in the Trinity Church 

grave yard in New York city, and arrangements have 

been made with the church authorities for the placing 

of the memorial. C. H. Morgan was elected President 

to succeed George W. Melville. We purpose in an early 

issue to republish the address of the retiring President. 

Charles H. Morgan, the new President, has long been 

connected with the steel and wire industry and is asso- 

ciated now with a company in Massachusetts bearing his 

name. 
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CAUSES FOR THE ADOPTION OF WATER TUBE 

BOILERS IN THE U. S. NAVY.* 
V/ 

BY GEO. W. MELVILLE, ENGINEER-IN-CHIEF, U./S. N. 

It has been a number of years since I have had the 

honor and pleasure of addressing this Society. Speak- 

ing generally, the progress and design of machinery of 

warships has been during that time along such well-de- 

veloped lines, and so in accordance with the generally 

accepted theories of designers, that there has been little . 

to say. More recently, however, in order to keep pace 

with the times and to cope with-the necessity we have 

always before us of securing ships that will be in nowise 

inferior of those built for any other nations, a change in 

machinery design has been made that at first glance ap- 

pears radical—the general adoption of water tube boil- 

ers for all new vessels of our Navy. 

Elsewhere violent diatribes have been launched against 

those responsible for a similar decision, and I am aware 

that there exists a not inconsiderable sentiment in this 

country against water tube boilers. I call it a sentiment 

advisedly, because I believe that much of it is due to the 

attachment that engineers have for their old and proved 

friend, the cylindrical boiler. ; 

Only a part of the opinions unfavorable to the change 

arises from the natural and proper conservatism of 

naval architects and marine engineers, but these demand 

answer. - Flooded always with new devices—or, rather, 

by rejuvenated failures in new forms—we find a very 

small proportion that is even worthy of a trial; and 

where a new mechanical idea is tried on shipboard so 

much time is spent in adapting it to naval conditions 

and in repairing its failures that each of us becomes 

naturally and properly dubious when any change is sug- 

gested. Any important change in design, even of the 

apparently minor fittings of ships, may involve such risk 

to vessel and crew as to be unjustifiable, unless the de- 

vice be thoroughly tried beforehand. Many apparently 

good ideas have given successful results on shore 

only to fail dismally at sea. I think that it may be given 

as a general rule that no change in design should be 

authorized that has not already been successfully made. 

Of course, a strict application of the foregoing rule 

would lead to stagnation. Here, however, enters the de- 

signer. His role is an important one. He has to cull 

the good points from previous work, and if he be a good 

designer he must also leave out the bad points. There 

always are some bad points, but amelioration of condi- 

tions should be the aim of naval designers. This im- 

plies that a good designer must be of vast experience 

and of extended observation. The larger his field of 

observation the more valuable his conclusions. It is the 

details that count. No man can succeed as a designer 

of warships without the most careful attention to small 

things. 

The modern battleship is a monument to the greatness 

of the minutiz of design. It has been gradually built 

up from the sailing beauties of a century ago. Steps 

in advance have been slow, generally speaking. We can- 

not advance by leaps and bounds in marine work. Here 

genius is hampered by such conditions as make any 

step in advance a great achievement. Of course, we 

* Read at the seventh general meeting of the Society of 
Naval Architects and Marine Engineers, held in New York. 
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have the case of Ericsson and the Monitor, but this 

was a case not only of special conditions, but also of a 

most exceptional man. Naval architecture is a pyra- 

mid, each stone of which is supported by all of the pre- 

ceding ones. The size of the stone that one man can 

add to the pile depends, of course, upon his ability, but 

more especially upon his work. By hard work and by 

paying attention to what is going on around him any 

man can add his quota; but “those who, having eyes, see 

not; and who, having ears, hear not,’ are worse than 

useless. 

The task I have set myself to-day is no mean one. I 

desire to show that the decision to use nothing but 

water tube boilers in our future war vessels is a step in 
-advance, and that it is a natural step towards the evo- 

lution of the perfect fighting machine. I desire to show 

that it is no radical change, and that it does not involve 

the use of anything but a tried, successful and reliable 

apparatus that gives us positive and great advantages 

over the character of boilers heretofore generally used. 

I desire not to minimize the disadvantages following 

this change, but to show that these disadvantages are not 

only not insurmountable, but for warships they have 
already been overcome. 

In the first place, I want to state that water tube boil- 

ers are bad in principle. They carry the pressure inside 

their weakest parts—the tubes. A failure in a tube is 

followed by the opening of a fault, sometimes to a dan- 

gerous degree. In a fire tube boiler, on the contrary, 

the pressure would continue to close a split tube. It 

is true that a failure of a boiler tube generally comes 

from pitting, where fire tube boilers generally have such 

a great advantage as in cases of split tubes. Yet failure 

of tubes is the most common defect in all boilers, and a 

proper design would place the pressure on the outside 

of the tube. Water tube boilers are, from their very 

definition, designed from a wrong principle, not only be- 

cause of the direction of application of pressure upon 

the tubes, but also on account of the decreased amount 

of water in the boiler, of the increased difficulty of ob- 

serving a leak, and of the decreased value of heating 

surface in water tube boilers. For this reason, as an 

engineer, it is with some misgiving that I state that I 

consider water tube boilers tactical necessities for war- 
ships. 

Builders of water tube boilers use solid-drawn tubes 

almost exclusively for marine work. This, of course, 

decreases the danger of split tubes, but it does not 

change the mechanical principle. Some day, probably 

not in my time, we may hope to have a boiler having 

fire tubes and having the advantages of water tube boil- 

ers. Such a boiler would force its way at once into all 

navies, just as water tube boilers are doing at the pres- 
ent day. 

Disbelieving, as I do, in the cardinal principles of 

water tube boilers, I have sturdily opposed their adop- 

tion by our Navy, until now I am convinced that they 

must be used if we are not going to content ourselves 

with inferior ships to those built for other nations. Of 

course, during the period of development of the design 

of water tube boilers, that even now continues, I have in 

my official capacity kept track of and taxen part in the 

world-wide experiments with their use. Water tube 

boilers have advantages, and I have never been blind to 

them. Two years ago I stated that their disadvantages 
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had been sufficiently removed to justify their use on our 
warships. Now I consider that the value of their ad- 
vantages has been sufficiently developed to necessitate 
their use, if we do not wish to be left behind in naval 
design. a 

The principal thing to which I desire to call your at- 
tention is the fact that all vessels are essentially com- 
promises. Any ship must be considered in its entirety, 
and the advisability of a change in design of any part 
must be determined from its effect upon the ship as a 
whole. Whether or not water tube boilers are superior 
to cylindrical boilers as boilers simply, if there be a 
beneficial effect upon the ship as a whole due to the 
adoption of water tube boilers, these boilers are essen- 
tial to the best design. 

The necessity of compromise in ship design must be 
self-evident to the members of this Society, who have 
the problem before them for solution almost daily. Tak- 
ing the particular case of warships, the size of our ships 
is limited by their draft. We are building vessels now 
that are as large as any that can entér our harbors and 
docks, and we cannot, therefore, increase their power 
as fighting ships except by improvements in design. 
Any increase in weight allotted to one essential of the 
efficiency of the ship must be counter-balanced by a de- 
crease in some other perhaps equally essential element. 
So far this has most frequently been done by robbing 
the coal pile—an extra gun, a half knot in speed, or an 
additional inch in armor protection—each mean a few 
tons less coal in the bunkers. I must except the more 
recent designs of battleships from the above general 
rules. The importance of coal endurance has become 
more and more manifest, and it has been appreciated 
fully in our recent designs. Incidentally, these. last 
ships are fitted with water tube boilers. 
Water tube boilers are considerably lighter than those 

of the old type, and their effect upon ship design may 
be given as follows: Of two ships having all other qual- 
ities identical, one fitted with cylindrical boilers and 
the other with water tube boilers, the latter will be 
somewhat the smaller and handier—will have somewhat 
less draught, and will cost less. 

Limited, as we are, in the size of our warships by their 
draught, I think that the foregoing shows that for a 
maximum of fighting efficiency we must use water tube 
boilers. The designing engineers of our naval vessels 
are limited in weight and space. They save little or 
nothing. in space, perhaps, but they save greatly in 
weight if they adopt water tube boilers. If these 
can be successfully operated on shipboard they must be 
used because of their decreased weight. The foregoing 
is entirely apart from any consideration of the relative 
merits of water tube and fire tube boilers, but it is con- 
ditional upon the possibility of the successful operation 
of water tube boilers. 
Before considering claimed advantages and disadvan-_ 

tages of water tube boilers, I desire to give a few his- 
torical facts, most of them already well known to the 
members of this Society. 

The old Martin boiler was the first water tube boiler 
ever used in any naval vessel. We had good success 
with these boilers, but they died out of use with the in- 
troduction of high-pressure multiple-expansion engines, 
and the consequent cylindrical boilers. 

For years none but water tube boilers have been in- ’ 
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stalled in our steam launches. These have always been 

attended by unskilled labor, yet the results have been 

very satisfactory. Some accidents have occurred, but 

they have been very few, probably no greater in number 

than if fire tube boilers had been used; and it is to be 

noted that the results of a boiler explosion would prob- 

ably have been worse in almost every case if the failure 

had occurred in a fire tube boiler. 

Torpedo-boats and destroyers in our Navy have al- 

ways, since the time of the Cushing, been equipped with 

water tube boilers of various types. Small bent tube 

boilers have generally been used. There have been some 

cases of sad accidents in the fire-rooms, generally due 

to carelessness in manufacture, and particularly in tube 

setting, but not to defective design. The boilers have 

proved to be quite as reliable as the extremely light en- 

gines of these boats. With the small amount of skilled 

attention it is possible to give torpedo-boats, and con- 

sidering the character of service demanded of these 

small craft, I think that no engineer will to-day ques- 

tion that the use of light water tube boilers, with the 

higher speeds possible as a result, adds to their efficiency 

and security. I think even Herr Schichau has come to 

be of this opinion. 

The first large installation of water tube boilers in 

our Navy was on the Monterey. Indeed, at the time 

this was the largest installation of water tube boilers in 

any navy. In this monitor, as you all know, there are 

four round Ward water tube boilers, with two cylin- 

drical single-ended fire tube boilers. The water tube 

boilers have been satisfactory. It is worthy of note 

that there has been very little difficulty experienced in 

maintaining a steady water level, although the boilers 

have a very small amount of contained water. Tubes 

have failed by pitting several times, though never with 

any danger to the firemen. The water tube boilers have 

‘been twice retubed by the ship’s force without laying 

the ship up at any navy yard. On one occasion, prob- 

ably with a view to thoroughly testing the water tube 

boilers, or to satisfy the unholy desires of some person 

decrying water tube boilers, the ship made a voyage of 

about 8,000 knots, largely under forced draught, and 

whenever possible with all boilers in use. There was 

no resultant injury to the water tube boilers, which per- 

formed well throughout the trial. The combustion 

chambers of the cylindrical boilers came out of the trial 

badly bulged. 

The Yarrow boilers of the Nashville have operated 

fairly successfully, though they cannot be said to be 

completely satisfactory, on account of the amount of 

trouble given by bulging of drums and by leaky tubes. 

The first set of copper’ tubes has been replaced by others 

of steel to considerable advantage. I believe that the lat- 

est designs of this type of boiler provide for the use of 

slightly curved tubes next the fire. This ought to be 

advantageous. 

The Marietta’s trip around South America at the be- 

ginning of the war with Spain was quite as successful 

as was that of the Oregon. The first ship is fitted with 

Babcock & Wilcox boilers, the second with cylindrical 

boilers. No repairs were required to either set of boil- 

ers after the completion of the trip. 

The Annapolis is also equipped with Babcock & Wil- 

cox boilers, and here, as on the Marietta, these boilers 
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have been thoroughly successful. Indeed, a former 

chief engineer of the Annapolis has stated to me that 

the boilers of that ship were easier to manage in use 

and easier to maintain in a state of high efficiency than 

are cylindrical boilers. 
The Chicago has several Babcock & Wilcox boilers, 

and these have so far worked in a thoroughly satisfac- 

tory manner, no failure being reported under any cir- 

cumstances. : 

The foregoing represents the tried installations of wa- 

ter tube boilers in ships larger than torpedo-boats and 

destrovers in the United States Navy. Babcock & Wil- 

cox boilers of the shore or stationary type were installed 

in the old monitors Canonicus, Mahopac, and Manhattan, 

the old rectangular boilers being entirely worn out and 

it being deemed advisable to fit these old boats for 

whatever service they could do. ‘The change was com- 

menced at the beginning of the Spanish war. Before its 

close the change was complete, and a somewhat greater 

speed was-attained than with the original boilers. This 

change was made without injuring the decks of the 

monitors.. The old boilers were cut up and passed out 

through the smokestack, down which the parts of the 

new boilers were passed, the latter being assembled in 

the engine-room space. This is an instance where none 

but water tube boilers could have been used, and where 

every facility of repair and installation was of enormous 

advantage. For naval vessels with their protective decks 

the facility with which water tube boilers can be re- 

moved or completely renewed without disturbing the 

decks may of itself justify us in adopting water tube 

boilers. 

There are building and repairing several other ships 

of our Navy, to be fitted with partial or complete out- 

fits of water tube boilers. These include the Alert, At- 

lanta, Cincinnati, Wyoming (Babcock & Wilcox), Maine 

and Connecticut (Niclausse), Missouri, Wisconsin, and 

Arkansas (Thornycroft), and Florida (modified Nor- 
mand). 

The foregoing gives the installation of water tube 

boilers in our Navy from which data has been obtained. 

So far as tried, the boilers have invariably been easy of 

operation, though I have found more skill required to 

obtain the best results from these boilers than would 

have been necessary if cylindrical boilers had been used. 

Particular attention has been given in all cases to the 

feed arrangements. Water tube boilers must have am- 

ple feed pumps, and the regulation of the feed must be 

easy. At first the heating surface of water tube boilers 

was made 3 sq. ft. per horse power, against 2 sq. ft. nec- 

essary with cylindrical boilers. This figure has been 

gradually reduced, until now we are down to 2.4 sq. ft. 

of heating surface per horse power, about as low as I 

think it is yet safe to go with water tube boilers. 

The economical results from water tube boilers were 

at first not particularly good. At present we get quite 

as good results from water tube boilers of the latest de- 

sign as from the best cylindrical boilers. The ratio of 

heating surface to grate surface has been kept up to at 

least 40, although we do not yet feel warranted in al- 

lowing as small grate surfaces in water tube boilers as 

in cylindrical boilers. Water tube boilers lose in effi- 

ciency when forced, especially those of the straight-tube 

type. Of course, this is not of very great moment to us, 

in a naval vessel, which is under forced draught. only at 
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maximum speed, but it is, nevertheless, a disadvantage. 

The following table shows the relative economy of 

cylindrical and water tube boilers: 
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The increased grate surface we have required with 

water tube boilers will be a positive advantage to our 

ships’ steaming qualities. I consider that sustained sea 

speed depends largely upon the grate surface. Heating 

surface, of course, must be provided, but I should pre- 

fer an excess of grate surface to an exceedingly high 

ratio of heating surface to grate. 

Up to this time we have had no trouble from salt wa- 

ter or grease in water tube boilers. Indeed, we could 

hardly be more troubled by salt water with this type of 

boiler than we have been with cylindrical boilers. We 

suffered severely in our short war with Spain from 

dropped furnaces in cylindrical boilers. I do not think 

that a properly designed water tube boiler will give _ 

more trouble from the use of impure feed water, such as 

sometimes we must have at sea, than any other boiler. 

I do not think tubes more liable than furnaces to fail 

from a deposit of scale. In any event, the evaporating 

plants of all our ships are being made adequate to give 

fresh feed water. The only danger of salt water in the 

future should come from leaky condensers. 

Glancing abroad for a moment, we find every mod- 

ern naval power, from England to Japan, committed 

to the use of water tube boilers on the largest scale. 

Each of these countries has had its,experience, and each 

has decided not only that water tube boilers can be 

worked, but also that they work well and that they must 

be used in naval vessels. 

I will give a few observations on the working of vari- 

ous types of water tube boilers abroad. The result of a 

first glance would seem to be that anything would do 

to make steam, from Watt’s tea-kettle to the most com- 

plicated of modern steam generators. I know of one 

French boiler (you know what ingenious mechanics the 

Frenchare) composed equally of water and fire tubes. The 

tubes were concentric, and the distance between them 

but one millimeter. Of course, the amount of water 

is very small—so small as to put this boiler in the class 

called by their originators “‘inexplosible.” This boiler 

was tried at the works of the maker with good results. 

It was next tried in a torpedo-boat with equally remark- 

able results—seven men killed, I believe. 

We have read of explosions, however, of really well- 

designed water tube boilers. Generally it is found that 

a tube had failed, and that the furnace door was open 

—the result, more or less fatal burns to all in the fire- 

room. We hear of all the failures, but the successes 

are never mentioned. It is not difficult to foresee the 

others from poor workmanship ; 
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failure of a boiler plant designed to furnish 120,000 

pounds of steam per hour, but regularly required to fur- 

nish 160,000 pounds per hour. If nothing else fails, the 

feed pumps will not do,the work, and the tubes will, of 

course, be burnt out. This would happen with any 

type of boiler. 

You see, I harp on the failures, for I find I can glean 

the most information from them. Many of the failures 

have come from the use of boilers that were inaccessible 

for cleaning and repairs; others from faultv design; 

others, again, from 

neglect. Water tube boilers require skilled attendance. 

Other boilers have failed from poor material; others 

from failure of the feed pumps; but there is not one, 

so far as I know, that can properly be said to have 

failed purely as a result of being a water tube boiler. 

Failures may come from misusing water tube boilers, 

but not from using them. I consider that the experi- 

ence of the last ten years or more in our own and 

in foreign navies justifies me in stating that water tube 

boilers, when proper precautions are used, can be suc- 

cessfully adopted for the steam generating plant of 

ocean-going vessels: They are necessities to the best 

design of warships. 

I would naturally come now to a discussion of the 

claims of the adherents and opponents of water tube 

boilers. You have all heard these arguments, and it 

seems almost useless to go over them. I shall simply 

state what I believe to be the advantages and disad- 

vantages of water tube boilers compared with cylindrical 

boilers: 
ADVANTAGES. 

Less weight of water. 

Quicker steamers. 

Quicker response to change 

inamount of steam required. 

Greater freedom of expansion. 

Higher cruising speed. 

More perfect circulation. 

Adaptability to high pres- 

"sures. 
Smaller steam pipes and fit- 

tings. 

Greater ease of repair. 

Greater ease of installation. 

Greater elasticity of design. 

Less danger from explosion. 

DISADVANTAGES, 

Greater danger from failure 

of tubes. 
Better feed arrangements nec- 

essary. 
Greater skill required in man- 

agement. 

Units too small. 

Greater grate surface and 

heating surface required. 

Less reserve in form of wa- 

ter in boiler. 

Large number of parts. 

Tubes difficult of access. 

Large number of joints. 

More danger of priming. 

A saving in space has been claimed for water tube 

boilers, but I do not find this claim sound when ac- 

count is taken of the increase in grate and heating sur- 

face necessary in water tube boilers to ensure satisfac- 

tory working, and because of small units the space for 

accessibility is increased rather than diminished. 

The fact that water tube boilers raise steam quickly 

is of the greatest advantage. I have stated elsewhere 

that I consider the battle of Santiago to have devel- 

oped the necessity of the use of water tube boilers 

whether it taught us anything else or not. It would 

have been of the greatest advantage to have had dur- 

ing the blockade of Santiago boilers capable of raising 

steam in less than half an hour. Coal need not have 

been used to keep all the boilers under steam all the 

time. The Massachusetts might have shared in the 

glories of the fight if she had been fitted with water tube 

boilers. The Indiana would have kept up with the 

Oregon and the Tevas. The New York would have 

developed at least three knots more speed, and the Navy 

would have been spared a controversy. I think the 
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Colon would not have gotten as far away as she did. 
But we did not have the water tube boilers. 

The higher pressures possible with water tube boilers 
give us smaller and safe steam pipes and better valves. 
It decreases the size of the fittings and the difficulty of 

tracing the labyrinth of a ship’s piping. It increases 

the efficiency of the engines. The introduction of com- 
pound engines forced us to use cylindrical boilers. In 

the same way the use of quadruple expansion engines 

necessitates, for economy, the use of water tube boilers. 

But the quick steam raiser is, because of that very 

fact, not so safe as its predecessor. Of course, nothing 

on a man-of-war is very safe in war time, but we want 

things as safe as possible, and the boilers are the keys 

to the situation in the modern battleship. I think that 

safety in handling water tube boilers may be assured by 

using skill in the fire-rooms. I have more than ten 

years’ successful experience with water tube boilers on 

which to found this opinion, and I submit that the boil- 

ers, placed as they are behind the heaviest armor and 

below the thick protective deck, are, at the worst, the 

safest apparatus on a battleship. If we can make them 

work well we would do wrong to refuse to use water tube 
boilers on our ships. 

For merchant and for yacht practice it is a different 

question. I was recently asked what boilers to use in 

a large steam yacht. I recommended cylindrical boil- 

ers. For merchant work the boilers are always in use, 

developing a fixed power. Weight is not there so im- 

portant as in warships, and I think it is at best a moot 

question whether cylindrical boilers are not still the best 

that can be fitted in ocean-going merchantmen. In 

some cases where there are short trips and the oppor- 

tunities for repair must be gotten during the very short 

lay-ups at the end of the route, the quick steam raising 

qualities of water tube boilers, with their freedom of 

expansion, enables blowing down the boiler immediately 

on arrival in port and still having steam at an hour’s 

notice on all boilers. Such cases as this seem to me 

to demand water tube boilers. 

As to the type of boiler to be used there are as many 

to choose from as there are fleas on a dog. Some one 

has said that a certain amount of fleas keep a dog from 

brooding over being a dog. So the number of varieties 

we have to choose from may be a good thing for all. 

I have always opposed the use of boilers containing 

screw joints in contact with the fire, and have attempted 

to secure boilers having no cast metal in the pressure 

parts. Cast steel is not yet good enough to put between 

300 pounds of steam and our firemen. I believe in 
straight-tube boilers, as being easier of examination and 
repair than bent-tube boilers. I believe in large tube 

boilers for the same reason, and because the tubes are 

thicker and have more margin for corrosion. I be- 

lieve in boilers having as few joints as possible. Water 

tube boilers must have freedom of expansion of the 

various parts, and the simpler the boiler the better. It 

should not be necessary to introduce reducing valves 

between the boilers and the engines to secure a steady 

steam pressure at the latter, nor should it be necessary 

to have automatic feed arrangements to ensure steady 

water level in the boilers. To be successful a boiler 

must be easy of repair. Lightness is a natural attribute 

of all water tube boilers, but it is not wise to go too far 
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in this direction. The ratio of grate surface to fire sur- 
face occupied for the complete boiler plant must be as 
large as possible. The units should be large, the grates 
short and not too wide. The passage of gases through 
the tubes should be sufficiently long to ensure economy. 
These gases should be well mixed before entering the 
spaces between the tubes for the same reason, and to 
prevent smoke. The circulation of the water in the 
boiler must be free. Tubes should not be too long, 
and the fire-rooms must always be sufficiently wide to 
provide for free withdrawal. : 
The foregoing is what we want. We have most of 

the above desiderata in several well-known types of boil- 
ers and ultimately we shall discover the value of each 
of the foregoing points, and then it will be possible to 
differentiate between the various types more perfectly 
than we now can. 

In the meantime, all that I have to say is that the use 
of water tube boilers has been definitely decided upon 
for our naval vessels, because water tube boilers give 
tactical advantages of great moment, and because, with 
care in selection, manufacture and management of water 
tube boilers, other disadvantages may be neutralized. 

Japanese Cruiser Chitose. 

On the opposite page we give a view of the Japanese 

cruiser Chitose, built by the Union Iron Works, San 

Francisco, and which has recently successfully under- 

gone her acceptance trials in Japanese waters. The 

results have been highly satisfactory, as on the trial an 

average speed of 21.5 knots (natural draft) was main- 

tained ,while the contract called for a rate of speed 

one knot less. Under the terms of the contract, we are 

informed, the acceptance of the vessel by the Japanese 

Government was not to take place until March next, 

but the naval officers reported so favorably on the 

Chitosethat shehas been accepted and the final payments 

made to the builders. The Chitose is therefore now in 

commission attached to the Japanese home squadron. 

The Ciutose is a steel protected cruiser of these di- 

mensions: Length, 376 ft. 5 in.; beam, 49 ft. and 

draft, normal, 17 ft. 7 in., with a displacement of about 

4,700 tons. She is fitted with twin screws driven by 

triple expansion engines of 15,500 I. H. P.—maximum. 

Steam is supplied by cylindrical return tube boilers, 

four double ended and four single ended. She has a 

protected deck of 41-2 in. maximum thickness. Her 

armament, which was supplied by the Armstrong’s and 

was fitted in place in Japan, consists of two 8-in. guns, 

one forward and one aft, protected by shields; ten 

4.7-in. guns, twelve 12-pounders, twelve 6-pounders, 

and six I-pounder. All are of the rapid fire pattern. 

She has also five torpedo tubes. Her cost complete 

was about $1,500,000, A sister ship, the Kasagi, was 

built by the Cramp’s for the Japanese navy. 

Quick work was done on the British battleship Vener- 
able launched recently, the vessel having been launched 
just eight months from the time she was laid down at 
Chatham Dock Yard. Her launching weight was 5,200 
tons. The vessel when completed will displace 15,000 

tons and will have a trial speed of 18 knots. Her arma- 

ment will consist of four 12-in., twelve 6-in., sixteen 12- 

pounders and a number of machine and small guns. 
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CONSIDERATION OF THE STEAM YACHT FROM 
THE DESIGNER’S POINT OF VIEW..-III. 

BY WILLIAM A, FAIRBURN, 

In general appearance the steam yacht of to-day still 

resembles somewhat the yacht of twelve or more years 

ago. The earlier yachts, however, were fitted with a 

single deck house forward and later with two houses, 

one forward and one aft, with low machinery casings 

amidship. A large number of British yachts had their 

solitary house nearer amidships and this was often con- 

nected to the machinery casings. About 1893 one large 

deck house running over half the length of the vessel 

‘began to take the place of the small and separate deck 

houses. The Eleanor was the first large steam yacht 

which had this feature. A year later the Giralda ap- 

peared with a similar deck house, but the top of the 

house ran out to the side of the vessel, thus forming 
a shade deck and a most desirable promenade above. 

The Giralda was also the first yacht to be fitted with a 

topgallant forecastle. The latest Watson drsigned 

boats instead of haying the usual deck house with a 

passage between it and the rail, have the deck house 

extending out to the side, thus forming a continuation 

of the shell of the vessel. By this arrangement splendid 

accommodation is obtained on the main deck. It is, 

however, questionable as to which arrangement of deck 

houses is preferable: The Watson Mayflower style, or 

the British Giralda and American Aphrodite style, in 

which there is a deck space of about 6 ft. between the 

rail and the house on either side. While the latter ar- 

rangement somehow narrows the rooms, it has the 

compensating advantage of a clear view forward from 

the quarter deck the length of the ship, instead of a 

vista of deck houses. It also gives an unbroken prom- 

enade from stem to stern and, as the top of the deck 

house runs out to the side of the vessel, there is still 

the spacious unbrokén promenade above. If the yachts- 

man desires his vessel for cruising, deep sea work and 

genuine yachting, he would probably prefer the latter 

arrangement; but if for coasting, receptions and social 

functions, the latest Watson arrangement would un- 

doubtedly please him the most. 

Considerable controversy has appeared of late in a 

few yachting papers, criticizing the general appearance 

of various American steam yachts. The writer will not 

here make any plea for American designed and built 

yachts, but he will say, and this most forcibly, that 

there are men in America to-day capable of designing 

steam yachts which, in appearance, accommodation and 

seagoing qualities, will be equal to the best production 

of foreign designers. It is about time for the patriot- 

ism of American yachtsmen to assert itself so that we 

can build American designed steam yachts for Ameri- 

can owners. 

Many yachts on both sides of the Atlantic could 

without doubt be classed as failures. The design of a 

steam yacht by the majority of shipbuilding firms is 

not given the strict attention and careful consideration 

which it is entitled to, and that is why there are so 

many naval architects to-day who make a specialty of 

yacht design. The most skilful naval architect cannot 

design a truly handsome, successful,steam yacht if he is 

not thoroughly in sympathy with his work. He needs 

to be schooled to the work. His judgment must be 
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good and his taste such that all the lines of the vessel 

harmonize with each other. Many a pleasure craft to- 

day has graceful endings—bow and stern—very pleas- 

ing to the eye when viewed separately, but when placed 

on the same vessel they lack harmony and fail to bal- 
ance. The combination of the sheer, bow and stern is 

generally what determines the appearance of the yacht, 

but much also depends on location and rake of spars, 

stack, etc., and the arrangement of the deck work. 

On a steam yacht much has to be sacrificed in order 

to get a fine appearance. All private owned steam 

yachts afloat to-day possess but one smokestack or fun- 

nel, and the latest fad of yacht owners is to make this 

elliptical and as “powerful” looking as possible. The 

earliest full powered yachts had a schooner rig with 

standing gaffs. Now the British vessels are usually 

supplied with fitted topmasts, sliding French gaffs, 

bowsprit and jibboom; whilst the American vessels 

which have no pretense of sail power are fitted with 

pole masts, French sliding gaffs and spike bowsprits. 

Pole masts with leg of mutton sails are gaining in pop- 

ularity. The French gaffs are always carried low, only 

just high enough to clear the awnings and being 

peaked they are very pleasing to the eye. A single 

yard on the foremast is also peculiar to British de- 

signed steam yachts. The early auxiliary steam yachts 

had a fore and aft schooner rig, and they have been 

through all the stages of barkentine, brigantine, barque 

and brig, to the full ship rig. 

Although quite a large number of the yachts afloat 

to-day have the owner’s accommodation on the lower 

deck forward, yet the modern practice is to place the 

owner and his guests aft, and give the forward lower 

deck to the officers and crew. Sometimes the owner 

and his guests are given the best of the space both for- 

ward and aft of the machinery spaces. When this is the 

case the officers are located aft and the crew forwa~d— 

an arrangement that has many advantages. The deck 

house on the large vessels is usually divided up into 

reception room, dining room, owner’s private rooms, 

galley pantry, laundry and machinery casings. The 

latest boats have a large chart room, captain’s state- 

room and smoking room above the deck house on the 
shade deck, and the top of this house forms a bridge 

running out to the side of the ship. 

From the foregoing one might be given the impres- 

sion that steam yachts are designed principally for ap- 

pearance and accommodation. This to a great extent 

is true, but the all-important matter of seaworthiness 

and easiness in a seaway is of vital importance. Mod- 

ern sea going yachts are being given great flare to the 

bow above water and good freeboard. Bilge keels are 

also beginning to be adopted. The Aphrodite is prac- 

tically a non-roller, she having bilge keels with an area 

of about 280 sq. ft. each. Many persons have the im- 

pression that a steam yacht necessarily means a vessel 

of light scantlings, but this is not the case, for whilst 

small craft of high speed have of necessity light scant- 

lings bordering on torpedo boat construction, yet 

ocean going yachts to be insured. must be classed by 

one of the standard registration societies, of which the 

best known are probably the British Lloyd’s, Bureau 

Veritas, and the American Bureau of Shipping. These 

societies have until recently insisted on scantlings for 
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large yachts as heavy as put into merchant vessels of 

the same dimensions. : For instance, many a sea going 

steam yacht has been built according to the American 

Bureau or U. S. Standard rules, with scantlings 

as heavy as required for a cargo steamer of the same 

outside dimensions, but almost twice the displacement, 

and yet the steam yacht possesses a much superior 

shape when viewed from a strength standpoint. She has 

a natural, strong, easy shape. Lloyd’s allow somewhat 

for this difference, as they consider the girth of the 

midship section—as will also the new 1900 rules of the 

American Bureau of Shipping—but it must be acknowl- 

edged that the ocean going steam yachts are about the 

strongest vessels afloat, especially if the classification 

societies allow ihe designer to judiciously arrange some 

of the material so as to get maximum efficiency with 

the weight allowed. 

Much has been said, especially of late, concerning 

the steam yacht as a naval auxiliary. In time of war 

the full powered steam yacht will undoubtedly prove 

an acquisition to the Navy, acting as a dispatch and 

special service vessel. Some of the converted steam 

yachts did good work off Cuba in the late war. The 

high speed yacht built for sound and coast work has 

been, and may continue to be, a very popular vessel in 

America, and these vessels having fair accommoda- 

tions, high speed, light draft, good manceuvring quali- 

ties and ability to rapidly get up steam, could probably 

with little expense be converted into torpedo or patrol 

vessels in case of an emergency, provided they are not 

too small; for the general dimensions, the model, and 

the motive power, are about the same for the fast yacht 

as for the torpedo boat. Nevertheless, well designed 

pleasure yachts will not make first-class war vessels 

and these vessels should only be thought of as auxilia- 

ries, being used only when war vessels cannot be pro- 
cured. 

The cost of a steam yacht is a very variable quantity, 

as fully 40 per cent of the cost may be due to the own- 

ers whims and fancies in selecting magnificent fur- 

nishings for his yacht. But few people have any con- 

ception of the cost of a steam yacht. Even a little steam 

ot naptha launch costs from $1,000 to $5,000. A small 

steam yacht like the Oberon costs about $7,000, and 

this vessel is no larger than many a launch. A yacht 

fit for fair weather coasting is very cheap at $18,000, 

and the majority of this class exceed this figure by a 

good deal. It is said that the Illawarra, 106 ft. long and 

12 knots speed, cost about $60,000; the Free Lance, 108 

ft. long and 16 knots, $65,000; the Peregrine, 131 ft. long 

and 14 knots, $95,000; the Electra, $125,000; and the 

builders of the Atalanta, Eleanor and Corsair received 

about $200,000 each for the construction of these ves- 

sels. It is said John Jacob Astor paid $240,000 for the 

Nourmahal; the Varuna cost Eugene Higgins about 

$300,000, and the Aphrodite yacht has cost Col. Payne 

$360,000. These prices are for the boats complete, with 

the exception of the fittings and furnishings and equip- 

ment furnished by the owner. The largest yachts afloat 

to-day are probably worth from $400,000 to $600,000 

complete, with all furnishings on board. But initial 

cost is not all that must be considered, for it costs a 

fortune every year to keep any of these large pleasure 

craft in commission, the running expenses of the iarger 
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vessels varying from $8,000 to $15,000 per month, and 

sometimes when there is much entertaining even more. 

Year by year larger and finer steam yachts are being 

constructed. As we study the magnificent vessels afloat 

to-day it seems as if the limit of size and excellence of 

design has been reached. But this is not so, for prog- 

ress must yet be made, and even to-day designers must 

confess that their productions are not perfect—they are 

the best that could be produced under existing condi- 

tions. The adoption of water tube boilers in ocean go- 

ing vessels, before many years, will greatly assist the 

yacht designer, for it is in the machinery and propul- 

sion of these vessels that there is the greatest room for 

improvement. Nevertheless, the modern steam yacht 

is an artistic, mechanical and practical production, and 

worthy of the admiration and approbation of all inter- 

ested in Naval Architecture and Marine Engineering. 

Obituary. 

Commander Charles P. Howell, who was chief en- 

gineer of the battleship Maine when she was blown up 

in Havana harbor February 15, 1808, died at his resi- 

dence in New York, December 7. He expired suddenly 

from an apoplectic’ stroke. Commander Howell was 

born in Goshen, N. Y., fifty years ago, and he was grad- 

uated from the Naval Academy in June, 1868, fourth in 

his class. He had attained the rank of chief engineer 

under the old organization and under the operation of 

the Personnel Bill was made a commander in September 

last. At the time of his death Commander Howell was 

on duty at the New York Navy Yard. The funeral was 

carried out with military honors, the Reverend Doctor 

’ McKelway, chaplain of the training ship Vermont, off- 

ciating. The Episcopal Church service was used. The 

interment took place at Goshen, N. Y. 

About the time of our going to press last month the 

death of Thomas H. Ismay was announced. Mr. Ismay 

was widely known as the founder and chairman of the 

White Star line. When he first became identified with 

that line it consisted entirely of sailing ships in the Aus- 

tralian trade, but when transatlantic trade was decided 

upon an order for a steamship, the original Oceanic was 

placed with Harland and Wolff, at Belfast. These build- 

ers have constructed the entire fleet of the White Star 

line ; and such were the relations between Mr. Ismay and 

others in the management of the White Star line and 

the firm of Harland and Wolff, that no contract was 

ever made between them for the construction of any of 

these vessels. Under Mr. Ismay’s directions the com- 

pany expended about $35,000,000 in steamships since the 

early seventies. Mr. Ismay resided in Liverpool and was 

identified with many public enterprises. 

Dixon Kemp, the famous English authority on yachts 

and yachting, died recently in England, aged sixty years. 

Mr. Kemp was largely responsible for the establishment 

of Lloyds yacht register and for many years he was the 

yachting editor of the English publication known as the 

Field. 

Reverend E. L. Berthon died recently in England at 

an advanced age. He was best known as the inventor 

of the collapsible boat which bore his name, though he 

was the inventor of a variety of devices, some for ma- 

rine use. 
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REVIEW OF PAST PROGRESS IN STEAII NAVI- 
GATION AND FORECAST OF FUTURE 

V DEVELOPIENT.*—II.. 
BY SIR WILLIAM WHITE, CONSTRUCTOR-IN-CHIEF, R. N, 

ADVANTAGES OF INCREASED DIMENSIONS. 
Before passing on it may be interesting to illustrate 

the gain in economy of propulsion resulting from in- 

crease in dimensions by means of the following table, 

which gives particulars of a number of typical cruisers, 

all of compartively recent design: 

IN@b FG INKS INC: <p ING 45 | IN@s G 
TAN STARE soogo00q0000000 280 300 360 435 500 
Breadth, feet...... 0 35 43 60 69 Ji 
Mean draught, feet. 13 1614 2334 24% 26, 
Displacement, tons.........1,800 3400 7)400 11,000 14,200 
Indicated horse-power for 

Gia) ENNIS cooga0000n00000 6,000 9,000 II,000 14,000 15,500 
Indicated horse-power per 

ton of displacement.. 3.3 2.65 1.48 1.27 1.09 

The figures given are the results of actual trials, and 

embody, therefore, the efficiencies of propelling ma- 

chinery, propellers and forms of the individual ships. 

Even so they are instructive. Comparing the first and 

last, for example, it will be seen that while the dis- 

placement is increased nearly eightfold, the power for 

20 knots is only increased about 2.6 times. If the same 

types of engines and boilers had been adopted in these 

two vessels—which was not the case, of course—the 

weights of propelling apparatus and coal for a given 

distance would have been proportional to the respective 

powers; that is to say, the larger vessel would have 

been equipped with only 2.6 times the weight carried by 

the smaller. On the other hand, roughly speaking, the 

disposable weights, after providing for hulls and fit- 

tings in these two vessels, might be considered to be 

proportional to their displacements. As a matter of 

fact this assumption is distinctly in favor of the smaller 

ship. Adopting it, the larger vessel would. have about 

eight times the disposable weight of the smaller; while 

the demand for propelling apparatus and fuel would be 

only 2.6 times that of the smaller vessel. There would, 

therefore, be an enormous margin of carrying power 

in comparison with displacement in the larger vessel. 

This might be devoted, and in fact was devoted, partly 

to the attainment of a speed considerably exceeding 20 

knots—which was a maximum for the smaller vessel— 
partly to increased coal endurance, and partly to pro- 
tection and armament. 

Another interesting comparison may be made be- 
tween vessels Nos. 4 and 5 in the preceding table, by 
tracing the growth in power necessary to drive the 
vessels at speeds ranging from 10 knots up to 22 knots: 

No. 4. No. 5. 
Knots. Horse-power. Horse-power. 

Io 1,500 1,800 
12 2,500 3,100 
I4 4,000 5,000 
16 6,000 75500 
18 9,000 I1,000 
20 14,000 15,500 

22 23,000 23,000 

It will be noted that up to the speed of 18 knots there 
is a fairly constant ratio between the powers required to 
drive the two ships. As the speeds are increased the 
larger ship gains, and at 22 knots the same power is re- 
quired in both ships. The smaller vessel, as a matter 
of fact, was designed for a maximum speed of 20 1-2 
knots, and the larger for 22 knots. Unless other quali- 

*from a paper read before the British Association, Mechan- 
ical Science Section. 

January, 1900. 

ties had been sacrificed neither space nor weight could 

have been found in the smaller vessel for machinery and 

coals corresponding to 22 knots. The figures are inter- 

esting, however, as illustrations of the principle that 

economy of propulsion is favored by increase in di- 
mensions as speeds are raised. 

Going a step further, it may be assumed that in un- 

sheathed cruisers of this class about 40 per cent of the 

displacement will be required for the hull and fittings, 

so that the balance, or ‘disposable weight,’ would be 

about 60 per cent, say 6,600 tons for the smaller vessel, 

and 8,500 tons for the larger, a gain of nearly 2,000 tons 

for the latter. Ifthe speed of 22 knots were secured in 

both ships, with machinery and boilers of the same 

type, the larger ship would, therefore, have about 2,000 

tons greater weight available for coals, armament, ar- 
mor and equipment. 

These illustrations of well-known principles have 
been given simply for the assistance of those not fa- 
miliar with the subject, and they need not be carried 

further. More general treatment of the subject based 
on experimental and theoretical investigation will be 

- found in text-books of naval architecture, but would be 
out of place in this address. 

SWIFT TORPEDO VESSELS. 
Torpedo flotillas are comparatively recent additions 

to war fleets. The first torpedo boat was built by Mr. 
Thornycroft for the Norwegian navy in 1873, and the 
same gentleman built the first torpedo boat for the 
royal navy in 1877. The construction of the larger 
class, known as “torpedo boat destroyers,” dates from 
1893. These various classes furnish some of the most 
notable examples extant of the attainment of extraor- 
dinarily high speeds for short periods, and in smooth 

water, by vessels of small dimensions. Their qualities 
and performances, therefore, merit examination. Mr. 
Thornycroft may justly be considered the pioneer in 
this class of work. Greatly impressed by the combina- 
tion of lightness and power embodied in railway loco- 
motives, Mr. Thornycroft applied similar principles to 
the propulsion of small boats, and obtained remarkably 
high speeds. His work became more widely known 
when the results were published of a series of trials, 
conducted in 1872 by Sir Frederick Bramwell, on a 

small vessel named the Miranda. She was only 45 ft. 
long, and weighed four tons, yet she exceeded 16 knots 
on trial. The Norwegian torpedo boat, built in 1873, 

was 57 ft. long, 71-2 tons, and of 15 knots; the first 
English torpedo boat of 1877 was 81 ft. long, 29 tons, 
and attained 18 1-2 knots. Mr. Yarrow also undertobk 
the construction of small swift vessels at a very early 
date, and has greatly distinguished himself throughout 

the development of the torpedo flotilla. Messrs. White, 

of Cowes, previously well known as builders of steam- 

boats for use on board ships, extended their operations 

to the construction of torpedo boats. These three firms 

for a considerable time practically monopolized this 

special class of work in this country. Abroad they had 

able competitors in Normand in France, Schichau in 

Germany, and Herreshoff in the United States. Keen 
competition led to successive improvements, and rapid 
rise in speed. 

During the last six years the demand for a fleet of 
about one hundred destroyers, to be built in the short- 
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est possible time, involved the necessity for increasing 
the sources of supply. At the invitation of the Ad- 

miralty a considerable number of the leading shipbuild- 

ing and engineering firms have undertaken, and success- 

fully carried through, the construction of destroyers 

varying from 26 to 33 knots in speed, although the work 

was necessarily of a novel character, involving many 

difficulties. As the speeds of torpedo vessels have risen, 

so have their dimensions increased. 

Within the class, the law shown to hold good in 

larger vessels applies equally. In 1877 a first-class tor- 

pedo boat was 81 ft. long, under 30 tons weight, de- 

veloped 400 horse power, and steamed 181-2 knots. 

Ten years later the corresponding class of boat was 

135 ft. long, 125 tons weight, developed. 1,500 horse 

power, and steamed 23 knots. In 1897 it had grown to 

150 ft. in length, 140 to 150 tons, 2,000 horse power, and 

26 knots. Destroyers are not yet of seven years’ stand- 

ing, but they come under the rule. The first examples 

—1893—were 180 ft. long, 240 tons, 4,000 horse power, 

and 26 to 27 knots. They were followed by 30-knot ves- 

sels, 200 ft. to 210 ft. long, 280 to 300 tons, 5,500 to 6,000 

horse power. Vessels now in construction are to at- 

tain 32 to 33 knots, their lengths being about 230 ft., 

displacements 360 to 380 tons, and engine power 8,000 

to 10,000 horse power. 

Cost has gone up with size and power, and the limit 

of progress in this direction will probably be fixed by 

financial considerations rather than by constructive dif- 

ficulties, great as these are as speeds rise. It may be 

interesting to summarize the distinctive features of tor- 

pedo vessel design: 

(1) The propelling apparatus is excessively light in 

proportion to the maximum power developed. Water- 

tube boilers are now universally adopted, and on speed 

trials they are “forced” to a considerable extent. High 
steam pressures are used. The engines are run at a 

high rate of revolution—often at 400 revolutions per 

minute. Great care is taken in every detail to econo- 

mize weight. Speed trials at maximum power only ex- 

tend over three hours. On such trials in a destroyer 

each ton weight of propelling apparatus produces about 

45 indicated horse power. Some idea of the relative 

lightness of the destroyer’s machinery and boilers will 

be obtained when it is stated that in a large modern 

cruiser with water-tube boilers, high steam pressure and 

quick-running engines, the maximum power obtained 

on’an eight hours’ trial corresponds to about 12 indi- 

cated horse power per ton of engines, boilers, etc. That 

is to say, the proportion of power to weight of propel- 

ling apparatus is from three and a half to four times as 

great in the destroyer as it is in the cruiser. 

(2) A very large percentage of the total weight—or 

displacement—of a torpedo vessel is assigned to pro- 

pelling apparatus. In a destroyer of 30 knots trial 

speed, nearly one-half the total weight is devoted to ma- 

chinery, boilers, etc. In the swiftest cruisers of large 

size, the corresponding allocation of weight is less than 

20 per cent of the displacement, and in the largest and 

fastest mail steamers it is about 20 to 25 per cent. 
(3) The torpedo vessel carries a relatively small load 

of fuel, equipment, etc. Taking a 30-knot destroyer, 

for example, the speed trials are made with a load not 

exceeding 12 to 14 per cent of the displacement. In a 
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swift cruiser the corresponding load would be from 40 

to 45 per cent, or proportionately more than three times 

as great. What this difference means may be illustrated 

by two statements. If the load were trebled, and the 

vessel correspondingly increased,in draft and weight, 

the speed attained with the same maximum power 

would be about three knots less. If, on the other hand, 

the vessel were designed to attain 30 knots on trial with 

the heavier load, her displacement would probably be 

increased about 70 to 8o per cent. 

(4) The hull and fittings of the torpedo vessel are ex- 

ceedingly light in relation to the dimensions and engine 

power. For many parts of the structure steel of high 

tensile strength is used. Throughout the utmost care 

is taken to economize weight. In small vessels, for 

special service, many conditions can be accepted which 

would be inadmissible in larger sea-going vessels. The 

result of all this care is the production of ‘hull-struc- 

tures having ample general strength, but very little lo- 

cal strength; but notwithstanding all the accidents of 

navigation and collisions that have occurred in this 

class of vessel—and they have not been few—not one 

has yet foundered at sea. 

These conditions are essential to the attainment of 

very high speeds for short periods. They resemble the 

conditions ruling the design of cross-channel steamers, 

so far as relative lightness of propelling apparatus, 

small load, and light scantlings are concerned. The es- 

sential differences lie in the requirements for passenger 

accommodation as compared with the requirements for 

armament of the torpedo vessel. No one has yet pro- 

posed to extend the torpedo vessel system to sea-going 

ships of large dimensions. Very similar conditions for 

the propelling apparatus have been accepted in a few 

cruisers of considerable dimensions, wherein high 

speeds for short periods were required. It is, how- 

ever, unquestionable that in many ways, and particu- 

larly in regard to machinery design, the construction of 

torpedo vessels has greatly influenced that of larger 

ships. 

One important consideration must not be overlooked. 

For short-distance steaming at high speeds economy 

in coal consumption is of little practical importance, 

and it is all-important to secure lightness of propelling 

apparatus in relation to power. For long-distance 

steaming, on the contrary, economy in coal consump- 

tion is of primary importance; and savings in weight 

of propelling apparatus, even of considerable amount, 

may be undesirable if they involve increased coal con- 

sumption. Differences of opinion prevail as to the real 

economy of fuel obtainable with boilers and engines 

such as are fitted to torpedo vessels. Claims are made 

for some vessels which represent remarkable economy. 

Only enlarged experience can settle these questions. 

Endurance is also an important quality in sea-going 

ships of large size; not merely in structures, but in pro- 

pelling apparatus. The extreme lightness essential in 

torpedo vessels obviously does not favor endurance, 

if high powers are frequently or continuously required. 

Still, it cannot be denied that the results obtained in 

torpedo vessels show such a wide departure from those 

usual in sea-going ships as to suggest the possibility 

of some intermediate type of propelling apparatus ap- 

plicable to large sea-going ships, and securing sufficient 

¢ 
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durability and economy of fuel in association with fur- 

ther savings of weight. ; 

THE PARSONS TURBO-MOTOR. 

This rotary engine, introduced by Charles Algernon 

Parsons, with its very high rate of revolution, reduces 

the weights of machinery, shafting and propellers great- 

ly -below the weight required in the quickest running 

engines of the reciprocating type. This reduction in 

the proportion of weight to power carries with it, of 

course, the possibility of higher speed in a vessel of 

given dimensions, and when large powers are employed 

the absolute gain is very great. An illustration of this 

has been given by Mr. Parsons in the Turbinia. That 

remarkable vessel is 100 ft. long and of 44 1-2 tons dis- 

placement, but she has attained 33 to 34 knots in short 

runs. There are three shafts, each carrying three screw 

propellers, each shaft driven by a steam turbine mak- 

ing over 2,000 revolutions at full speed, when an aggre- 

gate of more than 2,000 horse power is developed. A 

water-tube boiler of special design supplies steam of 

175 lb. pressure, and is exceptionally light for the steam 

produced, being highly forced. The whole weight of 

machinery and boiler is 22 tons; in other words, about 

too horse power indicated is produced for each ton 

weight of propelling apparatus. This is rather more 

than twice the proportion of power to weight as com- 

pared with the lightest machinery and boilers fitted in 

torpedo boats and destroyers. It will be noted that in 

the Turbinia, as in the destroyers, about half the total 

weight is devoted to propelling apparatus, and in beth 

instances the load carried is relatively small. 

The secret of the extraordinary speed is to-be found 

in the extreme lightness of propelling apparatus and 

small load. No doubt in the Turbinia lightness has 

been pushed further than it would be in vessels of 

larger size and greater power. In such vessels a lower 

rate of revolution would probably be accepted, addi- 

tional motors would be fitted for manceuvring and go- 

ing astern, boilers of relatively greater weight would 

be adopted, and other changes made. But after mak- 

ing ample allowance for all such increases in weight, 

it is unquestionable that considerable economies must 

be possible with rotary engines. Two other vessels 

of the destroyer type with turbo-motors—one for the 

royal navy—are now approaching completion. Their 

trials will be of great interest, as they will furnish a 

direct comparison with vessels of similar size and form, 

fitted with similar boilers and driven by reciprocating 

engines. 

On the side of coal consumption Mr. Parsons claims 

at least equality with the best triple-expansion engines. 

Into the other advantages attending the use of rotary 

engines it is not necessary now to enter. Reference 

must be made, however, to one matter in which Mr. 

Parsons has done valuable and original work.’ In tor- 

pedo vessels of high speed the choice of the most ef- 

ficient propellers has always been a matter of difficulty, 

and the solution of the problem has in many instances 

involved extensive experimental trials. By means of 

alteration in propellers alone very large increases in 

speed have been effected; and, even’now, there are diffi- 

culties to be faced. When Mr. Parsons adopted the ex- 

traordinary speed of revolution just named for the Tur- 

binia, he went far beyond all experience and precedent, 
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and had to face unknown conditions. He has found the 

solution, after much patient and original investigation, 

in the use of multiple screws of small diameter. His re- 

sults in this direction are of general interest to all who 

have to deal with screw propulsion. Such radical 

changes in propelling machinery as are involved in the 

adoption of turbo-motors must necessarily be subjected 

to thorough test before they will be widely adopted. 

The experiment which the Admiralty are making is 

not on a small scale as regards power. Although it is 

made in a destroyer, about 10,000 horse power will prob- — 

ably be developed, and a correspondingly high speed at- 

tained. It may well happen that from this experiment 

very far-reaching effects may follow. Mr. Parsons 

himself has prepared many designs illustrating various 

applications of the system to sea-going cross-channel 

and special service vessels. Where shallowness of draft 

is unavoidable, the small diameter of the screws pos- 

sible with the quick-running turbines is clearly an im- 

portant matter. 

COMPARISONS BETWEEN LARGE AND SMALL VESSELS. 

It has been shown that the attainment of very high 

speeds by vessels of small size involves many condi- 

tions not applicable to large sea-going steamships. 

But it is equally true that in many ways the trials of 

small swift vessels constitute model experiments, from 

which interesting information may be obtained as to 

what would be involved in driving ships of large size 

at speeds much exceeding any of which we have ex- 

perience. When the progressive steam trials of such 

small vessels can be studied, side by side with experi- 

ments made on models to determine their resistance at 

various speeds, then the fullest information is obtained, 

and the best guide to progress secured. This advantage, 

as has been said, we owe to William Froude. His con- 

tributions to the “Reports” of the British Association 

are classics in the literature of the resistance and pro- 

pulsion of ships. In 1874 he practically exhausted the 

subject of frictional resistance so far as it is known, and 

his presidential address to this section in 1875 dealt fully 

and lucidly with the modern or stream-line theory of 

resistance. No doubt there would be advantage in ex- 

tending Froude’s experiments on frictional resistance 

to greater lengths and to ship-shaped forms. It is prob- 

able also that dynamomentric determinations of the re- 

sistance experienced by ships of modern forms and con- 

siderable size when towed at various speeds would be 

of value if they could be conducted. These extensions 

of what Froude accomplished are not easily carried 

out, and in this country the pressure of work on ship- 

building for the royal navy has for many years past 

taxed to the utmost limits the capacity of the Admiralty 

experimental establishment, so ably superintended by 

R. E. Froude, allowing little scope for purely scientific 

investigations, and making it difficult to deal with the 

numerous experiments incidental to the designs of ac- 

tual ships. : 

Now that Holland, Russia, Italy and the United States 

have equipped experimental establishments, while Ger- 

many and France are taking steps in that direction, we 

may hope for extensions of purely scientific work and 

additions to our knowledge. In this direction, however, 

I am bound to say that much might be done if experi- 

mental establishments capable of dealing with questions 
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of a general nature relating to resistance and propul- 

sion were added to the equipment of some of our uni- 

versities and colleges. Engineering laboratories have 

been multiplied, but there is as yet no example of an 

experimental tank devoted to instruction and research. 

It is impossible, and possibly is WIA STESSENYY, to at- 

tempt in this address any account of Froude’s “scale of 

comparison” between ships and models at “correspond- 

ing speeds.” But it may be of interest to give a few illus- 

trations of the working of this method, in the form of 

a contrast between a destroyer of 300'tons, 212 ft. long, 

capable of steaming 30 knots an hour, and a vessel of 

similar form enlarged to 765 ft. in length, and 14,100 

tons. The ratio of dimensions is here about 3.61 : 1, the 

ratio of displacements is a :1, and the ratio of corre- 

sponding speeds is 1.9: To 12 knots in the small 

vessel would eae 22.8 knots in the large vessel, 

and the resistance experienced by the large vessel at 

22.8 knots—neglecting a correction for friction—should 

be forty-seven times that of the small vessel at 12 knots. 

By experiment this resistance for the small vessel was 

found to be 1.8ton. Hence, for the large vessel at 22.8 

knots, the resistance should be 84.6 tons. This would 

correspond to an “effective horse power” of over 13,- 

000, or to about 26,000 indicated horse power. The fric- 

tional correction would reduce this to about 25,000 

horse power, or about 1.8 horse power per ton. 

Now, turning to the destroyer, it is found’ experi- 

mentally that at 22.8 knots she experiences a resistance 

of about eleven tons, corresponding to an effective 

horse power of over 1,700 horse power and an indicated 

horse power of about 3,000 horse power; say, 10 horse 

power per ton, or nearly five and a half times the power 

per ton required in the larger vessel. This illustrates 

the economy arising from increased dimensions. 

Applying the same process to a speed of 30 knots in 

the large ship, the corresponding speed in the small 

ship is 15.8 knots. Her resistance at that speed is ex- 

perimentally determined to be 3.5 tons, and the resist- 

ance of the large ship at 30 ore neglecting frictional 

correction, is about 165 tons. The effective horse power 

- of the large ship at 30 knots is, therefore, about 34,000 

horse power, corresponding to 68,000 horse power indi- 

cated. Allowing for the frictional correction, this 

would drop to about 62,000 horse power, or 4.4 horse 

power per ton. 

For the destrcyer at 30 knots the resistance is about 

17 1-2 tons, the effective horse power is 3,600 horse 

power, and the indicated horse power about 6,000 horse 

power, or 20 horse power per ton—nearly five times as 

great as the corresponding power for the large ship. 

But while the destroyer under her trial’ conditions ac- 

tually reaches 30 knots, it is certain that in the large 

ship neither weight nor space could be found for ma- 

chinery and boilers of the power required for 30 knots, 

and of the types usually adopted in large cruisers, in.as- 

sociation with an adequate supply of fuel. The explana- 

tion of the methods by which the high speed is reached 

in the destroyer has already been given. Her propel- 

ling apparatus is about one-fourth as heavy in relation 

to its maximum power, and her load is only about one- 

third as great in relation to the displacement, when 

compared with the corresponding feautres in the 

cruiser. 
' 
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ADDITIONS TO THE TRANSATLANTIC FLEET 

OF THE FRENCH LINE. 

Additions to the fleet of the French line maintaining 

the mail service between Havre and New York, are 

to be made in accordance with the governmental 

(French) convention of 1898. Two new vessels are 

to be added to the fleet, the La Lorraine recently 
launched at the yards of the Compagnie Générale 

Transatlantique at Pewhoét-Saint-Nazaire, and a sister 

ship, the La Savoi is to be launched next spring. 

Lately the French line put in service the former 

Hamburg-American liner, Normannia, under the new 

name of L’ Aquitaine. This vessel was purchased from 

her German owners by the Spanish Government during 

the war in Cuba, and was renamed the Patriota, the 

intention being to fit her out as an auxiliary cruiser. 

It is, we believe, the fact that the work of refitting the 

vessel was never carried out. At any rate she did not 

figure in the public eye during the war, and now has 

zone back to the purposes of peace. Her dimensions 

are: Length, 520 ft.; beam, 57 it. 6 in.; depth, molded, 

displacement at 24 ft. draft, meen tons. She 

has twin screws, triple expansion engines of 16,300 

I. H. P. and a sea speed of about 18 knots. She was 

built at the Fairfield yard on the Clyde, and broke 

the builder’s record, in that she was built complete 

and sent on her trial trip within the space of twelve 

months. She came out in 1890, and is therefore a 

comparatively new boat. 

The new boats of the company will be considerably 

larger, and through the courtesy of the New York 

managers of the French line we are able to give par- 

ticulars of the one recently launched, the La Lorraine. 

Her principal characteristics are as follows: 

ILMERI A Cys? Ql 5600000000000 005090000000000000000 580 ft. 
1BXVaN. poanan0b0005d0060 S00 Gan DDU0D0DODaDdoOUseAD0N 60 ft. 
DEP ocooo 0 0DAdGqG0b008 NoGUdeDDSCODGGURGODbaDE00 39 ft. 6 in. 
Displacement at mean draft of 25 ft. 3 in. «.15,200 tons. 

Her construction was under the Sheecion of the 

Bureau Veritas, is of mild steel throughout, with the 

special use of a steel of higher grade in certain parts 

to insure longitudinal rigidity. 

There are five decks extending the entire length of 

the ship with a sixth deck about 330 ft. in length serv- 

ing to shelter the promenaders of the first and second- 

class passengers. Above the latter deck are placed 

the life boats to the number of eighteen, together with 

the life rafts. Two bridges, one above the other, sur- 

mount this sixth deck forward of the two funnels, the 

upper bridge being about 50 ft. above the mean load 

water line. Safety against foundering is assured by 

sixteen transverse water-tight bulkheads, and one lon- 

gitudinal bulkhead separating the two main engine 

rooms. A cellular water bottom with a capacity of 

1,100 tons provides for the variations needed to insure 

the stability of the ship under the varied conditions of 

tse, 

The motive power comprises two four-cylinder ver- 

tical triple expansion engines, with Stephenson valve 

gear. The cranks are provided with counterbalances to 

reduce the vibration effects. All the auxiliary machin- 

ery is fitted independent of the main engines. The 

boilers are sixteen in number, single ended, 17 ft. dia. 

and 10 ft..9 in. long. Each boiler has four 44 in. 

furnaces, making a total of 64 fires divided be- 
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tween four transverse fire rooms. The service pressure 

is 163 lbs. per square inch. The bunker capacity is 

3,000 tons. 

The total length of the compartments for boilers, 

coal bunkers and machinery is about 58 per cent. of 

the length of the ship. 

The accommodations for the first and second-class 

passengers are in the first between-decks and in the 

two domes described below. The first between-decks 

contains, starting from aft, the second-class staterooms 

for a length of 120 ft. the remainder of the deck to 

within about 80 ft. from forward being occupied by 

first-class staterooms, boudoirs for ladies, hair-dressing 

parlor, bath-rooms, etc. The children’s dining room 

. with forty places is also on this deck, and sensibly in 

the middle of the ship. The grand cylindrical dome, 

whose length is about 330 ft., contains in the central 

region of the ship the dining-room or main saloon for 

first-class passengers. The dimensions of this room 

aré 59 ft. in length by 46 ft. in width. The principal 

part of the recom is occupied by three tables of 42.6 ft. 

length, with 122 chairs of the usual swiveling type. 

Sofas are fitted at the sides and small transverse tables 

to the number of fourteen, each with five places. At 

the two ends forward and aft are placed sideboards 

for silver ware, desserts, etc. This room which pro- 

vides seats for 192 persons at one time is lighted and 

ventilated by rectangular windows in the walls of the 

. dome, and by a large glazed skylight. A special ar- 

tangement comprising air ducts and electric ventilators, 

is furthermore provided for use in case the windows 

cannot be opened. Forward of the saloon are found 

the grand stairway, and special staterooms, while aft 

the various offices, kitchens, bakery, etc., are located. 

The grand upper dome, of equal length with the 

lower, is placed immediately over it, and contains di- 

rectly over the grand saloon, the social hall and the 

reading room, 65.6 ft. in length by 36 ft. in width. The 

entrance-way for first-class passengers is directly over 

the entrance to the lower dome. The first-class smok- 

ing room is placed at the forward end of this dome and 

is 46 ft. long by 34.5 ft. wide. It contains seats for 

84 persons. Between the smoking room and the grand 

stairway are placed a number of special staterooms, a 

private parlor, café, bathrooms, w. c., etc. 

The second-class saloon, ladies’ room and smoking 

room are placed in the two superposed domes on the 

forward part of the poop. 
The third-class passengers are lodged in the second 

between-decks, separate apartments being provided for 

families and for single women. 

The vessel has passenger accommodation as follows: 

Special and extra special, 59; saloon, 378; intermediate, 

118; steerage, 398. The personnel is made up of: Offi- 

cers, 22: sailors, firemen, etc. 192; stewards, servants, 

etc., 158. 

On 6 hours’ trial the La Lorraine is expected to make 

22 knots speed with 22,000 I.H.P. Armament, when 

fitted out as an auxiliary cruiser, includes nine 5.5-in. 

rapid firers and eight machine guns of large caliber. 

The estimated cost is $2,316,000. 

The company will shortly put on two large freight 

steamships for the New York route. These are recently 

built British vessels and will be known as the Bordeaux 

cand Pauillac. 
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SHIPBUILDING PLANT OF THE UNION IRON 

WORKS AT SAN FRANCISCO.* 

The Union Iron Works, where the famous battleship 

Oregon was built, is the largest engineering establish- 

ment on the Pacific Coast, and one of the largest and 

best equipped marine engineering plants in America. 

The works have been in existence, under different 

names, since 1849. Originally their chief product was 

stationary work, mining machinery being a specialty, 

and many of the great pumps and hoisting engines of 

the famous Comstock lode were built at these works. 

The present shops were built in 1883, and the first 

steamship, a coasting vessel called the Avago, was com- 

pleted in 1884. She was also the first iron ship built 

on the Pacific Coast. 

The works are located at San Francisco, and cover 

an area of 28 acres, with a frontage of 1,900 ft. on San 

Francisco Bay. They are completely prepared to build 

and fit out steel steamships of any size, and the mag- 

nificient equipment of the various shops must be seen 

to be appreciated. The main buildings, such as foundry, 

machine, boiler, blacksmith and erecting shops, are 

fireproof, having iron frames and brick walls with few 

upper floors or galleries, the most of the work being 

done on the ground floor. The shops are connected 

with each other, and to the shipyard by a system of 

tracks on which steam traveling cranes afford easy and 

rapid transfer of work from the shop cranes to the 100- 

ton shears on the dock. Facilities for handling work 

is a point on which particular care has been exercised. 

The iron foundry is a building 90 ft. by 100 ft. It has 

three cupolas, the largest of which is of 50 tons capac- 

ity. Castings of 60 tons weight have been made, and 

work of twice that size could be poured if necessary. 

The shop is provided with two overhead cranes, one a 

pneumatic crane of 50 tons capacity, and one 15 ton 

electric crane. The walls are also lined with hydraulic 

jib cranes for lighter work. At present 140 men are em- 

ployed in this department. There is also a brass foun- 

dry employing 60 men, in which six tons can be poured 

at one time. This is a very busy shop, as the firm 

makes a great deal of brass work, such as valves and 

marine fittings, that most shops buy from special manu- 

facturers. It is fitted with an overhead electric crane of 

12 tons capacity. ; 

The machine shop is 200 ft. square, covered with a 

roof of iron and glass, and very well lighted from the 

sides as well. It is divided by the columns that sup- 

port the roof into five aisles. The largest of the ma- 

chine tools are arranged along the sides of one of these 

aisles. Two of them, the great vertical boring mill, and 

the combination planing and slotting machine, are of 

home manufacture and are worthy of special notice. 

The former can bore and turn, simultaneously, a wheel 

30 ft. dia. with ro ft. face. The boring device is entirely 

independent of the turning mechanism, and, boring 

can be done equally as well, whether the table rotates or 

not. Several tools can be run at once, when turning 

wide faces, and the work is very accurate for such a 

large tool. The combination planing machine was de- 

signed for facing off large surfaces, such as engine beds. 

*Prom our own special correspondent. 
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It can finish a surface 20 ft. by 30 ft. at one setting, the 

tool cutting on both strokes, either up and down, or 

forward and backward horizontally. Besides these, 

there is in this aisle a planing machine of the ordinary 

type, that can surface a piece 10 ft. square and 22 ft. 

long; a Bement Miles lathe that can swing 125 in. 40 

ft. between centers; another lathe of 120 in. swing 50 ft. 

between centers; a radial drill of ro ft. radius; and a 

large slotting machine. Two 4o0-ton overhead electric 

cranes, running on the same track, handle the work in 

this aisle. Tools considerably smaller, but large 

enough to be classed as very large ones in most shops, 

are arranged in another aisle over which run two 20- 

ton electric cranes; while yet another aisle is occupied 

by tools still smaller, which are served by two 5-ton 

overhead electric cranes operated from the floor, and 

running on the same track. The small tools fill the 

remaining aisles, and also a gallery built over one of 

them. In this gallery a great many brass finishing tools 

are placed to finish the product of the brass foundry 

already mentioned. The arrangement of the tools 

throughout the shop is very fine, and the facilities for 

handling work excellent. The overhead cranes are sup- 

plemented by hydraulic jib cranes for light work, and 

car tracks run both ways of the shop. There are a great 

many special tools, not often seen in similar shops, and 

many portable tools are operated by either air, hydrau- 

lic or electricity. About 3co men are employed in the 

machine shop. > 

A portion of the shop has been set apart for an elec- 

trical department, which, under the able supervision of 

the Chief Electrician, W. W. Hanscom, has, from a 

small beginning, grown to be a department of great 

importance. It is well supplied with the necessary tools 

and employs, in the shops and outside, about 130 men. 

The department has its own corps of draftsmen, and 

complete electric lighting installments, and all such 

naval auxiliaries as ammunition hoists, etc., are here 

designed and built. 

The erecting shop is separate from the machine shop, 

and is fitted up especially for the purpose. The erecting 

is all done on the ground floor, which is go ft. by 200 ft., 

and is divided into two parts, lengthwise, one for heavy 

and one for light work. Over the former runs two 50- 

.ton electric cranes, while over the latter are two 5-ton 

cranes of the same type. A large portion of the floor 

is made of surfaced cast iron sole plates, which rest on 

solid foundations, and are provided with T slots for 

bolting down the work under erection. Pits are pro- 

vided for work having large flywheels, and a portion of 

‘the floor is set apart for testing purposes. Here the 

proper connections are provided for testing all kinds of 

work, with either pneumatic, hydraulic or steam pres- 

sure, and here also all the small engines are tested by 

actual running. A great number of these engines are 

turned out, as this concern, unlike many others, builds 

all its own auxiliary engines for forced draft, ventila- 
tion and the like. 

The pattern shop is a four-story brick building, the 

three upper stories of which are literally filled with pat- 
terns. About 40 men are employed. 

The blacksmith shop has 24 fires and employs 60 men. 

It has a good equipment of hydraulic jib cranes for 

handling heavy work under the hammers. 
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The boiler shop is a new building, 90 ft. by. 200 ft., 

with a flanging shop 60 ft. by 100 ft. attached. The 

frame is of steel, the walls of brick, and the interior is 

particularly well arranged and equipped. It contains 

some large tools, among which might be mentioned the 

large hydraulic riveter, with 12 ft. gap; the vertical 

bending rolls, that can roll 1 3-4 in. plate 10 ft. wide; the 

horizontal rolls, that can bend 1 1-4 in. plate 18 ft. wide; 

and the guillotine shears, that can shear 88 in. of I in. 

plate at one cut. There is also a new boiler shell drill- 

ing machine, in which a 16 ft. boiler can be set up on 

end and five drilling heads, each head operating three 

drills, can be worked simultaneously upon it. Flanging 

is done with a large Tweddell hydraulic flanging ma- 

chine, circular flanges are beveled on a large milling 

machine made for the purpose, and manholes in heavy 

plate are cut with an elliptical boring machine or man- 

hole cutter. There is a fine assortment of punches, 

shears, gang drills, etc., and plenty of hydraulic jib 

cranes for handling the light work. Two 50 ton, over- 

head electric cranes, traveling on the same track, do 

the handling in the main shop, and the two large rivet- 

ers have overhead traveling cranes of their own. All 

the large shears, punches, rolls, etc., are driven by in- 

dependent motors. At present, twelve Thornycroft 

boilers are in course of construction, in a temporary 

shop, adjoining the boiler shop, which has been fitted 

up for that purpose, and several very ingenious special 

tools may be seen at work here. 

In the shipyard are seven slips of different sizes. Four 

of them have wooden frameworks erected over them, 

as seen in. the accompanying illustration, the largest 

being 80 ft. by 470 ft. in the’ clear. Two electric cranes 

run side by side along the entire length of these frame- 

works, above the ship, under construction. Each crane 

covers half the ship, and plates or beams can be handled 

with edse on any part of the vessel. The furnaces and 

bending floors have cranes for handling the heavy 

work, and ribs for the largest ships can be bent without 

difficulty. The shipsmith shop alone employs 70 men, 

and has its own outfit of three steam hammers, bolt and 

rivet making machinery, and furnaces for the same. 

There is also a 300 ton hydraulic forging press, of home 

manufacture, with furnaces and overhead crane to suit. 

Besides the many necessary punches, shears, etc., there 

are six-plate planing machines, from 16 to 24 ft. stroke, 

large bending rolls, that can bend 1 1-2 in. plate 22 ft. 6 

in. wide, and two hydraulic bending machines for bend- 

ing plates cold. One of these benders, also of home 

production, is a monster machine, which can take in 

plates 22 ft. 6 in. long between the uprights, and exerts 

a pressure of 600 tons. The bedplate weighs 60 tons, 

and the upper or bending beam weighs 40 tons. Many 

portable tools are in operation, driven either by air, 

hydraulic or electricity, and the equipment throughout 

is very complete and well arranged. 

Near the yard is the hydraulic lift dock,! and also the 

too ton shears, already referred to. This last is oper- 

ated by electricity, and is a very. convenient appliance. 

There is also in connection with the yard a galvaniz- 

ing plant, boat shops, joiner shop, copper shop and sail 

loft, in fact, every department necessary for fitting out 

ships in detail. 
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The motive power of the works is obtained from a 

central power station, in which are installed two 400 

H.P. vertical triple expansion engines, and two 100 H.P. 

engines of the same type, all direct connected to dy- 

namos. Nearly everything, including the electric light- 

ing system, is driven from this central station. The 

large tools throughout the works are driven by inde- 

pendent motors, and nearly all the line shafting, driv- 

ing groups of machines, is driven in a similar manner. 

The engines, dynamos, and nearly all of the 225 motors, 

used in distributing power throughout the works, are 

of home design and manufacture, and are first-class in 

every respect. 

The plant has its own pneumatic and hydraulic sys- 

tems, both of which are very comprehensive, and op- 

erate hundreds of stationary and portable tools. 

The latest addition to the works is a converter plant 

for making steel castings. The cupola, and a 2-ton 

Tropenas converter, is already erected, and will soon 

be ready for operation. 

The office building is a new four-story brick struc- 

ture, 40 ft. by 190 it. The entire third floor is one room, 

and is used as a drafting room, in which 60 men are at 

work. About 3,000 men are now employed by the firm, 

including the force at the branch works, where the most 

of their mining work is now done. 

Many merchant ships, tugs, and small craft have been 

built at this yard, and a number of vessels for the 

United States Government, including the cruisers 

Charleston, San Francisco and Olympia; the gunboats 

Marietta and Wheeling, the monitor Monterey, the tor- 

pedo boat destroyer Farragut, and the battleship Oregon. 

They have also recently finished and turned over to the 

Japanese Government the fast cruiser Chitose, the first 

contract for a warship made with a foreign power. 

At present they are building the battleships Wiscon- 

suv and Ojuo, the monitor Wyoming, and the torpedo 

boat destroyers Preble, Perry, and Paul Jones, all for the 

United States Government. Work is progressing on 

a large steel paddle wheel ferryboat for the Atchison, 

Topeka and Santa Fe R-R., for service on San Fran- 

cisco Bay, and also on the large freight and passenger 

steamer Californian for the American-Hawaiian Steam- 

ship Company, which was described in our August is- 

sue. (1890. ) 

The officers of the company are: President, H. T. 

Scott; Vice-President, I. M. Scott; Secretary, J. O. B. 

Gunn; Manager, G. W. Dickie. To the Superintend- 

ent, John Scott, and the Assistant Manager, I. M. Scott, 

Jr., we are indebted for much information and the ac- 

companying photographs. 

U.S. S. Consrituticn.—The Constitution, more fami!- 

iarly known as “Old Ironsides,” is at the Boston Navy 

Yard, housed over and used as a training ship. She was 

built in Boston more than 100 years ago, and took part 

in many memorable engagements, including the attack 

on Tripoli under Admiral Decatur, where she was his 

flag ship; and under Captain Isaac Hull she gained the 

famous victory over the Guerriere in 1812. Her dimen- 

sions are: Length between perpendiculars, 175 ft.; 

beam, 45 ft.; mean draft, 20 ft.; displacement, 2,200 tons. 

The movement which has for its object the refitting of 

the old Constitution deserves widespread support. 
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SUGGESTIONS AS TO IMPROVED APPLIANCES 

FOR LAUNCHING SHIPS’ BOATS.* 

BY JOHN HYSLOP. 

It is a characteristic of the present time, which forces 

itself upon the attention and into the recognition of the 

least observed, that there is a restless and ceaseless activ- 

ity to meet in every variety of form and method all 

the numberless wants and demands that society feels, 

and to which any expression is given; and the exercise 

of industry, ingenuity, and invention to this end has be- 

come so common and has been so successful that the 

most marvelous productions are simply in line with ex- 

pectancy, and scarcely any longer excite wonder or ad- 

miration. While this state of matters obtains in re- 

gard to things generally, and while the devices and 

methods of fifty years ago have been, like the flint-lock 

gun and the stage coach, put away to make room for 

more modern and superior contrivances, it yet remains 

that the vast development of ocean travel in the past 

half century and the increased water trafic of every 

kind has been unattended, excepting in rare instances, 

with any change whatever in the method of launching 

ships’ boats, and with only here and there such changes 

in detail as leave the vital requisites yet to be found, 

recognized and put into use. Such a state of things 

is in these times an anomaly, and confronts us with the 

question: Why should this be so? This is much more 

easily asked than correctly and satisfactorily answered, 

and in a measure the solution of it must be left to the 

unaided consideration and conviction of each individ- 

ual. It is, however, impossible to believe that the dif- 

ficulty lies wholly in the lack, with proper inducements, 

of ability in contrivance. 

It is equally clear that any progress in this matter, 

any effort to introduce improvements, to be successful 

must be well-devised and practically adapted to condi- 

tions, and must be aided by an aroused public feeling. 

One cause, doubtless, why more has not been done in 

the attempt to improve has been in the lack of technical 

knowledge on the part of those with whom has rested 

the adoption of new propositions, and a consequent want 

of confidence in any estimate they might make of the 

value of such propositions, or of the possibility of ef- 

fecting any amendment. Another cause has probably 

been that, in the very nature of the case, marine disas- 

ters are removed from public observation, and impres- 

sions in regard to them usually come from SurViVOrs ; 

and these in the worst cases are few, or perhaps none. 

Abundant proof has been had from time to time of the 

power of a ship’s boat, successfully launched and well 

handled, to survive the storm in which the vessel her- 

self foundered; yet how many are the cases which will 

come to memory of any who may choose to recall 

them of vessels that have left port never to be again 

heard of. The writer has no wish to be an alarmist, 

but in this matter to be forewarned should assure that 

we be forearmed. We-all know the suddenness with 

which disasters may occur to any vessel, some of them 

of a character such as no human care or foresight can 

foresee and no human skill can prevent, and to meet these 

no means of launching boats other than the most prompt 

and reliable can be of any avail whatever. It is not 

*Read at the seventh general meeting of the Society of 

Naval Architects and Marine Engineers held in New York. 
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alone that a ship may strike off a rocky coast on a dark 

night and be under water in ten or fifteen minutes 

through faulty and unchecked navigation; such occur- 

rences can be rendered far from likely by better meth- 

ods and checks which, I am happy to know, have been 

introduced on some of the best steamship lines; but who 

shall say that. any means yet devised will prevent the 

possibility of collision with an iceberg or a derelict on a 

dark night or in a fog? 

In case of such an eyent it is not to indulge in mere 

hypothesis or speculation to say that, with a vessel pro- 

ceeding at any ordinary speed nothing but the most 

speedy launching of boats would be effectual to save a 

single life. To say this is not to speculate, but to state 

the result which might reasonably be expected. In this 

respect to have had boats afloat in five minutes would, no 

doubt, in disasters of the past have. been the means ot 

saving countless hundreds of human lives, where an 

inability to do this in fifteen minutes, or even ten, has 

meant blank failure and a calamitous end to faithful 

and heroic efforts, which in many cases may have left 

no record and only blank mystery. If any apology is 

needed for presenting a subject in this way to a society 

which, perhaps, in mere ordinary course is accustomed 

to give its attention exclusively to matters of economy 

and mechanics, it may be accepted as sufficient that the 

writer regards the Society as more capable than any 

other of dealing instructively and effectively with the 

question; and he hopes, by impressing upon the Society 

the need of improvements, to enlist its aid to the effect- 

ing of them. He has greater expectation from this, and 

from remarks and suggestions which may be made as 

the result of reading this paper, than he has from any 

original devices or suggestions that he may be able to 

present. As a further excuse for dwelling somewhat 

on the need of improvements, and of greater attention 

to the subject of launching ships’ boats, the writer feels 

impelled to state that he has stood four different times 

on ships’ decks when it has been necessary to launch 

boats to save life, and on none of them was this quickly 

and effectively carried out. On the last and most dis- 

astrous of these occasions it was most distressing to see 

150 men, women, and children waiting through ten to 

fifteen minutes, each elapsed minute narrowing the limit 

of life to over two-thirds of that number, only one boat 

being got clear of the ship, and that one in a dam- 

aged condition, through efforts faithful, persistent, 

strenuous, efforts attended in some instances with seri- 

ous injury to workers, which ceased only when work- 

ers and passengers were submerged. 

The question has no doubt occurred ere this to the 

mind of many of those I am addressing: “Wherein 

is the difficulty?’ And some of these may say: “I 
have seen boats put afloat from a ship’s deck within 

three minutes from the time when the order was given.” 

This is quite true where all conditions are favorable— 

where it is daylight and everything is in plain view, 

where the ship is neither rolling nor listed to starboard 

or port, where, perhaps, only one boat has to be 

launched, and this one handled exclusively by sailors; 

but the impression gained by any such experience is apt 

to be misleading, and it has, I feel assured, misled many 
who have an interest in such matters. 

A better conception of this state of things may be 
had if I should refer to an examination of the appliances 
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for launching on one of the largest transatlantic steam- 

ships recently made, in the company of one of the ship’s 

officers. The davits were of the ordinary kind, turn- 

ing in sockets on the ship’s sides, and with the heads 

usually turned inboard and over the boats, resting in 

chocks upon the vessel’s upper deck many of the de- 

tails connected with launching were excellent, and I 

shall have hereafter to refer to and recommend some of 

them. 

The boats were large and heavy, but it was easy to 

credit the claim made that on occasions one of these 

had been put into the water in two and a half minutes. 

When, however, the question was asked, ““What could 

you do if the vessel was rolling or listed?” the answer 

was, “We know we could not launch them at all.’’ This 

answer has since been confirmed by other practical and 

intelligent officers to whom it has been put. The chief 

difficulty appears to be this, that while it is compara- 

tively easy to turn heavy davits and to move boats in 

the direction of a horizontal plane, and while such davits 

and boats will stay out, and the davits can be stayed 

by the ordinary guys in the inboard or outboard position 

when the ship is upright in quiet water, neither move- 

ment is practicable when the vessel is rolling or pitching 
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present common form of dayit. Before doing this it 

may be well to mention the chief details of work neces- 

sary in launching: Removal of the canvas covering, 

casting off the gripes, throwing down the outer chock 

(Gf this be so arranged), casting off the lanyards or 

tackles of the guys, hoisting the boat clear of its seat, 

pushing outward the boat and davits and securing the 

guys, lowering away evenly the boat by the falls, and un- 

hooking the falls and pushing clear of the ship. Every 

one of these processes is important, and many of them 

in instances have been improved. In the search for 

new forms of davits it is questionable if the same identi- 

cal form will be found equally applicable in all cases; 

and even if the same form is found to be generally ap- 

plicable, some modification of detail will be necessary. 

To my mind the principle of the Mallory davit, pat- 

ented 1871 and 1873, has much to recommend it; it is 

simple, and vastly superior to the common form. 

It is inexpensive, but not bulky; has no need of guys. 

The boat, though kept inboard, is always outside the 

davits, and gravity alone will carry the boat outward 

ready for lowering when the ship is on an even keel 

or only moderately listed; and when more extremely 

listed, any force used to overcome this is more easily 

Fic. 1. 

in a seaway, or when she is listed to port or starboard. 

On the contrary, as I know from experience and actual 

occurrence, attempts to get the boats over the side at 

such times are liable to be attended with the loss of life 

or limb, or by other injury; and the most strenuous ef- 

forts made and long continued are apt to be wholly 

abortive. The crudity and inadequacy of these contriy- 

ances would seem to be obvious to any one whose at- 

tention is called to*them, and indeed the certainty of 

difficulty, if not defeat, under any but the most favor- 

able conditions. f 

Where it is expected that heavy boats will have to be 

used with any frequency at sea it is, I think, safe to say 

that no such means of launching them would be relied 

on. It would be regarded as a novelty to see a whale 

ship fitted with davits of this kind. While it is not to 

be expected that Atlantic liners shall be fitted with 

whale ship’s davits, it appears both interesting and in- 

structive to inquire how far it is practicable to carry 

ship’s boats inside the lines of a ship’s side and yet at 
all times outside the davits; and also to inquire if any 

better means can be used to operate and control the 

VIEWS OF MALLORY DAVIT. FIG. 2. 

and much more effectively applied. The accompany- 
ing illustrations, Figs. 1 and 2, will make the construc- 
tion and the mode of operation sufficiently clear. A 

frame made of stout angle-iron is extended outward 
from the top of a house or boat deck, across the width 
of the gangway of the deck below, and then vertically 

to that deck, where it terminates and is secured inside 
the rail; the horizontal part and a small portion of the 
vertical part of this frame is made double, with a sep- 
aration and a space of approximately 2 in. between the 
two members of the frame. Hinged near to the house 
on the lower deck, on a level with the foot of the frame 
and separated from it by the width of the gangway, is 
the davit; this extends upward from the hinge to and 
beyond the inboard side of the boat, oyer which the 
head is bent in the usual manner. 

When the boat has to be launched it is raised by the 
falls from its seat, the chocks thrown down and the boat 
allowed to move outward by means of the fall attached 
to the back of each davit, and to a distance sufficient for 
the boat, when lowered in the ordinary or in any other 
way, to be clear of the ship. This form of davit does 
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not appear to have been adopted or known to the extent 

that might have been expected. It is a strong and a 

light device, the strain upon it being only in one direc- 

tion, and there being no occasion to make it circular in 

cross-section, being made from flat bar iron. Those I 

have seen on the newer vessels of the Old Dominion 

Line (used for boats not of the heaviest kind) being 

about 5 in. by I I-4 in. in cross-section. There is no 

uncertainty, in my view, as to the advantages of this 

davit, and none as to the differences in result :which 

might have been attained to had this method of: work- 

ing been in’ use where it was my painful expérience to 

see others fail. eh 

It is, however, I think, susceptible of adaptations that 

have not yet been made,.and is too open to the criticism 

that the means to operate it under: favorablé and also 

unfavorable conditions are not present, are not all of 

them fixtures, and always ready for use. The fact 

that two tackles, one to each davit, have to be stretched 

across the deck, then seen to be clear, and hooked on be- 

fore the davits are operated, is an objection; and al- 

though, in case of rolling or of extreme list, these davits 

would be much easier to control than the ordinary ones, 

this“ is not enough. To fitly meet such occasions as 

arise, appliances should be such as by reliable and sim- 

ple means, not to be defeated by rolling or listing, re- 

quiring only manual power, and few men, and control- 

lable throughout the process, the boat must be moved 

out to a position ready for lowering. The operative 

means to effect this should be a reasonably compact and 

unobtrusive fixture, always ready for use. Reference 

to Figs. 1 and 2 will show how easily could be arranged 

in connection with them a small shaft upon the upper 

deck, running in line with the boat and just inside the 

davits; this shaft could be supported at each end by a 

compact frame or standard, have winch handles on, and 

a sprocket wheel near to each end; over this wheel 

would pass a chain which would also pass over a pulley 
upon the outer part of the davit frame. The ends of 

the chain would be connected with the davit on opposite 

sides in such a way that the revolution of the sprocket 

wheel by handles would move the davits either outward 
or inward, or hold them at any point desired.—Fig. 3. 
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It will be seen how a turn with the bight of the boat 
falls, over a small drum placed on the shaft, would at 

the same time carry out the davits and raise the boat 

from its seat. In such ships as have a shelter deck ex- 

tending over the width of the gangway of the deck be- 

low, davits of the form shown could not be used with- 

out the shelter deck, on which the boats rest, having 

slots cut in them for the movement of the davits out- 

ward and inward. The extent of such slots could, 

doubtless, be much reduced in such cases by modifying 

the form and curvature of the davits, and, if need be, 

by also changing somewhat the detail of the method 

used for operating them, and this without any depar- 

ture from the general character of the means used. It 

does not appear evident, however, that any insuperable 

difficulty or objection can apply, on account of weak- 

ening or impairment of the shelter-deck through the 

presence of such slots, which could be supplied with 

proper curbs, and which openings the chock would ordi- 

narily cover. The writer will not pretend to deal ex- 

haustively with this, or, indeed, with any other part of 

this subject, with the mechanical parts of which he 

feels that many of the capable minds of this Society can 

deal more effectively than he can. 

Any reference to the class of davits which fall out- 

ward from the sides of a vessel would be very incom- 

plete which should omit the ingenious and well-worked- 

out device of Sir Bradford Leslie, of Falmouth, Eng- 
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land. Sir Bradford is a retired engineer of much ex- 

perience in the East Indies. 

His life was placed in jeopardy by shipwreck some 

years ago, and he has shown that he possesses the requi- 

site technical skill to deal with the detail of his in- 

vention in a very thorough manner. For an intimate 

acquaintance with it I must refer you to the U. S. pat- 
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ent, May 4, 1897, number 582,069. (See Fig. 4, repro- 

duced from the patent.) The chief novelties of his 

method are that there are no boat falls, no lowering or 

hoisting tackles attached to the boats—these are sup- 

ported from below on cradles situated on the heads of 

the davits. The davits themselves are lowered vertical- 
ly in slides down the outside of the ship through a 

space of a few feet; having passed downward through 

this space the heads of both davits, with the boats rest- 

ing upon them, fall evenly outward and downward until 

the boat is deposited on the water at an oar’s length or 

more away from the ship, the davits being allowed to 

sink a sufficient distance free of the boat. This low- 

ering apparatus consists of a wire rope wound round a 

drum on the ship’s deck, and fitted with a suitable brake. 

A full description of this contrivance would fill the lim- 

its of this paper, and would occupy more time and space 

than is available. 
In regard to the invention, I think it will be con- 

ceded that it possesses great originality and thorough- 

ness-—that it attains to many desirable ends. If it is 

thought to be too elaborate or too costly to meet with 

practical acceptance it will still, I trust, be deemed a 

sufficient reason for a reference to it in this paper that 

its methods are novel and calculated to afford a variety 

of useful suggestion. While the author of this ingen- 

ious invention may feel justly proud of it, my short ac- 

quaintance with him has given me a strong impression 

that he would feel nothing but gratification in having 

in any way promoted the successful achievement of the 

end he had in view. 

It appears doubtful if any simple and reliable means 

can be devised for getting boats ready to lower where 

the davits have to be rotated, and where the boats have 

to be moved from a position inside the davits to one 

outside of them, and this operation, so easy when the 

deck is level and still, becomes one of extreme difficulty 

when the vessel is rolling, or when she is inclined; 

ordinarily the work involves time and effort which ought 
to be eliminated. The use of a cog-wheel  se- 

sured to the vertical part of the davit, say immediate- 

ly over the rail of the vessel, the cogs of which wheel 

engage with a worm attached to a shaft running hori- 

zontally across the rail of the vessel, the shaft being 

turned by a handle situated on the periphery of a wheel 

placed on the inner end of the shaft, seems calculated to 

give a control over the whole range of the davit’s move- 

ment not to be had in the ordinary way. The vessel on 

which I recently crossed the Atlantic had two of her 

boats fitted with davits operated in this way, and it 

seems strange that so simple a device is not in more 

common use. 

The patent of James W. McKinnon, March 16, 1807, 

- No. 579,119, has this appliance as one of its features, 

and has otherwise many ingenious contrivances for rais- 

ing the boat clear of the chocks, and for the even and 

steady lowering of it, either from the deck of the ves- 

sel or from the boat itself; but I regret that I am not 

sufficiently familiar with the details of it to attempt a 

description, and copies of the patent papers do not, as I 

' understand, show the latest form of the invention. 

In discussing this subject I have hitherto occupied 

myself chiefly with the means for operating the davits 

themselves, and there is with me no doubt that here, 
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more than anywhere else, is there a confessed need of 

improvement. I have spoken with many ships’ officers, 

but have yet to meet with one who will say that, with 

the ordinary appliances, a ship’s boat could readily be 

launched under conditions of practical difficulty such 

as have been alluded to. But, while the kind of davits 

and the mode of operating them is of first importance, 

every detail and process of launching ships’ boats is im- 

portant, and deserving of more attention than it appears 

to be receiving. Differences in equipment of vessels, 

often in regard to simple details which scarcely involve 

the matter of expense, and which do materially affect 

efficiency in working, suggest as explanation either a 

want of interest or a need of information, or even, more 

probably, the need of an institution or of a body of men 
who, duly qualified, could, more than any individual, be 

confidently relied upon to acquaint themselves with 

these somewhat technical matters, to digest the infor- 

mation received, and to make such statements or rec- 

ommendations as should appear to be called for in the 

interests of humanity. With a large measure of au- 

thority would come from such a body a pronounce- 

ment in regard to any davit device observed; also in re- 

lation to the respective merits of iron and wooden boats; 

to the advantages of cork fenders carried in the form of 

bolsters around a boat and below the gunwale. Chocks 

and releasing tackle would receive attention, gripes and 

davit guys would also be commented on, and probably 

for the guys, if these must continue to be used at all, 

tackles instead of lanyards would be recommended. 

The differing situation of boats about vessels’ decks 

is deserving of consideration—some on chocks near to 

the deck level, and needing to be hoisted several feet 

to pass over a rail; some kept at rail height, and too 

high for passengers to get into them; some overhead 

and inaccessible until lowered outside the rail; and 

some, like the boats of the Kaiser Wilhelm der Grosse, 

placed upon and close to the upper deck, having no rail 

either inside or outside of them, themselves constitut- 

ing a bulwark, and ready to be launched with all the fa- 

cility attainable where the ordinary davit is in use. 

Where the simplification of every process means so 

much, attention may here be called to the double use of 

the cork bolster put round the lifeboats of the vessel 

mentioned; this is not only a protection to the boat in 

case of collision with the vessel or otherwise, but it 

affords an admirable means for securing and for in- 

stantly detaching the canvas cover which ordinarily is 

fastened over the boat when it is upon the deck. 

This cover extends over the sides and down beyond 

the bolster, and has a loose lacing of small rope rove 

through grommets upon the edges, a line passing 

through the lacing along each side the boat is tightened 

up and the ends toggled together at stem and stern, 

the effect being to gather the.edges of the cover inward 

under the bolster and to secure it, and again to instant- 

ly release and free it when this is desired by slipping 

the toggle. 
The cover in this way is removed intact in very much 

less time than it could be cut adrift by a sharp knife. 

Of the various means in use of throwing down the 

chocks on which the boat rests, or at least of removing 

the outer ones so that it can be launched, those on the 

Kaiser Wilhelm der Grosse seem adequate, and nothing 
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could be more simple. Any pressure from wind or from 

a sea shipped would be from the weather side, and 
would bear inward. On the inner side the boat is sup- 
ported by the two chocks in the customary manner, and is 
held in firm contact with it by the gripes. It is held 
from moving outward by an iron rod, carried from in- 
board outward and horizontally through eye bolts on the 
face of the lower part—the stationary part—of the 
chock; this rod is turned up at a right angle for a few 
inches at the outer end in such a way as, when operated 
from the deck at the inner end, where a Jever handle is 
situated, the outer end is turned up outside the keel and 

the boat’s movement is prevented. 

The matter of releasing gear is too important to 
wholly omit mention of in a consideration of this sub- 
ject; there can, I think, be little doubt that in rough wa- 

ter, with ship and boat in active movement, the 
handling of boat falls and hooks is attended with both 
difficulty and danger, even in daylight—it is, of course, 
even worse in darkness—whether this be done for the 
purpose of letting go or of hooking on. It is important 

that the two ends of the boat be lowered evenly, and 

that the falls be so rove through the blocks that if one 
end be let go the other, either by: getting foul or being 
held on to, may not prevent both ends of the boat de- 
scending to the water and becoming water-borne. There 
are many devices for detaching the lower hooks; not 
all, perhaps equally free from the risk of fouling, or 
sure of smooth and reliable working. It might be in- 
vidious to select one for preference, unless, indeed, from 

a more intimate acquaintance with the history of _ its 

working than I can claim; the U. S. Government and 
many merchant vessels have however, I understand, 
made considerable use of one of these which appears to 
me to be a good contrivance, and is well deserving of 

attention. I will only say in conclusion that whatever 

appliances are used should be kept in good working or- 
der. If wooden boats are used these should not be dried 
out and leaky, so that they cannot be kept afloat, as has 

too frequently happened; boat falls should be of good, 
pliable rope that will run easily and freely through the 
blocks without choking and without kinking; and for 
the rest, if the present means for launching boats in 
times of difficulty and disaster are not improved upon, 
and if it should ever again be my misfortune to have 

a ship go down under me, I hope the temperature and 
distance may admit my swimming ashore, as otherwise 
I would rather put my trust in a spar, hatch, or plank, 
or in anything that might float, than in the likelihood of 
getting boats properly afloat in any short period of time. 
I trust that I may here be permitted to suggest that the 
appointment of a committee from the members of this 
association to thoroughly investigate and consider this 
subject would give promise of results such as would 
be eminently beneficent, worthy of the effort made, and 
of the Society, and not so well attainable by any other 
means in sight. 

Various exaggerated statements have appeared iu the 
daily press abroad and here regarding the speed attained 

. by the turbine driven destroyer Viper on her preliminary 
trials. It appears to be the fact that no extraordinary 
speed was reached and that the trials were simply for 
the purpose of getting the machinery in condition for 
the full speed run. 
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OFFICIAL SPEED TRIALS OF THE 30-KNOT 

U. S. TORPEDO BOAT DAHLGREN. 

Probably no vessels built in recent years for the 

United States Navy have been viewed with such inter- 

est by engineers as the torpedo boats Dahlgren and 7. 

A, M. Craven, built at Bath, Maine. In our issue of 

September, 1899, we published extensive details of these 

vessels, especially of the machinery, which in many re- 

spects is radically different from the designs most fre- 

quently met with. In the engines, notably, photographic 

views of which we published at the time, the difference 

of model is very apparent. Instead of comparatively 

high engines consisting, in effect, of a slender steel 

framework with a row of cylinders on top and crank 

shaft and bearings at bottom, there is shown a very 

compact machine—a concentration of power, as it were. 

Instead of the familiar turned steel columns there is a 

framework of manganese bronze, securely bolted to the 

steel bed plate. The practical value of this form of 

engine was demonstrated in the recent severe trials of 

the Dahlgren, which were carried out without hitch or 

slow-down for any defect or derangement of machinery. 

These trials we here propose to describe. It will be re- 

called that the Dahlgren is of the Normand type, with 

modifications of design introduced by the builders. 

On October 23, at 1.05 o’clock in the afternoon, the 

Dahlgren \eft the yard of the Bath Iron Works, Bath, 

Me., for the first part of her official speed test. The 

vessel was deeply laden, and all the prescribed weights 

were on board, plus coal and water sufficient to take her 

to the measured mile off Southport, Me., and also to 

furnish steam dufing all the low power runs. The trial 

board, the builders’ staff, and the officers and crew were 

all carefully weighed as they stepped on board—there 
were 34 men all told on-each of her trial runs. The hull 
and machinery of the vessel were completed, with the ex- 
ception of linoleum on deck and the canvas ceiling in 
the living spaces, and this weight was allowed for. The 
following are the weights of the Dahlgren, together with. 
the trial load specified to be carried on trial: 

Hullcompletehwithsittins seeeeepeeer eer eetee 44.55 tons. 
Machinery complete with steam up........... 78.20 ‘ 
ee} A pagondecenomtanndsanoondaonsuc suanocaouboned 9:00) ie 
Ce GGL SIOCGUBsocooonsccooconcudcodncoaenuce Ago 
COTA oon omogoacounnTordbesdcestuosacanboouabdcks 450 ea 
Ordinance vey nes osck ence ee eee a2 
Ro taliarialil Ga dis eivene eye nee ren nnn aeRO 20.29 «SS 
IDIFNACIAGNE 5560000 cooodon0000s00b00000bDbbCN 143.04 ‘ 

The government trial board consisted of Capt. Em- 
ory, President; Commander Charles R. Roelker, Engi- 
neer; Washington L. Capps, Naval Constructor, and 
Lieutenant-Commander Henderson, U. S. N. The trials 
were in charge of Vice-Pres. John S. Hyde of the Bath 
Iron Works, and the builder’s staff included Consulting - 
Engineer Charles E. Hyde, Chief Hull Draughtsman 
William A. Fairburn, Chief Engine Draughtsman Ed- 

ward S. Hutchins, and Charles P. Weatherbee. 
The Dahlgren’s official trial consisted of a standardized 

screw test, which occupied a part of three separate days. 
On Monday, October 23, the programme called for a 
progressive trial on the measured mile off Southport, 
Me., so that the relation between the revolutions of 
the screw and the speed of the vessel could be accurately 
determined when the vessel was carrying the full speci- 
fied trial load. On this day Fort Popham was reached 
at 1.45 p m., and at 2.08 p. m. the Dahlgren was off the 
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“Cucholds,” she having steamed easily under natural 

draft at a 17 knot rate. At 2.45 p. m. the Dahlgren 

steamed over the Southport course towards Boothbay, 

due north, on the first run of the progressive test. In slack 

water she covered the mile in 2 min. and 47.6 sec., which 

is equivalent to a rate of speed of 21.48 knots. The mean 

revolutions per minute were 234 for the two engines. 

The vessel then made a long loop turn without reduc- 

ing the speed, and returning she covered.the mile in 2 

min. 40.25 sec. (which is equivalent to a speed rate of 

22.46 knots) with 243 turns per minute. The third run on 

the mile and the first of the second series gave a mean 

speed of 24.61 knots, with 265 revolutions. After mak- 

ing a long sweep the Dahlgren made the return run in 

2 min. 28.5 sec. with 263 revolutions per minute, this 

time being equal to a speed of 24.24 knots per hour. Run 

No. 5, which was the third run north, was made in 2 

min, 17.4 sec. with 278 revolutions. This performance 

is equivalent to a rate of speed of 26.20 knots. 

The vessel’s change of trim was now particularly 

noticeable. Walking from the quarter deck forward 

seemed as if one was walking up a steep hill. Flames 

shot from the stacks, and thick smoke was trailing behind 

for a distance of at least two miles. There was no 

disagreeable whipping and racking perceptible, as is 

frequent on boats of this class. At a speed of 22 knots 

the vibrations, although slight, were noticeable, but as 

the speed decreased or increased the vibrations lessened, 

and at very high speed or at ordinary cruising speed 

the vibrations were practically nil. After the fifth single 

run the speed was so great that it was not considered ad- 

visable to attempt to turn the vessel at full power, owing 

to the limited space for manceuvring necessitating great 

helm angle, and this great angle of the rudder always 

causes the affected propeller to race. The vessel was 

therefore slowed down to about 25 knots’ speed to make 

all the turns, which was detrimental to speed with quick- 

steaming water tube boilers. The sixth run of the pro- 

gressive trial, which was the third run to the south, 

resulted in a speed of 27.36 knots with 288 revolutions. 

the time on the mile being 2 min. 11.6 sec. A long 

sweep was now made, and the next run north was 

accomplished in 2 min. 01.6 sec., the speed being 29.61 

knots with 313 revolutions. The return run was made 

in 2 min. 0.7 sec., the speed being practically the same 

(29.59 knots), and the mean revolutions on the mile 

312 per minute. 

A fifth double run was about to be made at maximum 

power, but as it was growing very dark, the builders de- 

cided to postpone the full power runs on the mile until 

the following day. The Dahlgren, therefore, was headed 

for home, haying successfully passed through the first 

“stage of her official trial in splendid fashion. She 

reached Bath about 7 o’clock in the evening, having 

covered the 21 miles in about 1 hour under cruising 

conditions with natural draft. 

The following day, October 24, the vessel left Bath 

at noon with the same personnel on board, for the 

measured base at Southport, to complete the progressive 

trials and to continue the turning and manceuvring 

tests. The trials were not quite as interesting as those 

of the previous day, but greater speed was shown and 

the vessel dashed over the mile in just 2 min., the 

counters showing 317 revolutions, Several runs were 

43) fay 

AW ‘HLVd UVAN GaadS AO ALVU HOIH V LV ONITAAVAL NAUYOIHVdG LVOd OdAdaOL 



24 

made at rates of speed varying from 30 upwards, and 

a run at 27 knots checked the data taken the previous 

day. The vessel behaved splendidly. At top speed she 

seemed to make much less fuss cutting through the wa- 

ter than she did at 26 to 27 knots. The forefoot lifted 

almost out of water, and the origin of the bow diverging 

wave seemed to be near the forward conning tower. No 

flames could be seen shooting from the stack, but the 

vessel went forward at railroad speed. The speed on 

all the vessel’s measured runs was increasing all the 

time she was on the mile, showing that the remarkable 

speed attained was no “bottled up” spurt performance. 

The vessel was given two ten-minute runs in the open 

sea as a preliminary canter for the one-hour’s sea run 

that was to follow. The first 10 min. gave a mean 

speed of 30.4 knots, and the second 10 min. trial resulted 

in a mean speed of 30.6 knots. As the afternoon was 

now well advanced, the builders decided to return to 

Bath, where they arrived about dusk. 

The trial board were summoned to the Charleston 

Navy Yard Tuesday night to inspect the training ves- 

sel Chesepeake in dry dock, so it was not until Friday, 

Oct. 27, that the official trial of the Dahlgren could 

be concluded. In the meantime the wind had been 

kicking up a nasty sea, but as the prospects were not 

good for fair weather in the near future, the builders 

decided to risk running her for an hour or more in 
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all over herself she gradually increased her speed. After 

running fifteen minutes the observations showed that she 

was traveling at a 29.5-knot gait. The flat knuckle stern 

and the high speed of the boat kept the wheels from rac- 

ing, but the sea and wind were a great handicap. Grad- 

ually the speed increased, and after traveling about one- 

half hour the speed had risen to 30 knots. The sea was 

growing worse all the time, but the boat’s complement 

worked without remission. On two occasions the speed 

reached 30.8 knots, and the best time was being made 

when the orders were given to slow down. The vessel 

had steamed at full power for about 100 min. The mean 

rate of speed attained was 30.05 knots, a really wonder- 

ful performance for a small high-speed boat ina rough 

sea. 

After successfully passing through severe turning and 

steering gear trials the Dahlgren put into Portsmouth, 

N. H., where she remained until Sunday, Oct. 29, when 

the weather had moderated sufficiently to warrant 
making the return trip to Bath. All on board were en- 

thusiastic over the performance of the little vessel, for 

she passed through the severest tests without a flaw be- 

ing discovered. On her first attempt at an official trial 

she proved successful, and although greatly handicapped 

by most unfavorable conditions of wind and sea, she 

slightly exceeded her designed speed of 30 knots. 

There has never been any breakdown or accident 

U. S. STANDARD LIFEBOAT PROPELLED 

the open sea under what would be considered, for this 

class of boat, very unfavorable conditions. In that re- 

gion towards the end of October continued good weath- 

er cannot be expected, and as the fall and winter 

advance the sea get less and less suitable for high 
speed runs with small, light boats. The builders had either 

to run the vessel on her trial and make the 30 knots 

in an hour as required, or else pay a heavy penalty for 

delay in completing the vessel, and of the two evils they 

considered the former the lesser. The Dahlgren accord- 

ingly left Bath at 7.30 o’clock on the morning of Oct. 

27. She arrived two miles beyond Seguin an hour 

later, and at 9 o’clock she was headed southwest for 

the Isle of Shoals. The board was notified that all was 

in readiness for the official speed test. 

The vessel did not respond to the order of full speed 

ahead as rapidly as she usually does in smooth water. 

The machinery had to be “limbered up” somewhat, and, 

therefore, the first observation taken gave the vessel a 

speed of only 27.5 knots. In a nasty quartering sea that 

caused the little vessel to roll badly and throw water 

BY GASOLENE ENGIN—SEE PAGE 22. 

aboard the vessel, and the hull and machinery have 
stood the stresses of preliminary runs and official tests 
without exhibiting any defects. A speed of 30 knots in 
a heavy sea on a displacement of 140 tons, 15 per cent 
of which is trial load, is a remarkable performance; but 
when it is remembered that this speed was obtained with 
a piston speed of only 1,100 ft. per min., and less than 
320 revolutions, and moreover that 4,200 I. H. P. were 
gotten out of two boilers, the results seem almost be- 
yond present possibilities. Yet they are official and un- 
disputed. 

S. S. PENNSYLVANIA.—The freight and passenger 
steamship Pennsylvania, of the New York, Philadelphia 
and Norfolk Railroad, was launched from Roach’s yard, 
Chester, Pa., December 16. This vessel is of the follow- — 
ing dimensions: Length, 260 ft.; beam, 40 ft.; draft, 9 

-ft. 9 in. She is very fully powered, and is expected to 

attain a high rate of speed for a vessel of this class. She 

will run between Cape Charles, Old Point Comfort and 

Norfolk, 
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TWIN SCREW LIFEBOAT FOR THE U. S. LIFE 
SAVING SERVICE. 

BY LT. C. H. MCLELLAN, R. CG. S. ASST. INSPECTOR. 

There are two principal classes of boats used in the 

United States Life-Saving Service, the lifeboat and the 

surfboat. The lifeboat, because of its great weight, 6,000 

to 10,000 lb., is located where it can be launched into 

comparatively smooth water from a cradle, as in the 

harbors of the Great Lakes, and is propelled by oars and 

sails, or assisted by a tug boat to the vicinity of the 

wreck. The surfboat, weighing from 1,200 to 1,500 Ib., 

is placed at all of the coast stations, and is easily 

transported along the coast on specially constructed car- 

riages to a point nearest the wreck, and then launched 

from the beach. The surfboat is also supplied to all of 

the Lake stations. The lifeboat is propelled by ten 
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tug is usually necessary to tow the lifeboat to the vicin- 

ity of the wreck, when the tow line is dropped, and the 

lifeboat manceuyred to get within reach of the wreck 

and make the rescue. Usually, if the conditions will per- 

mit, the lifeboat is dropped to windward and pulls down 

to the wreck and takes off the crew, and in the mean- 

time the tug has steamed to leeward of the wreck, where 

the lifeboat joins her after the rescue. This process is 

necessary because of the great weight of the lifeboat and 

the difficulty in pulling her against a wind of any force. 

It consumes much time, which is augmented in many 
cases by waiting for the tow boat to get up steam, or 

from there being no tug immediately available. 

The necessity for a lifeboat with power has long been 

recognized, both in this country and in Europe, but be- 

cause of the peculiar work required of the lifeboat the 

problem has been difficult of solution. The British Royal 

Lifeboat Institution has been working on this problem 
for several years, with doubtful success, having built 
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several steam lifeboats ;* but in the opinion of many the 

mistake has been made of building their boats too large, 

they being, in fact, seagoing tugs. The lifeboats of 

the U. S. Service are made self-righting, as they are 

used in surf which can, and frequently has, capsized 

them. A boat with steam power, if capsized and rolled 

completely over, would have but little assistance from 

its engine afterwards. Experiments have recently been 

made by the U. S. Life-Saving Service with a gas en- 

gine as the motive power, and with very gratifying re- 

sults. The Service 34-ft. lifeboat was selected, the 

largest class in use, and in this a 12 H. P. “Superior” 

gas engine was placed. This engine was selected be- 

cause of its lightness per horse power, simplicity of 

construction, compactness, and its ability to run under 

adverse conditions. It is also arranged to turn two pro- 

pellers with one engine. 

The engine, with the gears and attachments of the two 

propeller shafts, is installed wholly within the after air 

chamber, the only portion of the machine on the outside 

being the two reversing levers, the end of the starting 

shaft, and the oil cups. The parts outside of the air 

chamber are in recesses in the bulkhead, out of the reach 

of ropes or other dangers, as shown in the accompany- 

ing drawing. The engine was installed without disturb- 

ing the construction of the boat. It was passed through 

an opening 16 in. by 16 in., and set up on the inside. 

The air chamber is 6 ft. long and 6 ft. wide at the gun- 
. wale of the boat, tapering to a few inches at the keel- 

son and stern post. The engine weighs 1,350 pounds, is 

of the two-cylinder type, having an explosion every rev- 

olution, the spark being produced by sixteen portable 

rubber cell batteries. The engine cylinders are 6 in. by 

6 in., and the speed of revolution is 400 turns a minute. 

There are two 18 in. propellers, having two reversible 

blades each, the reversing levers being connected to pulls 

leading through stuffing boxes in the bulkhead. The pro- 

pellers are protected on the outside by suitable cages. 

The cylinders are lubricated by automatic oil pumps, 

and all other bearings by cups placed in a recess in the 

bulkhead, and accessible from the outside. 

Air is supplied to the engine through two 21-2 in. 

brass pipes leading from the top of the inside of the air 

chamber, down the bulkhead, and opening through it 

6 in. from the deck. If the boat should be upset these 

openings will be in the air space under the boat, and 

out of the reach of the water. 

Gasoline is stored in the forward air chamber and as 

high as the roof will allow, the gasoline being carried 

to the engine by gravity, dispensing with the pumps and 

their different parts so apt to become clogged and fail 

at a critical moment. The tank in the boat under trial 

has a capacity of 75 gallons, though there is room in the 

air chamber to carry a much larger tank if necessary. 

To prevent the fuel from being cut off from the engine 

by reason of the extreme pitching of the boat, as’ might 

occur in a very heavy surf when the stern is on a high 

sea, a small reservoir is attached to the engine through 

which the gasoline flows to the engine. The engine 

consumes 2 gallons of gasoline an hour when under the 

full speed of 71-2 miles per hour, at an expense of 

about two cents an hour per horse power. 

* An illustrated description of a hydraulic propelled lifeboat 

was published in the issue of January, 1898.—ED. M. E. 

January, 1900. 

The batteries are sealed, and carried in a drawer fit- 

tine into a close case in the forward air chamber, hay- 

ing its only opening in the bulkhead. By this arrange- 

ment the batteries must be removed from the air cham- 

ber for any needed attention, thus removing all danger 

of accident form a spark caused by ignorant handling of 

the wires. 

Provision has been made for cutting off the supply of 

fuel from the engine in case of a capsize, thus stopping 

the engine. This is advisable, for without this precau- 

tion, if the lifeboat was upset, and the crew thrown into 

the water, the boat would right almost instantly, and 
the engine being in motion, would run away from the 

crew beforethey could climb into the boat. Another reason 

for stopping the engine during an upset is the danger 

from having the passengers and ctew thrown into the 

water with the two propellers running at a high speed 

in the vicinity. The self-righting qualities of the life- 

boat have not been injured by the addition of the weight 

of the engine. In the tests made she righted from even 

trim bottom up to even trim right side up in 3 sec. 

In these tests the boat attained a speed of 7 1-2 miles 

an hour over a measured course. She reversed from 

full speed ahead and had sternway on in 20 sec. With 

one propeller going ahead and the other astern, she 

turned in a circle 50 ft. dia. The boat was tested under 

sail and power during a gale blowing at the rate of from 

28 to 40 miles an hour, as registered at the Weather Bu- 

reau. She was taken 5 miles outside of the harbor of 

Marquette, Mich., and tried under all directions of wind 

and sea, and behaved as well as could be desired. Un- 

der the same conditions of wind, and without the en- 

gine, a tugboat’s assistance would have been necessary, 

or several hours consumed in beating the lifeboat out 

against the wind. 

It is the unanimous opinion of the officers of the 

Service who have witnessed the trials of this boat that 

the Service would have a very valuable auxiliary by its 
general adoption. 

U.S. S. Batrey.—The torpedo boat destroyer Bailey 
was launched into the Harlem river from the yard of the 

Gas Engine & Power Co., and Charles L. Seabury & Co., 

Consolidated, New York city, on December 5. The boat 

was christened by Miss Florence Beekman Bailey, 

grand-daughter of the late Rear-Admiral Theodorus 

Bailey after whom the boat was named. An artistic sil- 

ver loving cup is to be presented by the family of Rear- 

Admiral Bailey, upon which a suitable inscription refer- 

ring to the services of the Rear-Admiral under Admiral 

Farragut will be engraved. The Bailey is one of the 

three boats authorized by act of Congress of March 3, 

1897. She has hitherto been classed as a torpedo boat 

destroyer, but is now placed in the list of torpedo boats 

of the Navy. The other two vessels authorized under 

this act are the Goldsborough, building at Portland, 
Ore., and the Stringham, which was launched some time 

ago at Wilmington, Del. The Bailey is of the following 

dimensions: Length, 205 ft.; beam, 19 ft. 2 in.; mean 

draft, 6 ft.; displacement, 235 tons. She is fitted with 

twin screws, driven by triple expansion engines of the 

builder’s design, which are expected to develop 5,600 

horse power. Her estimated trial speed is 30 knots. The 

armament of the boat will consist of two 18-in. White- 

head torpedo tubes and four 6-pounder rapid fire guns. 
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COMMERCIAL TYPES OF WATER TUBE 
BOILERS BUILT IN AMERICA.—I. 

DESCRIPTIONS OF THE ALMY, SEABURY AND NIC- 

LAUSSE BOILERS WITH SECTIONAL DRAWINGS. 

Almy Water Tube Boiler. 

The Almy water tube boiler is composed of a series 

of straight lengths of tube, both vertical and horizontal, 

joined together by suitable bends, elbows, etc., with 

screwed connections. In detail the “single tube” boiler 

of this type is composed of a continuous manifold at the 

base, extending along each side and across the back 

‘below the grate. At the top of the boiler a similar 

manifoid extends along the sides and across the front 

and is there connected to the vertical steam dome situ- 

ated outside the casing. The heating surface is formed 

by a series of sections composed of tubes con- 

nected together by elbow return bends and Y 

fittings, which are connected to the top and 
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tions of heating surface instead of a single row at 

the sides and back, as in the single tube type. The 

feed heater or economiser consists of one or more layers 

of tubes connected together by screwed return bends, 

forming one continuous tube, and it is placed over the 

top manifold. This top manifold is connected with the 

vertical separator or steam drum fitted in front of the 

boiler, and this drum is riveted at its lower and open 

end to the horizontal water reservoir which extends 

across the front over the fire doors outside the casing. 

Down flow tubes on each side lead from the reservoir 

to the bottom manifold. Water circulation is as fol- 

lows: The feed enters the heater at the top, and 

after passing through the heater tubes enters the boiler 

at the “bottom of the horizontal water reservoir and 

flows through the down cast tubes into the lower 

manifold; thence up through the generating tubes and 

in the form of steam passes through the top manifold 

into the separator. There the entrained water is sepa- 

rated and falls into the water reservoir, thus getting 
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ALMY WATER TUBE BOILER.—FRONT AND SIDE ELEVATIONS. 

bottom manifolds by unions. The sections at 

the sides rise straight from the bottom manifold, for 

a distance, to form the crown of the firebox, and then 

turn inward, extending half way across the firebox, re- 

turning again back to the sides and thence straight up 

again until they connect with the top manifold. The’ 

sections which form the back of the furnace rise from 

the back bottom manifold to a height sufficient to cross 

over above and at right angles to those that form the 

crown of the firebox. On reaching the front they re- 

turn back again and then to the front again, and are 

connected to the top manifold, which extends across 

the front. The several sections form the heating sur- 

face. In the double tube boiler the same general de- 

sign is followed, with the addition that there are two 

rows of tubes forming the greater portion of the sec- 

into circulation again. The water level is maintained 

about the middle of the horizontal water reservoir. 

The blow off is connected in the mud drum which 

is a part of the lower manifold near the center at the 

back of the furnace, this being the lowest and quietest 

place in the boiler. Heating surface ratio of this type 

varies according to various changes in interior dimen- 

sions, number of sections of feed heater and also where 

two furnaces are employed. In stock sizes, however, 

it ranges from 25 sq. ft. heating surface to 1 sq. ft. 

grate surface, to 40 to 1. The tubes are stated by the 

builders to be of “the best quality of metal,’ the mani- 

folds and tube connections of air blast malleable iron, 

and the steam dome and water reservoir of lap welded 

tube. All Almy boilers are built for a working pres- 

sure, of 250 lb. per sq. in. They have been extensively 
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installed as main and auxiliary boilers in yachts, tugs, 

ferryboats, steamers, launches and for stationary pur- 

poses. The boiler is manufactured and marketed by 

the Almy Water Tube Boiler Co., Allen’s avenue, 

Providence, R. I. 

two furnace Almy boiler is shown. 

Seabury Water Tube Boiler. 

The Seabury boiler is of the small bent submerged 

tube type, consisting of a central water and steam drum 

situated over the furnace and connected by bent tubes 

with two half manifolds at the bottom, one on each 

side of and below the grate. The tubes are expanded 

in place at both ends. The tubes are arranged so that 

they have the same width of opening between them as 

their diameter, and by the use of a fire-brick baffleplate 

the gases are made to flow over the entire upper por- 

tions of the tubes. The drum is of plate with riveted 

joints, and is provided at the front end with a manhole 

of large size. The half manifolds at the bottom are 

= ~ 3 ii 
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DETAIL OF LOWER MANIFOLD, SEABURY BOILER. 

welded up and théir top edges are machined true, fitting 

a groove in the under side of the bottom tube plate. 

The joint is made by asbestos wick in the groove, and 

the half manifold is drawn up to the packing by steel 

bolts and straps. The heads of the bolts are counter- 

sunk on the top side of the tube plate, leaving it a 

smooth surface, so that it can easily be cleaned. Details 
of construction can be readily gathered by an inspec- 

tion of the accompanying drawing. On top of the 

boiler tubes proper there is placed a feed water heater, 

consisting of straight iron pipes lying parallel with the 

central drum and connected at the ends with malleable 

iron screwed return bends. The gases from the com- 

bustion chamber pass over these heater tubes before 

reaching the stack. Wrought iron grate bars of the 

shaking type are used, and the boiler can be arranged 

to burn either hard or soft coal or wood. When the 

boiler is filled ready for operation and ‘the fire is 

lighted, the heat coming first in contact with the inner 

row of tubes causes an upward movement of water in 

these tubes toward the drum. As the heat increases the 
water in the other rows of tubes follows the same 

direction, with the exception of the outer rows next 

the casing. In these the flow is downward to the lower 

side manifolds, and thus a large area of pipe for return- 

ing the water from the upper drum is secured without 

the use of outside down-flow tubes. Advantages 

claimed for this system are that the water leaves each 

In the accompanying engraving a 
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side of the upper drum along its entire length and has 

a comparatively short distance to travel to get back 

‘again; also that each tube takes care of its own supply 

and is not dependent upon any other tube or contriy- 

ance for its efficient operation; also, the distance be- 

tween the tube ends is so small that “the water is prac- 

tically in circulation in the tubes,’ and with the free 

circulation of water sagging of tubes is avoided. It is 

claimed also that great steadiness of water level is se- 

cured, so that when in operation the variation of level 

would not exceed one inch from standing still to full 

speed of engine. In larger units a somewhat different 

design is adopted. In this the central drum is retained, 

but instead of the half manifolds, steel drums, one at 

each side, are employed. There is also a vertical row 

of straight and slightly curved tubes connecting the 

bottom of the steam drum, its entire length, with a tube 

of large diameter at the grate level. This center row 

of tubes divides the grate into two equal sections, mak- 

ing two separate furnaces. This type of boiler is manu- 

factured by the Gas Engine & Power Co., and Charles 
L. Seabury & Co., Consolidated, Morris Heights, New 

York City. It is widely used in yachts and launches, 

and is now heing fitted by the builders in the U. S. 
destroyer Bailey, which they have under construction. 

Niclausse Water Tube Boiler. 

The Niclausse boiler is of the large straight tube type. 
“Field tubes” set at an angle of six degrees to the hori- 

zontal, are all placed above the grate and are connected 

at the front and back with vertical headers. The 

front row of headers is connected at the top 

with the horizontal steam and water drum which 

extends across the boiler. The headers are ar- 

ranged as shown in the accompanying draw- 

ings, and are interiorly divided into compartments, 

as can be seen by reference to the detail sectional draw- 

ing. Each tube consists of a pair of tubes placed con- 

centrically, the outer or generating tube being upset at 

the front end to a diameter slightly greater than that of 
the tube, and this thickened end is machined so as to 

accurately fit the tapered tube hole in the rear face of the 

front header. The back or dead end of the outer tube is 

swedged and sealed by a steel cap of a diameter slightly 

less than that of the tube. Attached to the generating 

tube is a sleeve provided at its outer face with a flexible 

tapered joint which fits the tapered socket in the front 

face of the header. This sleeve also contains a smaller 
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SYSTEM OF CIRCULATION, NICLAUSSE BOILER. 

sleeve holding the inner or circulating tube, and the 

whole—consisting of the outer or generating tube, the 

main sleeve and smaller sleeve and the inner or circu- 

lating tube—is held in place by a dog and studbolt. In 

the construction expanded joints are eliminated, and 
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the tendency of the pressure when under steam is to 

tighten rather than strain the joints. Speed in making 
repairs is claimed for this type. To renew a tube it is 
only necessary to loosen the dog and withdraw the 

tube through the front header; then to pass in the new 

tube, so that the tapered joint of the upset portion of 

the tube, and the tapered flexible joint of the main 

sleeve are brought face to face with the tapered faces 

of the rear and front sockets of the header, and then to 

clamp the dog in place again. .When under steam the 

feed water enters a tray in the front of the steam and 

water drum, and is there heated to the temperature of 
the steam. Overflowing into the drum the water 
descends to the front compartments of the headers and 

passes in solid streams down the inner or circulating 

tubes to the extreme ends of the “field tubes,” and here 

it turns and passes back to the front in the annular 

space between the inner aud outer tubes. The mixed 

steam and water then passes upward through the inner 
compartments of the headers and discharges into the 
drum. By an arrangement of baffling plates the gases 
are made to circulate in an S-shaped path among the 
tubes, on their way from the furnace to the uptake. 
The boiler is of French origin and has been used ex- 

tensively in the French and Russian navies. It is manu- 
factured in this country by the Stirling Company, 
Pullman Building, Chicago, Ill. The boiler shown in 
the drawing is one of a set recently completed for in- 
stallation in a Russian warship under construction at 
Cramp’s. Claims made for this type are, among others: 
Simplicity and accessibility; ease of maintenance and 
repair; positive circulation; responsiveness to fluctua- 
tions in power; dryness of steam; and economy. The 

design can, of course, be altered to suit special struc- 
tural conditions as to installation or transportation. 

TRANSATLANTIC Matt. Service.—The continued with- 
drawal of vessels from the transatlantic service, for use 
by the British Government as transports during the 
Transvaal war, has seriously disturbed the regular mail 
schedules. Large quantities of mail which would have 
ordinarily come through New York have been sent via 
Boston by the slower steamers on that route. In conse- 
quence of these withdrawals the Cunard line is now 
obliged to maintain its New York service with only three 
vessels, the Campania, Lucania and Etruria. The White 
Star line has to depend on the Oceanic, the Teutonic 
and the old Germanic for her mail and passenger service. 
The American Line is rather crippled also by the tempo- 
rary loss of the Paris. How long this condition of 
things will last is not apparent, as from present appear- 
ances the Transvaal war will be a lengthy affair. 

January 3 has been set for the launching of the new 
Hamburg-American liner Deutschland, which is  de- 
signed to be the fastest liner afloat. She is of 23,000 
tons’ displacement, and is expected to have a sea speed 
of 23 knots. 

The new Cunarder Savonia, for freight and passenger 
service on the Boston-Liverpool route, was launched at 
the Clydebank yard December 16. She will have im- 
mense Cargo-carrying capacity and moderate speed. 

The navy is now short about 4,000 men of the 20,000 
allowed by law. 
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BOILER ARRANGEMENTS OF RECENT BRITISH 
AND FOREIGN CRUISERS.*—Il. \ 

IBY 19, Te. MARSHALL, MEMBER, \ 

bey \ 
Next dealing with the question of boiler-room work, 

we find that, on the basis of the natural-draft 
power, the two water-tube types are substantially light 
er than the cylyindrical type, the Yarrow type being 
the lightest. On the basis of the maximum power the 
advantage of the Yarrow type in this respect is enor- 
mous, whereas the Belleville type is not materially 
lighter than the cylindrical, owing to the fact that it 
is not forced. Thus, on a given weight, the Belleville 
type will develop, with natural draft and for long 
periods, approximately the same power that the cylin- 
drical type will develop for short periods of a few 
hours under extreme forced draft. Also, on the same 
weight, the Yarrow type will develop 14 per cent more 
than the Belleville for long periods, and 78 per cent 
more for short periods. Again, comparing the Yarrow 
with the cylindrical, it is seen that it will develop 50 per 
cent more power for long periods, and 65 per cent 
more for short periods, on a given weight. 
These comparisons are based upon total boiler-room 

weights, including water in boilers plus water in the 
feed tanks, and also such fittings as reducing valves, 
separators, etc., which form an intrinsic part of the 
boiler systems. The separate weights of boilers and 
funnels, water, and boiler-room accessories are also 
given, and it may be noticed how relatively high the 
weight of accessories is in the case of the Belleville 
type, owing to the numerous special fittings which form 
part of this system. 

FORCED DRAFT. 
A crucial point in the above comparisons of space 

occupied and weight is the question of how far forced 
draft can safely be used in the usual exigencies of ser- 
vice, Or even in the extreme case of war. As to the 
Yarrow boiler, the writer submits that, as far as the 
boilers are concerned, this type may safely be forced 
to an air pressure of, say 2 in. (the maximum employed 
on the Don Carlos trials) so long as the coal lasts. 
Working under these conditions is, however, very se- 
vere on the personnel of the stokeholds, and the endur- 
ance of the men would probably be found to be the 
measure of the time during which this power could be 
maintained. | 

In the case of the cylindrical boilers a four hours’ 
tun is probably as long as these boilers could be 
worked at the maximum forced-draft power. These 
boilers have a tendency to suffer in the flame-box 

x 

seams when long firebars are used, and it is only by the ~ 
use of these long bars that the high powers looked for 
can be obtained. The tube ends also get choked up, 
especially if fitted with ferrules, and without ferrules 
the tubes have a great tendency to leak. It is probable 
that at the end of four hours the boiler efficiency will 
be seriously affected, and the power could not longer 
be maintained. On the other hand, however, the high 
speed obtained during these four hours might mean the 
salvation of the ship, and it is unfair to overlook this 
advantage. 

*Paper read before the Institution of Naval Architects, Eng- 
land. 
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It should be understood that the above remarks do 

not apply to forced draft applied to cylindrical boilers 

with moderate length of firebar, say 5 ft. 6 in., and with 

a heating surface of 2 1-4 ft. per indicated horse power. 

Such boilers can be worked at about 17 indicated horse 

power per square foot of grate continuously at sea; but 

their size and weight would preclude their use in the 

type of vessel considered, as the power obtained would 

only correspond approximately to the results obtained 

in the 1-2 in. air-pressure trials of warships. 

RAISING STEAM. 

The rapidity with which steam can be raised, and the 

ready response to sudden demands in variation ot 

power, are two matters of utmost importance in war 

vessels, and in both of these the water-tube types show 

a marked superiority over the cylindrical boiler. The 

large quantity of water contained in the latter makes 

it a question of hours to raise steam; and, if this op- 

eration in hurried, the boilers are strained to a serious 

‘extent, causing leakage. The same course of reasoning 

applies, though to a less degree, to any sudden and 

rapid large variation of power. 

As to the two water-tube types, in both cases steam 

can be raised to full pressure in about thirty minutes 

from lighting fires. In the matter of variation of power 

there is also little to choose between them; for, al- 

though the large grate area of the Belleville type is an 

advantage, the safety with which the Yarrow type may 

be suddenly forced compensates for it. 

LIABILITY TO DERANGEMENT IN WORKING. 

In this respect, apart from the difficulties mentioned 

under extreme forcing, the cylindrical type is to be pre- 

ferred. All the arrangements, both of the boiler itseil 

and of its accessories, such as the feed and steam-pipe 

systems, are simpler than in the water-tube types. The 

boilers are fewer in number, thus reducing the number 

of pipes and connections, and the consequent liability to 

leaky joints, etc. The feeding is also less critical, owing 

to the large water level. In addition to this, the intro- 

duction of salt water, even in considerable quantities, 

owing to leaky condensers or other causes, has little 

appreciable effect upon the working of the boilers. A!- 

though, to obtain maximum results, these boilers must 

be in a state of thorough repair and cleanliness, they 

are still serviceable after considerable neglect such as 

would render any water-tube type useless. 

With regard to the Belleville boiler a grave objec- 

tion, in the writer’s opinion, is the enormous mass of 

mechanical detail in connection with them. Thousands 

of joints, all dependent upon extreme accuracy of work- 

manship, and many of them subject to extreme strain, 

due to varying temperature, are a pronounced feature 

in the design of this type. These points have been weli 

met in the methods of manufacture, but most rigid su- 

pervision is required to maintain the accuracy necessary. 

The feeding is also extremely delicate, owing to the 

small quantity of water contained, and also variable 

weight of this water at different rates of evaporation. 

This latter condition neéessitates the introduction of 

the hotwell pumps and large feed tanks already de- 

scribed. The feed regulator employed, which certainly 

works admirably, is nevertheless, a delicate mechanism, 

and has to be kept in a high state of efficiency. The num- 

ber of boilers is also great for the power developed. 
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This large subdivision has the advantage of involving 

only a small reduction of power, should one boiler be- 

come inoperative for any reason; but it certainly causes 

an enormous addition of important detail, such as feed- 

pipe and steam-pipe arrangements, all requiring care 

and attention. The furnace air-pumping engines are 

also an additional complication, involving many extra 

fittings. Whether these objections are valid, extended 

experience alone can show, and it is an unquestionable 

fact that the vessels fitted with these boilers, especially 

since the addition of economizers, have passed through 

most severe trials with consistent success. 

Referring to the Yarrow type, the construction in 

this case is extremely simple. None of the riveted 

seams are in direct contact with the fire, and the strains 

due to changes of temperature are not severe on the 

parts of the boiler under pressure, especially if the outer 

rows of tubes are curved. The casings are probably 

the most severely tried part of the boilers, but no trou- 

ble need be feared from these, if carefully designed. 

The great question about this and other small-tube 

types is the life of the tubes, owing to their compara- 

tive thinness. Any information which any gentleman 

could give us on this point would be of extreme inter- 

est. 

The tubes of the Don Carlos, as before stated, are .128 

in. and .104 in. thick for the 1 3-8 in. and 1 1-3 in. tubes 

respectively. They are galvanized externally only, as 

is usual for this class of boiler in the British navy. Mr. 

Yarrow, on the other hand, invariably galvanizes the 

tubes both internally and externally, but this does not 

appear to be necessary in the case of a boiler with 

drowned tubes. It is probable that one cause of waste- 

age on the outside of the tubes is the method of steam 

cleaning usually adopted in these boilers. This steam 

jet leaves the tubes damp, which naturally aggravates 

any tendency to rust. In the Don Carlos the tube- 

sweeping arrangement was taken from the compressed 

air pipes used in connection with the armament. This 

gives a perfectly dry air jet at high pressure, and proved 

a most efficient cleaner without the above objectionai 

feature. The feed system already described has the dis- 

advantage of a large number of pumps, but in all other 

respects is very simple and unlikely to become de- 

ranged. The area of water level also is large relatively 

to the quantity of water in the boiler, and this area is 

naturally the measure of the difficulty of steady feeding. 

As to the possibility of working with salt water as 

make-up feed, our experience has certainly been against 

it in both the water-tube boilers considered. A serious 

tendency to prime, except at very low powers, is pro- 

duced by even a small admixture of sea water, and 

anything approaching continuous use would be, in the 

writer's opinion, most undesirable. This is evidently 

borne out by experience, as the Admiralty have recent- 

ly taken special precautions in all their vessels to min- 

imize the risk of salt water entering the boilers through 

inadvertance, or without the special knowledge of the 

officers in charge. 

FACILITY OF OVERHAUL. 

In this respect the Belleville type has a great advan- 

tage, viz., the readiness with which complete elements 

can be taken from the boiler, repaired in the stokehold, 

and replaced. The other parts of the boiler are also of 
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small dimensions, and, in case of a serious accident, the 

whole boilers can be taken out of the ship through the 

usual air casings without disturbing decks, etc., and 

with very slight derangement of even the minor fittings. 

The examination of the inside of the tubes, however, 

involves breaking and re-making a large number of 
joints. 

As to the Yarrow type, the operation of renewing a 

tube is by no means difficult, although if the defective 

tube is in the middle of a nest, all the tubes between it 

and the outer edge of the tubeplate must also be re- 

moved. The method adopted is to work the tubes from 

hole to hole alternately between the two tubeplates until 

the outer edge is reached. If, however, time is of im- 

portance, the tube ends can be plugged and steam 

raised again rapidly without any injury to the structure. 
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whole of the protective deck and superstructure in way 

of the boilers has to be removed. 

STEAM PRESSURE. 

With the water-tube types, the pressure of 300 tb. per 

sq. in. is now customary. Such pressures are not prac- 

ticable, except with water-tube boilers, without enor- 

mous increase of boiler weight, and they have the ad- 

vantage of enabling smaller engines to develop the 

necessary powers, with the attendant advantage of rela- 

tive economy at low powers. In cylindrical boilers the 

best balance of weight, power, and space economy ap- 

pears to be obtained by using about 155 lb. steam pres- 

sure. The additional economy in the engines, by using 

such higher pressures as are possible with these boil- 

ers, is not sufficient to justify the additional weight of 

boiler due to such higher pressures in vessels in which 

COMPARISONS OF BELLEVILLE, YARROW, AND CYLINDRICAL BOILERS. 

INamelofiShincertanseroeetecese eee cee eaten | Andromeda. | Hermes. | Don Carlos I. Hat Chi Asolus. Pallas. 

Number and type of boiler fitted............... 30 Belleville | 18 Belle- 12 Yarrow. | 8 cylindrical | 5 cylindrical | 4 cylindrical 
ville. 4D.-E.and’ | 3D.-E.and D.-E. 

: | 45S.-E. 28.-E 
Steam pressure in pounds per square inch.,... | 300 300 300 155 155 155 
IL H. P. with natural draught*,..,.............- | 16,500 10,000 8,000 12,000 7,000 5,000 

OO korReerel GHRAREKEAELE Goq0Q00000000000000 eeSORGE. SCMe IL ousone 12,500 17,000 9,000 7,500 
Total heating surface in square feetus eee | 40,140 24,050 32,004 275558 15,947 11,040 
Heating surface per I. H. P. natural draught.. 2.44 2.405 4.0 j 2.3 2.28 2.2 

+6 forced Bolte Minty oar 2.56 1.62 7/7) 1.475 
Total grate area in square feet............. 6 1439 ° 8 940 560 406 
USVERUN OE THEE EVES, 0.500 9000 co 0n0oUg0d0G0000000000 6ft.3in 6ft.3in 7 ft, 3 in 7ft.1%in. | 7 ft Titan 
1. H. P.per square foot of grate, natural draught 11-47 13.33 13.6 12.78 12.5 12.3 

forced Conga > en esee a a |p eae 21.3 18,1 16.05 18.4 
Total boiler-room area in square feet.......... | 4925 3100 2440 3470 2230 rg00t 
I, H. P. per square foot of boiler-room area, | 
natunalidrauch Peepereeeee eee eee Eee eee 3-35 3.22 | 3.28 3.46 | 3.14 2.63 

I. H. P. per square foot of boiler-room area, | 
forcedidiratch Cae ERC Ee eee reer eee DD 5.12 4.9 4.03 3-94 

Heating surface per square foot of boiler- -room| | | 
EXXEBn. 5000000000 pOd0DDDOADNCODONQONDaDOODGG0N0000000 | 8.15 Go |\ 13.1 | 7.94 7.16 5.52 

Grate area per square foot of boiler-room area) .292 .242 | -24 | .276 | -251 214 
on basis 6ft.3in. bars} +292 242 | 207 | -242 22 185 

Total weight of boilers, uptakes, and funnels, } | 
INGCONS ered e ee e eee 559 342 217 447 | 270 | 174 

Total (weight of water in boilers, intons.......| 43 30 30 | 197 | 103 82 
pumps, pipes, connections, water| | 

in fe WEI Ma CAS HU KOSIES550500900650000000000000 168 100 82 97 | 55 4 
Total weight in boiler-rooms in tons........... | 77° 472 329 741 | 428 297 
Weight in boiler-rooms in jroreERGLS penl.He P* | 
matunalldrauchtseereenieteneee eet 104 105.5 92.2 138 | 157 133 

Weight in boiler-rooms in pounds per I. H. P.| | | 
LOT CEAIATAUSH En. poms cuicc ee eae One | te ue eee 0 | 59 97.4 | 106.3 89 

I. H. P. per ton of boiler-room weight, ‘naturai | 
Ghee hit dik mes aoe MEG NTA nONDENanoonoddetadnedcoosde 21.4 21.19 24.5 | 16.2 16.4 16.8 

I. H. P. per ton of boiler-room weight, forced | 
qiguene. poBbNDOODADUOOSOOODODUGOIeEESSSORRuh00N0000]|  ~oAvoco __—i|-~— cane 38.0 22.9 ZIG 25.2 

+t Boiler-rooms very large in this vessel. 

The inside of the tubes can be readily seen through and 

cleaned, owing to their being straight. This examina- 

tion is merely a question of minutes, and thus is like- 

ly to be more frequently made than if considerable time 

and trouble were needed. It also involves the break- 

ing of no joints, except the manhole doors. The out- 

sides of the tubes are certainly not easily examined, and 

it is wise from time to time to remove a tube here and 

there to judge of the condition of the remainder. In 

the case of a serious accident, or serious neglect, neces- 

sitating the retubing of a large portion of the boiler, the 

process would doubtless be slow. It is not a contin- 

gency likely to arise, and in any boiler would neces- 

sarily be a dockyard repair. Referring to the cylin- 

drical boiler, the capabilities of this type for ordinary 

examination and overhaul are well known. For heavv 

repairs, however, such as renewing a furnace or flame- 

box, the process is both tedious and costly, and in the 

extreme case of removing a boiler from the ship the 

* Natural draught here srapities the usual Admiralty conditions, in which an air pressure of Yi in. of water column is permitted. 

coal consumption is to some extent of secondary im- 

portance. 

GENERAL CONCLUSION. 

The comparisons made appear to lead to the follow- 

ing general conclusions in the case of the three types 

of boiler considered, starting on the basis of equal 

space occupied. 

The Belleville type is well adapted for maintaining 

high continuous sea speeds for long periods, and is 

very economical at high powers. It is comparatively 

light and well arranged for cleaning and overhaul. 

Steam can be raised quickly, and large variations in 

power made readily. It cannot, however, be forced, and 

has also the objection of great complication of detail 

and accessories, with consequent liability to derange- 

ment. 

The Yarrow type is hardly so well adapted for con- 

tinuous steaming at relatively high powers, and is not 

so economical under such circumstances. It can, how- 
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ever, be forced to almost any extent with safety, and 

much higher speeds obtained for considerable periods. 

Steam can be raised quickly, and large variations in 

power made readily. It is extremely light, and, being 

simple in detail, has small liability of derangement. 

Cleaning and overhaul are fairly easy, but the examina- 

tion of the outside of the tubes is difficult. 

The cylindrical type is about equal to the Yarrow for 

continuous high-power steaming, though probably 

slightly less economical. At low powers, however, it 

is very economical. It can be moderately forced with 

safety, and is well adapted for ordinary cleaning and 

overhaul. All its arrangements are extremely simple 

and unlikely to become deranged. Sea water can be 

used in it with safety. It is, however, heavy; steam 

can only be raised very slowly, and large variations in 

power cannot be made quickly. 

The foregoing conclusions, the writer submits, point 

to the fact that the boiler question is one which must 

be dealt with in its relation not only to each individual 

class of ship, but to each individual service. The adop- 

tion of any type will depend upon what particular qual- 

ities are most desirable for the boilers to possess to 

meet the special work which the vessel is designed to 

do. The general naval policy of any Power will thus 

have a direct bearing upon the question of what type 

of boiler is preferable for a given ship. 

In conclusion it may be added that the three types 

considered are given merely as a comparison of actual 

examples of typical boilers, and are not put forward in 

any spirit of comparison with other types of boiler or 

other systems of working. 

+ More recent Yarrow boilers, fitted with Mr. Yarrow’s feed 

heating arrangement, are fully equal to the Belleville type in 

economy. 

Breakdown of S.S. Waikato. 

The British steamship /Vaikato from London to New 

Zealand ports reached Fremantle, West Australia, re- 

cently after a voyage of 157 days. When the vessel 

had been out of port a month the machinery broke down, 

and though temporarily repaired was finally altogether 

disabled by the fracture of the tail shaft. As she would 

not steer her condition was very serious, and she was 

driven about for 30 days until sighted by a sailing ship. 

The vessel tried to take the steamer in tow, but as the 

weather was unfavorable did not succeed, and finally 

sailed away taking with her the news that the steamer 

was helpless. As the result of this information a Brit- 

ish cruiser was sent out from Mauritius to look for the 

Watkato, but did not succeed in finding her. The Wai- 

kato was subsequently sighted by several vessels, among 

which was the Alice, of New York, which supplied the 

disabled steamer with sails and provisions. About the 

middle of September the steamship Asloun came up and 

took the Waikato in tow. The Asloun was short of coal 

and, consequently, with her tow she proceeded to Am- 

sterdam Island where in sheltered water a large quan- 

tity of coal was transferred in the ships boats from the 

Waikato to the Asloun. Then the voyage was resumed, 

not without incident, however, for before reaching the 

Australian ports the tow ropes parted and the vessels 

lost sight of one another on one occasion. It is greatly 
to the credit of those on board the disabled vessel that 

entire harmony prevailed in the trying time adrift. 
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COMPARISON BETWEEN PERFORMANCES OF 
TWO SEA-GOING STEAIMSHIPS.*—II. 

BY J. D, M ARTHUR, MEMBER, 

On account of slight corrosion manifesting itself in 

the boilers, and being ascribed to air amongst the feed- 

water, the main internal feed pipes were turned up so 

as to discharge the water into the steam space, at a 

considerable height above the water level. It is doubt- 

ful, however, whether air was really the cause oi the 

corrosion, for amongst its other good qualities, Weir’s 

heater rids the water pretty effectively of any air it 

might contain, and moreover, in the case under consid- 

eration there was little or no air in association with 

the water during any part of the cycle. 

The boilers of both steamers were very similar in all 

particulars save one, namely, that those of A had an 

extra dead-plate about 9 in. long fitted to each furnace 

and the whole grate shifted back this amount. The re- 

sult of this was that during two years not a single 

bafile-plate required renewal or repair of any sort be- 

yond cleaning the perforations, and were as effective in 

promoting an equal distribution of the air to all parts 

of the grate as when new. On the other hand, it must 

be taken into account that the grate being virtually 9 

in. longer, that is, the bridge being further from the 

furnace mouth, rendered good stoking rather more 

difficult, especially when the coal formed a heavy 

clinker, as often happens with forced draught. Little 

difficulty was found, however, in the actual working, 

even with Lascar firemen. 

In the case of B, whose furnace dead-plates were of 

the ordinary length, the baffle-plates in proximity to 

the glowing fuel soon burnt out, and the complete set 

required renewal on an average every nine months, 

Further, the author is of opinion that this militated to 

a certain extent against the economical working of 

these boilers, for when one side plate gave out, as very 

often happened, the greater body of the air following 

the path of least resistance would naturally pass to that 

side of the furnace, and issuing in bulk, as it were, 

could not mix so intimately or immediately with the 

products of combustion as when entering in finely di- 

vided streams over the whole of the combustive area. 
The ratio of heating surface to grate area was prac- 

tically the same in both ships, being about 52 to 1. 

The tubes were 2 1-2 in. dia., 8 ft. 9 in. and 8 ft. 4 in. 

long and fitted with retarders. In A’s boilers the grate 

area (117 sq. ft.) was reduced to 100 sq. ft., by increas- 

ing the length of the bridges. In B’s, the actual area 

was about 90 sq. ft., so that in the first case the con- 

sumption per square foot of grate per hour averaged 

18 lb., and in the second 22 1-4 lbs., the air pressures in 
each case being, at fan, A, I in. to I 1-4 in.; B, 1 3-4 in, 
to 2 in.; ashpits, 3-4 in. and 1 3-8 in., and in furnaces, 
I-4 in. to 3-8 in. and 3-4 in. to I in. respectively. Not 
being provided with pyrometers it was impossible to 
find the temperature of furnaces, uptakes, GUO, [KEKE B) 
comparison of the two funnels suggested an experiment 
to the author which he thought might be worth a trial. 
The heights of the funnels were, A, 7o ft., and B, 63 ft. 
6 in.; the velocity of the escaping gases would vary 

* Read before the Institute of Marine Engineers, London 
England. 
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as the square root of the heights in feet, or as 8.37:8; 

on . the other hand, B’s_ funnel, whose  di- 

meer was SB tm 3 tm, beacl am ana of 

121 times the area of A’s, whose diameter was only 

7 fit. 6 in., the total quantity of gases escaping at the 

same temperature would be proportional to the area 

and velocity, in other words, the quantity delivered by 

B would be arta 

neglecting entirely the greatly increased air pressure in 

the furnaces, which would still further augment the dis- 

proportion; the fuel burnt in B’s furnaces being only 

1.13 times A’s consumption. The suggestion intended 

was, that had a damper been fitted in the funnel, it 

might have been possible to find one particular area 

which would give the best result by checking the ap- 

parently too great flow of gases, to aid more perfect 

combustion and bring them more intimately into con- 

tact with the heating surfaces by imposing, as it were, 

a slight pressure in combustion chambers and tubes. 

In B’s engine-room and stokehold it must be ad- 

niitted that the bad points outweighed the good ones, 

or at least, as happens very often when other things 

than machinery are under notice, they occupied the 

most prominent position. Dirt in an engine-room is 

to be avoided as far as possible, not only so from ap- 

pearance sake as on account of its pernicious effect 

on all wearing surfaces. Anyone who has been at sea 

with boilers working under Howden’s forced draught 

must know how extremely difficult it is to prevent dust 

from getting into the engine-room, particularly when 

there is only a thin screen bulkhead between the boiler 

backs and the engine-room, as is the usual mode of 

construction; and the reason is not far to seek, either, 

for while with natural draught the direction of the air- 

currents is in towards the ash-pits, with forced draught 

the ash-pits are closed, and the fan, being in most cases 

situated in the engine-room, causes an in-draught of 

air through skylights, ventilators and crevices in bulk- 

heads, the latter being often effectually aided by the 

stokehold ventilators trimmed to the wind. There was 

no tank below the boilers or engines in the arrange- 

ment of B, and the screen-bulkhead extended no lower 

than the engine-room platform, leaving a free inroad 

for coal dust, ashes and hot vapor from clearing fires, 

while to make matters worse, the only means of egress 

= 1.16 times that escaping from A, 

above the boilers was through two small mushroom 

vents. This had also the effect of rendering both en- 

gine-room and stokehold almost unbearably hot—a 

temperature of 140 deg. in the engine-room and 145 

deg. to 150 deg. in the stokehold being not uncommon 

east of the Suez Canal—a factor very much against the 

human element concerned in the economical working 

of boilers, stoking, which is 

doubly important in boilers with forced draught, for, 

if the bars be not evenly covered to a uniform depth in 

all the furnaces, the thinnest fires, or parts of the fires, 

will burn through first, and offer a freer passage to the 

and especially careful 

air under pressure in the ash-pits, thereby retarding 

the combustion of the thicker parts of the fuel, and 

eventually lowering the temperature of the furnace or 

furnaces by admitting a quantity of uncombined air to 

cool down the products of combustion, 
(To be continued.) 
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IMPROVED APPARATUS. 

Torpedo Boat Engine Paching. 

Our engraving shows a special design of metallic 

packing made for two of the torpedo boats now build- 

ing for the U. S. Navy, in which the initial pressure is 

250 lb. per sq. in. This packing is an adaptation of 

the standard “United States” metallic locomotive pack- 

ing to marine work. In the form adopted for locomo- 
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UNITED STATES METALLIC PACKING. 

tives it is in widespread use with boiler pressures as 

high as 210 lb., and has proved thoroughly satisfactory. 

The packing here illustrated has in addition to the lo- 

comotive fittings a small supplementary stuffing box 

placed in the main gland, so that a few turns of soft 

packing can be used. This, however, is to act as a 

swab or device for holding the lubricating material be- 

tween the stuffing box and the main packing, rather 

than a preventive of the leakage of steam. The main 

packing takes care of the latter, though the only metal 

parts allowed to come into contact with the rod are. 

the special composition rings. It will be noticed that 

the vibrating cup, which is the part holding the rings, 

is of unusual construction, so as to permit of the 

packing being applied to a rod with shoulders at the 

piston and cross head ends, such as used in a torpedo 

boat engine. The outside end of the vibrating cup is 

solid and made of steel, and the smallest internal diam- 

eter is large enough to fit over the shoulders of the 

piston rod. Inside of the cup two half pieces are fitted 
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and within these are the metal packing rings. The 

connection is shown in the drawing for a forced feed 

lubricating device, and by an arrangement of small 

valves in the connecting pipes this orifice can be used 

as a drain to pass off any accumulation of water of 

condensation. In an emergency fibrous packing can 

be used in the vibrating cups instead of the metal 

rings, though, of course, this would not be efficient 

for continuous service. Various forms of marine en- 

gine packing are manufactured by the patentees, some 

of which are specially useful where the clearance spaces 

are small and the stuffing boxes shallow;\a difficulty 

frequently met where it is desired to substitute metal- 

lic for fibrous packing. The manufacturers are the 

United States Metallic Packing Co., 427 North Thir- 

teenth street, Philadelphia, Pa. 

Suspended Electric Fan. 

One of the prime advantages of an electric fan is 

its adjustability. Not only may it be located where most 

convenient for the adjusting of piping, but it may 

readily be constructed in such form as to be supported 

or suspended as may best suit the conditions. The 

accompanying illustration serves to make clear this 

point, for it represents an entirely new design built 

upon a special order by the F. F. Sturtevant Co., ot 

Boston, Mass. The fan as here shown was designed 

for use on shipboard, and is suspended from the deck. 

In general form the fan itself is of the usual steel plate 

construction, being an exhauster with the inlet on the 

side farthest from the motor. The motor itself is of 

entirely special construction, having eight poles, ren- 

dering it very compact, so that it extends the minimum 

distance from the side of the fan. In the size here 

shown, the field ring was of wrought iron, although 

STURTEVANT SUSPENDED ELECTRIC FAN. 
\ 

in larger sizes it is built of cast steel or cast iron. 

The cast iron plate with projecting lugs which is at- 

tached to the fan side serves to center and hold in 

position the field ring of the motor, while tripod hang- 
ers extending from either side of this ring support the 
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armature shaft in ring oiler boxes. The field cores are 

of wrought iron, giving the highest efficiency to the 

field, and the pole shoes are of cast iron of such pecu- 

liar shape and size as to render the machine capable 

of extreme variation of load without sparking at the 

brushes, and without any shifting or adjustment what- 

ever. The field coils are machine wound, and 

thoroughly insulated, their form being thoroughly 

open. The windings present a maximum amount 

of radiating surface, which results in the most 

perfect ventilation, and prohibits any great amount of 

heat. The armature cores are built up of laminated, 

slotted discs mounted on a cast iron spider, having a 

hub projection for the reception of the commutator. 

These core discs are solidly clamped between two 

brass rings which have corresponding core teeth. The 

armature is of the core wound drum type, and in the 

usual form has a two-circuit winding, although in 

some cases multiple winding is used. This type of 

winding on machines of low speed and small output 

is of great advantage. The commutator is of large 

diameter, and consists of pure rolled or drop forged 

copper segments supported in a cast iron shell of spider 

construction, and thoroughly insulated. Reaction 

brushes of fiber graphite are used, and supported by 

special rigging. Thesé motors require no shifting of 

brushes from no load to full load, thereby greatly re- 

ducing the attention required. Fans of this type can 

be constructed in various sizes and forms, and motors 

can be provided having capacities ranging from three 

to 125 horse power. 

Loss of S. S. Ariosto. 

A sad and apparently needless loss of life resulted 

from the stranding of the British steamer Ariosto, which 

went ashore about six miles south of the Hatteras life 

saving station on the Atlantic coast, December 24. The 

Artosto was a vessel of 2,265 tons and was bound from 

Galveston to Hamburg via Norfolk, laden with cotton- 

seed products and grain. She lost her bearings in the 

fog and was blown ashore by a heavy gale. After the 

vessel stranded the crew sent up rockets and at day- 

light attempted to get away in the boats. Three boats 

left the ship, but were swamped and all occupants were 

drowned in sight of the life saving crews from the Hat- 

teras and Ocracoke stations, which had come down to 

the beach. The captain and eight of the crew remained 

on board of the vessel, and after several attempts the 

life savers succeeded in reaching them with a line fired 

from the Lyle gun. When connection with the vessel 

was secured the breeches buoy was sent out and those 

on board were brought ashore in safety. The number 
drowned exceed twenty. 

S. S. Parts.—It has been decided to thoroughly repair 

the S. S. Paris and put her back on the New York- 

Southampton route of the American Line. The contract 

for the work has been made with Harland and Wolff, of 

Belfast, Ireland, who have had considerable experience 

in this class of work. The most notable case, perhaps, 

in which they repaired a seriously damaged vessel was 

that of the P. & O. liner China. It is probable that new 

machinery will be fitted in the Paris while the repairs to 

the hull are going on. The vessel will, be renamed for 

an American city when she goes into service again. 
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ECRETARY OF THE NAVY John 

D. Long, in his annual report rec- 

ommends the consolidation of the present 

separate naval bureaus of Construction and 

Repair, Steam Engineering, and Equipment 
under one head—the Bureau of Ships. The 
Secretary is careful to state that the change is rec- 
ommended on systematic and not on personal 

grounds, though to those familiar with the pres- 

ent conduct of the bureaus such an explanation 

would not be necessary. (The terms of office of 

the present chiefs of the three bureaus will expire 

in little more than a year, and it is suggested that 

the change be not carried into effect until that 

time. At first sight this proposal seems very 

radical, but after consideration it appears to be 
a natural sequence to the enactment of the Per- 

sonnel Bill. That bill practically abolished the 

Engineer Corps, and left, therefore, the Construc- 

tion Corps as the only titular engineer (mechan- 

ical) corps of the Navy. It has been the conten- 

tion of representatives of the former Engineer 
Corps that the bill practically operated to expand 

the Engineer Corps, so as to take in all line offi- 

cers, rather than to permit the deglutition of the 

engineers by the line. This last seems to be rec- 

ognized by the executive heads of the Navy, for, 

we are informed, since the passage of the Person- 
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nel Bill assignments have been made of former 
engineer Officers to line duty, but none of line of- 

ficers to exclusively engineer duty. The broad 

statement that in the future every naval officer 
afloat must be an engineer has been iterated and 

reiterated. This, we believe, is so to a limited 

extent so far as operation is concerned. Con- 

struction is another matter altogether. Return- 
ing again directly to the proposal of the Secre- 

tary of the Navy; of the three bureaus named, 

those of Engineering and Equipment are now 

controlled by line officers, while the Bureau of 

Construction is distinctively an engineering bu- 
reau with functions of a technical character, and 

its membership wholly removed from any partici- 

pation in combatant duties or responsibilities. In 

the natural order of things it would mean, there- 

fore, that consolidation of the bureaus would re- 

sult in the ultimate direction of affairs by mem- 
bers of the Construction Corps. Among the 
present members of this corps are several who 

have been trained as naval engineers and have 

this knowledge in addition to their attainments 
as naval constructors. This would not probably 

be the immediate result, for, of course, there are 

now in the ranks of the combatant officers many 

highly skilled and experienced men who formed 

the late Engineer Corps, and whose services will 
undoubtedly be continued along the lines of their 

training. But as these officers are retired and 

the present and prospective cadets come to fill 

their places, in the combatant ranks, the latter 

will not be nearly so well qualified for the work 
of construction as the members of the highly spe- 

cialized Construction Corps. There is another 

department, however, which we believe the Sec- 

retary might have included in his consolidation 

scheme with advantage to the Navy, and that is 

the Ordnance Bureau. This is just as much an 

engineering bureau and, rightly, just as little a 

combatant officers’ bureau as the department of 

steam engineering under the old order of things 

ever was. ‘There is very little in the construction 

of modern guns and armor that calls for high 

qualifications as drill master or navigator on the 

part of any one engaged in such work. A gun- 

maker is a mechanical engineer just as much as 

a builder of steam engines, no matter what he 

may be officially styled. The Secretary of the 

Navy says that when a contract for the construc- 

tion of a ship is made it is made with one builder, 

and not given part to a ship constructor, part to 

an engine builder and part to an outfitting firm. 

Quite true, so far as it goes, but it is also true 
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that the most modern development of the warship 
building business is for one concern to build, arm 

and equip the vessel; so that all she needs is to 

take on coal, ammunition, stores and crew, and 

go out complete to give battle. The most nota- 

ble example in the shipbuilding world is the Arm- 

strong-Whitworth combination, and there is also 

the Vickers consolidation, and still later the 

arrangement between John Brown & Co. and the 
Clydebank yard as to armor. With such combi- 

nations it is reasonably within the possibilities to 
get the “adaptation and harmony of movement” 

suggested, and that convergence of effort toward 

the apex of perfection which is not possible by 

any system of parallel authority. 

<4, 

NOTE of alarm is sounded by En- 

gineer-in-Chief George W. Melville, 

U S No. mm ims report ior mo) Com 

‘cerning the results which the Personnel Bill, 

in actual operation, will produce. The inter- 

pretation of a law by persons entrusted with 
its enforcement is not always in accordance with 

the views or intentions of those who created 
it. Much depends upon the view-point of the in- 

dividual, the character of his training and envi- 

ronment. It was apparently the intention of the 

Engineer-in-Chief and his advisers that on the 

bill taking effect the “whole trend of detail would 

be toward the complete amalgamation of line and 

engineering interests in the navy with the most 
favorable outlook for the protection of the rapidly 

advancing engineering science.” Considering 

that the enactment of the bill was the result, chief- 
ly, of an agitation commenced by the engineers, 

and that the compromise which produced the 

bill was the consolidation of the numerically 
small engineer corps with the numerically large 

line, it might reasonably be supposed that the for- 

mer line, pure and simple, would be the control- 

ling influence. This is a country of majority 

rule and, so far as matters have gone, the tend- 

ency seems all in the direction of the establish- 

‘ment of slightly enlarged line duties for all naval 

officers afloat, and the relegation of the exclu- 

‘sively engineering functions to enlisted men—the 

‘warrant machinists. No doubt the line officer 

would be quite willing to exercise such supervi- 

sion in the machinery spaces as he now gives in 

the dynamo room. We believe that this is all 

that could in reason be expected of him. The 

ideal naval officer is of a different habit of body 
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and mind from the scientific engineer; and life 

below, amid semi-darkness, heat, dirt, disagreea- 

ble smells, and the like, is little to the fancy of 

the genuine seaman—no more in the navy than 

in the merchant marine. A continuance of this 

policy would, therefore, place the real burden of 

responsibility upon the shoulders of the warrant 

machinist without giving him, under present reg- 
ulations, any of the rights or privileges of the 

commissioned officer. How long any self-re- 

specting body of men, such as would be qualified 

to take responsible—not nominal or official— 
charge in the engine room of one of our battle- 

ships or cruisers would tolerate this anomalous 

condition is something we would not care to pre- 

dict. That the Engineer-in-Chief recognizes the 

human nature of the case is shown by this state- 

ment in his report: 

I feel it necessary to draw your attention to the 

necessity of governing the duties of this new grade 

of mechanics in such a way as will secure to the 

service their continued skillful assistance as direct 

operators and repairers of machinery. With the 

official elevation which comes with a warrant there _ 

is not unreasonable apprehension that these men will 

desire a severance from actual manual care of the 

machinery of our ships, and will expect to act merely 

as engineering supervisors below. This, of course, 

would be wholly inconsistent with the interests of 

the service, as at no previous time in naval history 

has there been a greater demand for the highest 

mechanical skill in the persons of those who have 

direct charge of marine motive power. Clear and 

definite regulations are needed on, this point at the 

start, in order that no ambiguity may foster discon- 

tent with simple duty or lead to hopes of further 

official elevation. The engineer officer is and must 

be the line officer of the future; the warrant ma- 

chinist must recognize the necessity of his expert 

mechanical work as well as the distinction he is 

given by reason of his excellence in it. 

lf the warrant machinist in the future finds that 

he is carrying on the work, afloat, which in times 

past was the duty of the commissioned engineer 

officer it is difficult to see how he can be, fairly, 

prevented from demanding a more dignified) posi- 

tion among the personnel than that of an enlisted 

man. His qualifications should certainly be not 

less than those possessed by the volunteer engin- 

eers who at the close of the Civil War were trans- 

ferred to the commissioned ranks of the naval 

corps of engineers. It should not be forgotten 

that it was distinctions of rank, more that any- 

thing else, that caused dissatisfaction among the 

members of the late Engineer Corps and led to 

the enactment of the Personnel Bill. History re- 

peats itself. 
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HELPS FOR CANDIDATES FOR MARINE EN= 

GINEERS’ LICENSES—BOILERS—III. 

BY DR, WILLIAM FREDERICK DURAND. 

§2, MATERIALS AND CONSTRUCTION. 

[5] BorLer MounvinGs. 

Safety Valves—The purpose of the safety valve is 

to provide for the escape of the steam in case the pres- 

sure should tend to rise above the safe working limit 

There are two kinds of safety for which the valve is set. 

U. S, STANDARD SAFETY VALVE.—FIG. 1. 

valves, known as lever and spring valves, according as 

the valve is kept down on its seat by a weight on a lever 

or by a powerful spring under compression. Fig. 1 

shows the construction of the standard U. S. lever valve. 

The valve itself has a plain conical face, and fits to a 

corresponding seat as shown. In its motion up and 

down it is guided by the double stem, so that it can by 

no means become jammed in the chamber. The pres- 

sure of the steam comes on the bottom of the valve, and 

as it reaches or passes the limit for which the adjust- 

ment is made the valve lifts and the steam escapes about 

the edge, and thence is led by the escape pipe to the 

deck. The actual lift of a safety valve is very small, 

SPRING SAFETY VALVE.—FIG. 2. 

1-8 in. being usually a large lift. The opening for the 

escape of the steam depends, therefore, on the circum- 

ference of the valve and on the lift, rather than on the 
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area and lift. Safety valves are, however, usually des- 

ignated and determined according to their area. The 

weight acts by means of the lever, as shown, and may 

be adjusted so as to allow the valve to open at the pres- 
sure desired. 

In modern practice the lever valve is infrequently 

used, except in vessels engaged in smooth water (river) 

service, the spring valve being fitted almost universally. 

In this form of valve, which is shown in Fig. 2, the chief 

point of difference is in the substitution of the spring 

for the weight and lever. The tension of the spring is 

adjusted by a screw at the top, so that the valve will 

not open until the limiting pressure is reached or ex- 

ceeded. It is readily seen that as soon as the valve rises. 

the spring is compressed and the tension is increased. 

It is also found that with the plain form of valve, as 

shown in Fig. 1, the pressure on the face decreases the 

instant the valve lifts. Due to these facts it follows that 

such a valve, especially when controlled by a spring, is 

apt to seat itself the instant after rising, lifting again 

the next instant in answer to the restored value of the 

ENLARGED SECTION OF LIP.—FIG. 3, 

pressure. This irregular action will lead to a rapid. 

opening and closing of the valve, producing a chattering. 

noise very undesirable in passenger boats, and interfer- 

ing with the continuous and regular escape of the steam. 

To avoid this a lip of one form or another, as shown 

in Figs. 2, 3, and 4, is fitted to the valve at or beyond the 

edge, so that it may catch the escaping jet of steam, and. 

thus increase the effective area of the valve after it has 

lifted from the seat. In such case the valve is forced 

farther from the seat, and while it still vibrates, it re- 

mains definitely open until the pressure has fallen some 

4 or 5 lb. below that for which it opens. The valve then. 

touches the seat in one of its vibrations downward, and 

remains closed until the pressure again rises to the 

point for which it is set. The safety valve should al- 

ways be fitted with a hand lifting gear, so that it may be 

opened by hand when desired, and the spring adjust- 

ment should be protected by lock and key, so that it can- 

not be changed by unauthorized persons. 

For large boilers, instead of one large valve safety 
valves are often fitted in groups of two or three. This. 

reduces to the smallest possible limit the danger from 

sticking or other derangement of the valve. The safety 

valve or valves should always be attached to a fitting 

leading direct to the boiler, and with no possibility of 
closing it off by a stop valve. If both stop and safety 
valves are attached to the same fitting the latter must 
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always be placed inside or nearer the boiler than the 

former. 
Muffler.—This fitting, though not in the fire-room, 

may be properly referred to at this point. It consists of 

a metal chamber filled with bits of metal or stone, mar- 
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SAFETY VALVE AND MUFFLER.—FIG. 4 

bles, wire-gauze, small spiral springs, or with thin plates 

in layers pierced full of holes and arranged in stag- 

gered fashion so as to provide a series of zig-zag 
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BOILER MAIN STOP VALVE.—FIG. 5. 

passages for the steam. 

MARINE ENGINEERING. 

The steam from the satety 

valves and escape pipe makes its way to the air through 

this chamber, the purpose of the filling being to muf- 

39) 

Je or deaden the noise, which might otherwise serious- 

yy interfere with the giving of orders on deck. Fig. 4 

shows a combined safety valve and muffler, the latter 

with plates as above described. Such an arrangement 

would be applicable for small or open craft having but 

one boiler, such as launches, small yachts, ete. 

Stop Valve—Each boiler is connected through a 

separate boiler steam pipe to the main pipe. The en- 

trance of steam to this pipe is controlled by the boiler 

stop valve, which thus provides for the regulation of 

the supply of steam to the engine, and for closing the 

boiler off entirely from the main steam. pipe if necessary. 

The usual type of valve employed is shown in Fig. 5, 

and consists of a valve disc guided to its seat by wings, 

and raised or lowered by its connection with the screw 

spindle and handle as shown. 

Commonly in warship practice, and to some extent in 

mercantile practice, such valves are made self-closing 

in case of rupture of the boiler. In fundamental princi- 

ple such a valve is a form of non-return valve, as illus~ 
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BOILER CHECK VALVE.—FIG. 6. 

trated by the check valve of Fig. 6. The screw stem 

does not open the valve, but limits simply the extent to 

which the valve can open. A second plain stem passing 

through the first then allows of the valve being pulled 

open by hand, even if there is no definite difference of 

pressure to force it open. In case of accident which re- 

duces the pressure back of the valve so that the rush of 

steam is in the reverse direction to its usual flow, the 

valve will be closed by this rush and held securely on 

its seat by the excess of pressure on its outer face, thus 

shutting off the injured boiler, and retaining the others 

intact for use. If such an arrangement is not fitted and 

the valve cannot be closed by hand, or until it can be 

thus closed, an entire battery of boilers may be thrown 

out of use by the rupture of any one of them, all of the 
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steam formed escaping through the one opening. Such 

form of valve should be placed with the spindle horizon- 

tal, so that its own weight may not enter as a direct fac- 

tor in the movement of the valve toward and from its 

seat. : 

In warships, where the pipes or boilers may be pierced 

G}, PIPE FROM YZ 
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a 
COMBINED CHECK AND STOP VALVE.—FIG. 7. 

by the fragments of exploding shell, such a safety pro- 

vision may be of the utmost importance and value. 

Dry-Pipe, or Internal Steam Pipe-——This is a _ pipe 

of relatively thin metal placed within the boiler, extend- 

ing lengthwise, and close to the top of the shell. At the 

inner end it is closed, and at the outer end connects with 

the pipe leading to the safety valve chamber, stop-valve 

and boiler steam pipe. Along the top of the pipe are cut 

a large number of narrow slits, through which the steam 

enters the pipe. This arrangement has the effect of 

drawing the steam from the highest part of the steam 

space, and of straining out some part of the entrained 

water. A small hole in the bottom of the pipe provides 

for draining off the water which may gradually collect. 

The uniform draft of steam from the whole length 

of the boiler tends also to prevent the priming which 

might be caused by drawing it all from one point. 

Feed Check Valve and Internal Feed Pipe-—The water 

from the feed pump comes to the boiler through the feed 

pipe, and then at the boiler passes through the feed- 

check: This is a screw-down, non-return valve, as 

shown in Fig. 6. The valve itself is entirely disconnect- 

ed from the spindle, and the latter simply limits the 

height to which the valve can rise, while by screwing 

down sufficiently the valve may be forced shut and held 

there. This construction is adopted so that should the 

feed pump stop working or between the strokes of the 

pump there may be no escape of water backward from 

the boiler into the pipe. Two such check valves are 

usually fitted to each boiler, one connecting with the 

main and the other with the auxiliary feed pumps. 

In modern practice a stop valve is usually fitted be- 

tween the check valve and boiler, in order that, if nec- 

essary for examination or repair, the check may be shut 

off from communication with the boiler. Such 

combined stop and check valves are frequently 

fitted in a single casing, the stop valve, of 

course, being placed next the boiler (see Fig. 7.) 

After passing through the check-valve the water en- 

ters the internal feed pipe, by which it is led to the 
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point or points of delivery. The end of the pipe is 

usually closed, and the water is delivered through a 

large number of small holes distributed along the pipe. 

The delivery is usually below the water level, and often 

between the nests of tubes where it meets with the ris- 

ing currents of water heated by them. In some cases 

it is led to the bottom of the boiler, where it mixes with 

the relatively cool water there found; but this plan 

cannot be recommended, as it retards rather than assists 

circulation. In some cases also the water has been in- 

troduced as a spray into the steam space, but, while this 

plan has some advantages, it has not met with general 
favor. 

In water tube boilers the feed water is ustially fed 

into the upper drum, whence it joins the circulation in 

BOTTOM BLOW-OFF VALVFE.-—-FIG. 8. 

the boiler as noted in the description of boilers of this 
type. 

Surface and Bottom Blows.—Cocks or valves and con- 

necting pipes are fitted for blowing grease and scum, or 

mud sediment and water, out of the boiler into the 

sea—Fig. 8. The surface blow is a valve which is 

attached an internal pipe lying just below the normal 

water level, and either perforated with holes or leading 

to a shallow open pan. Outside the boiler there is a dis- 

charge pipe leading to an outboard valve, through which 

the discharge is effected. The scum and grease which 

collect on the surface of the water may by means of this 
arrangement be blown out of the boiler, and thus dis- 
posed of. In early engineering practice the bottom blow 
was of great importance, as it was used not only to dis- 

charge mud and sediment, but also the relatively dense 
water in the boiler when blowing down to reduce con- 
centration, or when emptying the boiler of water for 
purposes of examination or cleaning. In modern prac- 
tice with the surface condenser and the evaporator, 

blowing off to reduce concentration is no longer neces- 

sary, and blowing the water out of a boiler with its own 

steam is no longer considered good practice. The pref- 

erable plan is to allow the steam to condense and the 

water to cool down, and to then run it into the bilge or 

remove it by pump connections suitably arranged. Due 
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to these facts, bottom blow valves have been sometimes 

omitted. There may still, however, be occasion to use 

such valves for the discharge of mud and sediment, and 

therefore, they are still quite generally fitted. In any 

event, there should be some valve and pipe connected 

with the lowest part of the boiler, and through which 

at can be emptied in one way or another. 

Both surface and bottom blows are usually fitted to 

water-tube boilers, especially to those types consisting of 

upper and lower drums with sets of connecting tubes. 

“The surface blow is for scum and grease, while the bot- 

stom blow is essentially for mud and sediment, and is 

often attached to a special mud-drum provided to col- 

dect such substances. 

Steam Gauges.—The steam pressure within the boiler, 

«or rather the excess of the pressure within over the at- 

mospheric pressure without, is shown by some form of 

steam gauge, of which the best-known and most used 

are those employing a Bourdon tube. In Fig. 9is shown 
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BOURDON STEAM GAUGE.—FIG, 9. 

such a gauge and tube, the cross section of the latter 

being an ellipse as shown. When the inside of the tube 

is subjected to the pressure of the steam it tends to be- 

come round in section, and as a result of this the tube 

as a whole tends to straighten out. This carries the free 

end outword, and this movement, by means of suitable 

connections, is made to give motion to the needle. These 

gauges are graduated by comparison with a mercury 

column or other form of gauge tester, or with a stand- 

ard gauge which has been thus graduated. Steam 

should not be allowed to enter these gauges, as the 

change in temperature may affect the accuracy of the 

teading. To prevent this the pipe leading to the gauge 

is always provided with a loop or U bend, called a 

“goose neck,” which serves as a trap for the water con- 

<densed beyond this point. In this way the Bourdon tube 

and part of the connecting pipe are kept filled with 
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water, which in turn is acted on by the steam, and thus 

the pressure is indicated without the actual presence of 

steam within the gauge. Steam gauges require compar- 

ison with a standard gauge from time to time, in order 

to make sure that their indications are correct. They 

are often provided in duplicate, and frequently one 

gauge, at least, is provided of sufficient range to allow 

of use in the hydrostatic boiler test. 

Water Gauge and Cocks.—The level of the water within 

the boiler is shown by a vertical glass tube connected to 

fittings at each end, which in turn connect the one with 

the steam space and the other with the water space. As 

shown in Fig. 10, the entire arrangement of glass and 

fittings is attached to a hollow mounting called the 

stand-pipe, water-column, or water-gauge mounting. To 

the top and bottom of this are attached pipes, one lead- 

ing to the steam space at or near the top, and the other 

to the water space at or near the bottom. In connecting 

the pipe with the steam space care must be taken that 

the opening is not near a steam outlet, as the rush of 

steam past such an opening might disturb the pressure 

and render the indications inaccurate by showing a 

higher level of water in the glass than actually exists 

in the boiler. At the bottom of the mounting a drain 

cock and pipe are provided, so that the glass may be 

blown through and cleaned as occasion requires. Screw 

plugs are also fitted above and below in a line with the 

base of the tube, so that if necessary a wire and swab 

may be run through the glass. Instead of the connec- 

tions as shown in Fig.10,and which are to be considered 

as preferable, the ends of the water column are some- 

times connected by horizontal passages directly to the 

boiler, as in Fig. 11, which shows the fitting attached 

to the curved shell of boiler. With such a mounting 

the level of water in the glass is more liable to fluctua- 

tion and disturbance due to rolling of the ship or to 
priming than with the arrangement of Fig. 10. 

Gauge glasses are usually from 12 to 15 in. in length, 

and 5-8 or 3-4 in. dia. Due to the fluctuations in tem- 

perature and the accompanying expansion and contrac- 

IDIKel5 AL, Fic. 10. WATER GAUGES. 

tion, they are liable to occasional breakage. To avoid 

danger or trouble from the escaping jet of water and 

steam, it is quite customary in modern practice to fit 

the connection carrying the ends of the glass with ball 

non-return valves, working on a similar principle with > 
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the safety stop valve described above. So long as the 

glass is in place and the pressure equalized, the balls by 

their weight remain away from the seat and leave the 

passages open. Upon the breakage of the glass, how- 

ever, they are carried by the rush of water and steam, 

each against its seat, thus closing the openings and stop- 

ping the escaping jets of water and steam. 

In addition to the gauge glass, small cocks, three or 

four in number, are usually provided. In some cases 

such cocks are attached to the mounting, and in other 

cases to the boiler itself. These cocks serve as a check 

on the gauge glass, or for use in case the glass is not 

to be depended upon. The glass is usually so adjusted 

that when the water is at the bottom it is still some 3 

or 4 in. above the level of the highest heating surface. 

The water cocks cover about the same vertical distance, 

though in some cases the lowest cock is placed nearly on 

a level with the top of the heating surface. On single- 

end boilers two such water gauges are often fitted, one 

on either side at the front, and with water cocks at the 

back. Similarly on double-end boilers three would be 

fitted, two on one end and one on the other. : 

Hydrokineter.—This is an appliance used to force the 

circulation of the water in the boiler, more especially 

HYDROKINETER.—FIG. 12. 

when raising steam. It consists, as shown in Fig. 12, of 

a steam jet and series of nozzles with frame perforated 

at the back for the entrance of water. The steam is 

furnished from another boiler, and by its inducing ac- 

tion a current of water is set up and driven along, as 

shown by the arrows. This arrangement is placed near 

the bottom of the boiler, and thus serves to drive out 

the cold water which tends to collect there, and which 

is only slowly heated by the operation of natural circu- 

lation. 

Hydrometer.—The density of the water in the boiler 

is determined by an instrument known as the hydrometer, 

and shown in Fig. 13. It may be of either glass or 

metal, and consists essentially of two bulbs with stem as 

shown. The upper and larger bulb is filled with air, 

and serves to give buoyancy to the instrument; while 

the lower and smaller bulb is weighted and keeps it in 

the upright position. When a body floats freely, wholly or 

partly immersed in a liquid, the weight of the body 

equals the weight of the liquid displaced. Hence, in this 

case the denser the water the less the volume displaced, 

and the higher the stem out. of water. Average sea 

water contains about I part in 32 of solid matter, and 
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hydrometers are usually graduated relative to this as a 

unit. That is, 2 means twice as much solid matter rela- 

tively as sea water; 3, three times as much, etc., while 

0, of course, means fresh water. The density of water 

depends, furthermore, on its temperature, so that the 

scale on the hydrometer can only be used with the tem- 

perature for which it was graduated. This is usually 

200 deg. F., though frequently three scales are provid- 

ed; for 190 deg., 200 deg. and 210 deg., respectively. 

The water is drawn from the boiler through an appro- 

HYDROMETER.—FIG. 13. 

priate pipe and connections into a deep, slender vessel 

the hydrometer scales, and thus its density is observed. 

Boiler Saddles —The weight of the boiler is supported 

on saddles, or bearers, which in turn are attached to the 

structure of the ship. A modern form of boiler saddle 

is shown in Fig. 14, and consists of two or more sup- 

ports on each side of the boiler of the form shown, and 

extending each one for some little distance longitud- 

inally. An older form consists of a plate on edge con- 

nected with the structure of the ship, extending trans- 

versely under the boiler, and cut out to fit the round of 

the shell. The unner edge of this plate is fitted with. 

angle irons on one or both sides to give a broader sur- 

face of support for the boiler. The form of saddle 

shown in Fig. 14 gives a better longitudinal support, 

and, moreover, makes access and examination of the 

bottom of the boiler more easy than with the other 

form. Single-end boilers usually have two such saddles 

on each side, while double-end boilers are given three 

or four. 

Jn addition, the boiler is held in place in its saddles by 

stays adjustable by screw turnbuckles, or by other like 

called a salinometer pot. Soon after drawing, the water 

cools down through the temperature corresponding to 

BOILER SADDLE.—FIG. 14. 

means. A knee-piece, or chock, is also often riveted to 

the structure of the ship, projecting just above the end 

of the boiler at the bottom, and thus preventing endwise 

motion. 

Boiler Lagging.—To prevent loss of heat by radiation 

the boiler is covered with non-conducting, non-com- 

bustible felting, which in turn is held on by iron straps, 

or in some cases by a complete covering of sheet metal. 

This covering is known as boiler lagging. 
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THE ART OF [MAKING MECHANICAL SKETCHES 
—FOR MARINE ENGINEERS—X. 

BY PROF. C. W. MAC CORD, 

All that precedes has reference to the making of 

drawings (or sketches, as the case may be), in which 

each view represents only one face of an object, as seen 

from any given direction. One such view can at best 

give positive information in relation to two dimensions 

only: as height and length, if it be a front view; height 

and breadth, if it be a side view; or length and breadth 

if it be a top (or “plan’”’) view. In order to give the 

necessary information as to all three dimensions by 

means of such drawings, therefore, as we have seen, in 

many if not most cases three views are required, and 

not infrequently more than that. And for the general 

purposes of working drawings, either of details or as- 

sembled machines, the methods of construction hereto- 

fore explained are admitted, we believe, by general 

consent to be the best. Nevertheless, there are cases 

FIG. 43. 

in which some method of giving in one view an accu- 

rate idea of the three dimensions is very desirable. 

A true perspective drawing does not meet the re- 

quirement; for, to say nothing of the extreme diffi- 

culty of construction, it is impossible to make definite 

measurements from it, no matter how clear an impres- 

sion it may give of the general proportions and ar- 

rangement. Pictorially, however, it has no equal, 

since all visible parts are shown in proper relative posi- 

tions, in true relative proportions, and without distor- 

tion; in short, just as they would appear to the eye 

from the point of view selected. 

There are, however, more methods than one of ex- 

hibiting the three dimensions in one view, and thus pro- 

ducing an effect of solidity and relief which is lacking 

in the “working drawings” thus far considered, without 
incurring the labor of making a true perspective; at the 

expense, it must be admitted, of a greater or less 

amount of distortion of one kind or another. Still, 

these methods are at times very useful; more particu- 
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larly in making sketches from which working drawings 

are subsequently to be made in the ordinary way. 

The first of these will be understood by the aid of 

Fig. 43; in which A is a front view of a cube, so ‘placed. 

that, as seen in the top view C, the diagonals ab, ch, of 

its upper face are respectively perpendicular and par- 

allel to the paper. Now let this cube be cut by a plane 

pp, passing through the three points a, b, and d; this- 

plane will contain the three face diagonals ab, ad, and 

bd, as seen in the small perspective view lV’, and since 

in the front view ab is perpendicular to the paper, the 

plane will there be seen edgewise. Moreover, it can be 

shown that this plane is perpendicular to the body 

diagonal cg, which is itself parallel to the paper; for, 

in the top view we have ke:ca::ca:ab; and again, 

Ke of the top view = ac of the front view, 
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whence, in the front view, ac : cd :: cd : dg, consequently 

the triangles acd, cdg, are similar; but also ac is perpen- 

dicular to cd, and cd is perpendicular to dg, and it fol- 

lows that ad is perpendicular to cg. 

Now the view D is an orthographic projection, being a 

view of the cube as seen looking perpendicularly against 

the plane pp, as shown by the arrow. In this view the 

three face diagonals above mentioned will appear of 

their true lengths as a’b’, a’d’, b’d’, because they lie in 

the plane pp; the three edges, ca, cb, cd, are equal in 

space and equally inclined to the plane pp, hence they 

will in the view D be equally foreshortened and appear 

of equal lengths, and the point c will appear as c’, the 

centre of the triangle a/b’d’. In a similar manner it 

may be shown that the points e, f, and h will appear as 

the vertices of the equilateral triangle e’ f’ h’, whose 

centre coincides with c’, which is also the projection of 

g. Since then all the edges of the cube appear of equal 

lengths, this has received the appropriate name of an 

isometric projection. It is sometimes miscalled isometric 

perspective, and also erroneously described as an oblique 

projection: whereas, as above shown, it is in fact simply~ 

an orthographic projection upon a peculiarly placed 

plane. 

The lines c’a’, c’b’, cd’ are called the isometric axes; 

the planes which they determine, and all planes parallel 

to them, are called isometric planes; and all lines parallel’ 

to the axes are called isometric lines. 

In Fig. 43, the actual iength of the edge of the cube 

is cd, while its projection c’d’ is equal to od. Therefore, 

by taking od as a unit instead of cd, an isometric scale 

might be constructed, by which the lines of the projec- 

tion might have been set off, or by which the isometric 

lines in such a projection might be measured. Were 

such a proceeding necessary, the utility of this special’ 

kind of drawing would be practically destroyed. For- 

tunately, however, it is not necessary; since all the 

edges of the cube are equally foreshortened, there is no= 

reason why they should be shown as foreshortened at 

all; and, accordingly, in Fig. 43, an isometrical drawing 

of the cube is made as shown in the view £, where each 

edge of the cube is shown in its true length, which is 

cd in the original elevation A; the isometric axes ca, co, 

cd, making with each other angles of 120°, as in view D. 

Drawings made in this manner, then, convey in one 

view ideas of the three dimensions, as do tl.ose made in: 

perspective; in some cases they exhibit the peculiarities 
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oi structure more clearly than the regular “working 

plans;” they are readily understood by many who are 

not familiar with common projections, and in making 

sketches they are often very useful. 

But from the foregoing exposition of its principles, 

it will be quite obvious that the advantages of isometry 

Fic. 44. 

are more pronounced when the objects to be repre- 

sented are bounded by right lines, of which the prin- 

ciple ones are respectively parallel and perpendicular to 

each other. This is clearly illustrated by the drawings 

of the box, Fig. 44; of the timbers with tenons and 

mortise, Fig. 45; and of the piece of flooring with its 

supporting beams, Fig. 46. 

No dimensions are here given; but it is clear that 

since none but isometric lines are represented, the 

dimensions should be given in directions parallel to the 

isometric axes. And, again, if the object be too large 

Fic. 45. 

to be drawn with the dimensions of their true length, 

we are at liberty to make an isometrical drawing, just 

as we may any other orthographic one, on any con- 

venient scale, as 3 in. equal 1 ft., 1 1-2 in. equal r ft., and 

50 on: in fact, to quote from the late W. E. Worthen, 
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“the value of isometry as a practical art lies in the ap- 

plicability of common and known scales to the isomet- 
ric lines.” 

But though admirably adapted for making sketches 

or working drawings of “square” work like that shown 

in the last three figures, isometry is not equally advan- 

tageous in the representation of machinery in general, 

for this reason if no other; that every circle lying in 

an isometric plane is represented by an ellipse. A 

method of constructing this ellipse, which is both ac- 

curate and convenient, is shown in Fig. 47. The circle 

inscribed in the front face of the cube in the eleva- 

tion A, is divided into quadrants by the vertical and 

horizontal centre lines, and the quadrants are bisected 

by the diagonals at the points J, m, n, 0; through these 

points are drawn vertical and horizontal lines. All these 

right lines are readily drawn in the isometric view D, 

thus locating the points I’, m’, n’, 0’; the required ellipse 

must pass through these points, and also be tangent to 

the sides of the circumscribing parallelogram at their 

middle points. And since this parallelogram is a rhom- 

bus, its diagonals are perpendicular to each other, so 

FIG. 46. 

that o’m’ is the major, and I'n’ is the minor, axis of the 
ellipse. 

If tangents to the circle be drawn at J, m, n, 0, cut- 

ting off the corners of the square, the circle will be cir- 

cumscribed by a regular octagon; the isometric repre- 

sentation of which is made by drawing at I’, 0’, etc., per- 
pendiculars to the diagonals. If similar perpendiculars 

be drawn to the diagonals of the adjacent faces, as 

shown, these will determine a plane perpendicular to 

the body diagonal of the cube through c, by which that 

corner of the cube may be cut off. If this process be 

repeated at the other corners, the result, as shown in 

Fig. 48, will be an isometric drawing of the crystalline 

form known as the “cubo-octahedron,” bounded by six 

equal octagons and eight equal equilateral triangles. 

This affords an instance in which this mode of repre- 

sentation is much clearer and more striking than that 

of the ordinary front, side, and top views; as any one 

may easily convince himself by making a comparative © 

construction. 

Referring again to Fig. 47, it is to be observed that 

it is not necessary to draw the elevation A in order to 

construct the ellipse in the isometric view D. For if a 

semicircle be drawn on the edge cd as a diameter, di- 
vided into four equal parts at 7, 2, 3, and these points of 

subdivision be projected perpendicularly upon cd, the 

isometric lines through the points 1’, 2’, 3’, will, by their 



January, 1900. 

intersection with the diagonals, locate the points J’, m’, 

n', o'. Since all the edges of the isometric cube are 

equal, this construction may be made upon either in- 

differently—and again, since the faces of the cube are 

isometrically represented by similar and equal rhom- 

buses, the isometric representations of circles inscribed 

in all these faces will be equal and similar ellipses. 

In Fig. 49 are shown two methods of graduating the 

isometric circle, represented by the ellipse inscribed in 

the rhombus achd. 

First Method.—At e, the middle point of db, draw ef, 

TG. 49. 

perpendicular to db, and equal to eb = ed = eo: then 

dfb = 90°. About f describe a quadrant with radius fe: 

graduate it as desired, and draw through the points of 

division radii from f, as fz, f2, etc., and prolong these 
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radii to cut bd: from the points of intersection draw lines 

to 0, the centre of the isometric circle; these will cut the 

perimeter in 7’, 2’, etc., thus giving the required gradu- 

ation. 

Second Method.-~About o, the centre of the ellipse 

representing the circle, describe a semicircle whose 

diameter is mn, the major axis. Graduate this as de- 

sired, by the points 7, 2, 3, etc.; from these points draw 

perpendiculars to the major axis mn, cutting the peri- 

meter of the ellipse in 7’, 2’, 3’, etc. Lines from these 

latter points to 0, the centre of the ellipse, will include 

the representations of equal angles, if the semicircum- 

FIG. 50. 

ference upon mm, as a diameter, is divided into equal 

parts. 

Thus far, one of the isometric axes has been assumed 

to be vertical. But since it is the relative inclination 

of the isometric lines to each other which determines 

whether a drawing is or is not an isometric one, it fol- 

lows that any direction at pleasure may be given to 

either one of these axes. Thus, in Fig. 50, one of them 

is horizontal, and it is very apparent in this case that 

the correspondence of the die to the matrix is more 

clearly shown by exhibiting their opposite faces than 

could have been done in any other way. By turning 

Se 

Ae 

FIG, 51. 

the page a quarter round it will be seen that this could 

have been done equally well if the two pieces had been 

placed upright. Which leads to the consideration 

that isometry sometimes affords peculiar facilities for 

the illustration of subjects where views of the lower 

surfaces are desirable; as in the case of the shelf with 

its brackets in Fig. 51. 

Of course, there will often be occasion to represent 

lines which do not lie in isometric planes. A method of 

dealing with these is illustrated by the drawing of the 

partially opened box, Fig. 52—and perhaps as well as it 

could be by any other subject. A sectional end eleva- 

tion of this box is given below the isometric drawing; 
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and few words are needed to explain the construction of 

the latter. The non-isometric line b’d’ is determined by 

setting off on the vertical through c’, the distances c’a’, 
ce’, respectively equal to ca, ce, in the elevation, and 

then drawing parallel to the isometric axis c’#’, the 

offsets a’b’, e’d’, equal to ab, ed; then drawing c’d’, we 

thave two sides of the parallelogram representing the 

l 
, 

Fic. 52. 

nearer end of the lid, which, though lying in an isomet- 

tic plane, is bounded by non-isometric lines. To deter- 

mine the apparent thickness of the front side of the lid, 

we may set up at any point o’ on c’ g’, the distances 

om’, on, respectively equal to cm, cn, in the elevation, 

and then draw m’h’, n’k’, parallel to c’x’, and equal re- 

FIG. 54. 

spectively to mh, nk, in the elevation. The thickness of 

the remote side of the lid may be determined in like 

manner. There is little more to be said, since it is ap- 

parent that all the longitudinal lines of the lid are iso- 
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metric lines: thus b’l’ is equal and parallel to c’g’, etc., 
and all the others are parallel to either c’d’ or. b’d’. This 

method of determining the extremities of non-isometric 

lines by means of offsets is always applicable, and, in 

fact, it is simply the application to isometry of the 

familiar method of locating a point in space by means 

of the ordinates drawn from the given point to the 

planes of projection. 

But, though often useful in making sketches, iso- 

metric drawing is not well adapted to the general repre- 

sentation of machinery, not only because many, if not 

most, of the circles involved must be represented by 

ellipses, but on account of a very unpleasant apparent 

distortion, which will be at once appreciated by a 

glance at Fig. 54, which is an isometric drawing of the 

pillow-block shewn in plan and elevation in Fig. 53. 

This is but a minor case. The distortion becomes more 

aggravated and pronounced with the complexity of the 

mechanism; so that it may be accepted almost as a 

truism, that isometry is not well adapted to the repre- 

sentation of assembled machines, however serviceable 

it may be in the making of sketches and in the repre- 

sentation of minor details. 

This topic should not be dismissed without some illu- 

FIG, 53. 

sion to the use of shadow-lines in isometric drawings. 

In relation to this (referring to Fig. 43) it is, we be- 

lieve, a common practice to consider the light as falling 

in the direction of the body diagonal through a toward 

f in the view E. In that case the upper side and the left 

side of the cube would be illuminated, while the face 

bd would not be. In these circumstances, the edges 

cb, cd, de, and, in point of fact, bh, would cast shadows. 

We have purposely mentioned bh last because, in our 

opinion, it should not be made a shadow line at all, for 

the very object of shadow lines is to produce the effect 

of relief, and make the lines thus distinguished seem 

neater the eye than others; whereas bh is conspicuously 

the most remote line in the drawing. 

It is proper to give be and cd a moderate thickness, 

since they are nearer to the eye than bh, and they do 

cast shadows, supposing the light to fall as above indi- 

cated. But on the other hand, they are the intersec- 

tions of planes, both of which are visible in each case; 

and on this account the thickness of the line casting 

the shadow should be but a very little greater than that 

of the ordinary outline. There remains, then, the line 
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de, to which the preceding arguments do not apply: 

but again, this beyond question is apparently a reced- 

ing line, and nothing could more effectually destroy the 

impression that it is so than the very common error of 

inking it in with a bold, broad stroke. 

Finally, then, all considerations point to one conclu- 

sion—that in isometric drawings the shadow lines 

should be manipulated with a leaning to the side of 

mercy, and never be made of so pronounced and em- 

phatic a character as they may properly be made in the 

execution of ordinary “working plans,” such as have 

previously occupied our attention. 

NEW PUBLICATIONS. 

The volume for 1900 of the Record of American and 

Foreign Shipping, which is the thirty-second annual is- 

sue of this valuable register and classification of ship- 

ping, is now being delivered to subscribers. The Record 

contains full reports and particulars of about 17,000 ves- 

sels of all classes and nationalities; rules for the con- 

struction and classification of steel, iron, and wooden 

vessels; rules for the construction and survey of steam 

machinery and boilers for vessels; provisions for the in- 

stallation of electric lighting and power apparatus on 

shipboard, and much other valuable information of 

special importance to underwriters and all firms or per- 

sons interested in shipping. Besides the usual full in- 

formation for the benefit of subscribers in the way of 

rules for construction with accompanying illustrations 

and tables—all of practical value—the work contains 

such features as list and addresses of prominent ship- 

builders, dry docks, marine railways, marine machinery 

and boiler constructors in the United States; list of ves- 

sels whose-names have been changed; also compound 

names, indexed by the last name; names and addresses 

of owners of vessels classed in the Record. The work 

is approved and endorsed by the important boards of 

underwriters in the United States, and is accepted by 

merchants and underwriters throughout the world as a 

standard register and classification of shipping. This 

excellent index has been thoroughly revised to date, and 

contains a large number of classifications not included 

in previous issues. The new Record is published by the 

American Bureau of Shipping, No. 37 William street, 

New York. 

The Royal Navy List Diary and Naval Handbook for 

1909 has just been issued by Witherby & Co., 326 High 

Holborn, London, price by post, three shillings and eight 

pence. For those having use for such a work it is an 

excellent combination of diary—one page 6 in. by 9 in. for 

each day—calendar and information needed by mariners. 

Naval matters are also given a good deal of mention, 

and this includes a sketch of “Naval Progress of the 

Year,” by L. G. C. Laughton. To this is added a valuable 

comparative table of battleships of the first class of all 

the great naval powers, which gives totals of vessels built 

or building as follows: Great Britain, 45; France, 17; 

Russia, 15; United States, 12; Italy, 12; Germany, 10; 

Japan, 6. Another feature of real value is the Astro- 

nomical Summary which occupies several pages. The 

diary is bound in boards. 

The small revenue cutter Seminole, for service at New 

York harbor, has been completed at the Columbian Iron 

Works, Baltimore, Md. 
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ENGINEERS’ DICTIONARY.— XXIII. 

Indicator—An instrument by means of which a cylin- 

der using steam or other vapor, gas or liquid is made to 

give its own history of the continuous relation between 

pressure and volume throughout the stroke. The card 

or diagram thus drawn shows whether the valve gear is 

working properly in its distribution of the steam to the 

cylinder, and furnishes likewise the means for comput- 

ing the indicated horse-power. The operation of the 

instrument requires two main features. (1) A move- 

ment proportional to that of the piston, and (2) a move- 

ment proportional to the steam pressure at any instant. 

The first movement is communicated to a strip of paper 

and the second to a pencil moving at right angles to the 

first. The diagram resulting will, therefore, show con- 

tinuously the relation between piston position and pres- 

sure as desired. In Fig. —, showing an indicator, A is 

a light drum, which is given a motion of rotation about 

its axis by means of a cord wound around its lower end 

as shown, and attached at the other to a piece having 

motion proportional to that of the piston. The circum- 

FIG. 82. 

ference of the drum is usually from 3 to 5 inches, so 

that the movement of the piston must be reduced in 

proportion before connecting with the drum cord. The 

device which accomplishes this is known as the reducing 

motion, and by its means the drum moves back and 

forth in constant proportion to the movement of the 

piston. The strip of paper is attached to this drum by 

means of clips, as shown, and thus the first of the neces- 

sary motions is obtained. B is a cylinder within which 

ic a nicely fitted piston. The steam is admitted below 

the piston, thus urging it upward, while a coiled spring 

fitted above balances by its compression the varying 

pressure of the steam. In order to avoid distortion of 

the diagram as a result of the inertia of the piston in its 

motion up and down, it is found desirable to have the 

motion of the piston itself quite small, and to magnify 

this by a system of light levers, EF, called the pencil 

motion, and carrying at the extremity the pencil point 

which traces the diagram on the paper. These springs 

are carefully adjusted, so that the vertical motion of the 

pencil shall be proportional to the pressure of the steam 

per square inch, and according to convenient scales, with 
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which each spring is marked. These scales may vary 

from 10 to 100 lb. per inch or higher, according to the 

pressure employed. The pencil motion is so mounted 

and attached to the piston-rod that it may be moved 

about horizontally without disturbing the action of the 

steam on the piston. By this means the pencil may be 

moved up to the drum or withdrawn from it as may be 

desired. In taking a card the drum cord may first be 

connected with the reducing motion, and the steam then 

admitted to the indicator cylinder. When everything is 

working properly the mounting of the pencil motion is 

swung about the cylinder until the pencil point rests 

lightly on the paper for one revolution (or longer if 

desired), and the operation is complete. After thus 

taking the card it is customary to draw the atmospheric 

line, or line of atmospheric pressure. To this end the 

cock which closes off the steam is so made that when 

closed it also connects the space below the piston with 

the air. The pencil being then brought up to the card, 

the desired line is traced. See PQ, Fig. 8r. 

Indicator Barrel_A term frequently applied to the 
drum of the indicator, as before described. 

Initial Pressure—The pressure in the cylinder of 
an engine at the beginning of a stroke. 

Injection—A general term used in reference to the 

condensing water for the condenser of a steam-engine, 

or to its admission to the circulating pump. 
Injection Valve, Cock, Pipe, etc —See Injection. 

Intermediate Cylinder—In a multiple expansion en- 
gine one of the cylinders, into which the steam passes 

from the first or high pressure, and before reaching the 

last or low pressure. See ENGINE. 

Internal Feed Pipe—The continuation of the feed 
pipe inside of the boiler to the point or points of dis- 
charge. 

Inverted Engine—A vertical engine with the cylin- 

der above and crank-shaft below, as in the usual marine 

type. See ENGINE. 

QUERIES AND ANSWERS. 

(Communications intended for this department will not receive at- 

tention unless accompanted by the full name and address of 

the sender, which will be considered confidential.) 

Q.—What is the benefit of or objection to tail rods? 
MARINE ENGINEER. 

A.—The use of tail rods isa matter on which a considerable dif- 

ference of opinion exists. Some builders use them and others in 

similar cases do not, but in general tail rods do not appear to be as 

extensively used at the present time as in former practice. When 
the cylinder diameter is large, and the stroke short, tail rods are 

undoubtedly of service in preventing tilting of the piston in the 

cylinder. Large pistons often wear the sides of cylinders unevenly 

when the crosshead wears out of line, and the tail rodis intended 

to prevent this. In merchant practice one chief objection to 

them is the increased number of stuffing boxes to be packed, though 

in these days of perfect metallic packings this objection should be 

more on the score of cost than trouble. To get rid of the stuffing 

boxes tail rods have been frequently incased in a pipe with 

flanged end, bolted on tothe cylinder top at the lower end and 

closed at the upper end. The rod passes through a composition 

bushing in the cylinder cover upintothe pipe. Small engines are 

also frequently fitted with tail rods, such as those on tugs. In the 

case of horizontal engines tail rods are of use in keeping the weight 

of the piston off the bottom of the cylinder. We believe they are 

used on modern locomotives to some extent, and on large horizontal 

stationary engines they are sometimes fitted witha shoe on the 

outer end working in a slide. 
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SELECTED MARINE PATENTS. 
(Subscribers are notified that the publication of a patent Specifica- 

tion in this column does not indicate editorial 

commendation or condemnation.) 

634,329. Divers stage for cleaning ships hulls. 

W. P: Freeman, New York, N. V., asstgnor to the 

Electric Stone Cleaning and Renovating Company, 
Jersey Czty, IN. J. 

cLAIM.—An adjustable seat or stool within an open 

frame, which is supported from the deck of the vessel 

by ropes connected to windlasses. By means oi the 

ropes the frame is guided and moved along the hull. 

633,376. Means for securing propeller blades. 
Lewts Davies, Liverpool, England. 

Ciaim.—Improvements reside in details of the con- 

struction of the studs and cap-nuts. The studs screwed: 

into the boss are each formed with a longitudinal pas- 

le 
Hest a 

sage and a screw-threaded hole, a reversely-threaded: 
cap-nut is formed with the central aperture, and a set- 

screw is inserted through this aperture into the hole im 

the stud. 

633,910. Machine for cleaning ships bottoms. Johw 

Schnepf, New York, N. V., assignor of one-half to 
W. C. Doscher, same place. 

CLAIM.—Within a frame adapted to be passed under 

and around the hull of the vessel by means of a cable 

n < 

are a scraper and a brush and an electric motor to 

drive them. It is claimed that the iron in the body of 

the vessel will attract the magnets of the motor and? 

hold the device close to the ship. 
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U. S. FLOATING DRY DOCK AT ALGIERS, LA.— 

LARGEST IN THE WORLD. 

In considering the type of dock, whether sunk or 

floating, to be located at the U. S. naval reservation at 

Algiers, opposite New Orleans, La., the local physical 

characteristics of the site were determining factors in 
the decision. 

With the strong current of the Mississippi rendering 

it difficult and at times impossible to turn a ship across 

it; with a soil of clay and sand affecting the stability of 

15,000 tons, with a draft of 27 ft., to be located at the 

Algiers naval reservation. 

In August, 1898, bids for this dock based on “‘general 

specifications” were called for by the Bureau of Yards 

and Docks, bidders being free to present their own 

plans, with a limit of cost of the “entire works” of 
$850,000. 

The proposal of the Maryland Steel Co., with plans 

drawn by Clark & Stanfield, of London, England, was 

found to be lower in price ($810,000) than its single 

competitor, and was considered to be of greater merit 

SKETCH SHOWING U. S, FLOATING DOCK FOR ALGIERS, LA., AS IT WILL APPEAR WITH BATTLESHIP DOCKED. 

a sunk dock, and, finally, with a difference of nearly 20 

ft. between high and low water stages of the river, add- 

ing enormously to the cost of a sunk dock, it was easily 

apparent that a floating dock alone could meet these 
conditions. 

Accordingly, in the Act of May 4, 1808, Congress 

made an appropriation for a combined floating and 

graving dock of steel, capable of lifting an ironclad of 

in other particulars. The contract was therefore 

awarded to the Maryland Steel Co. on its bid of $810,- 

000, which includes the cost of shore connections, tow- 

age, and insurance. This contract was executed in 
April, 1899, and must be completed in November, 1900, 
a period of 18 months. 

The first proposal of the company was for a lifting 

capacity of 15,000 tons, but the 2 ft. of freeboard 

(Copyright, 1900, by Aldrich & Donaldson, New York.) 
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HALF LENGTH OUTBOARD PROFILE OF U. S. STEEL FLOATING DOCK FOR NAVAL RESERVATION, ALGIERS, LA.—DESIGNED BY CLARK & STANFIELD, LONDON. 

[LLL 
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required by the Bureau’s specification was secured by 

the use of gates. This was not allowed by the Bureau, 

and the plans were modified by increasing the depth of 

the pontoons, so that with the increased power, and 

without the use of gates, a 15,000-ton ship could be 

lifted 2 ft. above the surface of the water. These modi- 

fied plans were accepted, with the result that the Navy 

will acquire a dock with a maximum capacity of 18,000 

tons, when the floor is awash, or 15,000 tons with a free- 

board of 2 ft. In effect the dock will be the most power- 

ful floating dock in the world, and will be able to lift the 
largest ship ever built. 

The designers, Clark & Stanfield, who have also made 

plans for many other docks, including the Havana naval 

dock of 10,000 tons, and the Stettin commercial dock of 

11,000 tons, have in the Algiers dock improved on the 

two earlier docks mentioned in the direction of strength 

and simplicity. 

The following are the general dimensions of the Al- 
giers dock: 

I OAEAIN OK? A, oooagoovn0cco0ade000b0000n 525 ft. 

BEE tp ean ts tcrareteinveis etre Ore Tc hetero iote 126 ft. 2 7-16 in. 

BreadunibetweenkwalllSPeereeeeeeereereen roo ft. 

IDSHUINOKS? SIG, 5o5000000000000000000600008 28 ft. 

Depth of pontoons........... Se a ereveeve rentals 17 ft. 6in. 

eign tofekecliblockss=eeeerE eee ascent 4 ft. 

MESSE GEIB CK900 bo0a cosoooo00s0NKNRS 49 ft. 6 in. 

INumiberofepontoonsSeereeeneeeeene 3 

Length of middle pontoons ............... 242 ft. 

oo “end We Bududd sea oanaG 141 ft. 3-8 in. 

OG mem W al 1S rrcterlefere eterecvereirertertercie tree 395 ft. 5-8 in. 

MAGI wR OU GsGoadansnodoonuoEootoduesc 12 ft. 1 1-8 in. 

Clearance of walls and pontoons ......... rite 

Freeboard of walls, 28 ft., on sills'........ 4 ft.9in 

Number of keel blocks......,............. 209 

WHEN QE EOE, gog00000000000000000000000 5,702 tons 

Y 8 Se pebhorenerme, ogo00000905000000640 420 tons 

PO, WOE OH? Chord 45S ogc000000000000000 6,122 tons 

Lifting powers of dock (maximum),..... 18,000 tons 

ADbINS CH btjebys HF CS sogouooodon0ga0e 3 I-2 hours 

Cost of dock...... 200000900 Pa00000000000000 $810,000 
shimeypenaltystorsd elaygesmertteciiiceie $200 per day 

The material used is generally acid or basic open 

hearth steel. 

The specifications require that the dock shall have 

transverse strength and stiffness sufficient for docking 
a battleship of 15,000 tons with her entire weight car- 

ried on the keel blocks. The dock must not careen 

more than 3 deg. under the most unfavorable conditions 

of loading—providing for the vessel landing 2 ft. off 

the longitudinal center line and subject to a wind pres- 
sure of 30 lbs. per sq. ft. The greatest longitudinal de- 

flection allowable will be 1 in 3,000, with most un- 

favorable load, and, similarly, the greatest transverse 

deflection is limited to 1 in 1,800. The stability of the 
dock will be enormous. Carrying a 1I5,000-ton battle- 

ship 2 ft. above the water, the stability of the two com- 

bined will be fifteen to twenty times that of the ship 
floating in the water. 

As designed the dock has three pontoons rigidly se- 

cured to the side walls by two horizontal rows of fasten- 

ings. The end pontoons have blunt noses with 30 ft. of 

the ends without buoyancy. Each pontoon has three 

longitudinal bulkheads, the two outer ones being water 
tight, while the middle one is designedly left with small 

openings. ’Thwartship bulkheads are worked every 10 

ft., every fifth or sixth being water-tight. At the sides, 
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the flat floor of the pontoons is carried up 8 ft., in the 

shape of altars, to give increased stability. These pon- 

toons are rigidly secured to the walls by two parallel 

rows of fastenings; these consist of pairs of steel T lugs 

riveted to the skin of the walls and pontoons, spaced 

every 10 ft., and of the following dimensions: 

Length of flange riveted to skin.....-......+. t ft. 3 1-2 in. 

‘e Oy GW PDFROFAAAENE? noon nA00000000000 io in. by 1 1-2 in. 

ef BF EHDIISP HobiMlt, caodgagdcoaon0000900000 4 ft. 3 1-2 in. 

wy LS LO Wein Ol thee reer iarr 3 ft. 3 1-2 in. 

Joints are made by fish plates 3 1-2 in. shorter than 

the lugs, 1 ft. 4 in. broad by 7-8 in. thick, with 2 in. 

holes. Steel pins, 2 in. dia., with tapered ends, are used. 

The walls, while affording a certain amount of lifting 

power, primarily serve to give the dock stability and 

regulate its descent when the pontoons are submerged. 

They have four watertight divisions and contain the 

SS 

MARINE. ENGINEERING. February, 1900. 

to the turrets on the wallface and at the shore ends to 
heavy steel columns built in the foreshore. They are 

themselves fitted with tracks as gangways, and must — 

carry a rolling load of 20 tons on two wheels. Consid- 

ered as struts, they must stand push or pull of 180 tons. 

each. In effect these booms work like a pair of parallel 

rulers; by veering or heaving in chain, the dock can be 

dropped alongside the bank or hauled out in the stream. 

Cross chains are provided to prevent the dock being 

blown upstream by the wind. 

The piers are two in number, of light construction, 

and are carried from the pierhead to a point on the far- 

side of road and on a level with the top of the levee. 

They are fitted with tracks and must carry a rolling 

load of 40 tons. They are built as steel girders on light 

columns or screw piles, with a total length of 240 ft. 

As fenders timber walling of pine 18 in. by 12 in. at 

FLOATING DOCK AT HAVANA, WITH SPANISH WARSHIP ON THE BLOCKS—END VIEW. 

pumping plant and living quarters of the crew. On the 

face next the shore are built two projecting turrets to 

which the mooring booms are secured, with large gang- 

way openings to admit of easy access to the floor of 

the dock. 

Moorings of the dock comprise four 2 in. chains, 

made fast to screw or mushroom anchors, planted up 

stream, calculated to hold against a maximum current of 

6 knots, with a wind pressure of 30 lb. to the sq. ft., the 

ship being in or out of the water. 

The dock is secured to the shore piers by a pair of 

hinged swinging booms, 80 ft. long, which are made fast 

and below the level of the pontoon deck is carried all 

around, and at the bows a separate additional fender is. 

worked 5 ft. lower. : 
Adjustable bilge blocks, capable of being shifted either 

in or out, as well as in a longitudinal direction, are pro- 

vided. In the case of a short heavy ship, a number of 

these blocks can be concentrated under a heavy turret. 

In addition strong wallings are provided at different 

heights along the face of the walls, so that shores may 

be wedged in between them and the armored belt, and 

thus considerably reduce the tendency this localized 

weight has to crush in the bilge of the ship. Four me- 
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chanical centering shores are provided, 

also roller fenders, capstans, etc. 

Ample pumping capacity is provided, 

each wall having four pumps on a main 

drain. The pumps are of the horizontal 

discharge type, and steam for their opera- 

tion will be supplied by an installation of 

Babcock and Wilcox water tube boilers. 

A separate engine is provided for each 

pair of pumps, and a separate boiler for 

each engine. The steam pipes are so ar- 

ranged that either engine can take steam 

from either boiler; each boiler, engine 

and pump is, therefore, duplicated in each 
wall; and, further, each wall duplicates the 

other, so that if only one boiler, engine 

and attendant pump remain at work the 

whole dock can still be lifted. A com- 

plete washing-down plant, worked by a 

separate Worthington pump, is provided 

in each wall. By the alteration of a 

coupling, it can be used as a drainage 

service for the pontoons. 

The working of the whole dock is done 

from two central positions, one on each 

wall. Here are grouped in the valve 

house ordinary signal levers, which by 

rods and cranks connect to the different 

valves. Each valve house is in direct 

communication by speaking tubes with 

the engine rooms, so that the man in 

charge can manipulate every valve, both 

water and steam, for manceuvring the 

dock without quitting his station. 
One of the most useful qualities of the 

Algiers dock is its “self-docking” system, 

iby which any portion of the exterior sur- 

face can be made accessible for repairs, 

painting, or inspection. To reach the 

bottom of one of the walls, say the port 

one, it is only necessary to heel the dock 

to starboard. In the case of the pontoons, 

the middle one is made large enough to 
raise those at the ends out of water. Sup- 

pose it is desired to get at the bottom of 

the middle pontoon: the dock is allowed 

to float light; men then knock out the 

tapered pins of the two rows of fish 

plates which secure this pontoon to the 

side walls; then the dock is allowed to 
sink, the middle pontoon floating free, 

until the lower row of fish plates on the 

pontoon is level with the upper row on 

the walls; the pins are then driven in, the 

dock pumped out, and the middle pon- 

toon is lifted clear of the water—due to 
the difference of height between the rows 

of fastenings. To undock, the reverse 

course is followed. The end pontoons 

are similarly treated. The interior of the 

walls and pontoons is easily accessible 

through numerous manholes. 

Should a disabled ship draw one or two 

more feet than the capacity of the dock 
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permits, the dockmaster would not hesitate to sink the 

dock the extra depth, as the walls have a minimum free- 

board of 4 ft.9 in. Also, should a ship, from any cause, 

have a list, the dock could be given the same list with- 

in limits, the ship taken in, and the two then brought 

to an even keel. 

Upon securing the contract for the construction of 

the Algiers dock the Maryland Steel Co. made exten- 

sive preparations for handling the work accurately and 

expeditiously. A portion of the shipyard at Sparrow’s 

Point was fenced in as a dock construction depart- 

ment, and the work placed in charge of S. Anderson. 

A machine shop has been erected and fully equipped 

with all the necessary machinery. Tracks have been 

laid and pipes for the compressed air used in riveting. 

The berth itself is a huge hole scooped out of the fore- 

shore, with the dredged material thrown up to form a 

coffer dam. In this berth a platform of heavy timbers 

has been built, and running down either side of its 
center line are two trestles carrying the tracks for trav- 

eling cranes, which latter will place in position every 

plate and angle used. It is proposed to erect those 

frames of the walls and pontoons carrying the joint 

lugs, put in the fish plates, insert the pins, and make 

the joint, before the side plating, stringers, decks, etc., 

are riveted up. The dock will therefore be built round 

these joints, which form, so to speak, a base from 

which everything will be faired. When the dock is 

completed, the water will be let in and the dock floated 

without undergoing any of the stresses due to launch- 
ing from ways. 

A large amount of material has been received and 

machined ready for erection and the actual work of con- 

struction was commenced last month. With the facili- 

ties at command, it is hoped to have the dock ready to 
tow to the Gulf in about eight months. 

Our frontispiece shows the new dock as it will appear 
when. constructed and with a battleship docked, the 

drawing has been made in perspective to show more 

clearly the method of docking. The drawings published 

with this description show accurately the general con- 

struction of the dock and the approaches, and a map of 

the district shows the location of the naval reservation 

with respect to the immediate surroundings on the Miss- 

issippi. As is well known the flow of this river is sub- 
ject to great fluctuations, as it drains such an enormous 

territory. The stages of the Mississippi River at New 

Orleans, as determined by the Canal Street gauge, under 

the supervision of the U. S. Department of Agriculture, 
are as follows: 

Zero of guage is 2.53 ft. below mean gulf level. 

Low water of December 30, 1876, reads zero. 

High water of April 16, 1874, reads 16.2 ft. 

. High water of May, 1897, reads 10.5 ft. 

Danger line changéd from 13 ft. to 16 ft. on March 15, 1897. 

In discussing this dock it is of much interest to con- 

sider the large floating docks at Havana and Stettin, 

which were also designed comparatively recently by 

Clark & Stanfield of London. The accompanying re- 

productions of photographs show both these docks in 

use, the Stettin dock with a transatlantic liner on the 

blocks undergoing alterations, and the Havana dock, 

shown endwise, after lifting a Spanish cruiser. The 

principal dimensions of the three docks are given com-* 

paratively in the following table: 
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COMPARATIVE DIMENSIONS HAVANA, STETTIN AND ALGIERS 

STEEL FLOATING DOCKS. 

F L Spanish Stettin Algiers 
DIMENSIONS FEC. Nobu: Commercial. Naval. 

TYSON. o550 us600000n 450 ft. 5to ft. 525 ft. 
Breadth inside, ...... 82 ft. 82 ft. too it. 
Water on sill........ 27 {t. 6 in. 24 ft. 28 ft. 
No. of pontoons, ... 5 3 3 
Cost delivered....... $579,000 $443,000 $810,000 
WY GERI c0900000000000 4,400 tons 4,510 tons 6,100 tons 
IRONS S56 G000n00000008 ro0,000 tons II,ooo tons 18,000 tons 

Both the Havana and Stettin docks were built by C. 

S. Swan and Hunter on the east coast of England. 

S.S. DeuTscHLAND.—At the yard of the Vulcan Com- 

pany at Stettin, Germany, the new Hamburg-American 

twin screw S.S. Deutschland was launched last month 

in the presence of the German Emperor and members 

of the Government. The new vessel follows next after 

the Oceanic in point of size of ships now afloat and ex- 

ceeds her very considerably in the matter of speed. 

Her dimensions are: Length, 662 ft. 6. in.; beam, 67 

ft. 6 in.; depth, 44 ft.; gross tonnage, 16,000 tons; load 

displacement, 23,000 tons. With 33,000 I.H.P. the new 

boat is expected to develop a rate of speed of 23 knots 

at sea. The new steamship will have six decks extend- 

ing the entire length and will have a number of special 

accommodations for cabin passengers, such as a play 

room for children, a passengers’ gymnasium and a drill 

room on the promenade deck. The machinery of the 

Deutschland will include main engines of the quadruple 

expansion type, each having six cylinders: (2) H. P. 

36 5-8 in. dia., (1) I.P. 73 1-2 in. dia., (1) second I.P. 

104 in. dia., and (2) L.P. 106 3-8 in. dia., and stroke 

72 3-4 in. Sixteen cylindrical return tube boilers will 

be fitted with a total of 112 furnaces. It is understood 

that the North German Lloyd Co. has ordered.a sim- 

ilar ship from the builders, work upon which is to be 

commenced without delay. 

RescuE AT SeEA.—When the Atlantic transport liner 

Georgian arrived in New York last month from Lon- 

don she had on board 35 persons, men, women and 

children, who were taken off the steamer Ella in mid- 

ocean. The rescue was made in a heavy sea at great 

risk to boat’s crew of the liner. December 30 last the 

Ella left Perth Amboy, N. J., for Halifax, N. S., with 

1,600 tons of coal. Captain Strange was accompanied 

by his wife and family. For several days after leaving 

port the collier met with terrific seas which battered 

and flooded the vessel, finally drowning out the fires. 
Signals of distress were answered one night by the 

Georgian, and with daylight the effort to save those on 

the Ella was made. A boat commanded by First Offi- 
cer Field of the Georgian took off those on the Ella by 

mean of lines. The Ella was a steel vessel of 2,100 

gross tons, formerly named the Abydes, and was owned 

in Germany. She was under charter to the Munson 

Line and had been engaged previously in the West In- 

dian fruit trade. i 

An oil tank steamer supposed to be the Helgoland was 

wrecked in St. Mary’s Bay, New Foundland, January 

II, and all on board lost. All efforts to reach the ves- 

sel were ineffectual for several days after she struck, 

and when boats were able to reach the scene of the 

wreck the vessel was submerged. Many notable wrecks 

have occurred in that vicinity. 
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/ TACTICAL CONSIDERATIONS INVOLVED IN THE 
DESIGN OF THE TORPEDO-BOAT.* 

BY LIEUT. A. P. NIBLACK, U. S. N. 

Up to a very recent period there were a few large 

firms in Europe which had practically a monopoly in 

torpedo-boat construction, and which, in a measure, set 

the fashions, and ordained the types. To-day, however, 

both in Europe and the United States, almost any ship- 

yard or marine engineering firm, without traditions or 

previous experience, seems willing to take contracts 

either on plans or designs of its own or on those fur- 

nished by the Governments interested. Owing to this 

breaking away from old traditions and to the enormous 

advances made in naval construction and marine en- 

gineering, we find a resultant uncertainty as to just 

what is the best type of torpedo-boat. The best means 

of approaching the question would seem logically to be 

through a study of its weapon, the torpedo, regarded 

as the ‘only excuse for the existence of the boat. 

An automobile torpedo, launched over water from a 

rapidly moving and oscillating platform, encounters 

many variable impulses tending to deflect it from its 

normal course. The wrong angle of incidence of the 

torpedo in striking the water may give too deep or too 

shoal an initial dive, or deflect the torpedo laterally. 

Moreover, each torpedo has its nice adjustments and 

peculiarities, which must be learned by trial runs, so 

that, in general, it may be stated that much practice 

must be had with a given boat and with each individual 

torpedo to insure the chances of hitting, when the tor- 

pedo-boat has survived the many perils which beset it 
in getting within striking distance. 

It may be stated, roughly, that the highest develop- 

ment of the present type of torpedo is one about 16 ft. 
long, 18 in. dia., and carrying a charge equivalent to 110 

Ibs. dry gun-cotton. The highest pressure used in the 

air flasks to operate the engines is 1,500 lbs. per sq. in., 

giving a speed of from 30 to 32 knots at 400 yards, 28 

to 30 knots for 800 yards, and 26 knots for 1,000 yards. 

There are, of course, innumerable sizes, shapes, and 

variations. Some carry twice the above weight of 

charge. Distance and speed are largely matters of 

pressure and size of air flask. Some unusually long 

-ones, for coast defense, run as high as 30 knots for 

1,coo yards and 24 knots for 2,000, but, for torpedo- 

boats, the above length of 16 ft. and diameter of 18 in. 

is about the limit for convenient handling, and for 

weights of mounts and accessories, as the weights in- 

‘crease unduly for small increments in dimensions. 

The torpedo is not a delicate instrument, and, after 

‘seeing many trials under varying conditions, one comes 

to feel that it is almost animate; but, for all that, there 

is a popular mistrust of its ultimate value as a weapon, 

in spite of what its advocates claim for it; and yet, 

curiously enough, the world is not yet alive to 
the fact that a complete revolution has taken place in 

the status of the torpedo by recent inventions and im- 

provements. It now has a secure and permanent place 

in naval warfare, and it only remains to accept the fact. 

The first improvement is the application of the prin- 

ciple of the gyroscope to the steering rudders of the tor- 

*Read at the seventh general meeting of the Society of Naval 

Architects and Marine Engineers, held in New York. 
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pedo, and the second is the perfection of apparatus that 

will safely and accurately launch torpedoes from the 

under-water broadside of a rapidly moving ship. The 

latter practically does away with above-water discharge 

in large ships, and the former has doubled the accuracy 

of fire. 

In the Howell torpedo, the invention of Rear Ad- 

miral J. A. Howell, U. S. N., the motive power is a fly- 

wheel spun up previous to launching, and the remark- 

able results in directive force and persistence of the 

torpedo by the gyroscopic action of the fly-wheel has 

led to its adoption in a miniature form as a separate 

attachment to an ordinary torpedo, involving no radical 

changes in design, since it takes the place of a certain 

amount of ballast and merely adds a pair of rudders 

and a few connections. The first practical design of 

this was by an Austrian, named Obry, and Whitehead 

and Company acquired the sole rights. The question 

of infringement of the Howell patents has not deterred 

others, and there is a successful one in Germany. 

We had a naval commission at Fiume in November, 

1896, to witness the first exhibition of the workings of 

the Obry attachment, and, later, a trial in the United 

States, which showed that it was “‘an excellent practical 

apparatus sufficiently robust for the conditions of use, 

not difficult of adjustment, and not requiring frequent 

adjustment, and its capacity for steering the torpedo in 

the course indicated by the direction of the axis of the 

torpedo at the moment of launching or in a course par- 

allel thereto, after the first unavoidable deflections due 

to unfavorable conditions of launching, was such as to 

improve the performance of the torpedo 100 per cent.” 
One naval commission at Fiume made the following 

trials successfully, not once, but many times: Ordinarily 

the gear does not start up until the moment of launch- 

ing of the torpedo, which act puts in operation a tightly 

wound clock spring, which, in turn, spins up the gyro- 

scope and keeps it going. A torpedo-boat, at high 

speed, steaming past a target at some 600 yards dis- 

tance, pointed its tube at the target, and, by a special 

arrangement, released the spring. The tube was then 

turned off the target about 45 deg. and the torpedo 

launched. The gyroscope, true to its principle, brought 

the torpedo back parallel to the original plane in which 

it was started in operation, and excellent targets were 

made. The course of the torpedo thus fired is a hori- 

zontal wave. 

At Fiume, using the attachment, excellent results are 

obtained from fixed under-water launching at 1,000 

yards, and, with improvements in air flasks as to vol- 

ume and pressure, we may expect to see the effective 

range of torpedoes in naval warfare regarded as 800 

yards, instead of being limited, as now, to 500 yards 

or less. Torpedoes, which are erratic, ordinarily, to 

the point of rejection, are fired successfully right along, 

using the Obry gear, and, in a recent trial, torpedoes 

were fired from an under-water broadside tube of a 

ship steaming 16 knots, and made excellent targets, 

using the attachment, although the permanent angle of 

deflection of the torpedo, due to the method of launch- 

ing, was not known within 1o deg. As the Obry gear 

and the method of under-water discharge from ships 

have both been adopted in our navy, we may assume 

that in the future we may count tactically on these 

latest inventions being used, at least in large ships. 
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If we consider the conditions under which a torpedo- 
boat may be reasonably expected to be effective against 
a ship or the ships of the enemy, we will find that an 
attack, to have a reasonable chance, must be a surprise. 
Hence darkness, fog, mist, snow, and rain are the favor- 
ing conditions. Heavy rains are particularly favorable 
since, for the defence, the eyes of lookouts are pun- 
ished severely by the water, it is hard to keep men con- 
stantly at the battery, the searchlight is more than use- 
less, sights are blurred, and outside noise is deadened 
by the fall of rain. Attacks are made in groups of 
boats, and it is this which we lose sight of in the 
United States. A single boat would only attack as a 
forlorn hope, and under most extraordinary circum- 
stances. All torpedo-boat attack must be in groups, 
and must be, as in polo or football, or any other similar 
game, a question of “team work,” of “interference,” of 
strategy, head, and nerve. Of all things, it is a question 
of system. A ship or a squadron attacked simultane- 
ously from various directions must destroy or drive off 
all the attacking boats or take the consequences. Feints 
will naturally be made. The first boat or boats discoy- 
ered will advance fearlessly, dropping and scattering 
small incandescent buoys to disconcert the aim and 
create the illusion of numbers, and, if so fitted, use their 
searchlight. Under strong excitement it is peculiarly 
human to yield to the temptation of shooting at a light 
without reasoning. Meanwhile, some one or more 
boats will get in their torpedoes from an unexpected 

quarter. Numerous tests at manceuvres in many navies 

have shown that it is astounding how often torpedo- 

boats get in without being seen and when expected. Some 

people go so far as to say that the searchlight beam is 

the safest path of approach, and, in one navy, they 

practice running in it so as to get accustomed to the 

glare and to judge distances. 

In approaching to the attack, previous to discovery, 

reduced speed must be used so as to avoid white bow 

waves, smoke, and flame, and that peculiar and far- 

sounding hum which accompanies fast-running ma- 

chinery. Once discovered, or once within striking dis- 

tance, high speed becomes important, but it takes some 

little time to attain it after having once slowed. As 

between a speed of 20 and one of 30 knots the time it 

takes to cover 1,000 yards is only as 90 seconds to 60 

seconds. Can the 30-knot boat pass from 20 to 30 knots 

in 30 seconds? If you can build three boats of 22 knots 

for what two of 30 knots cost, and if the greater the 

number of attacking boats the better the chances, is it 

not wise to forego phenomenal speed? ‘This craze for 

great speed is illogical and tactically it is indefensible. 

Back of it is generally an advertisement for somebody. 

People who handle torpedo-boats have never sanc- 

tioned it. What they do ask is that boats be built in 

groups on identical designs, and that every reasonable 

effort be made to standardize fittings. As long as fit- 

tings are standardized, we may improve groups pro- 

gressively from year to year as experience dictates. 

We are boxing the compass in our torpedo-boat 

building programme, and there seems to be no known 

relation between horse-power and displacement. The 

real excuse for the boats is that they shall carry torpe- 

does. Let us look abroad and learn lessons. To say 

that we have not yet had experience enough to warrant 

us in standardizing fittings is begging the question. 
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From a military standpoint the standardizing is more 

important than that the fittings should be the latest 

complicated invention, largely experimental. It is 

a simple matter to decide, for instance, that all 

boats shall have the same size and type of water- 

tight doors, hatches, conning towers, hatch cov- 

ers, manholes, bunker plates, anchors, cables, 

winches, steering engines, annunciators, telltales, gal- 

leys, deck chests, navigation supplies, fenders, reels, 

compasses, torpedo-cranes, awnings, whistles, sirens, 

bunks, mess tables, etc. This would do to start with, 

but the logical culmination of the idea is to build the 

boats in groups with interchangeable parts. 

Before taking up the question of the proper relation. 

between tonnage and horse-power for first-class tor- 

pedo-boats, let us look at some of the questions of de- 

tail, as illustrated by foreign practice. We regard it as. 

essential, apparently, that a torpedo-boat of considerable 

size shall have twin screws. Great Britain has nearly 

100 first-class torpedo-boats, varying in tonnage up to. 

130 tons, and of which only one has twin screws. 

Austria has 30 of from 78 to 134 tons, all single screw. 

In Italy twin screws are used above 100 tons displace- 

ment, and single screws for boats of less tonnage. In 

France, with some 225 or more torpedo-boats of from 

75 to 150 tons displacement, all have twin screws; but, 

below 75 tons, single. In Russia, of the first-class boats. 

of from 75 to 140 tons, only one group of seven has. 

twin screws, although there are several other groups 

building in which this is also true. The vast majority 

are, however, single screw. In the Baltic countries, 

Germany, Denmark, Norway, and Sweden, practically 

all boats are single screw and have bow torpedo tubes. 

Nearly all the boats built by Schichau, of Elbing, Ger- 

many, are single screw, and this firm has built about 

half of the torpedo-boats of the world, but these boats. 

have a bow rudder which may be raised or lowered at 

will, and which, when in operation, increases the 

manceuyring power very much. This device is equally 

important in many of our twin-screw boats, since the 

pivot, in turning, is almost at the fore foot, and turning 

is best accomplished by throwing the stern about with 

the screws. A bow rudder would shift the pivot to 

about midships, and improve the manceuvring power 

considerably. 

As to bow torpedo tubes, we regard them as a folly, 

yet most of the boats of the world have them, and there 

is not, in Germany, a fighting vessel of any type, built 

or building, which does not have a bow tube either 

above or below the snout of the ram, below being the 

accepted position now. 

As to the argument as regards single vs. twin screws, 

the former with bow rudders handle quite as well as the 

latter without, and it is claimed for the single screw 

that: (1) There is a great saving in oil with only one 

engine, and, when we consider that with two it takes. 

about twenty-five gallons a day, this is important. 

(2) It takes fewer men to look out for one engine, the 

saving being at least two or three. (3) There are fewer 

moving parts, and, therefore, less chance of breakdown, 

while, at the same time, sufficient horse-power can be 

developed to give reasonable speed. (4) The weight 

and space of machinery is less, and greater strength can 

be afforded. After all, reliability of machinery is a mat- 

ter of design, of material, and of high-class workman— 
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ship, and single screws have quite as much to commend 

them as twin, provided sufficient horse-power can be 

developed. One of the great drawbacks to single screws 

is that their draft of water is greater, especially for boats 

with a skeg, or keel support for the heel of rudder, al- 

though in some of the Thornycroft and Yarrow boats 

there are no supports for the rudder, and thus some 

inches of draft are saved. 

As torpedo-boats abroad are frankly intended to 

manceuvre or cruise in groups, questions of spare parts, 

breakdowns, shortage in supplies, etc., are not so seri- 

ous, since the boats rely on one another somewhat in 

cases of emergency. Probably no country has developed 

her torpedo-boat system so thoroughly as Germany. 

Fully 90 per cent of her boats were built by Schichau, 

and the custom is to order them in groups of eight, all 

practically of similar design and with interchangeable 

parts. The tonnage has gradually increased from 85 to 

140 tons, as at present. Six of these boats form a group 

for manceuvring purposes, so that two of the eight are 

kept in reserve to take the place of any that may come 

to grief. There are ten large division, or ““D” boats, of 

from 250 to 380 tons displacement, and from 1,800 to 

5,500 horse-power. They are each a sort of flagship, or 

“mother” boat, for each group of six smaller ones, and 

accompany it everywhere. This division, or ““D” boat, 

carries the heavier spare parts for the six accompanying 

boats, such as cylinder-heads, piston-rods, propellers, 

and a reserve supply of stores and fittings. Each ‘‘divi- 

sion” has its headquarters at a certain navy yard and 

has a group of small storehouses at the water front, one 

for each boat, including the “D” boat and the two in 

reserve. When a whole division is in the second reserve 

all the stores of each boat are in its own storehouse, 

and the group of boats is tied up near the group of 

storehouses. Any deficiencies in stores or fittings are 

made up from the large central torpedo storehouse, 

where all articles are standardized. In the winter the 

boats in reserve are kept at a uniform temperature by 

means of steam coils, connected with the shore by pip- 

ing. Only when repairs are needed are boats hauled 

out, so that the division may always be ready to be put 
into commission for trials in 24 hours and ready for war 

in 48 hours. If in drills, or cruising, a boat is injured, 

it is astonishing to see how quickly a spare boat of the 

group is forthcoming, and ready with the crew of the 

injured boat. Boats in the second reserve are looked 

out for by the navy-yard force, and a vessel under repair 

is always in the second reserve. 

As to boilers, the locomotive type has at last disap- 

peared in newer boats. It retained its hold as long as it 

did through its adaptability for burning liquid fuel. The 

introduction of water-tube boilers has rendered it neces- 

sary to experiment somewhat as to the types best suited 

for burning petroleum refuse. In Germany they use, 

very largely, a German product called earth oil, un- 

fitted for refinement, and they burn it on the Italian 

system (cuneberti), but principally as an auxiliary fuel 

for high speeds and for starting fires quickly. The Rus- 

sian refuse oil is used in Italy, and it is stored in tanks 

at the principal dock-yards, there being on hand a large 

reserve for war. Practically, all of their torpedo-boats 

and fully thirty of their largest men-of-war use liquid 

fuel either entirely or as auxiliary to coal. In Russia 

experimenting goes on apace. Our country, of all 
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others, might well adopt liquid fuel, although the purity 

of the ordinary petroleum and lack of residue makes it 

necessary to conduct experiments. Its evaporative effi- 

ciency as compared with coal is as 2.27 to 1. For the 

same storage capacity it adds 60 per cent to the radius. 

of action of a boat; it can be delivered at sea from tank 

steamers in a few hours and in bad weather; it is abso- 

lutely free from danger of explosion and ignition, which 

coal is not; the amount used can be regulated accurate- 

ly; forced draught does not require extra work on the 

part of any one; there is no need to transport fuel long 

distances as with coal; it prevents rust in bunkers; if a 

bunker is pierced the petroleum flows out only to the 

level of the water; it maintains steam more economi- 

cally at anchor and in running slowly; the boiler does. 

not choke; there are no ashes to hoist; it is easier on 

the. boilers; it does away with coal passers; a water- 

tender can also fire; and above all it enables us to get 

steam quicker and to vary the pressure more easily at 

will. There is one thing to be considered, and that is- 

that the compressed-air method of feeding commends. 

itself in preference to the steam jet, because in the first 

place the air-compressing machinery must be in every 

boat anyway, and in the second place, the radius of ac- 

tion of a torpedo-boat is absolutely limited by her fresh- 

water supply, and not so much, as supposed, by fuel, al- 

though, of course, it takes fuel to distil water. It is im 

this question of fresh-water tanks and storage capacity 

that all these fancy yachts and phenomenal torpedo- 

boats prove failures for hard sea service. 

One of the most important questions to be asked 

about a torpedo-boat outside of the motive power is as 

to the capacity of her distillers and tanks. Moderate, 

reliable sea speed coupled with large capacity for carry- 

ing and distilling fresh water is the fundamental require- 

ment. Distilling ships to accompany ships operating: 

from a distant base are a modern naval necessity. Fresh 

water represents time and coal, and is not so readily ob- 

tained as coal, at least as a commercial article. With 

liquid fuel, a navy will have to provide itself with tank 

steamers for both fuel and water, more especially if the 

method of burning it is by the use of steam spray or jet, 

but even using the compressed air spray the amount of 

water required to make up feed-water is astonishing. 

All this suggests the question, ‘What are the desir- 

able characteristics of a first-class sea-going torpedo- 

boat?’ The answer here given is: (1) It should be as 

small as is consistent with seaworthiness, so as to offer 

as small a target and be as little visible as possible, and, 

at the same time, should offer a reasonably stable plat- 

form for its torpedo tubes. (2) It should be designed 

to have as small a bow wave as possible; its machinery 

should be as nearly noiseless as practicable; and it 

should not show flames or smoke from the stacks. (3) 

It should have a large fresh-water tank capacity and be 

fitted with two smaller evaporators and distillers in 

preference to one larger one. (4) It should have a rea- 

sonable bunker capacity. If for coal, the design should 

have in view the future use of liquid fuel. (5) The effi- 

ciency of the boat depending so largely upon the physi- 

cal condition of the crew, habitability should receive due 

consideration in the design. (6) Speed is not essential, 

although desirable, but a moderate reliable sea speed, 

obtained without forcing and without noise, flame, and’ 

vibration should be striven for. 
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The use of liquid fuel best avoids the question of 

‘flames and smoke from the stack, and noisy machinery 

and bow waves are best avoided by moderate speed se- 

cured by reliable machinery and boilers of ample power 

normally. A speed of 22-23 knots on a maximum dis- 

placement of 110 tons is here suggested for sea-going 

torpedo-boats, and 45 tons for harbor-defense boats, or 

boats of the second class. We have in the Morris and the 

Talbot, built by the Herreshoffs, a near approach to the 

ideal boats of the first and second class. Boats above 

110 tons are too large to go through the systems of 

canals in the interior waterway which connects, New 

York with South Carolina. On the Pacific Coast, except 

about Puget Sound, all of the harbors are practically 

bar-bound in bad weather, and first-class torpedo-boats 

will not prove as desirable as second-class ones, which 

are intended only for local harbor defense. Since the 

coast is so remote from any possible enemy, even a 

torpedo-boat is a luxury, although a number of sea- 
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Since 1893 the size of torpedo-boats has increased 

very considerably, as in France, where the latest type 

is 150 tons and 4,200 horse-power, with 30 knots speed; 

Germany, 140 tons displacement, 2,500 horse-power, and 

25 knots; and Italy, 150 tons, 2,700 horse-power, and 25 

knots. 

Just before the war with Spain, the United States 

bought at Schichau’s, Elbing, torpedo-boat No. 450, 

now called the Somers. She is a single-screw boat of 

143 tons displacement, 1,700 horse power, and a speed 

of 23 knots, and was built, in 1893, on the same lines 

as a group of other boats for the German navy, but 

with a quadruple-expansion instead of a triple-expan- 

sion engine. As there was no advantage demonstrated 
in the departure from the standard triple-expansion 

type, the German government declined to purchase 

her, and she was later offered to us. I person- 

ally recommended her purchase on the ground that 

whether or not she could be gotten across in 

the Pacific Coast for drill and training purposes, and in 

Puget Sound for service. 

The foregoing table shows the principal characteris- 

tics of a certain number of sea-going torpedo-boats of 

several countries, selected to correspond to a displace- 

ment of about I00 tons, but not as representing the 

standard type, although it may reasonably be assumed 

that any given boat represents the best at a given date of 

building. The “approximate average” is, of course, 

somewhat misleading, but is suggestive. As regards 

twin vs. single screws, it does not prove much. Both 
the draft and speed of the Morris are greater than given 

officially, although draft up to a certain point is a matter 

of little importance, since it is unsafe to fire a torpedo 

in less than 30 ft. of water, owing to the possible initial 

dive. For canals 6 ft. is not too much. It is estimated 

that for a boat of about 110 tons displacement it will re- 

quire about 1,550 horse-power to drive her 23 knots, 

and 3,100 horse-power for 30 knots; in other words, 

about twice as much. Of course a great deal depends 

upon the design of the boat. 

going torpedo boats and destroyers will be required on time to be of service in case of war, she was 
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a model boat, in many respects, since she was fitted 
with all the articles so carefully and systemat- 

ically standardized through all these years by the Ger- 

man navy, and there is not a detail in her that has not 

its lesson for us. Far from being a failure, as many 

believe who talk and never think, I personally con- 

ducted her trials, which were satisfactory, and would 

consider it an honor to command her. 

‘In the torpedo-boat discussion last year the follow- 

ing remarks were made [Transactions, Vol. VI, p. 66] 

which so nearly represent the exact opposite of what 

is here advocated that they are worth quoting:—‘I be- 

lieve we are very far from the final results: under the 

extreme speeds, and as to advocating a slower boat than 

our enemy has—why, it will undoubtedly place us in a 

hazardous position. * * * I believe there is plenty of 

ability in the country to develop men who can handle 

the more refined type of torpedo-boats, and I believe 

that it should be invited and should not be condemned 

any more than the use of the chronometer should. 

Without careful treatment it is certainly useless, and 
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the torpedo-boat is undoubtedly recognized as being a 

refined machine.” There is a good deal of miscon- 

ception in all this. A fleet operating on an enemy’s 

coast has with it torpedo-boat destroyers. Their base 

' is the fleet; their purpose, to hunt out and destroy the 

torpedo-boats of the enemy. To say that it is hazardous 

to have slower torpedo-boats than one’s enemy is to 

imply that torpedo-boats attack torpedo-boats. The 

technical opinion is that torpedo-boats operate from a 

port as a base. If two hostile ports are adjacent, then 

it might mean something. Of course, a destroyer can 

overtake a torpedo-boat, or is designed to do so. In 

a heavy sea an 18-knot cruiser might overtake a 30- 

knot destroyer. As regards a torpedo-boat being a 

“refined machine,” every effort should be made to get 

it out of that category. Of course, a torpedo-boat needs 

skillful and intelligent handling, but the cavalry does 

not use race horses, and high-stepping hackneys do 

not make good polo ponies. 

In conclusion, let it be understood that real progress 

is just as admissible with standardized fittings as with 

chaos. We can also learn several lessons from recent 

events. The Oregon and the Jowa gave a beautiful ob- 

ject lesson when they cut loose from a base in New 

York and reached, the one San Francisco, Cal., and the 

other, Manila, P. I., without having to rely on any 

supplies other than those they had in the auxiliaries 

accompanying them. Lieutenant Commander W. W. 

Kimball, U. S. N., has proposed that we adopt for 

sea-going torpedo-boats a similar scheme; that a cer- 

tain number of boats in a group have as a base a large 

depot steamer to carry coal, liquid fuel, oil, water, 

waste, compressed air, spare parts, medical officers, 

relief otticers and men, stores, supplies, repair shops, 

etc. This will enable us to shift the base from point 

to point, and make a fewer number of torpedo-boats 

cover a wider stretch of coast. With such a long coast 

line as we have, we can never afford to have all the 

torpedo-boats required. This would mean sea-going 

torpedo-boats for coast defense, and second-class boats 

for harbor defense, which is technically correct. Tor- 

pedo-boat destroyers, operating from a fleet as a base, 

would accompany said fleet wherever required to assist 

in protecting it from attack by the torpedo-boats of 

the enemy; in other words, in operations on the 

enemy’s own coast. This view of the use of destroyers 

and first and second-class torpedo-boats is in conform- 

ity with modern tactical and strategical ideas. 

A 500 Fr. LAKE STEAMER.—At the Lorain, O., ship- 

yard the steel lake freight steamer John W. Gates was 

launched last month. The new vessel is one of the 

four steamers of about 8,000 tons carrying capacity, 

building on the Great Lakes for the A. B. Wolvin and 

American Steel and Wire Co.’s interests. Her dimen- 

sions are: Length over all, 500 ft.; beam, 52 ft., and 

depth, moulded, 30 ft. The vessel is very strongly con- 

structed. Her water bottom is divided into thirteen 

water tight compartments, and the hold into six water 

tight compartments by cross bulkheads. She will be 

fitted with quadruple expansion engines, with cylinders 

16 1-2 in., 25 1-2 in., 38 1-2 in. and 60 in. dia. and 4o 

in. stroke, supplied with steam by Babcock & Wilcox 

water tube boilers. A propeller 14 ft. dia. and 15 1-2 ft. 

pitch will be fitted. 
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WORK OF THE U. S. ARMY TRANSPORT SER= 
VICE AT SAN FRANCISCO, CAL. 

Now that the transporting of a large army from 

the British Isles to South Africa is a matter of wide- 
spread comment among those interested in maritime 

affairs, and the general public, it is well to recall our 

recent experiences in this particular branch of sea 

traffic. The transportation of 40,000 troops across the 

Pacific to the Philippine Islands by the United States 

Army Transport Service at San Francisco was no easy 
undertaking. It necessitated the conversion of many 

“raw” merchant vessels into up-to-date transports 

adapted to all the requirements of the department; but 

this work, undertaken with the supervision of Colonel 

Oscar F. Long, U. S. A., an old campaigner and field 

companion of the late General Henry Lawton, was car- 

ried out with such rapidity and thoroughness as to win 

high praise from the authorities at Washington for the 

engineering talent on the Pacific coast. 

That so large an army of men could be sent to the 

front with so little embarrassment to the War Depart- 
ment, and with small loss to the Government in ships, 

machinery, and men, is a remarkable achievement 

considering the available facilities. The days of de- 

parting troops have now passed, the reorganized fight- 

ing forces having been reduced one hundred per cent., 

and consequently the demand for mechanical skilled la- 

bor has very greatly decreased. Nothing now remains. 

for the western division of the service to accomplish but 

to keep the regular fleet of transports in good repair; 

most of the chartered ships have been released, and 

only those owned by the Government will be kept on 

the route between San Francisco and Manila. 

This war experience was not without its effect on the 

engineering interests of the Pacific coast. When it be- 

came known that the War Department intended send- 

ing large reinforcements to the front, that a great fleet 

of ships would be employed, and that all the vessels 

would require considerable remodeling, the iron works 

of San Francisco commenced to improve their plants 

and arrange to compete for the work that was sure to be 

offered on the Pacific coast. Several of the larger 

plants were, of course, already prepared to do any line 

of mechanical work, but there were a number of small- 

er shops that had not the equipment necessary for 

turning out a first-class job. These plants were in- 

formed that entire impartiality would be observed and 

that their bids would be taken into consideration with 

those of the greater establishments. The result was 

the smaller shops were enlarged and received a fair 

proportion of the work, though the large works got 
most of the extensive contracts because of their better 

facilities. 

In order to realize what an undertaking the transport 

service was confronted with, it must be understood that 

the Government was without a sufficient number of 

steamers to draw upon in Pacific waters. The vessels 

secured were “raw” and engaged in the regular pursuits 

of commerce when spoken for. Many of the craft were 

without the ordinary equipment that might reasonably 

have been expected to be found on them. Operations 

were first commenced in May, 1808, and at that time 

there was not a steamer on the Pacific coast fitted for 

the transportation of men or stock to a port so dis- 
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tant as Manila. The ships of the Pacific Mail Steam- 

ship Company and the Oceanic Steamship Company, 

together with a couple of fast steamers belonging to 

the Pacific Coast Steamship Company, first at- 

tracted the attention of the Government officers. 

A number of these had been chartered to serve 

in the transporting of the volunteer army, but had been 

turned back, stripped of all the troopship fittings and 

made ready for regular commercial service again. The 

work of remodeling them had to be done all over again, 

and while the workmen were engaged on these pioneers 

of the “second call,’ messages were sent to the North 

and to the Orient querying owners of British tramps 

and American coasting craft. 

By the middle of June Colonel Long was relieved to 

find that he had enough tonnage in sight, subject to 

MARINE ENGINEERING. 

age of one thousand men to each sship. 

February, 1900. 

Hancock. Special care was taken with the finishing of 

the staterooms and officers’ quarters, free use being 

made of burled red wood, selected pine and hardwood. 

When a fleet of vessels had been secured for trans- 

port service attention was directed to the preparation 

of these vessels for their new service. A record was es- 

tablished by the discharging, repairing and reloading of 

eighteen vessels in as many days. The repairs to the 

fleet included not only general overhauling of the ma- 

chinery, but the tearing out and rearranging of bulk- 

heads, and the building of frames for bunks for an aver- 

It was found 

that many of the ships hastily purchased by the Gov- 

ernment were fitted with practically obsolete machin- 

ery. New boilers had to be furnished for some, and 

all required new deckhouses, lavatories for the men and 

ARRANGEMENT OF SOLDIERS’ LAVATORIES IN U. S. TRANSPOR1S FITTED OUT AT SAN FRANCISCO, CAL. 

charter or purchase, to carry 25,000 men. In the mean- 

time the regular army transports, Warren, Sheridan, 

Grant, Sherman, Hancock and others, some of which 

were fitted out in Atlantic coast yards, were being 

counted on for immediate service. These ships had al- 

ready voyaged to Manila and were in need of an ex- 

tensive overhauling. It was decided to make the Han- 

cock a particularly fine specimen of the American trans- 

port. Features of the equipment were a large refrig- 

erating plant, with a capacity for storing enough meat 

to last 1,000 men four months; a soldier’s kitchen pro- 

vided with all kinds of appliances for steam cooking; 

an armory, magazines, and specie tank, all of large ca- 

pacity. About $100,coo were expended in refitting the 

shower baths, besides the regulation soldiers’ kitchens. 

The same class of lavatories was placed on all the 

ships. They were modeled after those in use on the 

Sherman, Sheridan and Grant, and consisted of granite 

ware and porcelain basins with stop-cocks and open- 

work plumbing placed on tile floors. Patent closets 

were set in all the forward and after lavatory quarters. 

On deck a series of zine troughs was set near the 

rails and connected with hot-water pipes. These sinks 

were intended for the washing of soldiers’ dishes, and 

some for general cleansing purposes. Isolation hospi- 

tals were built in the after part of the ships or on top- 

of the after deckhouses. These usually contained a 

ward and operating room and staterooms for the Red 
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Cross corps. Storerooms were enlarged and extra 

lighting apparatus put in. 

The transport service was confronted with a very se- 

rious situation when so many steamers were forced on 

the market for coal supplies. The dealers had not a 

sufficient supply on hand, and any sort of fuel had 

to be accepted that was offered. Next came the oil 

trouble. Certain oils were contracted for, and when 

examined it was found that much was unfit for use. 

It contained so much grit that it wore down the bear- 

ings of the machinery, necessitating the removal of 

the damaged parts on the return of the transports from 

their first trips out. The oil contracts were relet, and 

very little trouble was experienced with lubricants when 

special inspection was made of all oils delivered. 

When so many vessels had to be selected from out of 

a comparatively small number of available ships it was 

not in every case possible to get them in a thoroughly 

satisfactory condition. When placed in service, how- 

ever, few of the vessels behaved badly. Sensational 

newspaper reports concerning the condition of the 

transport Manauense, which arrived out after a 

perilous voyage, were widely published, in which 

it was made to appear that the vessel was unsea- 

worthy when sent out as a transport. An inquiry into 

the circumstances connected with the taking over of the 

vessel for Government use showed that repairs made on 

it were not carried out by the Government, but by the 

owners of the vessel, who expended about $21,000 on 

the work. On receiving the vessel the transport off- 

cers had fitted it with bunks for the use of 450 men, 

and had also put in special fittings in the cabin and 

general quarters. The vessel had come from the 

Orient to San Francisco, and had made one coast trip 

before being put into service as a transport. She was 

chartered to the Government for $500 a day. The ves- 

sel was passed by the local U.S. Inspectors of Hulls and 

Boilers and by Lloyd’s surveyor, and she was believed 

to be in good, seaworthy condition when she was sent 

to Manila with troops. It is velieved in San Francisco 

that the trouble with the machinery of the vessel was 

probably due to negligence or incompetence in the op- 

eration of the vessel, and the story that she sprang 

a leak is discredited. In the opinion of the engineer- 

ing staff of the transport service the chief cause of 

trouble was in the construction of the vessel. She is of 
the spar deck type, and between her poop and bridge 

houses there is a space sufficient to hold an immense 

quantity of water should a heavy sea be shipped. On 

her voyage out the vessel was caught in a typhoon and 

is supposed to have shipped a number of seas and been 

flooded, as her freeing ports were not of a sufficient 

capacity to carry off the water. 

The Manauense is an old iron screw steamer built in 

1874 at Port Glasgow, Scotland. Her dimensions are: 

Length, 281 ft.; beam, 32 ft.; depth, 23 ft.; gross ton- 

nage, 1,672 tons. She is fitted with compound engines, 

with cylinders 41 in. and 71 in. by 42 in. stroke. 

From May, 1808, to date the transport officers have 

handled 126 ships, almost all of which needed repairs 

of one sort or another. The engineering work was in 

charge of Superintending Engineer J. H. Matthews and 

his assistant, Mr. Humphries, working under the direc- 

tion of Colonel Long in command of the service. 

February, 1900. 

S. Y. [Margarita for A. J. Drexel. 

The accompanying drawings show the outlines and 

accommodations of the steam yacht Margarita, now 

building at the Scott Yard, Greenock, on the Clyde, for 

A. J. Drexel, of Philadelphia. The yacht is a Watson 

design, and is a large full-powered sea-going vessel of 

these dimensions: Length over all, 323 ft.; load water 

line, 272 ft.; beam, extreme, 36 ft. 7 in.; load draft, 16 ft. 

8 in. She will have the usual clipper bow, overhung 
stern, two pole masts with a fore and aft sail spread and 

one funnel. She is flush decked, the side plating being 
carried up at the ends, with rail carried on stanchions 

along the sides of the main deck. 

Steel is, of course, the material used for the construc- 

tion of the hull and also of the decks, the latter being 

covered with teak. A double bottom is carried the en- 

tire length, and there are ten watertight compartments 

in all. There is a large amount of promenade space on 

the main deck, as the deck house is not continuous. 

Just aft of the foremast a small house contains the 

smoking room and spacious vestibule, »with staircase 

communicating with the chart room and pilot house 

above and living rooms below. Abaft the funnel there 

is a spacious skylight or dome over the main dining 

room, and aft of this come the engine casing, and deck 

house, containing vestibule and boudoir, all of steel, 

paneled with teak wood. 

The Margarita will have twin screws, driven by triple 

expansion engines of about 5,000 I.H.P., designed to 

give a trial speed of 17 knots.. Boilers will be of the 

cylindrical, multitubular type. The coal capacity figures 

out 550 tons, and there is large water capacity in the 

double bottom and tanks. A modern equipment of 

auxiliaries will be carried, including a refrigerating 

plant with a rated capacity of 1,200 lbs. of ice a day, 

electric lighting plant of 800 lights capacity, and an ex- 

tensive system of mechanical ventilation. 

As customary in vessels of this class, the scheme of 

decorating and finishing is very elaborate. The loca- 

tion of the various compartments is shown on the ac- 

companying plans. The drawing room, which will ex- 

tend the entire width of the ship, will be finished in 

Louis XV. style, the dining room in Chippendale, and 

the social hall or library in Empire style. In this room 

the wood work will be carved Spanish mahogany, with 

decorated stained glass dome. The smoking room in 

the forward main deck house will be treated in old Eng- 

lish style, with oak paneling, and the boudoir in the 

after house will be finished in white wood. A rail will 

be carried around the top of the after house, and this 
space will be used as an observation platform by the 

guests. A feature of the equipment will be an armory 

supplied with rifle caliber automatic guns and small 

arms. 

Eight boats will be supplied, including a steam and a 

naphtha launch. A crew of sixty-eight men all told 

will be carried. 
It has been the intention to build a roomy, habitable 

boat in which long voyages can be undertaken in com- 
fort. 

A new coaching launch for Harvard to replace the 

Frank Thompson burned recently is to be built by Law- 

ley & Son, of South Boston. The dimensions of the 

new boat will be: Length, 5r ft.; beam, 7 ft. 10 in., and 
draft, 3 ft. 
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REVIEW OF PAST PROGRESS IN STEAII NAVI= 

_ = GATION AND; FORECAST OF FUTURE 

DEVELOPIMENT.*—III. 

BY SIR WILLIAM WHITE, CONSTRUCTOR-IN-CHIEF, R. N. 

The earlier theories cf resistance assumed that the 

resistance experienced by ships varied as the square 

of the speed. We now know that the frictional resistance 

of clean-painted surfaces of considerable length vary as 

the 1.83 power of the speed. This seems a small differ- 

ence, but it is sensible in its effects, causing a reduction 

of 32 per cent at Io knots, nearly 40 per cent at 20 knots, 

and 42 per cent at 25 knots. On the other hand, it is 

now known that the laws of variation of the residual 

or wave-making resistance may depart very widely from 

the law of the square of the speed, and it may be inter- 

esting to trace for the typical destroyer how the resist- 

ance actually varies. 

Take first the total resistance. Up to 11 knots it va- 

ries nearly as the square of the speed; at 16 knots it 

has reached the cube; from 18 to 20 knots it varies as 

the 3.3 power. Then the index begins to diminish; at 

22 knots it is 2.7; at 25 knots it has fallen to the square; 

and from thence to 30 knots it varies practically as does 

the frictional resistance. The residual resistance varies 

as the square of the speed up to II knots; as the cube, 

at 12 1-2 to 13 knots; as the fourth power, about 14 1-2 

knots; and at a higher rate than the fifth power at 18 

knots. Then the index begins to fall, reaching the 

square at 24 knots, and falling still lower at higher 

speeds. It will be seen, therefore, that when this small 

vessel has been driven up to 24 or 25 knots by a large 

relative expenditure of power, further increments of 

speed are obtained with less proportionate additions to 

the power. 

Passing from the destroyer to the cruiser of similar 

form but of 14,100 tons, and once more applying the 

scale of comparison, it will be seen that to 25 knots 

in the destroyer corresponds a speed of 47 1-2 knots in 

the large vessel. In other words, the cruiser would not 

reach the condition where further increments of speed 

are obtained with comparatively moderate additions of 

power until she exceeded 47 knots, which is an impos- 

sible speed for such a vessel under existing conditions. 

The high speeds that could be reached by the cruiser 

with propelling apparatus of the lightest type yet fitted 

in large sea-going ships would correspond to speeds 

in the destroyer, for which the resistance is varying 

.as the highest power of the speed. These are sugges- 

tive facts. 

Frictional resistance, as is well known, is a most im- 

portant matter in all classes of ships and at all speeds. 

Even in the typical destroyer this is so. At 12 knots the 

friction, with clean-painted bottom, represents 80 per 

cent of the total resistance; at-16 knots, 70 per cent; 

at 20 knots a little less than 50 per cent; and at 30 knots 

45 per cent. If the coefficient of friction were doubled, 

and the maximum power developed with equal ef- 

ficiency, a loss of speed of fully 4 knots would result. 

In the cruiser of similar form the friction represents 90 

per cent at 12 knots, 85 per cent at 16 knots, nearly 80 

*From a paper read before the British Association, Mechan- 

{cal Science Section. 
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per cent at 20 knots, and over 70 per cent at 23 knots. 

If the coefficient of friction were doubled at 23 knots, 

and the corresponding power developed with equal ef- 

ficiency. the loss of speed would approximate to 4 

knots. These illustrations only confirm general ex- 

perience that clean bottoms are essential to economical 

propulsion and the maintenance of speed, and that fre- 

quent docking is necessary in vessels with bare iron or 

steel skins which foul in a comparatively short time. 

POSSIBILITIES OF FURTHER INCREASE IN SPEED. 

From the facts previously mentioned it is obvious 

that the increase in speed which has been effected is 

the result of many improvements, and has been accom- 

panied by large additions to size, engine power, and 

cost. These facts do not discourage the inventor, who 

finds a favorite field of operation in schemes for attain- 

ing speeds of 50 to 60 knots at sea in vessels of mod- 

erate size. Sometimes the key to this remarkable ad- 

vance is found in devices for reducing surface friction 

by the use of wonderful lubricants to be applied to the 

wetted surface of ships, or by interposing a layer of air 

between the skins of ships and the surrounding water, 

or other departures from ordinary practice. If these 

gentlemen would ‘“‘condescend to figures” their esti- 

mates or guesses would be less sanguine. In many 

cases the proposals made would fail to produce any 

sensible reduction in resistance; in others it would in- 

crease resistance. Other proposals rest upon the idea 

that resistance may be largely reduced by adopting 

novel forms, departing widely from ordinary ship 

shapes. 

Very often small-scale experiments, made in an un- 

scientific and inaccurate manner, are adduced as proofs 

of the advantages claimed. In other instances mere as- 

sertion is thought sufficient. Ordinarily no regard is 

had to other considerations, such as internal capacity, 

structural weight and strength, stability, and seaworthi- 

ness. Most of these proposals do not merit serious 

consideration. Any which seem worth investigation 

can be dealt with simply and effectively by the method 

of model experiments. A striking example of this 

method will be found in the usual form of a parliament- 

ary paper—No. 313 of 1873—containing a report made 

by William Froude to the Admiralty. Those interested 

in the subject will find therein much matter of special 

interest in connection with the conditions attending ab- 

normally high speeds. It must suffice now to say that 

ship-shaped forms are not likely to be superseded at 

present. 

The most prolific inventions are those connected with 

supposed improvements in propellers. One constantly 

meets with schemes guaranteed by the proposers to 

give largely increased efficiency and corresponding ad- 

ditions to speed. Variations in the numbers and forms 

of screws or paddles, the use of jets of water or air 

expelled by special apparatus through suitable openings, 

the employment of explosives, imitations of the fins of 

fishes, and numberless other departures from established 

practice, are constantly being proposed. As a rule 

the “inventors” have no intimate knowledge of the sub- 

ject they treat, which is confessedly one of great diffi- 

culty. When experiments are adduced in support of 

proposals they are almost always found to be inconclu- 

sive and inaccurate. More or less mathematical dem- 
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onstrations find favor with other inventors, but they 

are not more satisfactory than the experiments. An air 

of great precision commonly pervades the statements 

made as to possible increase in efficiency or speed. I 

have known cases where probable speeds with novel 

propellers have been estimated—or guessed—to the 

third place of decimals. 

In one such instance a trial was made with the new 

propeller, with the result that, instead of a gain in ef- 

ficiency, there was a serious loss of speed. Very few 

of the proposals made have merit enough to be subject- 

ed to trial. None of them can possibly give the bene- 

fits claimed. It need hardly be added that, in speaking 

thus of so-called “inventors,” there is no suggestion 

that improvement has reached its limit, or that further 

discovery is not to be made. On the contrary, in re- 

gard to the forms of ships and propellers, continuous 

investigation is proceeding, and successive advances are 

being made. From the nature of the case, however, 

the difficulties to be surmounted increase as speeds rise; 

and a thorough mastery of the past history and present 

condition of the problems of steamship design and pro- 

pulsion is required as a preparation for fruitful work in 

the nature of further advance. 

It would be idle to attempt any predictions as to the 

characteristic features of ocean navigation sixty years 

hence. Radical changes may well be made within that 

period. Confining attention to the immediate future, 

it seems probable that the lines of advance which I have 

endeavored to indicate will remain in use. Further re- 

ductions may be anticipated in the weight of propelling 

apparatus and fuel in proportion to the power devel- 

oped; further savings in the weight of the hulls, arising 

from the use of stronger materials and improved struc- 

tural arrangements, improvements in form, and enlarge- 

ment in dimensions. If greater drafts of water can be 

made possible, so much the better for carrying power 

and speed. For merchant vessels commercial consid- 

erations must govern the final decision; for warships 

the needs of naval warfare will prevail. It is certain 

that scientific methods of procedure and the use of 

model experiments on ships and propellers will become 

of increased importance. Already avenues for further 

progress are being opened. For example, the use of wa- 

ter-tube boilers in recent cruisers and battleships of the 

royal navy has resulted in saving one-third of the 

weight necessary with cylindrical boilers of the ord- 

inary type to obtain the same power, with natural draft 
in the stokeholds. 

Differences of opinion prevail as to the policy of 
adopting particular types of water-tube boilers; but the 
weight of opinion is distinctly in favor of some type of 
water-tube boiler in association with the high steam 
pressures now in use. Greater safety, quicker steam 
Yaising, and other advantages as well as economy of 
weight, can thus be secured. Some types of water-tube 
boilers would give greater saving in weight than the 
particular type used in the foregoing comparison with 
cylindrical boilers. Differences of opinion prevail also 
as to the upper limit of steam pressure which can with 
advantage be used, taking into account all the condi- 
tions in both engines and boilers. From the nature of 
the case, increases in pressure beyond the 160 Ib. to 180 
Ib. per square inch commonly reached with cylindrical 
boilers cannot have anything like the same effect upon 
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economy of fuel as the corresponding increases have 

had, starting from a lower pressure. Some authorities 

do not favor any excess above 250 lb. per square inch 

on the boilers, others would go as high as 300 lb., and 

some still higher. 

Passing to the engine-rooms, the use of higher 
steam pressures and greater rates of revolution may and 

probably will produce reductions in weight compared 

with power. The use of stronger materials, improved 

designs, better balance of the moving parts, and close 

attention to details have tended in the same direction 

without sacrifice of strength. Necessarily there must 

be a sufficient margin to secure both strength and en- 

durance in the motive power of steamships. Existing 

arrangements are the outgrowth of large experience, 

and new departures must be carefully scrutinized. The 

use of rotary engines, of which Mr. Parsons’ turbo- 

motor is the leading example at present, gives the pros- 

pect of still further economies of weight. Mr. Parsons 

is disposed to think that he could about halve the 

weights now required for the engines, shafting and pro- 

pellers of an Atlantic liner, while securing proper 

strength and durability. If this could be done in as- 

sociation with the use of water-tube boilers, it would 

effect a revolution in the design of this class of vessels, 

permitting higher speeds to be reached without exceed- 

ing the dimensions of existing ships. 

It does not appear probable that, with coal as the fuel, 

water-tube boilers will surpass in economy the cylin- 

drical boilers now in use; and skilled stoking seems es- 

sential if water-tube boilers are to be equal to the other 

type in rate of coal consumption. The general prin- 

ciple holds good that as more perfect mechanical appli- 

ances are introduced, so more skilled and disciplined 

management is required in order that the full benefits 

may be obtained. In all steamship performance the 

“human factor” is of great importance, but its impor- 

tance increases as the appliances become more complex. 

In engine-rooms the fact has been recognized and the 

want met. There is no reason why it should not be 
similarly dealt with in the boiler-rooms. 

Liquid fuel is already substituted for coal in many 

steamships. When sufficient quantities can be obtained 

it has many obvious advantages over coal, reducing 

greatly manual labor in embarking supplies, conveying 

it to the boilers, and using it as fuel. Possibly its ad- 

vocates have claimed for it greater economical advan- 

tages over coal than can be supported by the results of 

extended experiment. Even if the saving in weight for 

equal evaporation is put as low as 30 per ceat of the 

corresponding weight of coal, it would amount to 1,000 

tons on a first-class Atlantic liner. This saving might 

be utilized in greater power and higher speed or in in- 

creased load. There would be a substantial saving on 

the stokehold staff. At present it does not appear that 

adequate supplies of liquid fuel are available. Com- 

petent authorities here and abroad are giving attention 

to this question, and to the development of supplies. 

If the want can be met at prices justifying the use of 

liquid fuel, there will undoubtedly be a movement in 

that direction. 

Stronger materials for the construction of hulls are 

already available. They are, however, as yet but little 

used, except for special classes of vessels. Mild steel 

has taken the place of iron, and effected considerable 
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savings of weight. Alloys of steel with nickel and 

other metals are now made, which give strength and 

rigidity much superior to mild steel, in association with 

ample ductility. For destroyers and torpedo boats this 

stronger material is now largely used. It has also been 

adopted for certain important parts of the structures 

of recent ships in the royal navy. Of course, the strong- 

er material is more costly, but its use enables sensible 

economies of weight to be made. It has been estimated, 

for example, that in an Atlantic liner of 20 knots aver- 

age speed about 1,000 tons could be saved by using 

nickel steel instead of mild steel. This saving would 

suffice to raise the average speed more than a knot, 

without varying the dimensions of the ship. Alloys of 

aluminium have also been used for the hulls or por- 

tions of the hulls of yachts, torpedo boats, and small 

vessels. Considerable savings in weight have thus been 

effected. On the other hand, these alloys have been 

seriously corroded when exposed to the action of the 

sea water, and on that account are not likely to be ex- 

tensively used. Other alloys will probably be found 

which will be free from this defect, and yet unite light- 

ness with strength to a remarkable degree. Other ex- 

amples might be given of the fact that the metallurgist 

has by no means exhausted his resources, and that the 

shipbuilder may look to him for continued help in the 

struggle to reduce the weights of floating structures. 

It is unnecessary to amplify what has already been 

said as to possible increase in the efficiency and types 

of propellers. With limited draft, as speeds increase 

and greater powers have to be utilized. multiple pro- 

pellers will probably come into use. Mr. Parsons has 

shown how such problems may be dealt with; and other 

investigators have done valuable work in the same di- 

rection. In view of what has happened, and is still hap- 

pening, it is practically certain that the dimensions of 

steamships have not yet attained a maximum. Thanks 

to mechanical appliances, the largest ships built, or to 

be built, can be readily steered and worked. In this 

particular difficulties have diminished in recent years 

notwithstanding the growth in dimensions. Increase in 

length and weight favors the better maintenance of speed 

at sea. The tendency, therefore, will be to even greater 

regularity of service than at present. Quicker passages 

will to some extent diminish risks, and the chance of 

breakdown will be lessened if multiple propellers are 

used. Even now, with twin screws, the risk of total 

breakdown is extremely small. 

Whatever may be the size and power of steamships 

there must come times at sea when they must slow down 

and wait for better weather. But the larger and longer 

the vessel the fewer will be the occasions when this pre- 

caution need be exercised. It must never be for- 

gotten that as ships grow in size, speed, and cost, so the 

responsibilities of those in charge increase. The cap- 

tain of a modern steamship needs remarkable qualities 

to perform his multifarious duties efficiently. The chief 

engineer must have great powers of organization as well 

as good technical knowledge, to control and utilize most 

advantageously the men and machinery in his charge. 

Apart from the ceaseless care, watchfulness and skill of 

officers and men, the finest ships and most perfect ma- 

chinery are of little avail. The “human factor” is often 

forgotten, but is all-important. Let us hope that in 

the future as in the past, as responsibilities increase so 

will the men be found to bear them. 
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Schichau Torpedo Boats. 

Among the foreign builders of vessels of the torpedo 
classes, F. Schichau of Elbing, West Prussia, has a. 

high standing and reputation. His first boat was built. 

for the Russian Government in 1877, and was a small 

affair with a speed of 16 knots. Since that time this- 

German builder has turned out a very large number of 

vessels, not only for the Navy of his own country, but 

for the Governments of Russia, Italy, Austria, Norway, 

Sweden, Turkey, China, Japan and Brazil. We print 

herewith a typical group of vessels by this builder, 

ranging from a small torpedo boat for the Russian 

Government to the large full-powered destroyers which 

he recently turned out for China. The originals of 
these views are by one of the most famous German: 

marine painters, and are made from actual sketches, 

showing the behavior of these small craft in various- 

seas. In our issue of March, 1890, we published par- 

ticulars of one of the new Schichau destroyers built for 

China, for which a trial speed (light) in excess of 35. 

knots was claimed. This speed, too, was secured with 

the use of reciprocating engines. In our own navy we 

have one Schichau vessel, the torpedo boat Somers. She 
is a single screw boat of 143 tons displacement, and 

quadruple expansion engines of 1,700 horse power, and’ 

has a maximum speed of 23 knots. Her boiler is of the 

now abandoned marine locomotive type. This boat was. 

purchased during the Spanish war. 

ANNUAL ReEport.—The annual report of the Secretary 

of the Treasury shows that the work performed by ves- 

sels of the Revenue Cutter Service during the year, aside 

from participation in naval operations during the Span- 

ish war, included the following: Miles cruised, 239,061 ; 

lives saved from drowning, 18; vessels boarded and pa-. 

pers examined, 18,039; vessels seized and reported for 

violations of law, 142; fines and penalties incurred by 

vessels reported, 28,970; vessels in distress, 111; value of 

vessels assisted and their cargoes, $1,735,762; persons om 

board vessels assisted, 946; persons in distress taken om 

board and cared for, 62. Two new vessels for the ser- 

vice will soon be contracted for, one for the Great Lakes. 

and the other for the Pacific coast. It is again recom- 

mended that several of the old cutters be sold out of 

the service and that as many new vessels be built to 

replace them. 

U. S. Forercn ComMmerce.—For the fiscal year end-. 

ing June 30, 1899, the foreign commerce of the United’ 

States reached a total of $1,924,171,000. This includes. 

all exports and imports, other than gold and silver. Of 

this total, New York got the largest share, the imports. 

amounting to $465,559,650 and exports $450,444.217. 
Boston comes next, with imports footing up $52,097,- 

960 and exports $128,037,149. Of the other cities only 

Baltimore and Philadelphia transacted a business in ex- 

cess of $100,000,000 during the year. 

New RevENUE Cutter.—Designs for a new revenue 

cutter for the Great Lakes have been prepared by the 

engineering staff of the service. The new vessel is to 

be of these dimensions: Length, 178 ft.; beam, 30 ft. ;. 

depth, 15 ft. She will be fitted with triple expansion 

engines with cylinders 17 in., 27 in. and 43 in. dia. and 

24 in. stroke. Steam will be generated in two single 

ended cylindrical boilers at a working pressure of 16 

lb. The new vessel will be built of steel and will cost 

about $165,000. 
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COMPARISON BETWEEN PERFORMANCES OF 

TWO SEA-GOING STEAMSHIPS.*—III. 

BY J. D. M’ARTHUR, MEMBER. 

With regard to the distribution of power in the cyl- 

inders, B was at a great disadvantage compared with 

A, for while in the latter the division of work was 

fairly uniform, in B the opposite obtained, the L.P. 

engine developing power fully 30 per cent, and the 

L.P. also, in excess of the H.P. 

This was partly original sin, considerably augmented, 

however, by the bad state of the H.P. cylinder barrel 

and piston. The former tapered 1-8 in. between the 

top and bottom, the larger diameter being 24 7-16 in., 

or 7-16 in. greater than the original size, and this after 

barely four years’ running. The barrel was separate 

from the cylinder, but appeared to have been cast of 

sole-plate metal, softer if anything, and chipping ridges 

off was a constant job. 

Originally the H.P. piston had a flat junk-ring, and 

a floating or bull ring, fitted with Ramsbottom springs, 

3-4 in. square section; but on her first voyage one of 

the junk-ring bolts worked back, breaking the junk- 

ring and bending the rod. The new ring supplied had 

-the bull-ring cast in one piece with it, Ramsbottom 

springs being still adhered to. During a subsequent 

voyage, another junk-ring bolt was thrown out, this 

time, however, incredible as it may seem, without doing 

any damage. The ship at the time was within a few 

hours of port, on a lee shore, with a strong breeze 

blowing. After arrival the casing cover was lifted, and 

the bolt found in two pieces, having been cut by the 

piston valve as clean as if done in a shearing machine. 

The clearance spaces in all the cylinders were large, 

and those above the pistons were increased by the 

amount the engines were down. This fact probably 

saved the cylinder cover from being knocked off or 

the piston rod from again being bent, for the bolt (1 1-4 

in. diameter) must have slacked well back out of the 

nut first, and then jumped clear of the hole on the 

down stroke, lain flat on the piston, and been carried 

by the exhausting steam through the port to the piston 

valve, which sheared it through on its up-stroke when 

closing the port to exhaust, a slight indentation on the 

edges of the valve and port being the only visible 

damage. 

Even when the springs were new, however, and the 

piston in a fairly tight condition, the power developed 

in the I.P. engine preponderated, although the L.P. ex- 

pansion was shut well in, showing clearly that the valve 

and the pulleys required alteration. Expansion blocks 

were without grades or marks of any description, so 

the only guide to the position of cut-off was the indi- 

cator card, and time in port abroad was too fully occu- 

pied in carrying on the necessary work to have any 

to devote to valve-setting. 

As has been already mentioned, both the steering 

and fan engines received steam at full boiler pressure. 

The valves of steering engines, in order to permit of 

reversal with a single fixed eccentric, possess neither 

lap nor lead, and so these engines are extremely waste- 

* Read before the Institute of Marine Engineers, London, 

England. 
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ful of steam, both with regard to the quantity required 

to drive them and through leakage past the valves. 

Working under such a high pressure as 160 lbs., and 

exhausting to the condenser at practically that same 

pressure, the loss of heat is all the greater, leaving out 

of account the increased difficulty of keeping the glands 

tight, and the loss thereat. The case of the fan engine 

is, perhaps, not so bad, but still a more economical re- 

sult might be attained by the use of steam reduced to 

80 lb., or thereabouts. If instead of exhausting into the 

condenser, these engines, or others similarly wrought, 

were arranged so that their exhausts could be turned 

into the L.P. casing when at sea, the effect would prob- 

ably be beneficial—first, by slightly increasing the pres- 

sure; and, secondly, by surrendering their excess of 

heat, and so diminishing condensation in the casing, 

thus increasing the power of the L.P. engine in two 

ways, without increasing the back pressure on the pis- 

tons to any great extent by reason of the bends and 

length of piping. 

The condenser itself was a conspicuous source of loss, 

but the fault in this case lay not so much with the de- 

sign as the management at sea; although, so far as. 

could be learned, the vacuum was from the first more 
or less bad. An attempt to reduce the wearing and 

scoring of the H:P. cylinder by a lavish application of 

oil soon made its effects felt both in the condenser and 

boilers. It would appear that engine-oil had been used 

to make the valve-oil spin out, its probable effect on 

the boilers never being taken into account till corrosion 

obtained a good hold, particularly of the lower parts. 

of combustion chambers, lower water-space stays and 

steam-space stays. One or two of the combustion 

chamber back plates also showed signs of buckling, and 

the dirt which caused this very probably owed some 

part of its non-conducting quality to the presence of 

grease. After the use of oil was discontinued the cor- 

rosion in a great measure ceased, but having once got 

a hold in places where the plates and stays cannot be 

scraped thoroughly clean, its progress is still manifest 

in spite of a liberal distribution of zinc plates over the 

worst affected spots, and the daily injection of soda. 

The ratio of heating surface in the boilers to cooling 

surface in the condenser was as two to one, and at the 

power usually developed there were 2 sq. ft of cooling 

surface per IL.H.P. The air-pump being also of ample 

size, and in fairly good order, there was no apparent 

reason why the vacuum should not have been originally 

good, but to such an extent had grease accumulated on 

the outside of the tubes, and scale on the water side, 

that in water of the temperature of 78 deg. to 80 deg., 

only 17 in. of vacuum was obtainable, the temperature of 

the hot well being 185 deg., and the discharge water 

110 deg. The high temperature of the hot well neces- 

sitated the vapor from the evaporator being discharged’ 

into the condensor, which, besides further impairing the 

vacuum, greatly enhanced the cost of the fresh water. 

This result was achieved in less than four years, during. 

the regime of three chief engineers, without apparently 

exciting much comment. 

From what has been already mentioned of the prev- 

alence of dust in the engine-room, it will hardly be 

necessary to say that the wear and tear of bearings, 

etc., in B was much greater than in A, the common: 
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ditional percentage of carrying power so gained. 
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-design of the hulls. 
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rate of wear of the guide-shoes, for instance, being 

about 1-8 in. in six months, more, rather than less; this, 

of course, did not help the packing in any way, and 

ou a long run meant stopping and lining up. 

Several other features of the general arrangement 

afforded scope for improvement, but as they have no 

bearing on the economical aspect of the question, they 

may be left out of account, so that the only points re- 

maining which call for comment are the propellers and 

Both ships were provided with 

propellers of the ordinary four-bladed type, A’s. being 

18 ft. 6 in. dia. and 18 ft. pitch; B’s 16 ft. 6 in. dia. and 

17 ft. 6in. pitch, the pitch being uniform in both cases, 

and blades of steel. In smooth water, at ordinary 

speed, the apparent slip of A’s propeller was about 6 

per cent, and during a voyage, in which no very strong 

or incessant head-winds were encountered, it did not, 

as a rule, much exceed II to 12 per cent, the ship pos- 

sessing a fairly easy entrance and good run. On the 

other hand, in B, model was entirely sacrificed to car- 

rying capacity, the entrance being very bluff, the run 

and under-water body very full. The actual values of 

the co-efficients of displacement and circumscribing 

rectangle are unknown to the author, but, judging from 

appearance, these must have been pretty close to the 

highest found in ordinary practice, and were unmistak- 

ably greater than those of A. With bottom freshly 

painted, and just out of dry dock, in smooth water, the 

slip of B’s propeller was not less than 10 or 11 per 

cent, and it rose very quickly with even a mod- 

erate head-wind or swell, showing that to a great ex- 

tent the bluffness of form brought about a loss of per- 
formance not at all compensated for by the slightly ad- 

In 

conclusion, it may be noted that, while A was a stiff 

ship, and a heavy roller in a sea-way, B was crank, but 

an excellent sea boat. Loaded full to the hatches, with 

a homogeneous cargo of sufficient weight to submerge 

her to the ordinary draught, the metacentric height 

must have been very small, practically nil for small 

angles of heel, although at greater angles it was evi- 

dently sufficient, and the range of stability good 

enough. It was almost an impossibility to keep her 

on an even keel, however, and it only required a mod- 

erate breeze on the beam to list her over 3 deg. or 4 

deg., where she would lie until either the wind came 

off the other side, or sufficient coal had been worked 

off the low side to bring her up. She had more tumble- 

home in her sides than is usual nowadays, and this, 

by reducing the beam at the load water-line, together 

with the fullness of her under-water form, and conse- 

quently greater displacement, would assist in lowering 

the metacenter, but that point will be left open for 

the opinion of those better acquainted with the subject. 
She was fitted with bilge keels, or rolling chocks, and 

that these materially help to steady a ship can be real- 

ized by anyone who has watched the surging and boil- 

ing of the water caused by them as the ship rolls in a 
To these, and the fact of her being tender, 

the safety of the ship and lives on board of her may be 

ascribed; for had she been a heavy roller in the weather 

and under the conditions experienced not long ago, 

this paper would probably never have been written. 

Stated briefly, in order to be readily seen for dis- 

cussion, the various advantages, or supposed advan- 
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tages, of A over B may be grouped together as fol- 

lows: (1) Equal distribution of power between the cyl- 

inders. (2) Use of a slide valve in H.P. cylinder, as 

compared with a block piston-valve, and greater steam- 

tightness of valve and piston. . (3) Increased tempera- 

ture of feed, and saving by Weir’s system of feed-heat- 

ing. (4) Use of steam in auxiliary engine at press. of 

80 lbs., reduced from 160 lbs. (5) Difference in ar- 

rangement of dead-plates, and smaller area of funnel per 

square foot of grate. (6) Improved wear of bearings, 

guide-faces, etc., with corresponding less friction and 

loss at glands. This, of course, had the effect, outside 

of the question of fuel, of a diminished expenditure on 

up-keep, to such an extent that B’s bill at the end of 

four years for tear and wear was many times greater 

than A’s. (7) Cooler stokehold, enabling steam to be 

kept steadier, and greater attention paid to correct 

stoking during at least part of a voyage. (8) Better 

vacuum. In taking B’s consumption at 1.7 lb per I.H.P., 

vacuum is equivalent to 23 in. with sea water of 55 deg, 

(9) Smaller co-efficient of fineness and smaller percent- 

age slip of propeller. This, while not affecting the lbs. 

per I.H.P., has a direct bearing on the consumption per 

ton per mile, which is the more important aspect from 

the ship-owner’s point of view. 

The author regrets that, while in the main the figures 

given in this paper are correct, so far as known, he can- 

not vouch for the accuracy of them all, as through 

notes becoming mislaid they had to be supplied from 

memory; also, that no indicator cards can be produced, 

as they were destroyed by water. Such items as Ib. per 

I.H.P., and consumption per ton per mile, are closely 

approximate to the actual conditions of working, and 

the differences between them can be readily seen. 

Lake Side Wheel Steamer Tashmoo. 

A fine new fast passenger vessel for service on the 

Great Lakes between Detroit and Port Huron was 

launched from the yard of the Detroit Shipbuilding 

Company December 30 last. She is named the Tashmoo, 

and will run under the flag of the White Star Line of 

the lakes. A general idea of the appearance of the 

new vessel when at sea can be had from the accom- 

panying drawing. She is not unlike vessels on the 

Sound service running out of New York. 

The Tashmoo is the largest and most costly vessel 

ever built for the service. Her general dimensions are: 

Length, overall, 315 ft.; on load water line, 301 ft.; 

beam of hull, 37 ft. 6 in.; overall, 70 ft.; depth, 13 ft. 6 

in. Accommodation for 2,500 passengers is arranged 

for. In the group of photographs those of the hull give 

a suggestion of her fine lines, the vessel having been 

designed for high speed. An innovation is the balanced 

rudder plainly seen in the view from astern. The hull 

is of mild steel, and is divided into six compartments 

by five watertight bulkheads. As the drawing shows, 
the vessel is a side-wheeler, with feathering paddles, 22 

ft. 4 in. dia., 12 ft. face, each having g floats 4 ft. 

wide. The wheels will be driven by a set of inclined 

triple expansion direct connected engines, with cylin- 

ders 33 in., 51 in., and 82 in. dia. and 6 ft. stroke. Two 

views of these engines while being assembled in the 

erecting shop are here given, and show their size and 

the workman-like character of design. The H. P. 
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<ylinder is placed between the I. P. and L. P. cylinders, 

and is fitted with a piston valve. Both the other cylin- 

ders have double-ported slide valves, and will be hand- la 

led by direct steam reversing engine. An injection’ IX 

condenser is fitted, the vessel being built for fresh- \\ 

water servite, and the air pump will be worked by ley- 

ers from the H. P. crosshead. By an arrangement of 

suitable valves and tanks the discharge water can be 

used for trimming the vessel when required. 

Steam will be furnished by two double ended and 

three single ended boilers of the cylindrical fire-tube 

type, each 11 ft. 1 in. dia. There will be a total of four- 

teen furnaces, each 44 in. dia., and the uptakes will be 

connected to two stacks 6 ft. 9 in. dia., and 60 ft. high 

above the grates. 

Much care has been taken with the finishing of the 

interior and scheme of decoration. On the main deck 

the saloon and lobby will be finished in quartered oak 

and the café in mahogany. Mahogany will also be 

used in finishing the saloon on the promenade deck. 

At the sides five parlors are arranged, with bay win- 

dows, each room being finished and furnished in a dif- 

ferent style. A smoking room is located forward on 

the upper deck. 

For handling the vessel a complete instalment of 

machinery will be fitted, including steam capstans, 

steam steerer and the usual equipment of boats and 

rafts required by law will be carried. 

This fine vessel was designed by Frank E. Kirby, 

and she is expected to be ready for service in June. 
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Transport MrsHaps.—The transfer of so large an 

army from the British Isles to South Africa during the 

present campaign has not been carried out without 

some disaster, but though there has been a large loss 

of property and war material there has, curiously 

enough, been no attendant loss of life. The mishaps 

commenced with the loss of about 250 horses, through 

lheavy seas on the S.S. Rapidan bound out from Liver- 

pool, before she had cleared the Irish coast. The Ismore, 

a new vessel of 5,000 gross tons, was wrecked at the 

Cape of Good Hope, with detachments of various corps, 

250 horses, and valuable stores on board. A loss nearer 

home was that of the collier Maltby, which stranded 

when leaving the mouth of the river Tyne on the East 

coast of England and became a total loss. Another 

large steamer, the Denton Grange touched bottom at 

Las Palmas, Canary Islands, and is now the subject of 

salvage operations. 

Cuicaco DRAINAGE CANAL.—Water was recently let 

into the Chicago drainage canal which now gives a 

waterway for deep draft vessels from the Chicago river 

to Lockport, Ill. Co-operation of various commercial 
bodies is now being sought to get a Congressional ap- 

propriation for the purpose of extending the ship canal 

from Lockport to the Illinois river, and thence to the 

Mississippi river, so that vessels drawing not more than 

16 ft. could pass from the-Great Lakes to the Gulf of 

Mexico. It is estimated that this extension would cost 

about $25,000,000. 

Transfer of the ownership of the S.S. Brasilia, 10,000 

gross tons, from the Hamburg-American line to the Do- 

muinion line flag is reported. fs 
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COMMERCIAL TYPES OF WATER TUBE 
BOILERS BUILT IN AMERICA.—II. 

DESCRIPTIONS OF THORNYCROFT, TAYLOR AND 

ROBERTS BOILERS WITH SECTIONAL DRAWINGS. 

Thornycroft Water=tube Boiler. 

This boiler is of the small bent tube type, without 

screwed joints or connections in contact with the fire. 

It has generally been built with the tubes discharging 

= | 
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mixture of water and steam, carried up through the 

small tubes, is discharged against a baffle plate in the 

upper drum, while the steam is carried off by the dry 

pipe situated underneath the crown of the baffle plate. 

For purposes of inspection and repair easy access is 

had to the interior of the drums through manholes in 

the ends. A modification of this form of boiler styled 

the “Daring” type is also regularly built where a 

much larger unit is desired. This consists, in general, 

of one large upper steam and water drum, a lower and 

smaller central drum, and two still smaller outside 

THT THT TT TTT 

SECTIONAL ELEVATIONS OF THE THORNYCROFT WATER TUBE BOILER. 

above the water level into the top drum. The original 

or “Speedy” type of this boiler is shown in the draw- 

ings published herewith, and it is probably most gener- 

ally known. In this there is a central steam and water 

drum situated over the furnace, and connected by bent 

tubes to two lower drums at the bottom, one on each 

side, at about the level of the grate. Each tube is in 

one continuous length and is expanded in place, the 

drums being of sufficient thickness where the tubes en- 

ter to ensure absolute tightness. The tubes nearer the 

furnace are brought together to form practically a solid 

wall, except at the lower ends, where they are stag- 

gered to permit of the upward flow of gases, while the 

outer rows are arranged to form a wall, except at the 

extreme upper ends, where the’ gases pass through to 

the smoke pipe. By this placing of the ‘tubes in a 

series of walls the gases are made to pass among all 

the small tubes and give up their heat on the way from 

the grate to the stack. At the upper ends it will be 

noticed the tubes are curved so that all enter the drum 

above the water level; therefore, when the boiler is 

filled ready for steaming and the fire is lit, the heat pass- 

ing over all the small tubes causes a very rapid upward 

circulation of water, portion of which is converted into 

steam. The return of the water to the lower side 

drums is effected by two water tubes of large diameter 

fitted at one end of the boiler outside the casing. The 

drums. There are two grates, situated between the 

lower central and outside drums. All the drums are 

connected by vertical down take pipes of large diam- 

eter, and the generating tubes are of small diameter, 

arranged substantially the same as those in the 

“Speedy” type. The Thornycroft boiler is named after 

the torpedo craft builders, John I. Thornycroft & Co., 

of London, by whom it was designed and installed in a 

very large number of high speed vessels. In this coun- 

try the boiler is controlled by Thorpe, Platt & Co., 97- 

99 Cedar St., New York. In Government work here 

extensive use has been made of the Thornycroft boiler, 

hitherto in smaller vessels; but at the present time 

there are several installations of this type planned for 

large war vessels, including the battleships Ohio and 

Missouri. The total built or building for the U. S. 

Government on both the Atlantic and Pacific coasts is 

about 200,000 horse power. 

Taylor Water=-Tube Boiler. 

Though, of the small tube type this boiler differs very 

much in construction from others which have screwed 
connections throughout. All the generating tubes are 

vertical except for the short lengths at the upper ends, 

where some of the tubes are carried horizontally in a 

row on each side into the drum at about the water level. 
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It is also. termed a “sectional” boiler, for the reason that 

it is built up of sections of tubes rather than of sep- 

arate tubes, and this is made the claim for ease of re- 

pair, which will be referred to later. In.general the 

boiler consists of a large number of short straight ver- 

tical water tubes over the fire, connected with headers, 

which in turn are connected with manifolds at the bot- 

tom and a steam and water drum extending lengthwise 

of the boiler at the top. As shown in the accompany- 

ing drawings, there are four large bottom manifolds 

reaching from front to rear of the boiler at some dis- 

tance below the grate. From these two or four down- 

flow pipes arise outside the casing (back and front) and 

connect with the drum below the water line. Connec- 

tion is also made with the bottom manifolds by vertical 

pipes spaced widely apart, which at the grate level are 

screwed into branch connections, from which the pipes 

are then carried up in pairs and connected with tees 

and four way fittings with the nests of generating tubes, 

which occupy the space all above the combustion cham- 

ber and below the drum, and form the principal heating 

surface of the boiler. These rows of tubes, rising from 

the bottom manifolds, and extending from back to front 

of the boiler, divide the furnace into three grates for 

each of which a door is provided in the casing. The 

tubes composing the generating system are in short 

length$ and are fastened together by nipples which are 

screwed into the end connections, the latter being faced 

and butted up tightly, so as to protect the threads from 

- steam generating tubes the circulation 
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drical double ended marine boiler. At each end of the 

section manifolds or headers a plug is fitted, which on 

removal, permits of examination and cleaning of these 

manifolds and also permits the introduction of wrenches 
to unscrew the connecting nipples, so that a damaged 

tube may be readily removed and replaced. In the 

is not all in 

one direction; in some the flow is upward and in others 

downward, the pipes above the nests of tubes with out- 

lets into the drum carrying up comparatively little water 

to the drum. Inside the drum there is fitted a dry pipe 

and separator connecting on the outside with the boiler 

stop valve, and it is claimed by the manufacturers that 

their boiler is notable for furnishing dry steam. This 

boiler has been installed on several yachts and other 

vessels on the Great Lakes. It is manufactured by the 

Detroit Screw Works, Detroit, Mich. 

Roberts Water Tube Boiler. 

When completed, ready for steaming, this boiler is 

wholly contained within a square box or cube-shaped 

casing, the only projecting portions being the various 

connections, such as main steam pipe, feed, blow off, 

and guages. It is of the submerged small tube variety 

and in its more usual form consists essentially of three 

parts—the generating system, the superheater, and the 

feed heater. The steam generating section of the 

boiler consists of a steam and water drum at the top of 

\ ¥ FAIR; 
POOOCOOOCOCOO GGICGGSCGOGGACH 

DRAWINGS SHOWING CONSTRUCTION 

the action of the fire, and forming top and bottom head- 

ers. Between the drum and the casing on each side—one 

tube for each section—two rows of tubes extend upward 

from the generating nests and connect by bends with 

the drum. The connections at the lower ends of the 
generating tubes are arranged to form the crown sheet 

in such a way as to compel the gases to travel in the 

course indicated by the arrows in the drawing, which is 

somewhat the same in general direction as in-the cylin- 

MG. 

Marine Engineering 

OF THE TAYLOR WATER TUBE BOILER, 

the boiler over the combustion chamber, placed length- 

wise from back to front. This is supported on a frame 

of large-sized downflow pipes, outlining three sides of 

the box at front and back, the grate forming the re- 

maining side. The lower ends of these pipes are con- 

nected by T pieces, with “side pipes” at the level of and 

parallel with the grate bars. The upper surfaces of 

these side pipes are drilled and tapped to receive the 

lower and vertical ends of the “upflow coils,” the length 
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‘of these lower ends regulating the height of the fire- 

The coils consist of straight lengths of pipe laid 

horizontally and connected at the ends by malleable 

steel bends. The upper ends of the coils enter the bot- 

tom of the steam drum in a row at each side, a little off 

‘the center. By staggering the coils the space between 

box. 

the tubes over the fire is made only one-half that be- 

At tween the vertical ends at the sides of the furnace. 
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the downflow pipes. At thg bottom of each downflow 

pipe there is a sediment pocket fitted with a blow-off 

cock. The boiler is stated by the makers to be made 

of “special” material. All the joints are screwed— 

there are no expanded joints in the boiler—with stand- 

ard pipe threads, and the boiler can thus be shipped in 

parts and erected where needed with ordinary tools. 

It is made with plain or special grates for burning 
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DRAWINGS SHOWING CONSTRUCTION OF THE ROBERTS WATER-TUBE BOILER. 

the sides of the boiler the superheating coils are laid 

vat right angles to the generating coils. Connection is 

made between a “spray pipe” in the interior of the 

drum and the top of the superheater coils at both sides. 

and from the bottom of each coil a vertical pipe rises 

and connects with a cross pipe, with T piece at the 

top—tront—of the boiler, to which the steam main is 

connected. The superheater coils are not carried down 

as low as the bottom side pipes, the space left being 

filled with fire bricks, which rest on the bottom frame 

of the casing, and form a backing to the lower ends of 

the generating tubes. On top of the generating tubes 

-on each side and above the coiled portions of the super- 

heaters the feed coils are located. The steam drum 

being of much smaller diameter than the width of the 

boiler, the feed coils lie snugly between the drum and 

the sides. A T placed outside the boiler front admits 

the feed to the upper rows of the feed coils, and from 

there it flows downward and into the drum above the 

-water line, the coils being connected at their outlets to 

opposite heads of the drum. In operation the gases 

“pass upward through and over the various coils of pipe 

—generating, superheating, and feed—to the top of the 
casing, in the center of which the outlet to the stack is 

‘placed. The upflow coils first becoming heated cause 

“the water to ascend from the side pipes to the drum, 

~where the steam and water separate, the steam escaping 

‘to the “spray pipe,” already referred to, and the water 

iflowing towards the ends of the drum where it reaches 

either coal or wood. The boiler is manufactured by the 
Roberts Safety Water Tube Boiler Co., 39-41 Cortlandt 

St., New York. 

S. Y. Vicrorra AND ALBERT.—A serious mishap be- 

fell the new British royal yacht Victoria and Albert at 
Pembroke dockyard recently. Preparations had been 

made to float her out of dry dock, and when enough 

water had been let in to float her off the blocks it was 

found that she would have a considerable list. An ef- 

fort was made to close the dock again, but the caisson 

jammed, and when the tide fell the vessel settled on 

her bilge sustaining some structural damage, though 

later she was floated again and towed to her moorings. 

Various criticisms regarding her stability have been 

published, and it appears to be the fact that some struc- 

tural changes have been made on this account. 
President James J. Hill, of the Great Northern Rail- 

road, who has been credited for some time with the 

intention of putting a fleet of vessels of immense size in 

operation on the Pacific coast, to trade to the Orient, is 

now reported to have given particulars of the scheme. 

The vessels for the proposed route are to exceed 700 

ft. in length and to have a carrying capacity of about 

22,000 tons, the intention being to carry vast quantities 

of freight at economical speed across the Pacific. 

Germany is now considering an enormous increase of 

its navy, the proposed 2 Vane being not less than 
$500,000,000. 
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ADDITIONS TO FLEET OF THE CUNARD LINE— 
S. Ss. SAXONIA AND IVERNIA. 

Two important additions to the Boston-Liverpool 
service of the Cunard line will be made on the comple- 

tion of the steamships Savonia and Ivernia, now build- 

ing in British yards for the company. In the accom- 

panying engraving the artist has depicted the Saronia 

steaming at sea, on a transatlantic trip, with the Stars 

and Stripes flying at the fore. In December the Sax- 

onia was launehed at the Clydebank yard, now a con- 

solidation of the J. & G. Thomson and John Brown & 

Company, the armor plate makers of Shefheld, where 

the well known liners Paris and New York were turned 

out. The Ivernia was launched about three months 

ago at the yard of Swan & Hunter, on the east coast 

of England. 
It is undoubtedly the active competition of other 

lines trading to Boston that induced the Cunard Com- 

pany to build these ships. For years the Boston pas- 

senger boats of that line have been famous for their 

slowness and general out-of-dateness. In recent days 

the company put on three large modern cargo and cat- 

tle steamers, the Sylvania, Carinthia, and Ultoma. 
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this type, which is much more profitable to operate than. 

the “record breaker,” and for passengers who are not 
pressed for time on the ocean voyage a more satisfac- 

tory ship, everything considered. In dimensions the 

two vessels will take place near the top of the list of 

all steamers afloat. The principal dimensions:of the- 

Saxonia are as follows: Length, between perpendicu- 

lars, 580 ft.; over all, 600 ft.; beam, extreme, 64 ft. 3 

in.; depth, moulded, from upper deck, 41 ft. 6 in. The 

gross tonnage will be about 14,000 tons, so that these 

ships will be the largest sailing to the port of Boston 

—the largest vessel now trading there being the New 
England, of the Dominion Line, of 12,000 gross tons, 

which was described in a former issue. 

Passenger accommodations will be provided on the 

Saxonia for 164 first-class in the deck house on the 

bridge deck and below; on the shelter deck aft for about 

220 second-class, according to demand; while the steer- 

age quarters for 1,000 will be on the main deck for- 

ward. The vessel will have four full decks: Lower, 

main, upper and shelter, and over the latter a bridge 

deck, on which the houses containing the library and, 

social hall for cabin passengers will be located. The- 

main dining saloon, which will seat 150 passengers, will 

ORIGINAL SKETCH OF NEW CUNARDER SAXONIA, 14,000 GROSS TONS FOR BOSTON TRADE. 

These vessels were, however, no addition to the facil- 

ties for carrying cabin passengers on the route. 

Both the Saxonia and Ivernia are liners of the inter- 

mediate type, built primarily for carrying freight at a 

moderate speed, but yet having up-to-date accommo- 

dations for a large number of passengers, both cabin 

and steerage. As a matter of fact the modern addi- 

tions to the various transatlantic lines are mostly of 

be on the shelter deck, lighted by a dome and large side- 

ports. The decorations and furnishings will be quite 

modern and a feature will be a more luxurious arrange- 

ment of steerage quarters than is usual. Passengers. 

of this class will have bath-room facilities and an exten- 

sive promenade, with smoking rooms and ladies’ room; 

with less gilt, perhaps, but otherwise as comfortable as. 

those enjoyed by their fellow passengers in the saloon. 
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Mild steel is used in the construction of the hull, 

which will conform to the rules of the highest class of 

Lloyd’s register. There will be eleven watertight com- 

partments and a double bottom, and additional to the 

latter large tank space for the purpose of ballasting 

Cold chambers for the carriage of meat will have large 

capacity, an extensive refrigerating plant being in- 
stalled. 

Twin screws will be used, driven by quadruple-ex- 

pansion balanced engines, with cylinders 28 1-2 in., 41 

in., 58 1-2 in., and 84 in. dia. and 54 in. stroke, of about 
10,000 collective horse power. Steam will be generated 

at 210 lb. pressure in nine single ended Scotch boilers, 

worked under the Howden system of forced draft. At 

sea a speed of 15 knots is designed for. 

In the way of deck gear the Saxonia will be well 

equipped with steam capstans, warping and cargo 

winches, and steering gear. 

The construction of these two vessels marks another 

step in the slow, but steady progress of this great line, 

as it will mean the introduction of the quadruple-ex- 

pansion into its service on big ships. 

The influence of the American built St. Paul and St. 
Louis—quadruple-expansion, Howden draft—is having 

its effect in transatlantic practice. 

American Steam Yacht Eleanor 

One of the handsomest of the large American steam 

yachts is the Eleanor, now owned by Mrs. J. W. M. 

Cardeza, of Germantown, Philadelphia. This fine sea 

boat recently arrived in the port of New York after 

an extended northern cruise. In July last the cruise 

began, and the first port of call after leaving .New 

York was Newport, and afterwards Vineyard Haven, 

Nantucket, Portland, Rockland and Bar Harbor in suc- 

cession. After touching in various places in the vicin- 

ity of Mount Desert Island the yacht sailed for Nova 

Scotian waters, calling at Digby, Halifax and after- 

wards at Sydney, Cape Breton, Charlottetown and 

Georgetown, P. E. I. A ten-day cruise through Bras 

d'Or lakes followed, and then a return was made to 

Sydney, C. B. for coal. From there the yacht sailed 

for Port au Basques, Newfoundland, where a hunting 

party made up from those on board spent two weeks 

ashore in the woods after caribou. The hunters were 

so successful that on the return voyage the yacht 

touched at Bangor, Me., and twenty-six fine caribou 

heads and hides were sent to be prepared for trophies. 

Mrs. Cardeza, who is a splendid shot, carried off the 

honors by bringing down the largest caribou on the 

trip. On October 15 last the Eleanor left the Bay of 

Islands, calling at various ports from Sydney, C. B., to 

those in the Sound, on the way to New York. 

The Eleanor is an American yacht in the strict sense 

of the term. She was built about six years ago at the 

Bath Iron Works, Bath, Me., for W. A. Slater, of 

Norwich, Conn., who owned her until about fifteen 

months ago, when the sale to the present owner was 

made. The first voyage made by the Eleanor extended 

around the world, and since that time she has cruised 

in the fijords of Norway, in the Caribbean Sea and 

elsewhere, having steamed altogether about 80,000 

miles. Mrs. Cardeza proposes soon to sail for an ex- 

tended cruise in the Mediterranean. 
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A few particulars of the dimensions and equipment of 

this vessel will be of general interest. Her dimensions 

are as follows: Length, 234 it.; beam, 32 ft.; depth, 17 

ft. 5 in.; draft, 14 ft. 5 in.; gross tonnage, 803 tons. 

VIEW OF STEAM YACHT ELEANOR OFF STARBOARD BOW. 

She is built of steel, is bark rigged, and has a single 

screw driven by triple expansion engines, with cylin- 

ders, 18 in., 28 in. and 46 in. dia., and 30 in. stroke, in- 

dicating 1,100 horse power. Steam is supplied by two 

Scotch marine boilers, 11 1-2 ft. long and 12 ft. 5 in. dia., 

with six furnaces in all. There is a bunker capacity for 

300 tons and fresh water capacity for 22,000 gallons. 

Under steam (natural draft) a speed of about 14 knots 

is maintained, and with canvas alone and a good breeze 

the yacht will average 8 knots. She carries a crew of 
forty-four men all told, and Captain D. A. Weed, of 

Rockland, Me., is her skipper, and the machinery is 

under the supervision of Chief Engineer W. C. 

Bonning, of Brooklyn, N. Y. The Eleanor cost in the 

neighborhood of $300,000 ready for service, and the cost 

of maintenance is not far from $100,000 a year. 
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ENGINEERING IN THE UNITED STATES NAVY— 

ITS PERSONNEL AND MATERIEL.—1.* 

BY ENGINEER-IN-CHIEF GEORGE W. MELVILLE, U. S. N. 

In our society, the president has the widest latitude 

in the choice of a subject for his annual address, and, 

indeed, there is scarcely an established custom as to its 

nature; but it always seems logical for him to choose 

a theme connected with the work to which his life has 

been devoted, and in which he is an expert. This 

would make my subject, ““Naval Engineering,” and there 

are several reasons why it is particularly appropriate 

at this time. Although one other naval engineer has 

been president of the society, his address had a differ- 

ent theme, and consequently the subject, at least as a 

presidential address, will be new. Moreover, this year 

marks a very decided change in the personnel of engi- 

neering in our navy, so that it is particularly appropri-« 

ate that one of the engineers of the old school should, 

at the close of this chapter in the history of naval en- 

gineering, give a brief review of some of its more im- 

portant facts with respect to both personnel and maté- 
riel. 

Every American is naturally proud of the fact that 

the first successful steam vessel was the work of an 

American engineer; but it is not so generally known 

that the first steam war vessel of any navy was de- 

‘signed by the same American (Robert Fulton) and was 

‘built in this very city in 1814. Had the war with Eng- 

dand lasted a little longer there can be no doubt that the 

Demologos would have created a revolution in naval 
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she was finally destroyed by an explosion of her maga- 

zine in 1829. The advent of the Demologos did not 

create an engineer corps, nor bring any engineers into 

the navy, so that the real beginning of naval engineer- 

ing was when the steamer Fulton was built, and in 

1836 Charles H. Haswell, the Nestor of engineering 

in this country, became the first chief engineer in our 

navy. The Fulton was a small vessel of only 1,200 tons 

displacement, or about what would now be considered 

a small gunboat; but she was the beginning of what 

has brought about as great a change in navies as the 

invention of gunpowder did in warfare. 

It is really wonderful to think that the man who was 

the first chief engineer of this first steam war vessel of 

our navy is still alive, in full possession of his faculties, 

and in the active practice of his profession to-day. 

One of his contemporaries some years since said that the 

Engineer Corps might consider itself very fortunate in 

having had for its founder such a man as Mr. Haswell, 

an educated gentleman and a thoroughly competent en- 

gineer. From the very first his every effort was de- 

voted to increasing the efficiency both of the machinery 

and of the officers who were to care for it, and it is not 

going too far to say that he has left a lasting impres- 

sion by his labors, the organization and scheme of ex- 

aminations having long remained as he made them. 

It is a little hard for the young engineers of to-day, 

whose training, while it may seem to them beset with 

difficulties in the way of intricate formule and abtruse 

calculations, is nevertheless complete, and makes them 

masters of an immense amount of accumulated infor- 

AMERICAN BUILT STEAM YACHT ELEANOR, OWNED BY MRS. J. W. M. CARDEZA, OF PHILADELPHIA.—SEE PAGE 78. 

-architecture; but the close of the war before she was 

completed rendered her active service unnecessary, and 

*President’s address (1899) at New York meeting of American 

Society of Mechanical Engineers. 

mation, to realize the difficulties under which the older 

engineers, even of the writer’s generation, and much 

more so of Mr. Haswell’s, labored. Mr. Haswell him- 

self was one of the first to provide a reliable book of 
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reference for the young engineer, where the-results of 

experience were systematically arranged; but for Mr. 

Haswell himself there was nothing of this sort, and he 

had to create the precedents. When we look at the 

matter in this light, we are filled with admiration for 

Mr. Haswell and the men of his generation at their 

excellent solution of the problems which confronted 
them. 

Without going into a detailed sketch of the work 

done by Mr. Haswell, it may not be amiss to recall to 

your minds a famous old ship, the machinery for which 

was designed by Mr. Haswell, who, indeed, made all 

the drawings for it himself. This-vessel was the Pow- 

hatan, which for many years was one of the finest of 

our old ships and rendered most efficient service. 

Probably every member of the society living near our 

eastern coast has seen this fine old ship. She was built 

in 1847, and remained in active service for forty years, a 

monument to those who had designed and built her. 

In those early days the average deck officer of the 

navy did not look upon the steam engine as a desirable 

addition to a ship, but simply as a necessary adjunct 

that had to be endured. There were, of course, nota- 

ble exceptions, and Captain Matthew C. Perry, the first 

commander of the Fulton, was a liberal minded man to 

whom engineers owe a great deal. Yet, even he hardly 

rose to the point of considering that engineers were a 
vital part of the ship’s complement, and as such should 

be made to feel that they were as much officers as any 
others, and their men were just as truly sailors. 
Neither Mr. Haswell, nor any of his assistants, were 
regarded, when first appointed, as permanently in the 
navy, and the assistant engineers were removable sum- 
marily by the commandant of the station. Some years 

ago Passed Assistant Engineer Bennett, writing for one 
of the reviews, in speaking of this circumstance, ex- 
pressed surprise that the deck officers should not have 
realized the mighty force which steam brought to them 
and have embraced every opportunity to take advantage 
of it. It seemed, on the contrary, to belong to a differ- 

ent world from that in which they had been trained, 

and instead of endeavoring to become expert engineers, 

they regarded the machinery and all connected with it 

as a disagreeable necessity and left its development to 

the separate Corps of Engineers. 

Among the older engineers were many men well 

known to all mechanical engineers in the country, who 

in a quiet way did very valuable work. Time will not 

‘permit, however, of mentioning them individually in 

such a survey as we are making. 

Some years before our civil war another great marine 

engineer began to attract attention—Benjamin F. Ish- 

erwood. He entered the navy in 1844, so that he is 

really a contemporary of Mr. Haswell. It is perhaps 

not exaggerating to say that he is the most brilliant 

marine engineer whom this country has seen, and his 

work has made his name known among marine engi- 

neers in all parts of the world. His fame will proba- 

bly rest mainly on his record as an experimentalist, in 

which field there are few who have ever exceeded 

him, either in the amount or the excellence of the work 
done. 

Preliminary trials of the U. S. torpedo boat Golds- 

borough 250 tons, at Portland, Ore., are reported to 

have turned out very satisfactorily. 
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IMPROVED APPARATUS. 

Tarbox Yackle and Block. 

A new style of tackle block has recently been patent- 

ed by Alfred B. Tarbox of Boston, which is remarkably 

simple in construction, strong, and can be manufactured. 

at less cost than the ordinary forms. The construction 

of this block, as will be seen by inspection of the accom- 

panying sketch, gets rid of all rivets or pins other than 

the sheave pin or axle. The cheek pieces, which can 

readily be made by casting or stamping, are provided 

at the ends with lateral extensions projecting from the 

inner sides. When the cheek pieces are brought to- 

gether these extensions interlock and the shell is 

formed. Suitable recesses are cast or stamped in the 

interlocking pieces at the ends for the reception of the 

shanks of the shackles, without the need of machine 

work. The cheek pieces are swelled inwardly at the 

centers, forming a boss or hub, with a plane face on the 

interior, against which the hub of the’ sheave bears. 

Through the center of this boss the sheave pin passes. 

TARBOX PATENT BLOCKS. 

being secured outside on each end by a lock nut. The 

nuts are sunk in the depression on the outside oi the 

cheek pieces, and hence the block has practically a 

flush face at each side. The sheave pin not only serves 

as a journal but holds the frame or shell together. The 

edges of the cheek pieces are rounded inwardly so that 

chafing of the sheave rope is not possible. Blocks with 

more than one sheave are made on the same principle, 

with slight modifications in design. These blocks are 

now being manufactured by the Boston & Lockport 

Block Co., 142 Commercial street, Boston, Mass. 

‘‘Durable’’ Wire Rigging. 

A cross section of the “Durable” wire rope pre- 

sented in the engraving has a close resemblance to a 

section of submarine telegraph cable. This new style of 

rope, which was only recently patented and put on the 

market, differs from the ordinary wire rope in that each 

strand is separately served with fibrous material before 

the rope is laid up. By this means a rope is secured 

which has many of the qualities of the hemp or manila 

rope, while retaining the strength of the wire rope; 

and bulk for bulk the new rope is stated by the paten- 

tees to be from 7 per cent to 10 per cent stronger than 
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the ordinary wire rope, about 25 per cent. more flexible, 

and from three to six times as durable. Serious dete- 

rioration of the ordinary wire rope is caused by the 

wear of the strands against each other and against 

sheaves and drums in the case of running rope, while 

in the new rope the sheathing gives a cushioning ef- 

*“DURABLE’’ YACHT RIGGING. 

fect and permits an even bearing of the rope against 

the surfaces over which it passes. In the case of stand- 

ing rigging the protection of the wires from the action 

of the weather tends towards long life, and where the 

rope is used for towing hawsers or anchor roads, the 

SINGLE CLEAT. 

ATLEF BATTEN CLEATS IN POSITION. 

“corrosive action of the water can be practically neu- 
tralized by saturating the covering with oil. The en- 
graving shows the galvanized cast steel wire rigging 
manufactured for yacht and ship use. It is composed 
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of five strands and a hemp center, with seven wires to 
a strand. The approximate breaking strain of a “Dur- 
able” rope of this style, 2 in. circumference, before serv- 
ing, is 14 tons. As it is much lighter and smaller than 
ordinary galvanized rope of the same strength, it is 
speciaily recommended for yachts. The rope is man- 
ufactured by the John A. Roebling’s Sons Co., for:the 
patentees and proprietors, the Durable Wire Rope Co., 
234 State St., Boston, Mass. 

Cargo Batten Cleat. 

In the engravings a new batten cleat is shown in 
position between decks, and also a single cleat. This is 
a cheap metal device, which is attached to the frame by 
simply drilling a hole for the hooked end to fit into. 
Those illustrated are for vessels with bulb angle frames, 
but another form is supplied for use in vessels with the 
ordinary frame and reverse frame. No tools are re- 
quired to place the cleats in position. They are simply 
hooked in place and can be speedily removed at any 
time when the nature of the cargo demands this. This 
is one of the advantages of the Atlee cleat, for it can be 
used again and again. The cleats are made of either 
cast steel sr malleable iron, and are practically inde- 
structible. Joshua W. Atlee of Riverton, N. J., is the 
patentee. 

Combination [Mould and Handle. 

This compact device enables the user to readily pro- 
duce soft metal hammers for shop use, with the aid only 
of the metal and any convenient fire. The mould, as 
seen, is in two pieces, with the ladle attached to the 
upper half, the mould being closed ready for pouring 
by simply slipping the ring or dog over the end of the 
shank. The handle for the hammer is made of ordinary 
iron pipe, with a T piece on the head end. This is in- 
serted in the mould, as shown, and when the ring is 
slipped in place, and the metal in the pot is melted, the 
mould is tipped up so that the metal flows down into 

COMPOSITION HAMMER MOULDS, 

the mould through an aperature in the top, filling up 
the space between the T piece and the inside of the 
mould. There is no possibility of the head of the ham- 
mer being jarred off by repeated blows in use, and the 
heads can be recast without delay when worn out of 
shape. The ladle is also fitted with a lip of the usual 
form, so that it can be used for other purposes. It is 
manufactured by Charles H. Field, 42 Point street, 
Providence, R. I. 

Steel Scraping Tools. 

In these days of precision in shop work the aid of all 
tools and appliances that will produce exact results, 
with the least expenditure of time, is called in by the en- 
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gine builder. As supplying a need in this direction, the 

Mound Tool and Scraper Co. has put on the market a 

set af scraping tools held in a neat oak case, so that 

they can always be found together in the tool room. 

The scrapers are made of the best tool steel, carefully 

forged, finished, and tempered, so that they are true in 

shape and possess the proper temper for effective work. 

This set is of special value for use in the marine engine 

room, where the scraper is indispensable, and where 
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graph of the crank in the shops of the makers, the 

Bethlehem Steel Company, before shipment to Phila- 

delphia. The shaft is made of special open hearth shait- 

ing steel, and is guaranteed to possess an elastic limit of 

not less than 36,000 Ibs. per sq. in., with good elonga- 

tion. The forgings of which this is a type were pro- 

duced under heavy hydraulic-presses at the Bethlehem 

plant, and, after being carefully annealed, were finish 

machined complete and fitted together there as shown. 

| 

work has often to be done in haste, yet accurately, and 

there is neither time nor probably facilities for making 

the needed tools. In addition to this regular set the 

company also makes special sizes and shapes on order. 

Its address is 712 Howard street, St. Louis, Mo. 

Down Draft Forges. 

One of the most marked improvements in the equip- 

ment of blacksmith or angle smith shops is the substitu- 

tion of down draft forges for the old fashioned fires 

with hood and vertical smoke pipe. The advantages of 

this modern system are many. No obstruction is offered 

to the handling of large or bulky material, and the use 

of overhead cranes is possible. There are no unsightly 

pipes to be taken care of, and as a consequence, the 

shop looks cleaner and can be better lighted; both 

items which contribute to the comfort of the men. Then 

the fouling of the air in the shops is avoided, as all 

smoke and gases are removed immediately on being 

generated at the fire, and carried through underground 

pipes to the point of exit. The system adopted by the 

Buffalo Forge Co., one of whose heavy forges is illus- 

trated in the engraving, can be installed in two ways: 

First, with separate fans, that is a blower for furnishing 

the blast and an exhauster for carrying off the smoke 

and gases; second, with a combined blower and ex- 

hauster in which a portion of air is forced through the 

blast piping for supplying air to the hearth, and the 

remainder discharged into the smoke pipe, thus creat- 

ing a strong draft. The forge shown is made exception- 

ally strong for engine or heavy ship work. Engineers 

who contemplate the location of new shops, or the ex- 

tension or the modernization of old ones, can procure 

further information from the manufacturers, Buffalo 

Forge Co., Buffalo, N. Y. 

Crank Shaft for Russian Cruiser. 

One of the four throw crank shafts for the Russian 

cruiser Variag, being built at Cramps, is shown in the 

accompanying engraving reproduced from a _ photo- 

MOUND TOOL SCRAPER SET. 

They are similar to the shafts made by the same com- 

pany for the Russian battleship Retvizan, both vessels 

being built at the Cramp yards in Philadelphia, as al- 

ready noted. In addition to these forgings, the Bethle- 

hem Works furnished all the straight shafts for both 

ships, together with the engine-columns, crossheads, 

piston-rods and connecting-rods, the last two being 

made of oil-tempered nickel steel, to give special physi- 

cal qualities. All of this material was subject to the 

specifications and test prescribed by the Russian Marine 

Ministry, and was produced under the personal super- 

vision of navy officers detailed by the Russian Govern- 

ment for this purpose, and who were stationed at the 

BUFFALO DOWN DRAFT FORGE. 

works. Such work as this is only another illustration 

of the confidence with which foreign governments re- 

gard American products. But although the work is of 

such high class, it may be said to be a matter of ordinary 

routine at the Bethlehem plant, which is equipped with 

such facilities as to enable it to meet successfully the 

most rigid specifications known to modern science. 
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Coaling Vessels at Sea. 

At the recent meeting of the Society of Naval Archi- 

tects and Marine Engineers, a paper was read by Spen- 
cer Miller on methods of coaling warships at sea, in 
which the apparatus he had designed was explained. 
Our readers will recall the abstract of his paner published 
in the report of the meeting. Since that time further ex- 

periments have been carried out by the Navy Depart- 

ment, using this apparatus at sea off Sandy Hook, the 
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rope was operated by one drum or reel winding in one 
end of the rope, while the other drum or reel was ar- 
ranged to wind the rope and also to slip when needed. 
Thus one drum gave motion to the rope and the other 
kept the requisite tension in the rope while it was pay- 
ing out, so that the coal bags were carried with suff- 
cient clearance over the water. The supports for the 
apparatus were the foremast of the collier and shear 
poles on the Massachusetts, and these were held by steel 

TEST OF MILLER COALING APPARATUS AT SEA, 

collier Marcellus and battleship Massachusetts taking 

part in the trials. Ip the accompanying engraving the 

position of the vessels during the coaling operations is 

shown. They were at a distance of from 300 to 4oo ft. 

_ apart, depending on the condition of the sea. On the 

collier there was mounted an engine with two drums or 

reels; a small wire rope, 3-4 in. dia. was led from one 

drum or reel to a sheave at the top of the foremast and 

thence across to a sheave mounted above the quarter 

deck of the warship, returning by a parallel route to 

another drum or reel. A load carriage of novel design 

guy ropes much stronger than the small wire ropes 
which carried the loads across. By the use of this con- 
veyor if the boats lurch apart, one rope simply slips to 
accommodate it, and if the boats come together either 
one drum or the other winds it in at a speed faster than 
the ships can approach one another. The invention 
employs besides the conveying rope, an auxiliary rope 
known as the sea anchor line, which is solely employed 
to prevent the carriage from twisting when returning 
unloaded from the warship. This sea anchor line is 
secured by a lashing or knock-off hook to the warship 

FOUR-7 HROW BETHLEHEM STEEL CRANK SHAFT 

gripped the upper branch of this elevated rope, and was 

forced to travel by the reciprocating motion of the rope 

to and from the warship. From the carriage were sus- 

pended two bags of coal weighing 840 lbs., and by dis- 

engaging gear these were dropped into a canvas chute 

over the quarter deck of the warship at the rate of one 

load per minute, or from 20 to 25 tons per hour. The 

FOR RUSSIAN CRUISER VARIAG—SFE PAGE 82, 

and passes over a pulley on top of the carriage, from 

thence it is led through pulleys on the two masts and 

then astern several hundred feet into the sea. On its 

end is secured a canvas cone dragging with its mouth 

towards the warship and known as the sea anchor, The 

apparatus employed in these tests was manufactured by 

the Lidgerwood Mfg. Co., New York. 
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MONG persons interested in shipping, 

more especially, the action of Congress 

in the matter of ship subsidies is awaited hope- 

fully, with the expectation that the development 

of our merchant marine will receive adequate 

treatment. Our mission is not political; but as 

the subject is really commercial rather than po- 

litical, we offer no excuse for this reference. In- 

deed, there is no subject occupying the minds of 

public men to-day which, in our opinion, is of 

more vital consequence, or likely to cause pro- 

gression or retrogiession of the country as a 

commercial nation, than the expansion of the 

American merchant marine. Our opinion as to 

the best course to be pursued has already been 

stated—a thorough and impartial investigation 

of the subject as a whole by a competent com- 

mission, and united Congressional action when 

a correct judgment has been reached. -Prob- 

ably this would be expecting more than the at- 

tainable, for there is a manifest desire in influ- 

ential quarters to make political capital out of 

the whole subject, and, in fact, to make it a party 

measure. Sectional differences of interest are 

already being worked on to obstruct any meas- 

ure that will make the American flag known in 

parts of the earth which have long since forgot- 

ten its colors. It is unfortunate that the ques- 
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tion of Federal aid can be readily placed before 

the uninformed—by those who know better—in 

such a light that it looks like an attempt to bene- 

fit the few at the expense of the many. The 

great bulk of the population is inland, far re- 

moved even from the sight of an ocean and with 

immediate interests that take attention and effort ° 

away from things maritime. But even proximity 

to the sea has not, in many instances, increased 

the knowledge of those who treat of this subject; 

or is it that knowing the truth they desire to con- 

ceal it in a non-conducting covering of words 

for partisan purposes? Honest discussion sel- 

dom forms part of the procedure of practical 

politics. At any rate, it is remarkable how little 

in the way of real argument against Federal aid 

has been advanced on the platform or in the 

press. There are denunciations and criticisms in 

plenty, but no statements of any practicable al- 

ternative. None of the academic authorities 

has yet shown how freight can be carried com- 

petitively in American bottoms, under existing 

conditions in the world-wide trade. For exam- 

ple: placing an American and a British vessel of 

exactly the same type and dimensions alongside 

the same wharf, we find the former vessel repre- 

sents a much larger original investment, and the 

operating expenses very greatly in excess of 

those for the British ship. How then is it pos- 

sible for the American owners to charge the 

same rates and exist? American genius has not 

-et evolved any magic method by which a vessel 

can be propelled without the consumption of 

fuel and stores, nor has any means been devised 

whereby a skipper can touch a button and ‘the 

vessel does the rest. It still requires the intelli- 

gent co-operation of a number of highly skilled 

men to get a steamship from one port to an- 

other, and these men are entitled to a wage 

equivalent to that enjoyed by those of the same 

capability or responsibility ashore. This seems 

a very simple statement, but it is one that is too 

often ignored, and it is the key to the situation. 

It ought not to be a necessity at the close of this 

century to point out to those in high places the © 

tremendous benefits which result to a country 

from the possession of an adequate merchant 

marine. If no higher argument will prevail, the 

vast sums of money annually paid out by Amer- 

scans to stockholders in foreign steamship cor- 

porations for the conveyance of American goods 

should be sufficient reason for action. In argu- 

ment, or rather misstatement, a comparison 1s 

frequently made between shipbuilders and loco- 
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motive builders as to their ability to meet for- 

eign competition. As to that, the locomotive 

builder has only reached his present position by 

the skill which the vast numbers of machines he 

has turned out has compelled. He has not only 

built engines in units but in tens, and to a great 

extent in duplicate orders, and has thus reached 

a condition of standardization unknown in ship- 

work. Again, the American type of locomotive 

is peculiarly adapted to service in “new” coun-~ 

tries. In the case of ships there are no “new” 

seas for which we can specialize, there 1s little or 

no uniformity in type or duplication of orders, 

no standardization, and, more important than 

all, no continuous flow of orders that would war- 

rant the investment of vast sums in special tools 

and special stock. Exceptions to this can be 

found on the Great Lakes, but those interests are 

outside this discussion. 

— 

RITISH shipbuilding returns for the year 

1899 show an increase over the figures 

for 1898; the respective totals being in round 

numbers, 1899, 1,650,000 tons, and 1898, 1,600,- 

ooo tons. These figures include all steam and 

sail tonnage launched from private yards. To 

this, therefore, must be added the vessels 

launched from the navy yards nearly 70,000 

tons, to get the grand total for the year. Of the 

year’s total about 350,000 tons were for foreign 

owners, our contribution to this total including 

the U.S. S. Albany, 3,700 tons, launched by 

Armstrong, Whitworth & Co., at Newcastle-on- 

Tyne, January 14, 1899. Engineering returns 

show that the output of propelling engines ex- 

ceeded 1,500,000 indicated horse power. An in- 

spection of the reports which make up the totals 

show that many vessels of the largest size were 

constructed, and that a large proportion of the 

big ships were for regular steamship lines. 

Largest of all was the Oceanic, and others of the 

first rank were the Savona and Ivernia, 15,500 

tons, for the Cunard line, the Bavarian, 10,370 

tons, for the Allan line, the Savon, 12,970 tons, 

for the Union (South African) line, and two 

Castle liners (South African) of 10,000 tons 

each. There were in all sixty vessels built with 

a tonnage exceeding 6,000 tons. At the head 

of the list in tonnage launched comes Harland 

& Wolff, of Belfast, Ireland, with a total of 82,- 

634 tons. Among the Scotch yards Russell & 

Co., of Port Glasgow, who were at the top of 

the list in 1898, again came out first with 52,400 
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tons. English builders were headed by William 

Gray & Co., Ltd., of the East Coast, with 77,500 

tons, who the previous year had the largest out- 

put of any builder to their credit. Sail tonnage 

formed only a very small proportion of the total 

output, less than 40,000 tons. 

2th 

WO important meetings of engineering 
societies were held in Washington last 

month, each representing the engineering inter- 

ests of the Navy and Merchant Marine respect- 

ively. On January 8, the American Society of 

Naval Engineers held its annual meeting, at 

which the election of officers for the following 

year resulted as follows: President, Commander 

Harrie Webster; Secretary-Treasurer, Com- 

mander G. S. Willits; Members of Council, Lieu- 

tenant Commander F. H. Bailey, Lieutenant B. 

C. Bryan and Lieutenant R. G. Griffin. An in- 

crease in membership was reported. In the 

competition for the prize essay the first prize 

(gold medal) was awarded to William F. Du- 

rand, of Cornell University, and the second 

prize to B. C. Ball. At the annual convention 

of the Marine Engineers’ Beneficial Association, 

held later in the month, there were more than 

fifty delegates present. The national officers for 

1900 elected were: National President, George 
Uhler, Philadelphia, Pa.; National Vice-Presi- 

dent, Frank A. Jones, Alameda, Cal.; National 

Secretary, George A. Grubb, Chicago, Ill.; Na- 

tional Treasurer, Ed. R. Blanchard, Detroit, 

Mich. 

EADING the report of Captain G. W. Pig- 
man, commander of the late U. S. cruiser 

Charleston, which narrates the circumstances at- 

tending the loss of that vessel, we felt that it is 

almost worth the loss of a ship to demonstrate 

the kind of stuff the personnel of our Navy is 

made of. In time of naval war it is to be ex- 

pected that every man will do his duty, and the 

stir and fever of battle nerves many a man to 

more than ordinary human effort. It is when 

sudden and unexpected disaster rushes a man 

face to face with death that his real qualities and 

the results of his training are shown. In this 

generation there have been many sore trials of 

American naval valor in peace time, at Samoa, 

at Cuba, and now at the Philippines, and in each 

case the.real grit of our Navy has been shown. 
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EDUCATIONAL DEPARTMENT. 

HELPS FOR CANDIDATES FOR MARINE EN- 

GINEERS’ LICENSES—BOILERS—IV. 

BY DR. WILLIAM FREDERICK DURAND. 

§3. CORROSION. 

No sooner has a boiler been completed than the vari- 
ous corrosive and destroying influences with which it is 
surrounded set to work on its destruction. We may 
conveniently consider corrosion as of two kinds, that 
due to oxygen and that due to an acid. These two are, 
however, by no means independent, and are often com- 
bined in very complex ways.. The process by which 
oxygen combines with another substance is called oxida- 
tion, and the product of the operation an ovride. In the 
case of iron and steel the typical product is the ordinary 
red iron rust, or ferric oxide (Fe.Os;), consisting of 
about 56 parts by weight of iron-and 32 of oxygen. In 
order that oxidation or rusting of iron may continuously 
proceed at ordinary temperatures, however, it is not 
enough that oxygen and iron shall be in contact. It re- 
quires the additional presence of moisture and carbon 
dioxide (CO2), small proportions of which are always 
present in the atmosphere. Oxygen and moisture alone 
act feebly and very slowly on iron, but when the four 
substances, iron, oxygen, moisture, and carbon dioxide, 
are all present together, the operation of rusting pro- 
ceeds continuously and with vigor. Oxide is first 
formed, and this is reduced by the carbon dioxide to a 
carbonate, and this in turn breaks up forming hydrated 
oxide (FeHO:2), setting free the carbon dioxide to 
continue the process. The hydrated oxide thus formed 
is furthermore electro-chemically negative to iron, and 
thus helps on the operation as explained at a later point. 
If either the moisture or the carbon dioxide is absent 
the oxygen will have little or no effect, and the iron 
will be protected. This is shown by the non-rusting of 
iron in perfectly dry air, even though there may be some 
carbon dioxide present; or again, by its preservation in 
a weak alkaline liquid, as lime water, in which there 
can be no free carbon dioxide. The piano wire used in 
certain forms of deep sea sounding apparatus, for ex- 
ample, is thus kept from corrosion under conditions 
which would naturally soon destroy its regularity and 
value for the purpose used. 

Acid corrosion means the attacking of a substance by 
an acid, the breaking up of the latter, and the formation 
of a new substance known as a salt, and composed of a 
part of the acid and of the substance attacked. Thus 
hydrochloric or muriatic acid (HCI), as it is commonly 
called, is sometimes present in boilers. This is com- 
posed of hydrogen and chlorine. When it is brought 
into the presence of iron or steel the chlorine leaves the 
acid, and joining with the iron, forms a salt known as 

ferrous chloride, or chloride of iron (FeCI.), With 

iron rust and muriatic acid the result would be similar, 

the chlorine would join with the iron and form ferrous 

chloride, while the hydrogen of the acid would join with 

the oxygen of the oxide and form water. 

As before stated, acid corrosion and oxidation are 

very commonly both present, especially in the latter 

operation, and in fact the continued operation of oxida- 
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tion with iron, moisture and carbon dioxide is dependent 
on the combined action of both operations. We shall 
not, however, deal further with the chemical details of 
corrosion in general, but proceed to a brief considera- 
tion of the causes, effects and remedies as related to 
corrosion in marine boilers. 
Taking first the exterior of boilers and of all exposed 

iron and steel work in general, it is clear that the con- 
ditions for continued rusting are all present on board 
ship. The air is moist and there is likely to be present 
carbon dioxide in abundance. The only safe protection 
is, therefore, a covering which shall keep the air mois- 
ture and carbon dioxide from contact with the iron. 
To this end metal paint or other equivalent coating is 
used wherever possible. Many small fittings, especially 
about the deck, are of galvanized iron, that is, iron 
covered with a thin coating of zinc. The latter metal is 
but slightly affected by the process of oxidation, and it 
therefore forms an efficient protection for the iron. 
Brass, bronze and copper are also oxidized but slightly, 
and the oxide formed serves as a protective covering to 
the metal underneath. For this reason, among others, 
many of the fittings about boilers and elsewhere are, as 
we have already seen, made of these metals. 

Passing in now to the fire side of the boiler, we find 
the application of paint or other protective coating im- 
practicable. Here we must depend on the heat, which 
will so dry the air that it is no longer moist. That is, 
while water vapor may still be present in the air, there 
is so little compared with the amount the air could 
naturally contain at that temperature, that it is 
held by the air and is no longer free to enter 
as a factor into the operation of oxidation. Rusting 
in the usual way is, therefore, very much retarded or 
prevented. To this fact we owe the general preserva- 
tion of the furnaces, ash-pits, etc., from serious and con- 
tinuous corrosion. We here, however, run into another 
danger in the extreme case when oxygen is present in 
excess, and both the oxygen and iron are very hot. The 
oxygen in such cases enters more readily into union 
with the iron, and if the temperatures should be suffi- 
cient, a different kind of oxide is formed, the black, or 
magnetic oxide (Fe:O.), the same as the mill scale or 
forge scale, which forms when iron is worked at a red 

heat. The oxide thus formed may presumably be swept 

away by the scouring action of the draft, thus exposing 

a fresh surface to renewed attack. The back ends of 

the tubes seem especially liable to attack in this way, 

and particularly with hard forced draft. The cure for 

this trouble is found in the use of cast iron ferrules, as 

previously described. 

These ferrules protect the tube ends from the extremes 

of temperature, and also provide something for the hot 

oxygen to attack, while they are readily renewed. 

Turning now to the water side of the boiler, we find 

more serious trouble than with the fire side. There is 

likely to be more or less air in the feed water, either 

entering with the make-up feed, or occasionally drawn 

into the feed-pump and sent on to the boiler. There 

may also be free carbon dioxide liberated from the salts 

entering with the make up feed, and thus all the con- 

ditions for continuous rusting may be present. Even if 

free carbon dioxide is not present the formation of iron 

oxide, combined with electro-chemical reactions, as re- 

ferred. to later, may result in serious local corrosion. 
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Furthermore, as the feed-water is heated the air is 

liberated, and the oxygen just at the instant of liberation 

seems to be especially active chemically, and is thus all 

the more likely to attack exposed places than if allowed 

to remain in solution in the water, as at ordinary tem- 

peratures. 

Turning next to acid corrosion, mention may first. be 

made of the serious trouble formerly experienced from 

the use of animal and vegetable oils for cylinder lubrica- 

tion. Such an oil is a compound of a fatty acid and 

glycerine. When exposed to a high temperature the 

fatty acid and the glycerine become separated. If a 

substance such as soda or potash is present, the fatty 

acid combines with it and forms soap. This process is 

called saponification. If, however, no such substance 

1s present the acid will be free to attack other substances 

as it may be able. Fatty acids attack iron feebly, but if 

long continued the result may be a serious corrosion, 

resulting in the formation of what is known as an iron 

soap. The temperature within the cylinders and boilers 

was quite sufficient to thus decompose the oil, and there 

. would, under such circumstances, be set free in the 

boilers an amount of fatty acid depending on the amount 

of oil used in the cylinders and finding its way into the 

condenser and feed-water. There were thus present all 

the conditions necessary for the corrosion of the interior 

of boilers by fatty acids, and many serious cases were 

laid, in part at least, to this cause. These troubles ap- 

peared especially with the introduction of the surface 

condenser, and the part which fatty acids might play 

being understood, the use of animal and vegetable oils 

for the lubrication of the cylinders was abandoned, and 

an their place hydrocarbon or mineral oils are now used. 

Such oils are derived as one of the constituents of crude 

petroleum, and are not compounds of a fatty acid and 

glycerine. They are compounds of carbon and hydro- 

gen, and belong to an entirely different class of chemical 
_ substances. They do not produce a fatty acid on being 

heated, and cannot, at least directly, take part in the 

process of boiler corrosion. 

In modern practice, therefore, nothing but the best 

hydrocarbon oil, entirely free from animal or vegetable 

admixture, should be used for cylinder lubrication. 
With lubricant of this character modern boilers should 
be free from corrosion chargeable to the action of 

fatty acids. 

These are, however, not the only acids which have 
given trouble in the way of boiler corrosion. Under 
‘certain circumstances free hydrochloric or muriatic acid 
is found in boilers. This is presumably due to the 
breaking up of magnesium chloride, forming hydro- 
‘chloric acid and magnesium hydrate. The most dan- 
erous feature of the corrosion due to hydrochloric acid 
is that under conditions which may exist within steam 
boilers the chloride of iron first formed may become 
‘broken up, giving rise to other neutral compounds of 
iron, and setting free the acid to continue its ravages. 

There are also possibilities of the development of 
nitric acid from the organic matter which in small quan- 
tities may occasionally find its way into steam boilers. 

Except as it may be modified by electro-chemical ac- 
tion, the presence of such an acid usually results in a 
general surface corrosion, at least of all surfaces not 
protected by a sufficient layer of lime scale. 

The most troublesome feature of boiler corrosion has 
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not been, however a general or more or less uniformly 

distributed effect, such as would naturally be charged to 
the action of an acid diffused throughout the boiler. It 
has been rather in the so-called pitting. This term re- 
fers to the formation of small pits or depressions from 
the size of a pin head upward, and conical or cup-shaped 
in form. The depth of such pits may be anything from 
a slight depression to a hole cut entirely through a boiler 
tube. They are found in no fixed locality, though more 
commonly on the tubes, furnaces, and combustion cham- 
bers than elsewhere. When found they are usually 
filled with a blackish or brownish pasty mass, consisting 
chiefly of iron oxide with a slight admixture of lime 
salts, oily matter, and other substances. This deposit 
within the pits is often covered with a skin of somewhat 
different composition, consisting of lime salts and iron 
oxide in more nearly equal proportions. 

To account for the formation of these pits, various 
explanations have been suggested, most of them involv- 
ing electro-chemical action as a more or less pronounced 
feature. To understand the nature of this action a 

few explanations must first be given. 

Nearly all substances are in a different electrical con- 

dition, or at a different electrical potential, as it is called. 

This difference is found not only between substances of 
different kinds, but also between similar substances at 
different temperatures, or in different physical con- 

ditions, as, for example, between two pieces of iron or 

steel, one of which has been hammered or worked more 

than the other. Due to this difference of electrical po- 

tential there is a tendency to set up a flow of electricity 

from one to the other, and as a further result to so 

change the two substances as to bring them into elec- 

trical equilibrium. In other words, the result of such a 

difference of electrical condition is always to bring about 

changes which will cause the difference to disappear, 

and so bring the two substances into equilibrium. These 

chemical changes of the two substances, which tend 

toward electrical equilibrium, may be much helped or 

hindered by the medium in which the bodies are im- 

mersed. If they are in dry air, for example, no such 

activity takes place, and the difference of electrical con- 

dition continues unchanged. If, however, they are im- 

mersed in water, or especially in salt or slightly acid 

water, the operation will usually be much assisted by 

the activity of the medium for the substances. It may 

also happen that the medium and substances are so re- 

lated as to bring about a series of chemical changes, of 

which the first are those which would naturally be asso- 

ciated with the transfer of electricity and the develop- 

ment of equilibrium, while the second counteract these 

changes chemically, and bring the substances back to 

their original condition, and so keep them constantly in 

the condition of electrical difference. There is as con- 

stantly the attempt to restore equilibrium, and hence so 

long as these conditions continue there will result this 

continued series of chemical actions, accompanied by a 

constant flow of electricity from one substance to the 

other. In order, however, that this flow of electricity 

may be thus constant and so constitute a current of elec- 

tricity, as it is termed, there must be a path for a com- 

plete circuit or flow in one direction through the medium 

which produces the chemical changes, and in the other 
direction outside of this medium. The substance from 

which the current flows in the medium is known as the 
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electro-positive element, and the other the electro-nega- 

tive. The chemical activity proceeds and the current 

is formed, in general, at the expense of the electro- 

positive element. 

These operations are illustrated in the ordinary voltaic 

cell or battery, such as those used for ringing bells, etc. 

In most of these batteries, however, the action is not 

self-sustaining, and if allowed to continue for a little 

time, a condition of electrical equilibrium is reached, or, 

as ordinarily stated, the battery is run down. In 

others used for telegraphy and other purposes the opera- 

tions are self-sustaining and continuous until the chem- 

ical substances are exhausted. 

In a boiler these conditions for a more or less con- 

tinued electro-chemical action may be fulfilled in a vari- 

ety of ways. Parts of the structure of widely differing 

temperatures or of different physical or chemical com- 

positions may provide the elements in a different elec- 

trical condition. Still more likely is such a difference 

to be found between iron and its oxides, especially the 

magnetic oxide or mill scale (Fe;O:), or between a 

particle of carbon in the steel and the surrounding metal, 

or between a place in the steel where the nroportion of 

carbon is much greater than the average and the sur- 

rounding metal, or between a bit of slag or other im- 

purity in wrought iron and the surrounding metal. Cop- 

per, either in the form of oxide, or especially in the 

metallic form, would also supply a substance differing 

strongly from the iron. The exciting liquid is the water 

in the boiler, and its action will be more vigorous ac- 

cording as it is more acid in reaction, higher in tem- 

perature, and denser in concentration. With a high 
pressure boiler, water of high density and quite acid in 

character, and with the usual lack of homogenity or uni- 

formity in the structure of the boiler, we should there- 

fore expect the effects of electro-chemical action to be 

shown in marked degree. It happens, furthermore, that 

iron is electro-positive to copper, to carbon, and to its 

own oxides, so that in all cases likely to occur the opera- 

tion will proceed at the expense of the iron. 

From the very nature of these electro-chemical ac- 

tions their effects are necessarily local in character, and 

so far as understood they seem to provide a fairly good 

explanation of the formation of pits as already de- 

scribed. It is not unlikely, however, that in some cases 

they are due rather to simple chemical action, and that 

their localization to a small spot is due to special or 

accidental causes, such as the protection of the sur- 

rounding metal by lime scale, or a peculiar weakness 

against chemical attack at that point, due to peculiari- 

ties in chemical or physical structure. 

The naval Board of Construction has refused to rec- 

ommend the purchase of the submarine boat Holland 

by a vote of four to one. Recently a board of survey 

which examined and tested the boat recommended not 

only the purchase of this boat by the Navy Depart- 

ment, but the construction of others of the same type. 

Reports of the recent trials of the Parsons turbine 

driven torpedo boat destroyer Viper, published in the 

London Times, claim a mean speed of 34.8 knots for 

four consecutive runs over the measured mile. The 

fastest run is reported to have been made at the rate 

of 35 1-2 knots. 
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ELECTRICITY ON BOARD SHIP—PRINCIPLES 

AND PRACTICE—XXI, 

BY WM. BAXTER, JR. 

METHODS OF DISTRIBUTION.—CONTINUED., 

In this article we propose to show how to calculate 

the size of wire for distribution circuits, and also to 

explain the advantages to be derived from certain ar- 

rangements of the connections. Suppose we have a 

generator that can deliver at its terminals a pressure of 

110 volts, then if we connect an incandescent lamp de- 

signed for this voltage directly across the terminals it 

will be traversed by the proper amount of current, and 

will give the intensity of light at which it is rated. A 

lamp of this voltage, of 16 candle power, will require a 

current of about one-half of an ampere, therefore the 

resistance of it must be 220 ohms, for the e. m. f. is 

equal to the resistance multiplied by the strength of 

current, and one-half ampere multiplied by 220 ohms 

is equal to 110 volts. 

Suppose now that we desire to supply another lamp: 

with current, and that this is located 1,000 ft. (this dis- 

tance ‘is used for convenience of illustration) from the 

generator, the question is: What size wire must we use 

to obtain the necessary voltage at this last lamp? Im 

the first place we must observe that it is an impossi- 

bility to obtain the full pressure of 110 volts at the dis- 

tant lamp, but we can come as near to it as is necessary 

to get an illumination from the lamp practically the 

same as that of the one connected across the terminals 

of the machine. To obtain a satisfactory light we must 

have at the distant lamp a pressure of not less than 105. 

volts, so that we can lose 5 volts in overcoming the 

resistance of the line wires. As the lamp is at a dis- 

tance of 1,000 ft. there will be 2,000 ft. of wire through 

which the current must pass, and the current strength 

for one lamp being one-half on an ampere, the resis- 

tance of this 2,000 ft. can be 10 ohms, or at the rate 

of 200 ft. per ohm. Looking at a table of resistances 

we will find that the nearest number to this is No. 17 

B. & S. gauge, which runs about 198 ft. per ohm. Thus 

we find that to operate one lamp at 1,000 ft. from the 

generator we will require wires of No. 17 gauge. If 

we desire to operate ten lamps the current required will 

be 5 amperes, and then the resistance will have to be re- 

duced to 1 ohm, for the loss of voltage can only be 5 

volts, no matter what the number of lamps may be. 

Looking again at the table of resistances, we will find 

that No. 7 wire runs about 2,017 ft. per ohm, hence, 

this is the size wire we require. 

Tables that give the diameter of wire for all the gauge 

numbers, and also the resistance per foot, or the num- 

ber of feet per ohm, are very numerous and easily ob- 

tained from any supply house. Like numerous other 

things, however, they are not always at hand when we 

want them, therefore it is well to have some simple 

rule by means of which we can determine the resistance 

of a wire if we have no table. If we are provided with 

a micrometer gauge we can find the resistance very 

nearly by simply squaring the diameter of the wire, 

measured in hundredths of an inch, and adding one 

cipher to the result. Asan example, take No. 10 B. & 

S. wire, the diameter of which is nearly 10.2 hundredths 



February, 1900. 

of an inch, and this number multiplied by itself is equal 

to 104.04, and by adding one cipher we get 1,040 as the 

number of feet per ohm. The actual number of feet as 

given in the table is 1,055, so that the difference is on 

the safe side. Number oo000 wire is forty-six-hund- 
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FIG. 134. 

redths of an inch diameter, hence 46 X 46—2,116, 

and by adding one cipher we get 21,160 feet per ohm, 

and the numbers given in the table are 20,407. 

If we are not provided with a micrometer we can 

still determine the feet per ohm if we know the gauge 

number of the wire, for the relation between the sizes 

is such that for every three numbers the cross-section 

FIG. 135. 

is about doubled; hence the number of feet per ohm 

is doubled, therefore all we have to do is to remember 

the resistance of three consecutive members, and from 

this we can determine the feet per ohm of any size. 

No. Io wire runs 1,055 feet per ohm; No. 9 runs 1,268 

feet, and No. 8 runs 1,600 ft. No. 11 is double the re- 

P 
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sistance of No. 8, or 800 ft. per ohm. No. 13 is 

double the resistance of No. 10, or 525 feet per ohm, 

and No. 7 has one-half the resistance of No. 10, or 

2,110 ft. per ohm. These figures are not strictly ac- 

curate, but near enough for most practical purposes. 
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Figs. 134 to 138 illustrate different ways in which the 

lines may be connected, and as will be seen from what 

follows, they do not all require the same amount of 

wire to transmit a given amount of current, In Fig. 
134 the generator terminals are shown connected with 
the left hand ends of the line wires L L, between which 
five sets of lamps are connected. As there are tem 

FIG. 137. 

lamps in each group the current will be 5 amperes, 
or 25 amperes for all the lamps. Let the length of lines. 
between the lamp groups be equal, and let the pressure 
at the generator terminals P N be 110 volts; let the re- 
sistance of each line L be ten-hundredths of an ohm; 
then, as the first group of lamps takes 5 amperes there 
will be 20 amperes passing to the second one, and as 

FIG. 138. 

one-quarter of the length of each line is traversed be- 
fore reaching the second group the voltage lost im 
overcoming the resistance to this point will be 20 am- 
peres multiplied by five-hundredths of an ohm, which is 
equal to one volt. Thus we find that the e. m. f. at the 
second set of lamps is 109 volts. The current passing 
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to the third set of lamps is only 15 amperes, and as 

the resistance is the same as between the first and sec- 

ond groups the voltage drop will be three-quarters of a 

volt, therefore, the e. m. f. at the third group wii! be 

108.25 voits. The current passing from the third to 

the fourth group will be 10 amperes, and the loss of 

pressure will be one-half of a volt, hence, at the fourth 

group the e. m. f. will be 107.75 volts. The current pass- 

ing from the fourth to the last group will be 5 amperes, 

and the drop of pressure will be one-quarter of a volt, 

therefore, at the last group of lamps the e. m. f. will be 
107.50 volts. 

Now let us see what effect the arrangement of the 

connections shown in Fig. 135 would have upon the 

loss of voltage. Here the generator terminals are 

at the center of the mains L L, therefore the cen- 

tral, or third group, will receive the full pressure of 

110 volts. As 5 amperes of current will pass through 

this group, there will be 20 amperes left, and this will 

‘divide into two equal parts, one of which will flow to the 

right toward group four, and the other to the left 

toward group two. These currents being of 10 am- 

peres will lose a pressure of one-half of a volt in pass- 

ing to the second and fourth groups, as the resistance 

of the mains between these points is fiye-hundredths of 

an ohm. The pressure at the second and fourth 

groups, therefore, will be 109.5 volts. The current 

"passing from the second to the first group, and from 

the fourth to the fifth, will be 5 amperes, therefore the 

drop in pressure will be one-quarter of a volt, thus 

giving the e. m. f. for the first and last groups equal to 

109.25 volts. 

In Fig. 134 the voltages of the five groups of lamps 

are II0, 109, 108.25, 107.75 and 107.50. In Fig. 135, with 

the same size main feeders L L, the voltage at the cen- 

ter group is 110, and at the second and fourth groups 

it is 109.50, while at the first and fifth it is 109.25. From 

this it will be seen that if the generator terminals are 

connected to the center point of the mains L L, the drop 

of voltage will be decidedly less, if the same size wire 

is used, or, if we do not desire to reduce the drop of 

pressure we can reduce the size of the mains. 

In Fig. 136 the generator terminals are connected 

with opposite ends of the mains L L, as can be seen 

from the position of P and N. From P the current 

can pass directly to the first group of lamps, and from 

N it can pass to the last, or fifth group, therefore the 

number of amperes flowing back from N toward the 

first group will be 20. Of this amount 5 amperes will 

pass to the fourth group, leaving 15 amperes to pass 

to the third one. As this last-named group will take 

5 amperes, there will be 10 amperes to pass to the sec- 

ond group, and from here 5 amperes will go to the 

first group. The resistance of each line L being ten- 

hundredths of an ohm, the quarters between the sev- 

eral groups of lamps will have a resistance of two and 

one-half hundredths of an ohm. Thus the drop of 

pressure from N to the fourth group will be half a volt, 

and from the fourth to the third group it will be three- 
eighths of a volt, and from the third to the second one- 
quarter of a volt, while from the second to the first 
group the loss will be one-eighth of a volt. Adding 
all these drops we get 1 1-4 volts drop between N and 
the first group of lamps; hence the pressure delivered 

to these will be 108.75 volts, and this same voltage will 
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be delivered to the fifth group, for the current passing 
from P to the last group will lose just as much pres- 
sure as that passing from WN to the first group, since 
both currents are the same. 

The current from P, that passes to the second group 
of lamps, is 20 amperes; hence the drop between these 
points is % a volt, but the current passing from N to 
the second group only loses 1% volts, as shown in the 
last paragraph, therefore the total loss of pressure for 
the second group is 1% volts, giving the e. m. f. for 
this group as 108.375 volts. As can be readily seen, 
this is also the voltage that acts upon the fourth group. 

The third group will have a pressure of 108.25 volts, 
for there will be a drop of % volt from P to the top of 
this group, and also from N to the bottom of it. The 

loss of pressure with this last arrangement is greater 
than in Fig. 135, but less than in Fig. 134; hence, for 
the same loss of pressure the wire would have to be 

smaller than in the arrangement Fig. 134, but larger 

than in Fig. 135. In the last figure the pressure of 

the center group is 110 volts, and that of the end groups 

is 109.25, thus making a difference of 3-4 volt between 

the extreme pressures acting upon all the lamps. In 

Fig. 136 the highest pressure is 108.75 volts, and the 

lowest 108.375, making the difference between the ex- 

tremes 38 volt, or just one-half as much as with Fig. 

135. From this it will be seen that the last figure shows 

an arrangement that gives a more nearly equal pressure 

at all the lamps, but it requires a little more wire to keep 

the total loss of pressure down to the same point. 

Fig. 137 represents an arrangement that differs from 

those shown in the previous figures, in that the mains 

L L form closed loops. If the currents tap into each 

main at diametrically opposite sides of the diameter 

we have simply an extension of the plan shown in Fig. 

136, while if they cut in on the same side the arrange- 

ment amounts to the same thing as Fig. 135. The ad- 

vantage over both these figures is that if a number of 

lamps are turned on or off in any group the change 

in the pressure will not be so great, since the current 

can reach any group by running around the looped 

main in either direction, as the case may require. 

Fig. 138 shows an arrangement in which each group 

of lamps is fed directly from the generator terminals. 

In this case each group receives the same voltage, and 

as they are all independent, increasing or decreasing the 

number of lamps in any one group, does not in any way 

affect those in the other groups. 

If we desire to run all the lamps all the time and wish 

to supply them with as nearly a uniform pressure as 

possible, but are not particular as to the loss in the 

transmission lines, then the plan shown in Fig. 136 

will give the best results, for with the same amount of 

wire the difference in voltage at the several groups is 

the smallest. If the lights are to be turned on and off 

whenever necessary, the plan of Fig. 135 will be the best, 

for with it the total loss of pressure is the least with a 

given size of wire, although the difference between the 

pressures of the several groups is greater. 

A modification of Fig. 138 is shown in Fig. 139, in 

which feeders are run from the generator terminals to 

different points along the distributing mains. When — 

this arrangement is used it is possible to deliver a high- 

er voltage to the distant lamp, if so desired, than to 
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the nearby ones by simply making the feeders a b c of 

different sizes, c being larger than b and b larger than a. 

We can also introduce special regulating devices for the 

purpose of maintaining a uniform pressure, but this part 
of the subject we will defer to the next article. 

POCKET BOOKS FOR ig0o. 

Fowler’s Mechanical Engineers’ Pocket Book for the 
year 1900 has just been issued by the American pub- 
lishers, D. Van Nostrand Co., New York. This is, we 
believe, the second year of publication, and the experi- 
ence gained with the first issue has been used to advan- 
tage in making the present issue more complete and 
useful as a book of reference. The book covers a wide 
range of subjects, as its name would indicate. An ap- 
parent effort has been made to simplify the contents, as 
far as consistent with a pocket book presentation of the 
subject; and a feature of the work is the use of ex- 
planatory paragraphs throughout in which the present 
state of knowledge, or the commercial application of it, 
in each case, is concisely stated. Besides the usual 
contribution of working formule and tables there is a 
table of properties of saturated steam over a wide range 
of pressures, from 1 lb. to 300 Ibs. absolute pressure. 
Chapters are devoted to steam boilers and engines, gas 
and oil engines, locomotives, machine tool work, hy- 
draulics, textile machinery, building, construction, 
metallurgy, mining, etc. A very considerable amount 
of space is devoted to electricity, with special reference 
to electric traction, and there are small chapters on 
such subjects as chains, springs, acetylene and chemis- 
try. A special chapter on the construction of steam- 
ships is written by James Wimshurst, formerly connect- 
ed with the British Board of Trade. Considering the 
size of the book, about 500 pages, and the variety of 
subjects covered, it is well worth the investment of $1 
‘as an addition to the stock of available data on the de- 
signer’s shelf. 

Probably the lowest-priced book issued anywhere for 
engineers is the Mechanical World Pocket Diary and 
Year Book for 1900, published by the Mechanical World. 
Manchester, England, price 6 pence. Although pub- 
lished at such a low price, the book is printed in good 
‘style. It contains chapters devoted to steam and the 
‘steam engine, gas engines, boiler construction—though 
‘this refers to tank boilers exclusively—beams and gir- 
ders, shafting and gearing, belting, electrical transmis- 
sion of power and hydraulics. There are also included 
a number of useful tables. 

MARINE ENGINEERING. or 

ENGINEERS’ DICTIONARY.—XXIV. 

Injector—A device for forcing the feed water into a 

steam boiler. As shown in Fig. 83, it consists essentially 

of a nozzle, S, connected with the upper pipe, B, leading 

steam from the boiler. When the steam is turned on 

by means of the handle K, and attached valve-stem and 

valve, it escapes in a jet which enters the slightly tapered 

passage /C. The air in the space around and between 

these two orifices is caught and drawn along with the 

jet, thus causing a defect of pressure at this point. This 

space is connected through the lower pipe, B, to the 

water reservoir, and when the loss of pressure is suffi- 

cient, the water rises the same as in the case of a pump. 

The water and steam are thus brought into contact, and 

pass on together into the combining and delivery tube, 

CD. The steam is here condensed, and the resultant jet 

of water attains a very high velocity. A little farther 

on, when this is reduced to the relatively low velocity of 

the water in the feed pipe, the pressure developed is 

sufficient to overcome the boiler pressure, to open the 

check valve, and to force the water into the boiler. 

While this result may seem puzzling, it may perhaps be 

au aid to a clearer understanding if we remember that 

it is the energy of the steam which is really the motive 

power. This is transformed largely into motion in the 

combined jet, and this, when arrested, gives the pressure 

as stated before. In a steam pump a steam piston is 

provided much larger than the water plunger in order to 

give a force sufficient to overcome the resistance in the 

feed pipe and at the check valve. So in the injector, in 

a somewhat similar manner, the energy of the steam in 

a relatively large pipe is concentrated on a small jet of 

water, giving it the high velocity and later the pressure 

as described. 

It should be noted that as a boiler feeder a good in- 

jector has practically a perfect efficiency, all heat used 

being carried back again into the boiler, except the 

small amount lost by radiation from the instrument and 

connecting pipes. 

An injector of the type shown in Fig. 83 is known as 

an automatic injector. This signifies that once the in- 

jector is adjusted and working, should the jet of water’ 

become broken by a jar or other accidental circumstance, 

dil 

it will restart itself without further adjustment. The 

capacity and working range of an injector are decreased 

as the lift is higher and as the water is warmer. With 

cold feed water and a moderate lift, say not exceeding 
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5 to 8 ft., a good automatic injector will start up with 

25 or 30 Ibs. steam pressure, and will work with little or 

no further adjustment over a range of perhaps 100 Ibs. 

pressure. With feed water at about 100° F. the same 

injector would start at 30 to 35 lbs. steam pressure and 

will work over a range of perhaps about 70 lbs. or up to 

about 100 lbs. 

In addition to the automatic injector there is another 

type having two sets of tubes, one for lifting and one 

for forcing. Such instruments are often termed inspira- 

tors to mark the distinction from the ordinary automatic 

injector. When properly adjusted the lifting set of 

tubes acts as a governor to the forcing set, supplying 

under a great range of steam pressure the proper | 

amount of water to condense the steam in the final set 

of tubes. Such an injector, handling cold water with a 

short lift, will work through a range of over 200 lbs., 

while with water as hot as 100° and small lift it will 

work through a range of from 150 to 200 Ibs. The 

operation of each set of tubes is on the same principle as 

already described for the atitomatic injector. 

Jnspirator—See INJECTOR. 

Jacket—A space surrounding the cylinder of a steam 

engine and filled with steam from the boiler. This space 

is made by the insertion of a shell or tiner within the 

barrel or cylinder proper, leaving a space between the 

two, as shown under CyLINnpER in Fig. 42. The cylinder 

heads may also be cast with a double shell and space 

between for the same purpose. The heat from the steam 

in the jacket is expected to flow through the metal of 

the liner and to enter the cylinder, thus keeping up the 

temperature of the working steam and preventing a part, 

at least, of the condensation which naturally occurs. 

This is effected to a greater or less extent, and thus 

one of the losses in the working of steam in a steam 

engine is reduced in amount. The saving is effected, 

however, at the expense of the heat thus drawn from 

the jacket, and the operation is, therefore, an attempt 

to reduce one loss by introducing another. If the latter 

is less than the saving in the cylinder the net result will 

be a gain equal to their difference. If the latter is the 

greater of the two, the net result will be a loss, and if 

they are equal the net result will be no change in the 

economy of the engine. These relations account for the 

varying experience with jackets, but it now seems well 

assured that when properly fitted and operated, the re- 

sult will show a gain of from 5 to 10 per cent over sim- 

ilar conditions unjacketed. 

Jacket Drain—A pipe with valves and connections 

for draining off the water condensed in the jackets. 

Jacket Safety Valve—An escape valve fitted to the 
steam-jacket space, in order to relieve the pressure 

should it rise to a point considered unsafe. 

Jet Condenser—See CONDENSER. 

Jet Propeller—A form of propeller consisting es- 
sentially of a pump which takes in water from outside 

the ship and discharges it again with an increased ve- 

locity sternward. The propulsive thrust arises from the 

reaction of the water upon the pump, which produces 

the change of velocity. 

Advices from Glasgow report the commencement of 

work on the Watson designed steam yacht for James 

Gordon Bennett, proprietor of the New York Herald, 

at the Denny yard in Dumbarton. 
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QUERIES AND ANSWERS. 
(Communications intended for this department will not receive at- 

tention unless accompanied by the full name and address of 

the sender, which will be considered confidential.) 

Q.—Will you kindly explain the use, constructiom 

and care of an evaporator? SUBSCRIBER. 

A.—An eyaporator is an apparatus tor making fresh water to 

supply the loss in the boiler feed. Of the steam which the boilers’ 

supply, not all can find its way back through the feed. Small 

steam leaks may occur at the various joints, some of the auxiliaries 

may not send their steam to the condenser, the whistle may be 

used (as in foggy weather), and so in various ways losses of fresh 

water will occur. The proportion of such loss varies widely with 

the circumstances, but will often amount to 5 per cent. and more. 

In order to avoid making up this loss with salt water, the evap- 

orator is provided. 

A representative type of evaporator consists of a series of nests or 

coils of pipe contained within a chamber—a modern type of evap- 

orator was described and illustrated by drawings in our issue of 

December last, page 273. The chamber has a salt-feed inlet, and 

steam from the boiler or from one of the receivers is passed inside 

the tubes. The heat in the steam passes through the tubes and 

forms steam or vapor of lower pressure on the salt water side. 

The chamber is connected with the condenser or with the L. P- 

receiver, and the steam formed in the evaporator is thus passed 

into the main circuit and serves to make up the loss as specified 

before. At the same time the water formed in the coils by the loss 

of heat is drawn or trapped out as it accumulates and returned to: 

the feed, so that all steam formed on the salt-water side is a net 

gain for the fresh-water account. The coils on the outer or salt-. 

water side become naturally coated with scale, so that they must 

be cleaned from time totime. To this end they are usually made 

removable, or arranged so as to be readily accessible through man- 

hole openings in the shell. It is essential that the tubes be kept 

clean for efficient working of the evaporator. 

In the operation of the evaporator the chief point requiring atten- 

tion is the proper proportion between the amcunt and temperature 

of the inflowing steam and the pressure within the chamber on the 

salt-water side. If the pressure is low and steam is provided in 

excess, it may give rise to a violent ebullition or foaming which 

will carry some of the salt water along with the vapor formed, and 

thus introduce salt instead of fresh water into the circulating sys- 
tem. This condition must be guarded against by a proper control 

of the amount of steam admitted. In the way of general main- 

tenance the condition of the tubes as regards scale is the chief 

point requiring attention and, of course, the tightness of the tube 

joints. 

Q.—What has produced the best results on ships” 

bottoms in reducing water friction or adhesion there- 

on? Ie, Mo UG 

A.—Smooth polished copper or sheathing metal, an alloy rich in 

copper, has produced the best results in reducing skin resistance or 

drag between the surface of a ship and the water. There has been. 

but little information on this subject published of late, and no 

records of tests of recent date, but it is safe to consider that among 
the various materials available for the covering of ships’ bot- 

toms, none is superior to copper sheathing. This form of covering 

may always be applied to wood hulls, but cannot be directly 
applied to iron or steel on account of the electro-chemical action 
which would result, accompanied by the serious corrosion of the 

metal of the ship. To avoid this the well-known custom of 

‘sheathing’? with wood first and then with copper is sometimes. 

adopted, especially for naval ships which are to make long cruises 
without opportunity for docking, cleaning, and repainting. 

For iron and steel hulls various paints are used, the points of 

superiority depending chiefly on the ability to adhere closely to the 

metal and thus furnish the protection required, and the property of 

poisoning or preventing the giowth of the various forms of marine 

life which are liable to attach themselves to ships’ bottoms. Vari- 

ous so-called ‘ copper’’ paints or other special protective and anti- 

fouling compositions seem to have given fairly satisfactory results, 

but no form of painted surface will long retain its original smooth- 

ness, and at intervals, longer or shorter according to circumstances, 

the ship must be docked and the bottom repainted. At best the 

painted surface is inferior to copper sheathing, the difference rang- 

ing from 5 to Jo per cent. according to various tests. 
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GROUP OF SIX 31=-KNOT YARROW DESTROYERS 
FOR THE JAPANESE NAVY. 

Japan has made such extraordinary progress in 

naval matters in a very few years that she can now be 

accurately classed as a first-rate naval power. In mod- 

ern vessels of every type she can make a respectable 

have been put to good use in the design of vessels for 

her special needs. 

Among the latest additions to her navy is a group 

of six torpedo boat destroyers, each having a trial 

speed in excess of 31 knots. These boats were con- 

structed at the Poplar yard of Yarrow & Co., the well- 

known English torpedo craft builders, and the last of 

JAPANESE TORPEDO BOAT DESTROYER NIJI—311 VONS, 31 -- KNOTS—STEAMING AT REDUCED SPEED, 

showing, from half a dozen battleships afloat (none 

older than 1896, and ranging in size from 12,300 tons 

to 15,200 tons) down to torpedo boats of the most 

modern type. Her experiences in the war with China 

the six, the Niji, is shown in the frontispiece, steam- 
ing at sea. These six vessels are practically uniform 
in construction, and on trial gave very similar and 
highly successful results. Their dimensions are: 

(Copyrighted, 1900, by Aldrich & Donaldson, New York.) 
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Length, 220 ft. 3 in.; beam, 20 ft. 6 in.; drait, 5 ft.; dis- 

placement, 311 tons. Their armament consists of one 

12-pounder and five 6-pounder rapid firers, and two 

18-in. torpedo tubes, with six automobile torpedoes. 

A coal capacity of 90 tons is provided, which gives a 

low speed steaming radius of 3,000 nautical miles. 

The first of these vessels was begun in January, 1897, 

and the last completed her acceptance trials in Janu- 

ary of this year. They are the largest vessels of this 

type yet turned out by this builder. 

All six of the boats are twin screw, fitted with triple 

expansion four cylinder engines, 

lal, 12% AO w= soo, Ghia, Ilo 12S Br uA iil, Gba, araxal who IL, IP, 

34 in. dia., and 18 in. stroke. The engines were de- 

signed for 6,000 I. H. P., but could be forced consid- 

erably above this without distress. They are balanced 

on the Yarrow-Schlick-Tweedy system, with the low 

pressure cylinders at the forward and after ends of 

each engine, and when running are reported to have 

produced comparatively little vibration. Three-bladed 

propellers are used. There are four boilers in each of 

the boats, two for each engine. A separate funnel is 

fitted for each boiler, and there are two stokeholds, 

the two middle boilers being placed back to back. 

Each boiler is of thé Yarrow express water tube type*, 

with straight tubes, and is of large dimensions, having 

a capacity of 1,600 horse power. With water and fit- 

tings each boiler weighed 18 tons. Coal bunkers are 

situated at the sides of the vessel. Two fans (horizon- 

tal), 6 ft. dia., are fitted in each boat, or one fan to two 

boilers. 

Conditions of trial were a speed of 31 knots, with a 

load of 35 tons on a three hours’ continuous run. The 

trial of the Nzjz was conducted under the supervision 

of Rear-Admiral H. Kamimura, Chief of the Japanese 

Naval Commission, and other high officials of the Jap- 

anese Navy. On trial the draft of water to the bot- 

tom of the propellers was 7 ft. 10 in. aft and 4 ft. 11 

in. forward. Observations taken during the three 

hours’ trial gave the following means: Boiler pres- 

sure, 204 lb.; first receiver, 53 lb.; second receiver, 7 

lb.; vacuum, 23 3-4 in.; air pressure in stokehold, 3-4 

in. to 7-8 in.; revolutions per minute, 388.06, and speed, 

31.156 knots. - 

Of all six boats the fastest on trial was the Saza- 

nant, with 31.382 knots, and the slowest the Jnadsuma, 

31.037 knots, truly a remarkable showing. One boat 

of the group, the Akebono, was launched only nine 

days before the official trial, and had only one prelim- 

inary run before the trial took place. 

Concurrently with the construction of these destroy- 

ers more than a dozen others of lesser size and speed 

were built at other yards in England, France, and Ger- 

many for the Japanese Government. 

To supply the demand for efficient deck officers in 

its service, the North German Lloyd Co. has now 

under consideration the equipment of a sailing ship 

as a school ship for youths who intend to enter the 

service of the company. The intention is to establish 

a three years’ course, in which practical seamanship 

will beitaught by the master and officers, and theoreti- 

cal instruction will be given by a college graduate. 

*An illustrated description of one of these boilers was published 

in our issue of November, 1899, page 225. 
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STEATSHIP LINES OF THE PACIFIC COAST-- 

PRESENT FACILITIES AND PROBABLE 
FUTURE GROWTH. 

BY D. S. KIMBALL. 

The Pacific coast, unlike the Atlantic, has but a few 

good harbors, so that one terminal of all the American 

steamship lines doing business on the Pacific, either 

coastwise or foreign, is found at San Francisco, Port- 

land, or one of the Puget Sound ports. 

When the rush for the gold fields of California be- 

gan, transcontinental railways had not been thought of, 

and the water route by the way of Panama offered the 

only immediate and easy solution of the transportation 

problem. A line of steamships was at once put on be- 

tween New York and San Francisco, and the latter port 

became the Pacific terminus of the first steamship com- 

pany running to the coast. 

California filled up much more rapidly than any other 

portion of the coast, and San Francisco, having the only 

harbor for hundreds of miles in either direction, soon 

became the distributing point for the whole western 

slope. When the Central Pacific Railroad was built, her 

position was strengthened still more, and she held un- 

disputed sway as the central point of transportation and 

distribution until a few years ago, when transconti- 

nental railways across the northern portion of the con- 

tinent compelled her to share the honors somewhat 

with the ports farther north. This, of course, did not 

result in a falling off of San Francisco’s trade, but 

rather in a more independent growth of the northern 

section of the coast. And while this latter has been 

rapid, in common with the growth of the whole coast, 

San Francisco, backed by the great natural resources of 

California, has kept in the lead as a shipping port, and 

is still the center of the largest steamer and sailing trade 

on the coast. 

‘The principal steamship companies operating ocean ~ 

steamers from San Francisco as-a terminus are the 

Pacific Mail Steamship Co., the Oriental and Occidental 

Steamship Co., the Oceanic Steamship Co., and the 

Pacific Coast Steamship Co. Besides, it is the eastern 
terminal of, the Toyo, Kisen Kaisha, a Japanese com- 

pany with headquarters at Tokio, Japan. i 

The Pacific Mail Steamship Co. is by far the largest 

of these corporations, and is the pioneer line of the 

Pacific. This company operates seventeen steamers, 

coastwise or foreign, of from 1,500 to 5,000 tons, with a 

total tonnage of 49,000 tons. The transpacific fleet 

consists of four ships, the China, City of Pekin, City of 

Rio de Janeiro, and the Peru. The first two are of 

5,000 tons, and the last of 3,500 tons each. The first 

three, while not new boats, are well fitted up and very 

comfortable. The Peru is of more recent construction, 

having been built by the Union Iron Works, about eight 

years ago, 
These steamers sail between San Francisco and Hong 

Kong, touching at Honolulu, Yokohama, Kobe, Naga- 

saki, and Shanghai, connections being made at the vari- 

ous Asiatic ports with steamers for all places in the 

Orient, as well as for Europe, via the Suez Canal. 

This company has now under construction at the 

Newport News Shipyard two vessels of about 12,000 

tons gross, of these dimensions: Length over all, 575 
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PACIFIC COAST STEAMSHIP CO.’S S. S. SANTA ROSA—326 FT. LONG, 2,417 GROSS TONS. 

ft.; between perpendiculars, 550 ft., and depth, 4o ft. 

They will have all modern improvements, and will carry 

a large number of passengers of all-classes. They will 

have quadruple expansion engines, with cylinders, 35 

in., 50 in., 70 in., and 100 in. dia., and 66 in. stroke, and 

are designed to develop about 18,000 collective horse 

power. It was recently reported also that this com- 

pany had purchased a steamer of large freight capacity, 

built abroad. 

The coastwise fleet consists of thirteen steamers of 

from 1,500 to 3,000 tons. They are all of iron and steel, 

and, like the larger steamers of the company, while not 

new, are comfortably fitted up. These steamers ply be- 

tween San Francisco and the principal ports in Mexico 

PACIFIC COAST STEAMSHIP CO.’S S, S. UMATILLA—310 FT. LONG, 3,000 GROSS TONS. 
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and Central America, the southern terminus being 

Panama, where connections are made with steamers for 

the west coast of South America, and, by means of the 

Panama Railroad, with steamers for Europe and the 

east coast of America. 

The Oriental and Occidental Steamship Co. also run 

a line of four steamers to the Orient on the same route 

as the Pacific Mail Steamship Co. These steamers, the 

Belgic, Coptic, Gaelic and Doric, are not new vessels, 

having been built several years ago at Harlan and 

Wolf’s yard at Belfast, Ireland. They are, however, 

luxuriously fitted up, and are of modern construction, 

having eight water tight bulkheads. The four ships do 

not differ much one from the other, each being about 

430 ft. long, of 4,500 tons, and built along the same 

lines. 

That the Japanese have an eye to the future traffic 

across the Pacific, is shown by the two steamer lines 

which they already have running to America. One of 

these, the Toyo Kisen Kaisha, already mentioned, put 

on three new steel steamers between San Francisco and 

the Orient about a year ago. These ships, the Nippon 

Maru, America Maru, and Hong-Kong Maru, are sister 

ships, built in England. They are 440 ft. long, and have 

a gross tonnage of 6,000 tons. They have twin screws, 

driven by independent engines, with cylinders 28 in., 46 

in., and 75 in. dia., by 48 in. stroke. They are first-class 

ships in all respects, and were built to. conform to 

Lloyd’s rules. 

These three steamship lines—the Pacific Mail, Orien- 

tal and Occidental, and Toyo Kisen Kaisha—operate 

on a joint schedule whereby a steamer of some one of the 

companies sails from San Francisco for the Orient 

every eight days, all steamers traversing the route as 

given above, for the Pacific Mail Steamship Co.’s ves- 

sels. Considering the distance traveled, this makes good 

service. All these ships touch at Honolulu both ways. 

The Oceanic Steamship Co. operates the only line run- 

ning regularly to Australia. This company has four 

steamers of from 3,000 to 3,500 tons, two of which, the 

Alameda and Mariposa, are of American build, and 

while about sixteen years old, are good ships. The 

Alameda lately completed one million miles without a 

serious mishap, which is certainly a good record. Twice 

a month steamers of this company sail from San Fran- 

cisco for Honolulu, and every twenty-eight days for 

Australia. Next season this company expects to have 

in commission on this route three new steel ships, now 

building, of 6,000 tons each. 

A comparison of the distances traversed by : these 

Pacific steamers and the time consumed in doing so, 

with the distances covered and times consumed by the 

Atlantic liners, may be of interest. Some of the dis- 

tances on the Pacific seem rather great by comparison. 

From San Francisco to Honolulu, 2,089 mites. 
“ « Honolulu “ Yokohoma, 3,445 
‘ Yokohoma ‘““ Hong-Kong, 1,40“ 
«San Francisco ‘‘ Hong-Kong, 6,381“ 
we 73 ae v7 Sydney, 6.514 ue 

rt sf ‘ “ Panama, 2527/7 mee 

‘Lhe trip from San Francisco to Honolulu is made in 

about six days, or about the same time consumed by the 

Atlantic liners in going from New York to Liverpool, a 

distance of about 3,100 miles. 

The total number of regular passenger steamers run- 

ning out of San Francisco to foreign ports at the be- 
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ginning of the year 1899 was twenty-eight, with a total 

tonnage of 98,000. Besides which there is a great freight 

traffic to all parts of the world, the number of steam- 

ships arriving from foreign and Atlantic ports during 

the year 1898 being 330, with a net tonnage of 592,805 

tons. The total number of sailing vessels arriving from 

foreign and Atlantic ports during the same was 4094, 

with a total tonnage of 530,092 tons. 

A steamship company recently organized to engage in 

Hawaiian trade has now under construction in this 

country four large vessels of these dimensions: Length 

over all, 430 ft.; beam, 50 ft.; depth, 34 ft. They will 

be single screw vessels, with engines of about 2,500 I. 

H. P., and carrying 8,250 tons dead weight, will have 

a sea speed of about 10 knots. 

San Francisco is also the center of a large coast trade. 

As yet few railroads connect coast ports, so that a great 

part of the trade is by steamer, and many companies are 

engaged in it. By far the largest is the Pacific Coast 

Steamship Co., which operates twenty passenger steam- 

ers, ranging in size from 300 to 3,000 tons, witha total 

tonnage of 32,000 tons. This company runs steamers 

to all coast ports from Alaska to Mexico. 

The passenger trade between Portland, Ore., and San 

Francisco by steamer is controlled by the Oregon Rail- 

way and Navigation Co., which operates’ steamers of 

about 3,000 tons between these ports. 

There are also many small companies engaged in 

coastwise trade, much of which is carried on in steam 

schooners, peculiarly adapted to the requirements of the 

traffic, a great deal of which is in lumber. 

San Francisco’s greatest rivals in the ocean trade will 

no doubt be the ports on Puget Sound. This beautiful 

inland sea is one great harbor in itself, having an area 

of nearly 2,000 square miles, broken up into a maze of 

bays and inlets, and offering the finest facilities possible 

for navigation by steamer. There is an abundant depth 

of water, so that the size of vessels trading to these 

ports will not be limited by harbor obstructions. Puget 

Sound is backed by a fine farming country, and already 

three trans-continental railways have terminals on its 

shores. Its ports will surely be strong competitors in 

the race for the commerce of the Orient. 

The principal shipping points on the Sound are 

Seattle and Tacoma. From the latter the Northern 

Pacific Steamship Co. operates, in connection with the 

Northern Pacific Railroad, a line of four steamers of 

from 2,600 to 5,300 tons to the Orient They run as 

far as Hong-Kong, stopping at Victoria, B. C.; Yoko- 

hama, and Kobe. 

The same company have lately put in operation a line 

of three steamers from Portland, Ore., to the same 

Oriental ports. None of these ships are new, having 

seen service in other waters; one, the Arizona,* was the 

original Atlantic greyhound. A number of the vessels 

of this company are now doing transport service to the 

Philippine Islands. 

Seattle is the American terminus of the other Japa- 
nese line before mentioned. This is the Nippon Yusen 

Kaisha (Japanese Mail Steamship Co.), which runs in 

connection with the Great Northern Railroad. At pres- 

*An extensive description of this vessel illustrated by photographs: 

was published in our issue of September, 1898. 

March, 1¢oo. 
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OCCIDENTAL & ORIENTAL STEAMSHIP CO,’S S. 

ent three steamers of from 3,200 to 4,700 tons are em- 

ployed sailing monthly only from Seattle. These steam- 

ers are of the combination cargo and passenger type, 

having accommodation for only a few first class pas- 

sengers. It is the intention of the Nippon Yusen Kaisha 

to replace them with new and first-class ships in the near 

future. Incidentally it may be of interest to note that 

this company is one of the largest steamship companies 

in the world, operating altogether a fleet of 70 ocean 

S. COPTIC—430 FI. LONG, 4350 GROSS TONS. 

steamships, varying in tonnage from 3,000 to 7,000 tons 

and having a total tonnage of 200,000 tons. The com- 

pany also owns a large fleet of small coast steamers, 

and has headquarters in Tokio, Japan. 

A new steamship line from Seattle to the Orient is 

projected by J. J. Hill, president of the Great Northern 

Railway. According to the announced plan of the pro- 

moters, the vessels for this service will be of enormous 

carrying capacity, with low power, so that bulk cargoes, 

PACIFIC MAIL STEAMSHIP CO.’S. S. S. PEKING—427 FT. LONG, 5,000 GROSS TONS. 
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chiefly of grain, can be delivered at Asiatic ports at a 

minimum of cost. 

A large foreign trade is being built up at the Sound 

ports, the greater part of which is in lumber, the chief 

article of export of Washington. 

are used in this trade, by far the greater part is carried 

on in sailing vessels. But at the principal ports, as 

Seattle and Tacoma, there is a considerable steamship 

trade. Large quantities of flour and grain are shipped 

to European and Oriental ports. Many such cargoes are 

taken out in steamers, nearly all of which are, unfor- 

tunately, of foreign build. The import trade from China 

and Japan by steamer is already very large, consisting 

mainly of tea, silk and rice, but these commodities do 

not,'of course, furnish cargo to fill all the large vessels 

on their return trips. An effort is being made to develop 

a trade in minerals, and now there are some shipments 

of ore from the Orient as return cargoes. A small 

steamer trade has lately been established with Hono- 

lulu. : 

The steamer coasting trade from Puget Sound ports 

While some steamers 

March, 1900. 

The local trade in Puget Sound will always be car- 

ried on to a large extent by steamers. Perhaps no other 

section of country in the world has such a water privi-. 

lege as the country surrounding the Sound. From the 

sea to its headquarters, a distance of 200 miles, there is 

neither shoal, reef or hidden danger to be found; and 

while only 200 miles long, its shore line is 1,600 miles 

in length. This gives some idea of its irregular form, 

and all these land-locked waters are navigable. Com- 

munication by steamer will always be much quicker, 

easier and cheaper, between most points, and the waters 

even now are full of small craft. The total number 

of steamboat lines entering Seattle in 18099 was 33. 

Many of these, of course, were small lines, and many 

lines consisted of one steamer only. The local. inspectors 

at Seattle examined 358 steamers in 1808, a considerable 

fleet for a new country. The conditions are ideal for 

steamboating, as no violent storms prevail, shipwrecks 

from natural causes are unknown, and many fast steam- 

ers are to be found here, as it is possible to reduce the 

beam to a minimum on these peaceful waters. A trip 

C RAILWAY S. S. EMPRESS OF JAPAN—455 FT. LONG, 5,900 GROSS TONS, 

is large, and growing rapidly. The coal mines of 

Washington produce 2,000,000 tons annually. About 

one third of this is shipped—a large proportion in 

steam vessels—to different coast ports, particularly 

those of California. The recent mining developments in 

Alaska have also resulted in a great increase of the ton- 

nage in that trade. Now, several regular steamship 

lines are running to Alaskan ports from Seattle or Ta- 

*coma, as well as from Portland and San Francisco. 

During last summer no fewer than sixteen steam- 

ers of from 1,000 to 2,500 tons were making regular 

trips to Alaska, starting from or touching at Seattle. 

The passenger end of the traffic is quite considerable. 

Whether or not this trade will be permanent depends 

upon the future development of mining in the Klondike 

region, at Cape Nome, and at other points. The lum- 

ber trade is handled almost entirely by sailing ships, as 

far as coast trade is.concerned, although farther down 

the coast small steamers are used very successfully. 

from Seattle to Tacoma on the well named Flyer is 

really a pleasant experience. An abundance of wood 

and coal is at hand and seems to complete the list of 

requirements for good steamboating. 

Crossing over into British Columbia similar condi- 

tions are found to prevail. Most of the coast and local 

traffic-is done by steamer, while the Canadian Pacific 

Railroad has the finest line of steamships sailing from 

the Pacific coast to the Orient. These steamships, 

Empress of India, Empress of Japan, and Empress of 

China, are 458 ft. long, 6,000 tons gross tonnage, and 

can steam 18 miles an hour. They have twin screws, 

driven by independent engines of 5,000 horse power 

each, and are first-class ships. They were built in Eng- 

land in 1801. 

The same company also operates a line of three 

steamships of 3,500 tons to Australia and New Zealand, 

touching at Honolulu and the Fiji Islands. The Amer- | 
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NIPPON YUSEN KAISHA (JAPAN MAIL STEAMSHIP CO.) S. S. TOSA MARU—445 FT. LONG, 5,794 GROSS TONs. 

ican’ terminus is Vancouver, B. C., which is also the 

western terminus of the Canadian Pacific Railroad. 

The outlook for marine engineering on the Pacific is 

most encouraging. Up to the present time a rather in- 

ferior class of ship has been in use, on the whole, and 

these waters have been used a good deal as a dump- 

ing ground for ships that have outgrown their useful- 

ness elsewhere. But the demand is rapidly growing for 

new and fast ships, and the recent developments in the 

far east will soon make such vessels an absolute neces- 

_sity. There is sure to be a great trade across the 

Pacific before many years, and, while it may not be pos- 

sible, financially, to operate vessels over such a great 

distance with the speed of the Atlantic liners, a great 

improvement over those now in use must soon be made. 

The distance from Liverpool to Hong Kong via San 

ATER T atmnsca a 6 

oy tie 

OCEANIC STEAMSHIP CO.’S S. S MARIPOSA—320 FT. LONG, 3,150 GROSS TONS. 
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Francisco is about 14,000 miles, or a little more than 

half way round the globe. At present thirty-nine days 

are required for a continuous trip by this route. Twenty- 

eight days are consumed in the trans-Pacific portion of 

the journey, considerable time being lost in stops at 

intermediate ports. The Canadian Pacific steamers do 

better in point of time, the Empress of Japan having 

made the run from Vancouver to Hong Kong in 17 1-2 

days including stops at the regular way ports. This 

would make the total time of a continuous trip from 

Liverpool to Hong Kong about 29 days. The run from 

Vancouver to Yokahama was made in 10 1-2 days, and 

the distance is 4,500 miles. 

The Pacific route from Europe to China is more di- 

rect than the one by the way of the Suez Canal, and 

good service on the Pacific would make it the quickest 

and most desirable way. 

A great many of the coasting steamers have been 

built at the different yards on the Pacific coast. As yet 

few large ocean liners have been constructed, although 

some of the yards have facilities for building large ves- 

sels, one, the Union Iron Works, being too well known 

to need further comment. There is no doubt but that 

as the demand for larger and better vessels increases, the 

facilities for constructing such vessels on the coast will 

keep step with this progress. All the coast yards are at 

present handicapped by having to bring their iron and 

coal from a distance. Iron mines have been found and 

worked to a small extent. Anthracite coal has been lo- 

cated, but not in any quantity. The country, however, 

is still in a measure unexplored, and the finding and de- 

veloping of good iron mines would give steel ship- 

building and marine engineering a great impetus. The 

greater part of the small coasting steamers are, of 

course, now constructed of wood, the forests of Wash- 

ington and Oregon furnishing an unlimited supply of 

the finest shipbuilding timber to be found anywhere the 

world over. 

NOTES ON SHEATHING U.S. NAVAL ACADETD1Y 

PRACTICE SHIP CHESAPEAKE.* 

BY NAVAL CONSTRUCTOR LLOYD BANKSON, U. S. N. 

The sheathing of steel vessels with wood being rather 

a new subject in this country, from a practical point of 

view, it is proposed to describe the process of sheathing 

the Chesapeake,’ the practice ship for the U. S. Naval 

Academy, built by the Bath Iron Works, of Bath, 

Maine, from designs furnished by the Bureau of Con- 

struction and Repair. 

The plans were described in the preceding volume of 

the transactions of this Society. The ship was launched 

June 20, 1809, the keel having been laid August 2, 1808. 

The specifications for sheathing were, briefly, as fol- 

lows: 

“The wood keel to be of East India teak; to be well 

secured to the keel plate with brass screw bolts.1 3-8 

in. dia.; the false keel to be of white oak 3 in. thick and 

in lengths not exceeding 12 ft., and fastened to the 

main keel with composition spikes. 

*Read at the seventh general meet'ng of the Society of Naval 

Architects and Marine Engineers, held in New York. 

lFor a complete description of this vessel, see MARINE EN- 

GINEERING, Vol. IV, page 168.—Ed. M. E. 
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“The planking to extend from the keel to about 26 in. 
above the water-line amidships, to sheer up 15 in. for- 

ward and 12 in. aft. To be of Georgia pine through- 

out, the upper edge to be covered by an angle 3 in. by 3 

in. by 7 lb. per foot. Planking to be worked in one thick- 

ness of 4 in. The two top strakes and the planking 

near the stem and stern-post to be reduced in thick- 

ness from 4 in. to 3 I-2 in. 

“The garboards to be cross bolted through the top 

of the keel with 3-4 in. copper bolts. The plank on the 

bottom to be about 9 in. wide amidships and on the sides 

about 8 in., tapering forward and aft as may be neces- 

sary to make fair work. 

“The plank to be fastened with 3-4 in. naval brass 

screw bolts screwed through the plating between the 

frames, and to have brass nuts on the inside on iron 

washers.” 

The foregoing were the principal requirements in 

regard to planking and fastening. Several important 

points came up as soon as the work began, the princi- 

pal one was in regard to marking off and boring the 

holes in the planks for the bolts. It was found that 

most of the planking had to be steamed in order to 

make a good job in bending it to fit the plating. In 

doing this it was decided that-it was not practicable to 

mark the holes on the plank from the inside of the 

ship and then take the plank down again to bore the 

holes. square with the inside surface of the planking. 

(According to the specifications the holes were re- 

quired to be drilled in the plating first.) 

The work was done as follows: The holes were 

bored through the planking from the outside after it 

was secured in place, Fig. 1. After carefully boring the 

holes from the outside slightly smaller than the diame- 

ter of the bolt, the drilling and tapping of the bottom 

and side plating was done through the holes in the 

planking, and finally the outer ends of the holes in the 

planking were counterbored with a plug auger to take 

the heads of the bolts. 

The drilling and tapping of the plates was done both 

by hand and by pneumatic power. The bolts were 

fitted in place as follows: A hemp grommet being first 

put under the head of each bolt with a proper amount 

of red-lead putty, the bolt was then screwed into the 

bottom plating through the wood planking and well 

hove up until the putty was squeezed out around. the 

head of the bolt. A special gang followed the work 

from the inside of the ship and fitted the washers and 

nuts. The wrenches used were about one foot long, 

and in two or three cases the bolts were twisted off. It 

is thought that a wrench about 8 in. long should be 

used for 3-4 in. bolts. Various means were tried for 

heaving up on the bolts from the outside—hand ratch- 

ets, hand braces aud pneumatic braces. The pneumatic 

tcol was rapid and seemed to do its work well. It was 

found on examination that with very few exceptions 

the bolts were square with the inside surface of the 

plates. 

Before fitting the plank in place against the steel plat- 

ing the hull was carefully tested for water-tightness 

and all leaks stopped. The skin plating having been 

originally pickled, it was carefully cleaned and a thick 

coat of a mixture of white and red lead put on the 

plating, as well as on the faying surfaces, when each 

plank was fitted in place. The outside plating was. 
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fitted in the usual manner with inside and outside 

strakes. The garboard strakes and sheer strakes were 
of 17 1-2 lb. plating and the balance 15 lb. plating. 

The method of holding the plank in place is shown 

in. Fig. 1. Great care was taken to have the planking 

beveled so as to leave a good 1-4 in. seam for caulking 

in order to avoid the use of the reeming iron. The 

butts of the planking were specified to fall between the 

frames, and nearly all were butted as specified. The 

fastening was well done and the quality of the bolts 

good. Table I shows the results of tests made as the 

work progressed. 

The specifications required that the bolts were to be 

made of naval brass, composed of 62 parts of best se- 

lected copper, 37 parts of Silesian zinc, and 1 part of 

tin. The brass bolts to be capable of being bent cold to 

an angle of 40 deg., when screwed, without cracking or 

fracture, and to have a tensile strength of 42,500 lb. to 

MARINE ENGINEERING. IOI 

and bent; D cracked and E broke off completely. No. 

18 (see Table I) was pulled in a testing machine and 

broke squarely with a clean fracture. Exhibit B repre- 

sents one of the blank nuts drifted with a pin until it 

cracked. A represents the original size of the blank. 

The specifications called for the bolt heads to be cov- 

ered with Portland cement in the countersink to insure 

water-tightness. This was done. After the bolts were 

hove up in place, and the washers and nuts put on and 

properly hove up, the points of the bolts were center- 

punched in three places at the top of each nut by special 

men, to prevent the accidental turning of the nuts and 

to show that they had been hove up by the proper per- 

sons. 

The specifications required the caulking to be done in 

a very careful manner, in order not to strain the fast- 

enings, and the use of the reeming iron was forbidden 

The seam required was to be between 1-4 in. and 5-16 

FIG, 1.—METHOD OF HOLDING PLANKING IN PLACE. 

the sq. in. The mean of the means of 21 test pieces 

gave an average tensile strength of 47,204 lb. per sq. in. 

Test pieces 1, 2 and 3 (Table I) show the result of 

‘using ordinary casting copper and green sand moulds. 

All other test pieces and all bolts used on the Chesa- 

peake were made of tin, Lake copper, and American 

zinc, and cast in iron moulds. The results may be con- 

sidered good. i 

Fig. 2 shows photograph taken of various blank and 

finished bolts as the work progressed. Exhibit H, Fig. 

2, shows a finished 1 3-8 in. keel bolt bent with a 14 lb. 

sledge, the bolt being held firmly in an 8 in. timber and 
struck on the head. Not a mark or crack showed on 

the finished surface of the bolt. Exhibit C shows a 

rough blank 3<4 in. bolt taken at random and bent. D 

and & are two finished 3-4 in. bolts taken at random 

> 

in. for a 4 in. plank, and other thicknesses in propor- 
tion. 

Ten threads were required in each seam, and they 

were driven as follows:—Four threads of oakum were 

driven into the seams by hand mallet and iron, and 

these threads were then forced home with horsing-iron 

and beetle. The first four threads were then followed 

by three additional threads, driven by hand mallet and 

iron and then horsed against the first four with iron and 

beetle. 

The seams were then filled up with three threads and 

properly horsed as before. The outside surface of the 

oakum, after horsing the seams and dubbing the plank- 

ing, was about 3-8 in. beyond the surface of the plank. 

The seams were then payed with hot pitch put on with 

a mop. A mixture, by weight, of 63.57 per cent. of 
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white lead, 32.10 per cent. of dry lead, and 4.32 per 

cent. of linseed oil, was used to fill up the interstices 

between the inside surface of the planking and the out- 

side surface of the steel hull. 

1O2 

about 50 lb. of putty, the smaller size holding about 

1o lb. 

The amount of putty injected is shown on the list of 

A comparatively small quantity was required, 

except in a few places, the planking having been fitted 

quite snugly to the steel plating. 

weights. 

in the 

in by 

Holes were bored at intervals of about 8 ft. 

center of each plank, and the mixture forced The injected putty 
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pumps under a pressure of about io lb. to the sq. in., 
Each third strake of planking, com- 

mencing with the top of the garboard strake, was lightly 

chinked with a thread of oakum before the next strake 

following manner: the pressure being regulated by means of spring relief 

These pumps were tested at 

intervals to avoid putting an excessive pressure on the 

valves on the pumps. 

was put in place. Two sizes of pumps were 

used for injecting the mixture, the larger size holding 

planking from the inside. 
The planking began with the keel and garboard 
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FIG. 3---VIEW OF PLANKING AT FORWARD END. 

FIG. 2.—PHYSICAL TESTS OF BOLTS USED IN SHEATHING. 
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strakes, and was worked upwards until completed, the 

top strake, however, being fitted in place after the gar- 

boards. Fig. 3 shows a view of the planking forward. 

The following practical points were noted during the 

sheathing of the Chesapeake. Difficulty in making a 

-good water-tight job between the bronze stem and 
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stern-post casting and the outside plating by caulking. 

The riveting of this work should be arranged in such a 

manner that it should be tight without depending on the 

eaulking of the outside seams. 

It is thought that the greatest trouble may be looked 

for around the stern-post, and it will be well to exam- 
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ine this part of all sheathed vessels as often as good 

judgment prompts until more experience is had with 

sheathed vessels, although the injection of putty under 

pressure should complete the work of making the sheath- 

ing perfectly water-tight. 

It was found in several cases that the bolts fetched up 

against the vertical longitudinal bulkheads in inaccessi- 

ble places before the heads were up against the plank- 

ing. These few bolts leaked; but the trouble can be 

easily remedied by backing out the bolts (which have 

no nuts on them), shortening them, and heaving them 

up hard against the planking from the outside when in 

dry-dock. 

In designing a vessel to be sheathed great care should 

be taken to make the lines around the stern as easy as 

possible to allow the planking to be bent with as little 

work as possible, otherwise the planking is strained or 

else it has to be shaped from large pieces at consider- 

able expense. Oak was substituted in one or two cases 

under the stern of the Chesapeake, as it can be bent 

more easily when steamed than yellow pine, which is 

not affected to a marked degree by steaming. 

The stern-post, rudder-frame, and stem, up to about 

four feet above the water-line, were made of Hyde 

bronze. Table II gives the results of tests of this mate- 

rial taken from the different castings. 

WEIGHTS OF MATERIALS USED FOR SHEATHING THE CHESA-~ — 

PEAKE, 

152 naval brass 13-8 in. keel bolts, b ass nuts and iron 

WHAGIIOES (acouopoacdopcese an BOd0D2gG0S000000000 BOND 1,836 Ib. 

972 naval brass 7-8 in. plank bolts, brass nuts and iron 

WANES sbooou0sco009000000 So0Dno0g0000Nn0N0 42009000000 1,895 

8,103 naval brass 3-4 in. plank bolts, brass nuts and iron 

washers......... 8 d0000000000000000000000000000000000900 7,874 

12 naval brass 3-4 in. plank bolts...............ee sees e sees 17 

5 copper bolts, blunt, © 1-4 im....... 1. eee teeter eee eee 38 

37 copper bolts, blunt, 7-8 i... 2... eee eee ee eee eee 170 

113 composition spikes, 1-2 in, square, 7in. long.......... 53 

11,883 

Outside planking, yellow pine.................. 123,403 lb. 

meakwkeelmemenecta ect asercehe rier iecitcr 21,107 

RAGOIAAS Soocadoovo dagen sbadoddo0000pG0b000000 2,854 

Opilaiven ZeuGl HMO, poca0c0ag9ba00dnv0oGac0b0Q00000 6,391 

Putty pumped between plating and planking.. 6,857 

Hemp grommets for brass bolts...............-- 65 

Putty fot grommets. ..... 00.0.5. .ee ee eee eee eee 500 

Sand and cement for plugging bolt holes....... 1,136 

; = 162,313 

174,196 lb. 

RECAPITULATION. 

WIEN TASES. Gop g0000b000000060000000 11,883 lb. 6.82 per cent. 

Wellow, pine plank... eee eee ene ss 123,403, 70.84 

GReTL, Gog ogo odo nbdd00CND000000000000 21,107 12.13 

inalsevk eel tema noceacisciecicmenteeeerericir 2,854 1.63 

Oakumlandipitchinn eter tereerererrrrcrs 6,391 3.67 

Putty and grommets for bolts........... 7,422 4.26 

Cement for plugging bolt holes.......... 1.136 65 

77.77 tons = 174,196 lb. 100.00 per cent 

Approximate area of sheathed surface (omitting area 

of flat keel), 7,583 sq. ft. 

Weight of sheathing materials per sq. ft. (omitting 

teak keel, oak false keel, ‘also fastenings of keel and 

false keel), 23 Ib. 

The weight of the boundary angle at top of wood 

sheathing is not included in any of these tables or calcu- 

lations. This angle is 3 in. by 3 in. by 7 lb. and weighs 

2,345 Ib. 
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ENGINEERING IN THE UNITED STATES NAVY— 
ITS PERSONNEL AND MATERIEL.—I1.* 

BY ENGINEER-IN-CHIEF GEORGE W, MELVILLE, U.S. N. 

The most notable of his. experiments was the series 

which gave the complete demonstration of the relation 

between cylinder condensation and the rate of expan- 

sion. Until these experiments, most engineers believed 

_that the law of Mariotte, that the product of pressure 

and volume is constant, was strictly applicable to steam 

as well as to permanent gases, and that a very large 

ratio of expansion with low pressures of steam would 

be profitable. Isherwood’s experiments on the Michi- 

gan demonstrated conclusively that under the condi- 

tions there obtaining, of a slow-moving engine and a 

low steam pressure, a ratio of expansion was soon 

reached beyond which any increase would cause an ab- 

solute diminution of economy, instead of an increase 

thereof, as would have been predicted from a strict ad- 

herence to Mariotte’s law. Every young engineer 

knows this thoroughly to-day, and is cautioned about it 

in his text-books; but so far from its being readily ac- 

cepted when Isherwood’s experiments had demonstrated 

the true facts, many will remember that he was assailed 

in the public prints as being guilty either of hopeless 

ignorance or wilful waste of the Government money. 

Mr. Isherwood was not only a splendid experimental- 

ist, but a designer of the first rank, and an executive 

engineer who has not been surpassed... He was Engi- 

neer-in-Chief of the Navy during the whole of the War 

of the Rebellion, and during that time was responsible 

for a large number of designs. Here again he was crit- 

icised from the academic point of view, and yet the very 

faults for which he is criticised only appear, on proper 

analysis, the more praiseworthy as excellent details of 

sound designing. He was accused of building engines 

which were inordinately heavy, which accusation he 

has never denied. To the mere office engineer this was 

true, but he realized what they did not, that these en- 

gines had to go into the hands of men who were largely 

untrained and unfamiliar with machinery.. The ordinary 

formule for design assume reasonably decent handling, 

and do not provide for the stresses due to ignorance and 

carelessness. Isherwood knew that the point of first 

importance was to build engines which would not break 

down, and, in fact, could not be injured by ignorant and 

careless handling. The result of this policy was engines 

very much heavier than would ordinarily be built; but 

they did not break down, and they carried our ships to 

victory. To my mind this was the highest proof of his 

talent as a sound designer. He had the courage to in- 

vite criticism from the book engineer in order that he 

might insure success for the country. 

You all know the story of the Alabama, and how she 

and her sister commerce destroyers drove our merchant 

marine off the ocean. The Navy Department felt it im- 

portant to get a class of vessels that would be faster 

than the Alabama, or any other vessel likely to be built, 

so that they could sweep the seas of all these commerce 

destroyers. A number of designers were concerned in 

projecting both hulls and engines to accomplish this re- 

sult, but although the great Ericsson was one of his 

rivals, Isherwood’s ships were the only ones which 

*President’s address (1899) at New York meeting of American 
Society of Mechanical Engineers. 

y 
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really accomplished what was intended. The Wampa- 

noag was the first of Isherwood’s ships to be tried, and 

she was a magnificent success in every way—really in 

many ways the greatest success as a steam war vessel 

that the world has ever known, because she distanced 

everything that had preceded her so much more than 

has ever been accomplished before or since. The Wam- 

panoag was given a trial lasting 37 I-2 consecutive hours 

between Sandy Hook and Cape Hatteras, and for the 

whole run averaged nearly 17 knots per hour. During 

several 6-hour periods her speed was over 17 knots, and 

for several single hours she made over 17 1-2. It 

should be noted also that this was not a smooth weather 

run, as the trial was ended prematurely owing to a gale, 

and for some time previous the weather was heavy. 

The speed made by the Wampanoag was at least 4 

knots more than that of any other ship—either mercan- 

tile or naval—of her period, and, in fact, it remained 

the record speed for many years. Even the first fast 

cruisers of modern navies, like the Esmeralda and Nan- 

vwa, while nominally credited with a higher speed, only 

made it over the measured mile, or for a short spurt, 

while the Wampanoag’s record was, as stated, for more 

than 37 hours. Another of the Isherwood ships, the 

Ammomoosic, was given only a short trial, but showed 

qualities equal to those of the Wampanoag. The best 

of the rival ships made a speed of about 15 knots for 

less than an hour, and the other vessels fell below the 

Wampanoag even more than this. 

It is not perhaps generally known that in calling the 

Wampanoag an “Isherwood” ship the designation is 

more inclusive than might be supposed at first glance, 

for Mr. Isherwood was responsible for those features 

of the hull design which affect speed. The design of 

the hull as a whole was worked out by Naval Con- 

structor Delano, an accomplished naval architect, but 

he simply took the form of hull by Mr. Isherwood and 

worked out the structural details necessary to carry 

out his ideas. ; 

It would be supposed that Isherwood’’s brilliant 

achievements would have brought him only gratitude 

and thanks; but, on the contrary, his vigorous methods 

had aroused a great many enemies, so that at the end of 

his second term as Chief of the Bureau of Steam En- 

gineering there was sufficient influence to prevent his 

reappointment to the office which he had so well filled, 

and he was banished to the Mare Island Navy Yard; 

but this only gave him an opnortunity for some of his 

best experimental work, and the famous propeller ex- 

periments, which are still a mine of valuable informa- 

tion for designers, were conducted there with the as- 

sistance of William R. Eckart, a former engineer of the 

navy and an honored member of this society. 

After these experiments, and until his retirement, Mr. 

Isherwood conducted many others which have given 

valuable information to engineers, and it may be well in 

passing to remark that his reports of experiments are 

models to which all young engineers can refer with 

great profit to themselves. The thoroughness with 

which the apparatus under experiment is described and 

its dimensions given, the elegance and lucidity of the 

language, and the admirable arrangement, are all mod- 

els of what such a report should be, just as Macaulay’s 

style is so justly commended to all young writers. 

From a remark which has just been made as to the 
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qualifications of many of the engineers who came into 

the navy during the War of the Rebellion, it might per- 

haps be inferred that there were few men of real ability; 

but this would be unwarranted, and would be an entire 

mistake. The total number of engineers was so large 

that it was utterly impossible to have even a majority 

of them skilled men; but a number of talented young 

engineers came into the service, and the profession gen- 

erally has learned to recognize their ability from the 

fact that in the years since the close of the war a,large 

proportion of the leaders in mechanical engineering in 

our country are men who were naval engineers during 

the war. The first president of this society (Dr. 

Thurston), as well as the second (Dr. Leavitt), were 

naval engineers, and so was that other able man, Charles 

E. Emery, now gone to his long rest. William Everett, 

who became famous in connection with the laying of the 

first Atlantic cable, was another, and so was George 

Westinghouse, whose wonderful achievements, both as 

an inventor and as the creator of great industrial works, 

entitle him to be called the Napoleon of industrial en- 

gineering. Theodore Cooper, the great bridge engi- 

neer, and Lay, the inventor of the automobile torpedo, 

were naval engineers during the war. We must also 

call attention in passing to Chief Engineers Alban C. 

Stimers and Isaac Newton, who brought the original 

Monitor down to Hampton Roads and enabled her to 

whip the Merrimac. But for their ability and indefat- 

igable labors the results would have been very differ- 

ent. We might also recite case after case of gallantry 

and daring where vessels were saved by the skill of the 

engineers; where they lost their lives through attention 

to duty, or where they distinguished themselves spec- 

ially in other ways, but time will not permit us to dwell 

upon these features. 

During all the period which we have thus far consid- 

ered, the engineers for the navy had obtained their edu- 

cation outside of naval influence; but in 1866 a class of 

young men was ordered to the Navy Academy to be 

trained as engineers in a naval atmosphere. A num- 

ber of these gentlemen are still in the service, and were 

chief engineers of our large vessels during the recent 

war with Spain. In 1871 engineer cadets were appoint- 

ed for the Naval Academy, the course being for two 

years only, until in 1874 a class was appointed whose 

course was to be for four years. 

These young men were appointed by competitive ex- 

amination open to the whole country, and as the course 

became better known the numbers who came to com- 

pete increased, and their attainments became so high 

that an unusually able class of young men was obtained 

as cadet engineers. Unfortunately for the service, Con- 

gress was seized with one of its periodical fits of re- 

trenchment, and as no patronage was affected by abol- 

ishing the cadet engineer system, the separate course 

for engineers was wiped out in 1882, and for a time en- 

gineering education dropped out of the curriculum at 

the Naval Academy. 

It is probably safe to say that the young men gradu- 

ated from the Naval Academy under the cadet engineer- 

ing system presented a higher average ability than any 

equal number of young men from any of our great tech- 

nical schools; indeed, so great was their ability that the 

service was unable to retain them, but the country has 
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profited from the training they received by their work in 

civil life. A number are filling positions as professors 

of mechanical engineering in our leading colleges; a 

number are consulting engineers of the highest rank, 

and several are engaged in the management of our large 

manufacturing enterprises—one (who is a vice-presi- 

dent of this society) being the general manager of one 

of the largest electric companies in the world. It is a pe- 

culiar pleasure to me to bear tribute to the talents of 

these young men, because a great many of them have 

served as my assistants in the Bureau of Steam En- 

gineering, and while I am naturally filled with regret 

that the navy should lose their services, I also feel proud 

that my own judgment in estimating their ability should 

be so thoroughly confirmed by the esteem in which they 

are held by engineers outside of the navy. I would not 

have it supposed from my remarks about those who 

have left the service that they took all the ability with 

them. Some of the most useful and accomplished offi- 

cers, graduates and-non-graduates, are still in the ser- 

vice, which I trust will be able to retain them. 

In this connection, too, it is only right that I should 

bear testimony to the worth of the men who, at the 

Naval Academy, trained these young engineers. One 

of the earliest of the instructors was Dr. Thurston, the 

first president of this society, whose fame as an educator 

is world wide; but there were others who, while not so 

well known, nevertheless did splendid work. Just as I 

remarked at an earlier point about the work of Mr. Has- 

well and others as pioneers, so it was with these early 

instructors in engineering at the Naval Academy, wha 

had practically no text-books, and who were compelled, 

in the professional part of the instruction, to depend 

almost entirely on their own experience; further than 

this, they had nothing to guide them in the way of a 

curriculum, and they were compelled to establish one 

tentatively and develop it as experience dictated. 

Curiously enough, just about the time when Congress 

was undoing the splendid engineering work at the Naval 

Academy, the Navy Department itself was formulating 

_ plans for vessels which should be designed along lines 

so different from those which had preceded that the 

familiar epithet applied to them—the “new navy’’—is 

entirely appropriate. The labors of the first advisory 

board made available a mass of information, as a result 

of which Congress in 1883 authorized the building of the 

four Roach cruisers, which were the beginning of the 

new navy. These vessels, I may say in passing, al- 

though possessing few features of novelty. as far as 

marine engineering in general is concerned, were never- 

theless a marked change from the old wooden ships 

which had preceded them, and they rendered very val- 

uable service, and are still, with modernized machinery, 

very satisfactory and useful vessels. 

Through an unintentional error in connection with 

the publication of an extensive description of the new 

United States floating steel dock for Algiers, La., 

in our February issue, we omitted to acknowledge our 

indebtedness to Joseph Beale, Washington, D. C., for 

most of the data presented and the accompanying 

drawings. Mr. Beale is the representative in this 

country of Clark & Stanfield, the leading firm of de- 

signers of floating docks of London, England. 
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NEW STEEL SCREW TRANSFER TUGS FOR 
THE N. Y., N. H. & H. RAILROAD CO. 

Two large, powerful steel screw tow boats for the 

New York, New Haven and Hartford Railroad Co., to 

be used as transfer tugs between Oak Point and Jersey 

City in New York harbor, are now under construction 

at the yard of the Bath Iron Works, Bath, Me. These 

vessels are very interesting examples of their type. 

They are ideal tow boats for inland or harbor work, 

and their hulls are as small as it is possible to make 

them and envelop the powerful machinery required. 

The principal features of these vessels are: Very large 
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25 ft. 9 in.; depth, at side, 16 ft. 3 in.; at center, 16 ft. 9 

in.; draft, forward, 11 ft.; amidships, 11 ft. 9 in.; aft, 12 

ft.6in. They have a solid bar keel 6 in. deep and 1 3-4 

in. thick, the scarphs being 17 1-2 in. long, well planed 

and calked. The stem is a wrought iron bar 8 in. deep 

and 2 in. thick, well rabbeted to receive the shell plat- 

ing, and scarphed to the keel. The stern frame proper 

is also an iron bar 6 in. deep and 3 in. thick. It is 

rabbeted to the keel, bossed for stern tube, and in the 

tuck it is twisted and forged so that the stern frame, 

which continues to the extreme aft end of the fantail on 

counter, is a bar 6 in. wide, varying in thickness from 

3 in. torin. The shoe is a very heavy forging welded 
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CROSS SECTION OF STEEL TUGS FOR N. Y., N. H. & H. RAILROAD CO, 

boiler power in relation to the size of engine; airy ac- 
commodation for the crew all above deck; large roomy 

engine and boiler rooms; heavy oak rail for towing 

purposes throughout the length of the vessel; large wa- 

ter tanks, well arranged for trimming fore and aft and 
for listing athwartships; first-class arrangements for 
rapidly handling the vessel and her car floats. 

In dimensions these tow boats are as follows: Length 

over all, 134 ft. 6 in.; load water line, 119 ft. 6 in.; beam, 

to the main stern post. It is about 12 in. wide and 5 to 
6 in. thick. A balanced rudder of unusual proportions 
is fitted with a face 9 ft. 6 in. long, of which 2 ft. 6 in. 
is balanced. The frame is of wrought iron, forged in 
one piece. The stock is 8 in. dia., and the pintle is 6 
in. dia. There are two arms or braces, the space be- 
tween them being filled in. with pine; the whole being 
covered with steel plating well riveted and tapped to 
the stock and frame. 
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The frames are of angle steel, 3 1-2 in. by 3 in., spaced 

23 in. apart throughout the vessel’s length. Double or 

intermediate frames are worked for seven frame spaces 

forward and four frame spaces aft, in the vicinity of the 

load water line, to resist crushing by ice. There are 

belt frames in the vessel located where the deck is cut 

at the hatches, and where the greatest weights are 

placed and the greatest stresses are apt to occur. Re- 

verse frames of angle steel, 2 1-2 lb. by 2 1-2 in., are lo- 

cated on every frame, extending to I ft. above the bilge 

and to the deck stringer on alternate frames. Double 

reverse frames are worked in the machinery spaces. 

The floors are in one piece on every frame, 13 in. deep 

at the center line amidship. The main deck beams are 

5 in. by 3 in. extra heavy angle bars located on every 

frame. The shell plating is composed of a heavy 

flanged garboard strake, a heavy sheer strake project- 

ing 15 in. above the main deck at the side, and four 

strakes of 1-2 in. bottom, bilge and side plating ar- 

ranged as usual in “in and out” strakes. The gutter 

waterway on deck is 15 in. wide, and it is bounded by 

31-2 in. by 3 in. angle bars. The main deck stringers 

and deck plating are 3-8 in. thick. The bilge keelson 

is composed of double angles riveted back to back. The 

side stringer is a 7 in. extra heavy bulb tee bar, and 

both bilge and side keelsons are continuous from stem 

to stern. 

The tugs have each six complete watertight trans- 

verse bulkheads, composed of 1-4 in. steel plate, well 

stiffened by angle bars the same size as the frames. 

Bulkhead No. 5 is the collision bulkhead and the for- 

ward bulkhead of the forward tank. Bulkhead No. 12 

is the after bulkhead of the forward tank and the for- 

ward bulkhead of the steering engine space. Bulkhead 

No. 18 is the forward buitkhead of the boiler room and 

wing bunkers and the after bulkhead of the steering en- 

gine space. The space between frames 12 and 18 will be 

_ used for hawser stowage, lamp room, steering engine’ 

and miscellaneous deck gear stowage. A steel flat at 

the level of the lower deck divides this space vertically. 

Bulkhead No. 39 is the after boiler room and wing coal 

bunker bulkhead and the forward engine room bulk- 

head. Bulkhead No. 55 is the after engine room bulk- 

head, the stuffing box after peak bulkhead, and the for- 

ward bulkhead of the after tank. Bulkhead No. 61 is 

the after bulkhead of the after tank. The steering gear 

occupies the space aft of bulkhead No. 6r in the laza- 

rette. The two large tanks extend from the floors up 

to the main deck. They are divided in the center line of 

the ship by a steel bulkhead well stiffened, the only 

communication between the two sides of the ship being 

through an area of about 1 sq. ft. near the base. 

There are no athwartship coal bunkers on these ves- 

sels, and the wing bunkers extend from frames 18 to 

27, and from frames 30 to 39 on each side. Ash bunk- 

ers, or space for stowage of ashes, are located in the 

wings, midway between the bunkers on each side of 

the vessel. The floors under the engines are increased 

in depth, and four continuous fore and aft keelsons are 

fitted. The two inboard keelsons extend aft under 

the thrust bed, and the holding down bolts for the en- 

gine and thrust bed pass through the reverse angle 

on top of these intercostal keelsons. The engine and 

thrust-bed framing is plated over with heavy steel plate, 
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the engine bed being perfectly flat. The shaft tube of 

each tug is a steel plate tube strapped on the outside 

and riveted to a boss on the stern frame and to the 

after peak bulkhead, and two ordinary frames by means ~ 

of angle bar collars. 

The steel deck house is 92 ft. long, and at its widest 

part 15 ft. 9 in. wide. It is constructed with a vertical 

steel coaming plate, secured to the steel deck by a 5 in. 

Ey 3 in. angle bar. The side plates run vertically and 

being butted at their edges, the strap placed on the out- 

side, have a panelling effect. These plates are 3-16 in. 

thick and about 4 ft. wide. The deck house stiffeners 

are 3 in. by 2 in. angle bars, and the beamis are of the 

same size, a wooden carling being fastened to each one 

of them. The fore and aft coal bunker bulkheads are 

composed of 5-16 in. steel plates and amidships this 

bulkhead is directly connected to the coaming plates of 

the deck honse. 

The main deck is planked with 4 in. by 4 in. yellow 

pine. The top of the deck house is made of 7-8 in. 

tongued and grooved stock, and this top overhangs the 

steel house 16 inches. One of the features of the ship 

is the heavy and well connected oak rail. The stan- 
chions for the rail are of white oak, located on every 

other deck beam. They are 21 in. by 7 in. at base and 

24 in. high. The rail is white oak, 19 in. by 5 in., and 

the rail cap is of the same material, 12 in. by 4 in. The 

rail is well secured to 4 in. by 9 in. outside plank and 

angle bar on top of the shear strake. It is also well se- 

cured to the deck stringer, and each stanchion is fas- 

tened to the rail and rail cap, being let into the former 

about 2 inches. A 3 in. by 9 in. oak plank is also se- 

eured to the rail and rail stanchions on the inboard 

side. 

Four extra heavy cast iron bitts are located on the 

top of the rail, one on each quarter. The inboard for- 

ward bitts are of white oak, standing fore and aft, and 

stepped on a platform below the level of the lower deck 

in the forward tank. The bitts are 16 in. square capped 

with a brass cap I in. thick. A Hyde hand windlass 

with double gypsy head is directly connected to these 

bitts. The after bitts are the same as the forward ones 

except that they stand athwartship just abaft the aft end 

of the house. They step in the after tank at a height 

just above the lower deck. A nigger head 24 in. high 

and 16 in. square of oak is located forward, and capped 

with a brass cap, just abaft the stem head. Chocks are 

fitted fore and aft above the rail cap. An upper guard 

or wearing piece is worked all around the vessel at the 

height of the main deck. It is 13 in. by 10 in. white 

oak, faced with two 4 in. by 3-4 in. steel plates. A 

lower wearing piece is worked from the after quarter to 

the stem on both sides of the ship. It is 9 in. deep and 

the width varies so that its face, which is capped with a 

6 in. by 1-2 in. plate is in the same vertical line with the 

upper guard face throughout. 

The forward compartment of the deck house is the 

mess room, which contains a table and six or eight 

chairs. In it is a large refrigerator and a hatch to the 

steering engine and hawser space below. Then comes 

the galley, 14 ft. 6 in. by 7 ft. 6 in., with range, dresser, 

sinks and the usual fittings and furnishings found in a 

modern, well arranged kitchen. A water-closet is on 

the port side. The boiler and engine casings occupy 
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over 53 ft. in length in the deck house. Aft of the af- 

ter engine casing bulkhead is a space 12 ft. 6 in. long 

divided at the centre line by a bulkhead. On the port 

side are four pipe berths for the oilers and firemen, 

and on the starboard side are four similar berths for the 

crew of the boat. These rooms are exactly alike and in- 

elude four lockers and a wash stand with pump di- 

rectly connected to water tanks below. Aft of these 

rooms are two staterooms for cooks and mates, com- 

plete and well arranged. 

The pilot house on the top of the deck house for- 

ward is a lofty structure 12 ft. 6 in. high and 8 ft. wide. 

It will be neatly finished on the inside with black wal- 

nut, hardwood floor, lockers, upholstery, etc. The 

steering wheel connects by vertical shaft with the valve 

of the Williamson steering engine down below. There 

is no hand steering gear on the vessel. Aft of the chart 

house are two staterooms, each containing two berths 

and lockers. The forward one is for the Captain and 

the after one for the Engineer. Full-size windows in 

the aft end of the chart house are located looking over 

the adjoining house, which is 5 ft. lower than the chart 

house. The eye of an observer in the pilot house will 

_be over 26 ft. above the water line when the tugs are 

in the load condition and trimming evenly. The iron 

deck house is fitted with double swing steel doors 

throughout and 20 in. circular air ports. A handrail is 

worked around the forward part of the top of the deck 

house. A turret skylight is located over the engine 

casing, and the deck house top is so arranged that the 

engines and boilers can be easily taken out of the ves- 

sels. 

One 18 ft. square stern clinker-built life-boat will be 

carried by each boat on davits. One 800 lb. stockless 

anchor and 75 fathoms of 1 in. stud link chain will be 

carried. These transfer tugs have no spars or sails, as 

they are designed for inshore work. Each vessel will 

be fitted with a 43 ft. signal staff located at the after end 

of the deck house. Small flag poles are located at the 

after end of the pilot house of one to distinguish it 

from the other. 

The rudders of these vessels, as before mentioned, 

are unusually large, and the steering gear is unusually 

powerful. A yoke is attached to the rudder head with 

double quadrants, thus eliminating slack and doing 

away with the usual quarter guide sheaves. The rudder 

area is about 110 sq. ft., and this is made so large be- 

cause it is not only the rudder of the tug boat, but it 

must act as the rudder of the float which she will tow 

on either side of her. 

These new tow boats will be well lighted by elec- 

tricity. There will be 50 16 C. P. incandescent lamps, 

and the generating set will be a3 K. W. Riker machine 

with Case engine. They will be well ventilated, and the 

drainage and piping of the hull will be first-class and 
complete. 

The machinery of these vessels includes a vertical 

direct acting surface condensing compound engine, 

driving a single screw. The cylinders are of the follow- 

ing dimensions: H. P., 22 in. dia.; L. P., 48 in. dia., 

and stroke, 30 in. Ata piston speed of 780 ft. per min., 

130 revolutions, the engines are designed to indicate 

about 1,250 I. H. P. The condenser is separate from the 

engine frame. It is about 5 ft. in dia. and is located 

MARINE ENGINEERING. March, 1900 

just abaft the main engine and over the thrust bearing. 

It has a cooling surface of 2,500 sq. ft., the tubes being 

of brass, 3-4 in. dia., tinned both inside and out. There 

are two single ended Scotch boilers in each vessel built 

for a working pressure of 140 lbs. The mean dia. of 

these boilers is 14 ft. 6 in. They are 12 ft. long, and 

each contains 3 corrugated Morison suspension fur- 

naces 48 in. inside dia. The total heating surface of 

the two boilers is 4,600 sq. ft., and the total grate area 

is 168 sq. ft. The ratio H. S. to GS. is 27.4, and the 

ratio G.S. to Calorimeter area is 7.2. 

It will be seen by these figures that the boiler power 

is unusually large. The boilers under natural draft will 

be capable of supplying steam for about 1,700 I.H.P. 

The average American vessel is under powered in the 

boiler room, but this will certainly not be the case with 

the tugs here described, for if one boiler or one-half the 

steam generating plant is placed out of service on ac- 

count of some mishap, the other boiler, by using the 

ventilating blower, will be capable of furnishing all the 

steam the engine could take care of under ordinary 

working conditions. Each boiler has its own stack, and 

above the deck house they are 30 ft. high and 5 ft. out- 
side diameter. 

The new tugs will have an excellent equipment 

throughout, for the owners have given the builders a 

free hand and they will deliver the vessels complete in 

every respect and ready for service. 

AMENDMENTS TO THE U.S.STEAMBOAT RULES 

AND REGULATIONS FOR 1900. 

At the regular meeting of the Board of Supervising 
Inspectors of Steamboats, held in Washington, D. C., 

last month under the direction of Supervising Inspector 

General James A. Dumont, amendments to the existing 

steamboat rules and regulations were adopted. Fol- 

lowing is the text of the rules amended in part only, 

the parts struck out enclosed in brackets [thus], while 

the additions to such paragraphs are printed in italics. 

Entirely new sections and paragraphs of sections are in 

plain type, preceded by the word (new) in parenthesis: 

RULES. 

Rule I, 

SECTION I. (Proviso added to section, new.) 

Provided, however, That where butt straps are used, 

the stamps in corners shall be extended to a distance 

not to exceed 8 inches from the edges. 

SECTION 4. (First paragraph.) 

4. The manufacturer of any boiler to be used for 

marine purposes shall furnish the inspectors of the dis- 

trict where such boiler or boilers are to be [constructed] 

imspected a blue print or tracing descriptive of same for 

their approval, which shall be kept on file in their 

OHS,  & 

SEcTION 5. In both terms of affidavit of manufacturer 

of marine steam boilers, the words “Holes drilled, 

, or punched” were struck out, and the words 

“Rivet holes in the shells, heads and flanges of same, 

steam and mud drums, and holes for stay bolts, drilled 

and no part punched * inserted in lieu thereof. 
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Rule ITI, 

SECTION 2. (First paragraph.) 

* * * The pressures allowable on_ single-riveted 

boilers will be found in the first divisions of the double 

columns (of table) under the tensile strength and oppo- 

site the diameters and thickness; and in the second di- 

visions the pressures allowable on boilers where all the 

rivet holes have been fairly drilled [instead of] and no 

part of such holes has been punched and the longitudinal 

laps of their cylindrical parts double riveted. 

SEcTION 2. (Second paragraph.) 

All boilers built for marine purposes shall be re- 

quired to have the rivet holes in the [shell, heads, steam 

and mud drums, and all other parts of the boiler (ex- 

cepting for longitudinal and circumferential seams in 

flues for same 20 inches outside diameter and under), 
fairly drilled instead of punched], shells, heads and 

flanges of same, steam and mud drums, and holes for 

stay bolts, fairly drilled, and no part of such holes shall 
be punched. 

SECTION 9. (Paragraph top page 31, Rules and Regu- 
lations, 1899.) 

Tubes, water pipes, and steam pipes, made of [steel 

manufactured by the Bessemer process, may be used in 

any marine boiler when the material from which such 

pipes are made does not contain more than .c6 per cent 

of phosphorus and .04 per cent of sulphur, to be deter- 

mined by analysis by the manufacturers, verified by 

them, and copy furnished the user for each order tested; 

which analysis shall, if deemed expedient by the Super- 

vising Inspector-General, be verified by an outside test 

at the expense of the manufacturer of the tubes or 

pipes]. Bessemer, acid, or basic open hearth steel 

shall be required to show the following physical tests, 

namely, elastic limit per square inch 30,000 to 35,000 

pounds, tensile strength 50,000 to 60,000 pounds, elon- 

gation in 8-inch specimen 20 to 25 per cent, reduction 
of area 45 to 50 per cent. 

The manufacturer of boiler tubes shall be required 

to furnish copies of reports of physical tests of every 

order for tubes to be used in marine boilers to the boiler 

maker using the same, and a similar copy to the Super- 

vising Inspector-General, to be filed in his office. No 

tube increased in thickness by welding one tube inside of 

another shall be allowed for use. 

SEcTION 17. (New paragraph, after the fifth para- 

graph or example.) 

To find the radius of sphere of which the bumped 

head forms a part, square the radius of the head. Divide 

this by the height of bump required. To this result 

add height of pump. This will give diameter of sphere, 

one-half of which will be the radius required. 

SEcrion 38. (Sixth paragraph.) 

The flanges of all copper steam pipes over 3 inches 

in diameter shall be made of bronze or brass composi- 

tion, shall be securely brazed to pipe, and shall have a 

thickness of material of not less than four times the 

thickness of material in the pipes plus .25 of an inch; 

-and all such flanges shall have a boss of sufficient thick- 
ness of material projecting from the back of the flange 
a distance [of not less than three times the thickness of 
material in the pipe] sufficient to be properly riveted to 
the pipe and of a thickness of not less than one-half 
caglag * a8 a 
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Secrion 38. (New, added to 13th paragraph.) 

No connection between shell of boiler and mud drum 

exceeding 6 inches in diameter will be allowed. 

SEcTION 40. (Amended.) 

40. No cast-iron nozzles, branch pipes, or elbows shall 

be used in connecting steam drums, super-heaters, 

branch pipes, or steam pipes to boilers, and im no other 

part of steam pipes. Flanges welded to wrought-iron, 

Bessemer, or other steel pipe may be used. No cast- 

iron flanges will be allowed to be used on boilers for 

marine purposes unless such cast iron has been officially 

tested and test on record in the office of the local in- 

spectors where boiler with such appliances was con- 

structed, and no cast-iron with a tensile strength of less 

than 30,000 pounds will be permitted to be used for such 

purposes. Semi-steel of not less than 24,000 pounds 

tensile strength may be used for nozzles, stop valves, 

branch pipes, elbows, slip joints, flanges to boilers, tee 

pipes, and water and gauge cock pipes or columns, when 

said semi-steel has been officially tested, and test on 

record in the office of the local inspectors, same as is 

required of cast iron. 

Rule III. 

SECTION 24. (Amended.) 

24. All steam vessels certificated as ocean [lake, bay, 

or sound] at their annual inspection after the adoption 

of this rule (except vessels of 100 tons and under, in- 

spected under the provisions of section 4,426, Revised 

Statutes, and freight and towing steatmers, inspected 

under the provisions of section 4,427, Revised 

Statutes) shall be provided with a line-carrying projec- 

tile and the means of propelling it, such as may have 

received the formal approval of the Board of Super- 

vising Inspectors. 

Rule IV. 

SECTION 14. (New, added to Section.) 

Each and every steam vessel applying for inspection 

on and after July 1, 1900, shall be fitted with a bilge pipe 

connecting by a suitably marked valve with the main 

bilge pump in the engine room, and each compartment 

of all steam vessels shall be fitted with a suitable sound- 

ing pipe. 

Rule V. 

Section 1. (Last clause of third paragraph.) 

[New licenses may also be issued in the case of li- 

cense lost by wreck, fire, or any other cause, upon a 

satisfactory showing of such loss to the inspectors, duly 

sworn to.| Jn case of loss of license of any class, from 

any cause, the inspectors, upon receiving satisfactory 

evidence of suchloss, shallissue a certificate to the owner 

thereof, which shall have the authority of the lost h- 

cense for the unexpired term, unless in the meantime 

the holder thereof shall have the grade of his license 

raised after due examination; in which case, a license 

i due form for such grade may be issued. 

Section 1. (Last paragraph. ) 

* * * and no license shall be issued as above ex- 

cept upon the official recommendation of the chief officer 

in command of the naval militia station of the State in 

which the applicant is serving. 

SECTION 0. 

9g. Masters and pilots of [passenger] steamers carry- 

mg passengers for hire shall exclude from the pilot 
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houses of such steamers, while under way, all persons 

not connected with the navigation of such steamers, ex- 

cept officers of the Steamboat Inspection Service, li- 

censed officers of steamboats, persons regularly engaged 

in learning the profession of pilot, officers of the United 

States Coast Survey, Lighthouse Service, and engineer 

officers connected with the improvement of rivers and 

harbors. [The supervising inspectors, however, shall 

have the power, if in their judgment it will not endan- 

ger life on board of such passenger steamers, to grant 

permits authorizing the masters of such steamers, ex- 

cept when such steamers are making excursions under 

permits granted by the inspectors, to allow a limited 

number of such persons as they may deem proper in the 

pilot house of such steamers between the hours of sun- 

rise and sunset, on the condition that such persons will 

not in any way interfere with the pilots in the perform- 

ance of their duties. In the case of any violation of the 

conditions of any such permit it shall, upon demand, 

be surrendered to the supervising inspector having juris- 

diction, and no such permit shall again be issued to any 

such master by any supervising inspector except the 

supervising inspector of the district to whom it was sur- 

rendered, and not by him until it shall be shown to his 

satisfaction that all the provisions of such permit will 

thereafter be complied with. ] 

The master of every passenger steamer shall keep 

three printed copies of this section of Rule V posted in 

conspicuous places on such steamer, one of which shall 

be kept posted in the pilot house. 

Such printed copies shall be furnished by the Treasury 

Department to local inspectors for distribution among 

the passenger steamers of their respective districts. 

SecTIoN 10. (Last paragraph struck out.) 

[In case the applicant shall be found incompletely 

color-blind the local inspectors shall examine with the 

colored signal lights, and if satisfied that the applicant 

can sufficiently distinguish the color signals used on 

steam vessels they may, in their discretion, renew the 

license of such applicant. | 

Section 12. No original license for pilot of any route 

shall be issued to any person, except for special license 

on small pleasure steamers and ferryboats navigating 

cutside of ports of entry and delivery, who has not 

been employed in the deck department of a steamer 

[or], sail vessel, or barge consorts for the term of at 

least three years preceding the application for li- 

conse,  & & 

Section 14. (Third paragraph.) 

[And] No original license as master [or mate of 

ocean steamers, or of coastwise steamers plying upon 

waters of the ocean or high seas], of ocean or coastwise 

steamers shall be issued to any person who has not had 

three years’ experience on steam or sail vessels preced- 

ing the application, one year of such experience to be as 

chief mate of steam vessels. No original license as 

chief mate of ocean or coastwise steam vessels shall be 

issued to any person who has not had three years’ ex- 

perience on steanv or sail vessels, and must have served 

one year as second mate of steam vessels, such service 

to be immediately preceding the application. No orig- 

inal license shall be issued to second mate of ocean or 

coastwise steam vessels who has not had three years’ 

experience in the deck department of steam or sail ves- 
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sels immediately preceding the application, one year of 

such service to be on steam vessels. And no original 

license as mastcr or mate of ocean or coastwise steam- 

ers shall be issued to any person, or grade of license 

raised, or route extended, who does not understand 

navigation, and who is not able to determine a ship's. 

position at sea by observation of the sun, to obtain 

longitude by chronometer, and to determine ship’s lati- 

tude by meridian altitude of either the sun, moon, or 

stars. The examination to determine his qualifications 

shall be in’ writing, which shall be kept on file in the 

office granting such license; and all examinations of 

other masters, mates, or pilots shall be in writing and 

kept on file for reference: Provided, however, that ap- 

plicant for original license to act as master or mate of 

steam pilot boats, or of steamers engaged in the Atlan- 

tic, Pacific, or Gulf coast fisheries, or of steam or sail 

vessels navigating between the ports of the Hawanan 

Islands, or betwen ports of the island of Porto Rico, 

shall only be subjected to such examination as shall 

satisfy the inspectors that the applicant is a competent 

coast pilot, capable of navigating such steamers. © 

Section 25. (Fourth paragraph. ) 

25. Starting, stopping, and backing signals for steam 

vessels navigating the waters of the eighth and ninth 

supervising inspection district, and so much of Lake 

Superior as is included in the fifth district. 
* * * * * * * 

There shall be used between the master or pilot and 

engineer the following code of signals, to be made by 

bell or whistle, namely: 

it AeA Ore 7 XS, coSoo00008 ooopocadacNs900 08 Go ahead. 
it WAISUIS Oe 77 1S, not ocvoodoo0000Ga0000 90aK000 Stop. 
ABV AWGICS OBITS 566 02 cooospo00009000000006 Back. 
1B VASES OSU, . coopcood0000009 9000060 me enecksy] 
1 long whistle] ¢ whzst/es or 4 bells........... Strong. 
1 long whistle] 4 whzst/es or 4 bells,.........- All right. 

Two whistles or two bells [when the engine is work- 
ing ahead will always be a signal to stop and back 

strong], shall always mean back, irrespective of other 

signals previously given. 

Rule VII. 

SECTION I. 

t. All double-ended ferryboats on lakes and seaboard 

shall carry a central range of clear, bright, white lights, 

showing all around the horizon, placed at equal alti- 

tudes forward and aft; also such side lights as specified 

in [section 4,233 of the Revised Statutes, Rule III, 

Paragraphs B and C], paragraphs (b) and (c), Art. 2, 

Act of Congress approved June 7, 1897. * * * 

Rule Ix. 

SECTION I. 

1. The inspectors shall visit places where marine boil- 

ers are being constructed as often as possible, for the 

purpose of ascertaining and making a record of the 

stamps upon the material, its thickness and qualities; 

except when material has been tested at the mills by an 

assistant inspector, when that officer's report of material, 

together with the boiler-maker’s affidavit, may be ac- 

cepted for the data required. 

Section 2. (New paragraph added at end of section.) 

Local inspectors inspecting sail vessels carrying pas- 

sengers on the ocean or on the high seas, of over one 

hundred gross tons, under the provisions of section 

4,417, Revised Statutes, as amended by the act of Con- 

gress approved December 21, 1898, shall require such 
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sail vessels to be equipped with a life-preserver for every 

person on board, passengers and crew, and with such 

number of good and substantial life boats according to 

tonnage, in accordance with the requirements of sec- 

tion 12, Rule III., Rules and Regulations. 

Section 8. (Third paragraph.) 

All steam whistles shall be placed not less than 6 feet 

above the top of the pilot house of steam vessels where 

the height of the smokestack will admit the attachment 

of same below its top, when not hinged for passing un- 

der bridges, except upon steamers navigating the Red 

River of the North and rivers whose waters flow into 

the Gulf of Mexico, and steamers of less than 100 

gross tons, whose steam whistles shall be placed not 

less than 2 ft. above the tops of their pilot houses; and 

all double-ended ferry steamers and steamers similarly 

constructed shall have a steam whistle both fore and 

aft of the smoke pipe; or if only one whistle 1s used, 

said whistle shall be placed on the side of smoke pipe 

so that the steam, when whistle is blown, can be seen 

from either end of steamer; and it shall be the duty 

of inspectors to enforce this rule at the annual inspec- 

tion. 

PILOT RULES FOR ATLANTIC AND PACIFIC COAST 
INLAND WATERS. 

Rue II. When steamers are approaching ‘each other 

in an oblique direction, as shown in the diagrams of 

the fourth and fifth situations, so as to involve risk of 

collision, the vessel which has the other on her own 

starboard side shall keep out of the way of the other, 

which latter vessel shall keep her course and speed; 

the steam vessel having the other on her starboard 

side indicating by one blast of her whistle her intention 

to direct her course to starboard, and two blasts [if di- 

recting her course to port, to which the other shall 

promptly respond], her intention of directing her course 

to port so as to cross the stern of the steamer, which 

signals must be promptly answered by the steamer 

having the right of way, but the giving and answering 

signals by a vessel required to keep her course shall not 

vary the duties and obligations of the respective ves- 

sels. 5 
Rute IV. (First paragraph.) 
When steamers are running in a fog [or thick 

weather], mist, falling snow, or heavy rainstorms, ex- 

cept when towing, it shall be the duty of the pilot to 

cause a long blast of the whistle to be sounded at in- 

tervals not exceeding one minute. 

Rute IV. (Last paragraph struck out.) 

[Steamers, when at anchor in the fairway of other 
vessels in a fog or thick weather, shall ring their bells 

at intervals of not more than two minutes. ] 

A statement prepared by the Paymaster General of 

the Navy shows that more than half of the emergency 

fund of $50,000,000, appropriated by Congress for the 

fiscal year ending June 30, 1898, was expended by the 

Navy Department. The total foots up $27,356,863. 

Among the various items which contribute to this total 

are: Purchase of vessels, $7,431,765; new construction 

and repairs, $1,112,515; Bureau of Ordnance, $5,582,888; 

purchase of guns, ammunition and supplies abroad, 

$1,327,017; hire and expenses of chartered vessels, $475,- 

422; Bureau of Equipment, $399,937. 
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DETAILS OF CONSTRUCTION AND OPERATION 
OF RUSSIAN ICE BREAKER ERMACK. 

In the last issue of the Notes on Naval Progress by 

the United States Office of Naval Intelligence there 

is an extended reference to the Russian ice breaker 

Ermack, accompanied by plans of the vessel. These 

we reproduce, together with other interesting iniorma- 

tion concerning this remarkable vessel which has not 

been published in previous references to her in these 

columns. 

Fully three times as powerful as any vessel (ice 

breaker) previously constructed, the Ermack, designed 

by Vice-Admiral Marakoff, of the Russian imperial 

navy, and built last year in England by W. G. Arm- 

strong, Whitworth & Co., for the Russian Govern- 

ment, deserves particular study, by reason of the novel 

features in her construction. Her principal dimensions 

are as follows: Length, 305 feet; beam, 71 feet; depth 

to upper deck, 42 feet 6 inches. At no point are the 

lines of her hull straight, thus assisting in disengaging 

her from fields of ice when there is danger of her be- 

ing frozen in. This form of hull and the great strength 

of the structure would result in the ship being lifted 

bodily rather than giving way in case the ice closed 

about it. The strength and rigidity of the hull are so 

great, in fact, that if the ship should be suspended by 

the bow and stern without any intermediate support 

no damage could ensue. The heavy web framing and 

the plating of ice belt extending entirely around the 

hull, like the armor of a modern warship, with a maxi- 

mum thickness of I I-4 in., render the outer skin im- 

pregnable to attacks of ice. 

The Ermack has her bow designed with a very long 

overhang, so that the attack on the ice takes the form 

of a sliding blow, and if the resistance encountered is 

more than sufficient to overcome the breaking strain 
thus produced, the momentum of the vessel is ex- 

pended in lifting the bow on to the top of the ice. 

Meanwhile the water supporting the ice is violently 

disturbed by the action of a propeller arranged under 

the cutaway bow, so that under the effect of the weight 

of the vessel acting above and enhanced by absence of 

support below the ice gradually yields. The action 

thus described will take place continuously when work- 

ing in thick ice. The foremost part of the bow is com- 

posed of a solid steel casting. Three screws are 

placed at the stern, one being on the center line, as 

in ordinary single-screw vessels, and the other twe 

as in the usual twin-screw arrangement. The four 

screws are arranged so that large blocks of ice may 

be carried clear of the hull or out of the way of the 

advance of the vessel by means of the current or race 

due to their working. 

It is hardly necessary to say that an ice-breaking 

steamer, to be effective, must have remarkable manceu- 

vering powers, as vessels working in frozen seas have 

the very smallest space to turn in at times. For this 

reason the twin-screw arrangement was desirable; but 

with twin screws the efficiency of the rudder may be 

lessened, as the propeller race is not thrown directly 

upon it, as is the case with one screw directly forward 

of the rudder. The bow screw is not introduced for 

speed purposes, but simply to enable the ship to clear 

her way and keep lumps of ice from accumulating un- 
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der her bottom. All four propellers are four-bladed, 

made of nickel steel, and enormously thick, being cal- 

culated to be brought up by ice without breaking when 

running at full speed. The machinery is all designed 

to withstand this test. 

The vessel is divided into forty-eight absolutely 

water-tight compartments, of which fourteen are in 

the double bottom. There is one cross bunker for 

coal, as well as side bunkers. The fore and after peaks 

are arranged for trimming purposes, so as to bring the 

vessel by the head or stern with water ballast. There 

are also two heeling tanks amidships. In case the 

ice crowds the ship on one side the tank on that side 

can be filled, and an extra pressure of some hundreds 

of tons brought to bear on it so as to right the ship 

and crush the ice down. into the water. Both tanks 

would be filleu if it were found that the ice was raising 

the ship bodily. The weight and shape of the Ermack 

would make her roll considerably in a sea way, and she 

cannot have bilge keels, since they would afford a 

grip hold for the ice; therefore, she has also been pro- 

vided amidships with a third, or anti-roliing, tank. 

Connected with these tanks are pumps of enormous 

power, so that if the vessel gets caught in the ice her 

horizontal plane may be varied in any sense desired, 

whereby she may the more readily release herself. 

The pump room is a well perfectly watertight, let into 

the middle of the vessel and descending to within seven 

feet of the bottom. The salvage pump has a capacity 

of ten tons per minute, and if the ship were flooded 

above the level of this pump the latter would be still 

accessible. The ballast pump is arranged so that it 

can take hot water from the boilers and pump it into 

the fore peak, the hot water overflowing through 

valves in the bow and running down the outside of 

the skin plating. This is designed with the purpose of 

preventing rough ice from adhering to the hull. 

At the stern the vessel is shaped much like a cruiser, 

but instead of being rounded off has a deep groove, 

furnished with fenders, intended to receive the stem 

of another steamer of the ordinary type in conducting 

her safely through the broken ice. By means of a 

powerful winch the second steamer may be braced up 

taut, and thus be enabled to add her power to that of 

the ice breaker in struggling with the ice. 

Another interesting feature is the so-called ice box, 

an open tube amidships from the main deck down to 

the water under the ship’s bottom. Through this the 

boilers are fed with water direct from the sea beneath. 

This tube is connected with a glass pipe set against a 

wooden scale, on which are marked on one side the 

number of feet that the vessel is drawing, and on the 

other the number of tons which the ship displaces at 

that draft. The total displacement of the Ermack is 

8,000 tons: indicated horse power of the engines, ot 

which there is a set of the triple expansion type to each 

propeller, is 12,000, giving a maximum speed, it is un- 

derstood, of 16 1-4 knots. The results of the steam trials 

showed that the speed with 8,coo I. H. P. was nearly 

15 1-4 knots. 

Experience with the Ermack has shown that pack ice 

of practically any thickness can be negotiated. On one 

occasion she encountered a pack which was measured 

and found to be of a total thickness of 34 feet, nine 

feet being above the level of the field, and through 
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which she successfully forced her way, a feat which 

would have been quite impossible but for the action of 

the forward propeller. 

As a factor in naval operations it is not difficult to 

estimate the possibilities of a vessel like the Ermack. 

It looks as if the Russian fleet can no longer be con- 

sidered as icebound when wintering in the Baltic 

ports or Vladivostock—a fact of very considerable im- 

portance in the event of Russia finding herself engaged 

in a naval war. Moreover, the vessel ftself would be 

distinctly formidable as a ship of war. As a ram she 

would be a deadly weapon of offense if she once got 

her blow home, especially on a ship with a low free- 

board, for she would bear her down by her over- 

whelming weight until she filled and sank, while the 
Ermack herself would be invulnerable as long as her 

engines and boilers, which are exceptionally protected, 
were intact. 

According to latest advices (October 19, 1899), the 

Ermack is shortly to take up a more important work 

than ever. This is to keep navigation open during 

the winter, not only between St. Petersburg and Cron- 

stadt, a distance of twenty miles, but also as far as 

Reval and Libau on the Baltic. If the Ermack suc- 

ceeds in keeping the Gulf of Finland and the Baltic 

open to navigation the shipping trade of St. Peters- 

burg will be greatly affected thereby. Hitherto the 

shipping trade of the capital and Cronstadt has been 

impossible for about six months of every year. Dur- 

ing the winter a certain amount of trade is carried on 

by rail to those Baltic ports which happen to be open 

to navigation. 

The trials of the Ermack commenced with a four 

hours’ consumption run, with the main propelling en- 

gines developing a combined horse power of 8,000, 

when the consumption of coal was found to be 1.52 lb. 

per I.H.P. per hour. The machinery was then driven 

at full power, with the three after propellers working 

ahead, and the forward propeller astern, or in opposi- 

tion to the after ones. Under this condition the en- 

gines developed 11,250 horse power, a speed of close 

on 16 knots being attained, or practically the same rate 

as when all four screws were running ahead. On the 

completion of these trials the main propelling engines 

were disconnected, the auxiliary screw engines con- 

nected to the shafts, and the ship driven at a slow 

speed, the results throughout being highly satisfactory. 

During the protracted two days’ trials of the ship 

thick weather prevented the section post on the meas- 

ured mile from being seen, and speed was, therefore, 

taken by log. The practica! result which has been ar- 

rived at seems to be that the speed with 8,000 horse 

power was nearly 15.25 knots. ‘1he speed with the 

three after engines working ahead was about 15.5 

knots, and the speed with all the engines running ahead 

was about 16.25 knots, the power in each case being at 

the maximum. ‘The highest indicated power developed 

was 12,000 horse power, and this corresponds with the 

speed of 16.25 knots. With the three after engines 
working ahead and forward engine working astern the 

power was 11,250, of which the forward engine was 

never developing more than 2,000 horse power. 

The Ermack, in a trip to the northwest of Spitzber- 

gen, passed through 200 miles of ice of an estimated 

thickness of about 14 ft. 
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DISINFECTING STEAMER SANATOR FOR THE 

U. S. MARINE HOSPITAL SERVICE. 

BY C. M. GREEN, FIRST ASS'T ENGINEER R. C. S., SUPERIN- 

TENDENT OF CONSTRUCTION M. H. S. 

An interesting example of unusual marine construc- 

tion is found in the new disinfecting steamer Sanator, 

just completed by the Kensington Engine Works of 

Philadelphia for the United States Marine Hospital 

Service. 
The efficiency of a floating disinfecting plant has been 

fully demonstrated, notably by the successful and 

rapid disinfection of troops and troop ships at Montauk 

Point in the fall of 1808 by means of the disinfecting 

barge Protector, then just completed for the Marine 

Hospital Service. Had no such apparatus been avail- 

able at that time, the spread of disease from the troops 

returning from Cuba might have been very disastrous. 

The disinfecting vessel Sanator, now being fitted out 

for service at the port of Havana, was designed under 

the supervision of the Bureau of Marine Hospital Ser- 

vice, and is provided with the most improved Kinyoun- 

Francis disinfecting and fumigating machinery, the 

whole plant being a decided improvement on that of 

the barge Protector and undoubtedly the most complete 

floating disinfecting plant in the world. 

The Sanator is a low powered steam vessel capable 

of making a maximum speed of about 8 knots, this be- 

ing sufficient to enable her to reach her station and to 

move arcund the. harbor as may be required. 

CONSTRUCTION OF HULL, ETC. 

In construction the hull is framed of Delaware oak, 

planked inside and out with yellow pine and decked 

with Oregon pine. The use of wood for the construc- 

tion of the hull was necessitated by the fact that a 

steel hull is quickly corroded and eaten away by the so- 

lution of bichloride of mercury, which is one of the 

disinfectants used in considerable quantities on the ves- 

sel and which cannot be kept out of the bilge. 

The construction of the hull is very staunch and well 

suited for the purposes intended. The dimensions are 

as follows: 

IaeGI a OYKSE AL, caoono0d000 aao00000GG0050000 161 ft. 6in. 

Length from forward edge of stem to after 

COS OH GBS POEL oo nn000000000 oan000000000 149 ft. 11 in. 

Beam, extreme on water line... 

Depth of hold from top of deck beams at 

side to top of ceiling at keelson............ 12 ft. 
Depth from top of main deck beams at side 

(80) (HOD OT MASA Goaousnnod000000 1 gobo000000 13 ft. 3 in. 

CambenohidecksbeamSmrcceecmerieeciriicretcicrr 6 in. 

Drattenormal stonward uence cerita Pies Biba 

IDPTVAE, TAPS IMENL EYEE, cogoodone 000 Go0CaDG000G000 8 ft. 3 in. 

Displacement, normal .........e0........ .00. 640 tons. 

Displacement, tons perinch atl. W.L...... Oy & 

Distance center to center of frames.......... ; 26 in 

Depth of keel below bottom planking....... gin. 

The keel is of oak 10 in. by 12 in. in four sections 

with keyed scarfs secured by copper bolts. The keel- 

son, 10 by 16 in., is of yellow pine, scarfed in three sec- 

tions. The frames are of oak, sided 6 in. and moulded 

12 in. at the throat and 6 in. at the deck. The deck 

beams are of yellow pine, sided 10 in., 13 in. deep at the 

center and 7 in. at the ends. They are secured by hack- 

-matack lodging and hanging knees well fastened. The 

bottom and inside planking is 3 in. thick and the top 

sides 4 in. thick. The clamps are 4 by 12 in., and 4 by 
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8 in. planking is carried from the clamps clear down 

to the lower turn of the bilge and 3 in. ceiling to the 

keelson. The deck is 3 in. thick, increased to 4 in. un- 

der the windlass and around the mast. 

The frames are brought up through the plank shear 

and form stanchions for a heavy rail extending un- 

broken entirely around the vessel. There is a solid 

waist with four freeing ports. A heavy guard extends 

entirely around the vessel at the sheer strake and the 

sides are kept clear so that other vessels can come along- 

side without damage. 

The stem and apron are made of oak in one piece, 

sided 10 in. Towing bitts are located near the stem. 

The hawse pipes are very large, to provide for patent 

stockless anchors. The stern post is of oak, 12 by 17 

in. at the propeller boss and 12 by io in. elsewhere. 

The rudder post is of oak, 10 by 12 in. The rudder is 

5 ft. wide, and fitted with heavy composition braces and 

pintles.. The stock-is 12 in. dia. of oak. The steering 

gear is of the double purchase hand pattern. Bilge 

keels, 8 by 10 in., extending for a distance of 80 ft. amid- 

ships, are provided to reduce rolling in a sea way. The 

hull is coppered to a mean draft of 8 ft. 6 in. 

The hold is entirely floored over 12 in. above the 

keelson, giving a large space for the reception of dis- 

infecting and auxiliary machinery. At each end are 

raised platform decks to increase the floor space. 

There are two cross bulkheads forming between 

them the infected compartment of the hold into which 

is taken all baggage, clothing and effects to be disin- 

fected. This compartment contains the forward ends 

of the two steam disinfecting chambers with the doors, 

cars and tracks, and also a vat for bichlorate of mer- 

cury for disinfecting certain articles by immersion in 

this solution. Above this compartment is a hatch 8 

ft. square from the main deck and also clothes hatches 

from the two disrobing rooms in the deck house. 

This compartment is provided with lockers and racks, 

but is so built as to be easily disinfected or fumigated 

as may be necessary after infected goods are handled. 

Forward of the infected compartment is another com- 

partment also provided with large hatches. This space 

contains the chain lockers, paint locker, sulphur bins, 

two large sulphur furnaces with smoke pipes, sulphur 

pipes, exhauster and engine, two store rooms and two 

large fresh water tanks, the latter being located under 

the raised flooring. 

The space aft of the infected compartment is the 

largest compartment in the vessel. In its forward end 

‘are the two steam disinfecting chambers, with the for- | 

maldehyde gas and ammonia generators, the steam ex- 

hauster, cars, tracks, doors and attachments. Goods 
after being disinfected in the chambers are brought | 

through this compartment and taken up through the 

after hatch which is 8 ft. square. At the sides abreast 
of the steam chambers are two fresh water tanks. 

Aft of these are two storage batteries for lighting 

purposes. This storage battery system is believed to 

be the first ever installed in a vessel for the United 

States Government. Abaft of these are the ventilating 

blower and engine on the starboard side and the dy- 

namo room on the port side. This latter room contains 

besides the engine and dynamo the switchboard and 

connections and a tool locker. Next to the dynamo 

room is another large water tank near which is located 
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the steam fire pump. On the starboard side is an 1,800 

gal. tank for bichloride of mercury solution, and near 

it a special steam pump connected to force the solution 

through pipes and hose connections to all parts of the 

vessel or to a vessel alongside, as may be necessary. 

Next to these tanks and outboard of the after hatch 

are the two single ended Scotch boilers, and outboard ol 

these are two more water tanks. Next to these are the 

two coal bunkers holding together 30 tons of coal. Be- 

tween the coal bunkers is the main engine, the main 

feed pump, the water service pump, the condenser, air, 

and circulating pumps, and feed tank. On the raised 

platform aft are the pressure supply tank, oil tanks, 

lockers, work bench and a large ice box and refriger- 

ator. 
On the main deck forward is a steam windlass for 

handling the anchors and also arranged for working 

the two derrick booms. Aft there is a hand deck 
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clothes hatches to the infected compartment of the hold, 

where it is sorted and disinfected, going through the 

steam chambers and up-the after hatch. The persons 

being treated meanwhile pass from the disrobing rooms 

to the bath rooms, immediately aft, where are six 

shower bath rooms, and four rooms, each with a tub 

and shower. After bathing they go to the dressing 

rooms, where their clothing has been delivered after 

disinfection. They then pass to the waiting rooms, 

where they remain until taken ashore or to their vessel. 

The after part of the upper deck is provided with 

awning and benches and can be used by waiting pas- 

sengers in good weather, there being a stairway con- 

necting it with the waiting rooms: below. 

The quarters for officers and crew in the after end 

of the deck house comprise a mess room, nine state- 

rooms, with two berths each; a galley, storage closets 

and lockers. There are two water closets in the after 
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pump arranged for use as a bilge or fire pump. A side 

ladder which can be shipped on either side of the vessel 

is provided and also a sea ladder. 

DECK HOUSE. 

The deck house, 24 ft. 6 in. wide, extends for a dis- 

tance of 99 ft. and has an extension at the after end 7 

ft. 2 in. long, on which is located the pilot house. It 

is divided into two parts, the quarters aft and the 

rooms for handling infected persons forward. A fore 

and aft bulkhead separates the forward part into two 

divisions which may be used for males and females 

as required. 
Infected persons are brought on board by the side 

ladder near the forward end of the deck house. They 

-enter the forward or disrobing rooms, there being one 

-on each side. Their clothing is lowered through the 

end of the house and two connected with the dressing 

rooms. 

Besides the eighteen berths in the staterooms, thirty- 

eight berths are provided in the forward rooms of the 

deck house. These can be taken down and stowed 

under the transom seats in those rooms when not re- 

quired. These berths are for use when passengers 

are to be detained over night. Two of the staterooms 

can also be used for this purpose or for temporary 

hospital purposes. 

The pilot house is placed on the extreme after end 

of the deck house in order to leave ample working 

space for the two derricks and the sulphur pipes and 

hose on the upper deck. 

A single derrick mast is located midway between 

the two main hatches, and two booms, one for each 
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hatch, are provided for handling baggage. These der- 

rick booms are worked by the steam windlass and are 

designed to lift 1,500 lb. each. The mast is also pro- 

vided with the necessary rigging for enough sail to 

keep the vessel out of the trough of the sea in case 

the machinery should become disabled while going 

from port to port. The sails and rigging are removed 

when the vessel is stationed in port. 

On the upper deck, in addition to the gear for the 

derricks, are the sulphur pipes, sulphur hose locker 

and the boats with their cradles, davits and attach- 

ments and also three skylights for lighting the rooms 

below. 
BOAT EQUIPMENT. 

The boats carried include one 25 ft. alco-vapor 

faunch and two 18 ft. dinghies. The launch is pro- 

vided with a 5 horse power engine and is very com- 

pletely fitted out with all necessary attachments, awn- 

ing, cork cushions, lines and anchor. The 18 ft. boats 

are provided with masts and sails. 

DISINFECTING MACHINERY. 

There are two steam chambers located side by side, 

with their forward ends projecting through the bulk- 

head into the infected compartment of the hold. In 

shape they are cylindrical, about 60 in. dia. outside, 

and 16 ft. long. Each is constructed with an inner 

and outer steel shell 1 3-4 in. apart, forming a steam 

jacket, the ends being riveted to heavy cast iron rings 

and the shells stayed with screw stays. The inner di- 

ameter in the clear is 55 in. 

At each end is a heavily constructed quick opening 

door formed of a dished and flanged steel plate 1-2 in. 

thick. The flange of the door bears against a square 

rubber gasket fitted in a groove in the cast iron end 

ring. The door is held shut by heavy steel radial 

arms bearing against an internal groove in the end 

ring and against blocks near the outer flange of the 

door, the inner ends of the arms being held in by a 

large nut and hand wheel working on a stud at the 

center of the door. An arrangement is provided for 

quickly withdrawing the radial arms from the groove 

in the end ring, thus permitting the door to swing open 

on a special davit and arm provided for the purpose. 

Ball bearings are provided in all parts, and although 

the door is heavy and designed to sustain a total pres- 

sure of about 38,781 Ib., it can be opened or closed in 

less than one minute. 

The chambers are built to carry a working pressure 

of 10 lb. per sq. in. They are covered with magnesia 

covering and are fitted with a complete system of 

steam and exhaust pipes, drains and traps. A Korting 

steam exhauster is connected with both chambers, 

which is capable of producing in either a vacuum of 

I5 in. in less than one minute. 

The drainage is led through two steam traps to two 

drainage tanks under the hold floor, these tanks be- 

ing emptied overboard by a steam ejector. Steam and 

vacuum gauges, safety valves and thermometers are 
provided, and reducing valves are fitted in the steam 

supply pipes to regulate the pressure. The steam in- 

let to tne interior of the chamber is at the top, and a 

copper hood extending the whole length of the cham- 

ber is provided to prevent steam impinging directly 

on the goods being disinfected. 

Through each chdmber near the bottom runs a 
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double track of angle iron with movable extensions to 

transfer-tables at both ends. Along these tracks can 

be moved cars of light wrought iron construction con- 

taining the goods to be disinfected. These cars are 

provided with removable galvanized wire trays, brass 

em 7 ALL! 
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CROSS SECTION OF DISINFECTING STEAMER SANATOR. 

hooks, and galvanized wire folding baskets, either of 

which may be used, depending on the character of the 

goods being treated. They are loaded with infected 

goods or clothing while on the transfer-tables in the 

infected compartment and then pushed into the steam 
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CROSS SECTION OF DISINFECTING STEAMER SANATOR. 

chamber where the disinfection is accomplished. The 

after doors of the chambers are then opened and the 

cars brought out on the after transfer-tables where they 

are unloaded, the disinfected materials being taken up 
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the after hatch. The cars are then moved outboard on 

the transfer-tables and taken forward along raised 

tracks at the sides of the chambers and through doors 

in the bulkhead into the infected compartment, where 

they are again loaded with goods to be disinfected. 

The length of time of the operation depends upon 

various conditions, but usually occupies about thirty 

minutes for each chamber. Steam is kept in the 

jackets of the chambers during the operation, so that 

the materials disiniected are thoroughly dried before 

being taken from the chamber. Four cars and four 

transtfer-tables are provided. 

FORMALDEHYDE APPARATUS. 

Attached to brackets on the side of the starboard 

steam chamber is an apparatus for generating formal- 

dehyde gas and ammonia gas. It is composed of two 

generators, one for each gas, secured in one cylindri- 

cal casing for compactness and convenience. Each 

generator consists of a horizontal closed cylinder con- 

taining a steam coil and provided with fillers, pres- 

and proper pipe connec- sure gauges, safety valves, 
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Francis autoclaves. These are portable formaldehyde 

gas generators, and can be taken into the cabins or 

rooms of a yessel alongside for disinfecting pur- 

poses, the rooms being tightly closed to prevent the 

escape of the gas. 

SULPHUR FURNACES. 

In the forward hold compartment are the two sul- 

phur furnaces side by side athwartship. Each is built 

of steel with cast iron fronts, the dimensions being: 

length, 10 ft.; width, 3 ft.; height to top of reservoir, 

6 ft. 6 in. There is a fire box at each end of each fur- 

nace, over these being shallow cast iron pans for the 

reception of the sulphur. Dampers and baffle plates 

are provided to regulate the supply of air and prevent 

too rapid combustion. .On the top is a reservoir 

where the sulphur dioxide is collected. The smoke 

from the fire boxes is taken bv a pipe near the bot- 

tom to a smoke-stack leading up through the main 

deck forward. 

Pipes from the gas reservoirs connect to a high 

speed Sturtevant exhausting fan belted to a vertical 

VIEW IN AFTER END OF HOLD OF S. S. SANATOR LOOKING TOWARD STARBOARD SIDE, 

tions. The cylinder and pipes for formaldehyde gas 

are made of brass and copper, those for ammonia of 

cast steel and iron. Each is connected with both 

steam chambers, the purpose being to use formaldehyde 

gas for a disinfectant in either chamber when disin- 

fecting any materials which would be injured by 

steam. The ammonia gas is used after the treatment 

by formaldehyde gas in order to neutralize the latter 

and prevent irritating effects on the mucous mem- 

brane of the attendants, from inhalation and contact 

with the goods treated. Either gas is generated by 

introducing into the generator the proper quantity 

(computing from the volume of the steam chamber) of 

formalin or a strong ammoniacal solution, as the case 

may be, and applying heat by means of the steam coil. 

Before using either steam or formaldehyde gas in 

the steam chambers the air is removed by an exhauster 

and a vacuum of about 15 in. formed. 

The vessel is to be provided with four Kinyoun- 

engine, 5 in. by 6 in. This exhaustor delivers the sul- 

phur gas through a 12 in. galvanized iron pipe lead- 

ing through the main deck to branch pipes extending 

fore and ait on both sides of the upper’ deck. On 

each of these branch pipes are three connections for 

special 6 in. sulphur hose, by means of which the sul- 

phur gas can be taken into any compartment of a ves- 

sel alongside to be fumigated. 

The sulphur furnaces and sulphur piping below the 

main deck are well covered with magnesia covering 

and the piping on deck is kept well clear of wood work. 

The sulphur bins forward of the furnaces hold to- 

gether 40 barrels of sulphur. 

BICHLORIDE OF MERCURY APPARATUS. 

An 1,800 gal. steel tank for the storing of bichloride 

of mercury solution is located in the hold amidships 

on the starboard side. Above this in the deck house 

is a 40 gal. mixing tank with connections for steam 

and water as well as a connection to the large tank 
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FORWARD ENDS OF STEAM DISINFECTING CHAMBERS IN INFECTED COMPARTMENT, 

below. The proper quantity of the chemical is mixed 

in the small tank and allowed to flow into the large 

tank, into which has already been pumped a quantity 

of water sufficient to make the required solution. 

Near the large tank in the hold is a special horizon- 

tal duplex pump, having steam and water cylinders of 

41-2 and 23-4 in. dia., respectively, and a stroke of 4 

in., its water cylinder, valve guards and connections 

being made of iron and the valves of rubber, it having 

been found that the bichloride solution acts less quickly 

on these materials than brass. This pump has suction 

connections to the sea, the bilge, and bichloride tank, 

AFTER ENDS OF DISINFECTING CHAMBERS—CARRIAGE PARTLY RUN OUT IN FOREGROUND. 
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and delivers to the same tank, to the bichloride pipe 

system, or overboard. Its principal purpose is to take 

the solution from the tank and force it through the 

bichloride pipes to hose plugs located on the four cor- 

ners of the deck house and to two hose plugs in the 

hold. By means of the 2 in. hose, and spray nozzles, 

the solution can be sprayed as a disinfectant in any 

part of the vessel or in any part of a vessel alongside 

being disinfected. 

A bichloride vat is located in the infected compart- 
ment, into which articles may be dipped for disin- 
fection. 

BATHS AND WATER SUPPLY. 
Bathing facilities are extensive; there are ten 10 in. 

showers and four porcelain-lined iron bathtubs lo- 
cated in the ten bathrooms in the deck house. These 
are supplied with water through Gegenstrom water 
heaters, the latter being supplied with thermometers 
and steam and water regulating valves. The heaters 
are located outside the bathrooms and the temperature 
of the water is regulated by an attendant. 
The water supply is provided by connections to a 

pressure tank located on the after hold platform. A 
horizontal duplex pump provided with an automatic 
regulating valve supplies this pressure tank with fresh 
or salt water as may be required. The pump is so ar- 
ranged as to maintain a constant pressure in the tank 
automatically. By means of a system of galvanized 
iron pipes this tank also supplies the nine wash basins 
in the staterooms and also the galley with fresh water. 
The bathrooms and tubs are all provided with drains 

leading overboard, there being a 3 in. drain pipe on 
each side for this purpose. The wash basins in state- 
rooms and galley sink are also provided with overboard 
drains. 

BOILERS, ENGINE AND AUXILIARIES. 

Two single ended’ Scotch boilers are placed in the 
hold outboard of the after hatch and just forward of 
the main engine. They are built for a working pres- 
sure of 110 lb. per square inch and are of the single 
furnace type. Their dimensions are: Length, to ft. 
3 in., and diameter, 6 ft. 10 in. The furnaces are 39 in. 
internal diameter and the grates 6 ft. 6 in. long. The 
following data is for both boilers: 

LEANED? STEIRAGS, Sl, fRcavdcoosooouosccosocosovens 1,189.18 
Grate 2 SiS Racca cet reste he dV AR Re ego le OAD 42.25 
FAT CARL TOUS NELLDESIES Cait Lae a Ent nnn 5.52 
INIA HSMN PHI, SO Go scocosunocodeosoos 5.58 
Ratio, heating to grate surface --..--............ 28.14 
Ratio, grate surface to area through tubes...... 7.64 
Ratio, grate surface to area through smoke pipe 7.57 

The smoke pipe is 30 in. dia., and extends 30 ft. 
above the grates. A steam jet is fitted at the base, 
and also an exhaust nozzle which can be used when 
the engine is run non-condensing. <A Worthington 
horizontal duplex feed pump is located on the star- 
board side of the engine room. It is 6 in. and 4 in. 
by 6 in., with suction connections to the fresh water 
tanks, the feed tank, the sea, and the bilge, and deliv- 
ery both to the boilers and overboard. Two injectors 
are also fitted. 

The main engine is of the inverted direct acting 
single crank type, with cylinder 17 in. dia. and 20 in. 
stroke. It is designed to develop 200 I. H. P. at about 
150 revolutions. It is fitted with a single ported slide 
valve, and Myer cut-off gear. Cast iron columns form 
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the framing and to these the slides are secured, the 

crosshead being T shaped with double pins. The 

thrust bearing bolts directly to the bed plate. No 

pumps are fitted to the engine, and the piping is ar- 

ranged to run the engine condensing or non-condens- 
ing as desired. The crank shaft and pins, ‘also the 
thrust and propeller shafts are 61-2 in. dia. Cast iron 

is used for the propeller, which is of the Trout pat- 

tern, a four bladed true screw, 6 ft. dia. and 7 ft. 4 in. 
pitch. 

A combined surface condenser, air and circulating 
pump is located athwartship aft of the engine. Be- 
sides the connection to the main engine the condenser 
is connected to the auxiliary exhaust pipe, so that the 
auxiliaries can be run condensing if required. 
A steel feed tank, with filter arrangement, 4 ft. 6 in. 

long, 18 in. wide and 30 in. deep is provided. The fire 
pump is of horizontal duplex pattern, with cylinders 
6 in. and 5 3-4 in. dia. and 6 in. stroke. It is arranged 
to draw from the sea or the fresh. water tank, or from © 
water boats alongside, and the discharge has connec- 
tions to the fire mains and to the fresh water tanks. 

Seven large steel fresh water tanks are fitted, not in- 
cluding the bichloride of mercury tanks and smaller 
tanks already referred to. The capacity of the seven 
is 10,000 gallons of water. 

LIGHTING PLANT. 
For lighting the Sanator a Sturtevant direct driven 

marine set of 6 k.w. capacity is installed in the dyna- 
mo room on the port side of the hold. The engine 
has a cylinder 6 in. by 6 in., and the dynamo is a com- 
pound wound eight pole machine, with carbon brushes. 
Its capacity is 100 16 c.p. incandescent lamps. Slate 
is used for the switchboard, which contains the usual 
instruments and also a rheostat for the storage bat- 
tery, with sufficient range to control from 10 to 7o 
lamps. : 
The storage battery, consisting of 60 cells, is located 

in two special lockers, one on each side of the hold. 
The lockers are provided with three inch lead vent 
Pipes to carry off the acid fumes. There are 30 cells 
in each locker. The battery has a capacity sufficient 
to carry 50 10 c.p. 110 volt lights for 10 hours after be- 
ing charged. Its total weight is 5,900 lb., including fit- 
tings. The weight of each cell filled is about, 91 Ib., 
the dimensions being 81-2 in. by 81-2 in. and to in. 
high. The cells are placed in lead-lined wooden 
troughs or boxes, there being fifteen cells in each. 

These boxes are sealed to prevent the acid spilling 
when the vessel is rolling. Each of the lockers con- 
taining the cells measures 2 ft. 8 in. by 7 ft. 3 in., and is 
6 ft. 6 in. high. 

VENTILATING SYSTEM. 
The ventilating plant consists of a Sturtevant blower 

and high speed engine, direct connected. The diame- 
ter of fan is 75 in. and its width 26 in. A suction duct 
38 I-2 in. dia. passes up into the deck house and takes 
air through a grating on the starboard side of the 
house. The delivery pipe from the blower has 
branches of galvanized iron pipe extending to all parts 
of the vessel. A delivery louvre is located in each 
room of the deck house and at intervals on both sides 
throughout all compartments of the hold. 

The ventilating plant is designed to entirely renew 
the air in all parts of the hold every five minutes, the 
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designed capacity of the blower being 12,000 cu. ft. of 

air per minute when it is making about 260 revolutions 

per minute. 

In the way of handling gear and minor appliances 

there is a combined steam windlass and hoisting en- 

SINGLE-CYLINDER; SINGLE-CRANK ENGINE, S. S. SANATOR. 

gine, two Baldt stockless anchors, a double brake 

hand deck pump and a bilge ejector. 

There are, of course, extensive storage facilities for 

the various supplies and disinfecting materials carried, 

and, altogether, the vessel is as complete as sanitation 

and engineering science can make it. 

Loss or Coast Liner.—The steamship Gate City, of 

the Ocean Steamship Co., on a recent trip from Savan- 

nah to Boston, went ashore on the Great South Beach, 

Long Island. She stranded in a thick fog, about 10.30 

o'clock at night. The life saving crew from the Mo- 

riches Station took off the women passengers, but the 

men on board decided to stay with the vessel. They 

were taken off at a later date, and much of the cargo 

of cotton was saved. The vessel is expected to be a 

total loss. On two previous occasions this vessel 

went ashore, but was successfully floated again. She 

was an iron steamer, built at Roach’s yard, in 1878, of 

these dimensions: Length, 254 ft.; beam, 38 ft.; depth, 

24 ft.; gross tonnage, about 2,000 tons. 
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COMMERCIAL TYPES OF WATER TUBE 

BOILERS BUILT IN AMERICA.—III. 

DESCRIPTIONS OF BABCOCK & WILCOX, WATSON AND 

BOYER BOILERS WITH SECTIONAL DRAWINGS. 

Babcock & Wilcox Marine Boiler. 

This boiler is a modification of the old and widely 

known stationary water tube boiler, which has been in 

use both here and abroad for more than a quarter of a 

century. For marine use it has been made in various 

forms or modifications of one well defined type, and 

the boiler which we here illustrate is designed for ordi- 

nary passenger and cargo steamers. This boiler is of 

the large, straight submerged tube type. It consists 

of a series of water tubes, inclined at an angle of about 

15 deg. to the horizontal, expanded at the ends in ver- 

tical sinuous headers of square or box section. The 

tubes enter the headers at right angles, and the upper 

ends are at the front of the boiler. The headers are 

laid side by side across the front and back of the boiler 

in pairs, each pair being connected with an inclined row 

of tubes. The upper ends of the front set of headers 

project above the top row of water tubes, and are con- 

nected with the steam and water drum by horizontal 

pipes at about the water level. This drum is of large 

diameter, and is placed over the top of the back set of 

beaders. A short length of pipe connects the bottom 

of the drum with each of these headers. Each side of 

the boiler is composed of an inclined row of tubes 

forming part of the heating surface. Below the water 

tubes the furnaces zre formed of brickwork or fire 

tiles, and the whole boiler is contained, in the usual 
casing with non-conducting lining. Each of the back 

headers is connected by a short length of pipe with a 

mud “drum” of rectangular section, which extends 

across the back of the boiler at the lowest point reached 

by the contained water. To the form of boiler here 

illustrated a feed water purifier and heater is fitted. 

This consists of a drum of smaller diameter than the 

steam drum, placed in front of and alongside the latter, 

and about half way between its horizontal and vertical 

axes. The feed water enters the top of this subsidary 

drum midway of its length, and falls in the form of a 

cascade by means of suitable baffle plates. It is heated 

by coming into contact with live steam, which is ad- 

mitted to the purifier by a connection with the steam 

drum. In the lower half of the feed drum there are a 

number of diaphragm plates, over which the water 

passes on its way to the outlet pipes at the ends of the 

drum. These pipes carry the feed after it has parted 

with impurities down to the mud drum of the boiler, be- 

fore referred to. A blow-off is fitted at the bottom of 

the feed drum, which can be used to clean out the sedi- 

ment when necessary. When in operation steam is 

generated in the inclined water tubes, which receive the 

heat direct from the furnace, and the mixture of steam 

and water rises in the “uptake” headers at the front of 

the boiler. From there it passes into the drum by the 

norizontal tubes, connecting the front headers with the 

drum, where the steam is liberated and drawn off 

through the dry pipe in the top of the drum. The re- 

turn flow is by way of ‘“downtake,” or back headers, to 

the tubes again, and so a continuous circulation is main- 

) 
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tained. This boiler is constructed wholly of wrought 

steel. All the generating tube ends are expanded by the 

ordinary roller expander, and the interior of these tubes 

can be easily examined and cleaned by the removal of 

plugs in the headers opposite the ends.. Boilers of this 

general type have been fitted in several merchant ves- 

sels on the ocean and Great Lakes, and also in a number 

of war vessels. In the U. S. Navy they have been al- 

ready installed or ordered for \these ships: Atlanta, 

Annapolis, Chicago, Cincinnati, Marietta, and Wyo- 

ming, and (stationary type) for the monitors Canomi- 

cus, Mahopac, and Manhattan. They are built in this 

country by the Babcock & Wilcox Co., 29 Cortlandt 

street, New York. 

Watson Radial Water Tube Boiler. 

In construction the Watson radial water tube boiler 

differs considerably from most of the other marine 
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passing through the neck of the joint at right angles. 

The water bottom is forged (dished) from one sheet 

of steel with a circular opening in the center for the 

reception of the grate, the bars of which are put in 

through the furnace door. Joints between the lower 

tube sheet and the shell of the water bottom are riveted 

and caulked. A. cone shaped, sheet steel, air tight dia- 

phragm extends from top to bottom between the rows 

of tubes designated as steam tubes, and the circulating 

or down flow tubes, with, of course, an opening for the 

fire door, Riveted joints are used to connect the vari- 

ous elements as described, with the exception of the 

flanged joint between the upper tube sheet and the bot- 

tom of the water and steam dome. This joint is made 

with bolts and nuts, and can be readily broken for in- 

spection, cleaning, or repair, such as replacing a tube. 

In this boiler the circulation when under steam is very 

rapid. In operation the gases of combustion are de- 

flected they strike the baffle among the tubes when 
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SECTIONAL DRAWINGS OF THE BABCOCK & WILCOX MARINE TYPE WATER TUBE BOILER. 

boilers on the market. lts general outlines, when set up 
ready for use are those of a truncated cone. As shown 

in the drawings, the tube system is in the form of a cone, 

inclined over a central furnace, the tubes being straight 

and expanded at the upper ends into the steam dome, 

and at the lower ends into the water bottom or reser- 

voir. The tube sheets are inclined so that the tubes 

enter them practically at right angles. At the bottom 

the tubes are very widely spaced, and as they converge 

at the top the spacing is proportionally narrowed here, 

an arrangement which helps to break up the gases and 

facilitate combustion. A baffle plate is placed in the 

upper part of the combustion chamber, directly under 

the smoke pipe. The latter is in the vertical axis of the 

boiler and is connected to the upper tube sheet by a 

screwed joint at the lower end. Where it emerges from 

the steam dome a metallic slip joint is used, with bolts 

plate on their way from the furnace to the stack. The 

inner rows of tubes are exposed to the greatest intensity 

of the heat, and in these the water rises from the bot- 

tom reservoir to the dome. Outside the diaphragm, be- 

fore referred to, the rows of tubes are comparatively 

cool, and in these the water flows in the contrary direc- 

tion. The hotter the fire the more rapid the circula- 

tion. Solids in suspension in the feed water are carried 

down to the water bottom and are taken care of by use 

of the sediment cock. The water is carried well above 

the tops of the tubes, so that when in operation they 

are all submerged. In the upper part of the dome the 

dry pipe encircles the smoke pipe. All material enter- 

ing into the construction of this boiler is carefully 1n- 

spected; the tube sheets and dome are of 60,000 Ib. T. 

S. steel, and the tubes are solid drawn. A steel ash 

pit is bolted to the water bottom, and can be readily re: 
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moved and replaced. It is claimed for this boiler that 

it is light in weight and occupies little space, while at 

the same time having large heating surface and grate 

area. It also has a low center of gravity. The con- 

tained water is about 30 per cent of the total weight of 

the boiler. The inventor and manufacturer is Egbert 

Pomeroy Watson, Elizabeth, N. J. 
\ 

Boyer Water Tube Boiler. 

This boiler is of the sectional small bent tube type. 

It consists of a steam and water drum placed across the 

front end of the boiler at the top. From the bottom 

of this drum at each end large down-flow pipes are 

carried, outside the front casing, to horizontal water 

legs situated below the level of the grate, these legs ex- 

tending along the two sides and back end of the boiler. 

The water legs at the sides are not directly connected to 

the series of small tubes forming the generating system. 

From the water leg at the back there rises a double row 

of vertical tubes or manifolds to a height of about the 

water level in the drum. From these vertical manifolds 

the generating tubes extend, with a slight upward in- 

clination toward the front of the boiler, the lowest row 

of tubes forming the furnace crown. This row extends 

the entire length of the boiler from front to back, turn- 
ing upward—inside the front casing—in an easy bend, 
each tube terminating in a horizontal manifold, which 
connects at the front end with the drum above the water 
level. The successive rows of generating tubes are 
spaced somewhat widely apart in their vertical direc- 
tion and this brings the topmost row to a connection 
with the upper manifold, about half the length of the 
boiler from front to back. Alternate sections of the 
generating tubes, or “generating flats,’ as they are 
termed, connect with horizontal manifolds at a different 
level. There are two rows of these horizontal mani- 
folds, one entering the drum a short distance above the 
other, and both above the water line. The back ends 
of the horizontal manifolds are connected with the top 
ends of the vertical manifolds at the back by indepen- 

dent tubes or relief pipes, L shaped, and fitted with 
screwed connections—this is done to prevent dead ends. 
Across the top of these relief pipes a coil is laid, 

through which the feed is passed on its way to the hori- 
zontal water legs. At each side of the firebox, inside 
the casing, a row of horizontal tubes, with screwed con- 
nections at the ends, is carried from the level of the 
grate to a point considerably above the furnace crown. 
At the bottom the row on each side connects with the 
side leg, and at the top with the steam drum. These 
details will be clear upon an inspection of the accom- 
panying drawings. It will be noticed that all the small 
tubes are exposed to the action of the fire, and in these 

the flow is upward. The down-flow pipes carry the 
water from the drum to the horizontal water legs, and 
from there it passes into the vertical manifolds, and 

thence into the generating system. In operation the 

gases pass directly over the generating tubes on their 

way from the furnace to the smoke outlet, which is the 

center of the top of the boiler. The boilers are built 

to conform to United States inspection rules, and all 

the pipes, tubes and fittings used are commercial sizes, 

such as can be purchased in the open market. The 

boiler is manufactured by the patentees, L. Boyer’s 

Sons, 90 Wall street, New York. 
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Stranding of British Sailing Ship. 

Residents of the New Jersey coast in the vicinity 

of Point Pleasant, were treated to the spectacle of a 

four masted steel sailing ship high, and practically dry, 

on the beach last month. The vessel, named the County 

of Edinburgh, had almost completed the long voyage 

from Cape Town to New York, in ballast, when she 

went ashore in a dense fog February 12. In the photo- 

graph, the position of the vessel is plainly seen, with 

visitors alongside who had walked out to the ship 

across the sands. Several days after the mishap the 

crew came ashore, as the vessel was pounding heavily 

under the influence of the tide and a strong northwest 
wind. At this time of writing the ship is still fast 
on the sand, and it is believed that a channel will have 

to be dredged to get her afloat again, unless she cam 

be lightened sufficiently to float during the next spring 

tide. The County of Edinburgh is a steel ship built in 
1885 by Barclay Curle & Co., of Glasgow, Scotland, 
and she is owned by R. & J. Craig. Her dimensions 
are: Length, 285 ft.; beam, 42 ft.; depth, 24 ft. Her 
gross tonnage is 2,160 tons. The ship was under char- 
ter to the Standard Oil Co. 

NaputHa LAuncH: Saves STEAMSHIP.—An unusual 
decoration has just been added to the 21 ft. naphtha 

launch Sachem, owned by Frederick T. Adams, of New 

York. It takes the form of a silver plate with an in— 

scription recording its presentation by the underwrit- 

ers and the New York & Puerto Rico S.S. Co., to the: 

owner, for services rendered by his launch to the S.S. 

Ponce, while in distress off Tybee Island, Ga., in Octo- 

ber, 1899. The plate was affixed to the wood work of 

the launch at the yard of the builders, the Gas Engine 

& Power Co., and Charles L. Seabury & Co., Con., 

New York. It was on the maiden trip of the new S:S. 

Ponce that the incident that has this pleasant sequel 

took place. The steamer left New York for Puerto 

Rico October 19, with passengers and cargo; among 

the former being Frederick T. Adams, who brought 

with him the launch Sachem, and the engineer Alex. 

Ingraves. The Ponce met bad weather and when two. 

days out lost her propeller. Sea anchors were got out 

and the vessel kept bows on to the seas, and finally 

help came, with a Dutch steamer, which towed the 

Ponce for two days. The weather was getting worse 

all the time and the vessels parted company. As the 

condition of the Ponce in the prevailing weather was. 

serious, Captain Dyer decided to try and communicate: 

with the shore, less than 50 miles distant. He asked 

Mr. Adams for the loan of the launch, which was freely 

granted, and Captain Dyer, with the assistance of the 

launch’s engineer and members of the crew of the 
Ponce—six in all—set out for help. A tremendous sea 
was running and a gale blowing, but the launch made 
good headway and put the party ashore at Tybee Isl- . 
and, Ga., in about seven hours. From there the as- 
sistance of tugs from Savannah was secured, and the 
Ponce was finally towed into port. 

At the annual meeting of the New York Yacht Club: 
held last month, Lewis Cass Ledyard was elected 
commodore for the ensuing year. As a consequence, 
for the first time in a number of years, a sailing yacht 
will be the flagship of the club. ; 
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BRITISH SAILING SHIP, COUNTY OF EDINBURGH ASHORE ON COAST OF NEW JERSEY. SEE PAGE 126. 
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ESULTS of a careful enumeration of the 
steel vessels under construction at ship- 

yards on the seacoast -of the United States, in 

the month of January, 1900, have recently been 

published by the United States Bureau of Navi- 

gation. Commissioner E. T. Chamberlain, 

chief of the bureau, has been engaged in some 

useful work of late in furthering the interests 

of the American merchant marine, and the 

tables just referred to are part of the campaign 

of education. To those who have not occasion 

‘to keep in close touch with the work in the coast 

yards these official figures must be surprising 

in magnitude. 

sible to secure complete returns, so that there 

are probably some errors of omission, but 

nevertheless the total merchant tonnage re- 

corded was little short of 200,000 tons. Addi- 

tional to this there are fifty war vessels under 

construction at coast yards of a total of 140,- 

313 tons displacement. This, ite Saayelsie XS sete 

membered, takes no account of the large amount 

of tonnage under construction on the Great 

Lakes, nor the considerable number of vessels 

now under construction on our rivers and other 

inland waters. The lake tonnage on which work 

is now going forward amounts to about 185,000 

tons, and the river yards are very fully occupied, 

many of the vessels being of the largest size. 

For the coast and lakes we have then a grand 
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In all. instances it was not pos- 
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total of more than 500,000 tons under construc- 

tion. A. significant fact, as showing the trend 

of progress, is that a very considerable amount 

of this tonnage is first-class full-powered steel 

construction, designed and equipped in accord- 

ance with modern ideas. One group under this 

head consists of ten steamships, of 81,600 tons, 

now being built at coast yards for foreign trade, 

all of the vessels being eligible for subsidy un- 

der the ocean mail act of 1891. These vessels 

include: Two steamers of 11,300 tons for the 

Pacific Mail; two steamers of 12,000 tons for the 

International Navigation Co.; three steamers of 

7,000 tons for the Oceanic Steamship Co., and 

three steamers of 4,000 tons for the New York 

and Cuba Mail. There are also four large 

freight steamers of 8,000 tons for the new line 

to the Hawaiian Islands. For the coasting 

trade there are forty-five steel vessels under con- 

struction of a total of 76,000 gross tons. In 

one yard alone (Newport News) there was, in 

one stage or another of construction, the enor- 

mous total of 102,680 tons, when the list was 

prepared. At Cramps’ the total was about 9o,- 

ooo tons. The figures given here do not, of 

course, represent the annual capacity of the va- 

rious yards, as they include vessels in all con- 

ditions, from those just contracted for to those 

which have undergone their steam trials. At 

the same time, however, they show the condi- 

tion of activity which prevails, giving employ- 

ment to tens of thousands of persons and neces- 

sitating the expenditure of a tremendous sum 

in the aggregate for finished materials. Since 

the introduction of steam no such activity has 

before been experienced, and it only needs the 

helpful aid of Congress to speedily develop this 

otitgrowth of the nation’s commercial energy 

many fold. 
el 

y connection with the maintenance of a 

large fleet of naval vessels in Asiatic wa- 

ters, there is no more pressing need than 

the creation there of proper docking facilities. 

The acquisition of the Philippine Islands makes 

it possible to establish such in American wa- 

ters. There are at present no facilities for dock- 

ing vessels—other than the very smallest—in 

our new possessions, and consequently, our war- 

ships have to make the long sea voyage to Hong 

Kong to go into dock. The extra cost and time 

involved are serious enough, but not nearly as 

serious as the fact that these docks are under 

the control of a foreign, if friendly, power. In 
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case of a war—a possibility, though not a prob- 
ability—in which Britain would be obliged to 

remain neutral, the efficiency, or even safety, of 

our vessels in those waters would be seriously 

threatened. In the late war, owing to a com- 

bination of fortunate circumstances, our ves- 

sels in the Orient did not suffer greatly for lack 

of such facilities; but the outcome of that war 

did not grant us immunity from serious injury 

in perpetuity. Long before the Manila fight the 

Spanish Government recognized this very need 

and made a contract with a concern at New- 

castle-on-Tyne, England, for the construction 

of a floating dock for the port of Olongapo, 

P. I. Work on this dock was begun and carried 

forward, but before completion the Spanish- 

American war had broken out and delivery was 

never made. We understand that this dock has 

since been completed and is now for sale at the 

builder’s yard. According to authentic reports 

at the time the contract was let, the dock was to 

be of large size, capable of lifting any vessel up 

fo 500 ft. long, and 12,000 tons displacement. 

It was to be self docking and equipped in all re- 

spects according to the best modern practice. 

The dock was to be built in sections so that it 

could be readily shipped to its destination and 

there finally put together. A dock of these di- 

mensions can hardly be classed as a readily sala- 

ble article, and it is not unlikely that it could 

be purchased by the United States Government 

at a reasonable price, though on this point we 

have no information whatever. It would cer- 

tainly not be very long before the cost of such 

a dock would be expended in sending our naval 

vessels to Hong Kong and paying docking 

charges there. If, all things considered, the 

purchase of this particular dock was inadvisable, 

the authorization by Congress for the imme- 

diate construction here of a floating dock for the 

Philippines would seem to be a very necessary 

act. 
ANA ~ 

[YUBLISHED returns of the world’s ship- 

building during 1899 show a grand to- 
tal of merchant vessels of 2,122,000 tons, 

of which 1,946,000 tons were steam and 176,- 

000 tons sail. In these columns last month we 

gave a summary of the British returns which, 
as is customary, are the largest. Next in 
amount of output comes the United States with 

225,000 tons, a very considerable increase over 

the tonnage put out during the year preceding 

(1898). Germany comes third, but not far be- 

hind, with 211,000 tons; France fourth, with 90,- 
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ooo tons, and Italy’s total foots up nearly 50,000 
tons. It is noticeable how small the percentage 
of sail tonnage has become of the total output. 
In. 1899 there was not a single sailing ship built 
in the United Kingdom, and but for the addi- 
tions made by France to the sail tonnage the to- 

tal would have been considerably less. Under 
the stimulus of State aid the French built no 

less than twenty-four sailing vessels, none of 

less than 2,000 tons, and the largest exceeding 

3,000 tons. Outside the United Kingdom the 

total number of mercantile vessels built was 292 

steamers of 530,945 tons, and 251 sailing ves- 

sels of 174,002 tons, and the total of war ves- 

sels was 56 of 176,170 tons displacement. Dur- 

ing the year the total amount of tonnage lost, 

broken up, or otherwise removed from trade, 

was 727,000 tons; made up of 345,000 tons of 

steam vessels and 382,000 of sailing vessels. 

This means the decrease of all sail tonnage, 
throughout the world, by about 200,000 tons, 

and the increase of steam tonnage by about 
1,600,000 tons. 

NN 

N announcement was made by the trustees 

of Columbia University last’ month that 

the decision had been reached to establish 

courses in marine engineering and naval archi- 

tecture in the School of Mechanical Engineer- 

ing. Coupled with this was the very extraor- 

dinary public statement, attributed to President 

Seth Low, that he “shared the opinion of the 

faculty that it is highly important for the Uni- 

versity to pre-empt the field of marine engineer- 

ing without delay.” We can hardly believe that 

President Low was quoted correctly, for such a 

choice of expression, as ordinarily understood, 

would imply either an astounding ignorance of 

facts, or a desire of the faculty to slight two of 

the most successful and honored 

schools the world over—the Massachusetts In- 

stitute of Technology, and Sibley College, Cor- 

nell University. In both these technical col- 

leges courses of study in naval architecture and 

marine engineering have long been established, 

and have been the means of educating a corps 

of young men, the influence of whose training 

is now being felt most beneficially in the up- 

building of the American merchant marine. In 

a quiet, wunostentatious splendid 

schools are doing a work which, when their 

graduates shall have matured and risen to places 

of executive responsibility, will go a long way 

toward establishing this country as the fore- 

most shipbuilding nation in the world. 

scientific 

way these 
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EDUCATIONAL DEPARTMENT. 

HELPS FOR CANDIDATES FOR MARINE EN- 

GINEERS’ LICENSES—BOILERS—YV. : 

BY DR. WILLIAM FREDERICK DURAND. 

§3. CORROSION, [Continued. ] 

The possibility of deposits of copper on boiler sur- 

faces has been already mentioned. These were first 

noted in connection with the corrosion accompanying 

the general introduction of the surface condenser. It 

was believed that the copper of the condenser tubes was 

attacked by the pure water resulting from the condensa- 

tion of the steam, or by the fatty acids formed as above 

explained, and was then carried over into the boiler and 

deposited on the surfaces. To prevent such action the 

condenser tubes were tinned, thus covering the copper 

from the action of the water or the fatty acids. Neither 

this step nor the substitution of hydrocarbon oil for 

that containing fatty acids has made any very marked 

difference in boiler pitting, and at the most the presence 

of the copper can have been only one among a number 

of causes as suggested. 

There has been much difference of opinion and differ- 

ence in experience regarding the question whether 

wrought iron or steel boiler tubes were the more liable’ 

to corrosion. It was pointed out that wrought iron was 

less homogeneous than steel, and therefore the latter 

should be the better. The early experience with steel 

hardly bore out this claim, and in fact the general opin- 

ion seems to have been that wrought iron tubes were 

found to corrode less readily than steel. In explanation 

of this, it may be said that while wrought iron was less 

homogeneous physically, the steel was perhaps less 

homogeneous chemically, and in any event contained a 

larger proportion of carbon than the iron, so that it 

would by no means follow that it would necessarily be 

less subject to electro-chemical action. The latest and 

best products of the steel makers for such purposes, 

however, are extraordinarily low in carbon and very 

homogeneous, and experience with such grades of ma- 

terial seems to show them superior to wrought iron in 

this respect. 

We have thus developed in some detail the causes of 

corrosion on the water side of steam boilers, so far as 

they are understood. For the prevention of such effects 

their causes must be removed or counteracted. 

For reducing the amount of oxidation and the possible 

results due to electro-chemical, action, the presence of 

air in the feed water must be avoided by preventing as 

far as possible the entrance of water from overboard 

into the feed. The hot-well or feed-tank should also be 

of good size and kept full, so that there may be no dan- 

ger of its getting too low from time to time, and thus 

allowing the pump to take air. The piston rod on the 

low pressure cylinder should be kept well packed, so as 

to prevent the entrance of air during the exhaust part of 

the stroke. The feed pump rods on the water end 

should be kept well packed for the same reason. 

To prevent acid corrosion the formation of the acids 

must be prevented as far as possible, and such as may 

form must be neutralized within the boiler. The pre- 
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vention of the formation of fatty acids has been consid- 

ered above. We have also seen that the formation of 

other acids is due chiefly to the presence of salts con- 

tained in sea water, or to organic substances. We have 

therefore simply an additional reason for keeping all 

such substances out of the boiler as far as possible. To 

neutralize such acid as may form, bicarbonate of soda, 

or soda-ash, as it is known in the trade, may be used 

from time to time, and in such quantities as may be 

found necessary. To test the water for acidity the lit- 

mus test is used. Blue litmus paper turns red when 

dipped in water slightly acid, while if the water is alka- 

line it remains blue, or the red color caused by an acid 

is changed to blue. By this means the condition of the 

water may be tested from time to time and soda used 

accordingly. Care must be taken not to use it in too 

great excess, as it may cause foaming. The soda is 

introduced: by means of a soda cock on the condenser. 

Instead of keeping the water alkaline by the use of soda, 

dependence is often placed on the zine slabs used to 

prevent electro-chemical corrosion. These are gradually 

dissolved, forming zine chloride, and this will pndoubt- 

edly tend to neutralize free acids and to keep the water 

alkaline. Whether sufficient or not, can of course be 

readily determined by the litmus test before referred to. 

, For the prevention of electro-chemical action the 

causes must also be removed or neutralized as far as 

possible. This cannot be realized entirely, but it is clear 

that the results will be the better as the following con- 

ditions are the more nearly fulfilled: 

(1) The structure of the boiler should be of material 

as homogeneous as possible in its chemical constitution 

and physical condition. 

(2) Causes liable to produce oxidation or the pres- 

ence of foreign substances should be kept out of the 
boiler as far as possible. 

(3) The water in the boiler should be made as ‘nearly 

neutral or non-exciting relative to the iron as possible. 

This in a general way will be attained by keeping it 

slightly alkaline rather than acid, and by avoiding very 

high densities. 

In addition to these means for reducing the causes, 

there remains one further step, and that is: 

(4) The provision of a substance which shall be 

electro-positive to iron, and readily attacked, so that the 

activity will be diverted from the iron to the protecting 

substance, and the operation will proceed at the expense 

of the latter rather than of the former. Such a sub- 

stance we find in zinc, and its use for this purpose is 

very general and seemingly beneficial: 

It may be also noted that the formation of zine chlo- 

ride as referred to in the foregoing will aid in keeping 

the water alkaline in reaction, thus reducing its natural 

activity, and contributing further to the general de- 

crease of electro-chemical action. 

In order to be effective as a protection to the iron in 

the manner described, the zinc must be in actual metallic 

contact with the structure of the boiler. It is usually 

in the form of rolled or cast slabs, weighing 8 to 12 

Ibs. each. ‘These are often placed in perforated sheet 

metal baskets hung from the stays or attached to other 

portions of the boiler. Where the basket is attached to 

the boiler there should be bright metal contact, and the 

attachment should be by screwed joint or other equiva- 

lent means, so that the separation of the two surfaces by 
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the formation of scale or corrosion between them may 

be prevented. The zinc should also be connected to the 

basket by through bolts or other means which will in- 

sure continuous metallic contact. In some cases the 

zines are hung by a through bolt without other means 

of support. In such case, as the zinc becomes used it 

may fall apart and the pieces may lodge where they 

will obstruct the circulation, or be otherwise undesir- 

able. In any event they will no longer protect the part 

of the boiler confided to their care, and their period of 

usefulness may therefore be less than when supported 

and connected toa basket as described above. The num- 

ber of zines fitted varies greatly according to the judg- 

ment of different engineers. In some cases not more 

than 10 or 12 would be assigned to the protection of a 

large double end boiler, while in others as many as 40 or 

50 would be used. The latter number is the better repre- 

sentative of good modern practice. In any case they 

should be distributed as nearly uniformly as possible 

throughout the boiler, in order that the latter may be 

‘thus subdivided into parts, each more especially’ under 

the influence of a given slab. 

Instead of depending on zinc to prevent or divert 

electro-chemical action, as above described, some engin- 

eers prefer to depend simply on reducing the activity of 

the water by keeping it alkaline by the use of soda, in- 

troduced as the litmus test may show to be necessary. 

When spots are found in a boiler, showing the pres- 

ence of pronounced corrosion, they should be cleaned 

off thoroughly, washed with soda solution, and, if not 

on a heating surface, covered with a thin wash of Port- 

land cement. This will attach itself to the iron and 

protect it in a manner similar to the lime scale. 

The beneficial effect of scale in thus protecting the 
suriaces of boilers from corrosion is well recognized, and 

there is no doubt that its presence as a thin wash or 

layer is of great value. In order to be effective, how- 

ever, it must be so firmly and closely attached to the 

iron as to prevent contact of the water with the sur- 

face, else the corrosive action may proceed under the 

scale and result all the more seriously because it is pro- 

tected from inspection until the scale is thoroughly re- 

moved. On the tubes and other heating surfaces of the 

boiler with their changes of temperature and consequent 

expansions and contractions, the scale is especially liable 

to be cracked off or partially separated from the iron, 

with possible results as here noted. This is still more 

likely to be the case as the scale becomes thicker and 

the metal more liable to become overheated. It has 
also been suggested that a very heavy scale may result 

in an overheating of the metal sufficient to decompose 

ithe moisture present, thus liberating oxygen and form- 

ing the magnetic oxide of iron or black mill scale 

(Fes;O.). This is highly electro-negative to iron, and 

thus it may give rise to harmful electro-chemical reac- 

itions. 

Laying Up Boilers—When boilers are to be laid up, 

the principles already explained will indicate the nature 
of the means suitable for preventing corrosion. 

_ On the outside, paint or other like coating may be 
‘used as already noted. On the fire side of water-tube 

boilers protection is sometimes gained by building a 

slow fire of tar or resinous material, the tarry smoke 

from which condenses on the tubes and furnishes pro- 

tection from the air with its moisture and carbon diox- 
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Use is also made of quicklime in trays renewed 

This absorbs the moisture and so 
ide. 

from time to time. 

keeps the air dry. 

On the inside, all boilers when laid up should be 

either empty or entirely full. If a boiler stands for any 

considerable length of time partly full, corrosion is 

likely to occur about the water line. If they are to be 

out of use for a short time only, they may be filled full 

of water made slightly alkaline by the addition of soda, 

the condition of the water being determined by the lit- 

mus test already referred to. If they are to be laid up 

for a longer time it is better to lay them up dry. To 

this end the water is removed, the manhole-plates taken 

off and the interior thoroughly dried out by the intro- 

duction of trays of burning charcoal or coke. The 

boiler is then closed up except a lower manhole 

through which a tray of freshly burning charcoal is 

introduced, and the manhole cover is put on. The 

charcoal will consume most of the remaining oxygen, 

and the boiler will thus be protected. Instead of the 

final introduction of a tray of charcoal, trays of quick- 

lime may be used to insure the absence of all moisture, 

and the boiler then closed as before. 

It is readily seen that these various methods are sim- 

ply ways of carrying out the necessary conditions for 

preventing oxidation, as already discussed, and if these 

principles are kept clearly in view, the means most con- 

veniently at hand may be suitably adapted to provide 

the protection desired. 

ELECTRICITY ON BOARD SHIP—PRINCIPLES 
AND PRACTICE—XXII. 

BY WM. BAXTER, JR. 

METHODS OF DISTRIBUTION.—CONTINUED. 

In the last article several arrangements were shown 

for connecting the distributing mains with the genera- 

tor terminals, and the manner in which calculations are 

made were also briefly outlined. Although only a few 

examples were given, these should be sufficient to en- 

able any one to apply the principles to any case, for 

the course of procedure is always the same. Stating 

the rule in as few words as possible, we can say that 

to obtain the resistance in ohms of any feeder all we 

have to do is to divide the volts by the amperes. If 

we desire to transmit any given current over a line we 

first determine what loss of pressure can be allowed; 

that is, what the line drop must be, then we divide this 

drop in volts by the current, and the result is the re- 
sistance of the line. As a rule, it is desirable to keep 

the line loss as low as possible so as to not waste power, 

for all the volts absorbed by the line resistance repre- 

sent just so much coal burned for which no light is 

given. In many cases, however, the loss of energy in 

the lines is not of so much importance as the obtaining 

of uniform voltage at the lamps, hence in deciding 

what particular type of connection to use these mat- 

ters have to be considered, but after the plan of wiring 

has been decided upon the process by which the re- 

sistance of the wire is obtained is the same. 

In the last figure of the last article we showed a 

method of connecting the distributing mains with the 

generator in such a way as to be able to deliver a higher 

pressure at the distant lamps than when a single con- 
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nection is made, and it was pointed out that by the 

plan shown the voltage supplied to the lamps the 

furthest from the generator could be greater than that 

B Fore’ 

g \ 

FIG. r4o. 

of those near by. In Fig. 140, here presented, an ex- 

tension of. the same principle is shown in which the 

FIG. 141. 

voltage delivered to the lamps can be increased or de- 

creased as desired. In some cases it is necessary to 

FIG. 142. 

arrange lamps so that they may be dimmed without 

being turned out. To accomplish this all that is re- 

quired is to reduce the voltage acting upon the lamps, 
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and the simplest way of doing it, when there is only 

one generator in use, is by introducing extra resis- 

tance into the circuit. Thus, in the figure, if we de- 

sire to dim the lights in the first and second groups, 

we turn the switch S so as to cut into the current a 

portion of the resistance of the rheostat R. In the 

same way if we desire to dim the last three groups we 

cut in a portion of rheostat Rk’. This arrangement is. 

FIG. 143. 

not generally liked by engineers, as the introduction of 

resistance into the circuit involves a waste of energy, 

but, after all, the waste.is not so much as at first might 

be supposed, for including the portion absorbed by the 

resistance, the energy supplied to the circuit is less 

than when no resistance is. used. To illustrate, sup- 

pose we have sixteen lamps in the first two groups, 

taking one-half of an ampere each, making a total of 

8 amperes. Let the resistance of each lamp be 224 

ohms, then the fesistance of the whole number will be 

14 ohms, since 224 + 16 = 14. Let the resistance of 

the lines between the terminals PN and the lamps be 

one-eighth of an ohm, then the pressure of the gen- 

erator at P and N must be 113 volts, and the lamps 

will receive 112 volts. Now, suppose we introduce as 

much resistance of rheostat R as may be necessary to 

cut the current down to six amperes, we will then find 

FIG. 145. 

that the total circuit resistance has increased to about 

18.8 ohms, and of this amount the rheostat supplies. 

about 4.7 ohms, or say, 25 per cent. With the current. 

at 8 amperes, the energy supplied to the circuit will be 

113 volts X 8 amperes = 904 watts, and with the current 

at 6 amperes it will be three-quarters of this amount 

or 678 watts, and the portion lost in the rheostat will 

be 169 watts. Thus we save 226 watts of energy, but 
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to effect the saving we throw away in the rheostat 169 

watts; that is, if we could cut the current down with- 

out using the rheostat we could save this 169 watts 

also. If we have two or more generators we can ac- 

FIG. 146. 

complish the last result by resorting to the type of 

connection shown in Fig. 141. With this arrangement, 

as the two generators are only connected to the same 

circuit on one side, the voltage of either one can be 

changed without affecting the other one; hence, if we 

wish to dim the lights in the circuits fed by either ma- 

chine, all we have to do is to reduce its voltage. This 

FIG. 147. 

we can accomplish by means of the field regulator, in 

the manner explained in previous articles. The plan 

shown in Fig. 141 can also be made use of to reduce 

the size of wire for the lamps situated at a distance from 

the generators, because the machine G’ can be adjusted 

to run at a higher voltage than the other one, the 

difference being made as much as the length of cir- 

cuits may demand. In any case, however, only a slight 

difference will be required; thus if the G machine de- 

velops a pressure of 110 volts between P and N, the 
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ence in voltage is great it will make no difference in 

the running of the machines, providing there is no 

chance for one circuit to be crossed by the other; but 

if the wires rtn in such a way that those of one set 

are liable to come in contact with those of another set, 

there is a possibility of damage being done, as then the 

high pressure current would run back through the 

generator delivering the low pressure and under certain 

conditions the results would be disastrous. 

Although a certain amount of wire can be saved by 

dividing the system of circuits into sections, and feed- 

ing each one from a different generator, with the pres- 

sure increased slightly, for those supplying the more 

distant sections, the plan is not a desirable one, all 

things considered, as the saving is effected at the ex- 

pense of reliability. If all the generators feed into the 

same system, at the same pressure, the disabling of one 

machine will not stop any particular section, but at the 

FIG. 140. 

most will cause a slight reduction all around. With the 

generators arranged as in Figs. 141 and 142 the whole 

system can be thrown into one whenever desired by 

equalizing the pressure of all the machines, and then 

making the necessary connections at the switchboard. 

If this is done, however, the lamps on the distant por- 

tions of the lines, which are arranged to operate with 

FIG. 150. 

other generator may develop 112 between N’ and P’. 
If there are three generators, as in Fig. 142, they can 

be arranged as shown, so as to divide the system of cir- 

cuits into three sets, and then each machine can be set 

for a slightly different pressure. Even if the differ- 

FIG. 152. 

a higher pressure, will be decidedly dimmer than the 

normal. 

In distributing currents over large networks of 

wires, it is necessary to use a considerable amount of 

ingenuity to not get them so mixed up that they be- 
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come a hopeless puzzle. The safest way to avoid such 

a condition of things is by concentrating the various 

branch lines into centers of distribution, thus laying out 

the entire system much after the manner in which the 

branches of a tree lead out from the trunk. These 

centers are variously called distributing boxes, junc- 

tion boxes, distributing panels and panel boards. The 

general arrangement of these can be understood from 

Figs. 143 and 145. In the first, figure A represents a 

main distributing box, which is connected with the 

Switchboard by means of the mains P and N. From 

this box circuits p m run out to the secondary boxes 

B B, which latter form centers from which the lines 

that feed the lamps are run. The box A as well as 

boxes B B may be very simple affairs, or they may 

be diminutive switchboards. If of the simple type, the 

main lines P N of box A may be connected with the 

four circuits » p, with fuse wires in one or both of the 

wires of each secondary circuit. In this case the 

overloading of any one of the branches will melt a 

fuse at A, and this fact being known, if the current 

fails, this portion of the system is at once examined 

and a new fuse put in. The box A may be provided, in 

addition to the fuses, with switches, by means of which 

the current may be cut off from any circuit, and then 

from this point the lamps operated from the boxes 

B B can be controlled. The secondary boxes B B, if 

provided only with fuses, cannot be used to control the 

individual circuits leading out to the lamps, and in that 

‘case they serve principally as receptacles for the safety 

fuses of the several lamp circuits. If these boxes are 

provided with switches to control the several lamp 

circuits, then from them all the lights operating in any 

one branch can be turned on or off by the movement 

of a single switch. 

Generally it is desired to so arrange the wiring that 

each circuit will be as nearly independent of all the 

others as.is possible, and to accomplish this result the 

lines p m are run out directly to the B B B B boxes, as 

in Fig. 143; that is, each box is on a separate circuit. 

Sometimes it is not desirable or practicable, for one 

reason or another, to run out individual circuits to each 

secondary box, and in such cases they can be arranged 

as in Fig. 144 with two boxes in series in each circuit, 

or as in Fig. 145 with all the boxes in series in the same 

circuit. This last arrangement would not be adopted 

very often unless there were one or more lamp cir- 

cuits running out of A, as well as the m p circuit run- 

ning to the secondary boxes. If there were no such 

additional circuits, the mains from the switchboard 

might just as well run directly to the first B box, and 

thus dispense with the A box. 

The distributing boxes and switches used in marine 

work are made water tight, whenever this construction 

is practicable, which is almost always the case when 

they are not complicated, and therefore not large. 

Large panel boards with many switches have to be 

made much the same as those used in other lines of 

work, though, of course, these can be enclosed in pro- 

tecting cases. 

Figs 146 to 154 show several designs of distribution 

boxes, switches and brushings for running lines 

through decks and bulkheads, made by the General 

Electric Co., specially for marine work. Fig. 146 is a 

simple junction box. Fig. 147 is a double pole switch 
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of the water tight type. Fig. 148 is a similar type of 

box that is provided with outlets for two distributing 

circuits. Fig. 149 is a junction box provided with a 

switch and a plug to take off the distributing circuit. 

Fig. 150 shows the construction of a main deck stuffing 

tube, another design being shown in Fig. 152. Fig. 151 

is a bulkhead stuffing box for a single wire; the other 

tubes are arranged in pairs, but can as well be made 

single. 

_- ENGINEERS’ DICTIONARY.—XXV. 

Joint—In its general sense, any form of fastening or 

mode of connecting parts of a machine or engineering 

structure. Where the parts are to move one relative to 

the other, some form of pin, hinge or toggle joint is em- 

ployed. For stationary parts the term may refer to 

some particular mode of fastening, as a bolted joint or a 

riveted joint, of which there are many varieties. Ref- 

erence may also be made to some particular mode of 

preparing the surfaces or making the joint tight against 

leakage, as a ground joint, in which the surfaces are 

fitted, the one to the other, by grinding them together 

with some abrasive between, as ground glass or fine 

emery; or again, a scraped joint, in which the surfaces 

are careiully prepared by hand scraping and dressing 

until an accurate fit is obtained. The joints between a 

cylinder head and cylinder, boiler manhole covers and 

their seats, various bonnets and their seats, etc., are 

usually made tight with some form of sheet packing, 

compressed by the fastenings, though occasionally a wire 

or gasket of copper or other soft metal. is employed. 

Journal—That portion of a shaft which is supported 

in the bearing. Care should be had to distinguish be- 

tween the journal which turns and the bearing which 

supports. : ; 

Junk Ring—TIn early engineering practice the name 

given to the FOLLOWER PLATE (which see). This 

name was applied because in early practice pistons were 

made tight by junk or hemp packing secured by this 

ring. 

Key—A bar of metal used as a fastening for securing 

one piece to another, as, for example, the eccentric 

sheave on the crank-shaft, the propeller on the tail-shaft, 

or, with a gib, the connecting-rod-strap to the rod. See 

under Eccentric, Fig. 51, and also under Grp. 

Keyway—The groove cut for the insertion of the 

key, partly in each of the two pieces to be secured to- 

gether. See Fig. 51. 

Kingston Valve—A name given to the injection or 

inlet valve for any pump which draws water from the 

sea, Or more especially to the inlet valve for the main 

circulating pump. 

Knot. —The unit of speed usually employed in all 

maritime and naval matters. A speed of one knot is 

equivalent to a speed of one nautical mile per hour. The 

nautical mile is somewhat differently defined in different 

countries. Thus in Great Britain it is 6,080 feet. In the 

United States it is defined as the length of one minute 

of arc ona great circle of a sphere having the same area 

as the earth. With the accepted values this gives a 

length of. 6,080.27 feet. The difference between the 

English and American values is unimportant for ordi- 

nary engineering purposes. Taking 6,080 ft. as the 
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value, it follows that a speed of one knot will represent 

6,080 ft. per hour, or 101.33 ft. per minute. To reduce 

knots to feet per minute we may, therefore, multiply by 

161.33. It should not be forgotten that the term knot 

‘signifies in itself a speed, and that the phrase knots per 

jour is unnecessary. A speed of “15 knots” is the cor- 

rect way of speaking, rather than “15, knots per hour.” 

Lagging—A covering placed about steam cylinders. 

‘valve chests, steam pipes and boilers, to prevent the es- 

‘cape of heat and often to add a finished appearance to 

the object thus covered. Steam cylinders and valve 

‘chests are usually lagged with strips of wood. In small 

‘engines they are sometimes covered with polished brass. 

Steam pipes, boilers, etc., are usually covered with some 

‘one of the many varieties of felt or similar non-com- 

‘bustible material. See FErr. 

Lap—When a slide valve is in mid position, as shown 

in Fig. 84, the amount AC, by which the edge of the 

valve extends beyond the edge of the port on the steam 

‘side is called the steam lap, and similarly the amount 

FIG. 84. 

BD, by which the edge of the valve extends over the 
port on the exhaust side is called the exhaust lap. While 

the lap is usually the same at both ends of the valve, 

this is by no means necessarily the case, and in the most 

careful designs they are usually different at the two 

ends, 

Lap Joint—One of the varieties of riveted joint in 

which the two plates lap over each other. 

Latent Heat—Heat which is absorbed by a body 

without effecting a change of temperature. When, for 

‘example, heat is applied to water at an ordinary tem- 

perature, the first effect is to raise the temperature until 

the boiling point is reached. At this point the tempera- 

ture remains stationary and a further addition of heat 

‘effects a gradual change of state from water to steam 

.at the same temperature. The heat which is thus ab- 

sorbed in effecting a change of state is known as latent. 

In a similar way heat is absorbed and rendered latent 

‘by the melting of ice, and, in fact, by the passage of 

practically all bodies- from solid to liquid, and from 

liquid to vapor. The amount of latent heat for the 

change of water to steam varies with the temperature 

‘ot the boiling point, and is one of the quantities given 

in steam tables for the use of engineers. At atmospheric 

pressure it is 966 heat units, the unit being the amount 

‘of heat required to raise the temperature of water one 

‘degree, or, more exactly, from 62° to 63° Fah. 
Lazy Bar—A bar placed across the opening of the 

furnace or ash-pit upon which the firing tools are rested 
in working the fire. 

In an 80-page book bound in flexible covers the 

Power Publishing Co. has issued a reprint of a series 

of lectures and articles on the subject of condensers, 

which have appeared in the columns of Power. The 

price is only 50 cents. 
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SELECTED MARINE PATENTS. 

(Subscribers are notified that the publication of a patent specifica- 

‘tion tn this column does not indicate editorial 

commendation or condemnation.) 

633,873. Apparatus for cleaning hulls of vessels. 

David Mason, New Vork, N. Y. 

cLAIM.—A rotary disc carrying scraping points is 

supported against the hull by ropes passing entirely 

around the vessel. Belt gearing connects the disk with 

a motor on the deck of the vessel, so as to impart a ro- 

tary motion thereto and cause the points to remove all 

barnacles from the hull. 

634,217. Means for marine propulsion. 

Secor, New York, N.Y. 

CLAIM.—Propels the vessel by means of the reaction- 

ary force of an explosive gas, acting on water in a con- 

duit extending fore and aft the vessel. The explosion- 

cylinder communicates with the conduit and the force 

In Ae 

of the explosion drives the water from the conduit. 

An arrangement of valves and operating mechan- 

ism opens the conduit to fill the same while the charge 

of gas is being drawn in and compressed, so that the 

greater period of time in the cycle of operation is used 

to prepare the gas and water for action. 

Any one engaged in hydrographic work will find the 

book entitled “Practical Nautical Surveying and the 

Handicraft of Navigation,” by Commander Thomas 

A. Hull, R. N., a most valuable assistant. This work 

of 60-odd pages first appeared as a reprint of two pa- 

pers read before the Royal United Service Institution 

in London by the author, and the demand for it was 

such that the papers have been re-written and issued 

in the present convenient form. It contains a great 

deal of valuable information, up-to-date and easy of 

comprehension. This book—price 3 shillings—is pub- 

lished by. J. D. Potter, Admiralty Chart Agent, 31 

Poultry, London, E. C., England. 
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QUERIES AND ANSWERS. 
(Communications intended for this department will not receive at- 

tention unless accompanied by the full name and address of 

the sender, which will be considered confidential.) 

QO.—Referring to the accompanying sketch, will you 

please say at what pressure the safety valves would 

blow off? These are the dimensions of each: Area of 

valve opening, 12 in.; center of weight to center of 

ATMOSPHERE 
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fulcrum, 36 in.; weight of ball, 100 lb.; weight of valve 

and stem, 10 Ib.; weight of lever, 40 lb.; distance of 

fulcrum to valve, 5 in. INQUIRER. 

A.—With the arrangement you figure, each valve, alone, would 

blow off at about 73 lbs. With the two valves together the valve 4 

will first rise at about this pressure and admit a little steam into 

the space C between the valves. As soon as the pressufe in C rises 

slightly, the valve 4 will seat itself and remain until the pressure 

in the boiler again rises, so that the difference between the pressure 

in the boiler and in C is 73 1bs. In this way the pressures in the 

boiler and in C would gradually rise, their difference keeping at 

about 73 lbs., until finally when the pressure in C is about 73 Ibs. 

and that in the boiler about 146.1bs. the valve B® will open as well, 

and there will be an escape of steam to the atmosphere. It would 

thus appear that if the pressure in the boiler were maintained at 

about 146 lbs. the pressure in C would hold at about 73 lbs., and 

both valves would blow off more or less regularly, and thus dis- 

charge the steam into the air. 

Q.—A small launch, L. W. L., 23 ft:; beam, 3 ft. 

6 in.; draft, 2 ft., is driven by two 15-in. dia., 30-in. 

pitch, wheels running at 800 revolutions. They are on 

the same shaft turning against each other. Will you 

please tell me whether the speed is figured as one 

wheel, or if there is a different formula? The boat 

is so designed in the buttocks that when the bow rises 

at extreme speed she comes on to a level bottom. The 

immersed form is designed to offer least resistance, 

the water lines being extremely fine. I figure out that 

one wheel will give 16.78 knots, using only 15 per 

cent. slip. G SIR, 

A.—The information which you give is not sufficient fora satis- 

factory examination of the problem. The I. H. P. proposed or 

developed is not given, nor the fore and aft distance between the 

wheels, nor the nature of the connection between the two motors. 

You are correct in saying that a wheel of 30 in. pitch with 15 per 

cent. slip and making 800 revolutions per minute would drive the 

boat about 16.8 knots. The question is, however, whether one 15- 

in, propeller or two such propellers as described in your letter, 

would be able, even if the necessary power were provided, to de- 

velop the thrust necessary to drive a boat of the size given at such 

a speed with only 15 percent. slip. It is one thing to specify diam- 

eter, pitch, revolutions and resulting speed, but quite a different 

one to realize it all in practice. 

It is very sure that one such propeller would not, nor is it at all 

likely that two rigged as you describe would be able to realize the 

conditions imposed, and develop the speed mentioned. There is 

little or no public experimental data available for estimating the 
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propulsive thrust of propellers coupled up as you describe, and it is 

not a matter which can be safely figured from the performance of 

the same propellers singly. In any event, however, it would ap- 

pear that for the given wheels and revolutions you are probably 

expecting too much speed,,or for the given speed and slip your 

wheels are far too small. 

It is also probable that you could do better with two propellers on 

the same shaft run in the same rather than in opposite directions, 

and very possibly also by the use of different pitches and diam- 

eters instead of the same. All this is, however, practically un- 

known ground in the problem of propulsion, and advance can be 

made only by the gradual accumulation of reliable data through 

experimental trial. 

Q.—Will you kindly explain, through your query 

column, the caliber of a gun? Forexample, a ‘‘5-in. 

50 caliber gun ?” W.. EB. J. 

A.--The caliber of a gun means the diameter of the bore. Thus. 

in the phrase a ‘‘5 in. 5ocaliber gun”’ the caliber or diameter of 

the bore is 5 in. The term ‘“‘s50 caliber” refers to the /exgth of 

the bore, and means that its total length is 50 calibers, or 50 times 5 

in. It has become customary in modern ordnance to express the 

length of bore in terms of the caliber, and thus we have had 30. 

caliber guns, 40 caliber guns, etc., meaning in each case a length of 

bore of 30, 40, etc., times the caliber. 

This answers the question, but a few additional points may be of 

interest. 

The bore of modern ordnance is, of course, rifled. The depressions 

are termed grooves and the intermediate spaces /amds. The caliber 

is the diameter of the circle just touching the lands, and is there- 

fore less than the diameter of a circle bounding the bottom of the 

grooves. In other words, the caliber is the diameter of the original 

hole before rifling. 

The calibers used in U. S. Naval ordnance are 13 in., 12-in., Io-in., 

8-in., 6-in., 5-in. and 4-in. Below about 4-in. caliber the gun is 

usually referred to by weight of projectile, and in U. S. Naval 

ordnance we have the 12-pounder of about 3 in. caliber, the 6- 

pounder of about 2.3 in. caliber, the 3-pounder of about 1.8 in. caliber 

and the 1-pounder of about 1.5 in. caliber. In countries other than 

England and the United States the caliber is expressed in the 

metric system and usually in centimeters for large ordnance, and 

in millimeters for rapid-fire and small guns. Manyof the latterare 

found in the U.S. Naval ordnance. Thus the 37 mm. gun corre- 

sponds to the 1-pounder, the 47 mm. to the 3-pounder, while the 

53 mm. throws a shell of about 4 lb. weight. 

For a convenient and simple approximate relation between the 

calibre in inches and the weight of the projectile in pounds we may 

use the following : 

Rule.—Cube the caliber in inches and divide by 2. The result will 

give the approximate weight of projectile in pounds. 

Thus for the 6-in. gun the cubeis 216 and ¥% of this is 108, while 

the actual weight of projectile is 100. 

Referring again to the length of gun, there has been in recent 

years a constant increase in length corresponding to the demand 

for increasing muzzle velocities About 15 years ago, when the 

first of the new naval ordnance was built, muzzle velocities of about 

2,000 ft. per second were the highest in use, and the length was 

commonly about 30 calibers. Now the development of a higher 

velocity at the muzzle means one or both of two things: (1) A 

higher pressure developed in the gun and hence a greater force 

acting on the projectile; (2) a longer time during which the force 

may act. The pressure which can be allowed cannot, however, be 

increased much beyond the present limits of from 15 to 17 tons per 

square inch, so that increasing velocities must depend largely on a 

greater time of action on the projectile, and this means a longer 

bore within which to allow such increased action. At the same 

time much depends on the powder, which should be such as to keep 

up a constant evolution of gas and thus follow up the projectile as 

nearly as may be with the full pressure so long as it remains in the 

gun. This requirement led first to the change from black powder 

to the brown or slow burning powder, the purpose being to obtain 

a powder in which the rate of combustion could be controlled by 

the composition, size, density and form of grain, so as to insure the 

continuance of the full accelerating force as just stated. The still 

more modern chemical or smokeless powders fulfil still more com- 

pletely the same requirement, and have the additional advantage of 

making little or no perceptible smoke. 

The latest guns designed for U. S. Naval ordnance are of about 50. 

calibers length, and with smokeless powder the expectation is a 

muzzle velocity of about 3,000 ft. per second. 
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U. S. STEEL SHEATHED PROTECTED CRUISER 
ALBANY, BUILT AT ELSWICK. 

On this page we present a reproduction of an in- 

stantaneous photograph of the U. S. cruiser Albany, 

taken while on her trial trip in British waters recently. 

This vessel, as our readers are no doubt aware, is a sis- 

ter ship to the U. S. S. New Orleans, both vessels hav- 

ing been purchased in England shortly before the breal- 

N., the naval attaché in London, representing the U. S. 

Government. On the first day’s trial there was a stiff 

breeze, and on the second day a heavy swell was en- 

countered. An average of about 20 knots was the result 

of the trials, and Lieutenant-Commander Colwell re- 

ported his belief that the vessel could have shown 21 

knots maximum if needed, as on the full power trial the 

engines worked easily and the boilers were blowing off 

during the greater part of the run. Lieut. Com. G. F 

U. S. S. ALBANY, 3,700 TONS, DOING 20 KNOTS ON HER TRIAL TRIP. 

ing out of the Spanish-American war. The Albany was 

constructed at the Elswick yard of Armstrong, Whit- 

worth & Co., Newcastle-on-Tyne, under the supervision 

of Assistant Naval Constructor H. G. Gillmor, U. S. N. 

The speed trials of the Albany were carried out 

January 9 and 11 last, Lieut.-Com. J. C. Colwell, U. S. 

W. Holmes, U. S. N., accompanied by other naval 

officers and men, has gone to England in the U. S. S. 

Prairie to bring home the Albany. 
Originally both the New Orleans and Albany were 

laid down at Elswick for the Brazilian Navy, and in- 
deed the New Orleans was ready for sea and flying the 

(Copyright, 1900, by Aldrich & Donaldson, New York.) 
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Brazilian flag when re-commissioned as an American 

war vessel in March, 1808. As war with Spain was 

then impending the New Orleans was brought across 

the Atlantic with as little delay as possible, the crew 

being furnished by the U. S. S San Francisco then on 

the European station. For this reason no changes were 

made in the accommodations on the New Orleans and 

she was not an ideally comfortable vessel for North At- 

lantic service. There was no heating system on board, 

the quarters were very cramped, and such incon- 

veniences as the marking of all gear in the Portuguese 

language were numerous. As work on the Albany had 

not far advanced, and there was no possibility of de- 

livery during the Spanish war, there was opportunity to 

adapt the vessel to our service. Various minor alter- 

ations were therefore carried out on this vessel under 

the direction of the Naval Bureaus at Washington. In 

the case of the New Orleans also complaints were made 

as to her stability and this led to a series of inclining 

experiments, carried out at the Brooklyn Navy Yard 

some time ago. These experiments showed that while 

the vessel was tender she was perfectly safe under nor- 

mal conditions, and no fears are entertained now for 

the safety of either or both vessels. 

The U. S. S. Albany is classed as a steel sheathed 

protected cruiser, and is of these dimensions: Length, 

346 ft.; beam ,43 ft. 9 in.;-mean draft, 18 ft.; displace- 

ment, 3,769 tons. She is fitted with twin screws, driven 

by triple expansion engines of 7,500 I. H. P., and has a 

normal coal capacity of 500 tons. She is armed with six 

6-in. and four 4.7-in. (British caliber) rapid fire guns in 

her main battery, and ten 6-pounder and eight 1I- 

pounder rapid fire guns and two automatic guns in her 

secondary battery. She has also three torpedo tubes. 

Her protective deck is of a maximum thickness of 3 in., 

and armor of 4.5 in. thick affords protection on the gun 

German Lloyd S. S. Kaiserin Maria Theresia reached 

New York last month on her westward trip, few would 

have recognized in the magnificent liner the old fa- 

miliar Spree, so great a metamorphosis had she 

undergone. The new vessel is indeed a remarkable 

example of the present day possibilities in vessel con- 

structron. The practically new vessel is of these di- 

mensions: Length, 546 ft.; beam, 52 ft.; depth, 37 it.; 

gross tonnage, 7,800 tons. She has accommodations 

for 330 first cabin, 140 second cabin and 400 steerage 

passengers, and carries besides a crew of 200 all told. 

The twin screws are driven by triple expansion engines 

of 17,000 J. H. P., which are expected to give a sus- 

tained speed of 20 knots. The engines have cylinders, 

43 1-2 in., 67 in. and (2) 77 in. dia. by 63 in. stroke. 

All shafting in the vessel is of nickel steel and the pro- 

pellers are of bronze. They are three bladed and are 

18 it. 41-2 in. dia. In addition to the main engines 

there are 38 auxiliary engines with a total of 66 steam 

cylinders. Steam is generated in nine double ended 

boilers, 15 ft. 4 in. dia. and 18 ft. 7 in. long, and four 

single ended boilers of the same diameter, and 1o ft. 

3 in. long. In the passenger quarters the decorations 

and furnishings are unusually magnificent. In ex- 

terior appearance the vessel has a fine appearance in 

the water. 
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ON THE LAUNCH OF A BRITISH BATTLESHIP 

FROM A GOVERNMENT DOCKYARD.* 

BY H, R, CHAMPNESS, CHIEF CONSTRUCTOR, R, N. 

INTRODUCTORY. 

The author offers some remarks on this subject patt- 

ly upon the suggestion of the president, and also be- 

cause the members of the institution will naturally be 

interested in what was a considerable feat in engineer- 

ing, and, at the same time, a striking development of 

the resources of the port in which the summer, meet- 

ing is being held. The launch was that of Devon- 

port’s first modern battleship, H. M. S. Ocean,{ the first 

since the days of wood shipbuilding, the preceding ship 

having also been named Ocean, and launched as long 

ago as 1863. How great the advance was will be under- 

stood from the fact that the weight of the present ship 

as launched was 7,110 tons, the nearest approach to 

this being a steel cruiser, whose launching displacement 

was 2,830 tons, sent off the same slip in November, 

1890. When it is remembered that a very few years 

since the opinion was seriously expressed that battle- 

ships could not be built at Devonport, while, during 

the last twelve months, three such ships have been 

upon the blocks, two of which are now afloat, the third 

well advanced for launching, and a fourth soon to be 

laid down, it will be admitted that the development 

promises to be permanent. (See Fig. 1, H. M.S. Ocean.) 

It is true that this is not a record weight even for 

battleships launched from the Imperial Dockyards, and 

it has been far eclipsed by what was lately done in 

launching the steamship Oceanic, when 11,000 tons slid 

into the water, though the mean pressure per square 

foot of the cradle was only 2.35 tons, as compared with 

the 2.5 tons of the Ocean; but those most closely re- 

‘sponsible for ship launching have little desire to cre- 

ate records of this sort, and certainly, so far as the chief 

constructors of the Naval Dockyard are concerned, the 

builders of the Oceanic are welcome to their pre-em- 

inence. 

BUILDING SLIPS. 

An incidental evidence of the growth in dimensions 

of modern ships is seen in some of the naval yards, 

where the building slip has been adapted for launching 

the present ships of great beam and flat floor by cutting 

away the sides of the slip at the lower end to enable the 

full section of the ship to clear it. This was avoided at 

Devonport by increasing the width of the slip through- 

out sufficiently to provide for all probable increases of 

beam; the slip was also lengthened at the upper end, 

and two concrete piers 25 ft. wide were built at the 

lower end in wake of the launching ways, to carry the 

ship into deep water when the fore end of the cradle 

* A paper read before the Institution of Mechanical Engineers, 

England. : 

+Since this article was written H. M. S. Ocean has been placed in 

commission on the Mediterranean station, She isa vessel of 12,950 

tons displacement, of these dimensions: Length, 3¢0 ft.; beam, 74 

ft.; draft, 25 ft. 5 in. She is fitted with twin screws, driven by 

triple expansion engines of 13,500 collective horse power. Steam is 

supplied by Belleville water-tube boilers. Her armor is Harveyized 

steel, ranging in thickness from 12 in. downward, and her arma- 

ment includes four 12-in. breech loaders, twelve 6-in. rapid firers, 

and many smaller guns. She has also five torpedo tubes, four of 

which are submerged. Her trialspeed was in excess of 18 knots. 
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left the groundways. How well these old slips were 

piled is clear, since, in spite of the enormous increase 

of weight borne beyond what could have been dreamed 

of when they were first prepared, no sign of subsidence 

of any kind was discernible, though periodical tests for 

it were made, and the structure was carefully watched. 

BUILDING DECLIVITY. 

The declivity of the keel in building was 5-8 in. to 

the foot, and about as usual for a ship of this size, and 

that of the groundways, or foundation on which the 

cradle carrying the ship slides, was 51-64 in. to the foot. 

The longitudinal section of this surface was a circular 

arc, and had a “camber,” or round up, of 9 in. in a 

length of 300 ft. This prevented the groundways be- 

coming hollow under compression due to the weight 

of the ship and cradle, and so increasing the difficulty 

of launching, though there is, perhaps, no absolute ne- 

cessity for this in naval yards where the floor of the 

slip is of granite or other hard stone upon a thick bed 

of concrete. It is, however, desirable that the form of 

the groundways should have some effect in holding the 
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eration, and the clearance between the keel and the 

bottom of the slip at this point, generally from 1 ft. to 

2 ft., determines the height at which the foremost block 

shall be laid for building, and taken in connection with 

the building declivity, enables the blocks to be laid cor- 

rectly, in view of the launching conditions. It is fur- 

ther necessary that this height of blocks should be suf- 

ficient to allow room on top of the groundways for the 

section of cradle shown in Fig. 15, including the bilge- 

way, the wedges or “‘slices,’’ and the solid timber be- 

tween them and the slip which is known as “stopping 

up,’ and had a minimum depth of about 6 in. The 

length of the groundways must be such as to secure 

that the ship and cradle shall not tip about their after 

end, and to determine this certain calculations were 

necessary, the results of which are shown in Fig. 2. 

CALCULATION OF SHIP’S LAUNCHING WEIGHT. 

The approximate date of the proposed launch deter- 

mined the time the ship would be upon the slip, and the 

local circumstances as to available labor, coupled with 

building experience, enabled an approximation of the 

FIG. t.—H. M. S. OCEAN. 

ship just before launching, and this varies with the po- 

sition decided on for the top of the camber. Dockyard 
practice in this respect differs, and this point is some- 
times at mid length, and in other cases at two-thirds 
the length of ship from the bow, or even at the after 
perpendicular. “The declivity of 51-64 in. to the foot, 
teferred to above, is the gradient of the tangent to this 
curved surface at the top of the camber, and the hold- 
ing tendency is greatest the farther aft the tangent point 
is. In the Ocean this point was at the aft side of stern 
post or after perpendicular. In launching, the fore end 
of the straight part of the keel approaches the bottom 
of the slip in each foot of movement approximately by 
the difference between the launching and building de- 
clivities, viz., 

Bi 8g tit 
a3 or a in. 

and as the distance from the fore end of the keel to the 
after end of the straight floor of the slip was 348 ft., this 
drop of the keel was 11-64 in. X 348, or 5 ft. This consid- 

BUILT AT DEVENPORT DOCKYARD. 

launching weight to be made. The proper progress 

of the ship fixed the parts which made up this weight, 

and thus it was possibile to calculate in detail the weight 

of the several parts, and the positions of their centers 

of gravity. The weight calculation is much simplified 

when, as is usual, a record is kept of all weights put on 

board. The total weight, and the position of center 

of gravity both vertically and horizontally, were thus 

obtained, and were easily corrected as the actual date 

of launch approached, and a closer approximation to 

the launching weight became possible. The probable 

height of tide was given by the tide tables, and was 

drawn upon the profile of the ship as she lay on the 

blocks (Fig. 3). The displacement was calculated to 

lines parallel to this at any convenient distance, say 2 

ft., which, as the ship was launched at a declivity of 

51-64 in. to the foot, corresponded to a travel down the 
2< 12x 64. 

51 
or about 30 ft., and this is the distance apart of the cal- 

ways of 
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culated ordinates giving the curve of buoyancy (Fig. 

2). The position of the center of buoyancy was also 

estimated for the displacement to each waterline. These 

calculations assumed that the ship did not lift off the 

groundways as the after part became immersed, and 

it is also clear that the trim differed widely from the 

water-borne condition, because the keel was at a de- 

clivity of 5-8 in. to the foot, and in a length of 390 ft. 

this gave a difference of draft at the fore and after per- 

pendiculars of 5-8 X 390-12 ft. = say, 20 ft. 4 in.; while 

the trim by the stern when the vessel was afloat was 

only 3 ft., and her fully laden condition is designed for 

an even keel. 

The results'of these calculations, and the moments 

of weight and buoyancy about the after end of the ways 

and the fore poppet, are plotted in Fig. 2, where the 

abscissz represent the travel of the ship down the ways. 

The weight being constant is shown by a straight line 

parallel to the base. The curve of buoyancy intersects 

this at a point A after the ship has traveled 337 ft., when 

she is fully water-borne. The center of gravity of the 

ship was over the after end of the ways when she had 

moved 277 ft., when, of course, the moment of weight 

about this point was zero, while there was then a large 

positive moment of buoyancy, which was maintained 

and increased relatively to the moment of weight until 

the ship was fully afloat. There could therefore be no 

tipping motion while on the ways. Although when the 

weight of the ship was taken on the cradle, the pres- 

sure per square foot on the groundways was not uni- 

form, it only varied with the relatively small variation 

in the weight of the ship per foot of length as built at 

time of launching, when generally there is but little lo- 

cal concentration of weight due to such fittings as ar- 

mor, machinery, etc. As buoyancy is gained in launch- 

ing, a point is reached when the fore end of the cradle 

is alone in connection with the groundways, and it is 

there the local stress in launching is greatest. This is 

shown in Fig. 2, where the moment of weight about the 

fore poppet, being constant, is represented by a straight 

line parallel to the base, and the curve of moment of 

buoyancy about the same point intersects it at a point 

B, corresponding to a travel of 302 ft. when the stern 

of the ship commences to lift. The compressive force 

on the fore poppets at this moment is shown by the 

difference or ordinate C D between the curves of weight 

and buoyancy, and was equal to 1,320 tons, or 660 tons 

on each poppet, which had an area of 25 sq. ft. and 

therefore bore momentarily a stress of 26.4 tons per sq. 

ft. The mean pressure per square foot of bearing sur- 

face of the cradle between the fore and after poppets 

when in position on the slip differs considerably with 

different ships, ranging from about one to three tons, 

which is very seldom exceeded. In this instance it was 

2.5 tons. 

While it is not generally necessary with warships to 

determine whether they will have stability in the 

launching condition, because they are designed to be 

stable, however light, yet such a calculation is made, 

and both the vertical position of the center of gravity 

and the metacentric height are ascertained. The latter 

in this case was 12 ft. The trim of the ship when afloat 

was also estimated, and showed that she would not be 

fully water-borne when the cradle left the end of the 
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groundways, but would drop about 4 ft., for which there 

was ample depth of water. The details of the structure 

of groundways and cradle, and the internal shoring of 

the ship to enable the strains developed ‘in launching 

to be effectively distributed and safely borne, are worth 

description. 
GROUNDWAYS. 

The groundways were 427 ft. long, and 6 ft. 6 in. wide, 

and were laid on transverse blocks of oak in wake of 

each “land tie,’ or wood foundation, of the slip, spaced 

about 5 ft. 9 in. apart. Between the oak blocks were 

two of fir, equally spacéd for about two-thirds the 

length of the slip, until near the position of the fore 

poppet already referred to, where the stern of the ship 

commences to lift. Below this the blocks were of oak 

or teak, laid side by side. The upper surface of the 

blocks was trimmed throughout to the camber, and 

covered with 5 in. teak plank, secured with 3-4 in. bolts, 

9 in. long, rag-pointed, and punched down below the 

surface at least 3-4 in. to obviate all danger of their 

protruding under the compression of the ways and ob- 

structing the launch. The butts of these planks were 

well distributed, and were beveled, as shown in Fig. 

8, to facilitate the travel of the cradle over them. The 

foremost planks in each strake were made as long as 

possible, doweled into the blocks, and extended well 

abaft the fore end of the cradle. Through these planks 

was bolted the large cleat A (Fig. 4), which formed a 

base for the pressure of the hydraulic pumps, provided 

for pushing the ship off, if necessary. On the outer end 

of these groundways a “ribband” A (Figs. 7 and ©) pel2 

in. X10 in., extending the whole length of the ways, 

was fitted. It was of fir, except the upper 30 ft., which 

was of best English oak. The general security was 

3 1-2 in. wood dowels, about 5 ft. apart, for about 300 

ft. down, with intermediate bolts I in. in diameter, ex- 

cept at the fore end, where they were 11-8 wa, ine 

plank of the groundways on which the ribband rested 

was also doweled to the transverse blocks in wake of — 

the land ties below it, as well as bolted like the other 

plank. The oak ribband, whose fore end took the 

thrust of the dogshore, was doweled to the plank, and 

bolted alternately through it to each transverse block 

of the groundways, and had a steel shoe at the fore end 

whose faying surface against the dogshore was planed 

B (Fig. 7). This ribband was laid so that when the 

cradle was in position there should be a clearance be- 

tween the two varying from 1-2 in. at the upper to 21-4 

in. at the lower end of the ways. This provided against 

the cradle jamming between the ribbands as the ship 

went off, and the increased clearance at the lower end 

gave play for some small amount of swerving on the 

ways if the tide caught the ship before she was fully 

afloat. To resist the tendency of any such movement 

to carry away the ribband, each piece was shored not 

only at the butt, but also in mid-length, the shores be- 

ing about 1o ft. apart in wake of the cradle and 20 ft. 

below. To prevent the shores, which are fitted below 

high water, from lifting under the action of the back- 

wash as the ship went off, they were bolted to the 

groundways and lashed to the land ties of the slip at 

their outer ends. The three ribband shores at the fore 

end of the cradle were only 5 ft. apart. The outer ends 
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FIG. 2.— BATTLESHIP LAUNCHING. 

of all these shores butted against the solid masonry at 

the sides of the slip. 

CRADLE. 

The general construction and component parts of the 

cradle will be understood from Figs. 3 to 18 inclusive. 

The fore end of it was about 65 ft. abaft the stem, and 

the after end at the extremity of inner shaft tube, both 

being in wake of one of the main transverse bulkheads. 

Resting on the groundways are the bilgeways, solid 

timber structures of Dantzic fir, 310 ft. long, 5 ft. wide, 

and 2 ft. thick, the lower surface being faced with 4 in. 

teak, called the “sliding plank.” The fir section of 20 

sq. ft. was made up of four balk with plain butts, the 

several lengths well overlapping and being bolted and 

doweled together. The teak sliding plank was fastened 

with 3-4 in. rag-pointed bolts, 8 in. long, the heads be- 

ing punched below the surface at least 3-4 in., as de- 

scribed for the fastenings of the groundways, and for a 

similar reason. The ends of the bilgeways were built 

up by cleats, B C (Figs. 4 and 5), and thus formed stops 
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for the heels of the end poppets. As the fore end of 
these bilgeways had to bear considerable stress, the 
cleat was of English oak the full width of the ways and 
strongly bolted to them, and on its outer side was fitted 
the dog-cleat of English oak, 1 ft. square in section, 
fastened not only with dowels, but with 11-4 in. gal- 
vanized bolts passing right through the cleat, the heads 
bearing on a steel face-plate to the dog-cleat 5-8 in. 
thick, and the points have up on a similar plate, as 
shown on plan and section through CD (Figs. 10 and 
11). The after end of this dog-cleat was fitted with a 
steel shoe E, similar to that at the fore end of the rib- 
band. The space between these two points was filled 
by the dogshore of African oak, 10 ft. long and 1 ft. 
Square in section, having a steel shoe at each end FG, 
similar to those it bore against. It was this shore on 
each side which, with the few blocks remaining under 
the keel just before launching, and the friction of the 
grease on the ways, prevented the ship from being 
launched. Fig. 7 shows that the shore was cut at the 
fore end to such an angle that it cleared itself as it fell. 
A trial of this is always made when the shore is first 

fitted, and before any strain comes upon it, by letting 
a dummy weight fall upon it. The wedge-shaped steel 
face H on top of the dogshore, immediately under the 
weight, had its upper surface square to the direction of 
the blow, the full effect of which was thus transmitted 
to the shore. While the exact resistance to be over- 
come in knocking away the dogshore cannot be deter- 
mined, a rough estimate on the safe side may be made 
by resolving the weight of the ship parallel to the thrust 
of the shore, and assuming that the blocks remaining 
under the ship and the grease upon the ways bear no 
part in resisting this. 
on each shore of about 240 tons, and taking the coef- 
ficient of steel on steel as 0.3, and allowing that the 

shore clears itself after about 1-2 in. of travel, which 

is really the case, we get— 

Work to be done = 240 « 0.3 sz =3 ft. tons. 

The work due to the fall of half a ton through 17 ft., 

which was provided for, is 8 1-2 foot-tons, which, with 

the other assumptions in favor of the pressure to be 

overcome, gave sufficient margin for safety. The re- 

mainder of the cradle above the bilgeways consisted of 

three parts, the stopping up—amidships—and the fore 

and after poppets. The stopping up, which, like the 

poppets, was of the full width of the bilgeways, namely, 
5 ft., consisted of solid Dantzic fir timber carefully fitted 
to the bottom of the ship, and 192 ft. long. The pop- 
pets varied from 15 to 25 sq. ft. in sectional area, and 
were nearly vertical, except the first and last two or 
three, which stood rather more square to the surface 
of the bottom in a fore-and-aft direction. The heels of 

these poppets were steadied by tenons 9 in. wide and 
I I-2 in. deep, which fitted a fore-and-aft groove KKK 
(Figs. 7, 12 and 18), in the 6 in. poppet board of English 
elm below them; the’ spread of these poppets at the heel 
just above this board, and also at the head, was preserved 
by chocks, LL, but the end poppets, especially those 
forward, were close fitting from the head well down 

their length. The various pieces composing them were 
not only bolted together like the others, but were also 
doweled. Each set of poppets was connected together 
outside the cradle by steel “dagger” plates, TT (Figs. 
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7, 12 and 16), three aft and two forward, 14 in. wide and 
3-4 in. thick, secured to the poppets by Blake’s screws, 
and extending far enough from each end to overlap. 

and be fastened to the stopping up. Between the upper 

surface of the bilgeways and the underside of the stop- 

ping up and poppet board, was a space of 4 1-4 in., in 

which the “slices” or beech wedges, 6 ft. 6 in. long, 

were inserted when it was desired to “set up” the ship, 

i.¢., to take the weight on the cradle and off the blocks 

sufficiently to enable the latter to be rammed out. To: 

prevent the cradle falling outward at the head, a steel 

angle M (Figs. 7 and 12) was riveted to the bottom of 

the ship, extending from near the fore end to the ex- 

treme after end, where it was turned down over the 

aftermost poppet. The position of the after poppets, 

and the shape of the bottom there, gave their heads a 

much better bearing against the ship than was the case 

forward, and as the after end of the ship was soonest 

water-borne, and the poppets there were not subject 

to the great stress of those forward, it was not neces- 

sary to do more than support the angle referred to: by 

the bracket plates shown at NN (Fig. 12), which in 

each case were continued as far as the projecting edge 

OOO of the bottom plate above. At the fore end spe- 

cial strengthening was necessary for reasons already 

stated, and is shown by Fig. 7, where the plate PPP was 

of 1-2 in. steel, with a similar plate, QQOQ, riveted at the 

back of it, and fitting closely between the projecting 

edges of the bottom plates above and below it, thus. 

greatly stiffening the structure to resist shearing of the 

fastenings. Over the heads of the poppets a 5-8 in. 

steel plate, RRR, riveted to a 7 in. by 3 1-2 in. by 5-8 in. 

angle bar, was fitted and turned down over the fore end 

of the foremost poppet, the connection being stiffened 

by ten brackets, SSS, formed of 1-2 in. plates and 

double steel angle bars. All the parts of this plate and 

angle structure were most carefully fitted to each other 

and the bottom, the only connection to the latter by 1 

in. steel rivets through the plating between the brack- 

ets. The single shearing stress of each rivet is assumed 
at twenty tons. 

This structure might yield in two ways: (a) by the 

shearing of all the rivets in the brackets and angle bars 

over the heads of the poppets, or (b) by shearing all 

those through the bottom, and also those through the 

brackets and doubling plate. The pressure on the fore 

poppet when the stern began to lift has been given as 

660 tons, and this may be resolved into a tangential 

stress of 585 tons, and one of 320 tons normal to the 

bottom. Assuming this tangential stress distributed 

by means of the structure over the area surrounding 

the heads of the foremost three poppets, we should | 

have to shear about 120 rivets in case (a), giving a total 

shearing stress of 120 X 20= 2,400 tons, and a factor of 

safety = _ = 4.1, which is ample. Fracture in case (b) 
505 

would need a shearing stress of 167 X 20 = 3,340 tons, or 

a factor of safety = ae = 5%, 

In order that the two parts of the cradle should pre- 

serve their relative positions during launching, spread 

shores, about 12 in. square and ten in number, were 

fitted between them under the keel, and resting in Eng- 

lish elm cleats secured to the bilgeways (Figs. 16 and 
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17). One of these shores was at each end of the ways, 

one opposite the fore end of the dogshores, and the re- 

mainder divided the intervening length about equally. 

These acted as struts. Between them at the butts of 

the stopping up, spread chains were fitted as ties, setting 

up to I 3-4 in. steel eye-bolts, through the stopping up, 
the bolts being hove up on plates covering the butts 

on the outside of the cradle (Fig. 15). These spread 

chains were not fitted to the wake of the poppets. No 

part of the cradle was attached to the bottom of the 

ship, and as «it was fitted below the bilge keel, and had 

OF CUTWATER 

THROUGH AB 

FIG. 14 
PLAN OF CLEAT C. 

a certain amount of buoyancy, it might leave the ship 

as soon as she was afloat, and be held under the bilge- 

keel, unless this were provided against. To keep it 

clear, T bars or double angles were fitted, as shown 

by B (Fig. 15), at intervals of about 15 ft., tapped to 

the bottom of the ship and bilge-keel, and having a 

wood strut C above each in the angle formed by the 

bilge keel and bottom of the ship. The close fitting of 

the cradle, and the pressure developed in launching, 

generally make the cradle adhere so firmly that it must 

be pulled out by tugs, as it is necessary to remove it 

FIG. 12 DETAILS OF AFTER PART 
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for the safety of the ship in docking. For this purpose 

steel-wire hawsers were separately attached to the fore 

and after ends of the cradle, and to each piece of the 

stopping up, the ends of the hawsers being carried in- 

board on the upper deck till wanted. 

INTERNAL SHORING. 

While the fullest use was made of the structure cf the 

ship to prevent any alteration of form under the strains 

borne in launching, by having all possible pillaring 

complete, and all bulkheads and flats rivetec off, it was 

necessary to provide some internal wood shoring, as 

shown in Figs. 15 to 18. The spread of the cradle from 

out to out was 35 ft. 6 in. (Fig. 16), which caused it to 

bear directly under one of the longitudinals for a great 

part of its length (Fig. 15). Short shores were also 

fitted, as shown between the inner and outer bottoms, 

above the edges of the cradle, and a covering balk was 

laid on top of the inner bottom, from which stout 

shores reached to the protective deck. The great 

strength of the framing between the inner and outer 

bottoms for the engine bearers, and that of the bearers 

themselves, which were complete, made special shor- 

ing at that part unnecessary, but for the remaining 

length of the cradle, and particularly abreast of the fore- 

most poppets, it was provided, and at the latter place 

the structure was stiffened from one side of the ship to 

the other (Fig. 18). The total weight of these shores 

was about 90 tons. 

LUBRICATION OF SLIDING SURFACES. 

The whole of the work already described was com- 

pleted a fortnight ago before the launch, when prepara- 

tions were made for applying the lubricants to the 

sliding surfaces. For this purpose the whole of the 

cradle above the bilgeways was temporarily suspended 

to the bottom, on the outside of the cradle, by strips of 

1-2 in. plate, A (Figs. 15 and 16), tapped through the 

bottom of the ship and screwed to the cradle. On the 

inside, wood struts, D (Figs. 15 and 18), 6 in. by 6 in., 

resting on the bottom of the slip, and screwed below to 

the groundways and above to the cradle, kept the latter 

in position against the bottom of the ship. The poppet 

board was secured to the poppets, both inside and out- 

side the cradle, by plates VVV (Figs. 7 and 12), 

screwed to both, and left in position until the ship was 

afloat; which prevented the board from leaving the pop- 

pets and sinking, as, being of English elm, it might do. 

The ribband on the outer edge of the groundways was 

then removed, and 5 in. plank E (Fig. 18), fixed at in- 

tervals from 20 ft. to 30 ft, with its inner end at top 

level with the top of the groundways, and sloping up 

and outward The bilgeways were next hauled by steam 

winches on to these supports, and the remainder of the 

cradle was temporarily shored up from the groundways 

F (Fig. 18). 

After a careful inspection of these surfaces, the lubri- 

cants were applied first to a short length of the ways, 

which was coated to the required thickness, and then 

loaded over a portion of its surface to the mean pres- 

sure of 2.5 tons per sq. ft. by ballast, this load being 

launched, and testing the adhesiveness of the lubricant 

to the groundways and its adaptability generally for its 

work. The exact position of the bilgeways having been 

razed in on the groundways for fitting purposes, wood 

battens 1-2 in. thick were nailed to these lines, and the 
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space between them coated with Russian tallow applied 

hot until a solid coating 3-8 in. thick was obtained. It 

is sometimes an advantage to mix beeswax with the tal- 

low in order to assist the cohesiveness of the lubricant 

and prevent it from cracking and caking. On this a 

coating of “slum” was placed, made up of Russian tal- 

low and train oil boiled together and well mixed in 

the proportion of four gallons of oil to 112 lb. of tal- 

low, being one part oil to two of tallow. This was not 

applied hot. The proportion of oil varies with the tem- 

perature of the atmosphere, being less in hot than in 

cold weather. The surface of the slum was irregularly 

grooved, after which train oil was poured upon it, and 

finally soft soap scattered in patches throughout the 

length of the cradle. The under surface of the bilge- 

ways was coated with Russian tallow similarly applied, 

but only to a thickness of about 1-2 in., on which the 

slum was placed. The side of the ribband next to the 

bilgeways was also thickly coated with slum, and the 

narrow space between them sprinkled with oil. Across 

the surface of the groundways, forty grease irons, GG 

(Fig. 18), to keep the bilgeways clear of the ground- 

ways while being hauled back, were then placed in 

pairs and steadied on the inside of the cradle by work- 

men, until the bilgeways were hauled again into their 

proper position, and fayed against the struts previously 

described as supporting the cradle against the bottom 

of the ship. The grease irons were withdrawn, the bat- 

tens removed, and the long beech slices, of which about 

1,300 were used, were inserted between the bilgeways 

and upper part of the cradle, except those below high 

water, which were not put in until it was necessary to 

drive them, and so were kept dry. The temporary 

struts and angle supports to the cradle were next re- 

moved, the ribband on the outer edge of the ground- 

ways were replaced, fastened, and shored, the holes 

through the bottom of the ship were plugged, and the 

cleats on the bilgeways replaced and bolted. A large 

cleat, D (Fig. 5), was also bolted to the groundways at 

the lower end of the cradle to prevent any premature 

sliding movement. Ten steel keys, E (Fig. 15), on each 

side, varying regularly from 1-2 in. to 1 3-4 in. in thick- 

ness, from fore to after end of bilgeways, were then in- 

serted at equal distances between them and the ribband, 

and maintained them in position. Battens F were nailed 

over this groove to prevent any substance getting in 

which might obstruct the launch. The remaining slices 

were inserted, the dogshores were placed, and two 

“triggers,” WW (Fig. 7), put beneath each, that with a 

plain beveled end preventing the shore from falling, and 

the other with rounded end serving the same purpose 

when just before launching the former was removed. 

Between the slices at intervals were twelve steel angles 

YY (Figs. 7 and 12), on each side of the cradle, con- 

nected by bolts hove up with nuts, and these helped to 

keep the sides of the cradle in position and flush with 

those of the bilgeways. 

SETTING UP THE SHIP. 

Preparations were then made for “setting up” the 

ship. This operation is generally begun the day before 

the launch, the after portion only being dealt with at 

that time, say, for about one-fourth the length of the 

cradle. For this purpose the slices were manned both 

inside and outside the cradle by shipwrights with heavy 
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mauls. The shores at this part were also manned and 

kept effective as the setting up proceeded by tighten- 

ing the wedges under them. At a given signal the whole 

of the men struck together. The strain on the building 

blocks was tested at intervals by striking the wood 

wedge blocks, HH (Fig. 18), of each tier until it was 

clear that they had been relieved sufficiently to enable 

them to be readily removed. This removal followed 

immediately upon the conclusion of the setting up, and 

the building shores under the bottom inside the cradle 

were also taken away, the remaining shores outside the 

cradle being roped at the head and the ropes carried in- 

board in readiness for lowering them on the launching 

day after completing the setting up. As the blocks 

were removed, ‘“‘skeg’’ shores, EE (Fig. 3), rounded at 

each end, were placed under the keel at intervals to assist 

in supporting the overhanging part of the ship beyond 

the cradle and the blocks left standing. These shores 

are generally left in position until the ship is launched, 

the form of their ends making it easy for her to trip 

them as she moves. The drying and lubrication of the 

ways below the cradle was carried out on the morning 

of the ‘day of launch as the tide ebbed, and finished as 

it rose. The completion of the setting up commenced 

at about the same time, and somewhat abaft where it 

was left the day before, and was continued until near 

the fore end of the cradle. It is not usual to set up the 

extreme forward end, but only to tighten up the slices 

there as necessary to give them a proper bearing. Three 

or even four slices were allotted to each man in setting 

up. When this work was finished the heads of the slices 

were roped together, as they have some buoyancy and 

might otherwise float away singly when the ship was 

launched. The remaining shores between the cradle 

were removed, and the dogshores were tightly set by 

driving a thin steel wedge between them and the fore 

end of the ribband on the groundways. Additional se- 

curity was given to the foremost and aftermost poppets 
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by driving two long bolts through each into the bilge- 

ways F (Fig. 4) and G (Fig. 5), and to somewhat lessen 
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the resistance a cut-water was fitted against the after- 

most poppet. The remaining building shores were 

then knocked away, commencing from forward and 

working regularly aft, as the foremost shores tend to 

push the ship down the slip, while the after ones act as 

struts against this. 

The completion of the setting up was effected in time 

to enable all these shores to be got away before the ris- 

ing tide reached the aftermost. It frequently happens 

that as the remaining keel blocks are removed, and the 

ship settles down on the cradle, she moves slightly or 

“draws,” and before knocking away these blocks means 

are adopted for measuring this movement by fixing two 

battens parallel to but not in contact with each other, 

one to the fore end of the sliding ways, and the other 

to the side of the fixed cleat at the fore end of the 

groundways, and with their upper edges in the same 

plane. Across the edge a line is transversely drawn, 

and whatever slight sliding motion takes place is shown 

by the distance between this line on the fixed and the 

moving batten (Fig. 6). A corresponding ‘“‘tell-tale”’ 

was also fitted to the stem of the ship upon the launch- 

ing platform. The difficulty of getting the keel blocks 

away varies greatly with different tiers, depending part- 

ly upon unequal crushing of the blocks during building, 

and the extent to which the ship is set up and afterward 

settles upon the cradle and blocks. Generally the ex- 

cessive pressure is only upon a few tiers of blocks, and, 

as the hour of launching draws near, may be only upon 

one tier. As a rule, upon the day of launching, the 

blocks are only removed sufficiently in advance of the 

tide to permit the work to be done. This remark ap- 

plies also to the removal of the bilge cleat at the after 

end of the bilgeways, and to that of the steel keys and 

battens on top of the ribband. Should the ship be live- 

ly and draw to any extent, some tiers of blocks would 

be replaced and the ship would be allowed to trip them 

in launching. If, however, the tell-tales show no sign 

of movement in the ship, the removal of the blocks 

would proceed right up to the time of launching, and it 

might even happen that no blocks would remain under 

the keel when the dogshore fell, but this extreme is not 

usual. Experience must guide in this matter in con- 

nection with the circufmstances of each case, and ships 

of the.size now described have been launched with as 

many as nine-and-twenty tiers of blocks standing, and 

with as few as one. The removal of the blocks is facili- 

tated by the method of building them; the wedge blocks 

H (Fig. 18), generally soon yield to the blows of a ram, 

but in addition to this, the thin top or “cap” block is 

usually of some straight-grained but fairly hard wood, 

such as teak, which has to be split out by steel wedges 

when the ram fails. The use of gunpowder for this 

purpose has been known in a private shipbuilding yard. 

HOGGING AND SAGGING. 

After the ship was set up, means were taken to as- 

certain how much the elasticity of the structure allowed 

her to alter form, both longitudinally and athwart-ships, 

from the land-borne to the water-borne condition. As 

great a length as possible on the upper deck was 

chosen, and three vertically adjustable sight battens 

were carefully fixed, one toward each end and one about 

amidships, the edges of the battens were care- 
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fully sighted, so as to be in one plane, and the 

positions. were marked upan the fixed framework carry- 

ing the sights. Similar adjustments were made after 

launching, and the differences afforded a measure of 

the droop of the ends of the ship relatively to the mid- 

dle, or vice versa, known as hogging and sagging re- 

spectively. Athwart-ship observations of this kind are 

only made in the ships of greatest beam, and seldom 

show an appreciable movement. In the case of the 

Ocean, the “breakage” by hogging ina length of 312 ft. 

was only 5-16 in., and in a breadth of 61 ft., nil. 

FREEING DOGSHORES. 

Each weight of 1,120 lb. for freeing the dogshore was 

placed in position on the day of the launch at the top 

of a shoot which allowed a drop of 17 ft. The weights 

had been suspended for ten days previously by the 

white manila rope to be severed at the moment of 

launch, so that the rope had been fully stretched before 

the weight was finally put into position. This rope was 

led over a sheave at the top of the shoot to the front of 

the ship’s ram, and lashed across a wood chock there. 

The framework of the shoot, consisting of steel angles 

at the corners, and so having open sides, admitted read- 

ily of the insertion of a shore to take the strain of the 

weight off the rope until the last moment. A tide 

gauge was fixed at the after end of the groundways; 

and the height of water over the groundways was re- 

corded in sight of the launching platform every quar- 

ter of an hour during the last hour and a half before 

launching. The number of the blocks remaining under 

the keel was similarly recorded as each tier was re- 

moved. It is not often that the blow of the weight fails 

to free the dogshore and release the ship, but in case 

of failure men are ready to cut away this shore with 

axes, until its weakened section causes it to yield. This 

operation is dangerous not only to the men, but may be 

so to the safety of the ship if one shore yields before 

the other. To assist the ship to start on the fall of the 

dogshore, a hydraulic pump of 150 tons pressure was 

placed on each side at the fore end of the bilgeways, 

and one of 80 tons in reserve. There was also one of 

500 tons directly beneath the stem, to ease her off the 

groundways. Special care was taken to test the ef- 

ficiency of these pumps, both before and on the day of 

the launch, and also to see that they were not exerting 

any pressure until the dogshores had actually fallen. 

WATER-TIGHT COMPARTMENTS, 

As the work of building progressed, all compart- 

ments below the calculated launching draft of the ship, 

and as many more as possible, had been completed and 

tested for water-tightness, and the permanent doors or 

other means of access were also in place and closed be- 

fore launching. All Kingston valves, sea-suctions to 

pumps, inlets and discharges through the bottom, were 

tested and certified to be tightly closed. Two 9 in. 

Downton’s pumps were completely fitted on board to 

give some power of ridding the ship of water if neces- 

sary, and the sluice valves on bulkheads, and water- 

courses to the pump suctions were all seen to be clear. 

Men were launched in the ship to make an inspection 

of all compartments below water as soon as she was 
afloat, and report the result. 
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THE LAUNCH. 

All being thus in readiness, the tide gauge showing 

sufficient water, and the harbor reported clear, the men 

removing the blocks were withdrawn, the shores sup- 

porting the weights were taken out, the triggers be- 

neath the dogshores were removed, and the rope hold- 

ing the weights was severed, knocking away the dog- 

shore, which, together with the weight, was pulled clear 

of the ways, and the ship was free. No observation of 

the launching velocity was made, but as a series of such 

records for various ships launched on the same ground- 

ways with different building declivities and launching 

weights would furnish useful information, it may be 

possible at some future time to supplement the present 

paper by a discussion of such particulars. The speed 

in launching is checked in many private yards by heavy 

anchors bedded in the ground, and with lengths of 

cable ranged alongside the groundways, the ultimate 

tautening of the cable checking the ship. This is suit- 

able and necessary where the ship is launched into a 

channel of comparatively small extent relatively to her 

length, and the distance she would travel if free; but 

the ordinary means of dropping anchor are adopted in 

the Government yards where the channel is ample 

enough for the ship to go well out and swing up into 

the tide when the cable is slipped. If possible, the wood 

cradle is pulled out before berthing the ship, but gen- 

erally this is done more at leisure on days subsequent 

to the launch and before docking. 

EASTERN SHIPBUILDING Co.—Another addition to 

the shipbuilding facilities of the country is shortly to 

be made by the establishment of a large ship and 

engine plant on the Thames river at Groton, opposite 

New London, on the Connecticut shore of Long 

Island Sound. The promoters of this new enterprise 

have taken out incorporation papers under the name 

of the Eastern Shipbuilding Co. Charles R. Hanscom, 

late general superintendent of the Bath Iron Works, 

is the president and general manager of the new com- 

pany and John Sherman Hoyt, of New York, is the 

treasurer. William A. Fairburn will act as assistant 

to the general manager, with duties as naval architect 

and engineer. Mr. Fairburn has been associated with 

Mr. Hanscom for a number of years, and until recently 

at the Bath Iron Works. Among those who are un- 

derstood to be financially interested in the new cor- 

poration are C. W. Morse, of New York, and James 

J. Hill, of St. Paul, Minnesota. The site already se- 

lected for the location of the yard consists of a tract 

of about 30 acres, formerly held by the N. Y., N. H. 

& H. R. R. Co., and it has a splendid water frontage 

within a mile of the mouth of the Thames river. Con- 

tracts have already been signed for the construction 

of three large buildings: The plate shop will be 250 it. 

by 80 ft.; the bending floor and furnaces 170 ft. by 

60 ft.; and the mold loft and joiner shop 250 ft. by 70 ft. 

A contract for the construction of two freight and 

passenger steamships of the largest size has been made 

between the company and James J. Hill as president of 

the Great Northern Railroad. These vessels, in re- 

spect to tonnage, displacement and deadweight capaci- 

ty, will be the largest in the world. The dimensions 

will be about: Length, 650 ft.; beam, 73 ft.; depth, 56 it. 
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TION AND USES OF THE PLANIMETER.—I. 

BY CECIL H, PEABODY. 

The principles of the action of the instrument called 

the planimeter, so commonly used to measure the areas 

of irregular figures, like steam engine diagrams, are 

commonly set forth in so mathematical a form as to 

be unattractive to many readers; consequently, it is 

thought that a brief description of various forms of this 

instrument, together with a simple and yet complete 

discussion of its principle, may be of some interest. 

Fig. I represents a simple form of the Amsler plani- 

meter, much used for measuring indicator diagrams. 

= ll T a 

FIG. 1. 

It consists of three essential parts, namely: (1) a 

guiding-arm pivoted at P to the paper, (2) a tracting- 

arm, which is hinged to the guiding-arm and which 

carries the tracing point F; (3) a measuring-wheel D 

which carries a graduated cylindrical scale. There is 

also an index and vernier for reading the scale on the 

wheel. When in use the planimeter rests on the paper 

at three points, the pivot P which is a needle-point 

FIG. 2. 

thrust into the paper, the edge of the wheel D and the 

tracing-point F. A weight over the pivot P holds the 

needle-point down and gives the instrument stability. 

The instrument is made of German silver and the scale 

is graduated on celluloid, which makes it easily legible. 

Fig. 2 shows the same instrument with the addition 

of a wheel G to count the number of turns of the 

measuring wheel. 

A somewhat more complicated form with an ad- 

justable tracing-arm is shown by Fig. 3; the measur- 

TT ee 

ing-wheel D and the recording-wheel G are on a pro- 

longation of the tracing-arm beyond the hinge. 

The instruments shown by Figs. I and 2 measure 

Copyright, 1900, By Cecil H. Peabody. 
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areas in square irfches, one entire revolution of the 

measuring-wheel recording ten square inches; the area 

may be read to hundredths of a square inch by aid of 

the vernier. The instrument shown by Fig. 3 may be 

set to measure areas in square inches, and also in 

square feet and square centimeters. The points on the 

back of the tracing-arm are used to set the instrument 

tor convenient determination of mean effective pres- 

sure by a method to be described later. 

To measure the area of a figure, like an indicator 

diagram, the instrument is placed as in Fig. 4 so that 

the arms shall not take inconvenient positions when 

the outline of the diagram is traced. Make‘a needle- 

prick on the perimeter as at the point F; place the 

tracing-point at this needle-prick and set the measur- 

ing-wheel to read zero; trace the outline of the dia- 

gram in right-handed direction as shown by the arrow; 

the reading of the wheel will give the area in square 

inches. The figure represents the planimeter shown 

by Fig. 3, but the simpler forms are used in exactly the 

same way. The adjustable tracing-arm of Fig. 3 is 

supposed to be set to measure areas in square inches. 

It is important that the surface on which the measur- 

ing-wheel bears shall be flat and smooth, and free 

FIG. 4. 

from both glaze and roughness. Cardboard or smooth, 

unglazed paper will answer. If the diagram, for ex- 

ample an indicator diagram, is on a small piece of 

paper, it is to be pinned securely and the measuring- 

wheel must not run onto this paper, as its reading will 

be affected by running over its edge. 

For simplicity of statement, the direction was given 

above to set the measuring-wheel at zero at the be- 

ginning of the process of tracing the diagram. In 

practice it is convenient and customary to omit setting 

the wheel at zero, taking instead the reading the wheel 

may happen to have for the initial reading; the read- 

ing after the figure has been traced is the final reading; 

the difference between the initial and final readings 

gives the area of the diagram. 

It is very important that the tracing-point shall be 

returned exactly to the starting point; a slight devia- 

tion may make a considerable error. It is also im- 

portant that the perimeter of the figure should be fol- 

lowed exactly; some practice is required to gain ac- 

curacy and facility. It is well to retrace the figure 

without deranging the instrument; the difference be- 

tween the third reading and the first reading is double 

the area of the figure. 
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To get a conception of the way in which a plani- 

meter measures an area, we may consider the tracing- 

arm, with the measuring-wheel, to be separated from 

the guiding-arm and placed at one side, lp, of the 

rectangle, hpgi. Fig. 5. Suppose that the arm is moved 

h w Pp 

EL 

parallel to itself across the rectangle remaining on 

the line ii; the wheel will roll without sliding a dis- 

tance equal to the width of the diagram. Suppose 

that the arm is 4 in.’ long from the axis of 

the hinge to the center of the tracing style or to 

the tracing-point; suppose, further, that the circumfer- 

ence of the wheel is 2.5 in. (the diameter is then 

0.7957 of an inch). If the wheel makes one turn in 

crossing the figure it will roll 2.5 in., the width of the 

figure. The area of the rectangle is 4X2.5 = 10 sq. in. 

The scale on the wheel can be divided into ten parts, 

each one of which corresponds to a square inch. The 

subdivisions of the scale and the vernier allow us to 

read to hundredths of a square inch. 

It may be worth while to interrupt the discussion 

long enough to see how the vernier is made and read. 

Let Fig. 6 represent a scale of units numbered 17, 2, 3, 

ete., which are subdivided into tenths. The vernier 

ab is as long as nine of the subdivisions and is di- 

vided into ten parts, so that the intervals of the vernier 

are 9-10ths as long as the intervals of the scale; or in 

other words they are 1-10 of an interval shorter. The 

index of the vernier reads 7.7 on the scale, and by 

estimation about half a subdivision more. It will be 

noted that the 5th division of the vernier coincides 

with a division of the scale; the 4th division of the 
vernier is 1-10th of an interval from the next mark on 

the scale, the 3d is 2-10ths, the 2d is 3-1oths, the ist 

is 4-toths, and the index is 5-1oths of an interval from 

the mark on the scale. Consequently the reading of 

the vernier is 7.75. If the measuring-wheel is divided 

into ten parts, each of which corresponds to a square 
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FIG. 6. 

inch, then the subdivision and the vernier allow us to 

read to hundredths of a square inch, as already pointed 

out. 

Returning to the action of the planimeter, consider 

that the parallelogram Fig. 7 can be measured by mov- 

ing the arm over it parallel to the side hp, keeping the 

hinge /) on the line Wi. During this operation the 
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measuring-wheel will roll and slide from w to x; the 

two motions may be analyzed by drawing +y perpen- 

dicular to hp, whereupon it will,appear that the wheel 

rolls the distance xy and slides the distance wy. The 

planimeter records an area equal to hp * xy, which is 

equal to the area of the parallelogram under considera- 

tion. ; 

The diagram represented by Fig. 8 can in like man- 

ner be measured by moving the arm hp parallel to it- 

self with ) on the are ju, during which operation the 

wheel will roll the perpendicular distance vy. It will 

be noted that the diagram ipgi may be transformed 

into the rectangle hprk by transferring the half circu- 

lar segment rpq to khi. 

We are now ready to see how the planimeter can be 

made to measure the area of a chosen diagram like 

pars of Fig. 9, and afterwards we will see how the 

method can be extended to any diagram. This figure 

is described by first moving the tracing-arm parallel 

to itself from ip to ig, the hinge h being guided on the 

arc hi by the guiding-arm hg, during which operation 

the wheel records the area of the diagram /ipgi; then 

by swinging the arm from ig to ir, during which the ~ 

wheel rolls over the are ry; then by moving the arm 

parallel to itself from ir to hs, during which the wheel 

records the area of hsri, but since the arm is now moved 

backward the area is subtraced by the wheel which 

rolls backward; the diagram is completed by swinging — 

the arm from hs to hp, during which the wheel rolls 

backward over the arc zw. The angles pis and qir are 

equal, consequently the arcs ry and zw are equal, and 

the effect of rolling zw backward counteracts the effect 

of rolling #y forward, so that the final reading of the 

wheel gives the difference between the areas of hpqi 

and hsri, provided, of course, that the wheel reads zero 

to begin with. But the diagram pqrs may be obtained 

> = S e BS 

=> 
8 ry 

FIG. 8. 

by adding hpqi and qiv and substracting lisri and phs, of 

which gir and piis are equal; so the area of the dia- 

gram pgrs is equal to the area hpgi minus the area 

hsri; that is the reading if the wheel is equal to the 

area of the diagram traced by the tracing-point. 
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An irregular figure like an indicator diagram may be 

replaced by an aggregation of figures like pqrs, as in 

Fig. 10, which shall have approximately the same area 

as the diagram. Each of these figures can be meas- 

ured separately by tracing its contour with a planim- 

eter, and their areas can be summed up; or the 

irregular contour of the aggregation may be traced in 

one operation omitting lines like rg, which are com- 

mon to two adjacent figures since such lines are traced 

once in one direction and again in the contrary direc- 

tion when the figures are traced separately. In Fig. 

10 the approximation to the true area of the indicator 

FIG. g. 

diagram may not be satisfactory, because there are 

only a few large figures like pars, but by taking enough 

figures the approximation can be made as close as we 

please; we may, therefore, conclude that the true area 

of the diagram will be recorded by a planimeter when 

d g Ry 

1 
1 
1 
! 

the real contour of the diagram is traced, during which 

operation the tracing arm will have a continuous com- 

bined forward (or backward) swinging motion. 

The planimeters shown by Figs. 1 and 2 have the 

tracing-arm 4 in. long and the circumference of the 

wheel is 2 1-2 in.; one complete turn of the wheel cor- 

responds to Io sq. in. of area. The main divisions of 

the wheel (ten for the complete scale) are therefore 

read as square inches; or the number of revolutions of 

the wheel (and fractions or decimals of a revolution) 

may be multiplied by ten to get the area in square 

inches. 
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HUGE STEEL FLOATING DOCK AT THE YARD 

OF BLOHM & VOSS, HAMBURG. 

In the accompanying reproduction of a photograph 

taken recently at the shipyard of Blohm & Voss, Ham- 

burg, Germany, the largest floating dry dock yet com- 

pleted is shown, with the freight and passenger steam- 

ship Pretoria, of the Hamburg-American line, 12,500 

tons, on the blocks. The capacity of this dock is 17,500 

tons, only 500 tons less than the maximum capacity of: 

the new United States floating dock for Algiers, La., 

now under construction at Sparrow’s Point, Md., and 

which was described in detail in our February issue. 

The dock at Hamburg is also built of steel, and is 

670 ft. long and 119 ft. 9 in. broad. It consists of seven 

separate pontoons connected by the high side walls in a 

single system. The pontoons are arranged so that any 

of them can be detached for repairs or docked on the 

dock itself for cleaning. For lifting very heavy, short 

war vessels of greater weight than the capacity of the 

pontoons directly underneath, the side walls act as lon- 

gitudinal girders to transmit part of the lifting. capacity 

of the pontoons not loaded to those which are loaded. 

It is believed by the designers that in this way the lift- 

ing power of the dock is used to better advantage than 

if each pontoon were made large enough to allow of its 

receiving the maximum load direct. 

There are twenty-one watertight compartments in 

the dock all fitted with inlet and outlet valves (56 in 

all), so that any desired change of trim can be readily 

effected. In each side wall there is an engine room 

which contains a boiler, built for 180 lb. working pres- 

sure, and a set of triple expansion engines. These en- 

gines are connected to fourteen centrifugal pumps, of 

large capacity, for emptying the dock. These rooms also 

contain generating sets for supplying the electric lights 

with current, and pressure pumps for operating a hy- 

draulic system for handling the valves. These valves 

are connected with one central station, in one of the 

side walls, where the handling gear is located. Water 

gauges connected with each of the twenty-one water- 

tight compartments are fitted in this room, so that the 

engineer can see at a glance the condition of each com- 

partment. By a suitable arrangement of levers of the 

hydraulic gear operating the valves he can regulate the 

imflow or_outflow of water to any or all the compart- 

ments, and thus lift or lower the dock as required. This 

operating room is conveniently fitted up and lighted, so 

that no matter what the conditions of weather outside— 

in a snow storm, during rainy weather or on the darkest 

night—the engineer can attend to his duties in comfort. 

During docking, the vessel rests on keel blocks along 

the middle line, and also on a row of bilge blocks ar- 

ranged on the ways on either side. By a system of 

chains and winches situated on the side walls the bilge 

blocks can be moved transversely or in a fore and aft 

direction. This dock can be worked with great rapidity 

—startlingly so to those accustomed to the ordinary dry 

dock. It is capable of lifting the largest vessel dry in 

about 45 minutes, and to float the vessel again requires 

only about 15 minutes. 

For warping purposes and taking up the anchor chains 

of the dock eight capstans are provided on the side walls. 

It is the intention of the owners eventually to move the 

dock to the lower Elbe or Cuxhaven, so that large ves- 
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sels can be taken on there for cleaning. In case a dam- 

aged vessel arrives for repairs, it will be docked there, 

and then the dock wil] be towed up the Elbe to the 

owner’s yard where repairs will be effected. Unloaded 

the draft is about 5 ft., while with the maximum load the 

draft is slightly in excess of 13 ft., so that the dock with 

a damaged vessel on the blocks can be towed in shoal 

water. 

This dock was constructed by the owners who also 

built the two transatlantic liners shown in the pho- 

tograph. They are both of the intermediate type, in the 

service of the Hamburg-American line, New York, via 

Plymouth, to Hamburg. In general dimensions these 

vessels are practically duplicates. They are: Length, 

560 ft.; beam, 62 ft.; depth, 41 ft. They are fitted with 

twin screws driven by quadruple expansion engines, 

with cylinders 23 in., 33 in., 48 in. and 69 in. dia. by 54 

in. stroke. The gross tonnage is about 12,500 tons. The 

Pretoria, shown on the dock, was turned out in 1897 and 

the Graf IV aldersee, lying alongside the wharf, two years 

later. 

Gasoline Yacht Lady Francis. 

In power-driven pleasure craft there is a noticeable 

increase in the number of vessels fitted with internal 

combustion engines, which are of larger dimensions 

that the usual open launch. Nowadays the use of this 

form of motor is not infrequent in twin screw vessels 

which in size and general appearance rank with small 

steam yachts. A vessel of this type recently completed 

for a Boston owner is the Lady Francis, illustrated in 

the accompanying drawings and photographs. 

This vessel is 70 ft. long over all, 11 ft. beam, and 4 

ft. 2 in. draft, with a gross tonnage of 30.16 tons, and 

net tonnage of 20.5 tons. She is fitted with twin screws, 

driven by independent gasoline engines, each develop- 

ing 30 brake horse power. In design the vessel is in- 

She has 

a full bow, easy running lines, with the greatest beam 

well aft, and a stern of the modified torpedo boat type, 

thus increasing the water line length and eliminating 

the tendency to yaw in a following sea. White oak is 

the material used for the frames, and cedar for the 

planking, which is double. The under diagonal course 

is 3-8 in. thick, and the outer fore and aft course is 1 

in. thick, with a layer of canvas prepared in beeswax 

and oil between. Copper fastening is used throughout, 

and all planking is riveted to the frames over copper 

burrs. There are two masts, rigged for fore and aft 

canvas. 

Special attention has been given to the accommoda- 

tions, the various rooms being handsomely finished and 

decorated. The main cabin is of solid mahogany inside 

and out, and is conveniently fitted with closets and 

lockers. In the forward saloon a stationary desk and 

bookcase are fitted, and there are large plate mirrors in 

the doors. On top of the deck house there is an exten- 

sive promenade for a boat of this size. Accommoda- 

tions for a crew of four men are provided. The fore- 

castle is fitted with folding bunks to accommodate three, 

and in the lazarette two men can be berthed if need be. 

Plumbing work has been carried out with special 

care. There are four lavatories and three Sands water 

closets fitted, and a bathtub with hot and cold water 
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FOUR CYLINDER GASOLINE ENGINES FOR YACHT LADY FRANCIS, 

fittings is placed under one of the extension bunks in 

the forward saloon. The main water tank is located 

amidships, under the floor, and there are two supple- 

mental tanks at the stern. Hot and cold water is also 

supplied to the galley sink. 

Two four cylinder self-starting gasoline engines are 

coupled to the screw shafts in the engine room aft. 

They are of the marine type, designed by the builders 

of the yacht. When starting the initial impulse in each 

engine is given by a powder cartridge, which is slipped 

into a receiver on one of the cylinders. Exhausts from 

the engines are carried below the water line, so that 

objectionable noise and odor are got rid of. Each en- 

gine is equipped with an air pump, which supplies air to 

a tank under a pressure of 55 lbs. per sq. in. The com- 

pressed air is used for a chime whistle and siren, oper- 

ated from the pilot house. Separate engine telegraphs 

of the dial and pointer pattern are fitted in the engine 

TWIN SCREW GASOLINE YACHT LADY FRANCIS READY FOR LAUNCHING. 
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room, the pilot house, and the upper steering platform. 

There are also speaking tubes, telephones, and call bells 

throughout the boat for purposes of communication. 

In the engine room a two horse power gasoline engine 

is direct connected to a dynamo. The circuits are ar- 

ranged so that the current can be supplied direct to the 

lamps and search light or to charge a storage battery, 

the batteries being placed under the floor. Small elec- 

tric lamps are fitted to light the telegraph dials and the 

binnacles, and deck plugs and extension lamps are pro- 

vided for deck use. The gasoline tank has a capacity 

for sufficient fuel to last on a thousand mile run. 

Steel is used for the propeller shafts, and these are 

fitted with bronze sleeves. The wheels are of bronze 

also, and are four bladed, 34 in. dia. 

Two boats are carried; one 14 ft. dinghey on the star- 

board side, and one 14 ft. motor boat, with 1 horse 

power engine on the port side. 

Both the hull and machinery were designed by 

Charles B. King, of Detroit, Mich., and the vessel built 

by the Charles B. King Co., of that city. 

COMMUNICATIONS ADDED TO THE DISCUS-= 

SIONS OF PAPERS AT MEETING OF 
S.N. A. & M. E. 

In the seventh volume of Transactions of the Society 

of Naval Architects and Marine Engineers, just issued, 

there are interesting additions to the discussions on sey- 

eral of the papers read at the last meeting. These were 

in the form of communications received too late to be 

presented at the meeting. Our readers will recall the 

extensive report of the proceedings which appeared in 

our issue of December last and in which abstracts 

of the various papers were presented, together with the 

gist of the discussions. To complete the latter therefore, 

we now reprint such of the communications as do not 

appear in our original report of the meeting. They 

contain additional information of value and side lights 

which help to a better understanding of the subjects 

treated. 

WATER TUBE BOILERS. 

One of the most interesting papers offered at the meet- 

ing was that of Engineer-in-Chief George W. Melville, 

U.S.N., narrating the “Causes for the Adoption of 

Water Tube Boilers in the U.S. Navy,’* and it was one 
that especially lent itself to discussion. As the author 

was not present in person at the meeting, his response 

to the queries and criticisms of members was among the 

later communications, as follows: 

REAR-ADMIRAL Geo. W. Metvitte, U. S. N.:—‘‘In the 

case of the bulging of the steam drums of the Nashville, 

referred to by the first speaker (Horace See), I regret to 

say that, having at the time perfect confidence in the de- 

signs presented by him, for the contractors for the 

Nashville, I accepted them, as submitted, notwithstand- 

ing the fact that the steam drums of this particular type 

of water-tube boiler were discussed in my office and ob- 

jected to on account of being unprotected. 

“Coming to grief by this equipment of boilers, I had 
nothing else to do than make good the defects as well 

as I could, and so protected the steam drums by brick- 

work after the damage was done. 

)This paper was reproduced in our issue of January, page 2. 
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“IT remember distinctly, at the time the exposed steam 

drums were under discussion, it was suggested that a 

little heat on the steam part of the steam drum would 

be a good thing, as it might superheat the steam. 

“However, the fact remains the same, that the boilers 

were built in exact accordance with the plans and speci- 

fications of the designer, though, of course, this fact 

does not absolve me from the responsibility for accept- 

ing a defective design of boiler. 
“Regarding the remarks of George W. Dickie con- 

cerning the statement that the Monterey had made a 

run of 8,000 miles, practically under forced draught, and 

his own statement that the Monterey carries but 200 

tons of coal, I would say that the ship was driven from 

port to port where the coal pile was available, and that 

the ship was driven at as near full power and speed as 

it was possible to drive her with the limited number of 

engineers, firemen, and coal heavers—and for no other 

reason than to satisfy the Department that the ship’s en- 

gines, and particularly the boilers, were or were not a 

failure; and the fact is that the water-tube boilers came 

out of this ordeal unscathed. 
“Tt is true, as stated in the discussion, that the Scotch 

boilers are used for harbor purpose, and were designed 

and intended for that purpose, and it should be known 

that the back connection sheets were badly bulged on 

the original trial trips before the ship was commissioned, 

and that the harbor duty had nothing to do with the 

bulging of the sheets referred to. This is probably a 

shop secret that is not supposed to be divulged, but the 

whole of the Navy knows it, and a great deal of the en- 

gineering world, so I am not telling tales out of school- 

“After the Monterey’s return from South America, 

the back sheets were found more badly bulged, and 

many stay bolts leaking. 

“Again, in speaking of the large amount of repairs 

done to the water-tube boilers, it is true that many of 

the tubes have been removed; in fact there is no trouble 

about removing the tubes without disturbing the eff- 

ciency of the ship. 
“But my good friend again begs the question by 

neglecting to state that the Monterey has already had 

two sets of tubes for Scotch boilers. 
“Regarding reducing valves, we can all very readily 

see why contractors would like to get rid of reducing 

valves simply on the score of cost and expense of putting 

them in. Yet we find the necessity for reducing valves 

not only in tubular boilers but in our good old Scotch 

boiler too; and though it may not be considered good en- 
gineering to carry a higher pressure in the boilers than 

we do at the engines, yet we seafaring men at times find 

it a necessity. 

“No one can be so obtuse, if he should try, as not to - 

understand what is meant by ‘tactical advantages’ of 

water-tube boilers. Mr. Dickie answers his own ques- 

tion when he says that he supposes that the ‘tactical ad- 

vantages’ mean the facility or rapidity with which steam 

can be raised, and I am sure that he will acknowledge 

that there cannot be many tactics with a steam ship 
without steam. In fact the whole possibility of mobility 

and steering qualities at all depends upon her boilers, be 

they Scotch or water-tube. 
“Tt is not necessary for me to remind any one that the 

cardinal principles of water-tube boilers have been large 

beating surface, small amount of water, and the rapid 
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raising of steam ready for instant use, as has been the 

case for fifty years in the steam fire-engine and other 

quick steam-generating boilers.” 

SHEATHING STEEL VESSELS. 

Owing chiefly to the little practical experience had 

on this side of the Atlantic with the sheathing of steel 

hull vessels, there was no oral discussion of the paper on 

the sheathing of the U. S. S. Chesapeake, by Naval Con- 

structor Lloyd Bankson.” Following is the written dis- 

cussion from the Transactions: 

Witiram A. FarrpuRN:—‘‘The Chesapeake is an in- 

teresting vessel because she is the first sheathed vessel 

built in America, and the world’s pioneer sheathed sail- 

ing ship. For years Naval Constructor Hichborn, Chief 

of the Bureau of Construction and Repair, has advocated 

sheathed and composite vessels, and it is very gratifying 

to know that at last his persistent efforts and untiring 

labors are bringing forth fruit. The building of gunboats 

Nos. 10 to 15 of composite construction four years ago 

was the entering of the thin end of the wedge. The 

Chesapeake, a sheathed ship, followed in 1898, and this 

month we have seen contracts awarded for six sheathed 

3.400-ton cruisers of great fighting and sea-keeping 

power. It is rather strange that the first American 

sheathed vessel should be a small boat with a length of 

only 175 ft., and a displacement, deeply laden, of less 

than 1,200 tons. The minimum size of a sheathed ves- 

sel is usually considered about 2,500 tons to 3,000 tons, 

and some authorities state an even larger displacement 

as the minimum for a sheathed warship. In small ves- 

sels, such as gunboats, the weight of hull that can be 

allowed in a design necessitates eliminating the steel 

shell below water when the vessel is to be wood planked, 

and therefore a small planked vessel is always a com- 

posite and not a sheathed vessel. The Chesapeake is, 

however, a sheathed and not a composite vessel. She 

has a steel shell as heavy as any gunboat of her size 

afloat, and, besides this, she is planked with 4-in. 

Georgia pine up to about 19 ft. 6 in. draught. 

“This sheathing is very heavy for a boat of her size, 

the total finished weight coppered being about 80 tons, 

and this thickness of 4-in. should not be taken as a basis 

in determining the thickness of planking in any future 

designs. The only reason that I can think of for using 

such heavy plank wn such a small boat. is the 

utilization of the displacement. by weight of hull. 

In the design of a sailing ship like the Chesapeake, 

there is practically no machinery or coal to al- 

low for, and as these weights are very much 

greater than the increased weight of spars, sails, 

and rigging, there is a certain margin of displace- 

ment and if the draught and co-efficient of fineness is 

fixed, the weight of the vessel must be increased either 

by ballast or increased weight of hull. The Chesapeake 

has been designed to carry about 100 tons of ballast, and 

the surplus weight, I suppose, has been put into the hull, 

for it is undoubtedly very heavy. 

“The builders of the Chesabeake followed closely the 

specifications, which were very complete, during the 

construction of the vessel, and the specifications for 

sheathing quoted in Mr. Bankson’s paper are but skele- 

ton specifications or a grouping of the more important 
clauses copied from those of the Department. There 

2This paper was published in our March issue, page I00.- 
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were, however, a number of cases where it was deemed 

desirable to make slight changes, the method of boring 

the holes through the planking, and the securing of the 

same, being by far the most important. The fastening 

of the heavy teak keel was not considered sufficient, and 

1 3-8 inch bolts had to be substituted for 1 1-8 inch. I 

am of the opinion that the width or siding of the Chesa- 

peake’s keel, 16 in. is not sufficient, considering the 

great molded depth of 26 in. and the angle of dead-rise. 

It proved to be a difficult matter to locate the fasten- 

ings, and get good bearing for the nuts on the inside of 

the ship, without boring through the rabbets of the gar- 

board strake and coming too close to the outside of the 

keel. The deep curved garboard I do not consider prac- 

ticable, and the builders obtained good results by work- 

ing a thick garboard strake and gradually reducing the 

thickness, working into the mean thickness of 4 in., in 

four strakes of bottom planking. 

“By boring the holes through the planking from the 

outside of the ship after it is secured in place, the pros- 

pects for getting holes square with the shell are much 

better than if the plank is removed and drilled on the 

ground or staging. By this method the plank has to 

be steamed but once, whereas if the plank is fitted in 

place and then taken down to be bored a second steaming 

is frequently found necessary, and the holes bored in 

the plank are quite often found to have quite a percept- 

ible angle to the shell instead of being normal to the 

surface. If through carelessness a hole is bored through 

the planking on an angle, and not normal to the surface, 

it is much better to drill and tap through the plating on 

the same angle and use a tapered washer on the inside 

than try to rectify the evil by endeavoring to work the 

steel drill square and therefore elongate the hole in the 

plank. I have seen the latter insisted upon by inspect- 

ors, but I have not been able, as yet, to see the logic of 

it. 

“A vessel could be planked by the method adopted on 

the Chesapeake without a single bolt coming on longi- 

tudinal vertical bulkheads or any other similar obstruc- 

tions. Over 9,000 bolts were used in sheathing the 

Chesapeake and only one or two came through the shell 

in inaccessible places and where washers and lock nuts 

could not be fitted. Very intelligent men are necessary, 

however, to locate the fastenings of a sheathed ship. 

The planking should all be laid out on the vessel’s bot- 

tom before the work is commenced. Then, as the plank- 

ing is worked from the garboard up or from the sheer 

margin down, measurements should be taken from the 

fastening of the last secured strake for the location of 

holes in the next. The inside of the vessel should be 

inspected and these measurements checked before boring, 

for with plank 8 or 9 in. wide there is quite a good lee- 

way for locating bolts. The riveting of the shell also 

tells quite a story, and an intelligent ship carpenter can 

soon be schooled to understand not only where the laps 

and frames are, but where the longitudinal bulkheads, 

buttstraps, bulkhead liners, etc., are. 

“All wood ships leak, and it is impossible to build a 

composite or sheathed vessel that will not let some 

water through the plank. It may come through the 

seams or through defects in the plank, the bolts may 

leak, and some water may soak through the plank, but 

no builder of wood ships can keep all water out of his 

vessel. The leaking of a well built, well calked, com- 
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posite ship is slight, and usually a matter of small im- 

portance, not being worthy of consideration. But every 

ship-builder probably knows the detrimental effect of 

salt water lodging between a steel hull and wood plank- 

ing. If there is any space between the steel hull and 

planking of a sheathed vessel, water will find its way 

there and soon occupy it, in spite of all precautions 

taken,to prevent it; therefore, it is quite apparent that the 

only way to prevent water occupying these small spaces 

is to fill them up with solid matter. It is impossible to 

lay plank against a steel hull and secure the same so 

that the two materials are so compact and close together 

that there is no space for water between them. 

“The specifications of the Chesapeake called for a 

mixture of 200 Ib. of red lead, 100 lb. of white lead, and 

3 gal. of linseed oil well ground together, to be in- 

jected, by a suitable force pump, into holes bored in the 

middle of each plank about 8 ft. apart. It was required 

that these force pumps have relief valves loaded to 10 Ib. 

per sq. in. pressure. A mixture of the density specified 

was prepared, but it was so thin that it had to be ladled. 

The amount of oil was finally reduced somewhat, but 

still the results, whilst in accordance with the specifi- 

cations and the Superintending Constructor’s wishes, 

were not very satisfactory. When first tried, I venture 

to say that the men got more of the red lead on their 

overalls than the ship received. The pressure of 10 Ib. 

per sq. in. is much too small for work of this class, and 
when it is stated that this pressure is fixed so low to 
avoid forcing apart of the planking and plating, I think 

the whole thing should be treated as a good joke, for 
twice or even two and a half times this pressure would 
not prove excessive. 

“After seeing the red lead injected into the space 
between the shell and plank of the Chesapeake, I can- 
not help but contrast it with the method which I have 
frequently seen of filling up the space between the armor- 
backing plates and the wood-backing of armor clads. 
I have worked a red-lead force pump myself, and my ex- 
perience is that the operator can always feel his pump 
and tell when it has had enough. A much thicker com- 
position should be used, for the putty softens and limbers 
up a good deal in working and when in the chamber of 
the pump. When the operator feels that the hole his pump 
is discharging into has received sufficient matter, a rest 
of a few minutes will often convince him that this is not 
the case, for the material travels, and he should con- 
tinue to force the composition in until, on removing the 
pump, a little while after the last discharge, the putty 
flows freely from the hole. I am strongly of the opinion 
that the injection should be made from the inside 
through the steel shell wherever practicableon a sheathed 
ship. The plank should also be well bedded in thick red 
lead when laid. On the bottom the putty could be put 
very thickly on the inner face of the plank before it is 
put in place, and on the sides the shell could be well 
covered before the plank is forced into position. 

“T do not consider that 3-4 in. brass bolts, which 
have an effective diameter of only 5-8 in., are large 
enough, as usually spaced, to secure 9 in. by 4 in. Georgia 
pine plank to a 3-8 or 7-16 in. well stiffened steel shell. 
The bearing surface under the heads of planking bolts is 
generally made too small, and the size of the heads of 

such bolts should be increased to avoid injuring, crush- 

ing, and splitting the plank when setting up. The 
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countersinks over the bolt holes on the Chesapeake were 

plugged with Portland cement as per the specifications, 

which treatment agrees with the usual foreign naval 

practice, but I fail to see the advantage of this, and in 

many respects I think a pine plug is preferable, for my 

experience is that it insures better water-tightness. 
“I would also suggest making the shell below the 

planking line, on a vessel like the Chesapeake, carvel- 
plated or flush, instead of the usual in and out strakes. 
I do not know of any scientific or practical reasoning 
that would condemn, on a vessel of this class and size, 

the use of single-riveted seam straps—the Chesapeake 

has double-riveted plate edges—therefore by making the 

plating flush the riveting would not prove more trouble- 

some for wood-fastening, and it would simplify laying 

plank. Some of the largest foreign built sheathed ves- 

sels have but single-riveted plate edges below the plank- 

ing line. If it is desired to reduce weight, what would 

be the objection to making the seam straps intercostal 
between frames, thus eliminating all liners? The edge 
strips have a very small area, and are not strapped, 

therefore they do not contribute much to the strength 

of the ship, and if found desirable special liners could be 

placed at the water-tight bulkheads—the ship’s weakest 
section for fore and aft bending. 

“The model of a sheathed ship should be especially 
adapted for planking. Bath sailing ships, for half a 
century, have been designed with this object in view. 
The Bath wood shipbuilder’s planking lines are the 
modern naval architect’s diagonal lines, and this fact 
throws some light on the fact that Bath ships have been 
known throughout the world for fast sailers. The 
Chesapeake has a midship section that in some respects 
resembles the old clipper ships, but she has steamship 
underwater ends and the stern is particularly bad for 
sailing qualities and also for planking.” 

NaAvAL Constructor W. J. BAxtTER, U. S. N.:—‘“‘As is 
well known, every endeavor must be made to prevent 
the presence of free salt water between the faying sur- 

faces of steel skin plating and wood sheathing, which is 

covered and fastened with copper or some of its alloys. 

The wood sheathing should be elastic, durable, non- 

corrosive, and free from knots, splits, checks, or other 
defects which will allow salt water to filter through it. 
“Yellow pine is not elastic, and it is therefore very 

difficult to insure the sheathing bolts being sufficiently 
compressed into the planking to prevent leakage under 
their heads; this material also contains splits and checks, 
which can only be found by the most minute inspection, 
and also frequently contains knots, all of which defects 
will cause leakage. 

“In my opinion, teak is the best material now known 
which is suitable for sheathing. It is elastic, durable, 
non-corrosive, non-absorbent, contains few knots, and 
any worm holes or splits can be discovered by ordinary 
careful inspection. 

“When salt water has once found its way behind the 
sheathing it is important to localize it, rather than to 
permit it to flow fore and aft; it is therefore of vital im- 
portance that the oakum in seams and butts should be 
hawsed home to the skin plating, thus reducing to a 
minimum the volume of those interstices which inevit- 
ably occur between the plating and the sheathing, so 

that salt water which may leak through any particular 

plank or planks, from various causes, shall be prevented 
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from spreading over the entire bottom. This method 

will also enable the red lead filling to be much more 

efficiently injected behind the planking, the injecting 

holes being spaced from 3 to 4 ft. apart on each strake 

-of planking, commencing about 6 in. from the butts. 

“Even under the most favorable circumstances water- 

tightness cannot be secured except by constant and 

minute supervision of all work on the bottom, afterwards 

removing planks, here and there, to ascertain the con- 

dition of the calking, filling and fastening, not other- 

wise visible.” 

Nava Constructor Lroyp Banxson, U.S.N.:—‘The 

writer of this paper regrets that no discussion followed 

its presentation. 

“It has been found, after docking and examination 

of the Chesapeake, after the date of the meeting at which 

this paper was presented, that the principal difficulty 

was in regard to the insufficient amount of putty 

pumped behind the yellow-pine sheathing. Considerable 

care was exercised not to injure the planking by too 

much pressure, and this precaution was carried too far, 

as an examination in dry dock showed that the spaces 

between plating and planking were not completely filled. 

Boiled linseed oil was used in making the putty pumped 

between the sheathing and the bottom plating. It is 

thought that thin putty can be used to advantage without 

the use of relief valves on the pumps, if careful and ex 

perienced men are employed at this special work. 

“Tt is hoped that the Chesapeake’s sheathing will be 

carefully examined at frequent intervals, in order to ob- 

tain all the practical information possible in regard to 

this class of work, and it is suggested that a number of 

3-8-in. holes be drilled and tapped in the outside plating, 

below the water-line, from the inside, and closed with 

square-headed bolts, so they can be removed from time 

to time, while the ship is afloat, to determine if water has 

found its way behind the planking.” 

DENVER CLASS OF CRUISERS. 

In the paper on the Denver class of sheathed pro- 

tected cruisers by Chief Constructor Philip Hichborn, 
U.S.N., it will be remembered that references were 

made to the U. S. Ss. Raleigh and Cincinnati, which 

called forth responses by Engineer-in-Chief George W. 

Melville, U.S.N., and others in the discussion. It was 

thus brought out that the disproportionately large 

power put into these vessels was decided upon to satisfy 

the public demand, at that time, for ships which would 

equal in speed those being built by foreign navyies— 

notably the British. Now the Chief Constructor in 

closing the discussion says: 

Cuter Constructor Puirip Hicusporn:—‘The dis- 
cussion does not appear to call for any detailed rejoinder. 

With reference to what has been said by various speak- 

ers about the Raleigh class, an examination of these re- 

marks simply confirms my very moderate statements. 

They somewhat fully elucidate the ‘well-known con- 

ditions’ to which I referred. 
“T have always regretted that the Cincinnati and the 

Raleigh were not given complete trials, such as would 

have been given had they been built by contract. Soon 

after their completion I urged this upon the Department, 

but other officials interested opposed my recommen- 

dation, and the trials were not made. 
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“With reference to the four-hour trial of the Raleigh, 

the displacement at which it was made is somewhat 

greater than the designed displacement, but this is 

largely accounted for by the fact that the finished weights 

of her machinery materially exceeded the estimated 

weight upon which the design was based. The quoted 

average speed is stated to be 18.64 knots, while during 

two hours of that time the average was 19.27 knots. A 

simple arithmetical calculation will show that for the 

other two hours the average was but 18.01 knots. It is 

not questioned that the Raleigh will be able for a short 

spurt to touch her rate of 19 knots, but it appears that 

after two years in commission, during a four-hour trial, 

she reached a speed of 19.27 knots for two hours, and 

only 18.01 knots for the other two hours. This seems 

to confirm my very mild remarks as to the maintained 

speed of the Raleigh class. It would have been interest- 

ing had the indicated horse-power maintained during 

this four-hour trial been quoted as well as the speed. 

So far as my information goes, the estimated horse- 
power of these vessels has never been approached in 

any trial, much less maintained. 
“A change which has recently been authorized upon 

the Cincinnati, the sister ship of the Raleigh, includes the 

reduction of the nominal boiler power from 10,000 to 

7,200, new high-pressure cylinders being fitted of smaller 

diameter. Concerning this change, the Chief of the 

Bureau of Steam Engineering, in his annual report, 

says:— ‘Undoubtedly the result, while reducing the 

rated speed of these ships, will really increase the speed 

that can properly be maintained and will greatly add to 

the efficiency of the vessels.’ 

“T think I can quote no stronger confirmation of my 

statement that the Raleigh and the Cincinnati, as at 

present arranged, have never been able to maintain a 

speed even approximating to the rated 19 knots for any 

leneth of time.” 

TORPEDO BOAT DESIGN. 

Few subjects invite discussion so readily as torpedo 

boats. Many members present at the meeting partici- 

pated in the discussion of the paper on ‘Tactical Con- 

siderations Involved in Torpedo Boat Design,” by 

Lieut. A. P. Niblack, U.S.N.,° and to this is added the 

following communication: 

Wirrram A. FairBurN:—‘I am somewhat dis- 

appointed in Lieutenant Niblack’s paper, for I had ex- 

pected to read something new and original—facts 

gleaned by sea experience, and convincing arguments 

advanced by one who has the reputation of being not 

only an able naval officer, but a torpedo-boat expert. The 

paper before us is, however, nothing more than a tout 

ensemble, a massing together of Lieutenant Niblack’s 

remarks and sweeping statements which we have heard 

and read during the past two years. 

“Although it is a fact that almost any shipyard to-day, 

without traditions or previous experience, seems willing 

to take the contracts for high-speed torpedo-boats and 

destroyers, yet upon strict scrutiny we find that such 

firms almost invariably have in their possession plans of 

successful similar boats, and instead of branching out, 

taking great risks, and thereby courting disaster, they 

seem perfectly contented to follow in beaten tracks and 

8This paper was reproduced in our issue of February, page 57. 
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in the footsteps of some successful torpedo-boat builder. 
The new successful torpedo-building firms—whether they 
be new firms just springing up, without any building ex- 
perience, or old established firms now branching out into 
light construction—will be those who are now following 
the plans of such builders as Thornycroft, Yarrow and 
Normand, and the few firms which in some respects are 
apparently original, breaking away from old traditions 
and making innovations, will probably discover by bitter 
experience that a speed of 28 or 30 knots, although 
lightly spoken of to-day, is nevertheless a difficult pro- 
position, and cannot be attained without gradual steady 
progression. If a firm is not willing to profit by an- 
other’s experience, it must of necessity go over very 
nearly the same ground that other firms have traversed, 
and meet evils and discouragements of a similar nature 
to those that they have encountered and overcome in 
the past. 

“I think that the shipbuilders who contracted to build 
torpedo-boats and destroyers from the United States 
Navy Department's designs fifteen months ago exhibited 
a great amount of courage. Such firms are bound down 
and limited on every side; they take a great deal of re- 
sponsibility, and the most optimistic cannot feel confi- 
dent of satisfactory results and probable success. The 
contractors, most of whom, however, are inexperienced 
firms, guarantee results without voice in the matter, 
and therefore exercise a blind, unreasonable faith in the 
Department’s ability to design successful torpedo craft. 
Other governments, with great experience in torpedo- 
boat construction, and with navies containing hundreds 
of these little craft, have not as yet considered it ad- 
visable to prepare their own designs. I think, there- 
fore, that it is poor policy for the United States Navy 
Department to attempt designing before they have had 
experience with various types of these vessels. There 
are many types of sticcessful torpedo-boats, but when 
a compromise is attempted and the so-called good fea- 
tures of all are embodied into one design the results are 
usually disastrous. 

“Lieutenant Niblack lays great stress upon the fact 
that high speed is not necessary or even desirable in tor- 

pedo-boat construction. Naval authorities, the world 
over, will differ with him in this broad assertion. Speed 
is the torpedo vessel’s only protection. Ona dark, thick 

night a torpedo-boat can steam within striking distance 
of a war vessel without being seen or heard on board 
the latter vessel. This has often been done, and, under 
certain atmospheric conditions, the searchlight is value- 

less, noise is deadened, and picket-boats and torpedo- 

nets are the only efficient parts of a war vessel’s torpedo 

defense. On a clear night sound travels, and noise of any 
great intensity can be heard for miles at sea. Under 
such atmospheric conditions it is probable that the racket 
and dull thud of a torpedo-boat’s machinery could be 

heard for some little distance, flames shooting from the 

stacks would be soon discerned, and the search-light, 
working under most favorable conditions, would prob- 

ably locate without difficulty the on-coming torpedo- 
boat. 

“Tt appears, then, that on a clear night, when the con- 

ditions are most unfavorable for torpedo-boat attack, 

noise and flame should be eliminated as much as possible, 

if the torpedo-boat attack is to prove successful. The 

blowers, run at high speed in order to obtain great air 
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pressure in the fire-rooms, are the cause of almost all 

the noise on board a high-speed vessel, therefore a tor- 

pedo-boat should crawl up on the enemy under natural 

draught or with the blowers running very slowly. The 

fires should not be too thick on the grates, and under © 

natural draft or a slight air pressure, with thin, care- 

fully laid fires, no flames would shoot from the stacks 

to herald the vessel’s approach. I do not think that 

flames pouring from the stacks need be considered in 

torpedo-boat design, for my experience is that thick, 

heavy fires and great air pressure are responsible for 

this disagreeable feature so detrimental to torpedo-boat 

attack. The amount of smoke pouring from the boat’s 

stacks should be reduced to a minimum, but the quality 

of coal used is responsible primarily for the volume of 

smoke discharged from the stacks, although the air pres- 

sure has a great deal to do with it. 

“Under the most unfavorable conditions for torpedo- 

boat attack, a torpedo-boat will probably steam a good 

distance within a war vessel’s zone of secondary battery 

fire before she is discovered. Speed under natural draft, 

or easy steaming conditions, is therefore of great im- 

portance in a torpedo-boat, for the period that she is 

running the risk of being destroyed depends on the ves- 

sel’s easy steaming speed for a good part of the time, 

and when once discovered the sooner the vessel’s speed 

can be increased to the maximum, and the faster the 

vessel can steam, the less time she will be within range 

of the enemy’s guns. The speedier the attacking boat, 

the sooner, therefore, she can get within striking dis- 

tance of her prey, and the quicker she can steam beyond 

range of the emeny’s guns. A 22-knot torpedo-boat 

cannot steam at a speed of 20 knots or more under 

natural draft, as Lieutenant Niblack would seem to im- 

ply, but to attain this speed she must run under forced 

draft and speed the blowers, which means make as much 

noise as the 30-knot boat would make at 27 or 28 knots 

speed. If the slower torpedo boat steams up to her ad- 
versary under natural draft, it will take her about as 
long to pass from a natural-draft speed to her full speed 

of, say, 22 knots as it will take a 30-knot boat to in- 

crease from 20 to 22 knots up. A torpedo-boat will be 

in range of the enemy’s guns for a certain period of 

time that depends wholly on the vessel’s speed, provid- 

ing she is not disabled. Therefore the protection of a 

30-knot boat compared with that of a 20-knot boat is in 

the ratio of three to two. 
“I have seen more flame shooting from the stacks, 

more water commotion, and heard much more noise on 

a high-speed torpedo boat of 25 or 26 knot speed than 

I have ever seen and heard on a boat steaming at a 

speed of 30 to 31 knots, and from reports that I have 

received it appears that our 22 to 24 knot boats make a 

great deal more fuss and noise at this speed than our 

latest torpedo-boats make at a speed of 30 knots. 

“Lieutenant Niblack asks if a 30-knot boat can pass 

from a speed of 20 knots to 30 knots in a period of 30 

seconds. A well-designed, 30-knot torpedo-boat could 

steam quietly under natural draft at a speed of from 20 

to 22 knots per hour. If the erder should be given for 

full speed ahead, the blowers could be started in the 

fire-rooms immediately at full speed, and if the risk of 

getting a little water over from the boilers into the en- 

gine cylinders is accepted, the little vessel could in half 

a minute be ploughing through the water at approxi- 
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mately her maximum speed. 

that the gradual speeding of the blowers, and theretore 

the gradual rise in speed, is by far the best for the 

light, quick-running machinery, but, nevertheless, if 

speed has to be raised rapidly, it can be done, for it 

has been done on several occasions to my knowledge. 

I have frequently been on board a 140-ton boat of this 

type that steamed quite easily with open stokehole, and 

the blowers running slowly at a speed of 25 knots per 

hour at sea. 

“Three years ago, whilst in Scotland, it was my, good 

fortune to watch the construction of a number of tor- 

pedo craft building at that time on the Clyde for the 

British and foreign governments. In quite a number of 

cases the boats building for the foreign governments 

had to undergo a measured mile test full speed astern. 

If I remember aright, a speed astern equal to two-thirds 

full speed ahead was guaranteed by the builders, and in 

every case slightly exceeded. A number of naval of- 

ficers, representing the navies for which the vessels were 

building, frequently expressed the opinion that the best 

way to attack a war vessel with a torpedo-boat or boats 

is to steam rapidly toward the enemy, bows on, so as to 

offer as small a target as possible to-the shot, reverse 

the engines, discharge the torpedo from forward, and 

steam out of range of the enemy’s guns, full speed 

astern, before turning a broadside to them. 

“The arrangement of torpedo tubes on American boats 

is, in my opinion, crude and most inefficient. The stern 

tube, to which the Bureau of Ordnance fondly clings, 

cannot be fired when the vessel is under way, and it is 

therefore practically valueless. The midship tubes are 

undoubtedly desirable and necessary, but when using 

these guns the torpedo-boat presents generally a full 

broadside as a target for the enemy’s rapid-fire battery. 

It is well to note, however, that when a boat is steaming 

full speed ahead, the tubes located near midships are 

the only ones that can be used with probable success. 

Although the bow torpedo tube is not in favor in this 

country, yet there are times when such a tube would 

prove of great value. Foreign naval officers appreciate 

this fact and 90 per cent. of torpedo-boats in the navies 

of the world are fitted with bow tubes. The only argu- 

ment against them that I have heard advanced is the 

danger of a boat running into its torpedo before the lat- 

ter has had time to attain its high rate of speed. This 

argument is not sufficient to warrant condemning the 

bow tubes in torpedo vessels, for when the torpedo-boat 

fires its torpedo, after steaming head on to the enemy, 

the engines could be reversed, and under bells—full 

speed astern—instead of following her torpedo she could 

steam as rapidly as possible in the other direction, out 

of range of the enemy’s guns. 

“T should like to know why the 3.55m. (short) White- 

head torpedo has been adopted for the later torpedo- 

boats of the United States Navy, instead of the 5m. 

(long) Whitehead torpedo, which is generally consid- 

ered far preferable. 

“T agree with Lieutenant Niblack in his remarks con- 

cerning the relative merits of single and twin screw 

boats. Draft and stability have to be seriously consid- 

ered in this question, however, and I think that they 

will usually limit the power applied to a single shaft on 

a torpedo-boat to about 2,000 I, H. P. The bow rudder 

is a very desirable feature that ought to be adopted in 
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all torpedo-boat designs, especially for second-class in- 

shore and harbor boats. I do not follow Lieutenant 

Niblack when he says that, in turning, the pivot of our 

twin-screw boats is almost at the forefoot and a bow 

rudder would shift the pivot to about amidships, and 

improve the manceuvring power considerably. The first 

action of the rudder when it is put over tends to turn 

the vessel about an instantaneous axis, but when the 

sideward drifting of the ship becomes equal to the trans- 

verse component of the pressure on the rudder, the ship 

continues to turn about the centre of lateral resistance 

under the action of the couple-pressure on rudder mul- 

tiplied by distance between centre of pressure of rudder 

and center of lateral resistance. If the deadwood of a 

vessel is cut away aft, the manceuvring qualities of the 

boat will be much improved, owing to the centre of lat- 

eral resistance being moved forward; but although this 

is a desirable feature as it also reduces somewhat 

wetted surface and weight of hull, it should be borne 

in mind that it injures the boat’s weatherliness and 

steadiness in a seaway. The experiments made by Nor- 

mand with bow rudders prove that with his boats such 

rudders divided the tactical diameter by two. My ex- 

perience is that a bow rudder is absolutely essential in a 

torpedo-boat that has a stern rudder forward of the 

screws. When steaming at full power it takes but a 

small angle of helm to make a barn-door rudder in- 

terfere with the flow of water to one of the propellers, 

and at full speeds, with helm hard over, the excessive 

racing of a propeller wheel brings great stresses upon 

machinery which must of necessity be more or less del- 

icate. Therefore, although at low speeds a twin-screw 

sea-going torpedo-boat may be handy and manceuvre 

well, yet quite often, when the rudder is forward of the 

screws the helm angle at high speeds is so limited that 

the tactical diameter of the vessel is much too great. A 

bow rudder that when not in use can be housed in a 

well above the line of keel would overcome this evil. 

“Tieutenant Niblack advocates building torpedo-boats 

from identical designs with standardized fittings. This 

is, in some respects, an excellent idea, provided that we 

have a type that has given very satisfactory results, and 

which will stand comparison with the best existing for- 

eign types. But yet this scheme has many disadvan- 

tages. If we were to build year after year torpedo 

vessels of a type standardized by the Navy Department, 

there would be no incentive for private shipbuilding 

firms to experiment and vie with each other in the pro- 

duction of first-class, efficient, economical vessels. If it 

had not been for the untiring efforts of four torpedo- 

boat building firms, there would be no 30-knot torpedo- 

boats and destroyers ploughing the waters to-day. Yes, 

I will go even further, and say that if each government 

had in the past persisted in standardizing and design- 

ing their own torpedo-boats, the successful high-speed 

torpedo craft of to-day would not be in existence. If tor- 

pedo-boat builders were called upon to make fittings for 

the boats that they have designed and are now building, 

based upon the average naval officer’s idea of what stand- 

ardized torpedo-boat fittings should be, I would ven- 

ture to predict that the weight of hull would increase 

to such an alarming extent that the designers and build- 

ers would be compelled to insist upon a reduction in 

trial speed. I have examined torpedo craft built by in- 

experienced firms and been astounded at the useless 
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weight put into detail fittings. The total weight of hull 
in such boats seemed quite reasonable, but the strength 

members of the ship had been reduced almost below the | 

safe minimum in order to allow for big ship fittings and 

equipment. A strong vessel, high speed, and battleship 

fittings do not go together in torpedo-boat design. The 

first is essential, and if the last is insisted upon, machin- 

ery of less weight and therefore less speed follows. 

“Tf it were not for some very strong remarks made by 

Lieutenant Niblack at last year’s meeting of the Socie- 

ty, I should ask him if a standardized fleet of sea-going 

torpedo-boats of the Foote, Rowan, Davis; or Ericsson 

type; a fleet of second-class boats of the Mackenzie and 

McKee type, and a fleet of vedettes similar to those built 

for the Mame and the Texas, would harmonize with \ | EAN 
his ideas. Personally, I think that it is better to have \ | ic) 

ten boats all different and three of them successful than \ | 
to have ten standardized boats all utter failures. But \ 

Lieutenant Niblack has gone on record as saying that 

there is only one firm in this country capable of building 

torpedo-boats, and he regrets that the Navy Depart- 

ment does not award all the contracts for the construc- 
tion of these vessels to this firm. The firm in question 

is undoubtedly a very successful one, by far the best i 

thoroughly original American firm, but a speed of about 

28.5 knots on a displacement of approximately 170 tons is 

its best performance. It has built machinery that weighs 

51 pounds per I. H. P., and obtained 23 I. H. P. per 

square foot of grate. Is it fair to the American build- 

ers of torpedo-boats who have produced boats that have 

attained a speed of 30 knots on a displacement of less 

than 140 tons, and to builders of a very successful 

30-knot destroyer, to say that there is only one firm in 

this country capable of building high-speed craft? The 

Dahlgren’s splendid performance cannot be equalled by 

any other shipbuilding firm in this country. The build- 

ers of this boat have obtained over 4,200 J. H. P. with 

two water-tube boilers and 35 I. H. P- per square foot OT 

of grate. The machinery weighs only 41 pounds per I. 

H. P., and this small weight has been obtained with a 

iong stroke engine turning up to only 318 revolutions 

pér minute—a piston speed of 1,100 ft. per minute. 

“The torpedo boat must of necessity be a refined ma- 

chine. Mathematics and science must take the place 

of the two-foot rule and the about-so-much method of 

proportioning scantlings and details. High-grade ma- | 6 Hall 

terial must be used so as to keep the factor of safety” 3 

reasonably high, with minimum weight. A light, re- 3 
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fined machine, however, does not mean a weak, flimsy 

production. Weight does not necessarily mean strength. 

Far from it, for there are torpedo-boats afloat that in | ; 

actual service, if well cared for, will stand as much | | 

wearandtear as the average heavily built cruiser. Some 

of the most rugged, durable, best, and easiest running 

machinery that I have ever seen has been modern high- Jeet es, hia 
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LINES OF THE STEEL SINGLE SCREW U.S. REVENUE CUTTER FOR SERVICE ON THE GREAT LAKES.—SHEER AND HALF BREADTH PLANS.—SFE PAGE 16r. Charles Fletcher, of Providence, R. I., has placed an 

order with the Harlan & Hollingsworth Co. for a twin 

screw steam yacht, 212 ft. long. 
ALPI80) 

A combination on terms of mutual agreement has 

been effected between the Atlantic Transport Line and 

the Leyland Line, making a practical consolidation of 

$25,000,000 capital, and the services of a fleet of 48 

passenger and freight steamships. 

Base Line 

SNR cs t 4 = —1510144-—--—> 
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SINGLE SCREW STEEL U. S. REVENUE CUTTER 

FOR THE GREAT LAKES. 

_ Bids for the construction of a new revenue cutter for 

the Great Lakes were opened at Washington recently 

as follows: American Shipbuilding Co., Cleveland, de- 

livery on or before May 1, 1901, $150,000; Chamblin & 

Scott, Richmond, Va., delivery in 12 months, $163,500; 

Townsend & Downey, New York, delivery in 12 months, 

$151,000; William R. Trigg Co., Richmond, Va., delivery 

MARINE ENGINEERING. 
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er, R.C.S., superintendent of construction, designed the 

hull. This will be of mild open hearth steel of a tensile 

strength of 55,000 Ib. per sq. in., with an elongation of 
25 per cent. in 8 in. Physical tests to be applied require 
that the material must withstand bending traversely 

back on itself without sign of fracture. This grade of 

material has been found satisfactory in every way for use 

in the construction of the hulls of revenue cutters. The 

frames are made of 5 in. by 3 I-4 in. by 3 1-4 in. Z bars, 

spaced 2 ft. centers and secured to a vertical keel plate 

2 a 
oe 
“Berth (Deck at side 
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BODY PLAN OF U. S. REVENUE CUTTER.—DRAWN TO ENLARGED SCALE. 

on or before May 28, 1901, $157,000. This was the first 
appearance of the second named bidders in competition. 

This firm is composed of John C. Chamblin and James 
H. Scott, both of Richmond, who have now extensive 
facilities for engine work, and who, it is understood, are 
prepared to put in a plant for hull construction if 
awarded the contract. 

The new revenue cutter is to be a steel single screw 

vessel of about 620 tons displacement. Her general di- 

mensions are: Length over all, 178 ft.; beam, moulded, 

30 ft.; depth, to base line, 15 ft. Captain Russell Gloy- 

of 15 lb. steel, about 21 in. deep. The floor plates gen- 
erally will be 18 in. deep next to the vertical keel, while 
in the engine and boiler space they will be extended up 
so as to form a part of the foundations for the engine 
and boiler. The outside plating up to the line of the 
main deck will be of steel 15 lb. per sq. ft. The stem 
will be slightly ram shaped. The stem and stern post 
will be forgings of wrought iron. 
The hull is divided into compartments by four water- 

tight bulkheads. The quarters for the commissioned 
officers are located on the berth deck aft of the engine 
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ARRANGEMENT OF MACHINERY OF REVENUE CUTTER.—CROSS SECTIONS AT FRAMES 35 AND 40. 

compartment, and the quarters of the petty officers and The pilot house and chart room are to be located on 

crew are forward of the boiler compartment. The ac- the forecastle deck forward of the smoke pipe, and a 

commodations for the crew, as well as for the officers, bridge will extend across the top of the pilot house to 
are comfortable, and every care has been exercise:l to the ship’s side. 

make the conditions of life on board ship as pleasant Two bower anchors will be provided, each weighing 

as possible. To this end the sanitary system of the ves- about 1,800 lbs. They will be secured to 1 1-4 in. stud 

sel has been made very complete, shower baths and _ link chain, provided with shackles every 15 fathoms. 

running water being provided for the crew, and the The anchors are to be of the stockless type. 

water closets being continuously flushed. Provision will be made for carrying a certain amount 
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ARRANGEMENT OF MACHINERY OF REVENUE CUTTER.—CROSS_SECTIONS_AT;{ FRAMES 48 AND 55. 

of sail, principally to be used for steadying purposes in 

a seaway. For this purpose the vessel will have two 

steel masts, each about 80 ft. high, above the main deck. 

The propelling machinery of the vessel, which it is 

expected will give her a speed of 14 knots at full pow- 

er, was designed by Captain Jno. W. Collins, R.C.S., en- 

gineer-in-chief, who also has charge of the electric 

light, sanitary and steam heating systems, and the in- 

spection of all material. 

A triple expansion engine designed to develop 1,206 
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The feed pump is to be of the duplex pattern, having 

steam cylinders 7 1-2 in. dia., water cylinders 4 1-2 in., 

and a stroke of 8 in. 
Besides these auxiliaries, the vessel will be fitted 

with steam steering gear, steam windlass, fire and flush- 

ing pumps, etc., so as to make her thoroughly efficient in 

every way. 
The auxiliaries are to be connected so as to exhaust 

into the main condenser, the heater, or the receiver at 

will. By the latter method an economy approaching 

that of the main engine can be obtained for the auxil- 

iaries, and still all the advantages of separate auxiliar- 

ies retained. 

The propeller will be a solid cast steel wheel, 8 ft. dia. 

In the accompanying drawings the general arrange- 

ment of the vessel and her lines are shown; also the 

arrangement of the machinery spaces. 

U. S. Torpedo Boat Somers. 

Our illustration shows the German built torpedo boar 

Somers on her way to undergo a speed trial in Long 

Island Sound. The results of this trial, recently held, 

as shown by the report of the Board of Inspection, were 

not entirely satisfactory—a sea speed of only 17 1-2 

knots being attained. The Board recommends that the 

boat be used for harbor defense. It will be recalled that 

this little vessel was purchased in Europe shortly before 

the breaking out of the Spanish war, the purchase price 

being $72,997. An attempt was made to get her across 

the Atlantic under her own steam, but this failed, and 

the war breaking out about that time, she was tied up 

at an English port until its close. After the war the 
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ENGINEERING IN THE UNITED .STATES NAVY— 

ITS PERSONNEL AND MATERIAL. —III.* 

BY ENGINEER-IN-CHIEF GEORGE W., MELVILLE, U.S. N. 

In 1885, when Mr. Whitney became Secretary of the 
Navy, there was inaugurated a period of great activity 

and progress in the Navy Department, taking what had 

been done by Secretary Chandler, who started the new 

navy, and carrying on the work along the lines of log- 

ical development. Mr. Whitney’s determination was to 

have ships which should be fully the equals of those in 

any country, and it was through him that the speaker 

was called to the position of Engineer-in-Chief of the 

Navy in 1887, succeeding his life-long friend, Commo- 

dore Loring, one of our past presidents, whose reputa- 

tion as an engineer is too well known to all of you te 

need any praise from me. 

I desire, in this connection, to say that no head of an 

office has ever been more fortunate in the young men 

who have been his assistants. No one has ever had 

the co-operation of abler men, and this has always been 

rendered with a loyalty and cordiality which deserve all 

the praise I can give, and I say with perfect frankness 

that if the progress of naval engineering in our country 

has been great during the past twelve years, it is due, 

in a large measure, to the cordial assistance of the tal- 

ented young men who have worked with me. 

I believe it is generally admitted that the machinery 

of our navy has been in all respects fully abreast of 

the latest developments, and in many respects we have 

taken the lead. One of the first things which may 

be mentioned is the fact that during the period before 

GERMAN BUILT U. S. TORPEDO BOAT SOMERS ST&AMING AT SLOW SPEED. 

Somers was brought across on the deck of a liner. At 

the Brooklyn Navy Yard her machinery was lifted out 

and some needed repairs were made. Her dimensions 

are: Length, 149 ft. 3 in.; beam, 17 ft. 4 in.; displace- 

ment, 143 tons. She is fitted with a single screw, driven 

by quadruple expansion engines of 1,700 rated horse 

power, and a boiler of the locomotive marine type. Her 

bunker capacity is 30 tons, and her “estimated” speed 

was 23 knots. 

water tube boilers were used in any navy, and wher 

in some foreign navies there was a great deal of trou- 

ble with the shell boilers, due to the effort to get an 

abnormally large amount of work out of them, we 

had no such trouble. We believed in the principle of 

* President's address (1899) at New York meeting of Americar 

Society of Mechanical Engineers. 
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never sending a boy to do a man’s work, and as a 

result we never had a boiler incapacitated through 

Seaky tubes, and never lost a trial trip on this account, 

while failures of this sort were very common things 

abroad. 

One of the first things we did was to establish the 

use of water tube boilers and light compound engines 

for our steam launches. Private builders in this coun- 

try had used water tube boilers, but the results, owing 

to the type of boiler employed, were not altogether 

fortunate. We found a boiler which has proved entirely 

satisfactory, and also developed light machinery which 

was also sufficiently substantial to stand the compara- 

tively rough handling with which the machinery of 

small boats must inevitably meet. We are to-day the 

only navy which uses water tube boilers exclusively 

m its small boats. When we started, the effort was 

made to save as much water as possible, and small 

blowers, run at a high speed, were used for draught, 

but the inevitable hum caused so many objections to 

be entered by officers of high rank that we were 

driven to the use of the steam jet. It was, of course, 

important that the most economical form of jet should 

be used, but when we came to determine this question 

we found that there were absolutely no reliable data 

in existence. As a result, we carried out a valuable 

series of experiments at the New York Navy Yard, 

and found an exceedingly simple form of jet, which 

was also very economical, giving us a tairly high rate 

of combustion for a comparatively small expenditure 

of steam. 

It was evident to us that with the prevailing tend- 

ency toward continual increase of speed and power, 

with the accompanying increase ef steam pressure, 

the shell boiler would at some near date have to be 

superseded by the much lighter water tube boiler, and 

we therefore invited a competition among the various 

manufacturers of water tube boilers, with a view to 

determining the one which, all things considered, 

would be best adapted to naval uses. Although this 

competition occurred about ten years ago, you are 

doubtless familiar with the circumstances, and that, 

as a result, we installed about 5,000 horse-power of 

Ward boilers in the coast defense vessel Monterey, 

this being at the time, and for several years, the larg- 

est installation of water tube boilers in any naval ves- 

sel. I am glad to say that these boilers have always 

given satisfaction, and are still in use. At this same 

time water tube boilers of a different type were in- 

stalled on one of our torpedo boats, and we have 

neyer used any other than water tube boilers on any 

of the numerous torpedo vessels which have been 
built since. 

It would have been an easy matter, and it would 

have brought temporary praise to the Engineer-in 

Chief, if, after the successful trial of the Monterey, we 

had at once launched out into the use of water tube 

boilers for all our vessels; but we felt that there had 

not been sufficient experience in their use to warrant 

us in making such an experiment in our first sea- 

going armorclads, and consequently, for a number of 

years, and even after foreign navies had begun to use 

water tube boilers extensively, we-continued to use 

the shell boilers in our large vessels. Two years ago, 

when I felt that there had been sufficient experience 
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to warrant us in the final adoption of water tube boil- 

ers, | recommended in my annual report to the Secre- 

tary of the Navy that we should definitely adopt water 

tube boilers for all classes of vessels. For reasons 

altogether apart trom the machinery, we were not at 

first successful in securing water tube boilers in the 

department’s own designs in spite of my urgent recom- 

mendation, but the firms which tendered on the gov- 

ernment’s designs also offered to guarantee higher 

speeds if they were allowed to use water tube boilers 

-and more powerful machinery in hulls of their own 

design. This I had advocated very strongly, and both 

the technical and daily press of the country had sup- 

ported this position very heartily, believing that it 

would be a woeful mistake for our country to- build 

sixteen-knot battleships when the rest of the world 

were building ones to make eighteen knots, and when 

by the use of water tube boilers we could so readily do 
it. I am glad to say that the department accepte the 

builders’ offer, thus definitely adopting water tube 

boilers and securing the eighteen-knot battleships for 

which I had worked so hard. At the present time all our 

new designs include water tube boilers exclusively. 

One of the notable improvements in design which 

we introduced for large vessels was the use of triple 

instead of twin screws. We were not the originators 

of this method, as small vessels in both France and 

Italy had demonstrated its success, and both France 

and Germany were building vessels of about 12,000 

horse-power with this system of propulsion. When it 

came to the design of the Columbia, the first of our 

commerce destroyers, with 21,000 horse-power, I was 

satisfied, after careful study of the problem, that we 

would need to use triple screws to attain success. At 

the beginning I did not anticipate an economy in pro- 

pulsion, and the adoption of triple screws was for 

structural reasons; but when the Columbia’s trial oc- 

curred we found that there was a material increase in 

the propulsive efficiency. When the Minneapolis was 

tried, shortly afterward, with the same system of ma- 

chinery, this fact of greater economy was again estab- 

lished, so that we now feel that triple screws are justi- * 

fied not only for numerous other reasons, but on. the 

ground of economy. This arrangement of propellers 

has become very popular in a number of foreign na- 

vies which have followed it out on a considerable 

scale, and have built all their large vessels with triple 

screws. It is probable that we shall do the same thing 

‘in our larger ships of the new programme. 

During our late war with Spain we developed and 

utilized two engineering schemes which had never 

previously been tried in actual service—a repair ship 

and a distilling ship. The former is one phase of the 

modern method of treating large work by taking the 

tool to the work instead of bringing the work to the 

tool. The Vulcan was the equal of anything except a 

very large repair yard, and after the battle of Santiago 

she was almost invaluable in the much needed gen- 

eral overhaul of all the ships. Besides an admirable 

outfit of machine tools and engineering stores, the 

Vulcan was specially notable for using the first cupola 

ever installed on board ship. The distilling ship was 

fitted with a four-unit triple-effect distilling apparatus 

capable of furnishing 50,000 gallons of fresh water per 

diem after use for some time with an vconomy of over 
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twenty pounds of water per pound of coal burned 

under the boilers. With clean coils the Jris actually 

furnished over 100,000 gallons per diem. The bunker 

capacity is 3,000 tons of coal, thus giving a potential 

capacity of distilled water of 60,000 tons, or as much 

as twelve of the largest tank steamers. The advan- 

tages of a distilling ship over a “tanker” are very nu- 

merous and obvious. 

Allan Liner Tunisian. 

A large liner for transatlantic service was recently 

put into the water at the yard of Alexander Stephen 

& Sons, on the Clyde. This was the S. S. Tunisian, 

10,200 gross tons, built for the Canadian trade of the 

Allan line. She is of the money earning, intermediate 

type, with large passenger accommodation and freight 

capacity and moderate speed. In dimensions the Tu- 

nisian measures: Length over all, 520 ft.; beam, 59 ft.; 

depth, 43 ft. In the accompanying sketch the artist 

has depicted the new liner at sea, and it will be reatily 
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EFFECT THEREON OF THE RECENT 

WAR WITH SPAIN—I.* 

BY LIEUTENANT COMMANDER GEORGE H. PETERS, U. S. N. 

The purpose of this paper is to show the trend of 

foreign naval opinion and development, as represented 

in the professional press and other publications, on 

subjects of current interest. These foreign views and 

tendencies are given as being worthy of consideration, 

but not as being necessarily applicable to our own 

service, 
INCREASE OF NAVAL STRENGTH. 

In considering the principal foreign navies with a 

view of noting recent tendencies of development, the 

most striking feature which presents itself is the 

- marked effort now making by the important maritime 

powers to increase their naval strength. Never before, 

except, perhaps, spasmodically during a naval war, has 

such endeavor been more vigorous or more general. 

NEW S. S. TUNISIAN, 10,200 GROSS TONS, FOR ALLAN LINE IN TRANSATLANTIC TRADE. 

conceded that she presents a noble appearance. There 

will be accommodation for 200 first-class passengers 

on the upper bridge deck, 250 second cabin, on the 

after part of the bridge and on the upper deck amid- 

ships, and a considerable number of steerage passen- 

gers on the upper deck aft, the latter being berthed 

mostly in separate rooms. The main saloon occupies 

the forward end of the bridge deck, being well lighted 

from three sides and also from a handsome cupola. 

Most of the first-class cabins are located in a spacious 

deck house on the upper bridge deck, and on this deck 

are also the music room and smoking room, these 

latter rooms occupying the ends. She will have twin 

screws and triple expansion engines. 

Whether recognition of this be accorded willingly or 

unwillingly, it must be reckoned with. The impor- 

tance of sea power is clearly perceived, and naval ship- 

building programmes grow more extensive and more 

elaborate. 
TYPES OF SHIPS. 

In the apportionment of new tonnage abroad the 

large share set apart for battleships, notwithstanding 

their great cost, shows that responsible foreign opinion 

regards them as constituting the real fighting strength 

upon which reliance must be placed to win naval bat- 

tles. This view was held long before the Spanish ar- 

* From Notes on Naval Progress, issued by U. S. Office of Naval 
Intelligence, Washington, D. C. 
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mored cruisers were destroyed at Santiago, but it now 

meets with general acceptance, and the assertion that 

the building of battleships is a wasteful use of money 

and resources is seldom heard. In France and in Italy, 

for special reasons, the armored cruiser is still held in 

relatively high esteem, and in the French press the 

claim has been persistently urged that the battleship 

will be deprived of its value by the submarine boat; 

but following this comes a recent request by the Min- 

ister of Marine for authority to lay down additional 

battleships for the French navy. 

As battleships are intended to have the greatest pos- 

sible fire energy, with the best protection attainable, 

their gun fire must be the maximum which their dis- 

placement will permit; and the latest foreign expert 

opinion is practically unanimous that their armor must 

not only protect the water line and the gun positions, 

but that the hull and the personnel must be effectively © 

sheltered. 

The typical features of the battleship, maximum of- 

fensive and defensive power, are not dependent on 

circumstances, but are ready at all times. Speed varies 

with conditions of service, and for battleships is re- 

garded as a secondary consideration, although a very 

important one. The anxiety which the monitors 

caused Admiral Sampson has impressed anew upon 

foreign observers the need of strategic mobility. 

Other things being equal, the more efficient of 

two fleets of battleships will be the one whose slowest 

ship is faster than the slowest ship of the enemy. The 

aim abroad now is to have the battle fleet composed of 

ships having great offensive power and the best pro- 

tection obtainable, with a minimum speed of not less 

than fifteen knots. While some of the units may be 

capable of eighteen knots, there should be none that 

cannot be depended on for tactical evolutions at fif- 

teen knots speed. To attain this obsolete vessels must 

be replaced or modernized in accordance with the 

latest developments in engineering. 

Next in importance to the battleships is the armored 

cruiser, which forms a prominent feature of the latest 

foreign shipbuilding programmes. Vessels of this type 

have primarily high speed and great coal endurance. 

They are usually of large size and are given as much 

protection and as intense fire energy as practicable, 

but these qualities are secondary, while they may be 

used to° supplement the fleet of battleships, if neces- 

sary, in maintaining command of the sea at strategic 

points, and are most useful adjuncts of such a fleet; it 

is held by many foreign writers that they have also a 

distinct field of operations. While these operations 

will not be decisive in their results in a war between 

great naval powers, yet the sudden opportune arrival 

of an armored cruiser, or of several of them, at well- 

chosen points, may have a great influence on the war. 

Their size, speed and armament enable them to engage 

successfully any except battleships. They are regard- 

ed as the most effective type for carrying on a cruiser 

war of depredation. 

It was formerly held by some writers that armored 
cruisers would prove superior to battleships, owing to 
their greater speed, but since the close of the war with 
Spain such claims are seldom heard. 

It is worthy of note, however, that with the effort 
to give increased speed to battleships and better pro- 
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tection to armored cruisers these two types tend to 
approximate. 

Armored coast defense vessels appear to be practi- 

cally ignored in present foreign programmes for the in- 

crease of modern fleets. There are two reasons for 

this, the first being the general belief that naval force 

will be mainly employed in sea contests, rather than in 

merely defending home shores against attacks by an 

enemy. The second reason for not building new ar- 

mored coast defense vessels is that in the European na- 

vies it is felt that they already have a sufficient number 

of vessels of this type, and that future needs will be 

supplied by taking ftom the active armored fleet the 

older vessels as these are replaced from time to time 

by others of later type. In the British navy, in pursu- 

ance of this plan, the obsolete ships formerly stationed 

in home waters as coast guard and port guard ships have 

been succeeded by vessels which, though old= are still 

efficient. In Germany the same end is attained by the 

rule assigning a definite length of service—twenty-five 

years—to a battleship as such, upon the expiration of 

which she must be replaced by a new ship and trans- 

ferred to the list of coast defense ships. The monitor 

type is regarded abroad as having been thoroughly 

discredited by the experience of the war. 

The need of making liberal provision for the build- 

ing of cruisers is fully recognized abroad, and this has 

simply been emphasized by the recent war. Their es- 

sential qualities are speed, coal endurance, and means. 

of coaling rapidly. With these characteristics their 

usefulness will be so great that no admiral will be 

likely to feel that he has enough of them. It is gen-. 

erally accepted that this is as true of cruisers to-day 

as it was of fast frigates in the days of Nelson. What- 

ever method of scouting or of search be adopted, the 

finding of a fleet at sea must always remain a very diffi- 

cult problem, in view of the obstacles of limited hori- 

zon, unfavorable weather, fog and darkness. 

Very small cruisers and light draft gunboats con- 

tinue to be provided, their number and varying quali- 

ties depending upon the special needs of the different 

navies for cruising or for minor shoal water opera- 
tions. 

With regard to torpedo boats and destroyers, for- 

eign naval opinion is practically unanimous that the 

war has thrown no new light on the question of their 

value when used for the purposes for which they are 

intended. Navies which held them in high esteem be- 

fore still continue to do so. Their vulnerability has 

long been recognized, as has the fact that they are pe- 

culiarly a weapon of opportunity, requiring for their 

successiul use favorable conditions, which may or may 

not be present at a given time and place. Their use- 

fulness in the training of young officers is universally 

conceded. Organized as instructional flotillas or as a 

part of the mobile defense of ports, exercises with them 

are continuous and systematic, and are not confined 

to the period of the annual mariceuvres. Torpedo boat 

destroyers, simply larger torpedo boats with increased 

gun armament and better sea-going qualities; are com- 

ing more and more into favor as the best type. In 

Germany it has been decided to build no miore small 

torpedo boats. New ones are to be of the destroyer 

class, and will be as large as the former division boats. 

Foreign torpedo officers believe that while torpedo 
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boats are an accessory upon which dependence cannot 

always be placed, yet their presence will have great 

moral effect, and that they are capable of very effective 

work. In foreign squadron manceuvres night attacks 

by torpedo boats have very frequently been judged to 

be successful, and it is urged that prior to the late war 

the number and tonnage of vessels sunk by torpedoes 

exceeded those destroyed by gun fire. 

Submarine boats have not received much attention 

abroad of late, except in France, where a number of 

them of new type have been authorized, 

While it has not yet received embodiment to any ex- 

tent in new construction, foreign comment shows a 

clear apprehension of the need of a sufficient number 

of vessels for supply and auxiliary service, having the 

speed and other qualities requisite for efficiency. 

These are seen to include colliers fitted to give coal 

rapidly at sea, distilling ships to replenish fresh water 

for boilers, repair ships to obviate withdrawal for 

any except for large repairs, ammunition vessels to 

make good the enormous expenditure of the rapid-fire 

guns, provision ships with refrigerating plants, tele- 

graph cable steamers, fitted also for laying out subma- 

rine mines and for countermining operations, powerful 

tugs with mine-laying as well as wrecking facilities, 

and hospital ships. 
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ARMAMENT. 

The view that a rapid-fire battery of moderate -cali- 

ber, giving the greatest possible fire energy, should 

constitute the main reliance of battleships has been 

confirmed in the minds of foreign officers by the war 

with Spain. In the British navy the 6-in. rapid-fire 

gun continues in favor for this purpose. In all pro- 

gressive navies rapid-firing guns are displacing those 

of older type. While a large allowance of guns of the 

smaller calibers is provided for special purposes, ‘yet it 

is claimed by many experts abroad that in view of the 

abolition and removal. of wood from ships, now in 

progress everywhere, these smaller guns will never 

again have the same relative importance that they had 

at Santiago, where it is noted that engines and boilers 

were not injured, steering gear was not damaged, and - 

very few guns were dismounted. The unarmored por- 

tions of the sides of the Spanish ships simply served to 

explode the small projectiles, which killed and demor- 

alized men and started uncontrollable fires. But bet- 

ter protection will hereafter be given, and rapid-fire 

guns of medium caliber will, it is claimed, become the 

crew-destroying weapon. 

It is generally believed that future battleships will 

not carry any guns of larger caliber than the 12-in., 

and by many foreign officers this is held to be exces- 

sive: It is claimed that such guns being accessory in 

their nature, their fire efficiency is not at all propor- 

tionate to the sacrifices which they require. An im- 

mediate effect of the war was to reduce the caliber of 

the heaviest guns of the new German battleships to 

9.45 in. 

It is accepted that the armament of cruisers, whether 

armored or not, should be composed essentially if not 

entirely of rapid-fire guns. 

Nearly all navies are endeavoring to accelerate their 

gun fire by improvements in mechanism and by the 

use of metal cartridge cases for all but the largest 

guns. The question of the best method of supplying 
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ammunition, especially to meet the requirements of 

rapid-fire guns, is receiving earnest study abroad. 

As an adjunct to the battery, various ingenious ap- 

pliances, optic or electric, are in use abroad to com- 

municate ranges and instructions to the guns. It is 
recognized that a hostile shell may paralyze this serv- 
ice, but the object will have been gained it superiority 
of gun fire can be achieved at the beginning of the 

battle. 

Smokeless powder has long been considered abroad 

to be absolutely essential, and our recent experience 

has demonstrated the fact most fully. Such powder 
should be stable, practically without visible products 

of combustion, innoxious to the crew in action, and 

non-injurious to the bore of the gun, besides giving 

the requisite initial velocity. Foreign experience has 

shown that these qualities are difficult to obtain in 
satisfactory combination. 

There is universal agreement abroad in the opinion 
that no provision should be made for the use of tor- 

pedoes by battleships and cruisers, except in under- 

water tubes. On this point the experience of the naval 

battle of Santiago has only strengthened and made 

more general a view which has been gathering force 

for several years past; a view entirely independent of 

any consideration of the value of the torpedo in its. 

proper sphere. Many progressive torpedo officers, as 

well as others, now hold that ‘armament with this 

weapon should be restricted to torpedo boats, and 

good arguments are offered for its abolition from 
cruisers and battleships. But conservatism still keeps. 
a few on board, and new designs for battleships in the 
desire for a maximum of offensive and defensive power 
retain submerged tubes. It is argued that recent im- 
provements practically double the effective range of 
the torpedo. 

S. S. CHESAPEAKE.—The Chesapeake, launched by the 
Harlan & Hollingsworth Co., Wilmington, Del., March: 
3, is one of the two vessels which this company is build- 
ing for the N. Y. & Baltimore Transportation Line of 
Philadelphia. They are intended to run “outside” 

between New York and Baltimore on what is familiarly 

known as the Shriver Line. The Chesapeake was 

christened by Miss Olivia Brengle Shriver, daughter of 

Clarence Shriver, president of the owning company. 

The dimensions of the vessel are: Length, over all, 219 

ft.; between perpendiculars, 205 ft.; beam, moulded, 32 

ft.; depth to upper deck at center, 23 ft. 3 in. Her motive 

power consists of one triple expansion, three crank, 

surface condensing engine of the open front type, with 

cylinders 18 in., 28 in., 45 in., and 30 in. stroke, supplied 

with steam by two Scotch boilers 11 ft. dia. and to ft. 

long. She is built of steel throughout and has two decks 

and three side ports on each side, and is designed to 

carry about 900 net tons of cargo. The load speed is 

about 12 knots. There are no passenger accommodations 
on her excepting those for the officers and crew, as the 

steamer is built as a freight carrier only. Her sister 

ship, the Manna-Hata, will be launched in a few weeks. 

A contract has been secured by the Harlan & Hol- 

lingsworth Co., Wilmington, for the construction of 

a new steamer, 4oo ft. long, for the Mallory Line, 

trading between New York and Galveston. 
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COMMERCIAL TYPES OF WATER TUBE 
BOILERS BUILT IN AMERICA.—IV. 

Mosher Water Tube Boiler. 

The Mosher water tube boiler is of the small tube 
variety, with expanded joints, and without any flat or 

stayed surfaces. It is composed of two upper steam and 

water drums, one at each side of the boiler, and two 
lower water drums, one at each side of and mostly above ° 
the level of the grate. From front to back of the boiler 

each pair of drums on either side is connected by rows 

of curved tubes. At the lower ends these tubes are con- 

nected with the upper half of the water drums with ex- 

panded ends, while at the upper ends all but two rows 

on each side enter the steam drums, in the upper inside 

segment of their circumference, above the water line. 

The two inner rows of tubes are bent between each 

other for about three-quarters of the length of the fur- 

nace thus forming the furnace crown.. For the remain- 
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ing to flow to the ends to start on its return to the bot- 
‘tom. They also prevent loss by radiation from the sides 
of the boiler. The upper drums are connected below the 
water level by a horizontal tube of large diameter, so 
that the entire boiler is a unit so far_as water supply is 
concerned. The grates stop a short distance from both 
the front and back of the boiler. A fire brick wall is 
fitted at each end, and is pierced with air holes, the wall 
at the front having openings also at the fire doors. This 
protects the casing at each end of the grate, and as the 
holes have free communication with the ashpit the sup- 
ply of air over the grate can be easily regulated by suit- 
able dampers. Inside each steam drum a baffle plate is 
fitted, against which the generating tubes discharge the 
uprushing mixture of steam and watér, the water fall- 
ing to the bottom of the drum and the steam passing up- 
ward to a separator or dry pipe. A branch from the top 
of each drum enters a T in the front of the boiler which 
connects with the main steam pipe. Surface and bottom 
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FRONT AND SIDE ELEVATIONS OF MOSHER WATER TUBE BOILER. 

ing one-quarter of the length of the furnace the tubes 

are staggered, allowing the gases to rise and pass up- 

ward and forward among the generating tubes on their 

way to the stack, which is at the front end or top of 

the boiler. At the back of the boiler between the upper 

part of the fire box and the casing a row of tubes, in a 

plane at right angles to the rows of generating tubes, 

also connects each pair of drums at each side. These 

latter tubes form a protecting wall at this point and at 

the same time are an efficient part of the generating 

system. At each side of the boiler just inside the casing 

ithere is a double row of down flow tubes extending from 

back to front and connecting the bottoms of the drums 

on top with the water drums at the bottom. These 

tubes are of the same diameter as the tubes forming the 

generating system. They are farthest removed from the 

action of the gases and are comparatively cool. By the 

use of these tubes, instead of outside down flow pipes 

‘of large diameter, greater compactness is claimed as well 

‘as a direct circulation from generating to down flow 

\tubes the entire length of the boiler, the water not hav- 

blows are fitted, and all the usual attachments in con- 

formity with first-class modern practice. This boiler has 

been used extensively where hard service is demanded. 
The designer has fitted it in a number of fast pleasure . 
boats, such as Yankee Doodle, Nada, Feiseen, Norwood 

and Ellide. It has been installed also in several torpedo 

boats of the U. S. Navy, and has been adopted for sev- 

eral of the new war vessels now under construction. It 

is built by Charles D. Mosher, 1 Broadway, New York. 

New Timper Froatinc Docx.—Extensive additions 

to the facilities of the Morse Iron Works and Dry 

Dock Co., foot of 26th St., Brooklyn, New York, have 

been arranged for. These will include a new sectional 

floating dock of sufficient capacity to’ accommodate the 

largest vessels afloat. The dock will be constructed of 

yellow pine lumber and will be 800 ft. long over all. 

Each section will be 80 ft. long by 120 ft. wide, and 

the pontoons will be 15 ft. deep. The dock will be 

equipped with centrifugal pumps, driven by electric 

motors, and with other up-to-date apparatus. 
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IMPROVED APPARATUS. 

Standard Pneumatic Tools. 

The accompanying illustration shows the “Little Gi- 

ant’? pneumatic reversible flue rolling, reaming and tap- 

ping machine, which the Standard Pneumatic Tool Com- 

pany, of Chicago, has recently placed on the market for 

various classes of work. It is especially designed to 

fulfill the requirements of shipbuilders and other af- 

filiated lines, being simple in construction, light in 

weight and very economical in the consumption of air, 

and capable of rolling flues up to 4 in. and reaming and 

tapping up to I 3-4 in. It is of the piston type, and has 

double-balanced piston valves which cut off at 5-8 of 

full stroke. Is made entirely of steel and is geared to 

run at a high rate of speed, and can be reversed run- 

ning at full speed by simply turning the grip handle to 

the right or left, no gears being used to accomplish 

this change of motion. The makers state that this ma- 

chine has been given thorough and exhaustive tests in 

a number of shipyards, and the results have been highly 

satisfactory, one machine being capable of performing 
the work of fivemen. The company offers it toanyone 

on trial who is desirous of testing his efficiency. The 

company’s address is Marquette Building, Chicago, Il. 

Besly Band Grinder. 

We illustrate herewith the Besly band grinding ma- 

chine. The complete machine consists of pedestal, as 

shown, countershaft and spindles to hold either 
one or two emery band polishing wheels. ‘These BESLY BAND GRINDER. 

wheels are made of cast iron. An 
elastic surface is produced by a 
felt covering. The emery, or 
other abrasive material, is a piece 
of emery cloth which is tightened 
firmly around the wheel.. To re- 
set the wheel, or change the 
grade of emery, it is necessary 
ouly to remove a band and re- 
place it with another, an opera- 
tion requiring only a minute of 
time. One of these wheels will 
take the place and do the work of 
a large number of polishing 
wheels. The wheels when used 
with emery bands are always per- 
fectly balanced and ready for use. 
This machine is suitable for shops 
where skilled polishers are not 
employed. An ordinary shop 
boy with a little practice can do 
the work. The diameter of the 

wheel is 12 in., and the width of 

face 21-2 in. The machine is 

made in a variety of combina- 

tions, so that, in some cases, the 

band wheel can be used at one 
end and an ordinary buff or emery 
wheel at the other. ‘The makers 

are Chas. H. Besly & Co., 12 

North Canal street, Chicago, 
LITTLE GIANT PNEUMATIC TOOLS IN USE, Ill. 
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Improved Willis Planimeter. 

We show in our illustration the improved Willis plan- 

imeter, which is especially designed for the calculation 

of indicator cards. Users of the former instrument 

with the glass rod will note that in the new form the 

glass rod is replaced by a polished steel spindle, which 

glides beneath the two rollers R and S. This gives the 

accuracy of wheel instrument great smoothness and 

SPRING 60 LB. 

WILLIS PLANIMETER MEASURING INDICATOR DIAGRAMS. 

movement, as well as rendering it thoroughly substan- 

tial and durable. The depressible pin E avoids the 

trouble of turning the instrument over when setting to 

card length. The removal of the milled head screws 

permits the instrument to be taken to pieces and packed 

readily in a small leather covered case I I-2 in. by 3 1-2 

in. by 9 1-2 in., which can be carried in the pocket or in 

an indicator box. The white enameled triangular scale 

has six graduated edges, and by turning the proper one 

next the wheel the mean effective pressure can be read 

directly from the card without calculation. The same 

scale can be used for setting for boiler pressure, vacuum 

lines, etc. The instrument is not only serviceable for 

measuring indicator cards, but, by reason of its various 

scales and adjustable arm length, will read areas di- 

rectly in square inches or directly in units particularly 

suited to draughtsmen and engineers, such as square 

feet, square yards on different scale drawings, acres on 

survey maps, etc. There can also be purchased with the 

instrument a horse-power attachment which permits 

horse-power to be read directly from indicator cards 

without calculation of any kind. This latter will be 

especially appreciated by engineers who have many cards 

to calculate or to report the horse-power regularly. The 

instrument is made of polished brass and steel, fully 

nickeled, and presents a pleasing and attractive appear- 

ance. It is manufactured and sold by Jas. L. Robertson 

& Sons, 204 Fulton street, New York, N. Y. 

Climax Armor Hose Coupling. 

In these days of extensive use of pneumatic tools in 

shipyards the item of cost of flexible hose becomes a 

serious one. Various forms of protective coverings for 

hose have been tried, with very often unsatisfactory re- 

sults, due to the imperfect method of attachment to 

the couplings. The accompanying engraving shows a 

section of the climax armor hose coupling for use in 

connection with hose armor consisting of interlaced 

spiral metallic bands. To apply this coupling to the hose 

the latter is inserted in the brass sleeve until it’ butts 

on the collar below the internal screw. A brass fer- 
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rule is then inserted in the end of the hose and ex- 
panded, so as to spread both the ferrule and the hose 
end into the recess cast in the sleeve. Afterward, when 
the coupling is complete and put in service, it will be 
seen that the tendency of the air pressure is to make this 
connection tighter. After the hose end is secured, the 
armor is pulled up over the tapered end of the sleeve 
an the outside cover pushed up over it, until it en- 

gages the nut at the top. By 

screwing in this nut the press- 

ure of the outside cover on 

the metallic armor is in- 

creased, so that it is impossi- 

ble for the armor to work 

loose. It will be noticed that 

the lower end of the outside 

cover is rounded off, su that 

there is no tendency to kink 

the hose when a sharp corner 

is turned near the coupling. 

The entire coupling is made of 

the best brass composition, 

and is practically indestructt- 

ble. The armor used in con- 

nection with this coupling possesses the durability of 

steel, with the flexibility of India rubber, and prevents 

bursting, kinking, cutting and mashing of the hose, 
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CLIMAX ARMOR HOSE COUPLING. 

and will withstand a pressure of 1,000 Ib. A large 

number of these couplings have been put in service 

with very satisfactory results. They are manufactured — 

by F.G. Street, 538 Temple Court Building, Chicago, Ill. 
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Keller Pneumatic Rammer. 

Hitherto the use of pneumatic tools has been chiefly 

in ship work and in the machine shop. Now, however. 

that the advantages of com- 

pressed air have come to be 

better understood its sery- 

ices are being extended to 

other departments. A val- 

uable time and labor saving 

aid in the foundry is the 

pneumatic ‘rammer, the 

type known as the Keller 

rammer being here illus- 

trated. This machine is 

made in three sizes, and is 

designed for use in heavy 

loam work and _ other 

moulds of large size. One 

man with the aid of this 

rammer can do as much 

work as would formerly 

have required the services 

of eight or twelve men 

by the antiquated hand 

method. In use the ram- 

mer is suspended at a con- 

venient point and is easily 

moved about over the work 

by the operator. The ram- 

mer piston is controlled by 

a valve similar to that em- 

ployed in pneumatic chip- 

ping hammers, and the ma- 

chine is started, stopped 

and regulated by a special 

throttle valve which forms 

a part of it. The advantage 

in the use of a pneumatic 

rammer in the foundry lies 

rot only in the rapidity, but 

in the absolute uniformity 

of the work, all blows be- 

ing struck with the same 

force. This precludes the 

possibility of hard and 

soft spots in the mould, 

with the corresponding de- 

fects in the castings, and 

produces moulds much 

more compact than is pos- 

sible by hand labor. The 

manufacturers will send any 

of their tools to respon- 

sible parties on ten days’ 

trial, subject to approval, and all their tools are guaran- 

teed against cost for repairs for one year. Their ad- 

dress is Philadelphia Pneumatic Tool Co., Stephen Gi- 

rard Building, Philadelphia, Pa. 

KELLER RAMMER. 

As the result of experiments with the Marconi sys- 

tem of wireless telegraphy on the North German Lloyd 

liner Kaiser Wilheln der Grosse, it is probable that this 

method of communication will be adopted on all the 

fast ships of that line. Signals were exchanged be- 

tween the liner and a station 50 miles distant. 
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LAUNCHES—-HOME AND FOREIGN. 

Tus WititaAm J. Braptey.—The tug William J Brad- 

ley was launched from the yard of the American Dredg- 

ing Co., Camden, N. J., March 13. Her dimensions are: 

Length, 85 ft.; beam, 19 ft. 6 in.; depth, 10 ft. A com- 

pound engine 14 in. and 4o in. by 20 in. is fitted. The 

cost of the tug is about $20,000. 

S. Y. FLorence.—At the yard of the Herreshoff Mfg. 

Co., Bristol, R. IL, the S. Y. Florence was launched 

March 19. She is a schooner rigged vessel, 110 ft. long, 

built to the order of A. H. Alker, of New York. She 

will be fitted with engines constructed by the builders, 

and is expected to have a cruising speed of about 14 

knots. 

S. S. NortTHUMBERLAND.—The passenger and freight 

S. S. Northumberland was launched by the Neafie & 

Levy Ship & Engine Building Co., Philadelphia, March 

3. This vessel was built for the Weems Steamboat 

Co., of Baltimore, Md., for service on the Chesapeake 

Bay. She is fitted with a triple expansion engine, with 

cylinders 18 in., 28 in. and 45 in. dia. and 30 in. stroke, 

of about 1,100 I. H. P., and two Scotch boilers. About 

60 staterooms wili be fitted. 

Scu. Heren W. Martin.—A 5-masted schooner, the 

Helen W Martin, was launched from the yard of Percy 

& Small, Bath, Me., last month. Her dimensions are: 

Length, 280 ft.; beam, 44 ft.; depth, 20 ft.; gross ton- 

nage, 2,265 tons. Oak is the material used in construc- 

tion of the hull. A steam plant for handling the vessel 

includes a Hyde steam windlass, wrecking pumps, deck 

hoisters and donkey boiler. The vessel’s lower masts 

are 118 ft. high and topmasts 54 ft. The standing rig- 

ging is steel wire set up with turnbuckles. The vessel is 

for the coasting or foreign trade. 

S.S. Ortanpo M. Por.—The lake freight steamer, 

Orlando M Poe, was launched from the Globe yard at 

Cleveland on March 1. The new vessel, which will be 

added to the Bessemer fleet, is of these dimensions: 

Length on keel, 475 ft.; beam, 50 ft.; depth, 29 ft. She 

is fitted with a singie screw and quadruple expansion 

engines, with cylinders, 26 1-2 in., 37 in., 54 I-2 in. and 

80 in. by 42 in. stroke. Steam is supplied by four cylin- 

drical boilers, 13 ft. 4 in. dia. and 12 ft. 3 in. long, built 

for 200 lb. working pressure. The vessel will carry 

6,900 gross tons on 18 ft. draft. She was christened by 

Miss M. Miner. 

S. M. S. Prinz HertnricH.—At Kiel dockyard the 

German armored cruiser Pring Heinrich was launched 

March 22. Her dimensions are: Length, 393 ft.; beam, 

65 ft.; draft, 24 ft.; displacement, 8,800 tons. Triple 

expansion engines of 15,000 collective horse power will 

be fitted for driving the twin screws, and a maximum 

speed of 20 knots is expected. Guns of the Krupp sys- 

tem will constitute the armament, ranging in number 

and size from two 9.45-in. downward. Armor carried 

will be of varying thickness from 5.9 in. on the revolving 

turrets to 3.9 in. on the gun positions. This vessel is of 

the same type and much the same size as the U. S. S. 

New York. She was christened by Princess Henry of 

Prussia. 
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ECRETARY of the Navy John D. Long 

recently issued a general order creating a 

board of officers with functions which, in part, 

are apparently in conflict with those of several of 

the existing naval bureaus. The order reads as 
follows: 

General Order No. 544—A General Board is 

hereby established to be composed of the foliow- 

ing officers: The Admiral of the Navy, the Chief 

of the Bureau of Navigation, the Chief Intelligence 

Officer and his principal assistant, the President of 

the Naval War College and his principal assistant, 

and three other officers of or above the grade of 

Lieutenant-Commander. Should the principal as- 

sistant of the Chief Intelligence Officer, or the prin- 

cipal assistant of the President of the Naval War 

College, be below the rank of Lieutenant-Com- 

mander, an officer or officers of the grade of Lieu- 

tenant-Commander or above will be designated to 

fill such place or places on the board. The pur- 

pose of the Department in establishing this board 

is to insure efficient preparation of the fleet in 

case of war and for the naval defence of the coast. 

The Chief of the Bureau of Navigation will be the 

custodian of the plans of campaign and war prepa- 

rations. He will indicate to the War College and 

Intelligence Office the information required from 

them by the General Board, and in the absence of 

the Admiral of the Navy he will preside at the 

meeting of the board and exercise the functions of 

President of the Board. The board will meet 

at least once a month, five of its members consti- 

tuting a quorum, and two of its sessions every 

year shall extend over a period of not less than 
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one week each, during which time the board shall 
meet daily. 

Tt will be seen that the naval officers specifical- 
ly designated by the order include those whose 
duties are such as to fit them especially for the 
discussion of questions of strategy and tactics. 
Subsequent to the publication of the order the 
three additional officers were increased to five, 
the selections being Captain Robley D, Evans, 
Captain Henry C. Taylor, Captain Charles E. 
Clark, Captain French E. Chadwick and Colonel. 
George C. Reid, U. S. Marine Corps. All the 
naval officers who are members of the board, 
therefore, will be combatant officers pure and 
simple; officers who have always been in the line 
and who, therefore, have not been transferred 
thereto. This must indeed be a surprise to those 
who in advocating the recently enacted person- 
nel bill, saw in that measure a full and free rec- 
ognition on the part of the old line of the im- 
portance of exact engineering knowledge in 
modern naval operations. Now that line and 
staff are amalgamated, and are on equal footing 
as regards rank and privileges, the absence of of- 
ficers possessing expert engineering knowledge 
from the board cannot have been occasioned by 
the spirit of antagonism which existed between 
the line and the old engineer corps. It must, 
therefore, be set down to a decision—uninflu- 
enced by any strife—on the part of the powers. 
that be, that the training of the sailor is the best 
preparation for those to whom is intrusted “the 
efficient preparation of the fleet in case of war,” 
and for the naval defense of the coast. To many 
this position will not come as a surprise, for they 
have looked in vain in past discussions for any 
admission from the genuine dyed-in-the-wool 
line that the future naval officer is to be the 
fighting engineer, but have expected rather that 
engineering duties afloat would be relegated 
slowly, though most certainly, to the enlisted 
man. Now as to the composition of the board: 

Were its duties only such as would relate to the 

fighting of ships there might be some grounds 
for excuse for excluding engineering knowledge 
from its membership, it being assumed that such 
knowledge, if necessary, would be obtainable as. 

outside advice. But in this case one of the spe- 

cific duties of the board is “to insure the efficient 
preparation of the fleet in case of war,” and, man- 

ifestly, such duties can only be efficiently per- 

formed by a membership which contains a 

proper balance of engineering science. Without 
such knowledge the board could only carry om 
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its duties at second hand, trusting not to per- 

sonal observation, but to the reports of other and 

skilled persons. What would have been thought 

in the old sailing days of a board, with similar du- 

ties, which would not have included in its mem- 

bership a single person who had any intimate ac- 

quaintance with sails, or rigging, or spars? About 

the only explanation that would explain is: 

“That’s the way we do it in the Navy.” Can any- 

one picture the management of the American, 

the Cunard, or the North German Lloyd lines 

appointing a board of sea captains to insure the 

“efficient preparation” of their fleets in case such 

were needed for service. We rather think that 

an official styled the superintending engineer 

would in each instance occupy a large-sized chair 

near the head of the table in the consultation 

room. That would be “the way it is done in the 

merchant marine.’”’ Were the duties of such a 

naval board of a strictly military character, prep- 

aration of plans of offense and defense, its exist- 

ence and composition would be much better un- 

derstood. .To charge it, however, with duties 

which should now be discharged by existing 

bureaus, and at the same time to exclude from 

its membership those who could give it 

strength and purposefulness, appears to be the 

best possible way to create confusion and. con- 

flict, which would result in disorganization if not 
disaster in time of emergency. It is apparent 

that the same influences which secured the ap- 

pointment of a board of deck officers for the 

investigation of the Maine disaster are still suc- 

cessfully active. For our own part we believe 

that a condition of “efficient preparation” of our 

fleets would be better secured by the cultivation 

of more officers of the Robert W. Milligan type 

than by the establishment of a score of “general 

boards.” 
— ANNAN 

N Congress the House Committee has decided 

upon a naval shipbuilding programme for 

1900, which contemplates the construction of two 
first-class battleships to cost about $3,600,000 each ; 

two first-class armored cruisers to cost about $4,- 

000,000 each; and three protected cruisers to cost 

about $1,140,000 each. A sum of $12,000,000 is 

appropriated for the carrying on of construction 

work on ships already authorized, and additional 

to this $250,000 for equipment. Progress is made 

in the long disputed matter of armor plate, the 

appropriation bill containing a provision author- 

izing the Secretary of the Navy to contract for 
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armor at the price of $540 a ton. No limita- 

tions are imposed as to the total amount of ar- 

mor to be contracted for at this price, but the ex- 

penditure during the coming fiscal year is lim- 

ited to $4,000,000. By this it is understood that 

the committee contemplated the letting of con- 

tracts only for armor necessary to complete the 

battleships Maine, Missouri and Ohio now build- 

ing. In the bill provision is also made for the 

construction of two new dry docks, one at the 

Brooklyn (N. Y.) Navy Yard, and one at the 

Portsmouth (Va.) Navy Yard, to be of the 

largest capacity and to cost $1,200,000 each. For 

continuing the work of rebuilding the Naval 

Academy at Annapolis $600,000 is appropriated, 

and a further sum of $2,500,000 for the construc- 

tion of new cadet’s quarters. The question of 

sheathing ships is left to the discretion of the 

Secretary of the Navy for settlement, and there 

is no special provision in the bill for the con- 

struction of warships in U.S. navy yards. The 

provisions of the bill do not in all cases repre- 

sent the views of the entire committee, and it is 

not unlikely that there will be prolonged discus- 

sion in the House when the bill comes up. In 

the case of the provision for armor plate the de- 

cision was only reached in committee by a ma- 

jority of two. Meanwhile the Naval Board on 

Construction, in the expectation that the armor 

plate dispute would be settled in favor of the 

Krupp plates, has gone ahead with the discus- 

sion of plans for the building of the three battle- 
ships and three armored cruisers provided for in 

the programme of a year ago. Tank experiments 

with models of the proposed battleships have 

been in progress for some time at the Wash- 

ington Navy Yard, and it is reported that these 

have shown that a considerable addition will 

have to be made to the displacement of these 

vessels to carry the armament provided and the 

machinery necessary to secure the sea speed of 

18 knots. New dimensions suggested are: 

Length, 435 ft.; beam, 75 ft.; with a displacement 

of 15,000 tons. A preliminary statement for the 

information of intending bidders is to be issued 

shortly. The armored cruisers are to be of about 

14,500 tons displacement, and are to have a sea 

speed of 22 knots. Four 8-in. guns in two tur- 

rets and a large number of 6-in. rapid firers in 

broadside will constitute the main batteries. A 
circular giving the general characteristics of these 

cruisers will be issued later. The programmes of 

1899 and 1900 would give a much needed and 

effective increase to our Navy. 
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EDUCATIONAL DEPARTMENT. 

HELPS FOR CANDIDATES FOR MARINE EN- 

GINEERS’ LICENSES—BOILERS—VI. 

BY DR. WILLIAM FREDERICK DURAND. 

§4. BOILER SCALE. 

It is well known that sea water contains in solution 
a certain amount of solid matter, while even ordinary 
fresh water is not wholly free from similar substances. 
As long as the water remains in its natural condition 
these solids remain in solution; but under the change of 
‘condition to which the water in a steam boiler is sub- 
jected, they are liable, as explained later in detail, to 
separate out from the water and thus to form scale or 
sludge according as the circumstances may determine. 

The proportion of the solid matter in ordinary sea 
water is about (by weight) 1 part in 32, or 1-32. This 
is the same as about 5 oz. per gallon, or 2 Ibs. per cu. ft. 

The solid matter consists chiefly of chloride of sodium 
or common salt with small quantities of calcium sulphate 
and carbonate, magnesium sulphate and chloride, with 
smaller quantities of other substances. An average 

composition of this solid matter is about as follows: 

Chloride of Sodium (common salt) .....\.... 76 per cent. 

ChloridejofsMagnesiumpeeesaes eee ee eeeee LO § 

SulphateofeMagnesiumine eee eee he eee eee 6 se 

Sulphate of Calcium, (gypsum) .............. 

The remaining 3 per cent. consists of small quantities 
of other salts with a little organic matter. 

The proportion of solid matter in river and lake water 
is quite variable with the locality, and no representative 

or average analysis can be given. The amount held in 

solution may vary from perhaps 10 to 250 parts in 100,- 

©00 or from .015 oz. to .30 oz. per gallon, or .1 oz. to 

2.5 oz. per cu. ft. It is composed chiefly of the carbon- 

ates of calcium and magnesium with smaller quantities 
of the sulphates of calcium and magnesium, and other 

substances. In addition to the substances in solution, 

quantities of sand, mud, organic matter, etc., may be 

carried in suspension, dependent entirely on the locality 

and special circumstances. 

Boiler scale from sea water is composed chiefly of 

calcium sulphate or sulphate of lime, as it is commonly 

called, while that from fresh river or lake water is com- 

posed chiefly of calcium carbonate or carbonate of lime 

as commonly called. With brackish water, as we might 

expect, the proportions of the two are more nearly the 

same. Following are analyses of boiler scale by Prof. 

Lewes which may be considered as typical of the in- 

crustations formed by river water, brackish water, and 

sea water, respectively. 

CONSTITUENTS. RIVER. BRACKISH. SEA. 

Calcium Carbonate met 5385; 43-65 0.97 

Calcium Sulphate...... Bessey eke 3.68 34.78 85.53 

Magnesium Hydrate ............ 2.56 4.34 3.39 

Sodium Chloride ................ 0.45 0.56 279 

Silica werent aete en se eee ene 7.66 7.52 I.10 

Oxides of Iron and Alumina .... 2.96 3.44 0.32 

Organica Matteieeee se eee eee romns O4| 1.55 trace 

Moisturemencpmeeri eee cee 3.20 4.16 5.90 

100.00 100.00 100.00 

It thus appears that scale from river water may be 

looked on as an impure calcium carbonate, that from 
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sea water as an impure calcium sulphate, while that from 
brackish water, as we should expect, is a mixture of the 
two in more nearly equal proportions. 

Sodium chloride or common salt is soluble in water 
until the proportion exceeds some 25 or 30 per cent. This 
corresponds to a density of 8 or 10 on the usual hydro- 
meter, and is far greater than that reached by the water 
in marine boilers. This substance therefore gives no 
trouble so far as helping to form scale is concerned, and 
the small amount found in analyses of boiler scale is 
probably due to the shutting in, so to speak, of a small 
amount of water during the formation of the scale. In 
discussing the formation of boiler scale for our present 
purposes, it will be sufficient to refer to the behavior of 
the salts of calcium and magnesium. 

Calcium carbonate (CaCOs) is practically insoluble in 
water, while calcium bicarbonate (CaC:Os) is quite 
soluble, and it is in this form that the substance exists 
in solution in water. If now the water is heated to the 
boiling point carbonic acid (CO2) is driven away from 
the bicarbonate, it becomes reduced to the simple car- 
bonate, and being now insoluble it separates out as a 
more or less powdery deposit. Mixed with other salts, 
however, especially calcium sulphate or if there is a 
little sulphuric acid in the water, it may collect on the 
heating surfaces and form a hard and closely adhering 
scale. Magnesium bicarbonate is in a similar manner 
reduced to the simple carbonate, which is insoluble and 
is then deposited in the same fashion. 

Calcium sulphate is soluble in cold water to a slight 
extent, as found in sea water. As the water is heated, 
however, or as the density becomes greater, the propor- 
tion of sulphate which it can retain in solution becomes 
less and less. When the temperature rises to from 280° to 
290° (corresponding to from 35 to 45 lbs. gauge pres- 
sure) the water can no longer retain any of the sulphate 
in solution, and it is all deposited. It is also entirely 
deposited, even at a temperature of 212°, if the density 
rises to 3-32 or above. The other sulphates become 
likewise insoluble and are completely deposited if the 
temperature rises to about 350° or over, corresponding 
to about 120 Ibs. gauge pressure. These sulphates of 
lime and magnesium thus deposited tend to attach them- 
selves to the surfaces within the boiler, and to form a 

very hard and crystalline scale. 
As to the effects of this scale, its presence in a very 

thin layer is often considered beneficial as a protection to 

the surface of the boiler from corrosive influences. On 
the other hand, however, it is a much poorer conductor 

of heat than metal, and its presence on the heating sur- 

faces retards the transmission of heat from the fire 

through to the water. In the extreme case the heat may 

be so effectually shut off from the water that it simply 

becomes banked up, so to speak, in the metal, and in 

this way the tubes and other heating surfaces may be- 

come seriously overheated with resulting damage to the 

boiler. The scale may also in extreme cases become so 

collected between the tubes or between the combustion 
chamber and boiler sheets as to impede the circulation of 

the water and thus lead to overheating and its dangers 

as referred to above. In water-tube boilers the accu- 

mulation of scale on the inside of the heating tubes is of 

special danger, as the circulation becomes in such case 

rapidly obstructed and the danger of overheating and 

rupture is correspondingly increased. In a similar man- 
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ner the accumulation of scale in the interior of tubu- 

lar feed-water heaters rapidly decreases their efficiency 

as heaters, if no worse results follow due to the burning 

out of coils, or to the resulting shortness of water in 

the boilers. 

Scale Prevention, Fresh Water —The only sure way 

of preventing scale is simply to keep it out of the boiler. 

If the scale forming substances find entrance to the 

boiler it will be found very difficult to prevent its for- 

mation, at least to some extent. 

On boats navigating inland waters the jet condenser is 

still for the most part used, and the feed is ordinarily 

taken from the condenser, and therefore practically from 

overboard. In such boilers, therefore, we may expect the 

formation of the usual fresh water scale, consisting 

chiefly of calcium carbonate. For the treatment of fresh 

water scale a great variety of methods have been pro- 

posed. In some cases the substances proposed act 

chemically, in others mechanically. From the great 

variation in the character of the solid matter contained 

in fresh water, it can hardly be expected that any one 

method of treatment or substance will prove equally 

good in all cases. 

If a feed-water heater is used, and is effective in heat- 

ing the water, it will be found that most of the scale will 

be deposited in the heater, especially if it is of sufficient 

size to allow of proper time. In this way the scale may 

be kept out of the boiler proper. The heater, however, 

should be so made as to readily admit of cleaning, espe- 

cially if the water contains any considerable propor- 

tion of scale forming salts, otherwise it will soon be- 

come choked and ineffective. ay Ks 
Among the various substances which have been 

recommended for the prevention of fresh water scale 

the following may be mentioned. 

Oak and hemlock bark and other like substances which 

contain tannic acid are more or less effective in waters 

containing carbonates of calcium or magnesium. The 

tannic acid, however, will attack the iron of the boiler 

and may lead to serious corrosion. 

Molasses, cane juice, fruits, distillery slops, vinegar 

and other like substances containing acetic acid have also 

been used with success where no sulphates are present. 

The acetic acid, however, is still more injurious to the 

iron than the tannic acid, and the organic substances will 

form a scale with sulphates if they are present. 

Sal-ammoniac when used with a feed water contain- 

ing calcium carbonate brings about an exchange between 

the two substances as a result of which ammonium car- 

bonate and calcium chloride are formed. The former of 

these is soluble and quite volatile and passes off mostly 

with the steam. The latter is quite soluble and thus the 

deposition of the calcium carbonate is avoided. This 

operation by itself, however, would result in the gradual 

accumulation of calcium chloride in the boiler, thus rais- 

ing the density of the water to a point where ultimately 

it would begin to deposit. This condition may, of course, 

be controlled by a suitable use of the blow. 

Tannate of soda is well recommended for general use, 

but with water containing sulphates a small amount of 

soda-ash should be added. 

Among the substances which act mechanically, crude 

petroleum and kerosene oils are probably the most 

widely used. The latter may be recommended as the bet- 

ter of the two, as the crude oil will sometimes aid in 
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scale formation. They seem to act best in cases where 

there are some sulphates present, as in slightly brackish 

water, or in the waters of certain geographical regions. 

Kerosene seems to act by preventing the particles of 

scale from sticking closely together or from tightly ad- 

hering to the heating surfaces, so that much of the mat- 

ter will coliect as a sludge in the bottom of the boiler, 

and that on the heating surfaces will be more easily re- 

moved. 

In all cases where there is reason to expect the accu- 

mulation in the bottom of the boiler of deposits thrown 

down in a loose or powdery form, the bottom blow 

should be freely used so as to prevent the accumulation 

of too great a quantity, or opportunity for its hardening 

into scale. 
In spite of all modes of treatment there will be found 

some scale on the heating surfaces, and provision must 

be made for entering the boiler and removing it with ap- 

propriate tools as the occasion demands and circum- 

stances permit. 

In many of our inlaid waters the amount of scale 

forming substances is so small that no special treat- 

ment is thought necessary, and little attention is paid to 

the matter except to remove the accumulation at the 

periods of regular inspection and overhaul. 

ENGINEERS’ DICTIONARY.—XXVI. 

Lead—The amount by which a valve port is open 

when the engine is on the center, or piston at the end of 

the stroke. See Fig. 85, where AB on the steam side 

represents the steam lead and CD on the exhaust side 

represents the exhaust lead, the engine being supposedly 

on the center for this position of the valve. 

Liner—In general, a piece of metal intended to take 

the wear of working parts, or to fill in between the 

parts of a bearing so as to allow of an adjustment. 

Thus the main cylinder barrels and valve seats are 

often provided with a working liner. See under Cylin- 

der, Fig. 42. Likewise between the two parts of the 

main pillow blocks or other similar bearings, there 

is placed one or more metal strips or liners, thus 

providing for adjustment as the parts of the bearing 

become worn and require taking up. 

Line Up—A term signifying the adjustment of an 

engine or line of shafting so that all parts shall be in 

line, or in the same plane, or at right angles to the 

center line, as may be required for smooth and proper 

working. Thus when a marine engine is properly 

lined up the shaft bearings from propeller to main pil- 

low-blocks are all accurately in line; the piston-rods 

all move in the same plane, and the line of motion of 

each is perpendicular to the axis of the shaft; and 

similarly for aJl moving parts. 
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Link—In its more general sense a link is a rigid 

moving part of a machine serving to transmit motion 

from one piece to another. Thus in the mechanism 

forming a steam engine the connecting rod is a link. 

The rods which connect the end of the air pump lever 

to the air pump cross-head are links, etc. 

In its more particular sense the term link usually 

refers to a part of a valve gear, as in Figs. 86 and 87, 

showing the Stephenson link. The form commonly 

met with in modern practice, and as shown in the 

figure, is known as the double bar link. This consists 

of a pair of bars curved in the arc of a circle of radius 
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FIGS. 86 AND 87. 

equal to the geometrical length of the eccentric rod; 

that is, equal to the distance from the center line of 

the link to the center of the eccentric sheave. These 

bars are connected at the ends by bolts, as shown, 

with distance pieces between them. Near the ends 

are fitted the pins which serve for connecting with 

the eccentric rods as shown. Another pair ot pins is 

also fitted either at the center or as an extension of 

the pins at one end, or at some intermediate point. 

To these are attached a pair of links usually known 

as side or bridle rods. These lead to the rock or weigh 

shaft, and serve to control the position of the link 

and thus to vary the point of cut-off, according to 

the principles which govern the action of this form of 

valve gear. 

Between the two bars of the link is the link block. 

This consists of a central pin, with wing pieces at the 

ends, the latter being fitted with bearing surfaces for 

connecting with the bars of the link, and permitting 

sliding motion between the two. The pin is con- 

nected with the lower end of the valve stem by an 

appropriate bearing, and thus the motion of that part 

of the link where the block is located is transmitted 

to the valve in accordance with the mode of opera- 

tion of this type of gear. 

The single bar link consists of a single curved bar, 

with a slot of corresponding curvature, carrying a 

block and operating essentially as for the double-bar 

link. 

Link Block—See Link. 
Link Motion—A general term for an assemblage of 

links forming a mechanism; or, more particularly, for 

a Stephenson link valve-gear taken as a whole. 
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TECHNICAL PUBLICATIONS. 

Evectric WirtInc. By Cecil P. Poole. First Edition, 

1900. Power Publishing Co., New York. Size, 

4 1-2 by 6 3-4. Pages, tor. With many diagrams. 

Leather cover, $1.00. 

This book is the only one thus tar published in 

which actually complete data and instructions are given 

for the laying-out and computation of circuit wires for 

all classes of service. The scope of the book extends 

from the simplest motor wiring to the most complex 

polyphase alternating-current circuits, including three- 

wire direct-current circuits, etc. 

Not only instructions and rules are given, but there 

are diagrams illustrating these and comprehensive 

tables. calculated from them. The tables will enable any- 

one, without technical education, to determine the proper 

sizes of wire for any class of service,and the arrangement 

is such that much greater accuracy may be obtained and 

finer distinctions may be drawn than from the usual form 

of wiring table. One immensely valuable feature is a set 

of tables for two-wire and three-wire direct-current 

circuits and two-wire alternating-current circuits, which 

enable the user to determine, at a single operation, the 

sizes of wire to use in both the feeder and the mains 

of the system, for a given “drop” over all. 

Besides the tables and wiring instructions, there are 

several pages of diagrams showing the various methods 

now in vogue of connecting up bells, lamps, transformers 

and motors, and an appendix containing complete for- 

mulas for all wiring computations. 

An advantage of the book is its most convenient size 

—practically a pocket-book. It is very well printed and 
neatly bound in a flexible leather cover. For the en- 

gineer who has the laying out of electrical work, as 

well as for the out and out electrician, the book is 

without qualification an indispensable assistant. 

Marine ALMANACK, 1900. Edited by Mittheilungen aus 

dem Gebiete des Seewesens. Gerold & Co., pub- 

lishers, Vienna, Austria. Pocket size. Pages 435. 

With marginal index, blank sheets for notes and 

pencil case; and many illustrations. Price, 4 1-2 

marks. 

The purpose of this little volume is to furnish in con- 

densed form the greatest possible amount of information 

relating to the navies of the world and their armaments. 

Prepared fundamentally unde: the auspices of the Aus- 

trian Department of Marine, and for German-speaking 

peoples, its reputation and field of usefulness have be- 

come widely extended as a reliable, compact and con- 

venient source of information on the subjects of which 

it treats. 

Aside from the calender and like information of gen- 

eral interest, the book is divided into four parts. 

Part I consists of reduction tables for weights and 

measures. This covers some 30 pages of closely printed 

matter, and gives, in most convenient form, conversion 

tables for all sorts of measures, but chiefly, of course, 

between the English and metric systems. 

In part II is given an abstract of marine international 

law. This is divided into three parts: that relating 

to peace, that relating to war, and sea ceremonial. The 

subject matter is arranged with suitable catch heads, 

and in condensed and convenient form for reference. 
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The purpose of the compiler has been to state in the 

briefest possible way the accepted conventions of inter- 

national law as they bear on maritime matters, and 

he is to be congratulated on having produced so com- 

plete and convenient a condensation of so wide a sub- 

ject. 

Part III is devoted to tabular data relating to naval 

ordnance. It covers some 70 pages of matter, and 

giyes in great detail the leading features of the naval 

ordnance of all maritime powers. 

In part IV is presented in tabular form a collection of 

the leading particulars of the various ships belonging 

to all naval powers. This covers about 150 pages, and 

is followed by over 100 pages of line engravings, show- 

ing the general appearance of representative ships of the 

various navies, with diagrammatic representations of the 
character and distribution of the armor and main 

battery. Following this and concluding the book is a 

single alphabetical list of the names of all ships de- 

scribed. 

The information relative to ordnance and ships is, 

of course, similar in character and arrangement to that 

given in the larger English Brassey, and, while the 

latter is fuller in some details, the present volume shows 

how much may be gotten into a volume of pocket size 

by condensation with suitable abbreviations and arrange- 

ment of matter. 

The data and measures are, of course, all in the metric 

system, but the conversion tables above referred to 

tnake their change into English measures a compara- 

tively simple matter. 

MarInE TECHNICAL DICTIONARY, GERMAN, ITALIAN, 

FrencH and EncrisH Supplement to Vol. I. By 

Captain Julius Heinz. Published under the 

editorial direction of Mittheilungen aus dem Gebiete 

des Seewesens, Pola, Austria. Gerold & Co., 

Vienna, or Dulau & Co., 37 Soho Square, London, 

W. Size, 6 1-2 by 9 1-2. Pages, 867. No illustra- 

tions. Cloth. 

About seventeen years ago there appeared the first 

volume of a nautical-technical dictionary, designed on 

the broadest and most comprehensive plans. Its author, 

M. P. E. Dabovich, was occupied some twenty-five years 

on its compilation, and the first volume was seven years 
in printing, finally appearing in 1883. It appears that 

adverse circumstances have until recently prevented 

the continuation of this work. A few years since, how- 

ever, the Austrian Minister of Marine ordered the com- 

pletion of the dictionary, and such progress has been 

made as to render possible the renewed publication of 

the work. The first issue is the subject of this notice, 

and is a supplement to the first volume referred to above. 

The author of this supplement has adopted the same 

general methods and lines of work as in the original 

publication, in order that by the aid of this supplemen- 

tary volume the part previously published may be 

brought fully up to date, and made completely repre- 

sentative of the present state of technical marine termi- 

nology. 

The supplementary volume thus planned contains a 

double vocabulary of German and Italian words in an 

alphabetical order, the former in roman and the latter 

in italic letters, to distinguish more readily between 

them. When the leading word is German it is followed 
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by its equivalent in Italian, French and English in order, 

and when the leading word is Italian it is followed by 

its equivalents in German, French and English in order 

For translation into English the work is, therefore, 

equivalent to two dictionaries, one Italian into English 

and one German into English. The terms given are, 

with few exceptions not described or defined, and when 

such is the case only for the German or Italian reader. 

The work is, therefore, a dictionary simply in the sense 

of a collection of equivalents in the four languages men- 

tioned, and is, therefore, intended for use in translating 

from one language to another rather than for purposes of 

description or definition. The field covered by the work 

includes not only subjects strictly related to marine 

construction, navigation, naval warfare, etc., but com- 

prises also all related branches of science and art such 

as electro-technics, astronomy, chemistry, mathematics, 

etc. In addition to single words or objects briefly de- 

scribed, a great variety of objects requiring long descrip- 

tive phrases are included, such, for example, as “Screw 

generated by a right line making an angle with the 

axis backward.” 

As a departure from the usual mode of presentation, 
the entire subject matter relating to the torpedo is 

collected in order under that one head, forming a special 

vocabulary by itself, and similarly for a few other sub- 

jects. 

While modern marine terminology is thus exhaustive- 

ly represented in the present work, it is but a supplement 

to an earlier volume. It is, therefore, not complete in 

itself, but abounds in references to the original Vol. I. 

This, unfortunately, will detract much from its use to 

those who may not have at hand the earlier volume re- 

ferred to. 

A criticism may, perhaps, be also made on many of 

the words introduced as being quite untéchnical and 

better left to the ordinary dictionary. Among many 

illustrations mention may be made of the words obelisk, 

reference, crisis, and expressions such as damage 

caused by fire and to cross a river. 

The translations into English seem in general to have 

been made with great care and accuracy, while the ex- 

tent of the work as a whole and its exhaustive presenta- 

tion of modern marine terminology are such as to place 

it easily at the head of such technical dictionaries. 

An announcement of the courses of instruction in the 

Graduate School of Marine Engineering and Naval 

Architecture of Sibley College, Cornell University, has 

just been issued in the form of a 20-page pamphlet. This 

gives an exhaustive statement of the entrance require- 

ments, expenses, studies, and facilities of the school, 

and would be of much value to the intending student. 

A special feature is the opportunity afforded those in- 

terested in the development of either the science or art 

of marine construction to take special courses quite in- 

dependent of the requirements for a degree or for grad- 

uation. For many who have received their training 

along practical rather than theoretical lines the facili- 

ties offered would be invaluable. Copies of the pam- 

phlet can be had upon application to Sibley College. 

By an explosion recently on the English mail steamer 

France at Dieppe, six firemen were killed and four 

dangerously in‘ured. 
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QUERIES AND ANSWERS. 

(Communications intended for this department will not receive at- 
tention unless accompanied by the full name and address of 

the sender, which will be considered confidential.) 

Q.—Kindly give a rule to figure out the pitch of a 
screw propeller. IR, 18 

A.--Similar inquiries were answered in detail in our issue of 
March, 1898. There are a few copies of this issue on sale in this 
office. 

Q.—Is there any point on the path of a crank when 

it comes to rest? Fay RIVER. 

A.—In the ordinary type of steam engine the crank revolves con- 

tinuously, and does not come to rest or stop at any point in the rev- 

olution. On the other hand the cross-head and piston do Stop or 

come to rest for an instant, at each end of the stroke. 

Q.—How can I tell the leading crank of a compound 

or triple expansion engine ? Pel. 

A.—In a compound engine with the cranks at right anglesif you 

were to stand aft of the engine, and look forward, say, you would 

see the cranks pass any point, say the top center either in the order 

high, low or low, high, with the right angle or quarter circumfer- 

ence between them. If when passing such a point high comes 

along first, then high leads; if low comes first, then low leads. 

In a triple expansion engine with cranks at 120° the cranks will 

pass by the fixed point in one of twc orders. Beginning with the 

high it will be either high, intermediate, low or high, low, inter- 

mediate. In the former the high is said to lead. In the latter the 

low is sometimes said to lead, since it takes the place of the high in 

preceding the intermediate. 

‘Q.—Will you please answer the following questions: 

(1) What should be the diameters and pitch for two 

and three bladed propellers for a 25 ft. boat, engine 5 

horse-power, 350 revolutions? 

(2) By increasing the pitch of a propeller can the 

diameter be reduced and the same results in speed be 

obtained ? 

(3) What would be the difference in diameters of 

propellers, two and three bladed single, and two and 

three bladed ones using two and three mounted tandem 

on the same shaft? 

(4) Would as good results in speed be obtained by 

using two or three propellers in tandem as by the use 

of one, two and three bladed propeller ? C, lal, 12, 

A.—The information given is not sufficient to properly answer the 

questions, but estimating the remaining data required the results 

would be as follows : 

(x) { For 3-bladed wheel about ar-in. dia. 30-in., pitch. 

24-in. ‘‘ 30-in. « a“ «& ec “ 
2 

(2) No. 

(3) The known results from propellers placed tandem are alto- 

gether too limited to make possible the design of such arrange- 

ments with any great degree of confidence. It would probably be 

safe to allow about 20 per cent reduction in diameter for two pro- 

pellers, and 25 per cent for three, on the same pitch. 

(4) The answer to this is connected with that to (3). It is prob- 

ably possible to obtain practically as good results with two or three 

propellers tandem as with one, but it would be quite unsafe to 

count on it without experimental data as a guide in the design. 

Q.—Will you please answer the following: 

(1) How is the slip of the propeller estimated? For 

example, knowing the length, beam, draft and model of 

hull; horse power and revolutions of engines; diameter 

and pitch of propeller. 

(2) How can the diameter and pitch of the propeller 
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be estimated, giving-best results for a given horse power 

and revolutions of engine? W, 18, IL, 

A.—(1) Ina case of design the order in which the various items 

are assumed or computed is usually as follows : 

\ The dimensions, displacement and form of the ship are known. 

The speed is given. 

By appropriate formulae or methods of comparison the I.H.P. is 

computed. 

Next a slip is assumed or selected, together with the pitch ratio of 

the propeller. 

Then the diameter is found by the use of appropriate formulas or 
methods of comparison. 

Then follow the pitch and revolutions. 

Then if the various results are correct, the propeller as designed 

with the given revolutions and slip will develop the thrust neces- 

sary to drive the ship at the given speed, and will absorb the I H P. 

in doing so. All of these various assumptions and computations 

thus hang together, and an error or variation in any one will affect 

all the others. The point is, however, that the slip is one of the 

quantities which is selected out of hand, and then if the expecta- 

tions are realized the propeller will operate at that slip, and will 

drive the ship at the desired speed. ° 
In selecting the values of the slip, we are guided by two consid- 

erations (a) the greater the slip the greater the thrust developed, 

and hence the less the required diameter. (6) The best efficiency 

is usually found at not far from 20 to 25 per cent true slip, and 

hence when practicable values in this neighborhood are usually 
selected. 

(2) A satisfactory answer to this question would mean a general 

discussion of propeller design, and this would require more space 

than can be here devoted to such topics. You are advised to consult 

some standard work in which the subject is treated. 

SELECTED MARINE PATENTS. 

(Subscribers are notified that the Pe aiscarion of a patent specifica- 
tion in this column does not indicate editorial 

commendation or condemnation.) 

644,508. Propeller reversing Bean: franklin A. 

Errington, New York. 

The driving-shaft and the propeller-shaft are axially 

aligned and on the end of the driving shaft is rigidly 

secured a gear. On the propeller-shalt adjacent this 

OE A aa—AN 

gare 

5 == WE — 

i. Yui ~~ 

ee 

$$ KK — 

gear is loosely mounted another gear, a long-faced trans- 

mitting-gear meshing with both of these gears. A 

friction clutch is mounted between the gear on the pro- 

peller-shaft and the gear on the driving-shaft. 

S: S. Pauritiac.—Little hope is entertained for the 

safety of the French Line S. S. Pauillac, which recently 

sailed from New York for Havre, carrying a large 

number of exhibits for the Paris Exposition. She was 

last spoken by the S. S. Germanic on February 11 last. 

Among the exhibits on the vessel was a 30 ft. model 

of the famous Suspension Bridge over the East river 

at Brooklyn, N. Y., which was complete in construc- 

tion down to the minutest detail. 
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PARTICULARS OF THE LONG ISLAND SOUND 
STEAMBOAT, CHESTER W. CHAPIN. 

Newest among the fast freight and passenger steam- 

ers of Long Island Sound is the Chester W. Chapin, 

shown in the illustration on this page, steaming at a live- 

ly rate. This fine twin screw steamer is a product of the 

Maryland Steel Co.’s shipyard at Sparrow’s Point, 

where she was built for the New Haven Steamboat Co. 

By an arrangement recently entered into the New York, 

service from New York to Providence, R. I., via New 

Haven, Conn. To enable the company to maintain this 

additional service the Chester W. Chapin was construct- 

ed. She is practically a duplicate of the widely known 

Sound steamer Richard Peck, with a slight increase 

in dimensions, and such modifications in interior design 

and arrangement as experience with the older boat sug- 

gested. The general dimensions are as follows: Length 

on water line, 310 ft.; length on deck, 324 ft.; beam at 

water line, 48 ft.; beam over guards, 64 ft.; depth 

feen et 2 eh fe Ce oe 
fea ceo Seneca : 

LONG ISLAND SOUND TWIN SCREW STEAMBOAT CHESTER W. CHAPIN UNDER STEAM. 

New Haven and Hartford R. R. has secured control of 

the steamboat company, so that thenceforth the vessels 

of the company’will be operated in harmony with the 

all-rail interests. This transfer gives practical control 

of all the Sound passenger lines of steamboats, plying 

between New York and New England ports, to the Van- 

derbilt railroad interests. 

Though the New Haven Steamboat Co. is a very old 

established corporation, dating, we believe, from 1821, 

it is only within about 12 months that it extended its 

moulded at lowest point of side sheer, 17 ft. 21-2 in.; 

draft loaded, to ft. 6 in.; tonnage, 2,868 tons gross; 1,- 

822 tons net. 

The hull is of mild steel throughout, the scantlings 

conforming to the highest requirements of the United 

States standard register, rating A for 20 years. In the 

accompanying deck plans the accommodations are very 

clearly shown. The Chester W. Chapin is a very com- 

fortable boat and steady in a seaway, being fitted with 

bilge keels. 

(Copyright, 1900, by Aldrich & Donaldson, NewjY ork.) 
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In the accompanying reproductions of photographs of 

the interior the simple elegance of the decorations is 

apparent, though of course, the color effects are lost, 

and these add materially to the ensemble. In the main 

saloon the prevailing tone is old rose relieved with gold 

leaf. The carpets and hangings are a rich red, and the 

furniture is of polished mahogany to match. A feature 

of the arrangements much appreciated by travelers is 

the location of the dining room on the gallery deck, 

this being a really fine room, with seating capacity for 

about 200 passengers. 

All modern conveniences, such as steam heating and 

electric lighting, are installed. The lighting plant has 

a capacity of 650 15 C. P. incandescent lights, and an 

8,000 C. P. searchlight, mounted on top of the pilot 

house forward. 

The propelling machinery consists of two sets of triple 

expansion surface condensing engines, with cylinders 

24 in., 38 in. and 60 in. dia., and 30 in. stroke, of about 

4,200 collective horse power. Steam is supplied at 170 

lb. working pressure by six boilers, 13 ft. dia., and 12 ft. 

long, having 390 ft. grate surface and 11,562 sq. ft. heat- 

ing surface. é 

The life-saving equipment includes eight 22 ft. life 

boats, four 16 1-2 ft. life rafts, one 16 ft. cedar dinghy, 

and 1,100 life preservers. 

Designs for the vessel were gotten out by Cary Smith 
& Barbey, of New York. 

HAMBURG AMERICAN LiNnE.—Already in possession 

of an enormous total of new steam tonnage, the Ham- 

burg American Line is actively engaged in increasing 

its fleet of ocean vessels. It has now under construc- 

tion 25 steamships, which in themselves would 

form a fleet of the first magnitude. The names and 

tonnage of the vessels are as follows: 
ae Tons 

ADESSINIAT tants ste slealete concen EERO EEE: 5,500 
UNG TE eee naan ates te a Soc Aan Aline woe toboueoe 5,500 
VAD OXCAT Crd a eye eae etn ard Nae eee eer en 5,500 
IAT ESM ISI AER fs SON: RAVING AN eS ER RE 5,500 
Belo a ie Fea tas sels sete ee ele Oe ee te 7,500 
Deutschlanday. aac ceecanaocee eee eee 16,000 
Ham purge wesc nee eee ee ee eee ees 10,640 
KUCH a Ur persian ATA es ne ee eee ia T1,150 
IT RUEVAC TON WACKOVOEY ILIA, oso c0000cc00000G00n000000 5,000 
Sor aE lo sooo cdondandspoooudonoousdedauo00DDODbOOuNN 5,960 
Uke ER oar stonartiacsncuannoendGaseéonddans Guoconsouse 6,725 
Sithonia ss ease apne ate ee en eee oe ee 6,725 
Giblslied Haq dsacomwunridnd tie dol dadoaaouseedncondoacane 5,960 
12 new steamers building not yet named.......... 81,825 

Lotallry. dneecisie oe etosiseiee eal cence eee 179,485 

The Deutschland is, of course, for the New York 

fast express service of the company; the Hamburg and 

Kiauchau are for the East Asiatic service. The 

Prinzessin Victoria Luise is the new cruising yacht 

which will make her first trip,through the Suez Canal 

to San Francisco, and will return to Germany by the 

same route. The other steamers are destined for the 

different services on the north and south Atlantic and 

on the Pacific oceans. 

INSTITUTE OF MARINE ENGINEERS.—At the eleventh 

annual meeting of the Institute of Marine Engineers, 

London, England, the election of officers took place, 

and the following will serve during the session of 

1900-1901: President, Col. John M. Denny, M. P.; 

Honorary Treasurer, F. W. Shorey; Honorary Secre- 

tary, James Adamson. The secretary’s report showed 

a membership of all classes of over 1,000, and a healthy 

financial condition. 
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THE NAVAL STEAM ENGINE—ITS GRAPHICS 
AND ECONOMICS ILLUSTRATED -I. 

BY ROBERT H, THURSTON. 

The analysis of thermal and dynamic energy-distribu- 

tions in the steam-engine into useful and wasted ener- 

gies, and the tracing of the stream from its source in 

the fuel at the boiler-furnace to’ and through the steam 

and the engine-piston and on to its work, or, unutilized 

from the steam and the engine-cylinder into the con- 

denser or out into the atmosphere, has strongly attract- 

ed the attention of every intelligent engineer since the 

time of Watt, whether engaged in the design and con- 

struction, in its erection, operation, or in the scientific 

study of its theory. James Watt was the first to make 

a scientific investigation of the nature and extent of the 

wastes of the steam-engine and to reveal their cause, 

their method and their remedy. Since his time every 

engineer of reputation has given more or less attention 

to the subject, endeavoring to ascertain the quantities 

of energy utilized and wasted, the quantities of wastes 

remaining to be reduced, the laws of the variation of 

wastes and utilities, and the processes available for their 

modification with a view to the amelioration of the 

defects of the machine and its approximation in struc- 

ture and performance to the ideal thermodynamic ma- 

chine. ; 

Daniel Kinnear Clark in Great Britain (1852), G. 

A. Hirn in France (1885), and especially, and by far 

most completely, Benjamin F. Isherwood in the United 

States (1859-65), revealed those laws by experimental 

investigation. Their work has been nobly supplemented 

by Emery and Dwelshauvers-Dery, and their succes- 

sors; while Cotterill has shown how to reduce to scien- 

tific form and expression the resulting data. It is now 

practicable to construct a balance-sheet of energies re- 

ceived and expended in such manner as account for 

wastes and_utilities with great precision. 

The marine steam-engine has always interested lay- 

man and professional alike, more, probably, than any 

other form of the machine, partly because of its pe- 

culiarly striking and romantic duty and the imposing 

results attained, partly in consequence of the fact that 

it represents, we may safely affirm, the highest develop- 

ment and illustration of the inventive power of the med- 

ern mechanic and engineer, and largely because of the 

enormous power and striking perfection and economy 

which it has hitherto exhibited when compared with 

other forms of the heat-motors. The requirements and 

the limitations of the case are such, in the application 

of the marine steam-engine to its work, as to compel 

the most extraordinary possible combination of power, 

condensed into minimum space and with minimum 

weight, yet with maximum economy in the use of fuel 

and in cost of operation. 

The following study has special interest as relating 

to the machinery of a noted modern iron-clad of great 

size, power and speed, as well as general efficiency— 

the late U. S. S. Maine. In comparing the work of 

such engines, however, with that of engines noted for 

their extraordinary economy in the use of steam and 

of fuel, regardless of their size or weight or the mag- 

nitude of their boiler-outfit, it is to be remembered 

that, in the case of the man-of-war, and particularly of 
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the iron-clad warship, economy of fuel and of steam at 

full power is not usually so important as when long voy- 

ages are to be undertaken at half-speed. The cruises 

of war-vessels are made at moderate speed and 

under restricted powers and maximum economy at high 

speeds is not important, since it is only in action, and 

for a few hours at most, at any one time, that the 

utmost power and speed of the ship are exacted. 

Economy under such circumstances may therefore 

be wisely sacrificed, to some extent, to concentration 

of power into small space and weight. The “record” 

for maximum efficiency is not held by this class 

of vessels, or, indeed, by: marine engines of any 

class. While it is true that long-voyage freighters 

exhibit, properly, great economy of fuel, the highest 

figures, to date, are given by stationary engines, by 

steam pumping engines, as always since the days of 

James Watt. In the merchant service, nevertheless, the 

inducements to secure high economy are exceptionally 

great. The first cost of fuel is great, comparatively, 

since it must always be of good quality. It must be 

economized, not only because expensive, but also be- 
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centration lighten the ship; but in this case each pound 

saved or each cubic foot thus economized, gives oppor- 

tunity to add to the battery or stores, or to increase the 

thickness of armor. Reduction of weight and volume 

to the lowest possible figures, and as high economy as is 

consistent with these primary aims, are the ends sought 

by the designer of the naval steamer. The following 

study of such a case will give some idea of the extent 

to which high thermodynamic efficiency is actually at- 

tained in such vessels. ; 

Before taking up the data derived from the trial of 

the vessel, we will first see what would be the efficiency 

of a perfect thermodynamic engine, with steam pres- 

sure ranging, as during the progress of the marine en- 

gine since about the middle of the century, from, we 

will assume, 30 to 160 lb. per sq. in. absolute. The 

actual variation in customary steam pressures during 

this century is shown, as reported by a number of 

observers for this period, on the accompanying plate, 

Fig. I. 

It is found that steam pressures and efficiences are still 

rising, and the indications are, at present, that they 
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FIG. 1.—RISE IN STEAM PRESSURES. 

cause every pound weight and every cubic foot of space 

occupied displaces a pound or a cubic foot of paying 

freight. On the other hand, the engines.and boilers 

also displace paying cargo, and must be made as small 

and as light as may be found consistent with economy 

in the use of fuel. The whole design of a steamship, 

in fact, is a series of compromises between these va- 

rious claims, and final results are more or less satisfac- 

tory accordingly as the net total outcome, measured 

on the books of the treasurer of the company, shows 

more or less earning power and a higher or lower ratio 

of returns to expenses of operation. Every principal 

proportion must be studied with reference to ability to 

improve permanently the dividend-earning power of 

the line. In the case of the war-steamer, the designer 

seeks the greatest possible concentration of power, a 

minimum weight and space with maximum power, or 

with a stated demanded power. Not only does such con- 

will continue to rise for a considerable time to come. 

It is now possible to obtain safe steam-boilers for any 

pressure that may become usual and generally desired, 

and this has been, from the first, the real limit of ad- 

vance in this respect. The introduction of the water- 

tube boiler of Stevens and Perkins has made pressures 

available that could not have been otherwise dreamed of. 

The rise of pressure has been, on the whole, a fairly 

uniform one in rate and regularity during the generation 

just past, and, if this should continue another gener- 

ation, the indications are that the year A. D. 1900 may 

see 300 lb., and possibly more in common use; and it 

would seem possible that only the approach to tem- 

peratures rendering our materials cf construction no 

longer reliable may limit this advance. At the cur- 

rent rate of progress it will still be a century before 

we make standard those pressures which were experi- 

mentally employed, and with safety and comparative 
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economy, by Jacob Perkins a half-century ago. Forty 

years hence, the promise of our diagram is that cus- 

tomary pressures may be as high as 400 lb. per sq. in.— 

27 atmospheres. The sharp bend in the curve limits the 

period of the simple engine of James Watt, and 

marks the inauguration of the period of multiple-expan- 

sion engines. The steadiness with which the curve ad- 

heres to its uniformity of radius subsequent to that 

period would ordinarily be taken as evidence that we 

may fairly expect steady and uniform progress at a 

similar rate in the immediate future; but no one can 

say at what moment obstacles of insurmountable, or of 

slowly surmountable, character may arise to change 

the law of the curve. Perkins, however, in 1824-36, em- 

ployed pressures of, first, 500 Ib., then 1,000 Ib., and 

finally of about 1,500 Ib. per sq. in., with a ratio of - 

expansion of 8, and obtained, as he says, one horse- 

power with but two bushels of coal per day, or less than 

two pounds per horse-power per hour, with but a 

fraction of the expansive action practicable to-day. 

With modern sectional boilers, and skill in design and 

construction, and guided by the light of modern 

science, now illuminating a then dark field so com- 

pletely, it would be strange if our engine builders could 

not do better than Perkins, and enormously better than 

they are usually to-day doing.* 

While increasing steam-pressures have been an im- 

portant, an essential, element of progress, as securing 

better thermodynamic conditions, and have thus per- 

mitted a wider range of thermodynamic transforma- 

tion, rising piston-speeds have as continuously aided in 

reducing the extra thermodynamic losses of the engine, 

and, contributing thus to the net result, have been, and 

still remain, one of the most important of the ele- 

ments of high efficiency. The next illustration, Fig. 2, 

exhibits a diagram of the relation of piston-speeds to 

time which will forcibly present to the mind the relation 

of this economic condition to.the progress already illus- 

trated in improving duty. Not infrequently speeds have 

been adopted in marine work, especially, considerably 

higher than here shown, and 1,000 ft. a minute is not 

an uncommon figure in practice. This high speed of 

piston has the double advantage of reducing “cylin- 

der condensation,’ and thus of making the constructor 

more or less independent of super-heating, of com- 

pounding and of jacketing as methods of its amelior- 

ation; while, at the same time, increasing speeds give 

increasing power in full proportion. Power is a product 

of the two factors, resistance overcome and speed of 

velocity of action. Of these two factors, speed is that 

which costs nothing in size, weight or expense of con- 

struction. A steam engine working at a speed of 500 ft. 

a minute has just one-half the power, and is consider- 

ably less economical, usually, than the same engine at 

1,000 ft. 

A standard of efficiency is required, in comparing the 

economical performance of steam-engines, precisely as 

*Perkins employed a Woolf compound engine as early as 1827, 
and for his latest work with his highest pressures. Had Perkins 
and Alban, the distinguished German engineer who followed in his 
track, employed larger expansion ratios. and triple and quadruple 
expansion engines, it is more than possible that we should be to-day 
using, regularly and customarily. pressures exceeding these Prog- 
ress must apparently always bein that direction; we can see no 
way of increasing our engine efficiencies by reducing the lower 
limit of temperature and pressure.—R H 7T., Trans A SM E. 
Contemporary Economy of the Steam Engine. 
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a standard is needed for weights and measures, or for 

coinage. This standard has for its ultimate measure 

the “mechanical equivalent of heat,’’ as Joule called it, 

the thermal equivalent of work, as it may just as well 

be called. Energy measured in the dynamic form, and 

the equivalent amount of energy in the thermal state, 

have the relation of equality between 778 foot-pounds 

of dynamic energy and one thermal unit in British 

measures (B. JT. U.). With perfect transformation of 

heat into work, each unit will be found to produce, by 

its conversion into the other form of energy, 778 foot- 

pounds of work. Any heat-engine of perfect form and 

of perfect efficiency, of efficiency unity, would do work 

in this proportion to heat supplied it. 

The above statement is equivalent to saying that 2,545 

B. T. U. per hour are the equivalent of the horse 

power, 1,980,000 foot-pounds per hour. Similarly 42.42 

B. T. U. per minute are the equivalent of the 33,000 

foot-pounds per minute, which are conventionally taken 

by the engineer as equal to horse-power. The quan- 
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tity of steam demanded per horse-power, at efficiency 

unity would depend upon the amount of heat suppiied 

the feed-water, per pound, at the boiler. With .a con- 

densing engine, raising the temperature of the feed from 

that of the hot well and condenser to that of the 

boiler-steam, and evaporating it into steam at that pres- 

sure, the quantity of heat communicated per pound is 

commonly about one thousand thermal units, and the 

horse power demands from 2.3 to 2.5 pounds of steam 

per hour. This, again, is the equivalent of about one- 

quarter of a pound of good coal. These several meas- 

ures of equivalence may be termed the several forms 

of expression of the absolute standard. But we need 

also standards of relative performance, by means of 

which to compare the efficiencies of the real engine with 

the computed efficiencies of the ideal machine of 

similar cycle. Of these standards, a number are found’ 

useful, each in its own way and for its special pur- 

pose. 

1900 



188 

The Carnot Cycle affords a relative standard by 

means of which the wastes of the real engine may be 

determined, so far as they are due to departures from 

the most perfect economic conditions and the most per- 

fect possible thermodynamic cycle. Worked in this 

cycle, whatever the character of the working fluid, the 

efficiency is a maximum, and always measured by the 

ratio of the range of temperature worked through to 

the maximum, absolute, temperature of the cycle. In 

all cases we have a diagram composed of a pair of 

adiabatic lines, crossed by a pair of isothermals; all the 

heat. received is taken into the system at the maximum, 

and all that is rejected is discharged at the minimum 

temperature, and transfer from isothermal to isothermal 

always occurs adiabatically. The difference between the 

heat received and that rejected is converted into work, 

and the ratio of work performed to heat supplied, the 

measure of efficiency, is given in turn by the difference 

of temperatures of reception and rejection, divided by 

the maximum temperature, on the absolute scale: 
DNC, = (A, = Mp) A 

Computing the quantity of heat or steam or fuel re- 

quired in the given case for efficiency unity, the division 

of these quantities by the Carnot efficiency of the given 

cycle gives the measure of the maximum thermody- 

namic efficiency attainable by even a perfect engine, and 

the difference between the value of this efficiency and 

that of the real engine, with which comparison is made, 

affords a measure of the sum of all wastes, thermody- 

namic and extra-thermodynamic, so far as they consti- 

tute the economic difference between the ideal and the 

real engine. 

In making such computations of efficiency, we require 
the following data only: the initial and final pressures 

and temperatures of the working fluid, and, for special 

purposes, the volumes of the fluid in the several states, 

and under the various conditions, marking critical points 

in the cycle. To determine the weights of steam and of 

fuel, the sensible and latent heats must be ascertained 

by consultation of the “steam-tables” and the quality of 

the fuel, as determined by chemical analysis, or by com- 

bustion, for the ideal case, and by a steam-boiler trial 

for the real engine, must be accurately determined. 

The Carnot efficiencies being thus computed, the com- 

parison of these figures with those resulting from 

a trial of the engine will furnish a measure of 

the relative value of the latter, of the nature and 

magnitude of its wastes, and of the range remaining for 

further improvement. 

A relative standard of efficiency of still more actual 

value, perhaps, is the ideal case as computed on the 

assumption that an engine can be made of similar cycle 

with that adopted in the actual case, but free from 

extra-thermodynamic wastes. 

U. S. S. Kearsarce.—On a two hours full power 

trial, natural draft, the U. S. S. Kearsarge gave the 

following results: Average revolutions, starboard, 

08.7; port, 96.9; vacuum, starboard, 26 in.; port, 25.5 

in.; steam pressure, 154 1b.; coal per hour, 18,480 lb.; 

T. H. P., 8,483.35; main and auxiliary engines, coal per 

I. H. P., 2.18 lb.; average speed, 14.99 knots. The 
mean draft when leaving port for trial was 23 ft. 7 in. 
Pocahontas coal was used. 
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MAIN OFFICE BUILDING OF THE NEW YORK 
SHIPBUILDING CO., CAMDEN, N. J. 

Since the purchase of a site for the new shipyard at 
Camden, N. J., the New York Shipbuilding Co. has been 
unceasingly at work getting the plant ready for opera- 
tion. The site selected covers, as our readers will re- 
call, about 120 acres, and field work was begun July 3 
last. Pending the completion of the office building at 
the yard, headquarters were established ‘in one of the 
large office buildings in Philadelphia, but these have now 
been transferred to the office at Camden, which has 
been completed and fully made ready for occupancy. 

This building is of much interest to the engineer, as 
it has been laid out with a proper appreciation of the 
needs of a modern, up-to-date office, and the thorough- 
ness which has marked all the operations of this com- 
pany is displayed in both the design and equipment. The 
accompanying photograph gives a very good idea of the 
main office. The building is in the old colonial style, 
very appropriate in the section in which it is situated. 
It is located on a lot, 460 ft. by 210 ft., on the opposite 
side of the street from the main entrance to the yard. 
About 400 ft. distant the main shops are situated, with 
the street, the yard office, power house, and general store 
room intervening. Street car lines pass the door and 
connect with the Camden ferries to the city of Phila- 
delphia, and stations of the Pennsylvania and Reading 
railway systems are located at the rear within three 
minutes walk. 

The building is located 50 ft. back of the curb line, 
and is 130 ft. by 116 ft., and contains two stories and 
basement. The foundations are concrete with granite 
water table; the walls are dark red colonial brick, with 
thick cement joints, raked out and trimmed with In- 
diana limestone. The main entrance is also of Indiana 
limestone of colonial design, with heavy pediment. 

In the accompanying floor plans the accommodations 
can be read at a glance. The interior finish of the build- 
ing is of white oak quartered and finished dark. Great 
attention has been given throughout to the important 
feature of lighting. Walls and ceilings are painted in 
oil, with various shades of green, depending on the 
amount of light admitted to the rooms. The upper por- 
tion of every door and partition is of chipped glass. 
Chocolate colored plain linoleum is laid on the floors, 
and quartered oak, richly polished, is used for all the 
furniture. 

A feature of the structure is a great fire proof vault, 
40 ft. by 20 ft., and extending through three stories. In 
the lower floor such archives as will be seldom referred 
to will be stored. The middle story of the vault is di- 
vided into three compartments, for holding hull depart- 
ment drawings, engine department drawings, and for 

letters, estimates and other valuable papers. The upper 

story is divided into two compartments, and will be 
used for the storage of data and papers belonging to the 
cost and accounting department, and for the use of 
drawings pertaining to the construction and mainte- 
nance of the plant. 

In the basement the entire south side is laid out in 
three dining rooms, occupying a space 120 ft. by 24 ft., 

with capacity for 200 persons at one sitting. One of 
these rooms is a private dining room, another the 
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dining room for the general officers, and the third is 

the general dining room. Kitchens and serving room, 

equipped with every modern convenience, a large refrig- 

erator, and pantries, are conveniently placed. 

On the north side of the basement the office en- 

gineer’s room is located, also a bicycle room, approached 

by a slope, and a room 50 ft. square to be used for ex- 

hibiting ship appliances and fittings. One hundred sep- 

arate lockers are situated along the main corridor for 

the use of the draughtsmen. 

In the toilet rooms the newest sanitary appliances are 

fitted. One toilet room is located in the rear of the 

basement, and is reached by stairways from each of the 

drawing rooms; the other room is in the basement prop- 

er, and is approached by a stairway from each front 

corner of the building. 

The first floor is exclusively for the use of the ex- 

ecutive departments, and has separate accommodations 

for the engineers, draughtsmen, estimators and libra- 
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The office of the general superintendent is situated be- 

tween that of the president and superintending captain 

on one side, and the estimator, naval architect, chief en- 

gineer, marine engineer, draughting rooms and libra- 

rian on the other. 

Between the rooms of the executive officers and the 

draughting rooms come the quarters for the chief en- 

gineer, naval architect and marine engineer. This space 

extends over the entire length of the building—that is 

130 ft. 

On the other side of the first story are the offices 

for the cashier, treasurer, vice-president, purchasing 

agent and his clerks, and the librarian. These are ar- 

ranged so that the purchasing agent is situated between 

the vice-president and treasurer on one side, and the 

clerks and librarian on the other. : 

The duties of the librarian will be to take charge of 

all tracings, catalogues, books, estimates, letters, and in 

fact, all data for use by all the officers and employees. 

MAIN OFFICE BUILDING OF NEW YORK SHIPBUILDING CO. AT CAMDEN, N. J. 

rian; thus bringing together on one floor all employees 

engaged in securing work and in preparing data having 

reference to the output of the yard. 

Special care has been taken in the arrangement of 

rooms so that each of the officers will be located con- 

veniently to the various departments with which he will 

have frequent communication. By an inspection of the 

first floor plan, on page 191, for example, it will be 

noted that the president’s office adjoins that of the pri- 

vate secretary and board room on one side, and the 

private library, superintending captain and general su- 

perintendent on the other side. 

The functions of the superintending captain will be to 

advise with the president, general superintendent, naval 

architect, chief engineer and marine engineer with rei- 

erence to the proper construction of ships and conveni- 

ences in arrangements and handling. 

A memorandum of all letters received will be made by 

him before distribution, all answers to letters will be 

copied by him, and the copies retained and filed. As 

soon as tracings are finished and approved they will be 

delivered to the librarian and blue print copies will be 

distributed on requisition, the blue printing department 

being entirely in his charge. All data pertaining to the 

purchasing department will be received, catalogued and 

classified by him and temporarily delivered to the pur- 

chasing agent for use. The librarian willalso have charge 

of the general library and all periodicals. The latter will 

be purchased in triplicates, one copy being bound and 

filed in the library, the other two cut up and properly 

classified. The object of establishing this department 

is to relieve all the officers and stenographers of the bur- 

den of arranging, classifying and filing, and especially 

the remembering of such data as they are called upon te 

use frequently. 
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On the second floor the accounting department has _ ficers’ rooms is a separate draughting room for his spe- 

large office space, and here also are the quarters for the cial use. In the main body of the office on this floor 

staff occupied with the maintenance of the plant. there is a fine model room. In the north corner of the 

The secretary, whose office adjoins that of the ac- office there is extensive accommodations for blue print- 

counting department, will have charge of all the book- ing and photographing department, which will be under 
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keeping and cost accounting. Accommodations for the the control of the librarian, who will, also, have charge 

maintenance staff will include offices for the mechanical on this floor of the vault containing drawings and data 

engineer, electrical engineer and civil engineer in charge for the maintenance of the plant. 

of the yards and docks. Adjoining each of these of- In the southeast corner a tracing room is fitted, where 
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work of this character will be carried on, so as to re- 

lieve the draughtsmen of both the hull and engine de- 

partments. 

An adequate water supply has been provided through- 

out the building. Each floor will be supplied with a con- 

tings are located conveniently for the use of the execu- 

tive officers. 
Heating and ventilation have been carefully consid- 

ered in the ‘design of the office. It will be heated in cold 

weather by exhaust steam from the power house, situ- 
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stant flowing stream of water at a temperature of 55 

deg., pumped from an artesian well. Wash rooms and 

drinking fountains of the two draughting rooms are 

situated in the center of each room, and other similar ft- 

ated 300 ft. distant, by both the direct and indirect sys- 

tems. The indirect system consists of a heating cham- 

ber through which air from the outside of the building 

is drawn by a large fan and distributed to each room 
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in proportion to the number of occupants of the room. 

A sufficient quantity of air is forced in to effect a com- 

plete change of air in the room once in every five min- 

utes. During the summer season this system will be 

used to keep the air fresh in the rooms. A direct sys- 

tem of heating by steam radiation is also provided in 

MARINE ENGINEERING. May, Igo0. 

have a capacity for 130 telephones, of which 100 will be 
used in connecting the various offices of the main works 
and thirty in the office building proper. Each depart- 
ment in the office will have a connection through the 
central station with every other department by desk- 
phone, and with every part of the works where wall in- 
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Marine Engineering 

SECOND FLOOR PLAN 

SECOND FLOOR PLAN OF MAIN OFFICE OF NEW YORK SHIPBUILDING Co. 

all rooms, but this will only be needed in excessively 
cold weather. 

For purposes of quick communication throughout the 
entire plant a very complete telephone system has been 
installed, with the central station located in the main 
office on the first floor. This, when completed, will 

struments will be fitted. For lighting the office the build- 
ing is wired for direct current, and incandescent lamp 
fixtures are fitted wherever needed, the current being 

supplied from the power house in the yard. 
In a description on paper it is not possible to cause 

a full appreciation of the facilities in the building for 
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effective and convenient operation, such as would be 

experienced by a personal inspection. To those who 

have had experiences with old time shipyard facilities 

the new building would seem a creation of fancy rather 
than fact, so completely does it meet the needs of 

modern work. The size of the building can be better 

appreciated by a comparison which shows that the two 

upper floors are in dimensions equal to 100 rooms, I5 

ft. by 15 ft., or floor space equivalent to a 40 ft. by 60 

ft. building ten stories high. 

The architects of the building, as well as of the main 

shops, are Hale & Amory, 15 Exchange St., Boston, 

Mass., and Henry G. Morse, Jr., associate architect, 

has direct charge of the construction and arrangements 

on the ground. The general constructor for the build- 

ing is the J. S. Rogers Co., Camden, N. J. 

ONE AND TWO-WIRE SYSTEMS OF ELECTRIC 

DISTRIBUTION, COMPARATIVELY 

DISCUSSED. ee, 

BY ALTON D. ADAMS. (/ | 1 J \ 

The fact that thé largest steamship in the world, the 

Oceanic, has recently been fitted with an electric plant 

for which the hull serves as one set of main and branch 

conductors between the dynamos, lamps and motors, 

emphasizes the claims of advantage made for the one- 

wire system of ship lighting. 

The usual American practice in ship plants is to run 

a complete, copper circuit of two insulated wires, to 

which the dynamos, lamps, and all current-consuming 

devices are connected. This system has no electrical 

connection with the hull of the ship; both terminals of 

the dynamos are carried to the switchboard and double 

pole switches and fuses are provided for all circuits. 

In: the one-wire system of ship lighting, one terminal 

of each dynamo, usually the negative, is connected 

directly with the steel hull of the ship, commonly by a 

contact plate in which a cable from the dynamo ter- 

minates. The other, or positive dynamo terminal, is 

carried to the switchboard and connected through sin- 

gle pole fuses and switches with each of the wires leay- 

ing it. The single wires going from the switchboard 

each represent one side of a circuit for which the hull 

of the ship is the other. Each wire connects with its 

group of lamps, motors or other devices, and the other 

terminal of each lamp or motor is secured to the ship’s 

hull. 

The advantages of the one-wire system include a say- 

ing in both materials and labor. As all of the switches 

are single pole, the weight of their metal parts is only 

about one-half of that for double-pole switches. Fuses 

also being single pole, their parts require only about 

one-half the weight and space of the two-pole type. The 

smaller number of switch and fuse parts require a 

smaller and more simple switchboard for mounting 

them, also smaller distribution panels at other points. 

The greatest saving of materials effected by one-wire 

plants is in the weight of copper required for distribu- 

tion. 

The weight of wire required for the circuits of electric 

plants varies inversely as the electric pressure or volts 

consumed between their terminals, when the full rated 

current is flowing, other factors remaining constant. 
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As two wires of equal size and weight connect each 

lamp or motor with the dynamos, the use of the ship’s 

hull for one side of the circuit reduces the total weight 

of wire one-half, provided the sizes of wires used for the 

other side of the circuit remain the same as in the two- 

wire system. The loss in a wiring system, however, is 

properly decided on questions of lamp regulation, heat- 

ing of conductors and power loss, so that the same loss 

of pressure in the entire circuit is desirable whether the 

two-wire system or the one-wire with hull return be 

used. Hence it is said that, since the electrical resist- 

ance of the hull is very small, the resistance of the wires 

in the one-wire system may be twice as great as that of 

one-half of the circuit in the two-wire system; that is, 

may equal the entire resistance of the two-wire system. 

If this claim is correct the wires of the one-wire system 

with hull return may be of only one-half the size of 

those in an equivalent. two-wire system, for the same 

loss of power and pressure, and the weight of copper 

necessary for the one-wire plan is, therefore, only one 

quarter of that with two wires or a complete copper cir- 

cuit. 

Simple as it thus appears to save seventy-five per cent 

of the weight of copper necessary for two-wire ship cir- 

cuits, there are very good reasons why no such saving 

can be made in practice, for the great majority of cases. 

A suitable loss of pressure in the wiring of ship plants 

usually ranges from two to five volts at full load, being 

largely decided by considerations of pressure regulation 

at lamps as well as some regard for loss of power. There 

is, however, another important factor that cannot be 

ignored, namely, the safe carrying capacity of the wires; 

that is the rate at which current, as measured in am- 

peres, may flow through them without causing so great 

a rise of temperature that they become a source of dan- 

ger as to fire. Now the safe carrying capacity of a given 

wire is a constant quantity under the same conditions, 

depending upon its sectional area and the kind and 

quantity of its insulation, while the maximum loss of 

pressure that may occur in a conductor varies directly 

with its length, and may be very small if the conductor 

is quite short. In the design of the two-wire system for 

ship plants with losses of from two to five volts pressure 

in the wiring, the permitted pressure loss determines 

in most cases the size of conductors, rather than con- 

siderations of safe carrying capacity. The practical ef- 

fect of the hull return is to cut the length of wires in 

two, so that if the same loss is to be had in the wires of 

the one-wire system that would be allowed in the two- 

wire system for the same service, it will often be found 

that the permitted loss involves too great a rise of tem- 

perature in the wires, and is, therefore, larger than is 

permissible. In this case the only course is to select 

some larger wire whose safe carrying capacity will not 

be exceeded by the desired flow of amperes. In many 

cases, for the distances common in ship plants, this limit 

as to safe ampere capacity of wires will be found to re- 

quire about the same sizes of conductors in many parts 

of the one-wire system as would be used for the two- 

wire. 

Another practical limit to the reduction of the areas 

of wires in the one-wire plan is found in the fact that, 

for mechanical considerations as to strength, the small- 

est wire that should be used for general purposes in 
either the one or two-wire system is about .064 in. dia., 
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and much more of this particular size, as to length, will 

be used than of any other. The result of the considera- 

tions just named, together with the fact that the weight 

of insulation does not vary so fast as that of its con- 

tained copper wire, tends to keep the sizes of wires for 

the one-wire system and also their weight at about that 

in one-half of an equivalent two-wire circuit. 
Even on the supposition that the hull of a ship offers 

no electrical resistance when used as the return for a 

wiring system, it is by no means possible, therefore, to 

reduce the section and weight of wire in the one-wire 

system to one-fourth of the amount required for the 

two-wire plan. A little consideration will show, how- 

ever, that to regard the return circuit through the ship’s 

hull as of no resistance is a mistake. One of the fixed 

rules for the erection of electric wires is that all joints 

between wires be soldered to insure a low resistance at 

these points. At switch, fuse and socket terminals clamp 

joints are permitted, but special contact parts of rela- 

tively large surface are provided at these places, and 

these clamping parts are always of brass or copper, the 

surface of which is much less subject to the formation 

of oxides than is that of iron or steel. - Now the oxides 

that gradually form on the surfaces of metals are the 

main cause of the increasing resistance of unsoldered 

joints.. When metal surfaces are perfectly clean the re- 

sistance of a tight joint between them can be lowered 

but little by the use of solder, but the solder prevents 

the formation of oxides in the jointed surfaces. It is 

well known that any iron or steel surface to which 

damp air has access soon becomes coated with oxide, 

and this result can hardly be avoided in the hundreds 

and thousands of contacts between electrical fittings 

and the hull of a ship, when the latter is used for the 

Teturn circuit. The result is that a resistance at these 

joints, which may be trifling when the fittings are first 

erected, is apt to become quite a serious matter at the 

end of five or ten years. The hull of a ship, made up 

with a great number of steel plates, obviously has many 

joints which an electric current flowing between dis- 

tant points on the ship must cross. These joints be- 

tween ship plates are, perhaps, less subject to corrosion 

than are those between electrical fittings and the hull, 

but there must be some action of this kind, and the 

scale on the plate when they are at first joined is 

rather a poor electrical conductor. Considering both 

the joints between electrical fixtures and the hull, and 

also those between the hull plates, it seems practically 

certain that whatever the resistance of a return circuit 

through the hull when the ship is new this resistance 

will gradually increase and ultimately reach a very ma- 

terial amount. The resistance of a well designed two- 

wire system for a ship plant is in any case small, and it 

is at least doubtful whether the ship’s hull and the con- 

nections thereto would, after a term of years, have a less 

resistance than one side or half of a proper two-wire 

system. At atime when electric plants on board ship 

were quite small and performed no service apart from 

lighting, the hull was more apt to give satisfactory re- 

sults as a return circuit than now, when many hundreds 

of amperes flow from one part of the ship to others for 

the operation of lamps, motors and heaters. 

Considering the factors of mechanical strength, am- 

pere carrying capacity, and the uncertain and increasing 

resistance of joints, it seems impracticable to reduce 
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the wires of a one-wire system below the sizes that 

would be used in the corresponding half of a two-wire 

plant. If the same sizes of wire are used in the two 

systems for a given case, the one-wire plant will require 

just one-half the weight of conductors necessary for the 

two-wire. Some labor will no doubt be saved in the 

one-wire plant, but its amount will not be so great as 

might be supposed, since twin-wire cable is not much 

harder to erect than a single wire, and the labor in- 

volved to secure proper attachments to the steel plates 

of the ship’s hull cannot be neglected. 

The cost of a wiring equipment on board ship must 

depend on a number of factors peculiar to each case, 

important among which are the loss of pressure per- 

mitted in conductors and the size of the’ship. Allowing 

for the use of the same sizes of conductors in both sys- 

tems, however, the total saving of labor and material by 

the one-wire plan will probably not exceed one dollar 

per lamp (16-candle power) capacity of the plant for an 

average case. To offset this rather small saving of 

first cost for the one-wire plan, it has a few decided 

disadvantages. Whether electrolysis at the joints 

between the steel plates of a ship’s hull will ever be- 

come of importance is as yet an open question, but a 

practical demonstration of such effects on the hull of 
a ship may prove an expensive lesson. That heavy 

electric currents can work great damage when passing 

out of iron surfaces where moisture is present, and 

that with little warning until destruction is nearly com- 

pleted, now has been fully demonstrated to the dissatis- 

faction of water and gas companies in many parts of 

the country. 

It sometimes happens that the terminals of a fuse be- 

come short circuited or joined through a burnout, or 

that an arc continues between fuse terminals after the 

fuse has been melted by a heavy short circuit at some 

point on the line which it protects. In a two-wire sys- 

tem either of these mishaps is usually cared for by the 

fuse on the other wire, since double pole fuses are 

regularly used on two-wire work. In the one-wire plant 

there is no duplicate fuse to blow and open the con- 

nection, so a fuse designed to protect some larger wire 
must either blow out or else the wire which the faulty 

fuse connection was designed to protect must melt and 

thus produce a very real danger of fire. The known 

nature of an electric current is to expend the most of its 

energy in the generation of heat at those points in its 

circuit where the resistance to its flow is the greatest. 

This is illustrated by the incandescent lamp, which 

consumes most of the energy of the current flowing 

through it simply because its resistance is usually many 

times that of the wiring to which it is attached. As the 

joints between the electrical fittings and the steel hull 

of the ship grow old some of them are apt to develop 

a high electrical resistance through being loos2 or rust- 

ed, and such loose joints may become a serious danger 

as fire risks, because of their development of heat, 

against which no fuse on the circuit can guard. 

In a two-wire plant one-half of the total electric 

pressure acts, under normal conditions, to break down 

the insulation of either wire or pole, while in a one-wire 

system, with a hull return, the entire effort of the pres- 

sure is to pierce the insulation at the single wire pole. 

For equal security against this effect alone, therefore, 
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the insulation of a single wire system should be of 

double thickness. It is regular practice in the erection 

of two-wire plants to install at the switchboard a de- 

vice that ‘will indicate at once when an accidental 

ground, or, in the case of ships, iron 

occurs in any part of the electric circuit, so that 

it may be removed. As a one-wire circuit with 

hull return is in direct contact with the iron of the ship 

at a great number of points, an accidental contact in 

any place cannot be indicated at the switchboard, but 

is revealed only by the injurious effects it produces lo- 

cally in the way of heat or fire at the place where it oc- 

curs. A very heavy iron connection might take so 

much current that the extra flow would be indicated by 

the amperemeter, but this cannot be relied on, as the 

load of amperes is constantly changing in any event. 

On a two-wire system a single ground or iron connec- 

tion produces no flow of current or bad results what- 

ever, until another ground or iron connection is 

made on the other side of the circuit, and there 

is usually opportunity to remove the first ground or 
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OVERHEAD CRANES, STAGING AND RIVETER- 
CARRYING APPLIANCES IN THE SHIPYARD.* 

BY JAMES DICKIE, 

The need of some means whereby materials can be 

hoisted and deposited in any position on a vessel, while 

building, has long engaged the attention of the ship- 

builder, and now that power-riveting is coming greatly 

into use, the demand for something overhead becomes 

imperative. Added to this is the staging necessary for 

the construction of the vessel, which is, of itself, a large 

item in the cost; while to this must be added the neces- 

sity of keeping the upper works fair while in the early 

stages of construction. 

These four items form a large portion of the cost of 

the large merchantman or war vessel, either of the 

cruiser or battleship type, and when we take into ac- 

count the enormous beam of these large vessels we find 

that anything done must be on a large scale. If, then, 

some kind of a structure that will facilitate the per- 

formance of these four functions can be made, we have 

WOODEN FRAMEWORK OVER SLIP NO. 4 IN SHIPYARD OF UNION IRON WORKS, SAN FRANCISCO, CAL. 

iron connection before a second one can occur. With 

one-wire and a hull return there is damage at once 

when the first iron connection occurs, and no chance to 

remedy the faulty contact until the trouble happens. 

Under ordinary conditions a contact with terminals 

of about 110 volts pressure gives but a slight shock to 

most persons, but with 220 volt circuits, which are now 

coming into use for lamps and motors, an unpleasant 

sensation can be had. It is seldom that the user of 

lamps and fittings on an insulated two-wire system is 

exposed to a shock, as he must make contact with both 

wires at some uncovered points simultaneously, but 

with the one-wire plant a hand laid on an iron part 

of the ship, while the other is in contact with the wire 

or a switch will result in a discharge of current through 

the body. : 

In face of these facts the preference that has grown up 

for two-wire insulated circuits on ships seems to be 

well founded. 

at least advanced one step towards cheapening the cost 
of the modern vessel. 

Previous to 1884, so far as the writer knows, the only 

means used to hoist materials on a vessel while building 
was the derrick-pole with the swinging-gaff. Since 

that time several forms of cranes have been adopted. 

1st. We have the cantilever traveling crane, a good ex- 

ample of which is seen at Newport News. This crane 

has been so often described and illustrated that I need 

not do more than refer to it. It only performs one of 

the four functions sought, namely, the hoisting of mate- 

rials, and as there is only one crane to two ships, the 

writer cannot see how it can do all the hoisting for one 

vessel, no matter how fast it travels, seeing that the 

time of hoisting and traveling is such a small part of 

the work. We find that the average hoist takes about 

40 sec., traveling to the destination about 45 sec., while 

*Read at the seventh general meeting of the Society of Naval 

Architects and Marine Engineers, held in New York. 
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No. 2, built in 1887, is also 300 ft. long 85 ft. wide 

and 58 ft. high, with a swing crane 4o ft. long at each 
end. 

No. 3, built in 1891, is 300 ft. long, 85 ft. wide, 61 

ft. high with a swing crane 45 ft. long at each end. 

Slip No. 4 is covered with a framework similar to 

the others, but larger; being 408 ft. long, 85 ft. wide, 

Cast iron cap. 

OX ’ 
SCALE OF FEET 2 

10 20 
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the height being sufficient to cover the largest vessel. 

The apex of the roof is 3 ft. from the center, making 

one crane 6 ft. longer than the other. This is done to 

enable pieces such as beams, etc., to be landed on the 

center line. 

The cranes are electric and travel at the rate of 180 

per min., fore and aft, 90 ft. crosswise, and the ft. 
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average height 78 ft. It was at first intended to make the 

structure of steel, but owing to the present high price 

ard scarcity of material, it was decided to make it, like 

the others, of wood. There is a crane at each end 50 

ft. long, thus covering a vessel 500 ft. long; and should 

longer vessels be built in it it can be easily lengthened, 

CROSS SECTION OF WOODEN FRAMEWORK OVER SLIP NO. 4 AT UNION IRON WORKS, SAN FRANCISCO, CAI. 
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hoist 90 ft. per min., with a lifting capacity of 5 tons. 

A manila rope is used for hoisting, which gives consid- 

erable elasticity, and enables a plate to be bolted up if 

within an inch or two of the place. For plating under 

the bottom and under the counter we use a wire rope, 

rove through the plate and the corresponding hole in 
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the frame and toggled under the plate, which enables the 

plate to be drawn close up to its place. . 

One feature of the structure is the facility with which 

staging can bé erected. Where the ship is large, the 

spauls, which are 4 by 8 in., are rove through the main 

posts and held by loose bolts at the ends. Where the 

vessel is narrower, a standard made of 3 by 6 in. double 

is set on top of the ground, and held from canting by the 

rigidity of the spaul in the posts, thus saving all brac- 

ing. As the posts are all 12 ft. centers, we use 2 by 12 

in. by 26 ft. plank for staging, which we find strong 

enough for any work, and light enough to be easily 

handled. 

We propose, in our new slips, to fit up cranes for 

Tiveting as shown in the section. These cranes are 

‘made of 8 in. T-bulb beam, and supported by two sus- 

pension rods. The trolley for the riveter runs on the 

lower flange of the beam; the wheels being 20 in. dia. 

makes it very easily moved. 

The machines we are at present using are the toggle- 

jointed air machines, which drive 7-8 in. rivets with a 

30 in. gap. The weight of the machine is about 1,400 

Ibs. It moves so easily that the operator has no diffi- 

culty in making the nicest adjustment. We are also 

using the percussion air machine, with a 4 or 6 ft. gap, 

which weighs only about 250 lbs. The cranes for rivet- 

ing are only 32 ft. long, with a beam hung from them. 

This enables us to do hoisting and riveting at the same 

time, as all the material is hoisted up over the vessel and 

carried along near the center line to a point opposite to 

where it is to be landed. This center cross beam can 

be raised or lowered to suit the work on the vessel. 

When working on the inner bottom it will be down as 

shown; when on deck it will be close up to the cranes. 

We have studied all the various overhead cranes and 

‘claim for this structure that it is no more expensive in 

first cost and fiulfills more functions than any other, ex- 

cept, that of Messrs. Swan & Hunter, on the Tyne, and 

in comparison with it I think we have the advantage in 

staging. We find no disadvantage in having the posts 

as close as 12 ft., all the hoisting being done at the 

upper end, then carried over the vessel to the required 

place, and, when there, lowered into its proper place. 

As we use no side shores above the bilge, the top sides 

are always clear for lowering a shell plate into position, 

and, as I said before, the bottom plates and plates under 

the counter are hoisted from the ground with a wire 

Tope rove through the corresponding hole in the frame, 

and toggled outside the plate; thus the entire plating 

can be put on the vessel with these cranes. We have 

two cranes at the upper end of the structure. These 

we use for frame riveting and all other pieces that can 

be riveted before going on board. As mentioned be- 

fore, we use this structure to keep the upper works of 

the vessel fair while in the early stages. 

Looking at the plan you will notice a large amount of 

lateral bracing on the lower member of the roof trusses, 

which makes the structure quite rigid. 

Two Russian admirals and a number of other Rus- 

sian officers of high rank are reported to have been 
arrested at Sebastopol on account of financial irregu- 

larities in the construction department at the dock- 

yard there. 
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ENGINEERING IN THE UNITED STATES NAVY— 

ITS PERSONNEL AND MATERIEL.—IV.* 

BY ENGINEER-IN-CHIEF GEORGE W. MELVILLE, U. S. N. 

The war with Spain was too short to give a chance 

for great experience in any line, but the work of the 

Oregon stands out as a brilliant illustration of the fact 

that the modern battleship is not only the creature of 

the engineer, but is absolutely dependent upon him 

for success. You all know the story of Milligan’s 

work as the chief engineer of the Oregon; of his cease- 

less vigilance to keep everything in order and prevent 

any deterioration; of how he saved the good coal for 

the day of battle which finally came (though he was 

told it never could come), and, above all, how he 

persuaded Clark, the commanding officer, to have all 

the boilers ready all the time, although others had 

steam on only half the boilers, and, where it could 

be done, half the engine power was laid off. I am 

firmly convinced that the brilliancy of the victory at 

Santiago is largely due to Milligan’s skill and fore- 

sight, and, as I said, this case is direct proof that 

however admirable as a great fighting machine, the 

battleship is useless except in the hands of trained en- 

gineers. 

During the last fifteen years naval engineering 

has shared in the general progress of all marine engi- 

neering, and has led in many respects. Wrought iron, 

which was formerly the mainstay of the designer, has 

practically disappeared, to be succeeded by mild steel, 

which is not only stronger but much more reliable, 

and the manufacture and inspection of which has 

been brought almost to perfection. There is little 

doubt that the great improvements which have been 
made in both engines and boilers would have been im- 

possible but for the greatly improved material. One 

of the greatest improvements has been in the reduction 

of weight of machinery, and this has been duz both 

to improved material and to radical changes in design. 

In the engine there has been a better disposition of 

the material; and the use of hollow instead of solid 

shafting and other large pieces of forged material, the 

use of steel castings, etc., has been instrumental in 

enabling the use of higher pressures, and particularly 

of higher rotative speeds. These rotative speeds have 

become possible since we have learned to design the 

propellers on rational principles. In the old days, as 

you are well aware, the rule was to make a propeller 

as large as possible, consistent with immersion, and 

this, on account o! the empirical rules for the ratio 

of pitch to diameter, necessarily kept down engine 

speeds. Now we know that within reasonable limits 

we can design a propeller to suit almost any engine 

speed; consequently, we are left free to adopt as high 

a rotative speed as is desirable and consistent with 

safety, assured that we can afterward design an eco- 

nomical propeller to fit it. 

In the boilers, the reduction of weight has been due, 

apart from the more recent adoption of the water tube 

type, to improved material, and especially to forced 

draft. This, as you are doubtless aware, is an Ameri- 

* President’s address (1899) at New York meeting of American 

Society of Mechanical Engineers. 
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can invention almost contemporaneous with Fulton’s 

early steamers; but it had almost disappeared, and 

after a brief revival under Isherwood during the civil 

war, had again died out until it was taken up in some 

of the foreign navies. At the present time no naval 

machinery is ever designed without the use of forced 

draft. 
Pressures have been gradually rising, and even with 

shell boilers as high a pressure as 200 pounds has been 

employed; but with the present plans of using 250 

pounds at the engine, with either triple or quadruple 

expansion, and some 25 or 50 pounds more at the 

boilers, nothing but the water tube boiler would do. 

At the present time it seems as though we had prac- 

tically reached the highest development possible with 

existing types of machinery for naval purposes, leaving 

the designer room only for greater perfection in de- 

tails. We do not, of course, believe that finality has 

actually been reached, and it is possible that some 

radical change may take place which will give us a 

new type of machinery. Some of the more enthusi- 

astic members of the profession think that the steam 

turbine is to be the successor of the present steam 

engine, and assuredly the performance of Parsons’ 

Turbinia is sufficiently remarkable to justify the most 

careful study and further experiment. It is very in- 

teresting in this connection to know that in this coun- 

try the development of the steam turbine is in the 

hands of one of our famous engineers, who is also one 

of the honorary members of this Society—George 

Westinghouse. He has been developing the steam 

turbine with special reference to its use in driving 

electric generators, and some of the results already 

obtained are very remarkable. With his character- 

istic energy and courage, he is not satisfied with re- 

sults on a small scale, but is now getting out a steam 

turbine to develop about 2,000 horse-power on a single 

shaft, and when this has been built and thoroughly 

tested we shall be in a position to appreciate more 

thoroughly the bearing of this form of prime mover 

on naval engineering. 

At the beginning of this address it was remarked 

that this was a peculiarly appropriate time for dis- 

cussing the personnel of naval engineering, on ac- 

count of the radical change which took place this year 

in the status of the engineer officers of our navy. For 

many years, as you all know, there had been an un- 

fortunate controvery in our navy, known as the “line 

and staff fight,’ resulting from the fact that the line 

officers, as the older organization, were unwilling 

that the staff, and especially the engineers, should have 

all the rights to which the latter believed themselves, 

as naval officers, entitled. The great grievance of the 

engineers was that they held what was called “rela- 

tive rank” and were denied the command of their men 

and a military title, so that there was always room for 

the statement, which unfortunately was made at times, 

that they were not really officers and had only a quasi 

tank. All men who have passed middle age have prob- 
ably realized personally the difficulty of bringing about 
any radical change in existing conditions of long 

standing, and I really believe that the trouble in the 
navy was largely a matter of inertia. An enormous 
amount of valuable effort was wasted on both sides; 
the one to secure the coveted rights, the other to 
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prevent this result; but matters had been shaping 

themselves for a considerable time so as to make a 

new state of affairs inevitable. The change in the 

means of offence on board ship had brought the line 

officer to the point of realizing that he must, of ne- 

cessity, be a good deal of an engineer, and such work 

as the manufacture of guns, which is, of course, purely 

mechanical engineering, showed this very strongly. 

On the other hand, the work of the naval engineer on 

on board ship, which had originally been to direct 

a very few men with small machinery, has been grad- 

ually changing, until, on some of our large ships, the 

chief engineer commanded in fact, although not in 

name, about half the crew; consequently, his duties 

had become very largely executive and military, and 

thus of the same nature as the duties of the line offi- 

cer. As a result of this state of affairs, many of the 

more liberal minds on both sides believed that the 

solution of the vexed question in the navy was the 

consolidation of the line and engineer corps, and 

making the new line officer an engineer as well as a 

sea warrior; or, as Congressman Foss expressed it, a 
“fighting engineer.” 

A board of naval officers, presided over by Colonel 

Roosevelt, then Assistant Secretary of the Navy, final- 

ly formulated a scheme for carrying out this idea of 

amalgamation, which was actually proposed in the 

board by a line officer (Captain Evans). When it 

was submitted to Congress, two members of the House 

Naval Committee, Hon. George E. Foss and Hon. 

A. G. Dayton, took up the measure very actively, and 

with the assistance of other members of the commit- 

tee, pushed it forward to complete success, until the 

Personnel Bill became a law, March 3, 1809. 

Under the provisions of this law the officers of the 

Engineer Corps were transferred to the line and given 

new commissions as line officers with actual rank, 

thus effectually disposing of the phantom of relative 

rank. I wish particularly to emphasize the fact that 

the basis of the law, and the consideration that led to 

its adoption, was the demonstrated fact that to 

have a successful navy every line officer must be 

a thorough engineer. This was very well phrased by 

Colonel Roosevelt in his report of the findings of the 

Personnel Board, where he said, “every officer on a 

modern war vessel whether he wants to or not, must 

in reality be an engineer.” Mr. Foss, in his report to 

the House recommending the passage of the bill, 

used language of the same import, and elaborated the 

matter still further, and in the speeches on the floor of 

the House this was the subject which had most weight, 

and which brought about the passage of the measure. 

A natural inquiry on your part will be, how success- 

ful is this measure in actual practice? To this the 

answer is that any such change must, of necessity, 

require time, and it is too early yet to speak of results. 

I wish, however, to put on record my opinion that if 

the administrative details necessary to carry the law 

into effect are worked out with an honest desire to 

give due effect to its plain intent, and with a desire 

to make it a success, the results will be all that can 

be wished, and we shall have the most efficient navy 

in the world. If, through any unfortunate combina- 

tion of circumstances, which, however, I can hardly 

believe possible, there should be: any temporary indif- 
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ference or opposition on the part of those in authority, 

the result can only be lack of efficiency and disaster 

in case of war until the intent of the Personnel Board 

and Congress is put into working effect. 

It may occur to some who have only looked into 

the metter hastily that this scheme of amalgamation is 

contrary to the spirit of the age, with its tendency 

toward specialization; but, as an actual fact, the re- 

verse is true. The misapprehension comes from a 

failure to thoroughly consider the case. When it is 

proposed to make every naval officer an engineer, we 

mean an engineer specially fitted for the work to be 

done in the navy, just as the other training of the line 

officer is for the duties which come specially to him; 

in other words, this new line officer—the “fighting 

engineer’—is to be a specialist in the very best sense 

of the term; that is, a man who has been specially and 

thoroughly trained for the work he has to do. 

I think we may all feel a pardonable pride in this 

change in the status of our naval engineers. The 

amalgamation is analogous to that which occurred in 

the British navy just after Cromwell’s time, and the 

analogy is not a fanciful nor forced one, but is strictly 

accurate. Up to the time of that change, naval vessels 

were manned by soldiers who did the actual hand-to- 

hand fighting, but were entirely ignorant of seaman- 

ship and another set of men who managed the pro- 

pulsive power of the vessel, which was then the 

wind acting on the sails, and who directed 

the movements of the vessel. These men _ had 

no military rank, and were designated simply 

by professional titles, being known as “‘the sailing- 

master and his mates.’”’ The amalgamation which then 

occurred was of the soldier and the sailor, and out of 

this amalgamation was evolved the man-of-warsman 

and the naval officer. With the advent of mastless 

ships, we had reached an analogous condition where 

one set of people fought the guns and another set 

managed the propulsive power, this time steam acting 

through machinery. The new amalgamation has made 

a new naval officer, “the fighting engineer,’ to be 

followed in time by the successor to the old man-of- 

warsman, who will be the “fighting mechanic.” The 

basis of.the new amalgamation is the fact that in this 

industrial age engineering and mechanical skill are 

the source of efficiency in our navy, and this, as I have 

said, is a pardonable cause of pride to all of us as 

engineers. Z 

In the past, engineering has been hampered at times 

in our navy on acount of the subordinate position 

which its representatives held in the naval organiza- 

tion; but in the future, as the whole body of naval 

officers will be engineers, we have every reason to 

anticipate an era of progress and efficiency greater 

than has ever been known in the history of navies. 

This address has grown to a length which I hardly 

anticipated when I began, and for which. I ask your 

indulgence, trusting you will agree with me that the 

importance of the subject and the opportunities of the 

occasion excuse the extent of the address. We of the 

old school have lived to see our fondest hopes realized 

in the proper recognition of our beloved profession 

before we have actually ceased to participate in its 

active work. We linger with fond memory over our 

trials and discouragements, as well as our stccesses, 
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and we may, perhaps, realize that some of our suc- 

cesses have been due to the stimulus of opposition;. 

nevertheless, it does not make for success that when 

one is honestly doing his best work he should feel 

that much of it may be in vain on account of senseless 

opposition and failure on the part of those in high 

places to appreciate it and as we older men leave the 

scene of action and pass on our work to the younger 

generation, we can congratulate them heartily on 

starting out under circumstances which are so in- 

finitely better than those of our time, and which give 

them so much greater opportunity for highly efficient 

work for the republic. 

New Pacific Coast Shipyard. 

Another great shipbuilding plant is to be established 

at the Potrero, San Francisco, within a few hundred 

yards of the yard of the famous Union Iron Works. It 

is announced that the new yard will be fully as large, 

and as well equipped, as any on the Pacific coast, and 

it is the expressed intention of the promoters of the en- 

terprise to enter in competition for warships and bids 

on some of the new vessels that will be ordered under 

the Naval Appropriation bill. The Risdon Iron 

and Locomotive works of San Francisco is the prime 

mover in the establishing of this plant, but it is reported 

that some local capitalist with a standing, such as John 

D. Spreckles or Claus Spreckles, is interested with the 

present stockholders. 
The Risdon company has at present a large plant, at 

the corner of Howard and Beale streets in San Fran- 

cisco, where it turns out mining and marine machinery. 

The corporation has frequently contemplated going into 

the business of shipbuilding, but the cost of building 

material and active competition of local shipyards pre- 

vented an investment in water front property. Recent- 

ly, however, conditions have changed. Every shipyard 

on the coast has been busy. Orders have even been re- 

fused, and, as an additional incentive to prospective in- 

vestors in shipbuilding plants, the railroad companies 

have made concessions in the matter of freights that 

have made it possible for the coast shipbuilders to com- 

pete with eastern firms. 

President W. H. Taylor, of the Risdon works, is said 

to have been responsible for the origination of the pres- 

ent scheme to enlarge the field of operation. Several 
difficult problems confronted him when he first broached 

the subject to the stockholders, and principal among 

these was the inability of the corporation to secure a site 

for the proposed yard, at a point near the San Fran- 

cisco water front, where extensive dredging would not 

be necessary for a_ basin. 

The old Hunter’s Point Drydock site was taken into 

consideration, but it was found that it would be impos- 

sible to acquire this property, as the Drydock company 

had reported progress in business and had finally de- 

cided to put in a new dock, much larger and more 

modern than the one now in use. About this time the 

Pacific Rolling Mills, an extensive concern controlling 

a fine water front site in South San Francisco, went 

out of existence as a working concern. Cost of labor 

on the coast and eastern competition—aided by cheaper 

labor and much cheaper fuel and raw material—made 

the output of the rolling mills very difficult to turn out 
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with profit to the company. The men were 

finally discharged and the works closed. Shortly 

afterwards, it is reported, the Risdon company 

secured an option on the property. Recently, it 

was turned over to them, but the price paid for 

it has been kept:a secret. 

The Pacific Rolling Mills are situated at South 

San Francisco on the Potrero Point, a splendid 

site covering thirty-five acres of ground, and 

controlling a water frontage of 17,000 ft. There 

is much valuable machinery already on the 

ground. A large drydock will be built and ail 

necessary machinery of the most improved types 

will be purchased. Work may commence on the 
new yard July next, but the management of the 
Risdon Works is not as yet prepared to make 

any definite statement on this subject. 

Atlantic Transport Liner [Minneapolis. 

Another of the modern leviathans of the deep 
arrived in New York harbor last month on her 
initial ocean voyage. The vessel was the 
Minneapolis, of the Atlantic Transport Line, in 
ballast from the yard of the builders, Harland & 
Wolff, Belfast, Ireland. She is, we believe, the 
third largest vessel now flying the British flag, 
those of greater tonnage being the mail steamer 
Oceanic, of the White Star Line, and the inter- 
mediate steamship Jvernia, of the Cunard Line. 
The latter vessel, described in our issue of Febru- 
ary last, completed her maiden trip to New 
York last month, a few days after the Minneapolis 
had sailed for London. 

The Minneapolis is one of four ships of like 
dimensions ordered for the Atlantic Transport 
service, the other vessels being the Minnehaha, 
Minnetonka and the Minnewaska. She is of the 
following dimensions: Length between perpen- 

diculars, 600 ft.; beam, 65 ft.; depth, 44 ft.; gross 

tonnage, 13,401 tons; net tonnage, 8,651 tons. 

Though her dimensions are greater than those of 

the [verma her tonnage is slightly less. 

The Minneapolis is of the same general type of 

vessel as the Cymric, of the White Star Line, or 

the Pennsylvania, of the Hamburg-American 

Line, all three vessels being products of the 

same yard. She has the usual long bridge 

structure amidships, in which all the living 

quarters and passenger accommodations are 

placed. Only one class of passengers is carried; 

there being accommodations for 228 first cabin. 
The twin screws are driven by quadruple ex- 

pansion engines, with cylinders 30 in., 43 in., 63 

in. and 89 in., by 60 in. stroke, of the regular 

Harland & Wolff pattern. Steam is supplied at 

214 lb. pressure, and the designed I. H. P. is 

10,000. A trial speed of 17 knots was reported. 

There are five steel decks and as many collision 

bulkheads. In addition to the cargo space there is 

accommodation under the shelter deck for about 

800 head of live stock. When loaded ready for 

her return voyage the Minneapolis drew nearly 

32 ft. of water. 

“LOO dIdl LSHld YAH NO MYOA MAN LV IVAINUV YAH NO GAHdVUANOLOHd ‘SIIOGVANNIW ‘S ‘S UAONASSVd GNY ODUVO MAYOS NIML ANIT LYOdSNVAL OILNVILV 
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WAGES PAID MECHANICS IN THE PRIVATE 

SHIPYARDS OF FOREIGN NATIONS. 

In considering questions of vessel construction from 

a competition standpoint the prevailing rate of wages 

paid in private yards of the various shipbuilding na- 

tions is of much importance. So far as material is con- 

cerned our own yards had an advantage over those of 

foreign countries before the recent “boom” sent struc- 

tural steel away up, and for a time, at least, brought 

back the old conditions. The advance, however, is not 

likely to be permanent, and when the rush is over prices 

will undoubtedly fall. 

This question of wages in shipyards has been in part 

the subject of an extensive investigation by the U. S. 

consuls abroad under instructions from the Depart- 
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these reasons the information is not as complete as 

might be the case had the investigation been conducted. 

by experts. What there is, however, is accurate and 

authoritative and of very great value. In the accom- 

panying table we have gathered together the figures. 

for the various countries, which are scattered through- 

out the report, so that they admit of more ready com- 

parison. In many cases it will be possible to supply 

omissions by estimate, a sufficient number of different 

occupations being covered to give a line on the situation: 

in general. 

It will be noted in reading the table that not all of the 

returns give the average weekly wages, in some cases 

the rate by the hour and by the day being given. 

Besides the figures in tabular form the various re- 

ports contain memoranda which are helpful to a proper 

interpretation of the figures, and in some cases are 

TABLE SHOWING AVERAGE WAGES PAID WORKMEN IN THE PRIVATE SHIPYARDS OF 
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ment of State at Washington. Their several responses 

have been embodied in a special consular report on the 
“Merchant Marine of Foreign Countries,” just issued. 

The queries were addressed to the consular officers of 
the United States, the chief purpose being to procure 

accurate information. concerning the carrying trade of 

each maritime country. Among the inquiries was one 

asking what was the average weekly wages of men en- 

gaged in the various construction branches in ship- 

yards, a list of occupations being given. For this rea- 
son the information secured is in most cases confined 

to a limited number of trades or occupations. Prob- 

ably very few of the consuls have much familiarity with 

ship construction, and so, in making inquiries, they did 

not go beyond the letter of the instructions, and for 

worthy of careful reading by manufacturers of ship- 

building materials, fittings and apparatus of various. 
sorts. 

Austria—The consul at Trieste writes that the prin- 

cipal materials used in shipbuilding are produced in 

Austria, but considerable quantities of metal have been 

imported during the past few years, and these imports. 

are on the increase. A few mechanical accessories are 

almost exclusively imported from England. The cur- 

rent price of Austrian steel ship plates is 100 to I10: 

florins ($40.60 to $44.66) per 1,000 kilograms (2,204.6 

Ib.). Bounties are granted by the state for the con- 

struction of both sailing ships and steam vessels, and 

by a recent law all ships are exempted from taxation 

for another five years. 
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Belgium—At Antwerp work is let out by job or. 

piece work, by contract, wages varying from 15 cents 

for boy apprentices to $1.25 a day for workmen. Little 

new work is done, and all structural steel used is of 

domestic manufacture. 

Canada—Vessel construction has fallen off enormous: 

ly since the substitution of metal for wood. In the year 

1868, one year after confederation, Canada built a total 

of 87,230 tons of new ships, and last year less than one- 

quarter of this, tonnage was put out. In 1876 Canada 

built ships for other countries of the value of $2,180,- 

270, while last year her output for foreign 

Owners amounted to only $191,060. In his 

report the Consul General at Montreal says 

that Canadian steel making interests are likely to reach 

gigantic proportions during the next ten years, and 

there are indications that shipbuilding will develop 

FOREIGN NATIONS.—COMPILED FROM SPECIAL (OFFICIAL) REPORTS OF U.S. CONSULS. 

im} Ss us) ae) 5 | 5 5 as 8 Be Q c i) 5 + n lop = — ot ie} E E B a & 3 
e a ia 4 G = is} a n n : 2 

My B =) 5 
: 3 g a 

|. 8 a é 
: | So ; ° 

A ialetse eres 4.87—6.09| 4.87-6.09| 4.87—6.09) 3.65—4.87) 4.87 to 6 Cole} 
| 

5OCOdODO)| I.75—2.00 2.25) 2,25 T.75| 1.75—2.00 

teens) 2.50 3.00|........... 2,.00—2,25 fo) 

6.97| 8.04—10.18) aonocdosauge 8.04—8.58 

sagooonn [IeSS—T28S5 leases sererers eee 
| | 

.8o} dell Abouncbodsae +83 
ery TS BoZ lo cb0and00000 65—.85 
ACCME OS 12.37) 6.66—7.14| 6. 
padoopvallodooobacudes 8—8 3} 8—8.3 
50000060 |12.00—16.00 5.00—I8.00} 5.00—18.00 

BS eee | isl, Goonoopsees| laaarennoone 

ae ak leobneish ddecel aodeamen aun eee meee 
20000000|lan0000000000 8.99—9.48) 9.24—10. 21 
20000 Bo0]| 8.76 8.76| 9273 
90000000 |l>00000000000 20) 171.55) 

CHO Gil bentionecotiec| SOA SIEE Eee aerate nas es Ute ct Fuca 
50000000 T-29) orc eeeeeseee|iveeeneeses. 
oo0ncdcol|lasocD000 6 9-37) 8.62 

MARINE ENGINEERING. 203 

Ib.; 1-4 in. plate, $2.20 per 100 lb., and shapes $2.50 per 
100 Ib. 

Denmark—Structural material for chips is imported 

from Germany, Great Britain and the United States. 

During 1899 the average price for steel plates was 

$35.23, cost, freight, and insurance, Copenhagen. 

France—For a number of years the Government has 

given much attention to the merchant marine. By the 

act of 1893 the bounty for construction was placed at 

$12.54 per gross ton for vessels, and $2.89 1-2 per 220 

Ib. for machinery and boilers. Most of the French 

yards are so occupied with naval work that private 

owners have to wait a long time to get orders filled. 
Thus a vessel which could be delivered from an English 

yard in nine months would, in a French yard, take 
twenty or thirty months to build. The principal ma- 
terials used in the construction of vessels are of do- 
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§ The week consists of 54 working hours. ||| The week consists of 54 working hours. Draughtsmen receive from $6.08 to $12.16 per week. Hull rivetting is usually sub-let in sections to one man who engages a “squad.” 
4] Riveters are on piece work exclusively. 

simultaneously with the iron industry. Present move- 

ments in this direction cited are the establishment of a 
steel shipbuilding plant at Hamilton, the increase of 
present facilities at Toronto, the construction of a dry 
dock and preparations for a yard also at St. John, 
N. B., and the plans of the Dominion Iron & Steel Co. 

at Cape Breton, which contemplate the establishment 
of an extensive plant at a future date. No bounties to 
assist shipbuilding are granted in Canada, but on stecl 
billets and bar and pig iron there is a bounty which 1s 
indirectly of aid to shipbuilders. At present all steel 
plates and shapes are imported, the bulk formerly from 
Pennsylvania at 2 1-4 cents a pound F. O. B. cars at the 
mill. Now English ship plates are delivered in Canada 
for $2.12 1-2 per 100 Ib.; 5-16 in. plate, $2.16 1-2 per 100 

Iron moulders on piece work earn about $14.60 per week. 

mestic production, though due to the great demand. 
for steel for other purposes and to the cheapness of 
certain classes of foreign shipbuilding material, the: 
builders make extensive importations, chiefly from Eng- 
land. The price for ship steel at Havre is quoted at 
$58 per ton, and at Marseilles, $46.30 per ton. At the 
latter port the wages of shipyard mechanics range from 
96 cents to $1.35 a day of ten hours, the rate depending 
more On individual skill than on the trade. Laborers. 
get 57 cents to 67 cents a day. Overtime counts as 
time and a half to double time. In the Government 
dockyards at Toulon the men are divided into four 
classes, with wages ranging from 12 cents to $1.31 2 
day. After 25 years of service and 50 years of age an 
annual pension is granted, ranging from $102.29 to 



204 

$218.09, and an allowance for widows up to a maximum 
of $134.14 annually. 
Germany—Merchant shipbuilding on an extensive 

scale dates only from the late eighties. Since 1891 the 
Government has paid about $2,380,000 as premiums for 
new ships built, and has for several years granted 

heavy subsidies to mail steamship lines, and in many 

other ways has helped build up the German merchant 

marine. Shipbuilding materials can be imported duty 

free, and materials of domestic origin are hauled from 

the manufacturers to the shipyards, by the Government 

railroads, at the bare cost of handling and transporta- 
tion. 

Italy—Navigation subsidies and construction bounties 

are paid by the Government. The latter in amount are 

as follows: Iron and steel ships, $14.86 per ton gross, 

and wooden vessels, $3.38 per ton gross; engines, $2.41 

per I. H. P.; boilers, $1.83 per quintal (220.46 lb.?). 

Structural material for ships is now manufactured in 

Italy, and only a small amount is imported. It is duty 

free. The price of steel plate is $4.63 to $5.40 per 220 

Ib., depending on the size of plate ordered. The con- 

sul at Naples reports that mechanics receive only 30 

cents to 60 cents per day, though experts sometimes 

receive $1.00 a day. 

Netherlands—The work of the Government in behalf 

of the merchant marine is almost entirely confined to 

police regulations. Payments are made only for the 

carriage of mails. Steel and iron for vessel construc- 

tion are imported from England and Germany, present 

prices being $3.26 to $3.80 per 220 lb., but these prices 

are advancing. Work in shipyards, so far as possible, 
is let on contract. 

United Kingdom—The British Government does not 

pursue any particular policy for the purpose of promot- 

ing its merchant marine. Subventions are paid for the 

use of certain vessels as armed cruisers in case of war, 

and payments are made for the carriage of mails. Prac- 

tically all structural material is of domestic manufac- 

ture, though some large steel castings are imported 

from Essen. Some of the wood working machinery in 

use in shipyards is made in the United States. The 

Consul General at London reports the price of steel de- 

livered in the shipyards as $36.50 a ton for plates and 

$34.67 a ton for angle and bulb bars. In “depressed 

times” steel plates have been delivered as low as $23.11, 

and bars $21.90. The consul at Liverpool states that 

current prices for steel hull plates run from $37.71 to 

$41.97 per ton. Prices at Glasgow are given by the 

United States Consul as follows: Ship plates, $37.10 per 

ton; boiler plates, $42.58; angles, $35.28; hematite pig 

is quoted at $17.51 per ton, against $12.65 for the same 

period in the previous year.* Pine and cedar for decks 

is quoted at 8 cents to 12 cents a sq. ft., and mahogany 
for interior finish 12 cents to 26 cents a sq. ft. Teak 
wood averages 10 per cent higher. Interesting details 
of prices of vessels are given. The Cunarders, Cam- 
pamia and Lucania, 12,950 gross tons, cost about $2,- 
435,683 each, but could not be built now for anything 

*British prices for material have advanced considerably in the 
past few months. Recent quotations are: Pig iron, $18.22 per ton; 
steel ship plates, $40.09 per ton ; angles, $39.41 per ton; boiler plate, 
$46.78 per ton ; steam coal, $4.61 to $4.86 per ton ; small coal, $3.40 to 
$3.64 per ton; blast furnace coke, $6.07 per ton. War conditions 
have also advanced the price of labor.—Ep. M. E. 
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like that price. Two mail steamers for the Castle line, 
built at Fairfield, of 10,000 gross tons and 15,000 1. 
H. P., cost $1,459,950 each. “Other well appointed pas- 
senger steamers, with engines to drive them at from 
12 1-2 knots to 15 1-2 knots, cost about $97.33 to $121.66 
per ton; first-class river steamers cost from $136.26 to 
$160.59 per ton; coasting passenger and freight steamers 
from $72.99 to $107.06 per ton, and the usual tramp of 
from 4,000 to 6,000 tons, $37.71 to $51.09 per dead 
weight ton.” Prices for war vessels run high, accord- 
ing to this schedule: Destroyers, $291.99 per ton; di3- 
patch boats, $267.65 per ton; belted cruisers, $257.92 
per ton, and first-class battleships, $243.32 per ton. 

In the foregoing attention has been given to the data 
concerning construction, contained in the document, 
rather than to operation. In another chapter we hope 
to again refer to this side of the investigation as dis- 
closed in the valuable consular reports. Prices of ma- 
terial are, of course, subject to fluctuation, and no 
doubt the figures given are not the market prices now. 
They permit of close comparisons, however, for all the 
reports were made out about the end of last year, so 
that while prices are probably less than those of to- 
day the differences between one country and another 
are probably no greater. 

FAILURE OF A WATER TUBE BOILER DUE TO 

SHORTNESS OF WATER.* 

BY WILLIAM F. DURAND, 

Y 

A few months ago there occurred to the boiler of a 

tug-boat in New York harbor a most remarkable acci- 

dent, resulting in apparently melting out a large cavity 

in the midst of the nest of wrought-iron tubes. The 

boiler is of the Boyer! water tube type, and as shown in 

the figure consists of an upper drum extending trans- 

versely across the front of the boiler and connected 

by large down-flow pipes to a smaller transverse lower 

drum at the back. Extending vertically from the lower 

drum and horizontally from the upper drum are smaller 

tubes acting as headers, and joining these are the steam 

forming tubes in elements, each element consisting of 

a so-called “flat” of tubes connecting a pair of headers. 

The circulation of water in the boiler is from the upper 

drum where the feed enters, down through the down- 

flow pipes to the lower drum and then up through the 

vertical headers to the steam forming tubes. It then 

passes through these tubes to the upper horizontal drum 

where the steam and water are separated, the former 

passing to the engine and the latter falling to the lower 

part of the drum and joining the round of circulation 

again. 

On the day of the accident the regular engineer of 

the boat was sick and was replaced by a substitute. It 

appears that the preceding night, according to his cus- 

tom, the engineer had closed the water gauge cocks, 

thus shutting off the gauge from the boiler, and it would 

appear that this fact was unknown to, or overlooked by, 

the engineer of the day. The tug started out with a 

tow, and nothing at first seemed amiss, until meeting 

*From the Szb/ey Fourna/, Cornell University, Ithaca, N. Y. 
1For drawings of this type of boiler see March issue, page 125. 
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with head wind and rough water, complitated by the 

swell of a passing steamboat, it was found necessary to 

put on full power to make headway with the tow. The 

boiler pressure had been somewhat over 100 lb. per sq. 

in., and the steam jet at the base of the stack was put 

on. The steam pressure, however, continued to fall, 

and a suspicion seems to have arisen that something 

BOILER WI1tH CASING REMOVED. 

was wrong, though so far as observed the feed-pumo 

had previously been in regular operation. The evidence 

here is scanty, but the engineer, from one reason or an- 

other, apparently became convinced that his water was 

short, and he therefore started in to haul the fire. He 

had hardly more than begun when he noticed something 

dropping down from above into the fire, and shortly 

after the steam pressure fell to nothing, but without 

explosion or violence so far as observed. 

Subsequent examination showed a condition of af- 

fairs as indicated by the cut made from a photograph 

taken at the time, and after simply removing a side su- 

perheating coil the better to show the cavity burned 

out. Some 200 or more tubes were burned or com- 

pletely melted out, leaving a clear cavity as shown, 

the metal formerly composing these tubes having simply 

melted and run down, mostly into the fire, occasioning 

the “dropping down” noted by the engineer, though 

small amounts remained attached to or clogged between 

the remaining ends of the burnt tubes. The substance 

thus found on and between the tubes has been kindly 

analyzed in the Department of Analytical Chemistry, 

Cornell University, with the result of showing a com- 

position substantially identical with that of the mag- 
netic oxide of iron (Fe,O,). To judge by its appear- 

ance this substance had plainly solidified from a state 

of fusion, and at the time of solidification, at least, 

seems therefore to have had the composition of mag- 

netic oxide of iron rather than metallic iron. 

The melting point of wrought iron has been variously 

estimated at from 3,000 to 4,000 deg. Fah., but in any 

event it is far above the temperature attainable in an 

ordinary coal fire, and far above any temperature possi- 

ble by the heat radiated to the tubes at a distance of 

10 to 15 in. above the fire. Furthermore it will be noted 

that the focus of the action seems to have been within 
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.the nest of tubes, the lower tubes next the fire being 
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hardly more than melted through, while some 30 to 36 

in. are melted out of those a little way above. There 

seems, therefore, to have been a development of heat in 

the midst of the nest of tubes of sufficient intensity to 

give a temperature of from 3,000 to 4,000 deg. Fah., and 

for a time sufficient to accomplish the melting of the 

tubes as shown. The puzzle to be explained is, there- 

fore, the development of a source of heat of such an 

intensity. 

The following are a series of suggestions which may 

have some bearing on the solution: 

(1). The gauge glass was shut off from the boiler so 

that its reading had no meaning whatever, and there is 

no knowing what the level of the water in the boiler 

may have been at any time. 

(2). The general conditions of the service of the 

boat at the given time indicate a heavy call for steam, 

and there is no assurance that the feed-pump made good 

to the boiler the draught of water from it. 

(3). From (1) and (2), and entirely independently 

of the final result, we may assume the probability of low 

water in the boiler. Again, the absence of any ex- 

plosion or violent outrush of steam at any time, at least 

so far as noted by the engineer, indicate that at the in- 

stant of rupture the water was just about down to 

the last drop, and that what small amount of steam may 

have been in the boiler at the instant the tubes melted 

was not sufficient to create any great amount of dis- 
turbance. 

(4). With the low water would come overheating of 

the tubes, and we may well believe that most of them in 

the end would become red hot, or nearly so. 

(5). The overheating of the tubes would occur while 

they were still under pressure, and it might naturally 

result that one or more overheated tubes under such 

pressure would open out in the welded joint, thus al- 

CAVITY 1N GENERATING TUBES. 

lowing jets of steam to escape into the fire, or onto the 

fire side of the tubes. 

(6). Red hot iron decomposes steam into hydrogen 

and oxygen, and joins with the oxygen, forming mag- 

netic oxide of iron. Such a decomposition would, there- 

fore, most naturally result under the circumstances sup- 
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posed to exist. In fact, such a decomposition might al- 

ready have begun on the inside of the tubes, their tem- 

perature very probably having risen to the point where 

such action would occur. 

(7). There may thus have arisen a series of condi- 

tions providing a source of hydrogen within the nest of 

tubes. If now there should come in an excess of air 

furnishing oxygen in abundance, the hydrogen might 

suddenly enter into combustion, furnishing practically 

an oxy-hydrogen flame in the midst of the nest of tubes. 

The heat thus developed would presumably be of suf- 

ficient intensity to accomplish the results noted. 

(8). Again, magnetic oxide of iron melts and becomes 

fluid at a temperature considerably lower than wrought 

iron, and the first result might be the melting of the 

oxide previously formed, accompanied by the continued 

formation and melting of additional quantities. In fact, 

it seems not unlikely with the action distributed over 

so considerable a surface that the operation would con- 

sist largely of a rapid formation and melting of mag- 

netic oxide, the molten oxide serving as a flux and help- 

ing perhaps to bring the iron to a state of fusion. This 

might explain why so much of the molten product was 

magnetic oxide rather than metallic iron. In fact, it 

would probably be very difficult to bring wrought iron 

into a state of fusion in the metallic state in the inti- 

miate presence of oxygen, and we may readily beliéve 

that most of the molten result was of the same charac- 

ter as that analyzed. 

The combination of events here found—the complete 

melting of such a mass of wrought iron boiler tubes in 

the midst of the nest, with no explosion or noticeable 

disturbance—seems to mark this as an accident unique 

among boiler casualties. No blame, of course, can at- 

tach to the boiler either in point of design or workman- 

ship. Boilers are not intended to work without water, 

and usually when an occasional attempt is made to op- 

erate them in this way the results are serious to life 

and limb as well as to the boiler itself. 

New Laxe PAssENGER STEAMERS.—A new steam- 

ship company for carrying on a fast freight and pas- 

senger service on the Great Lakes és projected. Buf- 

falo, N. Y., parties are promoting the scheme. which 

contemplates a regular service between Buffalo, Cleve- 

land, Detroit, Mackinac, Milwaukee and Chicago. To 

carry this into effect two combined passenger and 

freight steamers are to be constructed of these dimen- 

sions: .Length on keel, 450 it.; beam, 55 it.; depth, 

moulded to main deck, 29 ft. They will be fitted with 

single screws, driven by triple expansion engines, to 

give a maximum service speed of 17 miles per hour. 

Each vessel is to have accommodations for 950 pas- 

sengers, and is expected to be ready for service in 

May, 1901. The corporation is known as the Great 

Lakes Steamship Co., and has offices in the Guaran- 

tee Building, Buffalo, N. Y. 

On Saturday, April 14, the Paris Exposition of 1900 

was formally opened to the public by President Loubet 

of France. The United States exhibitors are more 

numerous than those of any other foreign nation, the 

total number of exhibitors being over 6,500. The 

United States exhibits cover nearly 330,000 sq. ft. in 

47 separate exhibition spaces. 
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NEW 18,000 TON VESSELS FOR THE PACIFIC. 

MAIL STEAMSHIP CoO. 

Work is progressing on the two magnificent steamers 
for the Pacific Mail fleet at the Newport News yard, 
and in a little more than a year from now, these boats 
will be ready to contest the transpacific records. These 

two ships are of the largest size, and will be capable of 

making a sustained sea speed of 18 knots. Not only 

indeed will they be the largest and finest vessels on any 

route in the Pacific trade, but in point of size and equip- 

ment they will be in the same class with the best ships 

in the transatlantic service. The new vessels will be 

put on between San Francisco and Hong Kong, -vith 

Honolulu, Yokohama and Nagasaki as ports of call. 

Following are the dimensions of the new vesse!s: 

Length between perpendiculars, 550 ft.; length over all, 

572 ft. 4 in.; beam, 63 ft.; depth, 4o ft.; draft, 27 ft.; 

displacement, about 18,600 tons. Accommodations will 

be provided for 200 first-cabin passengers, 30 white 

steerage and 1,200 Chinese. Quarters for the latter are 

arranged so that the space may be utilized for other 

purposes, if unoccupied by Chinese. 

The hulis will be constructed of steel, with frames 

spaced 32 in. apart throughout. A double bottom ex- 

tends from stem to stern and is carried up to the turn 

in the bilge. There are four decks extending the whole 

length of the vessels, known as the lower, main, upper 

and promenade decks. In addition to these are the 

orlop and boat decks. 

Below the lower deck are located the orlop decks, en- 

gine and boiler rooms, coal bunkers, shaft alleys, chain 

Forward cf 

the fire-rooms are water ballast tanks, and aft of the en- 

gine rooms, fresh-water tanks. On the lower deck are 

the store-rooms, cargo space and coal bunkers. 

On the main deck are located store-rooms, quarters 

for white steerage and Chinese, baggage room, coal 

bunkers, dynamo room, ice machine and refrigerating 

rooms and the steward’s quarters. 

On the upper deck forward are seamen’s and petty 

officers’ quarters, wash and toilet rooms for Chinese and 

white steerage, carpenter's and paint shops and lamp 

room. On this deck are also situated the first-class 

dining saloon, pantry and galley, staterooms, passengers’ 

toilet rooms, quarters for the engineer’s force, freight 

clerks and electricians, and the donkey boiler in the 

boiler hatch. Aft are the firemen’s quarters, crew’s and 

steerage galleys and Chinese hospital. 

The next deck is the promenade deck, on which is 

located the windlass forward. Amidship are first-class 

cabin accommodations, arranged in order: Social hall, 

music room staterooms, passengers’ toilet and smoking 

rooms. 

On the boat deck are situated the officers’ quarters, 

armory, chart room and wheelhouse. Above this is the 

flying-bridge, on which there is a steering gear. 

The main engines consist of two four-cylinder quad- 

ruple expansion engines of the vertical inverted, direct- 

acting type placed abreast of each other in separate 

water-tight compartments. The cylinders are of the fol- 

lowing dimensions: H.P. 35 in., 1st I.P. 50 in., 2d I.P. 

70 in., and L. P. 100 in dia. with a common stroke of 66 

in. The engines are designed to develop 18,000 irdicated 
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horse power, while running at 86 revolutions per min- 

ute. The cylinders are arranged in the following order: 

EL. P. forward. L.Py 2d 1), and rst IP. ait. Dhe engine 

framing consists of cast steel columns of I section, se- 

cured to the cylinders and bedplates. The bedplates are 

also of cast steel. The valves are of the single ported 

piston type and are of cast iron. The link motion is 

the Stephenson link type. All the cylinders are steam 

jacketed. The piston rods are of forged steel fitted with 

cast iron crosshead slippers lined with Parson’s white 

bronze, which work in cast iron crosshead guides. The 

connecting rods are of forged steel 138 in. long between 

center of crank and center of crosshead pin. The pis- 

tons are of cast steel and are of the dished pattern. 

The eccentrics are of cast iron keyed to the crank-shafts. 

The eccentric rods and valve stems are of forged steel, 

the former being secured to the eccentrics by composi- 

tion straps. Each main engine will be fitted with a 

steam and hydraulic direct acting reversing engine and 

a7 in. and 7 in. by 5 in. turning engine. 

The thrust bearings will be two in number, of the or- 

dinary horseshoe type, with fourteen shoes to each bear- 

ing. The stern tube bearings will be of the ordinary 

brass sleeve pattern, fitted with lignum vite. 

The crank-shafts will be forged steel in four inter- 

changeable sections. The thrust, line and propeller 

shafts will also be forged steel. All shafts will be hol- 

low. From the stern tube stuffing-box to the propeller 

hub the propeller shafts will have sleeves of composi- 

tion, to protect against the corrosive action of the sea 

water. The propellers will be of the three-blade type. 

The hubs being cast steel and the blades bronze. 

There will be two main condensers, one for each main 

engine. Each main condenser will have an independent 

-air pump and two circulating pumps. The circulating 

pumps to be operated by a compound engine. Two 

auxiliary condensers will also be provided with com- 

bined air and circulating pumps attached. Two feed- 

water heaters will also be installed. 

The boilers are to be nine in number, eight main boil- 

ers and one donkey boiler, of the horizontal return fire- 

tube type. The arrangement of boilers is as follows: 

One donkey boiler on the upper deck in the boiler hatch. 

The main boilers placed in a fore and aft direction in 

two compartments, with all fire-rooms athwartship. In 

the after boiler compartment two single-ended and three 

double-ended boilers, and in the forward boiler compart- 

ment three double-ended boilers. Following are the prin- 

cipal boiler dimensions: 

Main Boilers. 
Auxiliary. — — 
——sA Single Double 

Boiler Ended. Ended. 
Scotch Scotch Scotch 

I 2 6 
Dia. ext. mean... 11 ft. 6 in. 16 ft. 16 ft. 
Number of furnaces 2 4 8 
Length of grates... 6 ft. 5 ft. gin. 5 it. gin. 
Number of combus- 

tion chambers ... I 4 8 
. Tubes outside dia... 2%in. " 2¥% in. 24% in. 
Heating surface..,.1,421sq ft. 3,208sq ft. 6,416 sq ft. 
Grate surface...... 44.sq.ft. 76.58sq. ft. 153.16 sq. ft. 
Ratio of H.S.toG S. 32:3 41.89 41.89 
Steam pressure..... 200 lb. 200 lb. 200 lb. 

The vessels will be equipped with forced draft. The 

air will be heated before entering the furnaces and will 

be supplied by thirteen steam-driven fans. 

There will be the following steam pumps for feed and 
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other purposes. Four main and auxiliary feed pumps, 

two fire and bilge pumps and two sanitary pumps. 

Each vessel will be equipped with an extensive elec- 

tric lighting plant, also a refrigerating apparatus for 

the purpose of making ice and to provide means for cold 

storage. There will also be a distilling apparatus of im- 

proved type and design. , 

In the deck department the steering gear will be 

steam. Forward there will be a steam windlass and lo- 

cated at most convenient points will be eight cargo 

winches. 

Both the hulls and machinery of these vessels were 

designed by the builders, the Newport News Shipbuild- 

ing and Dry Dock Company and each vessel will cost 

about $2,000,000 complete. 

SCHOONER RIGGED STEEL TOW BARGES FOR 
DEEP WATER TRADE. 

For carrying bulk freight in Atlantic coast service, 

the tow barge is being more and more employed, owing 

to the cheapness of this mode of conveyance and the in- 

dependence of weather conditions as compared with sail- 

ing craft. Many of the barges in service are super- 

annuated sailing vessels, or in more than one instance 

steamers stripped of all their machinery, their fittings, 

and nearly all their accommodations. These are more 

or less makeshifts—having the merit chiefly of cheapness 

—though it is not an uncommon opinion that anything 

that will float when loaded is good enough to tow. 

There are, however, examples of good steel construc- 

tion to be met with in the Atlantic coast trade—vessels 

designed especially for this service. Of this type are the 

barges here described. These were built for the J. B. 

King Transportation Co., Staten Island, New York, by 

the Burlee Dry Dock Co., of Port Richmond, Staten 

Island. They are substantial, seagoing vessels, built for 

towing between the Bay of Fundy and the port of New 

York, and are designed to carry 2,067 tons on a draft of 

17 ft. Their principal dimensions are: 

Wengthiovetall@erec eer eeee eerie 215 ft.o in. 

A beta PerpSsesaasess ere eee ene Foy H @ 

Breadth yanouldedeeeseee ee ee eee eee ereereeetee Geo 

Wepthymouldedteereeeeese eee ce eee cee Laan Olin 

Drafttloaded erro emeeenee eee TL 7a MOl ve 

As will be seen in the accompanying plans the barges 

have steel hulls, two steel decks and steel house aft, and 

a double bottom for water ballast. As they are identical 

the description of one will answer for all. 

Mild steel of between 50,000 Ib. and 60,000 Ib. tensile 

strength was specified for the hull. The flat plate keel 

is 35 in. wide with doubling plate on the inside, the two 

well riveted together. The frames are angle bars 5 in. 

by 3 in. spaced 24 in. centers in one piece from the tank 

side to the main deck. Reverse frames are 3 I-2 in. by 3 

angles following the tops of the floor plates and cut at 

the tank side, every alternate frame extending to the 

main deck and intermediate frames to 6 in. above the 

lower deck stringer plate. The floor plates are fitted in 

the double bottom on every alternate frame, 35 in. deep, 

and stiffened at the upper edges by the reverse frames, 

the intermediate frames being connected to the center 

keelson and tank margin plate with large bracket plates. 

All floor plates are lightened with manholes. 
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The center keelson runs the whole length of the double 

bottom. It is 35 in. wide and is connected to the double 

bottom and keel plate by 4 in. by 4 in. double angles. 

On each side of the center keelson three plate girders run 
the whole length of the tank. 

There are twelve belt frames, one in the middle of 

each hatch. Two watertight bulkheads are fitted, all 

pipes and connections through these bulkheads being 
made watertight. 

Main deck beams, 6 in. by 3 in. bulb angles, are on 

every frame except at the watertight bulkheads and the 

ends of hatches. Lower deck beams of 6 in. by 3 in. bulb 

angle are secured to all frames fore and aft by gussets. 

The main deck is steel with all double laps double 

riveted. In the hold there is a fore and aft row of iron 

stanchions along the center line, spaced 4 ft. apart, 

riveted at heads and heels to the beams and tank top. 

The ‘tween deck stanchions are similarly spaced and 

there are extra stanchions under the towing bitts, wind- 

lass, etc. There are five hatches with main deck coam- 

ings 2 ft. high and lower deck coamings 6 in. high. 

Towing bitts are fitted at the forward and after ends, 

secured to the deck, and supported underneath by heavy 

iron stanchions. There are five pairs of cast iron double 
bitts on each side. 

The deck house is 20 ft. long and about 16 ft. wide in 

the widest part. In the pilot house overhead there is 

accommodation for the skipper. 

Spars and sails are fitted for a three masted fore and 

aft schooner. The standing rigging is of galvanized 
wire set up with turnbuckles. 

On the tween deck forward of the forward bulkhead 

the machinery is installed. This includes a vertical 

donkey boiler 4 ft. dia. and 8 ft. high, fitted with in- 

jector and small feed pump. A bilge and tank pump of 

the duplex pattern 7 1-2 in. by 8 1-2 in. by ro in. is fit- 

ted. This is piped so as to pump separately from each 

tank and well, and there is also a sea connection. The 

discharge is overboard or through three hose connections 
as desired. 

On deck in a house forward a double drum hoister 

with double cylinders 7 in. dia. and 10 in. stroke, de- 

signed to raise 4,000 lb., single whip is installed. 

A messenger chain connects the hoisting engine with 

the windlass forward, and this is also fitted to be opera- 

ted by hand. The chain pipes lead to lockers in the 
lower hold. 

Two Baldt steel anchors of 3,600 Ib. and 2,200 Ib. re- 

spectively are carried. 

A hand steering gear with 6 ft. wheel is fitted in the 

pilot house and on deck there is a hand pump with 4 in. 

suction. 

There are two water tanks fitted, each with a capacity 
‘of about 2,000 gal. 

Two boats are carried, one 22 ft. and one 16 ft., in 
accordance with the U. S. regulations. 

Since they were finished these barges have seen con- 

siderable service, towing at sea under favorable con- 

ditions, when loaded, at the rate of about 9 knots. 

A consolidation of the formerly separate interests of 

the famous Union and Castle steamship lines has been 
effected, and all the vessels will now fly one flag. These 
lines maintain regular communication between Eng- 
lish and South African ports. 
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A SIMPLE EXPLANATION OF THE CONSTRUC- 

TION AND USES OF THE PLANIMETER.—II. 

BY CECIL H, PEABODY. 

The planimeter shown by Fig. 3 has an adjustabie 

tracing-arm; it can be set to mark lettered 1o[_]’ 

with the arm 4 in. long, and will then be used just as 

Figs. 1 and 2 are used. The measuring-wheel is set 

beyond the hinge, and will consequently roll back- 

ward as the tracing-arm swings forward, but the effect 

of the swinging of that arm forward and backward to 

the original position at the starting point after tracing 

a diagram will finally have no effect on the area re- 

FIG. 11. 

corded by the instrument, provided that it is used as 

described. If the tracing-arm is long enough, it may 

be set to give 8 in. from the hinge to the tracing- 

point, in which case one revolution of the wheel will 

correspond to 8X2 1-2=20 sq. in.; the readings in 

turns and decimals of a turn of the wheel are now to 

be multiplied by 20 to get the area in square inches: 

One square foot is equal to 144 sq. in., or 4th of a 

square foot is 14.4 sq. in. In order to have one turn 

of the wheel record 14.4 sq. in., it is sufficient to make 
the tracing-arm 

14.4 > 2.5 = 5.76 

inches long. A mark on the tracing-arm lettered 4{_]’ 

enables us to set the instrument at that length so that 

it may be used to measure areas in tenths of a square 
foot. 

Again, one decimeter is equal to 3.979 in., and one 
square centimeter is equal to 

i Ne 
29 — ? 

sq. in.; therefore, to have the planimeter record square 

decimeters it is sufficient to make the tracing-arm 

15.5 = 2.5 = 6.2 

inches long. A mark lettered 1[_]dec. allows us to set 

the arm for this purpose. 

Finally, the arm is provided with two points on the 

back, by aid of which the length of the tracing-arm 

can be made equal to the length of the indicator dia- 

gram, as shown by Fig. 11. If the instrument is set 

in this manner and an indicator diagram is traced, the 

reading of the wheel will give the mean height of the 

diagram in 4oths of an inch, each subdivision of the 

wheel being read as #5 of an inch. If the scale for the 

diagram is 40, then the reading of the planimeter gives 

the mean. effective pressure directly. The mean effec- 

tive pressure for other scales ordinarily used for in- 

dicator diagrams can be easily obtained; for example, 

with a 60 scale it is sufficient to multiply by 1.5 or to 

Copyright, 1900. By Cecil H. Peabody. 
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add one-half to the reading of the planimeter. To un- 

derstand this use of the instrument, it must be remem- 

bered that the mean height of an indicator diagram, 

that is, the height of a rectangle having the same area, 

is obtained by dividing the area in square inches by the 

length of the diagram. Now, the area corresponding 

to one revolution of the wheel of a planimeter is equal 
to the circumference of the wheel multiplied by the 

length of the arm. Consequently when the arm is 

‘made equal to the length of the diagram, omitting to 

multiply by the length of the arm is equivalent to 

dividing the area by the length of the diagram; the 

reading of the wheel gives the resultant distance over 

which it has rolled. Since the circumference of the 
wheel is 2 I-2., in;45 of the circumference is 43—= 5 of 

an inch. 

Thus far it has been assumed that the pivot of the 

guiding-arm is outside the diagram to be measured. In 

dealing with large areas it may be convenient to place 

the pivot near the middle of the diagram, and to trace its 

perimeter with a continuous forward motion of the 

tracing-arm around to the starting-point. To find the 

area of the diagram add a constant given by the 

makers and engraved on the instrument to the differ- 

ence of the initial and final readings. 

The way in which the planimeter measures such a 

figure may be investigated by aid of a diagram like 

Fig. 12, which is drawn by first moving the tracing-arm 

parallel to itself, as from fp to ig, and then pivoting 

it about the hinge, as from ig to ir, and so on alter- 

nately entirely round to the starting-point. The area 

of the figure is made up of three parts: (1) The sum 

of the areas of the parallel-sided figures, like hpqi, 

which are properly measured and recorded by the 

planimeter; (2) the sum of the sectors, like gir, which 
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length of the tracing-arm for a radius, and (3) the area 
sum is equal to the area of circle having the 

mk? of the circle described by the guiding-arm gh. 

While the tracing-arm_is swinging from ig to ir the 

wheel rolls over the arc +; the sum of the several arcs, 

like xy, is the circumference 27/ of a circle, having for 

its radius the distance of the wheel from the hinge; the 

planimeter adds to the proper record of the areas of the 

ENGINEERING. Pel 

parallel-sided figures an amount, 22/Z, which must 

be subtracted to get the true area of the figure. The 

figure consequently has for its area the record of the 

planimeter plus the constant. 

ml? + 2wkR2 — anll. 
This constant depends on the lengths of the arms and 

the position of the wheel; a planimeter with an arm of 

fixed length, like Fig. 1, will have one value for this 

constant, which may be found engraved on the weight 

which holds down the pivot; the planimeter shown by 

Fig. 3 will have a constant for each setting of the arm 

engraved near the mark for setting the arm. 

The wheel of the planimeter shown by Fig. 3 being 

beyond the hinge will roll backward while the arm is 

FIG. 13. 

swung through an angle; consequently the term 

2m/L will have the position sign in the above equation. 

In Fig. 12 twelve sectors of 30° each were chosen 

so that it shall be more immediately evident that this 

sum is a circle having the tracing-arm for a radius. 

But it is evident that the sum of such sectors, whatever 

their angle, must be a circle, since the arm makes one 

complete revolution in passing round from hp to hp 

again, while the outline of the figure is traced. An ap- 

proximation to any figure having a form like Fig. 12 

can be obtained by taking a sufficient number of figures 

like hpqi and sectors like gir; or if the true out- 

line is traced the planimeter will give the basis for de- 

termining the area, allowing for the constant. More- 

over, the planimeter can be used to measure a diagram 

like Fig. 13, which lies partly outside and partly in- 

side the circle described by the guiding-arm gh. For it 

is clear that we can apply this method for measuring 

the figure adcef, and that we may (after returning the 

tracing-point to a) subtract the area abcd by tracing 

it in that order, 7. e., toward the left; but since the dot- 

ted line adc will in that case be traced twice, once for- 

ward and once backward, we will get the same result 

by omitting it, that is, by tracing the outline abcef in 

the first instance. 

According to a recent cable dispatch from Constan- 

tinople, the Turkish torpedo boat Schamyl blew up in 

the harbor of Beyrout, Syria, and 21 of the crew were 

killed. No boat of this name appears in the list of 

Turkish naval vessels. There is, however, the Seham, 

127 ft. long with a speed of 22 knots. This boat was 

built about eight years ago. 
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AN ACCOUNT OF A RECORD-BREAKING TRIP 

ACROSS THE PACIFIC OCEAN. 

BY WM. H. CRAWFORD, JR. 

To many the suggestion of a record breaking trip . 

across the Pacific would be a novelty, for it is to the 

Atlantic trade, chiefly, that persons interested in ma- 

rine affairs are accustomed to look for record smash- 

MARINE ENGINEERING. May, 1900. 

class steamships regularly between Hong Kong and 

Vancouver. These vessels* are named the Empress of 

Japan, the Empress of India, and the Empress of China. 

They are very handsome vessels, with clipper bows, 

two smoke stacks and three pole masts. They were 

built at Barrow, on the East coast of England, in 1801. 

and are of these dimensions: Length, 485 ft.; beam, 

51 ft.; depth, 36 ft.; displacement, 8,500 tons, and 10,- 

ooo I. H. P. The company receives a large sum from 
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ing passages. Competition on the Atlantic has called 

forth the utmost skill of the shipbuilder and strained 

the resources of the ship-owner; whereas, on the Pa- 

cific things have moved along in such a quiet way that 

comparatively few persons on learning the duration of 

a trip across that ocean would know whether it meant 

fast or slow speed. 

Recent happenings of national importance, however, 

have created a lively interest in matters relating to 

the Pacific ocean, and therefore it seems timely to recall 

a successful attempt to lower the Transpacific record. 

This, indeed, was before the days of active competition, 

and it was a race against time and valued reputation 

rather than against the necessity of lowering the record 

of a rival company. ‘ 

As is generally known there are two important routes 

from the Pacific coast of North America to the Orient; 

one from San Francisco via the Sandwich Islands to 

Yokohama, and thence south to Hong Kong, and the 

other from Vancouver or Puget Sound, following the 

great circle track north, skirting the Aleutian Islands, 

the coast of Japan to Yokohama, and then south, as 

the former route. The distance from San Francisco to 

Yokohama via Honolulu is 5,428 miles, and it takes 

from 16 to 18 days to run over, while the northern 

route is 4,270 miles long, and steamers usually cross in 

from 13 to 14 days. 

The Canadian Pacific S. S. Co. operates three first 

the British Government for the carriage of mails, and 

there is a penalty of $2,500 for every 24 hours over the 

contract time, when the mails are late. 2 

The regularity with which these steamers cover the 

4,000 odd miles across, both winter and summer, is 

such that the service has come to be known as the 

“Ferry Line.” It was my good fortune in June, 1897, 

to be a passenger from Montreal to Vancouver over the 

C. P. Ry. and on the S. S. Empress of Japan from Van- 

couver to Yokohama In crossing the Selkirk Moun- 
tains on the C. P. Ry., we met with great delay by rea- 

son of unprecedented floods, which carried away an im- 

portant bridge, so that on reaching the western ter- 

minus of the line we were no less than 6 days and 19 

hours late. This train was the regular steamer con- 

nection with the through mails, due to arrive 24 hours 

before sailing time, so the Empress of Japan was forced 

to await its coming. 

No time was lost in transferring passengers, mails 
and baggage from train to steamer, and within two 

hours after our arrival at Vancouver we were steaming 

down Puget Sound on what turned out to be the fast- 

est run ever made across the Pacific Ocean. Special 

preparations had been made for it. The coal supply 

was nearly doubled, so much being crowded on board 

that piles of it remained in sight on deck for several 

* For a photograph of these ships see March issue. page 98.—EpD. 
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days. Reference to the accompanying chart will give 

a good idea of the daily runs, as compared with «n 

average voyage via the Sandwich Islands. 

Good weather favored us from the very start. The 

only drawback was a dense fog; but a ship has the 

ocean pretty much to itself up in this part of the world, 

so very little fear is occasioned by thick weather. It 

is a fact that up to about a year or so ago there were 

less than thirty steamers engaged in the regular ser- 

vice between the Pacific Coast and the Orient. 

On this particular voyage not a stick was sighted 

from start to finish, and the engines kept up their con- 

tinual grind day after day without even a slow down, 

until July 7, when the coast of Japan was sighted. The 

same day, by 1 o'clock in the afternoon, we crossed the 

line at Kannonsaki Light, and steamed into Yokohama 

harbor with a record of to days and 3 hours to our 

credit, and the remarkable average speed for the 10 

days of 17.14 knots. No excessive vibration was no- 

ticed during the entire trip, and the performance was 

all the more creditable when it is considered that the 

engines were ready to start right off again and run for 

7 days more, to reach Hong Kong. The time spent ia 

Yokohama was just enough to allow for taking on a 

fresh supply of coal before the Empress started again. 

Stops were made at Nagasaki and Shanghai, and final- 

ly, after 171-2 days of almost continual steaming, the 

anchor was dropped in Hong Kong harbor with still 

a margin of an hour or so to save the late mail fine, 
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COMMERCIAL TYPES OF WATER TUBE 

BOILERS BUILT IN AMERICA.—V. 

Yarrow Water Tube Boiler. 

The Yarrow water tube boiler is the invention of A. 

F. Yarrow, the English torpedo boat builder, who has 

installed it in the large number of torpedo boats and 

destroyers he has turned out for various navies. It is 

of the small straight tube type, with a large central 

steam and water drum at the top and water chambers 

below, at the level of and extending along each side of 

the grate. The top drum and the bottom chambers 

are connected by a row of straight tubes at each side, 

the tubes being inclined inwards at an angle depending 

on the width of the grate. In the earlier boilers of this 

type the top drum was made in halves connected by 

a bolted joint. This was abandoned, however, in fa- 

vor of the drum riveted up with butt joints and double 

butt straps. The lower tube plates were formerly 

made flat, but are now slightly curved and are lap 

riveted to the lower pockets. In both the drum and 

the lower tube plates the metal is of increased thickness 

where the tubes are expanded in. By reference to the 

accompanying engravings it will be noticed that there 

is a large manhole in the back end of the upper drum, 

with cover bolted on. This permits of free ingress to 

the interior of the drum, and without the necessity 

for breaking the joints of any connections. In the 

4 
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DRAWINGS OF YARROW WATER TUBE BOILER, 

and with a record of speed across the Pacific Ocean 

that far surpassed anything hitherto accomplished, 

and which stands unbeaten to-day. 

A decision to purchase the Holland submarine tor- 

pedo boat has been reached by the U. S. Government. 

center of the manhole plate there is a small hand hole 

and a similar hole is located in the front end of the 

drum for purposes of ordinary inspection. The 

ends of the water chambers, front and back, are 

flanged and closed by curved heads bolted in place. 

Small sludge doors are fitted in these bottom heads. By 
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opening up the top drum and the bottom chambers, the 

inside of every tube in the boiler can be inspected 

throughout its entire length, by the aid of a portabie 

lamp, and any necessary cleaning can be readily accom- 

plished. In the earlier boilers copper tubes were 

used, but they are now invariably of solid drawn steel, 

galvanized inside and out. The tubes are set in straight 

tows front to back, each alternate row being staggered, 

so that the gases are broken up and made to pass 

around the entire surface of the tubes on their way to 

the stack. By a suitable arrangement of baffles the 

path of the gases is controlled. This boiler is not 

fitted with any independent downcomers, the circulation 

being maintained in the generating tubes, the upper 

ends of which are, of course, submerged. In no part 

of the boiler is the metal exposed to the direct action 

of the gases on the one side and steam only on the 

other. In the casing which completely encloses the 

boiler, and which is lined with fireproof material, doors 

are placed in the ends and sides so that the exteriors 

of the tubes farthest from the grate can be got at read- 

ily. In small boilers of this type only one fire door is 

needed, but in those of large size, with wide grates, 

two or three doors are provided for working the fires. 

This boiler is built to withstand the most severe use. 

Not only has it been fitted in torpedo craft, but in 
large war vessels, steam yachts, and other craft. It is 

built in England by Yarrow & Co., Poplar, London, 

and the exclusive rights in this boiler for the United 

States are held by The Willam Cramp & Sons Ship 
and Engine Building Co., Beach and Ball streets, 

Philadelphia, Pa. 

FOREIGN NAVAL DEVELOPMENT AND THE 
EFFECT THEREON OF THE RECENT 

WAR WITH SPAIN—IIL.* 

BY LIEUTENANT COMMANDER GEORGE H, PETERS, U.S, N. 

ARMOR. e 

In no respect has there been a more marked crystal- 

lization of naval opinion abroad, of late, than that which 

has taken place on the question of the best distribution 

of the weight assigned to armor in a ship’s design. All 

officers are nowin accord that protection must be widely 

diffused, and that it cannot be restricted to the water- 

line and gun positions. The trend of professional opin- 

ion in the British navy has been in this direction forsome 

time past, as is evidenced by the latest battleships and 

armored cruisers. Elsewhere there have been designs of 

date not much prior to the war with Spain which 

showed a very wide expanse of side without protection, 

while heavy armor guarded a few parts. A few years 

ago France produced, in the Dupuy de Léme, an ar- 

mored cruiser lacking in size, but having admirable 

general protection, but there has not been adherence to 

this feature. Some of the later foreign armored cruisers 

have no protection between the water-line belt and the 

gun positions on the main deck, but current discussion 

shows. that in battleships and armored cruisers latd 

down hereafter this will not be repeated. The appall- 

ing disablement of crew, which, under well-directed 

gun fire, may occur on board armored ships lacking 

*From Notes on Naval Progress issued by U. S. Office of Naval 
Intelligence, Washington, D. C 
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widely distributed protection is now fully appreciated. 

The need of extending the armored water-line belt to the 

extremities is also urged, and the protection of the per- 

sonnel in the conning tower is regarded as essential. 

The recent war confirmed and impressed the lesson 

of that between China and Japan as to the absolute ne- 

cessity of protection of the personnel. Proving ground 

tests have shown for the latest new process face-hard- 
ened armor such a remarkable resistance to penetration 

that there can be much reduction of thickness, thus ena- 

bling the need for covering’ a more extended area to be 

met, although at increased cost. There has been a 

prompt acceptance of the new conditions. 

In foreign armor contracts quality is made the feature 

of paramount importance, cost being a secondary consid- 

eration. The best type of armor procurable at the time 

is purchased. So general is this that it holds good, not 

only in the more important foreign navies, but even in 

some whose expenditures are necessarily much restrict: 

ed. The fact is fully realized that if a ship whose armor 

is contracted for to-day is hereafter to be tested in bat- 

tle against an opponent having protection of a superior 

quality, permitting better distribution, this one point 

may have a decisive influence on the result. 

SPECIAL FEATURES OF CONSTRUCTION AND EQUIPMENT. 

The destructon of the Spanish ships by fire caused 

by American shells has led to universal effort to abolish 

wood and combustible materials from naval vessels. This 

effort is marked by such vigor that its results may prac- 

tically be regarded as accomplished. In some of the 

latest ships the furniture is of metal or of fireproofed 

wood, the steel bulkheads have ornamental asbestos cov- 

ering, and the steel decks are given a plastic non-flam- 

mable coating. Decks partly of wood are being replaced 

by steel. In clearing ship for action nothing combustible 

is permitted above the protective deck. Canvas boats 

permitting disassemblage and stowage below will be 

tested for some purposes. 

The action of the French budget committee, in declin- 

ing to make provision for the repair and maintenance 

of certain old wooden ships, recognizes the lack of mili- 

tary value of such vessels. A step in the same direc- 

tion is the replacing of old wooden French ships for 

colonial service by others of more modern type. In 

these measures France is but following the policy al- 

ready adopted in other navies. 

Provision for extinguishing fire has been Ee ex- 

tended and greatly increased. Fire mains are now car- 

ried under the protective deck, with numerous vertical 

leads from them. 

The general adoption of water-tube boilers by pro- 

gressive foreign navies has passed beyond the stage of 

discussion and may be regarded as an accomplished fact. 

The only point now remaining open in this respect is 

the question of the best type. 

Search-lights, rapid-fire guns of the secondary bat- 

teries, flotillas of picket boats when at anchor, and nu- 

merous flanking torpedo boat destroyers and cruisers 

when under way, form the chief defense of battleships 

against torpedoes. Recent improvements and attach- 

ments give torpedoes much greater range and accuracy 

than they have had-heretofore and increase the need of 

defense against them: Thus the best position for search- 

lights is one of great importance and has been much 
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investigated abroad. The present practice is to mount 

some search-lights aloft and others as low as they can 

be used in a sea way. The low ones, having their beams 

parallel to the water, are best for picking up an object 

on the surface, but their beams blind the gun pointers of 

the secondary battery. The lights, which are placed 

high, serve to illuminate the object after it is picked up. 

It is evident that co-operation between the search-lights 

and the battery is necessary. 

Though sonie foreign battleships still have torpedo 

nets, they are no longer regarded with favor abroad. 
Military masts are considered important for battle- 

ships. The tendency is to shorten them, and their de- 

velopment is in the direction of armored towers with 

circular stairways, enabling men to go aloft to the fight- 

ing tops and to have ammunition supplied to them there- 

in under protection. There is communication from the 

tops to the conning towers to facilitate reporting ranges 

and signals. For cruisers the present tendency seems 

to be to use pole masts. 

The arguments against an extensive use of longitu- 

dinal bulkheads below the protective deck, which fol- 

lowed the capsizing of the Victoria after her collision 

with the Camperdown, have been counteracted this year 

by the fact that the German armored coast defense ship 

Aegir was saved from sinking-as a result of collision 

during fleet maneuvers by flooding compartments on the 

side opposite the injury, thus heeling the ship suf- 

ficiently to bring the leak above the water line. It is 

now held that valves to permit the passage of water 

across to opposite compartments will obviate the danger 

of capsizing. 

Cellulose protection is still used. In some cases cork 

is preferred, in spite of its greater weight. Some au- 

thorities hold that to avoid any danger of corrosive 

action it is well to keep the coffer-dams empty, clean and 

dry, ready to be packed with cellulose in case of war. 

ATLANTIC LinEers.—Several of the large transatlan- 

tic steamships which have been engaged in transport- 

ing troops to South Africa have been released by the 

British Government. The Anchor liner City of Rome 

has resumed her New York sailings from Glasgow. 

The White Star liner Majestic will also be back in 

her old trade shortly, and the Cunarder Umbria is 

soon to follow. 

In a special report of the Association of Engineering 

Societies by Secretary John C. Trautwine, Jr., attention 

is called to the very prosperous conditions of this organ- 

ization. Its individual membership is now 1,475, made 

up of professional men who are members of various local 

scientific societies in the East, South, Middle West and 

Pacific slope. There has been an accompanying steady 

increase in the assets, so much so indeed that a rebate on 

assessments was granted for the purpose of reducing the 

surplus—this amounted to $2,443 at the end of 18099. In 

the proceedings of the Association, publication of many 

important technical and scientific papers is made at a 

comparatively small cost to each organization, the ex- 

penses of the journal being distributed over the entire 

membership. In this way many of the smaller societies 

are enabled to have a permanent record of their trans- 

actions, which, on account of the cost, they could not ac- 

complish unaided. 
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LAUNCHES—HOME AND FOREIGN. 

S. S. KvicHax.—At the yard of Wolf & Zwicker, 

Portland, Ore., the new steel vessel Kvichak, for the 

Alaska Packers’ Association, was launched April 14. 

Her tonnage is 1,063 tons gross. 

Tuc TorMENTOoR.—An ocean-going tug, the Tor- 

mentor, was launched at the yard of the Atlantic Works 

in East Boston, Mass., March 31. The boat is to the 

order of the Red Star Towing & Wrecking Co. 

Scu. CaLumET.—A four masted wooden schooner, the 

Calumet, was launched by Kelly, Spear & Co., Bath, 

Me., on April 14. The vessel is: Length, 180 ft.; beam, 

4o ft.; depth, 18 ft. John S. Emery & Co., Boston, 

Mass., are the owners. 

Tuc Zetus.—At the McKie shipyard, East Boston, 

Mass., the harbor tug, Zetus, was launched March 31. 

She was built for the local service of the Boston Tow 

Boat Co., and was christened by Miss Alice Flynn, 

daughter of the superintendent of the company. 

Barce BLrack Diamonp.—The three masted wooden 

tow barge Black Diamond, for the Bee Line Trans- 

portation Co., was launched at the New England Co.’s 

yard, Bath, Me., April 9. The barge is of these dimen- 

sions: Length, 188 ft.; beam, 34 ft.; depth, 18 ft.; 

carrying capacity, 1,800 tons. 

Scu. Matcotm Baxter, Jr.—The 4-masted, 1,700 ton 

schooner, Malcolm Baxter, Jr., was launched at the 

yard of H. M. Bean, Camden, Me., March 29. Her 

dimensions are: Length, 216 ft. on keel, 226.2 ft. over 

all; beam, 45 ft.; depth, 20.8 ft. Her lower masts are 

110 ft. long and topmasts 53 ft. long. White oak and 

southern pine were the materials used in her construc-~ 

tion. 

T. S. S. Lake CHAMPLAIN.—A new steamer of about 
8,000 tons dead-weight capacity for the Canadian- 

British trade of Elder Dempster & Co. was launched 

recently on the Mersey. The dimensions of this vessel 

are: Length, 465 ft.; beam, 53 ft.; depth, 38 ft. 7 in. 

to shelter deck; gross tonnage 7,500 tons. She is built 

to rate 100 At at Lloyds. Accommodation will be pro- 

vided for about 100 saloon, 80 second cabin and 500 

steerage passengers. 

F. B. GENERAL SUMNER.—A new ferryboat for the 

city of Boston, the General Sumner, was launched from 

the McKee yard, East Boston, April 7. She is built of 

wood and is fitted with compound screw engines. Her 

dimensions are: Length, 164 ft. 3 in.; beam, 57 ft.; 

depth of hold, 14 ft. The cabins are to be finished in 

white pine and burlap, with papier maché carvings. The 

seats will be of mahogany, and the floors will be laid 
in quartered oak. 

S. S. Hyapes.—At the Maryland Steel Co.’s ship- 

yard at Sparrow’s Point, Md., the S. S. Hyades, for 
the Boston Tow Boat Co., was launched March 27. 

This vessel is a. sister ship to the S. S. Pleiades re- 

cently completed at the yard and put into service. 

The vessels are of the money earning tramp type, built 

especially for carrying coal or bulk cargo. The di- 

mensions of the vessel are: Length over all, 350 ft.; 

beam, moulded, 47 ft.; depth at side moulded, 28 ft.; 

gross tonnage about 4,000 tons. i 
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S. S. Excerstor.—For the first time in a number of 

years the inhabitants of New Haven witnessed the 

launch of a new vessel, March 3r. On that day the 

wooden steamer Excelsior for the Brooklyn Grain Ele- 

vator Co. was put into the water at the yard of J. E. 

Marr in West Haven. The dimensions of the vessel 

are: Length, 154 ft. 8 in.; beam, 33 ft. 10 in.; depth 

of hold, 16 ft. Her machinery is to be installed at 

New York where the hull was towed. 

S. S. Manna-Hata.—At Harlan & Hollingsworth’s 

yard, Wilmington, Del., the S. S. Manna-Hata, was 

launched March 31. She is a sister ship to the Chesa- 

peake launched earlier in the month, and reported in 

our last issue. In dimensions the new vessel measures: 

Length over all, 219 ft., between perpendiculars, 205 

ft.; beam, 32 ft.; depth to upper deck at center, 23 ft. 3 

in. She is built of steel throughout. She will be put 

on the Shriver Line running “outside” from New York 

to Baltimore. 

S. S. Witttam Casset Ruopes.—At the Lorain yard 

of the American Shipbuilding Co. the steamer W. C. 

Rhodes was launched April 7. She was built to the 

order of the Lower Lakes Steamship Co., for trade 

through the Welland Canal and the St. Lawrence River 

canals, and is of these dimensions: Length, 252 ft.; 

beam, 42 ft.; depth, 26 ft. 6 in. The ceremony of 

christening the new vessel was performed by Miss Stella 

Hatch. The vessel will be used chiefly for carrying 

package freight. 

S. Y. Etrrma.—At the yard of the Gas Engine & 
Power Co., and Charles L. Seabury & Co., Con., 

Morris Heights, N. Y., the steam yacht Elfrida for Dr. 

Seward Webb was launched April 10. The yacht which 

is intended for use on Lake Champlain is built to pass 

through the canals to reach her destination, The over- 

hanging ends will be carried on deck until the lake is 

reached, when they will be shipped. The dimensions 

of the new yacht are: Length over all, 141 ft., water 

line, 113 ft. ; beam, 18 ft. ; draft, 7 ft. 6 in. She will have 

twin screws driven by triple expansion engines. Two 

pole masts will be fitted. She will have a maximum 

speed of 16 miles an hour. 

T. S. S. Morro Castite.—One of the largest and 

finest freight and passenger vessels ever built in this 

country was put into the water at Cramp’s yard in 

Philadelphia, April 14. The new vessel, the Morro 

Castle, was originally laid down for the Plant Line, but 

later was sold to the Cuba Mail Steamship Co., more 

familiarly known as the Ward Line. In dimensions 

this fine ship measures: Length, 400 ft.; beam, 50 ft.; 

depth, 36 ft. 6 in.; displacement, 6,900 tons. She will 

be fitted with triple expansion engines of 8,000 I. H. P.. 

driving twin screws, and is expected to attain a speed of 

18 knots on trial. Her boilers are of the single ended 

Scotch type built for a working pressure of 170 lbs. 

Elaborate accommodation for about 250 passengers of 

all classes will be provided. The launching of the vessel 

was made the occasion of demonstrations of good will 

on the part of the employees toward the executive 

officers of the company, presentations of floral gifts 

being made by deputations representing workmen in 

the yard to both Charles H. Cramp and Edwin S. 
Cramp. The christening ceremony was performed by 

Miss Florence Cramp. 
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IMPROVED APPARATUS. 

Small Lighting Set. 

We illustrate in the accompanying engraving a very 

small generating set, designed primarily for lighting 

purposes, and built by the B. F. Sturtevant Co., of Bos- 

ton, Mass. The engine has a cylinder 3 in. dia., and a 

stroke of 2 1-2 in. It is self-contained, as is clearly in- 

dicated, and the speed is regulated by a shaft governor. 

The valve is of the piston type; all bearings are ad- 

justable, and are provided with direct oiling devices. 

A speed of 800 rev. per min. is attainable, and may be 

constantly maintained with accurate regulation. The 

generator is of the 2 1-2 K. W. size, designed to de- 

velop its rated output without sparking, and with a min- 

imum temperature rise. The entire weight of the set is 

a little over 600 lb., the engine constituting a little over 

40 per cent of this weight. The field frame is attached 

directly to the engine frame, and placed at the floor level 

so as to be as stable as possible. This arrangement was 

facilitated by the adoption of the consequent pole type, 

giving a four-pole field with only two field coils. As 

—— _— 

STURTEVANT LIGHTING SET. 

these coils are placed on the horizontal pole pieces, the 

height of the shaft center is reduced to a minimum. 

The total floor area occupied by this set is only 21 in. 

by 35 in., and the total height is 30 in. This type of 
lighting set is built in sizes for 25, 37 and and 50-16 C. 
P. lights. 

Williams Universal Ratchet. 

An improved form of ratchet drill is shown in the 

engraving of the Williams universal ratchet. This tool 

differs in operation from the ordinary ratchet in that, 

instead of a to arid fro motion, the handle can be 

worked in any direction. There are no bevel gears 

and no ball joints, and all bearings are cylindrical. The 

pawls do not slide lengthwise on the ratchet teeth. The 

universal quality of the tool is due to the fact that the 

axes of the two trunnions on which the handle turns 

form an acute angle with the axis of the drill. About 

two inches of motion at the end of the handle in any 

direction will drive the drill, and by the use of a collet 

holes up to 2 in. dia. can be worked. Inside the case 

there is a ratchet I 3-4 in. dia., with 12 teeth and five 
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pawls, one of which is always engaged. Thus the 

pawls catch sixty times in a revolution, and much faster 

work can be accomplished than with the old style 

drill. The tool is made of forged steel and the springs 
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which actuate the pawls are made of finely tempered 

piano wire. The tool complete weighs 11 lb. It is in 

extensive use by steamship companies, railroads and 

machine and boiler shops. It is made by the Waterbury 

Tool Co., Waterbury, Conn. 

Bard Adjustable Bushing. 

The accompanying illustration shows the Bard ad- 

justable bushing, a new appliance for use with die- 

stocks of all sizes. The bushing is fitted with three 

hardened jaws, which are moved to and from the cen- 

ter by means of a cam plate, and by fastening the plate 

with a thumb screw the jaws are firmly held in any 

‘desired position. The bushing is made to fit any die- 

stock in place of the common ring bushing, and ad- 

justs to all sizes of pipes or bolts. The adjustable 

jaws always make a perfect center for the pipe and, fit- 

ting closely around the pipe, insure cutting a straight 

thread. When once attached to the die-stock it may 

co. 
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BARD ADJUSTABLE BUSHING. 

always remain there, being adjustable to any size of 

pipe or bolts that the stock will thread. It thus does 

away with the necessity of carrying a number of loose 

ting bushings with each stock. In threading short 

nipples with this bushing, it is never necessary to file 

down the coupling of the nipple holder. Bushing No. 

3 is made for use either with or without a leader screw, 

according to the stock in which they are to be used. 

MARINE ENGINEERING. 217 

For old die-stocks where a leader screw or follower 

is necessary No. 3 bushings are made (taking up to 

2 in.) combined with a leading screw, all in one tool. 

This is a useful addition to an old style 2 in. die-stock, 

using solid dies. The Bard bushing is manufactured 

by the Armstrong Manufacturing Co., Bridgeport, 

Conn. 

Detroit Ash Gun. 

One of the most troublesome operations in connec- 

tion with the engineer’s department of a steamship is 

the getting rid of ashes. To lessen the labor attend- 

ant on this operation, and to enable it to be 

carried out expeditiously, the Detroit Shipbuilding 

Co. has designed an ash gun, by means of which the 

ashes are disposed of direct from the fire room floor 

without the necessity of any labor above decks. In 

the cross section of a vessel here printed, the gun 

is shown in position, with the discharge pipe leading 

up to the outlet on the ship’s side above the water line. 

The form of gun illustrated in the detail drawing is 

extensively used on the Great Lakes and also in 

smooth-water vessels. What might be termed the 

MID SECTION SHOWING ASH GUN IN POSITION. 

“breech mechanism” of this gun consists of a cast-iron 

shelf or receiver (with an opening to the bore of the 

gun), placed at a convenient height from the floor ia 

the boiler room, on to which the ashes are shoveled. 

Connection is,made at the rear end of the gun with 

one of the ship’s pumps supplying a jet of water under 

pressure. A throttle is placed under the shelf to con- 

trol this jet, and when this is opened, and the gun 

loaded, the ashes are carried up the discharge pipe and 

shot overboard clear of the ship’s side, without noise, 

dust or dirt. The discharge of the gun is 7 in. dia., 

and the inlet a little smaller, so that clinkers that can 

enter the opening are sure to be discharged. For ves- 

sels running on rough waters, the gun is fitted with 

an outboard valve at the muzzle to prevent the water 

entering the gun when the vessel rolls, and so getting 

down into the fire room. For sea-going vessels a gun 

fitted with a hopper instead of a shelf can be supplied. 

When not in use the hopper can be made. watertight 

with a lid and rubber joint. This apparatus takes up 

very little space, and can be readily installed in any 
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steamship. It is very rapid in operation, and the ashes 

are carried clear of the ship’s side, thus avoiding 

damage to paint. The ash gyn is manufactured by the 

Detroit Shipbuilding Co., Detroit, Mich. 

Becker Milling Machine. 

In the engraving of the Becker milling machine an 
improved form of machine tool is shown, which takes 

in a wide variety of work. It is very carefully built, 

and has well proportioned wearing parts. The spin- 

dle has large bronze bearings made adjustable for wear, 

the diameter at the main bearing being 3 in. Mills 

_ are secured rigidly by means of a draw bar, and large 

surface mills are fitted to the threaded nose of the 

spindle. The spindle driving pulley is mounted upon 

an adjustable auxiliary bearing, and is back-geared 5 
to I—the back gears are in duplicate to balance the ac- 

tion. The head has an automatic or hand movement of 

9g in. and an automatic stop-dog which will throw off 

the feed at any point within the limit of its vertical 

movement, thus making this machine an excellent ver- 

tical boring machine. A micrometer stop gauge 1s 

fitted so that the depth of cut can be accurately adjusted. 
The platen is 51 1-2 in. long over all and 14 in. beam 

with 42 in. automatic feed in either direction, and is 

fitted with quick return motion geared 3 to 1. Of the 
same length as the platen is the saddle with automatic 

feed in and out of 16 in. The feed screws are fitted 

with accurately divided dials. The knee has an auto- 
matic vertical feed, and has a range which gives 21 1-2 

in. in the clear between the spindle and platen and 16 

in. between the spindle and the rotary table. This ta- 

ble is 22 in. dia., graduated on the periphery and fitted 

with adjustable dogs to trip the feed. Table feeds 

are derived from compounded gears, giving eight 

changes for each change of spindle speed, and by a fur- 
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ther arrangement of gears sixteen changes of feed can 

be made for the rotary attachment. One advantage of 

this type of machine lies in the fact that the cutter and 

the work are always visible and easily accessible. By 

the use of special cutters much work can be done on 

this machine (recessing for example) which could only 

be accomplished on the lathe or planer, at far greater 

expense, and, of course, an infinite variety of work 

can be done with one setting. The machine is very 

solidly built, weighing about 5,000 Ib. It occupies 

about 270 cu. ft. of space. Each machine is fitted 

with an automatic oil pump and all the usual attach- 

ments. It is manufactured by the Becker-Brainard 

Milling Machine Co., Hyde Park, Mass. 

Commutator Truing Device. 

A compact apparatus for truing up commutators of 

electrical generators is here illustrated. By the use of 

this apparatus the work can be done without dismem- 

bering the generator and removing the armature to a 

repair shop. In the engraving the apparatus is shown 

secured in position on a dynamo with the tool set. for 

acut. It is put in place by removing the cap of the 

bearing on the commutator side of the dynamo and 

clamping on the machine. This in construction is 

similar to a lath slide rest with both parallel and trans- 

verse motions. The tool post is of the ordinary 

type, with steel set screw for holding the tool fast. To 

prevent end play in the commutator when truing, the 

apparatus is fitted with an arm in which a threaded 

centerpoint is carried; this engages in the end of the 

armature shaft and holds it hard against the pulley end. 
For the best work a commutator speed of from 200 to 

BECKER MILLING MACHINE. 
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COMMUTATOR TRUING DEVICE. 

250 ft. a minute is found desirable. The apparatus is 

manufactured by the Akron Electrical Mfg. Co., Ak- 

ron, Ohio. 

Circulating Pump Engines. 

In designing and building the torpedo boats now on 

the stocks in the United States, it has been the desire 

of the Navy Department and the builders to as far as 

possible cling to well-accepted designs, modifying what 

has been well proven in the past to be of value to meet 
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new conditions, thus practically eliminating in many 

cases the possibility of disaster. Private firms all 

over the United States have been aiding the Govern- 
ment in this respect by getting up special designs for 

auxiliaries, which the builders of torpedo boats have 

not taken in hand themselves. One of these de- 

signs is shown herewith. It represents a pair of small 

circulating pump engines built for the W. R. Trigg Co., 

of Richmond, Va., by W. D. Forbes & Co., of Hoboken, 

N. J. These engines are directly connected to the cir- 

culating pump shafts and although extremely stiff and 

strong are quite light, weighing only 135 Ib. each. 

Their cylinder dia. is 4 in. and the stroke is 3 in., and 

they are capable of running up to quite high revolutions, 

say 600 or a little over, but, of course, as they are to be 

used with a circulating pump they will probably be run 

at very much less speed. These engines are fitted 

with relief valves on both ends of the cylinder, and 

these valves are large enough to relieve the cylinder 

very quickly, even if considerable water is trapped in 

the cylinder. A piston valve is used, which works in 

a liner in which the steam ports are milled. The 

crosshead pin is of tool steel hardened and ground, 

and regular navy material, as specified by the Bureau 

of Steam Engineering, is used throughout. The oil- 

ing device has been very carefully considered and 

the crank pin is oiled from the interior, the oil dripping 

into a circular groove in the back of a disk crank and 

being thrown out into the pin by centrifugal action. 

FORBES CIRCULATING PUMP ENGINES 
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SBE EEE ET roof zs to be submitted. 

N cece enue of Naval Archi- 

A tecture and Marine Engineering 

Government auspices will be held at the Paris 

Exposition, commencing July 19 next and lasting 

three days. The Commission of Organization in- 

cludes the leading representatives of the profes- 

sion in France: M. de Bussy, inspector genera! 

of the reserve fleet, is president; MM. Bertin, 

Dagmard and Normand vice-presidents, and the 

other members are equally well known in en- 

gineering circles. The Commission has extended 

an invitation to all engineers, constructors of 

vessels, and motive and mechanical apparatus of 

all sorts employed in marine work, producers of 

materials employed in marine constrtction, and 

to yatchsmen, amateurs and others who are in- 

terested in the progress of marine construction 

and propulsion (locomotion maritime), to pre- 

sent to the Congress the result of their experi- 

ences, studies and researches. This they can do 

either by furnishing communications which will 

be read and discussed at the meetings, or by 

taking part personally in the discussions, or they 

will be welcomed as auditors pure and simple. 
Those who desire to participate in the Congress 
are requested to send their names and addresses, 

and profession or calling, without delay, to M. 
Borja de Mozota, administrateur du Bureau 

Veritas, Trésorier, Place de la Bourse, 8, Paris, 
France, together with a remittance of 15 francs, 
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which is the price of membership. On the accept- 
ance of this fee the member will receive a per- 
sonal card of entry to the Congress and will also 
be entitled to receive the report of the proceed- 
ings. To extend its sphere of influence the Com- 
mission of Organization has appointed a com- 
mittee of leading members of the profession 
throughout the world, and has at this time re- 
ceived a large number of acceptances which in- 
clude: United States, Chief Constructor Philip 
Hichborn, U. S. N., Engineer-in-Chief George 
W. Melville, U. S. N., Clement A. Griscom, 
president, S. N. A. & M. E., and Charles H. 

Cramp; Britain, Lord Hopetoun, president, I. 

N. A., Chief Constructor Sir William White, 

R. N., Dr. Elgar, Lord Brassey and others; Ger- 

Carl Busley, Herr Blohm, of Blohm ‘& 

Otto Schlick, and others; Italy, Sig. Soli- 
ani; Spain, Senor de Haro; Russia, Col. Gon- 
laieff ; and other states by authorities. An effort 

has been made by the Commission of Organiza- 

tion to classify the different papers, and to this 

end it has arranged for the following separate 
sections: Section A, Naval Architecture; Sec- 
tion B, Construction of Hulls; Section C, Con- 

struction of Marine } Machiaenys Section D, Clas- 
sification of Types of Vessels; Section E, Facil- 

ities for Loading Vessels in Port; Section F, 

Miscellaneous. Already a number of important 

papers have been arranged for, the list of titles 

and authors being as follows: 

many, 

Voss, 

BERTIN Directeur du Génie Maritime, Paris, 
France, 
STABILITY OF A PACKET AFTER COLLISION AT 
SEA AND SUBSEQUENT MEANS OF PRESER- 
VATION. 

BILES Professor Naval Architecture, University 
of Glasgow, Scotland. 
STANDARDIZING THE RESULT OF SHIP CAL- 
CULATIONS, 

BONNET Engineer, Havre, France. 
USE OF THE METERINTEGRATOR IN CALCU- 
LATIONS FOR THE STABILITY OF SHIPS. 

CHACE Civil Engineer, Newport News, Va., 
U.S.A. 
SHIP BUILDING PLANT AT NEWPORT NEWS. 

CLARK Engineer, London, England. 
FLOATING DOCKS, 

DEGREMONT-SAMADEN Engineer, France. 
PRACIICAL LUBRICATION, 

DRZEVIECKI Engineer, Paris. 
THEORY OF SCREW PROPELLERS, 

GONLAIEFF Constructor Russian Navy, St. Peters- 
burg, Russia. 
PROTECTION OF HULLS AGAINST ATTACK BY 
RAM AND TORPEDO, 

Naval Engineer, Paris, France. 
ADOPTION OF A RATIONAL SYSTEM OF UNITS 
IN NAVAL CONSTRUCTION, 

HOLZAPFEL -Engineer, London, England. 
FIGHTING SHIPS OF THE FUTURE. 

HAUSER 
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ISAKSON Lloyd’s Inspector, Stockholm, Sweden. 
NOTES ON THE TONNAGE LAWS OF THE 
VARIOUS COUNTRIES, 
Member Council S. N. A. & M. E., Bos- 
ton, Mass., U.S. A. 
ARMORED SUBMARINE BOATS. 

DE KopOoLITtscH Austrian Lloyd’s, Trieste, Aus- 
tria. 
THE USE OF A GRAVING DOCK FOR MODEL 
TRIALS. 

Engineer, Bordeaux, France. 
FORMULA FOR PRE-DE1ERMINING THE SPEED 
OF VESSELS—MARINE RAILWAYS, 

MOISSENET Engineer, Cherbourg, France. 
TOWING MACHINES AND APPARATUS 
STEEL TUGS, 

MONTUPET Engineer, Paris, France. 
MARINE BOILERS, 

MULLER Captain, Paris, France. 
THE EVOLUTION OF FRENCH SAILING VES- 
SELS DURING THE PAST THIRTY YEARS, 

Engineer, Paris, France. 
THEORY OF SCREW PROPELLERS, 
Engineer, Cologne, Germany. 
ELECTRICAL EQUIPMENT OF SHIPYARDS, 

JAQUES 

LABAT 

FOR 

RATEAU 

RENNER 

RoTA Naval Engineer, Rome, Italy. 
THE RESISTANCE OF HULLS, 

TROMP Ex-Artillery Officer, Rotterdam, Nether- 
lands. 
SUBMARINE BOATS—COMPARATIVE STUDY ON 
SCHEDULES OF WEIGHTS FOR WAR VESSELS. 

TURC Lieutenant Mediterranean Squadron, 
France. 

NON PITCHING AND ROLLING HULLS, 

Those who intend to present communications 

are urged to send a prompt notification to M. 
Hauser, ingénieur de la Marine, en retraite, Sec- 
rétaire général, rue Meissonier, 4, Paris, France, 
giving the subject of the proposed paper. The 
papers themselves are to be accompanied by a 
brief résumé, and statement of conclusions 
reached, and are to be sent in not later than June 
I next. After that date they will be received for 
presentation to the Congress only upon the 
special recommendation of the Commission of 
Organization. Authors of such communications 
who will not be able to attend in person can have 
the papers presented by some other member of 
the Congress by notifying the Commission of 
Organization to that effect. 

ey 

N these pages we recently referred to an an- 
nouncement concerning Columbia University, 

which was very widely published in the press of 
the country, to the effect that President Seth Low 
“shared the opinion of the faculty that it is highly 
important for the University to pre-empt the field 
of Marine Engineering without delay.” We have 
received from F. R. Hutton, Professor of 
Mechanical Engineering of Columbia University, 
a letter in which he takes upon himself the re- 
sponsibility for the document from which the pub- 
lished extract was made. This document—pre- 
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pared for the information of the Trustees of the 

University—was prepared, says Prof. Hutton, 

“without any reference whatever to the excellent 

and creditable work done outside of New York,” 

and the pre-emption expressed referred exclusive- 

ly to the field in and around the port of New 

York. “The location of Columbia University in 

the port of New York, with the Navy Yard and 

the great Trans-Atlantic companies at its doors, 

makes this field,” im the opinion of the College 

authorities, “a field of immediate availability, and 

would constitute for Columbia University an ele- 

ment of great strength in these courses.” Prof. 

Hutton advises us that the University has secured 

the services of Prof. William Ledyard Cathcart 

as a professor of the Department of Mechanical 

Engineering, “having in this action a definite 

purpose with respect to the inauguration of the 

Marine Engineering and Naval Architecture 

courses, as soon as the time should be ripe.” 

Prof. Cathcart received his professional training 

at the Naval Academy, and was a member of 

the late Engineers Corps of the United States 

Navy. Other educational facilities at the port of 

New York, for students of Marine Engineering 

and Naval Architecture, are soon to be provided 

by the New York University as a department of 

the School of Applied Science. The location of 

this school in the buildings at University 

Heights, not far removed from the shipyard at 

Morris Heights, on the Harlem River, is con- 

sidered as an advantage, giving the students an 

opportunity of conveniently witnessing the prac- 

tical construction of vessels. The new depart- 

ment will be under the guidance of Prof. C. C. 
Thomas, a graduate of Leland Stanford and of 

the School of Marine Construction, at Cornell 

University. Since graduation Prof. Thomas has 

been engaged in the practice of his profession in 

shipyards on the Lakes and the Atlantic Coast. 

eg ey yy 

T Cincinnati, Ohio, May 15 to 18, the forty- 

first meeting of the American Society of 

Mechanical Engineers will be held. Technical 

sessions will commence on Wednesday morning, 

May 16. About a dozen papers, on subjects re- 

lating chiefly to land practice, will be read at the 

meeting and discussed. Excursions to local man- 

ufacturing establishments are arranged for, and 

indoors the social features include a reception and 

conversazione. There are many important work- 

shops and engineering plants in the vicinity of 

Cincinnati which can be easily reached. 
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EDUCATIONAL DEPARTMENT. 

HELPS FOR CANDIDATES FOR MARINE EN= 

GINEERS’ LICENSES—BOILERS—VII. 

BY DR. WILLIAM FREDERICK DURAND. 

§4. BOILER SCALE. (Continued.) 

Scale Prevention, Salt Water—Turning now to boil- 

ers in which sea water may form a portion of the feed, 

it will be of interest to first note briefiy the historical 

development of the modern situation. 

In the early days of marine engineering, the tempera- 

ture and pressure of the steam were low, and the jet 

condenser was in general use. The feed water which 

was drawn from the mingled condensing water and con- 

densed steam was but slightly fresher than sea water, 

so that large amounts of solid matter were thus fed into 

the boiler. In consequence the density would have risen 
rapidly had it not been kept down by blowing off a part 

of the water in the boiler of relatively high density, and 

replacing it with the salt feed of lower density. Had the 

sulphates of calcium and magnesium thus brought into 

the boiler been completely deposited, enormous quan- 

tities of scale would have been formed, and this method 

of operation would have been quite impracticable. Due, 

however, to the moderate pressure then in use and to the 

fact that the density was kept usually between I 3-4 and 

2, the salts were held fairly well in solution, and but a 

moderate amount of scale was deposited. 

As steam pressures advanced, however, beyond 40 or 

45 lbs., conditions were reached under which first the cal- 

cium sulphate and later magnesium sulphate and other 

salts are completely deposited. Under such circum- 

stances blowing off to reduce the density of the water 

will only make matters so much the worse, for the 

lower the density is to be maintained, the greater must 

be the amount blown off, and hence the greater the 

amount of extra feed, and the greater the amount of 

scale forming salts brought into the boiler, all of which 

will be deposited. 

It became therefore necessary to abandon the use of 
the jet condenser and salt feed. Its place was taken by 

the modern surface condenser. So long as this con- 

denser is perfectly tight the feed water consists of the 

condensed steam, and is therefore almost perfectly fresh 
water. -Due, however, to steam leaks at the various 

joints, seams and glands, to the occasional use of the 

steam whistle, and to the use of steam in certain 

auxiliaries from which it is not returned to the con- 

denser, there will be a continual shortage in the feed 

water which under usual conditions will be -found be- 

tween say 2 and 5 per cent. Until recent years this 

shortage was made up by the use of sea water obtained 

usually by opening, as circumstances required, the salt 

water cock connecting the salt water side of the con- 

denser with the steam side. It is very difficult to keep 

the tubes of a surface condenser packed perfectly tight, 

and in some cases the condenser was allowed to run a 

little leaky, simply to make up in this way the salt feed 

required. 
Due to this admixture of salt feed, the scale forming 

salts of which are all deposited in the boiler, there will 

be a gradual formation of scale greater or less according 

to the length of the run and the proportion of salt feed 

make up. 
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In recent years experience has clearly shown that the 

dangers of overheating and the general bad effects due to 

the presence of scale are more and more pronounced as 

the pressures are higher. It has become therefore more 

and more important to prevent so far as possible the en- 

trance of any sea water into the boiler, and thus avoid 

the formation of scale with its troubles and dangers. To 

this end, in modern practice, the make up feed is pro- 

vided by an evaporator or in some cases by feeding one 

boiler with salt feed and thus restricting the scale for- 

mation to this boiler, while the condensed steam from 

all the boilers is returned to the other ones as feed. In 

all such cases it will be noted that this scheme amounts 

to a transfer of the use of salt water and the formation 
of scale from the boilers in general to the evaporator, or 

to the particular boiler in which it is allowed to accumu- 

late. 

It is rare that the condenser can be maintained per- 

fectly tight, so that even under the best practicable con- 

ditions there is apt to be some passage of sea water into 

the steam side of the condenser, and thence into the 

boiler. Under the best conditions the amount of scale 

formed, however, is so small that commonly no special 

treatment is attempted, and the scale is allowed to de- 

posit, and is then removed at the regular periods of in- 

spection and overhaul. s 

Some attempts have been made to prepare sea water 

by the removal of the calcium sulphate in a separate ves- 

sel before entering the boiler. This may be done by the 

use of sodic fluoride which causes the sulphate to sepa- 

rate out and settle to the bottom as a fine powder. The 

remaining water is practically free from this substance 

and may be used for boiler feed without fear of causing 

scale. 

Soda ash and other alkalies have sometimes been used 
in boilers, with feed water containing sulphate of lime. 

They act by converting the sulphate into a carbonate, 

and thus into a somewhat less objectionable form. 

Barium chloride acts in a somewhat similar fashion 

by producing barium sulphate and calcium chloride. 

The use of zinc in boilers is also by many believed to 
prevent to some extent the formation of scale by the re- 

action of the alkaline zinc chloride on the scale forming 

salts. 
With sea-going as with inland boilers the bottom blow 

should be used occasionally and as the particular circum- 

stances may demand, so as to remove the accumulation 

of such substances as may be thrown down as a pow- 
der or sludge and thus collect in the bottom of the 

boiler. 

However careful the provisions for keeping sea water 

out of the boilers or no matter what methods may be 

used to prevent scale formation, it is almost sure to 

gradually accumulate, and assurance of safety from the 

troubles and dangers which may result can only be ob- 

tained from periodical examination and scaling as may 

be found necessary. All marine boilers must, of course, 

be provided with manhole plates for this purpose, and 

the internal arrangement.of tubes, braces, furnaces, etc., 

should be made, so far as possible, with a view to fur- 

thering this necessary operation. 

Combinations of Oil and Scale-—We have thus far 

referred to scale formed simply from the solid matter in 

the feed water. The combinations which may be formed 

by the deposited salts and oil from the cylinders as it 
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may enter with the feed water are, however, of even still 

greater importance, and must now be noted. 

Oil coming in thus with the feed water is caught by 

the circulating currents and distributed more or less 

throughout the boiler, though by reason of its lesser 

weight it will tend gradually to rise and accumulate as a 

scum at the surface of the water. In thus wandering 

about, a drop may come in contact with a bit of solid 

matter separated from the water. The two join to- 

gether, the oil forming a coating about the sulphate, and 

they journey on meeting and joining with other like par- 

ticles. The combination of the oil and sulphate may have 

about the same specific gravity as the water in the boiler 

and hence these particles will readily move with the cir- 

_ culating currents, either up or down, as they happen to 

be flowing. They are thus swept along the heating sur- 

faces, to which they attach themselves all the more read- 

ily by reason of their oily covering, and on either the 

upper or lower side as they happen to be moving with a 

down or up flowing current. In this way the coating 

gradually increases until it has attained a thickness suffi- 

cient to seriously interfere with the passage of the heat. 

In other cases when the scale and oil are lighter or 

the water is denser and heavier, there seems to be formed 

at the surface of the water in the boiler a kind of oil 

and scale blanket or layer floating about and perhaps ul- 

timately by the gradual increase of weight sinking and 

covering some portion of the heating surface. Espe- 

cially is this oil “pancake,” as it has been called, liable 

to settle should the density of the water in any way be 

suddenly decreased. Still otherwise should the boiler be 

blown down by the bottom blow, such an oil blanket 

would naturally settle and attach itself to some part of 

the heating surface. Should the boiler be then filled 

again, the coating would remain where attached. This 

shows that under such circumstances a boiler should 

never be blown down with the bottom blow without first 

using thoroughly the surface blow to remove as far as 

possible all such accumulations of oil or of oil and scale 

from the surface of the water. 

The danger to be feared from this combination of scale 

and oil is not in its close adherence to the surfaces, but 

in its non-conductivity for heat. Experiments show that 

I-16 to 1-8 inch of such a covering is far worse in this re- 

spect than perhaps 1-2 inch or more of scale alone. The 

danger to be feared is therefore overheating and col- 

lapse, and not a few cases of the collapse of furnaces and 

other parts of marine boilers are believed to be due to | 

this cause. 

So far as these effects are concerned it is seen that it 

is better to carry a high density in the boilers than a low 

one, so as to keep such oil and scale combinations at the 

surface of the water, where they may be disposed of by 

the surface blow. 

As it is practically impossible to prevent the entrance 

of some scale forming materials into the boiler, the dan- 

ger of trouble with oil and scale combinations is most 

surely prevented by keeping the oil out. To this end 
a cylinder oil should be used having a high point of 

vaporization, as the higher this point the smaller the 

amount carried into the condenser. Of this oil the 

minimum amount necessary should be used in the cylin- 

ders, and the feed water should be filtered to remove 

whatever oil it may contain. 
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ELECTRICITY ON BOARD SHIP—PRINCIPLES 

AND PRACTICE—XXIII. 

BY WM. BAXTER, JR. 

METHODS OF DISTRIBUTION.—CONTINUED, 

Distribution, or junction, boxes are not absolutely 

necessary in a lighting system, whether located on 

board ship or on shore, but they serve to simplify the 

wiring, and also to facilitate the handling of the appara- 

tus. From each junction box one or more circuits are 

run out, and upon these the lamps are placed. A lamp 

is liable to become disarranged, and while in some cases 

the defect may result in simply opening the circuit, so 

that the light will go out, in others it may produce a 

short circuit, and thus allow an enormous current to 

flow through it. On this account lamps should be pro- 

vided with safety fuses that may be melted by an ex- 

cessive current, and thus protect the generator, as well 

as the line wires, from the effects of such currents. To 

provide each lamp with a fuse would entail an unneces- 

sary amount of complication, hence the proper pro- 

cedure is to provide one fuse for each individual lamp 

circuit, then this single fuse will protect the circuits and 

generators against damage arrising from the disar- 

rangement of any lamp in that particular circuit. If 

the individual lamp circuits issue from junction boxes, 

the fuse can be placed therein, and then when any- 

thing goes wrong with the lights the attendant knows 

where to look for the trouble. If distribution boxes 

were discarded, main lines could be run on either side 

of the ship, and the lamp circuits could be taken off 

from these at convenient points. With such an arrange- 

ment, however, the fuse would have to be unprotected, 

and every time they were blown out the melted metal 

would spatter over surrounding objects, and the flame 

would char and disfigure the surfaces to which they 

were attached, and possibly set fire to them. 

The system of distribution would be the same, elec- 

trically, whether we used junction boxes or not, but 

mechanically the difference would be that the junctions 

of the main distributing lines and the lamp circuits 

would in one case be exposed, and in the other they 

would be covered. From this we can see that a junc- 

tion, or distributing box, is nothing more nor less than 

a covering for the portion of the circuit wires where the 

branch circuits are connected with the main lines. If 

we had an unprotected system of wiring, we would 

place in the individual lamp circuits a switch, by means 

of which the current could be turned on or off as de- 

sired, if such an arrangement were necessary, and, 

likewise, if we use the protective system, that is, junc- 

tion boxes, we will provide a switch whenever required. 

As the junction boxes are an additional expense, it is 

natural to endeavor to get as much good out of each 

one as possible, hence we make an effort to so arrange 

the wiring that a number of lamp circuits may start 

from the same point, and thus we increase the useful- 

ness of each box, by making it a center from which 

several branches issue. 

If it is not necessary to arrange the lamp circuits so 

that they may be cut out individually,then the distribut- 

ing box can be made comparatively small, as it will 

only have to be of sufficient size to accommodate the 

fuses, but if switches are also to be provided, the 
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dimensions will have to be increased, and in that case 

if the space available for the junction box is not suf- 

ficient two boxes located at different points will have 

to be provided. It is not necessary to locate the 

switches of the lamp circuits in the junction boxes, and 

in many cases it is more convenient to place them else- 

where, as for instance, when the box is located in 

an inaccessible position; hence, even when all the lamp 

circuits are provided with switches, we can use a com- 

pact junction box as a center for a number of circuits 

by using separate switches, located at other points. 

In every system of wiring for lighting purposes it is 

desirable to arrange the circuits so that any mishap to 

one may disturb the lights as little as possible. The 

best way of securing this result is by using a double or 

triple system of distribution. A double system is one 

in which every part of the ship, where practicable, is 

supplied with lights by two independent sets of circuits. 

and in a triple system three independent sets are pro- 

vided. With the double system, if the lights operated 

by one set of circuits go out through some disarrange- 

ment of the wires or connections, the lights burning 

on the other system will still be left in service, and al- 

though the illumination will be reduced there will not 

be total darkness. The general arrangement of a dou- 

ble system is shown in Fig. 153, in which, as will be 

FIG, 154. 

seen, the two main distributing boxes, A A, feed into 

four secondary boxes, B B B B. These secondary 

boxes are shown side by side, and all of them are 

bunched close together, but it must be understood that 

in actual practice they would be widely separated. The 
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boxes shown in pairs indicate those used to light up the 

same section of the ship. In some instances the pair 

of boxes is replaced by one, in which case the circuits 

running from the two main boxes, A JA, are run into 

it. This arrangement is not as perfect as that involv- 

ing the use of separate boxes, for a disarrangement of 

the switches or other apparatus belonging to one cir- 

cuit might be so extensive as to affect the other, and 

thus defeat the object of the double system. 

Fig. 153 does not show the best arrangement of a 

double system, for the reason that the B boxes are not 

entirely independent of each other. As will be seen, 

there are only two circuits run out from each A box, 

and the secondary boxes are connected two in series in 

these circuits; therefore, the failure of the first of these 

boxes might disable the second one. A far more com- 

plete arrangement is shown in Fig. 154, in which-each 
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FIG. 155. 

secondary box, B, is connected with the primary box 

by an independent set of wires; hence, the failure of one 

box will not impair the usefulness of the others. 

Fig. 155 illustrates the manner in which a triple sys- 

tem is connected with the individual lamps. These 

lamps may be assumed to represent nine small elec- 

troliers, illuminating, say, a dining saloon. For the 

sake of simplicity the circuits running from the junction 

boxes, A A A, to the lamps are represented by single 

lines, but this representation is correct if we keep in 

mind that two wires are run along each line; in other 

words, we can regard the lines as representing double 

wire cables. To make the illustration more accurate, 

we have shown the cables branching out into two wires 

at each lamp. The circuit running from the box at the 

left is shown in solid lines, and that running from the 

right hand box is drawn in dash and dot lines, while 
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the circuit from the center box is shown in dotted lines. failure of one of the boxes will only put out two lights 

Each box feeds two lamps in each electrolier, those in each electrolier. It will also be noticed that if we 

connected with the left side box being shaded, those op- 

ah a 

cut out one circuit we effect a uniform reduction of il- 
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FIG, 156. 

erated by the right side one being half shaded, while 

the white ones are connected with the center box. From 

this disposition of the circuits it will be seen that the 

lumination throughout the entire room, which is more 

satisfactory than darkening one part and leaving the 
rest brilliant. 
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As a final example of the general method pursued 

in wiring, we give the illustration, Fig. 156, which 

shows the arrangement of lights and wiring for the 

dining saloon and adjoining parts of the vessel. This 

drawing is but a slight modification of the actual con- 

struction used in one of the large steamers running on 

Long Island Sound. The whole system of lamps is 

supplied from four distribution boxes marked A B 

C D. The first one supplies the lights in the saloon, 

G GG G, and also in the side rooms, E and F, and the 

outside lights at N N N N. The box B feeds the 

lights for the stairway, H H, the cashier’s office, L, and 

the butler’s rooms, J J K. The box C supplies one 

side of the dining saloon, and box D takes care of the 

other. Box A runs out 13 lamp circuits, box B fur- 

nishes four, and boxes C and D each supplies fifteen 

circuits. The lamps burning on the same circuit are 

marked with the same letter. 

The outlines of the boat are drawn in broken lines so 

as to cause the circuits to stand out more boldly, and, 

as in Fig. 155, the wiring is represented by single lines. 

The boxes A, C and D should be connected with the 

switchboard by at least two circuits, each one supplying 

its proportion of the lamp circuits. With two circuits 

from the switchboard, box A would be arranged with 

electroliers 1 3 4 8 7 and lights in room F connected 

with one circuit, the other circuit being connected with 

the balance. Of the lamps supplied from box C, the 

groups ac ek mo p and r should be connected with 

one circuit and the remaining ones with the other. The 

lights fed from box D should be arranged in the same 

way. These boxes should be provided with switches 

by means of which the lamp circuits could be connected 

with either circuit coming from the switchboard, then 

in the event of the failure of one circuit all the lights 

could be operated by the other. 
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Lock Bolt—A bolt used to lock or secure some 
part of a mechanism so that it cannot become loose 

by jarring or pounding. See also under Bolt. 

Lock-Nut or Jam-Nut—See under Bolt. 
Low-Pressure—In a compound or multiple expan- 

sion engine, where the steam is expanded in stages 

through a series of cylinders of increasing sizes, the 

low-pressure cylinder is the largest and last of the 

series, and from this the steam goes to the condenser. 

The term low-pressure is also sometimes used in re- 

ferring to a condensing engine as opposed to a high- 

pressure or non-condensing engine, and in a vague 

and general sense in referring to any machine or 

method of operation in which the pressures involved 

may be relatively low. 

Lubricator—In general, any device for applying oil 

or other lubricant to a bearing or place where re- 

quired. In particular, a device for feeding cylinder- 

oil into the steam pipe or throttle valve chamber, 

where it may be caught by the steam and carried on 

to the valve chests and cylinders. The essential parts 
of a lubricator are a small vertical pipe attached at 

its upper end to the steam pipe, and at its lower end to 

the chamber containing the oil, the latter being con- 

nected to the steam pipe or valve chamber. Steam 

MARINE ENGINEERING. May, 1900. 

is admitted to the vertical pipe, where it condenses, 

thus forming a vertical column of water connecting to 

the bottom of the oil chamber. The pressure unward 

of the water against the oil is therefore equal to the 

steam pressure plus the pressure due to the head of 

water in the vertical pipe. The pressure opposing the 

flow of oil into the steam pipe or valve chamber is on 

the other hand practically that due to the steam. The 

extra pressure due to the head of water is therefore 

available for forcing the oil out of the chamber and 

into a passage leading to the steam pipe. By this 

means, as controlled by a regulating valve, the oil is 

forced, drop by drop, out of the oil chamber at the 

top, the water entering at the bottom gradually taking 

its place. A small gauge glass is placed on one side 

to show the level of the water and oil within the cham- 

ber, while a short length of glass tube filled with water 

forms a part of the passage followed by the oil drop. 

Its passages upward through the water is plainly visible, 

thus showing clearly that the apparatus is working 

properly. Such an attachment is called a sight-feed, 

and the whole device a sight-feed lubricator. 

Lug—An extension or projection of metal from the 

main body of the part, thus providing a means of con- 

nection or fastening of one part to another. 
Main Bearing—A name frequently given to the 

crank-shaft bearing or pillow-blocks. 
Main Steam Pipe—The main line of steam piping 

from the boiler to the engines, as distinguished from 

the various auxiliary pipes and connections. 

Manhole—In general a hole or opening cut to allow 
the passage of a man. Thus a manhole in the shell of 

a boiler is an oval or elliptical hole cut to allow the 

entrance of a man to the interior of a boiler for pur- 

poses of examination and repair. The usual size of a 

boiler manhole is 11 in. by 15 in. Similar openings may 

be made in_ the shell of a condenser, and also in the 

inside skin and throughout the inner structure of a 

ship’s “double bottom.” Circular openings with suit- 

able covers are also frequently provided in the heads 

of large steam engine cylinders for like uses. 
Manhole Cover or Plate—A cover fitted over a 

manhole and secured by bolts or dogs, with suitable ar- 

rangements for a steam or water tight joint as the case 

may require. In fitting a cover to a boiler manhole, a 

. reinforce ring is secured about the hole in order to 

provide local strength and stiffness, and when the 

hole is cut in the curved shell, to restore in some 

measure the metal removed by the hole. In some cases 

—hand or mud holes—the reinforce metal is obtained 

by flanging the plate around the hole. 

Manifold—_A pipe or chamber serving to connect 

together in common a large number of pipes or tubes. 

Manifolds are used in the construction of many forms 

of water-tube boiler, and also in forming steam heat- 
ing and refrigerating coils, etc. ; 

Mean Pressure—The mean or average of a series of 

varying pressures. Thus, we may refer to the mean 

pressure on a bearing surface, the mean pressure on a 

piston, etc. 

The U. S. training ship Buffalo will leave one of the 

Atlantic ports shortly with several hundred landsmen 

on an extended cruise. The first port of call will be, 

probably, Gibraltar. 
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QUERIES AND ANSWERS. 

(Communications intended for this department will not recevve at- 
tention unless accompanied by the full name and address of 

the sender, which will be considered confidential.) 

Q.—I wish to get out a triple expansion engine de- 

sign, and would be obliged if you would outline the 

work from the beginning, giving what should be first 

known and the order of procedure. J. W. H. 

A.—In the design of a triple expansion engine for marine work 

a great number of questions must be considered before calculating 

dimensions and proportions. Weight, space occupied, grade of 

material and the nature of the service of the engine will all be 

factors having an important bearing on the design. A torpedo boat 

engine made of the finest material, with high piston speed and not 

a pound of surplus metal in its construction, is quite a different 

affair from the engine of the ordinary cargo boat, although both of 

them may develop the same power. Ps 

It would be impossible in this answer to gointo details of the 

different types, the question of cylinder proportions, valve setting 

and crank sequence, as opinions differ considerably on these matters, 

and experience usually decides the details adopted. In designing 

parts, etc.,a good book of rules such as Seaton & Rounthwaite’s 

pocket book of marine engineering would be of great value. 
In the draughting rooms of most of the engine building concerns, 

the design of a new engine usually consists in remodeling and 

altering the plans of engines previously built with the view of using 

old patterns of parts, and in this manner the design can be pro- 

duced very quickly. In an original design, however, it isan affair 

which takes considerable time. To give a short synopsis, the 

following is the usual method of procedure : 
After determining the power necessary to propel the vessel at the 

required speed, the propeller wheel is designed or decided upon, in 

which case the assumed slip, diameter, and pitch will determine 

the number of revolutions per minute of the engine. Then on de- 

ciding the piston speed, the stroke of the engine can be calculated, 

and the stroke, revolutions, horse power and boiler pressure being 

known, the diameters of the cylinders can be computed. Then the 

different port areas and valve settings are figured. 

After deciding upon the type and position of the valves the design 

can be started, by drawing out separately each cylinder with its 

parts, valve and stem, cover, piston and stuffing box. Beneath each 

cylinder sketch its crank shaft with the bearings and eccentric 
sheaves, taking care to see that there is room to remove coupling 

bolts, eccentric sheaves, etc. Then the distance between centers of 

cylinders can be decided upon. 

Next decide on the style of crosshead, guide shoes, connecting 

rod and crank pin box, and makea separate end view of these, 

showing the crosshead in the top and bottom positions, and the 

angles of the connecting rod at different portions of the stroke: By 

this means the position of the guide faces are determined in re- 

lation to the crosshead and connecting rod, and allowing the neces- 

sary clearance between the stuffing box and crosshead in the top 

potition the end view of a cylinder may be sketched in. The center 

of the shaft is then a fixed point. 

Now show the crank pin box in different positions of the stroke 

and thereby determine the size of the crank pit, bearing in mind 

that in this case, as wellas for all other parts, there must be room 

left for overhauling or taking parts adrift. The shape of the bed 

plate can then be worked in, and this will be determined by the 

shape of the bottom of the ship, or tank top, or stool to which it is 

to be fastened. 

Next the positions of columns and their attachment to the cylin- 

ders and bed plate can be considered, giving them all the same 

slope, and if possible making them all duplicates of each other, so 

that the same pattern can be used with minor alterations for each. 

Next design the valve stem guide brackets, then the butt ends of 

the valve stems, the saddle blocks and links. 

A separate sketch can then be made showing the different posi-_ 

tions of the link at’ various points of the stroke, and after deter- 

mining the clearance between the link in its highest position and 

the valve stem guide the length of the eccentric rods can be ascer- 

tained. 

Next determine the centers of the drag links, rock shaft levers, 

and of the rock shaft itself, by placing the link in the ahead and in 

the astern positions. Locate the rock shaft so that-it can be con- 

veniently attached to the columns. 

MARINE ENGINEERING. 227 

Allthese plans can then be combined, and the arrangement of 

the condenser drawn in. The condenser is usually made about the 

same length as the engine, if attached to the bed plate, and care 

must be taken that the drain is sufficiently high above the air pump 
suction. There are so many designs of condensers that it would be 

impossible here to give any details, and this applies also to the 

minor engine attachments. 

Q.—Can the speed of vessels be increased by twin 

screws over that attained by a single screw? If so, 

what percentage gain in speed ? 
I have a single screw propeller on a yacht 65 ft. long 

and have attained a speed of 12 miles per hour, develop- 

ing 60 H.P. Could the speed be increased with twin 
screws and two engines developing 30 H. P. each ? 

The propeller now used is 38 in, dia, and 60 in, pitch. 

The speed of 12 miles was with 300 revolutions per 

minute and with a loss in slip of about 30 per cent. 

PN ID). 1, 
A.—The whole question turns on whether ot not you can apply 

your total power of 60 I. H. P. more efficiently with two screws than 

with one. To judge of this point we should require somewhat fuller 

information than is given regarding the single screw. Making the 

best use of what is given, however, and examining the performance 

of the single propeller of 38 in. dia. and 60 in. pitch at 300 revolu- 

tions and a speed at 12 miles per hour, it appears from the most re- 

liable propeller formule that it should be able to take care of about 

60 I. H.P. with a very fair efficiency—within a few points probably of 

the best that could be gotten from any propeller. It follows there- 

fore that with the propeller you are already using you are applying 

your power with an efficiency not far below the best that can be 

hoped for, and hence that you cannot expect to do very much better 

with twin screws and the same power. 

At the same time the indications are that with twin screws care- 

fully designed and adapted to the circumstances of the case a small 

increase in efficiency could be expected, and a corresponding in- 

crease in speed, but not probably greater than Y%{ to % mile per hour. 

This gain, it should be noted, would not be due primarily to the use 

of fw screws rather than szzg/e, but simply toa slightly better 

design and adaptation to the circumstances of the case. Quite as 

good results could undoubtedly be gotten from a single screw 

slightly modified in size and proportion, assuming of course that 

there are no special limitations to the diameter, revolutions, etc. 

In other words the question does not turn on whether one screw 

or two are employed, but on how correctly they are designed to 

meet the circumstances of the case. 

Referring again to the case in hand, it is therefore very doubtful 

if the change from single to twin screws would be justified by the 

expectation of any really considerable increase in speed. 

It must be remembered that this opinion is based on the supposi- 

tion of equal power given to both twin and single screws. If it were 

desired to considerably increase the power and there were limita- 

tions on the diameter of the propeller, then it might become ad- 

visable to change to twin screws to avoid loss at the higher powers. 

M. Marcel Delmas, 10 Boulevard Emile Augier, 

Paris-Passy, has charge of the Report of the “Congres 

de Mécanique de l|’Exposition universelle, in the de- 

partment of applications of electricity to the various 

apparatus of haulage, hoisting, etc. (including cranes, 

elevators, winches, swing-bridges, pumps and other 

such mechanisms), and particularly desires information 

regarding the economic side of the matter. He re- 

quests that all, whether exhibitors or others, who are 

willing to assist in the collection of this data send 

him, at the address given above, statements of costs 

of installations, of exploitation and incidental expenses, 

especially where a comparison can be made with costs 

of the older systems under similar circumstances. All 

publication and illustrations will be welcome if authen- 

tic and exact in statements of facts and data. 

In the Government ordnance factories at Woolwich, 

England, there are 25,000 workmen employed. At the 

Krupp, Essen, works about the same number are em- 
ployed. 
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TECHNICAL PUBLICATIONS. 

HyprauLic Power ENGINEERING. By G. Croydon 
Marks. First edition, 1900. Crosby Lockwood & 

Son, London; D. Van Nostrand, New York. Size 

6 by 8 Pages 360. With over 200 illustrations, 

chiefly drawings. Cloth, $3.50. 

This new work is built upon the little book entitled, 

“Hydraulic Machinery,’ which the author brought out 

in 1891. It is a distinct gain to the profession, as there 

are very few good works on this subject. The author 

has in all cases illustrated and described the latest forms 

of apparatus built by the various firms who make hy- 

draulic machinery their specialty; and has not, like 

some others, made use of engravings of the earlier forms 

from the proceedings of various engineering societies. 

This is such a very useful book that we should like 

to see it accompanied by a more comprehensive index 

for purposes of ready reference; and if Mr. Marks 

would add more tables and formule for the power re- 

quired in forging, flanging, shearing, etc., by hydraulic 

machinery he would increase the practical value of the 

work. 

Part 1 deals with the principles of hydraulics. 

Part 2 will be found very useful by the young engi- 

neer, as it deals with details of design and points out 

mistakes which designers are apt to fall into. 

Parts 3 and 4, on Joints and Valves, are worthy of the 

most careful study. Many hydraulic plants have been 

thrown into disrepute from leaking valves and joints. 

A very full and complete description of the manufac- 

ture of cup leathers is here given and the necessary dies 

shown in detail. 

Part 5, on Lifting Machinery, contains a great deal 

of information which will enable the student to work 

out the size of rams and their details. Special atten- 

tion may be called to Table IX, giving Coefficients of 

Efficiency of Pulley Wheels Turning on Pins; and also 

to page 173, showing Efficiencies for Multiple Hoists. 

Many types of hydraulic cranes are illustrated and de- 

scribed in this section, and a chapter is devoted to a 

description of accumulators and intensifiers. If the au- 

thor had been writing particularly for American engi- 

neers he would have done well to impress upon them 

the great advantage gained by the use of large accumu- 

lators. 

Part 6, Hydraulic Presses, is very complete and many 

useful hints and formule to aid in designing are given. 

Chapters XIV, on Sheet Metal Working and Forging 

Machinery, and XV, on Hydraulic Riveters, simply il- 

lustrate and describe the latest machines used for this 

work. Their value would be much enhanced by the 

addition of practical data on the power necessary to do 

this work. 
In Part 7, the various forms of Pressure Pumps are 

briefly described. Part 8, on Hydraulic Motors, deals 
in some detail with Turbine and Hydraulic Engines and 
will be found very useful. 

The last chapter, on Recent Achievements, refers to 
the large hydraulic lift dock built by the Union Iron 
Works of San Francisco; the Tower Bridge, London; 
Water Balance Railways; the Glasgow Harbor Tunnel ; 
Tunnel Lifts in which the large hydraulic elevators 
built by the Otis Elevator Co. are operated; and lastly 
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the Niagara Power Plant is illustrated and described. 
The author is to be congratulated on the marked ad- 
vance shown in this work, and on the very excellent 
manner in which it has been produced. 

THE Gas ENGINE HaNnpBook. By E. W. Roberts, 
M.E. First edition, 1900. The Gas Engine Pub- 
lishing Co., Cincinnati, O. Size 3 1-2 by 5 1-4. 
Pages 220. With 39 original illustrations. Cloth. 

As its name implies, this is a little book intended 
for the use of persons having practical charge of gas 
and gasolene engines, and with a view to best serving 
the needs of such men thermodynamics and high 
mathematics have been carefully kept out. The book 
is a good practical discussion of the subject, giving 
the fundamental principles underlying gas engine oper- 
ation, together with considerable practical information 
as to the handling of engines and remedying any ordi- 
nary troubles which thay arise. 
Taking into consideration the specific scope of the 

book, chapters 15 to 21 inclusive, relating to the 
dimensions of the various parts of gas engines, might 
profitably have been omitted to make room for advis- 
able expansion of the chapters on practical handling. 
In chapter 14 there occurs what seems to be an error 
of reversed formulas; the formula given for the com- 

9 5 ETa3 
pression curve is PV = constant, and the formula ° : F : 1.35 given for the expansion curve is PV = constant. 
The compression curves of about twenty diagrams ex- 

; : 1.35 amined by the reviewer showed an average of PV” 
and the expansion curves showed the average of 
py exactly the reverse of the formulas given in 
the book under discussion. However, the difference is 
so slight and the variation from any formula so un- 
certain in practice, that one might take either of the 
values given for either of the curves without involving 
a very serious error. x 

The portion of the book relating to marine work is 
restricted to one page, in chapter 23, on which are 
given formulas for the diameter of the propeller and 
the capacity of engine required for small boats. The 
formulas for ascertaining these figures are extremely 
empirical and apparently crude; that for horse-power 
taking into consideration only the length of the boat 
and not its speed or displacement, while that for the 
diameter of the propeller is based upon the horse- 
power and revolutions per minute, no consideration 
being given to the speed of the boat. There is no 
discussion of gasolene or oil engines designed partic- 
ularly for marine work. 

SALVAGE AWARD.—Salvage services are not always 
as remunerative as is popularly supposed. An award 
of only $82,500 was made by the British Admiralty 
Court to the owners of the S. S. Asloun for rescuing 
the steamship Waikato, and towing her about 2,600 
miles to port. In our issue of January last we gave 
details of this most remarkable rescue, performed 
under very trying conditions. The Waikato was out 
157 days, and reinsurance had gone to 12 per cent., 
when she was brought into port by the Asloun. In 
the evidence in court the appraisal of the Waikato 
and cargo amounted to $665,000. Her crew numbered 
50, all told. f 
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FURTHER TRIALS OF THE TURBINE DRIVEN 

TORPEDO BOAT DESTROYER VIPER. 

In a series of runs over the measured mile carried 

out last month the turbine driven torpedo boat destroyer 

Viper maintained an average speed of 34.25 knots. The 

trial conditions were not favorable; there was a rough 

sea, the wind was “blowing hard,” and as the boat 

had not been out of the water for some time pre- 

viously, her under water body was rather foul. 

The Viper, as our readers will recall, was built by 

Hawthorne, Leslie & Co., and was engined by the Par- 

ft.; beam, 21 ft.; depth, 12 ft. 9 in. The vessel is fitted 

with four separate screw shafts, on each of which 

there are two propellers. The inboard end of each shaft 

is direct connected to a separate turbine. These are 

fitted in pairs, and the high and low pressure turbines 

of the two independent sets of compound turbines are 

separate. The high pressure turbines are 35 in. dia. 

and the low pressure 50 in. dia. These main engines 

are for steaming “ahead” only, as they are not of the 

reversing type, and the sternward moving of the vessel 

is accomplished by the use of a separate turbine con- 

nected to one of the shafts. With the “ahead” turbines 

OCTUPLE SCREW TURBINE DRIVEN DESTROYER VIPER DOING 35 + KNOTS ON HER PRELIMINARY TRIAL. 

sons’ Marine Steam Turbine Co., Newcastle-on-Tyne, 

for the British Navy. On her builders’ trials a speed 

of 35 knots was attained, and she was then turned 

over to the navy for further trial and acceptance. It 

is, we understand, the intention to not only carry out 

acceptance trials, but to make a very exhaustive series 

of trials with the Viper, so as to get a line on the 

turbine method of propulsion in general. The trials 

here referred to were carried out by representatives 

of the Admiralty. 

In the accompanying photograph the Viper is shown 

‘steaming at the rate of about 35 knots, on her prelimi- 

nary trial. In dimensions she measures: Length, 210 

stopped and the “astern” turbine in operation, a maxi- 

mum rate of speed sternward of 15 1-2 knots can be 

attained. 
In exterior appearance the Viper does not differ from 

the ordinary destroyer! She has three stacks, the middle 

one being larger than the other two; this is necessary, 

as the two center boilers are placed back to back. The 

boilers are of the Yarrow straight tube express type. 

They have 275.75 sq. ft. grate surface and 15,000 sq. ft. 

heating surface. 

On the trials last month the contract load of 40 tons 

was increased to 60 tons, and the displacement is stated 

to have been 375 tons. Steam was maintained at press- 

Copyright, rg900 by Aldrich & Donaldson, New York. 
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ures ranging from 165 to 175 lb., as higher pressure 

could not be carried on account of the setting of the 

relief valves, which lifted when the pressure was al- 

lowed to run up. The mean revolutions on the mile 

were about 1,050, and at the boilers the air pressure 

carried was about 3 in. Indicator diagrams cannot, of 

course, be obtained with this form of engine, but it is es- 

timated that the horse power was not less than 11,000. 

After completing the runs over the measured 

mile, a three hours’ steaming trial was successfully car- 

ried out. 

It is in the engine room, of course, that the difference 

between the Viper and the ordinary destroyer is most 

noticeable. Instead of the usual complicated reciprocat- 

ing engines standing up in the engine room, with hun- 

dreds of moving parts in sight, there is nothing visible 

except the casings of the turbines and the condensers. 

The high pressure ends of the engines are forward, 

below the starting platform which stretches athwart- 

ships. There is no valve gear nor complication of start- 

ing levers, simply the stop valves on the live steam 

mains, by which alone the starting and stopping of the 

turbines are regulated. 

When running at all speeds the absence of vibration, 

as far as the main engines were concerned, was remark- 

able as compared with a boat fitted with reciprocating 

engines. All noise and vibration was not eliminated, 

however, as the auxiliaries are of the ordinary type. It 

has been proposed by the builders to get rid of this 

by installing the electric drive, the generators to be 

driven by a steam turbine. 

Results of further trials with this interesting vessel 

are awaited with very great interest by members of the 

profession in every maritime country. 
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CABLE CUTTING OPERATIONS OF U. S. S.°*ST. 

LOUIS DURING THE SPANISH WAR.* 

BY CAPT, CASPAR F, GOODRICH, U, S. N, 

N the 3oth of April, 1898, the U. 

S. S. St. Louis leit New York to 

scout off the island of Guade- 

loupe in the hope of sighting 

Cervera’s fleet. While engaged 

in this duty many conversations 

were held by her officers as to 

what the ship might do during 

ff the war which would be useful 
fe) > Ge aD ° 

Seu eg g to the country, and as to the 
o vu . . 

2 > 3 5 5 various means by which our own 
= = ° 

2 8 8 a 9 cause could be advanced or the 
m . . 

2 SOs enemy's injured. Some one, I 
m —~ . 

© 2 have forgotten now who it was, 

remarked that Admiral Samp- 

son would greatly appreciate the 

_ cutting of the submarine cables 
leading to Cuba and Porto Rico, adding that a cable 

ship was now a necessary part of any well-organized 
fleet. 

“Not at all,” said Chief Officer Segrave; “there is 

nothing easier than to pick up and cut a cable.” 

At this the rest of us exclaimed: ‘“‘How is it done? 

Can you do it?” 

Mr. Segrave replied: “All you have to do is to 

lower a stout grapnel to the bottom and to drag it 

slowly across the location of the cable. If the bottom 

SECTION OF CABLE— 

EXACT SIZE.) 

is sandy and free from rocks you can often catch the 

cable on the first drive. If, on the other hand, the 
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It will be recalled that in addition to the Viper, for 

the British Government, another vessel of similar di- 

mensions was constructed, the owner’s identity not be- 

ing disclosed. This boat, named the Cobra, has just 

been completed, and according to cable reports, she at- 

tained a rate of speed of 35.88 knots. 
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OUTLINE MAP SHOWING THE FIELD OF U. S. CABLE CUTTING OPERATIONS DURING THE SPANISH WAR. 

bottom is foul, you may spend a week and not get it, 

even when you have special appliances for the pur- 

pose.” 

*From the Proceedings of the U.S. Naval Institute; Text Copy- 
right, 900, by the U. S. Naval Institute, Annapolis, Md, Illustrated 
by MARINE ENGINEERING, 
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“How do you happen to know so much on the sub- 

ject?” 

“T have spent years laying and repairing cables. I 

have, myself, laid some of the cables now in the West 

Indies.” 

“Could you pick up cables in so large a ship as the 

Si. Louis?” 

“Why not? It is only a question of devoting a big 

and valuable craft to work which might equally well 

be done by a small steamer.” 

AMERICAN LINER IN WARTIME—BOWS ON. 

“Would you like to try for those leading to Porto 

Rico?” 
“Very much indeed.” ‘ 

We ran into Guadeloupe on May 11, and I imme- 

diately telegraphed to the Navy Department and to 

the Commander-in-Chief: ‘Unless I receive orders to 
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the contrary, I shall destroy the two telegraph cables 

to San Juan, Porto Rico, which my first officer has 

laid [in] shallow, navigable waters.” That evening 

the ship proceeded to St. Thomas, where instructions 

to join the admiral’s flagship at the stated rendezvous 

off Cape Haytien, and at a stated hour were given me. 

Orders not to destroy cables never came to me be- 

cause they were never sent. 
We learned at St. Thomas, in ways which it is not 

well to divulge, that the cable from San Juan to 

Jamaica was out of order. To isolate Porto Rico, 

therefore, it would be necessary to cut the St. Thomas- 

San Juan line and the alternate lines leading out of 

Ponce to Jamaica and to St. Thomas. As time per- 

mitted, we decided to cut the first of these three lines 

way to the flag. 

It is always surprising to find out how hard is the 

obtaining of any exact information on any given sub- 

ject. We have all had this experience. Generaliza- 

tions abound, but when one wants accurate knowledge 

every topic is seen to bristle with difficulties and to be 

shrouded in mystery. Cable-cutting is no, exception to 

the rule. Now there are two important conditions es- 

sential to success in this operation. In the first place, 

you must know where the cable lies; and, in the sec- 

ond, how to pick it up. I think it may be broadly 

stated that, outside of the records of the proprietary 

cable company and excepting as to some shore ends, 

the precise location of every cable is unknown. No 

chart that I was able to obtain, no source of intelli- 

gence, could tell me the very spot to go for the pur- 

pose of raising the submarine wires I wished to sever. 

True, there are many charts indicating the presence of 

such lines connecting various ports, but they are all 

schematic only. To follow such a diagram closely in 

the belief that it will lead to the particular point sought 

would be a waste of time. There is one considera- 

tion, however, which is always useful as a guide. 

Cables are costly. Even the deep-sea portions, which 

are lighter than the shore ends, are expensive, the 

price running from $500 per mile upwards. It may 

therefore be confidently assumed that where the water 

is over 20 fathoms in depth and consequently quite un- 

disturbed by heavy gales of wind, the company will 

follow the shortest distance between the terminal 

points, which, in sweeping around an irregular and sa- 

lient shore, will pass, naturally, from headland to head- 

land. For example, when wishing to pick up the San- 

tiago-Jamaica cables, we drew on the chart the straight 

course connecting the harbor mouth with Holland 

Bay, Jamaica, where the cables land, and we were con- 

fident that what we sought would be found, if at all, 

not far away. As a matter of fact we got the cables 

just where we reasoned that they must lie. But how 

much more satisfactory it is to know in advance where 

the cable was originally placed, and how fortunate I 

was to have at my disposal a man who had placed it 

there himself and knew how to go about grappling 

for it. 

The process of grappling is very simple in the ab- 

stract. Over the bow, you lower a grapnel to. the 

bottom and then steam very slowly ahead—barely mov- 

ing the ship—square across the line of the cable.. The 

grapnel creeps over the bottom, its prongs burrow- 
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ing slightly under the surface of the soil until they 

catch underneath the cable. The gradually increasing 

tension on the grappling rope reveals to the expert, 

whose hand is always on the outboard part, that the 

cable is caught. The movements of the ship are under 

his control by signals to the bridge, and he measures 

the speed by the old device of the Dutchman’s log— 

billets of wood thrown overboard from time to time. 

It is well to keep going ahead for a few minutes after 

getting an unmistakable “bite” in order to lift the 

cable off the bottom and thus insure its being well 

hooked. Then the ship is stopped, the line taken to a 

steam capstan or winch and hove in. As soon as the 

bight is weil out of water a hawser is bent to it and 

the grapnel relieved of its duty. When the cable is in- 

board a stout plank to protect the deck, a couple of 

sharp blows with an axe, and the thing is done. Let- 

ting one end go and steaming a couple of miles away 

with the other, make a gap of sufficient magnitude to 

embarrass the repair steamer, should she come along 

before peace is declared. 

Practically, much depends on the judgment and ex- 

perience of the operator. He knows when it is best 

to put a shot of 3-4 in. chain just ahead of the grapnel; 

when best to use manila; when ordinary wire is advis- 

able. For deep-sea work, in 1,200 fathoms or upwards, 

a special steel rope has been developed, very strong, 

very light, very flexible, its outer strands wrapped with 

hemp yarns. The “feel” is so much deadened that 

with improvised appliances you might catch and part 

a cable in such a depth of water and be never the 

wiser; Or, you might miss it and think you had broken 

it. It is the old story—sooner or later in any particu- 

lar branch of human activity we must abandon make- 

shifts, use standard appliances, and call in the pro- 

fessional. 

The conditions I have just described are those most 

commonly found—a comparatively smooth sandy or 

gravelly floor. For such conditions the outfit men- 

tioned will suffice, with patience and care. 

But cables often lie on rocky bottoms; possibly they 

run between boulders or coral heads that protect them 

from the searching prong of the grapnel which en- 

gages under one rock only to spring, when freed, 

clean and clear over the modest retiring wire, or to 

have its prongs straightened out to a state of flabby 

uselessness. Here a cable is as safe as if buried in a 

trench except for the one chance out of a thousand 

which favors the grappler. Under these circumstances, 

recourse is had to one or more so-called centipedes. 

Imagine a piece of 5-in. or 6-in. lap-welded iron pipe, 

about 3 ft. or 4 ft. long. A series of square- holes is 

cut in this pipe, each pair at opposite ends of a diam- 

eter, the diameters being placed spirally along the 

length of the pipe. Through each hole and its oppo- 

site, square pieces of iron or steel are driven and the 

ends turned forwards towards the ring by which the 

instrument is towed. This is a centipede. It always 

has for its leader a length of chain. Two or more 

centipedes with their leaders are occasionally bent tan- 

dem to the same line. Perseverance and repeated 

trials are necessary even when centipedes abound. In 

cable practice it is sometimes considered economical 

to abandon altogether a leaky wire and to replace it 

ENGINEERING. June, 1900. 

with a new one rather than attempt to raise and repair 

it in such a foul bottom. 

While on this branch of the subject I may remark 

that the two cables from Santiago to Cienfuegos come 

under the head of cables protected by the nature of 

the bottom. We made altogether in the St. Louis and 

the Suwanee no less than fourteen drives for them at 

points varying from just outside the harbor mouth at 

Santiago to ten miles distant, but we never succeeded 

in getting the wire or in bringing up anything more 

than the grapnel itself with its prongs straightened out 

like the ribs of an inverted umbrella. The Santiago- 

Cienfuegos cables were our conspicuous failure. 

On the 13th of May the St. Louis broke the San 

Juan-St. Thomas cable. It was necessary to go quite 

close to the beach about eight miles east of San Juan— 

and great was the excitement created on shore by our 

approach. Horsemen could be seen riding frantically 

in all directions, doubtless to summon troops to resist 

or friends to facilitate an assumed landing on our part. 

Not being able to determine which was the actuating 

sentiment, friendship or enmity, we refrained from fir- 

ing. The grapnel opened out in this drive, but it 

brought up enough of the gutta percha insulation and 

of the protecting hemp to justify us in believing that 

the cable was actually parted, corroborating the evi- 

dence of the heavy strain and sudden release of tension. 

When, next morning early, I reported to Admiral 

Sampson, on board his flagship, both what I had done 

and what I thought I could do, he expressed his great 

satisfaction and he quickly adopted my suggestion that 

the St. Lowis continue the work she had begun. Chief 

Officer Segrave was summoned over from the St. Louss 

that he might explain to the admiral his requirements 

in the matter of lines and grapnels. A number of 

manila hawsers of 6, 7, and 8 in. circumference, and a 
lot of stout grapnels were delivered to us by the fleet. 
For inshore work, where light draught and handiness 
were necessary, the admiral was good enough to assign 
to my assistance the U. S. S. Wompatuck, commanded 

by an excellent, faithful, and brave officer, Lieutenant 

Carl W. Jungen, U. S. Navy. 

When such preparations were completed as the re- 
sources of the fleet permitted, the St. Louis, displacing 
Over 17,000 tons, the largest vessel, by the way, which 
ever wore a pennant, and her little consort, the Wompa- 
tuck, of 462 tons displacement, steamed away from the 
flag toward Santiago dé Cuba,-our first point of at- 
tack on the enemy’s submarine communications with 
Cuba. 

The following day, the 15th of May, was spent in the 
Windward Passage, out of sight of land, in fitting up 
the Wompatuck for grappling, ;furnishing her with 
steaming water, etc. It was determined that an at- 
tempt on the Santiago-Jamaica cables should be made 
by that vessel May 16, and we timed our movements 
so as to arrive off the port about 9 P. M. 

The night was appropriate to the work, being moon- 
less, but clouds with mist and rain would have been 
still more acceptable as obscuring us from the ‘enemy. 
Such as the weather was, however, the stars shining 
brilliantly in the calm air, we had no choice but to go 
in and run the risk of detection. Accordingly, a vol- 
unteer party from the St. Louis, with Chief Officer Se- 

. 
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grave at its head, went on board the Wompatuck with 

me. They were not, as yet, formally enlisted or com- 

missioned in the United States Navy, were, in fact, 

only under charter to the Government by the Ameri- 

can Line, and thus lay under no positive obligation to 

endanger their lives in a military enterprise. 

The Wompatuck approached the port from the west- 

ward, hugging the land and stealing slowly toward the 

Morro, which soon towered above her. We were at 

the very mouth of the harbor. Lowering the grapnel 

quietly, we soon had hold of a telegraph cable, and 

then the heaving-in process began. In spite of our 

precautions some noise must have been made, for a 

patrol boat came out toward us. Supposing that the 

Morro, which was close to us, mounted guns, and be- 

lieving that our presence, now known, would bring a 

reinforcement sufhcient to deprive us of the four or five 

hours necessary to grapple, raise, and cut both Jamaica 

cables, I decided to abandon the attempt that night 

and try to reach my end in another way. We returned 

to the St. Louis, which lay in the offing, and learned 

that during our absence she had been chased by two 

patrol vessels flashing signals to each other. We then 

steamed well out of sight to the southward and west- 

ward. 

On the 18th of May the St. Louis and Wompatuck 

came from the westward toward Santiago at daylight 

at the distance of a mile or so from the beach. At 5 A. 

M. we were within range of the batteries. The Morro 

fired a gun to give warning of our approach, and we 

supposed that it would be followed by a general open- 

ing of fire upon us. In this we were agreeably dis- 
appointed. 

The water is so deep off Santiago that it was neces- 

sary to pass quite close to the batteries in order to 

reach bottom with our grapnel. When on a prede- 

termined line of bearing from the lighthouse we low- 

ered down not far from a thousand fathoms of hawser 

and began the slow work of feeling for the cable. It 

was not until after 11 A. M., if my memory serves me 

tightly, that the St. Louis hooked her fish and could 

heave in. In the meantime, great activity and excite- 
ment prevailed on shore. Steamboats plied between 
the Morro and the city bringing troops and carrying 
away passengers, whom we took to be women and chil- 
dren. At the Socapa battery and at that to the east- 
ward of the Morro, men were working like beavers 
to get guns into position. It was evident that the 
Krupp 6-in. B. L. R.’s we had been told of as in place 
were not ready. Still no effort was made to disturb 
us, and I doubt whether, for a long time, the Span- 
iards suspected our object. At about noon, however, 
we had begun to lift the cable. Word to that effect 
must have been sent to the officer in command from 
the cable station, for the Spaniards opened on the 
ship—the lighthouse being then distant a mile and a 
tenth by observation. The shots were not well di- 
rected, however. We had no difficulty in shortly driv- 
ing the gunners from their pieces near the Morro, or 
in seeing them as they ran away.1 The Wompatuck, 
which had been lying well outside of the St. Louis, 
came up in great shape and joined in the action. The 
total broadside of the American ships in this fight was 
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two 6-pounders on board the St. Louis and one 3- 
pounder on board the Wompatuck. 

The battery of rifled mortars on Punta Gorda gave 

me much concern, for it was entirely out of reach of 

my little guns and yet was able to drop its shells all 

around us. We were practically a stationary target, 

for the St. Lowis was fast to the cable. We could not 

make up our minds to let that go, so we stuck to it 

and hove it up. Once the bight was secured we could 

steam away as we liked. It was a great relief to me 

when the valuable and most vulnerable ship I com- 

manded had put’ the western point of land between 

her and Punta Gorda. We were some forty odd min- 

utes under fire—and exposed to large shells sent from 

guns beyond our range, whose accuracy of aim be- 

came painfully threatening, However, “All’s well 

that ends well.” We got the cable; we fought the 

Spaniards; and we silenced the guns that were within 

our range; and we escaped unhurt. 

The next day we made an unsuccessful attempt to 

cut the French cable at Guantanamo, which we cut the 

day following, outside the Mole St. Nicholas. At this 

the Wompatuck left us to join the flag at Key West. 
The rough coral bottom off the south side of Porto 

Rico frustrated our subsequent efforts to isolate that 
island and demonstrated the need of special tools. 

I have spoken already of my repeated failures to get 
the Santiago-Cienfuegos cable by which Havana com- 
municated with Santiago. On two of these occasions 
we got at night close into the beach under the Socapa 
battery, once in the St. Louis, when there were but 12 

fathoms of water under her bow, which lay just outside 

of the surf. Why the Spaniards did not blow the big 

liner out of water surpasses my comprehension. She 

offered an ideal target, her huge bulk plainly outlined 

as a silhouette against the background of a searchlight 

beam behind her. Again, in the Suwanee, on June 16, 

I got even closer still—so close that Lieutenant Aran- 

co, of the Spanish Navy, vainly begged the gunners to 

open fire on us, for he could both see and hear us 

distinctly. Probably Lieutenant-Commander Dele- 

hanty, who commanded the Suwanee, would have re- 

joiced in being fired at. For myself, I frankly confess 

TI am glad the Spanish commandant rejected Aranco’s 
proposition. 

About this time the Army Signal Corps was vainly 

endeavoring to get the remaining Santiago-Jamaica 

cable—the one which it seems the St. Louis had left 

intact on May 18, although I had reason at’ the time 

to believe it broken. The corps had chartered the 

cable steamer Aldria, fully equipped for such work 

while I had furnished all the information in my posses- 

sion, had described how and where I had grappled 

number one, and what measures I should take to se- 

cure number two. As far as I could I aided in every 

way. Among other things I had strongly advised 

steaming across the line of the cable from east to west, 

for I had towed the broken ends of number one to the 

westward, leaving the eastern approach clear. Any 

cable picked up to the eastward would, therefore, in all 
probability, be a live cable. 

1In the table of bombardment of Santiago given by Commander 
I—-, Proceedings Nanal Institute, March, 1899, p. 29, it is stated 
that a 16-cm. gun at the Morro ‘‘could only fire three shots” It ap- 
neared to us on board the S/. Zow7s as if the cause lay rather with 
the gun’s crew, which certainly, to a man, sprinted in fine form. 
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MORRO Al ENTRANCE TO SANTIAGO HARBOR—LIGHTHOUSE TO THE RIGHT ON SLOPE OF HILL. 

RAPID-FIRE GUN MOUNTED ON AMERICAN LINER (AUXILIARY CRUISER) ON THE BOAT DECK CLOSE TO THE BRIDGE. 
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Provided thus with all the counsel and knowledge 
at my disposal, the cable steamer, under the Signai 
Corps, made one last and dramatic effort—passing 

over the line with the Oregon and Texas between her 

and the batteries. To make a long story short, she 
went from west to east and she did not get the cable 
then or at any other time. 
On the night of June 18 the admiral allowed the 

St. Louis to try for the remaining cable. Starting in 

after nightfall and proceeding from east to west, she 

picked up and severed the cable without difficulty or 

loss of time. From that date on no telegraphic mes- 

sages passed out of Cuba via Santiago. 
The St. Louis cut the French cable from Guantanamo 

to Santiago on June 7, and the same day she grappled 
that from Guantanamo to Mole St. Nicholas. By the 
admiral’s orders the latter was not cut, but about 10 in. 
of the conductor were removed, and the injured place 
buoyed. The idea was to have this line only temporar- 
ily disabled and ready for subsequent use with but 
slight repairs. It is an interesting fact that for several 
hours afterward messages were sent and received over 
the damaged line. The moral is that if you want to 
stop the enemy’s use of a‘cable you must completely 
sever it and separate the ends. 

It was Chief Officer Segrave who put us in the way 
of cutting cables and who actually cut three, viz., San 
Juan-St. Thomas, the first Santiago-Jamaica, and the’ 
Guantanamo-Mole St. Nicholas lines. Tt was his 
temporary successor, Chief Officer George E. Beck- 
with, who cut the two cables which formed the loop on 
the Santiago-Hayti section, leading into and out of 
Guantanamo—a most difficult job it was, too—and also 
the last Santiago-Jamaica link. They both bore com- 
missions in the navy of the United States, and well 
had they deserved them. 

The St. Louis thus cut every foreign cable leading to 
Cuba and established an honorable name in connection 
with work which could hardly have been in the minds 
of her designers when they drew the plans of so noble 
a vessel, distinguished in war as well as in peace. 

It would be unfair if I brought this brief sketch of 
events to a close without recording my appreciation of 
the loyalty and pluck of Commander Randle, previous- 
ly and subsequently the worthy commodore of the 
American Line, who was the sailing master of the St. 
Lowis during the war when not actually in command 
of her, and my indektedness to his zealous and never- 
failing co-operation. In all this he was imitated by the 
officers and men who served directly under him and 
who speedily set up a healthy rivaliy in all good things 
with “the regulars” on board composed of my aid, 
Ensign F. R. Payne, Lieutenant A. W. Catlin, U. S. 
M. C., and his excellent guard of marines, not to men- 
tion four naval cadets of the third class at the Naval 
Academy, Messrs. Fremont, Williams, Cook and 
Goodrich. 

Marine Barracks, Navy Yard Brooklyn, N. Y. 
November 15, 1898 

I certify that on August 10, 1898, I landed at the cable station at 
the entrance to Santiago Harbor, and had a conversation with the 
operator. During the conversation the operator informed me that no news had been received or sent over the Jamaica-Santiago cable since the 18th of June. the night when the S74. Lous cut the last 
cablein front of Santiago. 

A. W. CATLIN, 

First Lieutenant, U.S. M. C. 
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Cambering of Steamship’s Kee!s. 

A very important decision was given in the British 
House of Lords, sitting as a Court of Appeals, re- 
cently, in a suit in which in the lower court Burrell & 
Son, shipowners, had sued Russell & Co., shipbuilders 
of Port Glasgow, Scotland, to recover damages for 
faulty construction of four cargo steamships. Judgment 
was delivered by the Lord Chancellor in favor of the 
shipowners, after a prolonged hearing which extended 
over eleven days. 

Stripped of its legal impedimenta the cause of action 
was this: A contract had been made in 1893 between 
the parties for the construction of four steamships of 
large size for which the usual specifications and outline 
plans had been prepared. In due course the steamers 
were completed and accepted by the owners without 
complaint. About a year afterward they brought suit 
against the builders for $200,000, alleging that the ves- 
sels had permanent cambers or arches in their keels, 
which added to the risk and cost of docking them, and 
also that the co-efficient of fineness contracted for had 
been greatly exceeded. It was contended that though 
the contracts did not specify that the vessels were to 
have straight keels, it was the universal practice to so 
build steamships—a contract for building a house did 
not specify that the walls should be plumb—and the 
plans and models showed keels of the usual form. In 
response the builders had replied that the cambering 
of keels was not unusual; that this was done with the 
cognizance of the owners, and that the vessels had 
been accepted by the owners in full knowledge of the 
camber, of the draft, and of the co-efficient of fineness. 

At the original hearing the Court of Sessions assoil- 
zied the respondents (Russell & Co.), and the appeal 
to the court of last resort (House of Lords) was taken. 

In giving judgment for Burrell & Son, the Lord 
Chancellor said the original contract was in writing, 
and no dispute had arisen as to the construction of it, 
and by its “express language” the plans were made part 
of the contract. It had not been suggested that the 
ships should have cambered keels when in service, 
though evidence had been introduced to show that in 
the actual process of building and in order to produce 
a straight keel, a small camber might be devised so 
as to counteract the tendency of “sagging.” Speaking 
of one of the vessels as representing all, his Lordship 
said, that at the time of the contract it was the largest 
cargo vessel in the world, and the contract price was 
upwards of $800,000. It was not denied that giying 
this vessel a camber at all, as a steamer and not as a 
sailing ship, was an experiment. It was strange that 
SO serious an experiment should not be the subject of 
a single sentence of the written agreement, while 
matters of much less consequence were referred to 
minutely, and the evidence showed that the attention of 

the owner to this serious question was called only in a 

casual conversation (“‘a few words’’) on a staircase. 

Getting to the bottom of the matter, the Court says 
that a mistake had originally been made by a leading 

draftsman in the employ of the builders with reference 

to the carrying capacity, and in construction the cam- 
bering was intended to compensate for that mistake. 
The camber amounted to 8 in. or thereabouts. The 
plans had been altered subsequently by this draftsman 
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so as to make it appear that the vessels were not 

originally designed with straight keels. As to the co-~ 

efficient of fineness, evidence showed that this was .781 

instead of .770, as contracted, making a difference of 

120 tons to 170 tons in the carrying capacity. 

Coming to the question of damages, his Lordship 

held that the expense of remedying the camber was not 

all to which the owners were entitled. It was proved 

that a vessel with a false keel was not as good a mar- 

ketable article as a vessel without that defect. It was 

proved also that the contract co-efficient of fineness 

had been exceeded, and it was impossible to say that 

where skilled persons had stipulated for a particular 

co-efficient of fineness with reference to speed, sym- 
metry, and economical draft of the vessel, a breach ot 

contract in that direction could be regarded as alto- 

gether immaterial, and to be only treated as though 

the damages in respect of the breach were merely 

nominal. Taking all the heads of damage together and 

the cost of the efforts to remedy the structural defects 

they would be right in assessing the damages at 

$80,000. He directed the entry of judgment for this 

amount and all costs of litigation against the builders. 

Lords MacNaughten, Morris and Davey concurred. 

S. S. DEuTscHLAND.—Some time this month the mag- 

nificent new liner Deutschland, of the Hamburg-Amer- 

ican Line, is expected to arrive at the port of New York 

on her first west-bound voyage. The dimensions of the 

new vessel are: Length over all, 686 ft. 6 in.; beam, 67 

ft.; depth, 44 ft.; net tonnage, 16,000 tons; and displace- 

ment, 23,000 tons. Her machinery equipment is of spe- 

cial interest in that she will be fitted with the most pow- 

erful main engines afloat. These will be twin screw of 

the quadruple expansion, six-cylinder type, of 33,000 

collective horse power, and a sea speed of 23 knots is 

expected. Steam will be furnished by boilers of the 

Scotch type, twelve double ended and four single ended, 

having altogether 112 furnaces. There will be four 

groups of boilers, each in its own fire room, and. each 

having uptakes connected with a separate funnel. In 

general design the main engines are very like those 

of the American liners St. Paul and Si. Louis, except 

that the framing back and front is composed of cast 

steel columns of I section, with the webs cored out for 

lightness. The cylinders are of the following diam- 

eters: H. P. (2), 30.6 in!; first I. P., 73.6 in.; second I. 
P., 103.9 in.; L. P. (2), 106.3 in. dia. and all of 72.8 in. 
stroke. The engines are designed with the two L. P. 

cylinders in the center, with the two H. P. over them 

tandem fashion, and the first intermediate at the for- 

ward end and the second intermediate at the after end. 

The new vessel will be equipped in the most modern 

and luxurious manner, having comforts for passengers 

such as children’s playroom, grill room, and gym- 

nasium, in addition to those usually provided. 

S. S. Carpe Cop.—The new wooden hull excursion 

steamer for the Boston, Plymouth & Provincetown | 
Steamboat Co., was launched from the yard of A. D. 

Story at Essex, Mass., May 5. The new vessel is of 

the single screw type with three decks, and will have 

accommodations for 1,200 excursionists. Her machin- 

ery will be installed by Bertlesen & Petersen, East 

Boston, Mass. 
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WAGES PAID SEAMEN OF VARIOUS NATION= 

ALITIES AT FOREIGN PORTS. 

In our last issue we presented an abstract of the re- 

ports made by United States Consuls upon the wages 

paid in shipyards of foreign nations. We now follow 

this up with a table compiled from the same United 

States official report on the “Merchant Marine of For- 

eign Countries,’ showing the wages paid the crews 

of vessels at ports of the leading maritime nations. It 

is hardly necessary to say at the outset that all such 

tables must be intelligently used; for just as with a 

formula, the incorrect use of such data leads to con- 

clusions more seriously in error than had no use been 

made of it. There is, however, a better opportunity 

io make direct comparisons between the wages paid 

seamen of different nationalities than those paid work- 

men in the shipyards of different nations. For where- 

as in the latter case the labor of one man in one coun- 

try may be equivalent to the work of two or three of 

another country in the same space of time, the duties 

to be performed in a steam vessel level down the capa- 

bilities of different nationalities to much more of an 

average. 

There is a direct competition in carriage by sea 

(operation of vessels) that does not exist to anything 

like the same extent in vessel construction. A mer- 

chant who brings his goods to the wharf can just as 

readily have them loaded upon a British or German 

vessel as on an American vessel. Then, under normal 

conditions, a vessel built to carry a certain tonnage at 

a certain speed can complete her voyage under the de- 

signed conditions whether the crew be of one national- 

ity or another. From the points of view of mainten- 

ance and wear and tear there are recognized differences 

between the seamen of different nationalities, but so 

there are between the crews of the vessels of any one 

nation, and in the broad view of vessel operation such 

details can be overlooked so long as questions having 

vastly greater bearing on the prosperity of our mer- 

chant marine remain unanswered. Taking modern 

steam vessels as they run, wherever built, no nation 
possesses any great advantage over another as to the 

economical operation of the machinery. The most 

economical forms of propelling apparatus are stand- 

ard, and’ where any royalties have to be paid they press 

just as heavily on one as on another, and the form of 

ships is as well understood, in general, in one coun- 

try as in another. it is to the personnel, therefore, 

that differences in the cost of operation must be at- 

tributed chiefly. This is very well displayed in the ac- 

companying table, which shows that Americans re- 

ceive substantially higher wages than seamen of other 

nationalities for performing similar work. 

A very direct comparison can be made between our 

leading steamship company—the American Line—and 

first-class British lines leaving the same English port 

of Southampton. The Royal Mail is one of the old 

established British lines to the West Indies and South 

America, and the Union Line (now consolidated with 

the Castle Line) to South Africa is one of the lead- 

ing lines connecting the mother country with an im- 

portant colony. Taking the head of the list, it will be 

noted that the chief officer of an American liner re- 

ceives $120 a month, while on the other lines the 

maximum is $87.50 a month. An American Line chief 
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engineer receives $150 a month and the British engi- a month and the other lines paying $23 a month. 
neer a maximum of $121.75; and coming down to fire- Able-bodied seamen on the American Line receive 
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men, a class with exactly similar duties in vessels of $25 a month and on the British mail boats $19.50 a 
both countries, we find the American Line paying $40. month. 
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Turning now from the Atlantic to the Pacific, very 

similar conditions are found. The United States Con- 
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port. By reference to the accompanying table the dif- 

ferences can easily be secured. Mates on American 

SEAMEN OF VARIOUS RATINGS AND NATIONALITIES AT FOREIGN PORTS. 
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TU. S. Consul at Naples says : 
bargain is made with each man, secrecy as 

9Cunard and White Star Lines pay higher wages. 
not more than $4 per month. Captains and deck officers are pai 

receive 5 % less. On ocean tramps wages are usually from 744% 

“Wages on Italian merchant vessels vary la 
to what is paid being enjoined ”’ 

l0Regular lines in the East India trade emp 
d about the same rates as on the Atlantic, an 
to 10% less on all ratings as compared with regular lines. 

sul at Yokohama reported the average wages paid on 

American, British, Japanese, and German ships at that 

rgely, there being no uniform rate. 
8’These vessels vary in size from 1,734 to 4,157 gross tons. 

toy Lascar seamen, who receive 
d engine and fire-room staffs 

A separate and private 

vessels receive a maximum of $90 a month, British 

$58.40; Japanese, $35, and German, $75. Again, Ameri- 
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can chief engineers receive $150 a month; Japanese, 

$60, and German, $100. American and European fire- 

men get a maximum of $20, while the Japanese pay 

for the same work is $5.50 a month. 

In addition to wages, the cost of maintenance is, of 

course, a considerable part of the expenses of opera- 

tion, especially on long voyages. Unfortunately, none 

of the queries addressed to United States Consuls by 
the Department of State covered this point, so that the 
information on the subject in the published reports is 

confined to a very few statements, made voluntarily. 

The United States Consul at Havre, France, as the re-- 

sult of an unofficial investigation at that port, reports 

the cost of maintenance for each man to be as follows: 

Norwegian and Swedish vessels, 25 cents a day; Ger- 

man vessels, 36 cents; English vessels, 25 to 35 cents; 

Italian vessels, 22 cents, and French merchant vessels, 

from 30 to 40 cents a day. At Marseilles, France, the 

United States Consul made inquiries among the consu- 

lar officers of other nations, and as a result reports 

average allowances as follows: For British officers 

$1.21 and crew 36 cents a day; Italian officers 30 cents 

and crew I9 cents; Norwegian and Swedish officers 

and crew 41 cents; Austria-Hungary, for officers 38 

cents and crew 30 cents a day. 

Many who have not studied the question have an 
opinion that it is only in this country that the mer- 
chant marine is the subject of discussion and agitation, 
and that there is something novel about the proposi- 

tion of government aid as well as control. For those 

who seek information which will quickly dispel such 

ideas a perusal of the publication here quoted from is 

recommended. Not only are those maritime nations 

which are lacking in proper shipping facilities widely 

awake to the need for energetic action, but even the 

British are alive to the importance of maintaining their 
position on the seas. Causes such as operate to keep 

our flag off the seas—so long as Congress is content 

to let it remain on land—are recognized as being, in 
many instances, detrimental to British interests, and 
if so to theirs, how much more so to ours? 

WrecK oF S. S. CartntHta.—One of the Cunard Line 
freight steamships, the Carinthia, on the Boston route, 
was recently chartered by the British Government to 
take 1,450 mules from New Orleans to Cape Town, and 
while on the voyage out went ashore at Point Gravois, 
Haiti, May 15. A steamer which went to her assist- 
ance reports that the Carinthia is fast ashore, and her 
forehold is full of water. Many of the mules were 
landed in safety, but several hundred are reported to 
have been lost. A wrecking steamer has been ordered 
to the scene. This vessel, and her sister ship, the 
Sylvania, came out about 1895, and attracted much at- 
tention on account of their economical performances. 
The dimensions of the Carinthia are: Length, 460 ft.; 
beam, 49 ft.; depth, 42 ft. 6 in.; dead weight capacity, 
7,500 tons; displacement, 12,160 tons. She is fitted with 
twin screw main engines of about 5,000 I. H. P., with 
cylinder 22 1-2 in., 36 1-2 in. and 60 in. dia., and 48 in. 
stroke. The boilers are of the Scotch type, worked 
with Howden draft. The sea speed is about 15 knots. 
The mishap is reported to have been caused by an error 
in the chart. 
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PROTECTED CRUISERS OF THE DENVER CLASS 
FOR THE U. S. NAVY. 

Unlike merchant vessels, designs for warships have 
always been regarded as tentative, governed by a ju- 

dicious compromise of weights allotted to the follow- 
ing: Hull proper; machinery, which gives speed; ar- 

mor, armament and ammunition; coal carrying capa- 

city, or endurance to keep the sea. Naval experts have, 

at all times, differed as to the relative importance of 

these, both for cruisers and battleships; moreover, the 

problem changes from time to time to conform to the 

progressive improvements in materials. It happens, 

therefore, that a wise distribution of weights for any 

class of war vessels to-day may not be so regarded a few 
years hence. 

In contracting for six vessels of the Denver class, the 

Navy Department has made a marked departure from 

recent practice in one notable particular—speed—the ma- 

chinery weights apportioned being only sufficient to pro- 

vide a maximum speed of 161-2 knots at full power. 

Marine Engineering 

B, & W. BOILER SHOWING PATH OF GASES (SEE PAGE 246). 

An important feature of design centers in the liberal 

coal bunker capacity allotted—7oo tons when fully 

stowed—and the consequent extended steaming radius 

at economical speed. At about 10 knots these vessels 

will be able to cover about 6,300 knots without recoaling, 

and in the neighborhood of 2,300 knots at full power. 

Another unusual characteristic, not heretofore em- 

bodied in warship designs in this country to any ex- 

tent, consists in wood-sheathing and coppering the steel 

outside plating to slightly above the load water line. 

Although this involves considerable extra weight, the 

immunity of the coppered bottom from a tendency to 

foul, compared with steel, furnishes a substantial rea- 

son for the adoption of the proposed plan in the conse- 

quent maintenance of speed and saving of fuel, in addi- 

tion to decreased cost due to frequent docking. The 

wood-sheathing is to be of Georgia pine, fitted in a sin- 

gle thickness of 4 in., and secured to the plating by com- 

position bolts. 

1See MARINE ENGINEERING, Vol. IV, pages 1 and 260, and Vol 
V, page 157. 
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1 2 4 5 

END ELEVATION MAIN ENGINES—DENVER CLASS, 

In previous issues! we have presented an account of 

the principal characteristics of these cruisers and also 

a concise report of the contents of a paper by Chief Con- 

structor Philip Hichborn, U. S. N., on the designs of the 

Denver class, read at the 1899 meeting of the Society 

of Naval Architects and Marine Engineers, together 

with the discussion evoked. We now supplement this 

with technical details of the construction of the hull 

and machinery, together with drawings to scale: 

ILS OMe Bol .coscognc00g Se Co00000000 308.75 ft 
292 Ma Length on load water-line................. 9 

AAA, THAW, so Gaqco00n0G00n000000000008 43 ft 34 in. 
ISSN, GA SRIIMNS, 5900 09000000000000000000000 44 ft. 
Area of midship section....... 900000900006 615 2sq ft. 
mloadwwatetsplatesdwneereitceerter OVO  & 

Mean draft (with 467 tons of coal and 
C5 GORI oo gacqogdoeqonoousauo0g0000G00 15 ft gin. 

Corresponding (trial) displacement...... 3,200 tons. 

GENERAL DESCRIPTION OF THE HULL. 

The stem is made in two pieces, the lower part of 

cast manganese bronze and the upper of rolled bar iron 

MARINE ENGINEERING. 241 

9g in. by 4 in.; the stern post is of manganese bronze. 

Frames are spaced 36 in. from center to center, and 

composed of steel Z-bars, 6 in. by 3 1-4 in. by 3 1-2 in., 

weighing 15.6 lb. per running ft. 

The outside plating is generally of 15 lb. plate (3-8 

in. thick) per sq. ft., as are also the inner flat and ver- 

tical keel plates; the outer flat keel is of 20 lb. plate. 

Three longitudinals are worked on each side of the 

vertical 34 in. keel; the first and second are of 12 I-2 

Ib. plates, and extend about 190 ft. in length of the ves- 

sel; the remaining longitudinal, which forms the outer 

marginal plate on each side of the double bottom, is 

about 135 ft. in length and composed of 15 Ib. plate. 

Three complete steel decks are fitted, the beams being 

of angle bulb section, 7 in. by 3 in., of 18 1-4 lb. per Sin- 

eal ft., and the deck plates varying in weight between 

10 and 20 lb. per sq. ft. The protective deck is 1-2 in. 

thick throughout, and in addition 2 in. of nickel steel 

plate, 8 ft. in width, is fitted on each slope for a length 
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lating is of double thickness. 
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of 105 ft. in the wake of the machinery; forward and 

Only the main deck is planked with wood, and this, 
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together with all other wood used in the construction of 

the vessel, except outside sheathing and that used for 

special purposes, is to be fireproof before being worked 
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into the vessel. 

MARINE ENGINEERING. 

The use of wood is reduced to a mini- 

mum, corrugated metal being substituted where feasible. 

Immediately above the protective deck, and extending 
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to prevent the ingress of water in case of a chance shot 

through the outside plating. 
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above and below the normal water line, a cofferdam, 4 

ft. in height and 27 in. in width, is provided. This is 

to be filled with fire-proof corn pith compressed cellulose 

The main battery consists of ten 5-in. rapid fire guns, 

50 calibres in length. One of these is to be mounted 

forward and another aft on the amidship line on the 
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TURNING ENGINE 2 CYLS. 4X 44 
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SCALE OF FEET 
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DETAILS OF CROSS HEAD SLIDES, CRANKS AND TURNING GEAR. 

shaft. By a system of differential levers motion of the 

steam engine reversing valve—primarily derived from 

the hand lever on the working platform—causes the re- 

Name of Vessel. Cruisers Nos. 14 to 19. ‘‘Denver” Class. 
wa ES 

Total IL.H.P. and Displacement. 4500 1.H.P 3200 Tons Displacement. 

Type and number of Engines. 

Diams. of Cylinders and Stroke. 

Valve Gear. 

4 Cyl. Vertical Inverted Triple Engine Twin Screw. 

18” 29” 35146” 3514’x 30’Stroke. 

Stephenson Link. 

Connecting Rod. 

Wy 

SCALE OF CRANK CIRCLE 4=1 Fr. 

67 ‘between centers. 

Eccentricity. 

Travel of Valve. 

Kind and No. Valves and Diam. if Piston Valves. 

Side of Valve on which Steam is taken. Inside. 

Width of Port and Length if Slide Valve. 

Steam Lap. 

Exhaust Lap. 

Angular advance. 

{ Angular. 
Steam Lead. 4—- 

Linear. 

Cut off in inches. 

Exhaust Release in decimal. 

Compression in inches. 

Steam opening. 

Cut off in decimal of stroke. 78 

Exhaust Release in inches. 3%6 

Compression in decimal of stroke. 

xhaust opening. 

Velocity of Steam in ft. p. sec. @} 

Velocity of Exhaust in ft.p. sec.@} SUE go Leet 

Velocity of Exhaust to Condenser. 

ScaLE or VALVE CrrciEs 24=1 Fr. 

H.P. I.P. 
9! OM 9” 

4” Ae 4! 

One Piston 11’ Dia. |Two Piston 11’ Dia.| One Double Ported slide 

Outside. Outside. 

Top . Bottom Top Bottom Top Bottom 

1% 1% 14% 1% 1144 x 37 114 x 37 

2% 2p 20 Vo 1/6 eAG 

—%e Ve —%o Vo 0 +4 

85 357 35 85 40° ul 

8° 10° 8° 10° 12° 16° 

Tf # a Yj ha Wy 19g 
2336 21% 2336 21%. eu Ae 20% 

705 718 705 735 672 

356 | 3% 356 2% 2% 
114 1205 114 1205 093 .095 

| % 1% | 1% 1% 45, 3%, 
062 064 062 O64 139 129 

—— 

1%. 1% 1% 1 ho YY. x2 14%, x2 

Full Port Full Port Full Port 

Son cinerea TG |) (1386 121.6 | 166.9 157.9 189.3 169.4 
I 

Dita cca, || COS 93.82 | 121.7 121.7 134.12 134.12 

115.6 ft. per sec. 1214’ Nozzle 

DATA TO ACCOMPANY VALVE DIAGRAMS ON OPPOSITE PAGE. 
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versing engine to follow, or to come to rest, accord- 

ingly as the hand lever is moved or stopped. 

The framing for each engine consists of six front and 
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six back forged steel columns, 3 in. dia., trussed by 

forged steel stays, and the bed plates are of cast steel, 

supported on the keelson plates. 

All shafting is hollow, and forged from nickel steel, 
made by the open hearth process; piston and connecting 
rods, and working parts generally, are also of the same 

material. Tensile specimens of shafting must have at 
least an ultimate strength of 80,000 Ib. per sq. in. of 
section, and, an elongation of 25 per cent in 2 in. 

Forgings for piston and connecting rods must show a 

tensile strength of 95,000 lb. and an elongation of 2% 

per cent in 2 in. 

Each main engine is provided with a cylindrical con- 

denser 4 ft. 4 1-2 in. inside dia., and 11 ft. long over all. 

The shell is 1-4 in. plate steel, and the water chest at 

each end is of cast composition 1-2 in. thick. In each 

condenser there are 2,004 seamless drawn tubes 5-8 in. 

outside diameter, No. 18 B. W. G. thick, 9 ft. 2 in. long 

between tube sheets, and which provide 3,000 ft. of cool- 

ing surface measured on the outside of the tubes. 

There is, for each engine, one vertical single-acting 

air pump, worked by link and beam connections from 

the forward low pressure crosshead. The pump 

cylinder is 22 in. dia., with a stroke of 10 in. 

A centrifugal circulating pump, driven by a two 

cylinder engine is installed for each condenser. These 

pumps are of the double-inlet pattern and so arranged 

by valves to draw either from overboard or the bilge; 

when connected to the latter, each pump is capable of 

discharging 5,000 gal. of water per min., running at a 

speed not to exceed 300 revolutions. 

The screw propellers are entirely of manganese 

bronze, with blades cast separately and bolted to a 

boss. Before being fitted to its shaft, each propeller 

is to be accurately balanced, tinned all over and bur- 

nished. The starboard propeller is left and the port 

right handed. 

The usual auxiliary machinery, common to all war 

vessels, is to be installed. In addition to the various 

pumps, steering and anchor engines, blowers, etc., pro- 

vision is made for electric lighting, ice, and distilling 

plants. The exhaust steam from these is utilized as an 

agent .to elevate the feed water temperature by means 

of a heater placed in each engine room. 

Steam is to be supplied by six boilers of the water 

tube type, located in two water-tight compartments for- 

ward of the engine rooms. The working pressure is 

275 lb. per sq. in., and the minimum total grate and 

heating surface for all boilers is 300 and 13,000 sq. ft. 

respectively. Two boilers are placed in the after and 

four in the forward compartment, with a smoke pipe 70 

ft. in height above the grates for each nest of boilers. 

The clear cross sectional area of each smoke pipe is 

one-seventh the grate area of the boilers, to which it 

connects. One athwartship fireroom is provided for the 

boilers in each compartment. 

The type of boiler selected for three of the vessels 

of this class—the Chattanooga, Galveston, and Tacoma— 

is the well known Babcock & Wilcox design, a descrip- 

tion of which appeared in our issue for March last. 

Boilers for these vessels differ in some slight particulars 

from that described, but principally in the method 

adopted of directing the flow of the gases of com- 

bustion, which is done by means of baffles, as indicated 
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by arrows in the accompanying engraving. (See page 
240. ) 

A summary of the trial displacement weights is as 

follows: 

SCHEDULE OF WEIGHTS. 

Hull and fittings, not including protective 
CRSISEVTMEOSto 09000000000 _ seagaco0cdo00000%00 1,706 tons. 

Protectiverdeck#arino ion Tere CQ “ 
Cellulose ence ne eee ee EERE ELE 24a 
Armament and ammunition ................. 213 “ 
Equipment, stores, and outfit...... .......... 237 
Propelling machinery with water ........... 441 
Ce V indadpdao ab nobpe pocdosomsodsacooudddoduaaDe 467 

Total icisrarastieerstasiccrerspeee eeseetee 3,200 

The successful bidders and contract price for each 

ship is shown in the table which follows: 

Name of reece! Contractors. |Lecation of Works. See | 

—— — = | 

| SESS oon Neafie & Levy Ship &) F | 
| Engine Building Co.) Philadelphia, Pa. |$1,0%0,0co0 

Des Moines. -|Fore River Engine Co.| Weymouth, Mass. | 1,065,000 
Chattanooga) Lewis Nixon. | Elizabethport,N.J.| 1,039,966 
Galveston ,,|)Wm. R. Trigg Co. Richmond, Va. | 1,027,000 
Tacoma.....|Union Iron Works. |/San Francisco, Cal.) 1,041,900 
Cleveland.. ites Iron Works. ee Me. | 1,041,650 | 

| 

According to the terms of the contract, all these 

vessels are to be ready for delivery to the Government 

on or before June 14, 1902. 

Relief Ship for India’s Starving. 

In this land of plenty it is practically impossible to 

realize what the word “famine” means. It is at pres- 

ent understood, however, in all its horrible reality by 

millions of starving inhabitants of British India. To 

aid in the alleviation of this suffering, persons of all 

denominations in the United States and Canada, who 

are readers of the Christian Herald, have contributed 

200,000 bushels of corn, which are now en-route to 

Bombay on the S. S. Quito. 

When the corn had been collected application was 

made to the United States Government for the ser- 

vices of a vessel to carry it from the port of New York 

to India. Under the provisions of an existing law au- 

thority was given to charter a vessel for the purpose. 

Lieutenant-Commander Nickels, U. S. N., was directed 

to select a suitable vessel, and his choice fell on the 

S. S. Quito. It is a sad commentary on the condition 

of our merchant marine that the vessel sent on this 

errand of mercy flies a foreign flag. She was un- 

doubtedly the most suitable vessel to be had, and be- 

ing a comparatively new and a staunch ship, she is ex- 

pected to arrive out about June 20, with her cargo in 

prime condition. 

The work of loading the vessel was commenced at 

the Brooklyn, N. Y., water front on Monday, May 7. 

The cargo was delivered to the vessel by floating ele- 

vators, in bulk, and was sacked before being stowed. 

A snapshot on the deck of the Quito when loading is 

here reproduced. By the following Wednesday even- 

ing the vessel was loaded and ready for sea, and she 

sailed May 10. Special religious services were held on 

board before her departure. On the trip out brief 

stops will be made at the Azcres, Port Said and Aden, 

for coal. = 

Dr. Louis Klopsch and the Rey. E. S. Hume are the 

consignees, and they have already reached Bombay 

and arranged for the unloading and distribution of the 
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RELIEF STEAMER S. S. QUITO AT WHARF—PHOTO BY COURTESY OF AND COPYRIGHT, 1900, BY BROOKLYN EAGLE. 

corn. In the latter work they will be assisted by an son, of the Methodist Church at Calcutta, as chairman. 

Interdenominational Missionary Committee, which is It is authoritatively stated that this is the largest 

composed of American missionaries, with Dr. Robin- cargo ever carried by any vessel on a like errand. The 

SACKING GRAIN FROM ELEVATOR SPOUTS ON DECK OF S. S. QUITO, AT BROOKLYN, N. Y. 
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200,000 bushels of choice two-year-old corn are valued 

at over $100,000, and at the famine prices in India are 

worth not less than $300,000. The charter price paid 

by the United States Government was $40,000. 

The S. S. Quito, Captain Baird, was built last year 

at Port Glasgow and flies the British flag. Her dimen- 

sions are: Length, 330 ft.; beam, 45 ft. 6 in.; depth, 

26 ft. 6 in.; gross tonnage, 3,200 tons. She is fitted 

with triple expansion engines, built by Dunsmuir & 

Jackson, Glasgow, with cylinders 24 in., 40 in., and 

65 in. by 43 in. stroke. She is classed too Ar at 

Lloyd’s. 

A SIMPLE EXPLANATION OF THE CONSTRUC- 

TION AND USES OF THE PLANIMETER.—III. 

BY CECIL H, PEABODY. 

The Coffin averaging instrument shown by Fig. 14 is 

a planimeter which has one end of the tracing-arm 

guided by a straight groove, and which has its measur- 

ing-wheel set to one side, with its axis parallel to the 

tracing-arm. A movement of the tracing-arm parallel 

to itself will describe a parallelogram like Fig. 7, and its 

area will be properly measured by the wheel; the in- 

strument is always used in the first method (as in meas- 

uring indicator diagrams) ; consequently the effect of 

il 
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FIG. 14. 

the swinging of the arm back and forth is finally zero, 

whether the axis of the wheel coincides with the arm 

or is parallel to it. The arm is 6 in. long, and the 

wheel has a circumference of 2 I-2 in., consequently one 
turn of the wheel is equivalent to 15 sq. in.; the scale 
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of the wheel is divided into 15 parts, each of which 

corresponds to I sq. in. of area; these parts are each 

divided into five subdivisions, and a vernier allows us to 

read to a tenth of a subdivision. 

The instrument is designed to give the mean effective 

pressure of an indicator diagram directly. For this 

a ad 

shee D 

FIG. 15. 

purpose the diagram ts placed under a fixed clip with a 

vertical and a horizontal arm; in the figure the atmos- 

pheric line is brought to the edge of the horizontal arm, 

but if the engine has a vacuum it will be convenient to 

use a parallel line entirely below the diagram, such as 

the line of zero pressure. A movable clip is brought to 

the right-hand end of the diagram. A point at the 

right-hand end in contact with the clip, such as D, is 

chosen as the starting-point for measuring the diagram, 

which is traced toward the right in the usual way. Sup- 

pose that the wheel is set at zero before the figure 1s 

traced; then after the tracing-point has returned to D 

the reading of the wheel will give the arm of the dia- 

gram in square inches. If this area is divided by the 

length of the diagram, the quotient will be the mean 

height of the diagram, which may be set up at Dd, Fig. 
15, and the equivalent rectangle adDb may be drawn. 

This rectangle is equal in area to the parallelogram 

cdDe, consequently if the tracing-arm is: raised par- 

FIG. 16. 

allel to itself with the tracing point against the clip till 

the wheel returns to zero, the tracing point will come to 

d; the distance Dd is the mean width of the diagram, 

and may be measured with the proper scale. 

Fig. 16 represents Lippincott’s planimeter, which, 
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like the Amsler planimeter, has a tracing-arm and a 

guiding-arm, but the wheel is on a perpendicular branch 

of the tracing-arm, as shown in the figure. This branch 

is a glass tube, which has a paper scale inside. The 

wheel is free to slide on the glass tube, but it has a 

sharp edge and cannot slide on the paper. An im- 
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tube; it is true that the wheel rolls further when it is 

more remote from c, but that does not affect the read- 

ing. 

We are now ready to consider a diagram pqrs, Fig. 

9g. As with Amsler’s planimeter, there are four opera- 

tions to consider: (1) the arm hp moves parallel to 

FIG. 17. 

proved form of this instrument, known as the Willis 

planimeter, is shown by Fig. 17. The wheel W is car- 

ried by a rod, which passes under rollers at R and S, 

and moves over a scale J7N which can be changed to 

correspond to the scale of the spring. If the trac- 

ing-arm is taken separately and moved over the rect- 

angle hpqi, Fig. 18, the tube cd will draw through 

the wheel w, a distance equal to the width of the rect- 

angle, or we may say that the wheel slides that distance 

on the arm. If the tracing-arm is 4 in. long and 

the area of the diagram is 10 sq. in., the wheel will slide 

2 I-2 in.; one-tenth of this or t1-4oth of an inch 

will consequently correspond to one square inch of area. 

If the tracing-arm is moved parallel to itself while the 

hinge /) remains on the curve /, Fig. 19, the wheel will 

roll from w to w”, and will slide a distance equal to the 

height of the figure; the length of the arm multiplied 

by the distance w’ w” is equal to the area of the figure. 

If the arm hp is pivoted about a point as in Fig. 20 

the arm cd at any instant will have two motions: (1) 

it will be drawn endwise through the wheel, and (2) it 

will swing around just as fast as the arm hp does; the 

first action affects the reading on the scale, and the sec- 

FIG. 18. FIG. 19. 

ond, which makes the wheel roll, does not. A little con- 

sideration will make it appear that the tube cd is drawn 

endwise a distance equal to the arc ce, as the arm hp 

swings to hr; and-also.that the distance the wheel slides 

on the tube cd does not depend on its position on the 

FIG. 20. 

itself and the wheel measures the area ipqi; (2) the 

arm hp swings through the angle gir, and the wheel 

records the distance fg; (3) the arm moves parallel 

to itself and the wheel measures the area ris; and 

(4) the arm swings through the angle shp, and the 

wheel records the distance ec. But ec is equal to fg, 

and is recorded in the contrary sense, and therefore the 

pivoting about 7 and about / have finally no influence 

on the reading. The instrument records finally the dif- 

ference between the area hpqi and hsri because the 

latter is measured in contrary direction, or is subtracted, 

which gives the area of the figure pqsr. The exten- 

sion of the action of the instrument from a figure like 

pqsr to an irregular diagram is of course just like 

that given for the Amsler planimeter. This instrument, 

like the Amsler planimeter, could be used to measure 

large figures with the pivot inside the contour as in 

Figs. 12 and 13, if the tube cd were long enough, the 

discussion for establishing this proposition being almost 

identical with that given for Fig. 12; but as the tube is 

not long enough the instrument cannot be so used. 

This instrument is commonly used to give the mean 

effective pressure of indicator diagram, much as the 

FIG. 21. 

planimeter shown by Fig. 3 can be used. The tracing- 

arm is made equal to the length of an indicator diagram, 

and consequently the reading of the planimeter is equal 

to the mean width of the diagram in inches,-or in pounds 

per square inch, depending on the gradation of the pa- 
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per scale inside the glass tube. Several tubes, with two 

scales each, are furnished with the instrument. A scale 

of inches and tenths can be used for measuring the 

width of a diagram in inches, or it may be used as a 10 

scale or a 100 scale for reading mean effective pressures 

directly; other scales are conveniently arranged for va- 

rious indicator springs. 

Through the hinge of this instrument there is a style 

that is retracted by a spring, but it can be thrust down 

even with the tracing-point by pressing on its head. 

With this point pressed down the length of the tracing- 

arm can be conveniently made equal to the length of 

the diagram, when it is desired to determine the mean 

effective pressure of an indicator diagram. If the area 

of a diagram is desired the length of the tracing-arm 

can be set by direct comparison with a scale of inches; 

for example, the arm may be made four inches long and 

a scale of goths may be used for measuring area in 

square inches, ten goths corresponding to one square 

inch; or the arm may be made 5 in. long with a 

scale of 50ths in the glass tube. 

It is claimed for the Lippincott and Willis planimeters 

that as the rolling of the wheel does not affect the read- 

ing, the wheel will not be spoiled by slight injuries to its 

edge. This might be true if the wheel rolled on a straight 

line as in Fig. 18, but lack of truth of the wheel will 

have some effect when the arm swings, as it will change 

the path on which the wheel rolls. It may be that slight 

injuries will have less injurious effect than with the 

wheel of the Amsler planimeter, but a planimeter that is 

properly handled and kept is not liable to suffer injury. 

The truth and accuracy of any planimeter can be test- 

ed by tracing a figure of known area provided means be 

taken to make the tracing-point follow the outline ex- 

actly. Amsler’s planimeter can be tested by using a 

slip of paper as a bridle to keep the tracing-point p at a 

constant distance from the pivot g, and thus tracing a 

circle with g at its center, as in Fig. 21. 

New 750 Fr. Liner.—Following closely upon the con- 

struction of the Hamburg-American liner Deutschland, 

with an estimated rate of speed of 23 knots, comes an 

order from the North German Lloyd Line to the same 

builders—Vulcan Works at Stettin—for a larger and 

swifter vessel for the transatlantic trade. A few par-~- 

ticulars of this new vessel given out show that in di- 

mensions, power and speed she will far outclass any 

vessel previously constructed. It is stated that she will 

be about 750 ft. in length and will be propelled by en- 

gines of not less than 45,000 I. H. P., which will give 

her a sea speed considerably greater than the Deutsch- 

land. Rivalry between these two great German steam. 

ship corporations is intense, and may result in still 

further developments in the future, unless they follow 

the example of the British Union and Castle lines, and 

consolidate. The contest for supremacy between these 

two lines must be immensely to the satisfaction of the 

Emperor of Germany, who sees in every new fast liner 

an important addition to the Imperial fleets in time of 

war. 

It has been decided to change the name of the Amer- 

ican liner Paris to Philadelphia when she comes out 

again after reconstruction at the yard of Harland & 

Wolff, Belfast, Ireland. 
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DISASTROUS BOILER EXPLOSION ON THE AUS- 

TRIAN TORPEDO BOAT ADLER.* 

BY J, HEINZ. 

Since the wreck of the frigate Radetzky, which oc- 

curred thirty years ago, the Austrian navy has never 

had to record a greater disaster than that which oc- 

curred to H. M. Torpedo Boat Adler on July 22, 1899. 

This vessel was built by Yarrow & Company, Ltd., 

London, in 1885, and was of the following dimensions: 

Length, 135 ft.; beam, 13 ft. 9 in.; mean draft, 5 ft. 6 

in.; displacement, 95 tons, and bunker capacity, 28 

tons. The engine developed a maximum power of 

1,200 I. H. P., giving a speed of 22.2 knots. The boiler 

was built by Hicks & Hargreaves, of Bolton, Man- 

chester, England, and was of the locomotive type, as 

adapted for marine work, and was connected to two 

funnels placed athwartships of each other. 

The vessel had been ordered in commission for the 

summer of 1899, and after the usual overhauling, clean- 

ing and scaling, and dock trial, she left her anchorage 

at Teodo at 6 A. M., July 22, for a run to Sebenico. 

The crew consisted of 17 men. As is customary for 

long runs, she was run under reduced speed, making 
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CROSS SECTION BEFORE AND AFTER EXPLOSION. 

I2 I-2 to 13 1-2 knots, with 220 revolutions per minute 

of the engine, and carrying 120 lb. of steam. 

About three o’clock in the afternoon, the vessel be- 

ing three miles off shore,+ an explosion took place 

without warning or premonition of any kind. It 

manifested itself by a heavy vibration and roar, fol- 

lowed immediately by a sharp report. Then a hail 

of splinters fell on the deck and a shower of hot water 

from the boiler fell on the after deck. For a time the 

_ vessel was enveloped in a cloud of steam, and after this 

had disappeared the survivors were able to get an idea 

of the damage. Of the crew, two were killed by fall- 

ing timbers, three were hurled out of the vessel and 

drowned, and four were more or less injured. The 

deck over the boiler room was torn up and showed a 

gaping hole, as the boiler had torn itself from its fast- 

enings by the reaction of the escaping steam and had 

hurled itself bodily overboard. The mast of the ves-~ 

*Translated from the original German of Mittheilungen aus dem 

Gebette des Seewesens, Pola, Austria. 

+The disaster occurred while the 4d/er was steaming in the Adrti- 

atic Sea, near the Isle of Lesina, off the coast of Dalmatia.—Ed.M.E. 
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sel flew upward and fell on the deck, the starboard 

stack hung over the side of the vessel, and the port 

stack was bent forward. The bulkhead between the 

engine and boiler rooms was broken through at its 

upper parts, and all gear on deck above the boiler 

room, such as small boats, etc., had disappeared. The 

deck aft of the boiler room looked like a scrap pile, 

but the deck forward suffered little damage. 

After an unsuccessful attempt to rescue one of their 

comrades who was hurled overboard, the survivors set 

to work to save what was left of the vessel, as she be- 

gan to roll heavilyandshippedwater. A sail was rigged 

with awnings and spare spars, and she was laboriously 

worked to shore and beached. The engine and boiler 

rooms had meanwhile filled to the water level. Divers 

were sent down to stop the leaks, and after the boat was 

pumped out she was towed to the naval station at Pola 

for survey and investigation. A comparison between 
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the boiler, with the exception of those which were 

covered with coal. Of the two main steam pipes, the 

port pipe had torn off at the boiler stop valve, but was 

intact, while the starboard pipe was sheared off at 

the engine room bulkhead. The entire engine space 

was intact, except that it was filled with soot and 

ashes. 

The boiler was 18 ft. long, the cylindrical part was 7 

ft. 7 1-2 in. dia., 8 ft. 9 in. between tube sheets; grate 

surface, 40 sq. ft.; working pressure, 150 lb. The boiler 

weighed 35,300 lb. when empty. The boiler was one 

of the largest of its kind, and was a duplicate of the 

one on the sister boat, the Falke. The fire box was 

made of copper plate, the tubes of brass, and all mount- 

ings were in duplicate. 

The boiler, although built in 1885, had seen very lit- 

tle service. It had been tested with cold water pres- 

sure to 240 Ib. per square inch four months previous 

APPEARANCE OF BOILER ROOM FROM THE DECK OF THE ADLER SUBSEQUENT TO THE EXPLOSION—PHOTOGRAPHED AT POLA. 

the vertical section through the boiler room before 

and after the explosion showed that the pressure due 

to the reaction of the steam had bulged out the sides 

and the bottom, and portions of the framing which, 

on superficial examination, seemed to be sound, were 

tested and found to have far exceeded the elastic 

limit. The boiler breeching was intact at its lower 

end, but the upper part was badly injured. The boiler 

saddles were partly bent and partly torn off, and the 

ash pan still remained in place, although bent. Among 

the ashes and clinkers which remained in the ash pan 

were found copper rivet heads and sheared rivets, 

which had come from the fire box seams, as well as 

pieces of sheared staybolt threads. The boiler mount- 
ings had all gone with the boiler, with the exception 
of one safety valve, which was picked up in a damaged 

state. The stokehole floor plates had also gone with 

to the accident, and had also a dock steam trial with 
full boiler pressure. Furthermore, it had been caulked 
and several staybolts renewed. 

According to the testimony of the survivors of the 
crew, the boiler had had an examination and cleaning 
two days previous to the accident. The braces and 
tubes were found clean, and the vertical stays were 
slightly rusted. There were no defects of any kind, 
with the exception of a slight pitting at the bottom 
hand holes. The refuse removed during cleaning con- 
sisted only of rust scales. There was no doubt that all 
accessible parts of the boiler were clean, but the con- 
dition of the bottom of the water legs unfortunately 
could not be ascertained. The boiler feed had always 
been fresh water, and the water level indicators were 
always in good condition. The amount of auxiliary 
feed required was minimal, and the salinometer tests. 



252 

had shown the water to be pure. As the boiler room 

crew had been killed, it was impossible to find out the 

exact state of affairs shortly before the explosion, but 

it was noticed that an hour and a half previously water 

stood slightly high in the glasses. 

The commissioners appointed to investigate the 

cause of the explosion were convinced that the rupture 

occurred in the seam at or near the top of the fire box. 

No definite reason could be assigned to the cause of 

the break. f 

An attempt was made to drag the bottom of the 

sea at the place of accident to recover the boiler and 

thus get better evidence. Four navy vessels worked 

for twelve successive days at this task, using every 

modern appliance, but were unsuccesstul, as the water 

at that spot averaged 230 ft. in depth, and the bottom 

consisted of jagged rock and coral, with steep declivi- 

ties. 

The possible causes of the rupture of the fire box 

could have been either a heavy deposit of scale, or low 

water. The first conjecture, of course, is out of the 

question. The second could have occurred, as fol- 

iows: The feed pumps had always been in prime con- 

dition, and there may have been a_ possibility that, 

knowing this, the crew had been somewhat negligent 

in attending to them, and a probable stoppage of feed 

might have been the cause, as it was stated that the 

MARINE ENGINEERING. June, 1900. 

THE NAVAL STEAI ENGINE—ITS GRAPHICS 
AND ECONOMICS ILLUSTRATED—II. 

BY ROBERT H, THURSTON, 

In ILLustration, let it be required to ascertain the 

Carnot efficiency and the values of these quantities for 

cases in which the initial pressures range from 160 down 

to 60 lb., while the back-pressure is constant at 4 lb. 

In this, as in all othér cases, the work is all performed 

by transformation of latent heat of expansion; all 

energy, U, furnished the cycle is latent heat, H1, and the 

efficiency is E = (T1 — Tz) / T:; while the work done 

is always measured by the expression U=EH,. Then 

the quantity of heat, of steam, or of fuel required to 

supply the precise equivalent of the conventional horse- 

power, 1,980,000 foot-pounds per hour, or 33,000 per 

minute, as, for example, when 10,000 B. T. U. being 

taken as the heat-content, so far as available, of the fuel, 

we invariably have for the measure of these quantities 

for efficiency unity, 2,545 B. T. U., 0.2 pounds of fuel 

2,545 / Hi pounds of steam per horse-power-hour, 

These figures, divided by the computed actual efficiency of 

the cycle, give the measures of the quantities of heat, steam 

and fuel demanded by the cycle per horse-power-hour. 

These quantities have been computed and tabulated, as 

in Table I, for the above assumed range and conditions. 

TABLE I,—IDEAL EFFICIENCY OF CARNOT CYCLE CONDENSING. 

ot eee wed 

Initial steam pressure +per Sq. in..............0000es Pi | 160 140 120 100 80 60 
TOWED EN! Suse vanl joy, =! NS Nl5 185, coaon 000000000000 n90000 Pj | 23,040 20,160 17,280 14,400 11,520 8,640 
Initialycempudes pial taeenrteeidsciisccmeitcct ti | 363.346 352.827 341.058 327.625 311.866 292.575 

| Volume of 1++ water at initial pressure Vo .0160 .0160 .0160 .0160 .0160 .O160 
| Volume 1+ steam at init. st. pr | Vi 2.786 3.161 3.656 4.342 5.358 7.024 
| | Back pressure +:per sq. in........... pe 4 4 4 4 4 4 
WieBackipressurestpensq. fine eneeneeeeeeennneenen Pe 576 576 576 576 576 576 

to | 153.122 153.122 153.122 153.122 153.122 153.122 
| Ue! 721.85 72.45 73-17 73.96 75-03 76.33 
| 38s? 25.79 22.92 20.02 17.03 14.00 10,87 

| Us 71.76 72.54 73.69 74.36 74-77 76.56 
iGo | 25.75 22.95 20.16 389/902) 13.95 | 10.89 

| | 2B | 255 .245 234 221 205 185 
| |) 26) 857.912 865.552 874.076 883.773 | 895.108 g08 .928 
| 218.77 212.06 204.53 195.31 183.50 168.15 
| | W |170,203 164,983 159,124 151,951 | |142,763 130,821 

H.P.| 5.16 5.00 4.82 4.60 4.33 3.96 
:-| Pe | 16.47 15.79 14.99 14.19 13.26 11.87 

| Be | 2371/8 2,274.3 2,159.3 2,043.4 1,909.3. | 1,708.7 
SreSaon joyerr JELLIES JS WW Gaooocouaoco0gD0DD0000e0D0000000 II.63 12.00 12.44 13.05 13.87 | 15.13 
135 FOS Win pees islnl Sh polar debe ca npgaagdhaocounaauooOGodoUdoKC | 9,980.39 | 10,387.75 | 10,876.07 | 11,515.84 | 12,414.63 13,766.75 
RuelipenHPhpenmhrerc acne pe cee en | .998 | 10387 1.0876 1.1515 1.2414 1.3756 

' Volume traversed by piston, per H P. per minute.. | | 13.90 | 14.51 15.29 16.16 17-27 19.33 
| | 

quantity of water in the boiler could be evaporated 4n 

seventy minutes. Then again, an examination ot the 

water chamber of the pump shortly after the accident 

revealed that the contained water was salty, and there- 

fore a probability that a sudden breakage of a condens- 

er tube or leakage in the condenser would account 

for the extra height of water in ihe glass previous to 

the accident. 

Port at Montauk Portnt.—The control of the Long 

Island (N. Y.) Railroad passing into the hands of the. 

Pennsylvania R. R. recently has revived rumors of the 

construction of a great railroad and steamship terminal 

at Montauk Point for transatlantic trade. The Point 

is about 117 miles by rail from New York city, and were 

passengers to be put ashore there instead of coming up 

to New York by water the duration of a transatlantic 

trip would be shortened by about seven hours. 

Comparing the figures, it is seen that, could the en- 

gineer approximate the ideal case with his real engine, 

he could obtain the horse-power at the cost of but from 

11.9 to 16.5 lb. of steam per hour with condensing en- 

gines, adjusted as assumed. The back-pressures, which 

have been taken to correspond, for special purposes of 

comparison, with the data given by Rankine, are, 

in: these cases, however, altogether too high, and a 

vacuum 2 Ib. better, and with a more than corre- 

sponding gain, is often reached, reducing these figures 

something like 15 per cent for the best known cases. 

The Rankine Standards are those which are commonly 

taken for employment when it is desired to ascertain 

what are the magnitudes of the more or less avoidable 

wastes of the steam-engine. Of these there are two:— 

The Rankine Adiabatic Cycle is one in which steam 

is assumed to enter a non-conducting cylinder, to be 

expanded to terminal pressure, adiabatically, to be free- 
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ly exhausted, with uniform and minimum back-pres- 

sure and completely rejected, no clearance or compres- 

sion being allowed. 
The Rankine Jacketed-Engine Cycle is one in which 

steam, entering as before, is expanded in a cylinder ca- 

pable, as by the use of a jacket or otherwise, of supply- 

ing it with all the heat needed, in the course of the ex- 

pansion period, to keep it precisely dry and saturated, 

up to the instant of opening the exhaust port. The re- 

mainder of the cycle is similar to that of the adiabatic 

cycle. 

The computation of these ideal cycles may be made 

by processes of great simplicity and ingenuity, fully de- 

scribed by their author, and now quite familiar to the 
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puted, and, if added to the above expenditures, the sum 

will presumably be approximately the actual expendi- 

ture of the engine; always provided the design and con- 

struction be so well and so intelligently carried out as 

to permit the operation of the machine to be representa- 

tive of good contemporary practice. 

The two formulas most commonly employed in the 

computation of probable wastes by cylinder condensa- 

tion, the most remarkable of those wastes which dis- 

tinguish the real from the ideal case, are the following, 

in which WV is the weight of steam condensed per hour, 

and W/1 that computed for the ideal case: 

W=CA(M—T.2)t; W=(Wav/1)—D. 

A and a are constants determined by experiment; + 

9 is the time of one stroke in seconds; and 

D is the diameter of the steam-cylinder in 

inches, A its internal superficies in feet.* 

The magnitude of this waste is rarely 

fully realized, and the diagram, Fig. 3, 

illustrating the results of research extend- 

| ing over a long period of time and by a 

number of observers, as collated, compared 

and pruned of errors of observation in such 

manner as to permit their representation by 

: smooth and regularly varying curves, recti- 

fied for both curvature and locus, by the 

writer, may prove instructive. The case is 

that of one of the experimental engines of 

Sibley College, and shows how, with en- 

gines of moderate size and of moderate 

speed, 80 to 90 revolutions with 3 ft. stroke 

of piston, the measured amount of steam 

condensed on the unit area of internal sur- 

face of the cylinder wall varies with the de- 

gree of expansion and the changing steam- 

pressures. 

It is seen that, in this case, the wastes are 

less as the ratio of expansion is less as 

40 
STEAM, 

60 80 100 120 
LBS. PER HOUR PER SQ. FT. 

140 160 180 

FIG. 3.—CYLINDER CONDENSATION AT MODERATE SPEEDS OF ENG IN E. 

professional engineer. They need not be here described 

in detail.t 

Of the two type-cycles, that known as the jacketed en- 

gine cycle is more nearly illustrated by the real engine, 

where its jacketing is effective, than is the other. No 

engine-cvlinder, as yet, has been made adiabatic in its 

action. — 
The data assumed for a Rankine jacketed-engine cycle, 

as follows, are as nearly those of an actual case in prac- 

tice as it 1s possible to make them. 

TABLE II. 
DATA FOR COMPUTATIONS AND RESULTS. 

Pi=121.6+14.5=136.1; f3=2.8 lbs. per square inch; 7}=811.8° F, 
Correct efficiency, 0.283. 

200 
INTIALLY CONDENSED. ENGINE CONDENSING. 
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3 Thermal |Steam per H P. 
P| 2B Te Ve U Efficiency. per hour=W’”., 

15 | 7.68 642.2 48.93 206,600 0.232 9.61 
20 | 5.55. 628.0 66.40 214,600 .252 9.23 
25 | 4.41 618.3 82.50 219,000 .258 9 02 
30 | 3.63 610.5 98.90 220,380 -259 8.98 
35 | 3.09 604.1 115.25 222,070 - 261 8.92 

The wastes for such cases may be approximately com- 

the steam “follows” farther, and also as 

the boiler-pressure is reduced. These dif- 

ferences, great at first, become rapidly 

less as the ratio of expansion  in- 

creases, the total waste varying pretty nearly as 

the square foot of the ratio of expansion. 

220 240 

S. S. GrossER KurFurst.—The Grosser Kurfurst, of 

the North German Lloyd Line, arrived at the port of 

New York last month on her first transatlantic trip. 

She is one of the intermediate type of vessels of the 

fleet, with enormous carrying capacity and excellent 

passenger accommodation for all classes. Last winter 

this fine vessel was first put into service, making a trip 

to Asiatic and Australian ports in the company’s service 

in those waters. She is a product of the Schichau Yard 

at Danzig. Her dimensions are:: Length, 581 ft. 6 

in.; beam, 62 ft.; depth, 39 ft.; gross tonnage, 12,200 

tons; displacement, 22,000 tons. She is fitted with twin 

screws, driven by quadruple expansion, navy pattern, 

balanced engines, with cylinders, 27 3-8 in., 41 in., 59 in. 

and 83 1-2 in. dia. and 53 1-8 in. stroke. 

1See Rankine’s Manual of the Steam-Engine, or Thurston's 
Manual, Vol. I., Chapter V. 

2For the Rankine equations, see either Rankine’s Steam En- 
gine and other Prime Movers, or the writer’s Manual of the Sieam- 
Engine, Vol, I. For the treatment of the real, as distinguished from 
the ideal, case, see the latter, and especially Chaps. V. and VI. 

3Manual of the Steam- Engine, Vol. 1., Chap, VI. 
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SYSTEM OF WORK ADOPTED IN A SHIPYARD 

ON THE GREAT LAKES—I.* 

BY W. I. BABCOCK. 

While the systems used in the construction of the 
hulls of modern steel vessels are somewhat the same in 
all lake yards, it is the purpose of the following article 
to describe the practice of the Chicago Ship Building 
Co. only, and that as applied to the ordinary lake bulk 
freight vessel of large size. For a proper understand- 
ing of what follows, it is necessary first to describe the 
ship itself, inasmuch as the requirements of the service 
have developed a somewhat peculiar type of vessel. 
The great majority of modern steel lake vessels are 

designed to carry only iron ore, coal, or grain in bulk, 
and no deck, therefore, is required or laid on the main- 
deck beams in the cargo holds. The movement of ore 
and grain is entirely from upper to lower lake ports, 
and of coal in the opposite direction. As, however, 
there are a great many wooden vessels still in service 
which require up-cargoes, and coal cannot be unloaded 
rapidly, the freight rate on coal is seldom attractive, 
and,the big steamers, especially those belonging to the 
great ore and steel companies, go back light, using 

water ballast alone when any is required. 
The season of navigation being limited by ice to about 

seyen months in the year, despatch in port is of the 
utmost necessity, and as the cargoes are all spouted in, 
the ore and coal from elevated docks and the grain 
from elevators, and taken out by machinery on the 
docks, hatches are many in number, and no hoisting 
machinery is carried on the ships themselves. 

The connecting channels between the lakes being 

comparatively shallow, the vessels are built with a plate 

keel, very flat floor and full model to get as great capac- 

ity as possible on the limited draught available, and a 

large number of frames amidships are exactly alike, as 

many as one-half to two-thirds the total number. 

When coming light to a loading dock, they therefore 

float very high out of water, and to obtain the neces- 

sary slope to the spouts the hatches are made as wide 

as possible athwartships, leaving only stringer enough 

for strength on each side. While it is true that the 
upper deck could be depressed by filling the water bot- 
tom, this would cause a loss of time in loading, as it is 

evident that the cargo can be run in much faster than 

the water could be pumped out, and is, therefore, not 

allowable. 

The longest straight run in open water is across Lake 

Superior, about 400 miles, the total voyage being under 

1,000 miles. Coal for fuel being available at various 

points in the connecting rivers, no great bunker capac- 

ity is required, and, the fuel hatches opening in all cases 

through the upper deck, a few minutes suffices to spout 

in the amount desired from elevated pockets. At lower 

lake ports it is usual while the cargo is discharging to 

fuel from a lighter alongside provided with a hoisting 

derrick reaching into the fuel hatch. 

The danger of grounding in the narrow, tortuous, and 

in many places rocky channels connecting the lakes 

*Read at the seventh general meeting of the Society of Naval 
Architects and Marine Engineers, held in New York. 
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themselves being considerable, double bottoms are a 
necessity and are carried straight across on top to pro- 
tect the bilge to the upper turn. To get sufficient water 
ballast, as well as to raise up an ore cargo and make 
the ship easier in a seaway, the tank is made deep, from 
5 to 6 it. at the center line. Carrying the cargo at this 
height above the floors requires heavily stiffened and 
closely spaced girders or longitudinals, which are inter- 
costalled between floors to further support them and 
the bottom plating against grounding strains. The use 
of channel floors for the flat of bottom is now universal, 
and results in a considerable saving in first cost, as 
well as avoiding the continual shearing of frame rivets 
and cracking of frames through the rivet holes from 
grounding when the bottom construction is the ordinary 
plate floor with frame and reverse bar. 

Ore and coal loading docks having the spouts uni- 
formly 12 ft. centers, all hatches are spaced 24 ft. cen- 
ters fore and aft, and the frame spacing is always 24 
in., no matter how large the ship, the frames being 
channels. Hatches are 8 ft. fore and aft and channel web 
frames or belts are spaced every 8 ft., making one belt 
at each hatch beam and one in the center between 
hatches, on which a main-deck beam is also placed. To 
avoid interruption of the loading spouts by machinery 

spaces, as well as to avoid the inconvenience of a shaft 

alley in the cargo hold, the machinery is placed aft, the 

engine going as near the stern-post as the shape of the 

ship will permit, and the boilers and bunkers being next 

forward, either in the hold or on a raised deck, with 

cargo space beneath. 

From all of the above considerations a type of vessel 

has been developed, of which the S. S. Mauna Loa, of 

the Minnesota Steamship Co., just completed in the 

Chicago yard, shown in the accompanying engraving, 

may be considered a fair example. The ship is 430 ft. 

keel, 450 ft. over all, 50 ft. moulded beam, and 28 1-2 

ft. moulded depth, with a 5 1-2 ft. water bottom. She 

is propelled by a quadruple-expansion, four-crank, jet 

condensing engine of 2,500 H.P., taking steam at 250 

lb. pressure from two Babcock & Wilcox marine water- 

tube boilers. The light-load displacement is about 3,200 

net tons, and on 18 ft. 3 inch draft she carried 6,816 

gross tons of iron ore. The water ballast capacity is 

2,900 net tons. Speed, loaded, 12 statute miles per hour, 

and light, 14 miles. 

The system used in the Chicago yard in constructing 

this ship and similar vessels is as follows: 

The general dimensions, midship section, and posi- 

tions of hatches and bulkheads having been agreed upon, 

a model is prepared, and from it the length of the 

straight midship portion of the ship determined. At 

the same time, a butt plan of the keel, bottom plating, 

center keelson, rider, longitudinals, tank margin, and all 

fore and aft angles is prepared, and on the mould-loft 

floor a reproduction of the midship section drawing is 

made full size. From this the widths of the various 

bottom and bilge plates are measured exactly, the neces- 

sary allowances made on the outside plates for bevel 

shearing and the mill orders prepared at once. Wooden 

templets for the brackets at center keelson, bilges, tank 

top, and deck beams are made with the necessary al- 
lowance for flanged edges and sent direct to the plate 
mill, so that all these brackets come into the yard 
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PHOTOGRAPH OF LAKE STEAMER 

M
A
U
N
A
 

L
O
A
 

(450 
FT. 

L
O
N
G
,
 

6,800 
T
O
N
S
 
C
A
P
A
C
I
T
Y
)
 
W
H
E
N
 

L
I
G
H
T
 
A
N
D
 
L
Y
I
N
G
 
A
L
O
N
G
S
I
D
E
 
W
H
A
R
F
 

A
T
 
B
U
I
L
D
E
R
S
’
 

Y
A
R
D
S
,
 



256 

sheared to exact size. The lengths of the channels for 

floors and tank-top seam straps, and of the angles for 

the keelson and longitudinal stiffeners, bilge frames, 

etc., are taken directly from the floor and orders sent 

to mill. 

It will be understood, of course, that as there are a 

large number of dead flat frames—i114 in this ship— 

this enables a large quantity of material, both plate and 

shapes, to be ordered in duplicate pieces from the floor 

very quickly from the midship section only, and with- 

out waiting for the body plans to be completed. 

After the lines are faired and the body plans com- 

pleted on the floor, the remainder of the ship is ordered 

in the usual manner. The laying down in the loft being 

completed, the next step is the making of the wooden 

moulds. For the straight part of the vessel amidships, 

below the tank top, it is evident that one mould only 

is required for the channel floors, with strip (narrow) 

moulds for top and bottom flanges, one for the ordinary 

bilge brackets, and one for the belt bilge brackets, from 

which all are punched. Also that one mould each suf- 

fices for the center vertical keelson and rider for all the 

plates from the forward collision to the engine bulk- 

heads, the keelson being of uniform depth, and one keel 

mould answers for all the keel plates until the floor line 

at either end leaves the dead-rise line within the half 

breadth of the keel plate. For this keel mould, as well 

as for all moulds for butted plates, strips of lignum-vite, 

adjustable for screws, are fitted into the ends, so that 

any variation in length from swelling or shrinking of 

the pine from which the mould is made can be taken up 

and the exact length secured. When lapped butts are 

used this refinement is not required. One mould also 

answers for nearly all of the center vertical keelson 

brackets; two moulds for C. V. K. angles, one for each 

flange; one for the stiffeners of each longitudinal for all 

the flat of bottom; two for keel bars; two for top C. V. 

K. angles; two for channel seam straps under tank top; 

two each for top and bottom longitudinal angles; one 

for the high plate floors dividing the separate compart- 

ments of the water bottom. For the skin plating on the 

flat of bottom one mould suffices for all the plates in 

each strake. Similarly, one mould answers for all the 

tank-top plates except where the water-tight floors 

would come at a seam, which is undesirable for water- 

tightness, and, therefore, avoided by putting in a nar- 

row plate, and one mould for all the tank-top margin 

plates amidships. 

In laying out all fore and aft members, both plates 

and angles, from these moulds certain allowances must 
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center of rivet, and the mould must be moved up that 
amount. Where the water-tight plate floors come, the 
moulding side of the frame is moved a distance equal to 
the thickness of the plate, as is also one center keelson 
stiffener, the rivet spacing is lessened for water-tight- 
ness, and extra holes put in on outside strakes of bot- 
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BILGE BRACKET MOULD. 

tom plating for the wide liners. At the belt floors, the 
small bracket connecting the longitudinal stiffener to 
the channel seam strap shifts the stiffener over by the 
thickness of the bracket and necessitates a liner of cor- 
responding thickness. between the stiffener and the 
floor. And wherever a butt comes in an adjoining 

member, requiring different spacing of rivets, these 

must be allowed for. 

In all such cases, “space moulds,”’ covering only the 

particular frame space in which the change is neces- 

sary, are applied after the remainder of the member has 

been laid out from the regular mould. It is evident, 

therefore, that a very large amount of material, both 

plate and shapes, sufficient to buiJd almost the entire 

water bottom of the ship for the straight midship body, 

and a considerable part of the material for some dis- 

tance forward and aft of same, can be gotten out rap- 

idly, from a very small number of moulds, ready to go 

into place, before the keel is laid. 

The practice of the Chicago yard, as of all other 

Lake yards, is to build the ship on level stocks and 

launch sideways. The keel blocks are now set, one to 

’ 
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MOULD FOR ONE-HALF OF KEEL—UPPER EDGE CENTER LINE OF KEEL, 

be made, ,as follows: Where the turning space comes 

—that is, where the siding flange of frames and floors 

changes from looking aft to looking forward—the dis- 

tance between frame rivets, instead of being exactly 24 

in., is less by twice the distance from heel of floor to 

each keel plate, by a surveyor’s level, and the center 

line put in by a transit instrument, the keel plates are 

strung along on them, the butt straps and liners bolted 

up and four tack rivets driven by hand in each strap to 

avoid possibility of shifting. Then one keel bar is put 
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up, the center vertical keelson plates and butt straps, the 

other keel bar, keelson top angles and stiffeners and all 

carefully bolted and reamed. A large amount of work is 

thus ready for the pneumatic yoke riveters, which are 

then started and the whole keelson riveted and caulked 

water-tight. 

In the meantime the various parts composing the 

floors have been punched, assembled on a long line of 

skids extending from the stationary steam riveter, tested 

by the mould, bolted carefully and reamed by pneumatic 

drill and riveted. It will be noticed that of all these 

pieces—namely, the channel floor, center keelson_ brack- 

et, bilge bracket, bilge frame, longitudinal stiffeners and 

clips—only one piece, the bilge frame angle, has any 

curve to it. This angle is bent cold between two collars 

temporarily bolted to the upper roll of the shipyard 

bending rolls, the bilge being made an arc of a circle to 

facilitate this rolling as well as that of the bilge strakes 

of the hull plating. For more than half the length of 

the ship, therefore, there is no furnace or forge work 

in any part of the water bottom except the few angle 

collars required to make water-tight work at the tank 

divisions. This applies also to a considerable part of 

the water bottom forward and aft of the straight mid- 

ship body, and, as will be seen hereafter, to a large part 

of the ship above the tank top. 

Forward and aft of the midship body the channel 

floors are continually growing shorter and the bilge 

brackets longer, as the extremities are approached. The 

bilge bracket soon becomes too large if its inner edge is 

kept straight, and it is, therefore, cut out to a curve and 

fitted with a reverse frame. When the channel dimin- 

ishes to about 6 ft. in length its use is abandoned and 

ordinary plate floors with frame and reverse frame 

substituted. 

While one diminish mould for each body answers for 

the floor channels, separate moulds for each bilge 

bracket must be made. When bolting the various parts 

together, however, to make the complete floor, the same 

test moulds answer as are used for amidships, the posi- 

tion of the outboard upper point of each frame being 

marked upon them, so that all the floors from one end 

to the other of the water bottom are completed and 

riveted at one time. 

The center keelson having been riveted and caulked, 

heavy floor ribbands are now erected at each side at a 

distance from the keel just inside the extremities of the 
floor channels. The garboard plates are now raised 

into position, bolted to the keel plate on the inner edge 

and held up by temporary vertical shores near the outer 

edge. Similarly the other strakes of the bottom plating 

for all the flat part of the bottom are put up in succes- 

sion and supported in the same way. The total weight 

keing small, only very light shoring is required. The 

floors are now brought over by a locomotive crane from 

where they were stored, after being riveted on the bull 

machine, and dropped into place on top of the bottom 

plating by the overhead traveling crane. The inner end 

rests on the keel and the outer end on the floor ribband, 

a bolt or two through the bracket and keelson stiffeners 

being put in at the same time. Quickly thereafter the 

longitudinals and intercostals are put in, the channel : 

seam straps rove across, and the whole carefully leveled 

and squared up, one or two tank-top plates being put on 

to hold everything secure. 
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FOREIGN NAVAL DEVELOPMENT AND THE 

EFFECT THEREON OF THE RECENT 

WAR WITH SPAIN—III.* 

BY LIEUTENANT COMMANDER GEORGE H, PETERS, U.S. N. 

PERSONNEL. 

Efficiency of the personnel is universally recognized 

as of supreme importance. 

In no:direction does this manifest itself in a move 

marked degree than in the intense and continuous ef- 

fort shown abroad to train gun pointers, with the object 

of having them attain the greatest possible practical ef- 

ficiency. Prior to the war with Spain the published 

statements of results of foreign target practice gave 

some remarkable percentages of hits. Since the war, 

owing to greatly increased interest in the subject, still 

better results are said to have been achieved. 

Not making sufficient allowance, perhaps, for battle 

conditions, foreign analysis of the effects of gun fire at 

Manila and at Santiago generally results in the asser- 

tion or points to the inference that the American gun 

pointers showed much room for improvement, both in 

the accuracy and in the rapidity of their fire, although 

they were vastly superior to the Spanish. In so far as 

these discussions are derogatory to the American gun 

pointers the comment is appropriate that never before 

have fleets been so utterly destroyed through gun fire. 

In the British navy the allowance of ammunition for 

target practice and the amounts paid for prize firing 

have, it is stated in the press, been largely increased 

within the past year. The Excellent gunnery training 

establishment on Whale Island has been enlarged, and 

improvements are making to increase the facilities for 

target practice. The Sheerness gunnery school is re- 

ported in the press to be undergoing enlargement. Eng- 

lish newspapers report negotiations in progress to secure 

land to permit the Cambridge gunnery school at Devon- 

port to be established on shore, in accordance with the 

method followed at Whale Island. The same plan 

adopted there will probably be adhered to of having 

vessels to carry details to sea frequently for target 

practice, underway, under varying conditions of 

weather. 

In the French navy the training of gun pointers has 

for some time past been a matter of special effort, and 

since the recent war these efforts have been redoubled. 

The exercises appear from press accounts to be of a 

very practical nature. 

In the German navy prizes are offered for successful 

target firing to a greater extent than formerly, and 

nothing is left undone to stimulate interest in the prac- 

tice. Press reports show that the vessels in commission 

at Kiel and Wilhelmshaven go to sea almost every 

day for target practice, which is not confined, as for- 

merly, to. their going out for manceuvres. Target prac- 

tice is no longer confined to ships in commission; but 

also includes the vessels in reserve, which go out with 

reduced complements, in order to familiarize the person- 

nel with the ships and to keep the vessels in servicea- 

ble condition. 

Training is by no means confined to target practice, 

*From Notes on Naval Progress issued by U. S. Office of Naval 
Intelligence, Washington, D, C. 
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but goes on actively in every practicable way in all im- 

portant foreign navies. 

The tendency is very marked abroad to have men who 

are selected for special courses of. instruction, as well 

as those awaiting distribution to the fleet, quartered in 

barracks ashore rather than on board of old hulks. It 

is found that better hygienic conditions can be obtained 

in barracks, and the results are more satisfactory in 
many ways. 

Rapid coaling is now regarded as an essential re- 

quirement of the personnel and has received much at- 

tention, particularly in the British navy, where it is no 

longer regarded as mere drudgery, but has become an 

important evolution in which officers as well as men 

often take part, the greatest rivalry existing among the 

ships of a squadron. 

Items which have appeared recently in English news- 

papers indicate that, through thorough training of the 

fire-room force, marked progress has been made in the 

extremely important matter of diminishing the amount 

of smoke discharged from the smoke pipes. 

The problem of securing an efficient naval reserve has 

long been a subject of serious study abroad, particularly 

in Great Britain, where the question assumes special 

importance, owing to the manning of the fleet being 

there dependent upon voluntary enlistment. The meas- 

ure now in force in the British navy requiring new re- 

serve men to serve on board ships in commission for a 

sufficient time to give them some idea of naval duties 

will, it is believed, have good results. 

MOBILIZATION. 

The importance of rapid mobilization is fully appre- 

ciated in foreign navies. Some of them, profiting by the 

experience gained in the annual tests in connection with 

naval manceuyres, have reached a high degree of profi- 

ciency in this respect, as is demonstrated by the facility 

with which officers and crews go on board strange ships 

to be temporarily commissioned, assume their duties at 

once, enter promptly upon the service to be performed, 

and upon its completion lay up their ships and turn in 

their stores without delay. The prompt mobilization last 

year upon short notice of a British reserve fleet, includ- 

ing well-drilled flotillas of torpedo boat destroyers, in 

view of threatening foreign relations, afforded a notable 

example of the value of practice in such work. 

NAVAL LEAGUES. 

A movement in connection with naval matters which 

has received a remarkable impetus within the past few 

years in several maritime countries is the development 

of naval leagues—associations having for their chief aims 

the diffusion in popular form of information concerning 

the navy of the nation and advocacy of its maintenance 
and increase. 

Piceon Post.—Vessels of the French Line leaving 

New York recently have carried away carrier pigeons, 

which were released when the vessel had been out 24 to 

48 hours. The pigeons belong to a cote in Malden, 

Mass. Messages from the ship’s officers and passen- 

gers are reduced to a very small compass by the usual 

photographic process, and incased in a tiny aluminum 

tube, which is secured to the bird’s leg before it is sent 

off. On a recent east-bound trip of the Touraine, her 

commander dispatched six birds when 300 miles out. 
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COMMERCIAL TYPES OF WATER TUBE 

BOILERS BUILT IN AMERICA.—VI. 

Ward Water Tube Boiler. 

This description of the Ward water tube boiler refers 

particularly to the type for small boats and vessels, 

such as are used almost exclusivelyin the steam launches 

of the U. S. Navy. Charles Ward, the inventor and 

builder, has designed water tube boilers of a variety of 

types, suiting the design to the special requirements of 

each case. Of the larger types of Ward boiler the best 

known, perhaps, is the coil boiler as fitted in the U. S. 

S. Monterey. The boiler here described differs from the 

navy launch type in that it is fitted with a self-contained 

system of forced draft, as will be readily seen upon in- 

spection of the accompanying drawings. The type of 

boiler here described is built both square and round in 

plan view, that shown being the square boiler. It con- 

sists of a combination of plain bent water and straight 

Field tubes, with an upper central receiver and a lower 

manifold or base ring carried around the boiler at the 

grate level. The firebox is wholly composed of tubes, 

and no fire bricks are used in the boiler. The firebox 

is surrounded by a double wall of plain water tubes that 

rise vertically from the bottom manifold; and at their 

upper extremities are curved sharply inwards and are 

expanded into the central receiver. It will be noticed 

that the tubes rising from a square base enter a circular 

receiver, each one not radially, but at an angle peculiar 

to itself, as shown in the plan view. This necessitates 

very careful construction. The bottom of the central re- 

ceiver, which forms the crown sheet of the furnace, is 

not flat, but an inverted cone. Into this are screwed the 

upper ends of the straight, pendant, Field tubes. They 

are arranged in concentric circles and project down- 

ward, at a slight angle to the vertical, into the combus- 

tion chamber. To insure a regular circulation in the 

Field tubes the upper end of each is closed by a dia- 

phragm in which two tubes of smaller diameter are ex- 

pended. One, for the downflow, extends from the dia- 

phragm to within 1-2 in. of the bottom of the interior 

of the Field tube, and the other is a short tube which 

extends upward from the diaphragm and delivers the 

ebullition at a point well above the source of supply to 

the Field tube. Each Field tube is fitted at its lower 

end with a steel cap, threaded left hand, while the up- 

per end, connecting with the central receiver, is thread- 

ed right hand. Thus in removing a bottom cap, with a 

wrench, the operation tends to tighten the tube in place, 

while if the tube is to be removed bodily the reverse 

rotation secures this result without fear of the cap com- 

ing away alone. The feed water is carried into the cen- 

tral receiver and is discharged through four radial pipes 

outside an annular metal ring which encircles the Field 

tubes and separates them from the outer water tubes. 

These four feed outlets are close to the upper ends of 

the inner row of bent water tubes (see drawing), and 

the feed supply therefore takes the shortest route down 

this inner row of tubes to the tubular base ring or mani- 

fold at the bottom, and from there ascends through the 

other rows of bent tubes to the central receiver again. 

The heating of the feed water in this manner causes all 

the foreign matter contained in it to be deposited in the 
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base ring, whence it can be blown out through suitable 

openings. Both the cone-shaped receiver and the base 

ring or manifold are steel castings with holes cored out 

and afterward accurately machined. Extending up- 

ward from the top of this central receiver, inside the 

casing, is the steam dome, the cover of which is se- 

cured to the bottom of the central receiver by long stay 

bolts. A manhole in the top of this dome gives ready 

access to the interior of the receiver. In operation the 

gases ascending from the fire meet the Field tubes and 

are broken up, before passing to the sides and over the 

horizontal ends of the bent water tubes on their way 

to the stack. After leaving the tubes the gases pass 

around and over the steam dome, thus preventing ra- 

diation and giving a-slight superheat to the contained 

steam. In the particular boiler shown in the accom- 

panying drawings the gases, after passing over the wa- 

ter tubes, ascend through air-heating tubes in a box 

placed in the uptake, and thence to the stack. The ex- 

terior air is driven by the fan around the heater tubes 

and is thence conveyed through a duct formed in the 
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PAINTS AND VARNISHES USED FOR THE PRES= 
ERVATION OF METALLIC SURFACES—I.* 

BY PROF, A. H. SABIN, 

Ordinary oil paints consist of linseed oil, sometimes 

more or less adulterated, mixed by grinding with a pig- 

ment, which latter is usually a mineral substance re- 

duced to a mne powder. The object of using a pigment, 

aside from its color, is threefold: 

It hardens the film, which will thus better re- 

Second. 

Hirst. 

sist abrasion. It makes it possible to apply a 

[ | Marine Raaeasa| 

SECTIONAL PLAN AND ELEVATION OF WARD WATER TUBE BOILER—SQUARE TYPE. 

back casing to the under side of the grate. Airtight 

doors close the ash-pit in front, and the fire door 

frames are made hollow and are fitted with numerous 

nozzles through which air can be admitted above the 

fire to facilitate combustion. A double metal sectional 

casing is fitted around the entire boiler and is filled with 

nonconducting material, and outside of this again there 

is an air space within the outer casing, and which ex- 
tends from the ash pan to the funnel. The boiler is 
patented and manufactured by Charles Ward, Charles- 

ton, Kanawha County, West Virginia. 

thicker film, which also wears longer. Third. The par- 
ticles of pigment tend to fill up the pores which are 

naturally present in the oil film, and thus the porosity is 
reduced. 

The pigments used for preservative paints are few in 

number as compared with those used in house or other 

decorative painting. They may be described briefly as 
follows: 

White Lead.—This is a mixture of lead hydrate and 

*From a paper read before the Boston Society of Civil Engi- 
neers, and contained in the Journal of the Association of Engineer- 
ing Societies U.S. A. 
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carbonate, and is sometimes sold as a dry pigment; but 

more frequently as paste white lead, which is nine parts 

dry pigment ground with one part by weight of raw 

‘linseed oil. This may be made into a paint by thinning 

it with oil, and usually a little turpentine is also added. 

The object of the latter is not to cheapen it (indeed, at 

the present time turpentine is worth more than oil), but 

to make it work more freely under the brush and to in- 

crease the proportion of pigment in the film. This is a 

matter which it is very easy to overdo, and if too much 

turpentine is added there will not be enough oil to act 

as cementing material for the pigment, which will then 

be easily removed. 

White lead is especially liable to suffer in this way, 

since it normally takes less oil than any other pigment, 

and, moveover, it seems to have a natural tendency to 

combine with the oil. This combination causes the oil to 

lose its coherence, and then the surface of the paint 

easily rubs off. As painters say, it chalks. No doubt 

a great deal of the bad name of white lead is due to 

this excessive and improper use of turpentine, which is 

liked by the painter also because it makes the paint 

much whiter than it is when oil is used, and because it 

dries rapidly, owing to the volatility of the turpentine. 

White zinc is an oxide of zinc, white in color, and it 

requires more oil than white lead. It is less opaque; 

its opacity or covering capacity is usually estimated as 

three-fifths that of white lead. Paint made with it does 

not readily brush off as a powder, but sometimes seems 

to come off in flakes. Painters say it peels or scales. 
It is commonly used mixed with white lead, and the 
mixture seems to be better than either substance alone. 
Paints made with these pigments are frequently, perhaps 
it may be said commonly, adulterated with other white 
powdered substances, such as kaolin and barytes, which 
are not particularly harmful, and whiting or carbonate 
of lime, which is actively injurious. While dry these 
substances appear white, but when mixed with oil they 
seem to be transparent. They are without value as 
pigments, and must be regarded as adulterants. 

White lead and white zinc are practically ~ the 
only white pigments, and must form the basis of all 
light-colored paints. Other light colors are made by 
adding some tinting material to them. The principal 
yellow color is chromate of lead, or chrome yellow. 
This is a very brilliant color, rather deep in shade, and 
the pale shades are made by adding white lead. Chrome 
green is a mixture of chrome yellow and Prussian blue, 
and is the only green pigment in common use. Prus- 
sian blue is a ferrocyanide of iron, dark blue in color. 
The common light blue pigment is ultramarine blue, 
an artificial product of complex constitution, the exact 
composition and preparation of which is a secret. The 
yellows, greens and blues are not much used in paints 
for structural work, but this is not the case with red 
pigments, the most important of which are the oxides 
of iron. For this purpose the sesquioxide, which is 
known in mineralogy as hematite, and the hydrated ses- 
quioxide, or limonite, are used. Usually the two are 
mixed together in various proportions, the pigment be- 
ing produced by grinding a natural oxide rock, which 
commonly contains from 10 to 60 per cent. of other min- 
eral matter, commonly silicates. The color of these ox- 
ides varies from bright red to dark brown, the bright 
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shades commonly containing most hydrated oxide and 

the brown (rarely dark purple) shades being chiefly an- 

hydrous; oxides of a bright purple or maroon tint are, 

however, hydrated. It is commonly believed that the 

brown or dark red shades, that is, the anhydrous ox- 

ides, are more durable than the others. Some of these 

oxides are of artificial origin, such as Venetian red, 

which is a by-product, originally  contain- 

ing some sulphuric acid, to neutralize 

which it has been saturated with lime; and 

in consequence the finished pigment contains a large 

percentage of sulphate of lime, which cannot be re- 

garded as a desirable ingredient. A knowledge of the 

chemical constituents of an oxide pigment is therefore 

desirable. A considerable proportion of silica, or of 

highly acid silicates, is probably not objectionable, es- 

pecially if the product is nearly anhydrous; but if there 

is ground for believing that the silicates themselves are 

hydrated, they are simply clay, which is objectionable; 

and if any lime-salts, soluble in water or acid, are pres- 

ent, the material is not suited for the purpose. 

Oxide pigments are particularly open to the criticism 

of being, in many cases, not finely ground, a most seri- 

ous objection. Any good paint should be so fine that it 

feels smooth and even when rubbed on glass or porce- 

lain with a palette knife. The importance of fine grind- 

ing is not likely to be overestimated. Ochres, umber 

and sienna are also classed with the iron oxide pigments, 

and usually contain a little manganese, which increases 

the drying qualities of the oil. They also contain va- 

rious earthy coloring matters. The ochres are yellow 

in color, and the iron oxide in them is hydrated. They 

are often used in conjunction with white lead or zinc. 

Carbon, in one form or another, is the base of all the 

black pigments. By far the most common of these, as 

used in structural paints, is graphite. Other black 

pigments are lamp black (including carbon black) and 

bone black, the former being produced in many grades, 

varying in price from 3 or 4 cents to 60 cents per 

pound. Bone black, which is refuse from the sugar- 

house black, varies in the percentage of carbon con- 

tained, which is usually about Io or 12 per cent., the re- 

mainder being the mineral matter originally present in 

the bone and containing 3 or 4 per cent. of carbonate, 

while most of the remainder is phosphate of lime. Lamp 

black is an absolutely impalpable powder, which has a 

small amount of oily matter in it, and greatly retards 

the drying of the oil with which it may be mixed. For 

this reason it is not used by-itself, but is added in small 

quantity to other paints, which it affects by changing 

their color and probably their durability. For example, 

it is a common practice to add it to red lead in order 

to tone down its brilliant color and also to correct the 

tendency it has to turn white, due to the conversion of 

the red oxide of lead into the carbonate. 

S. Y. SaGHAyA.—A new steam yacht for Charles 

Stewart Smith and his son, H. C. Smith, was 

launched from the Morris Heights (N. Y.) yard, May 

24. The yacht measures: Length over all, 127 ft.; on 

water line, 103 ft.; beam, 15 ft. 6 in.; draft, 6 ft. 6 in. 

She is of composite construction, and is fitted with 

triple expansion engine and boiler, which will give her 

speed of about 16 miles an hour. 
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New Harvard Coaching Launch. launch, built with oak frames, white cedar planking, ma- 

A new launch, to be used in coaching the boat crews hogany deck, washboard, and seats. 

of Harvard University, was built recently at the yard of The launch is divided into three compartments by 

NEW 50-FT. COACHING LAUNCH FOR ROWING CLUB OF HARVARD UNIVERSITY, BOSTON, MASS. 

George Lawley & Son, South Boston, Mass. The new © steel bulkheads forward and aft of the machinery space. 

launch, built to replace one which we understand was Ina fore and aft direction the cockpit takes up 34 ft., 

accidentally destroyed by fire, is named the John Har- the machinery space 13 ft., forward standing room 11 

~ 

THREE TUGS BUILT AND LAUNCHED ON ONE SLIP AT HARLAN & HOLLINGSWORTH’S YARD—SEE PAGE 262. 

vard, and is of these dimensions: Length over all, 51 ft., and after standing room 10 ft. The propelling en- 

ft. 3 in.; length on water line, 50 ft.; beam, 7 ft. 8 in.; gine is of the regular vertical, inverted triple-expansion 

maximum draft, 3 ft. She is a double end, shoal draft type, with cylinders 4 1-2 in., 7 in., and 12 in. dia., and 
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7 in. stroke. Steam is generated in a water tube boiler 
having 11 sq. ft. of grate surface. A condenser of the 
outside keel type is fitted, and inboard there is an in- 
dependent air pump 4 in. and 4 in. by § in., and a du- 
plex boiler feed pump 3 in. and 2 in. by 3 in. Tobin 
bronze is used for the propeller shaft, which carries a 
four-bladed screw 30 in. dia. and 4o in. pitch. The 
smokestack is double, with a brass outer shell, and is 
hinged so as to permit the launch to pass under low 
bridges. On trial a maximum speed of 16 miles an hour 
was attained with 525 engine revolutions. 

Triple Launching at Wilmington. 

It is rare that a triple launching takes place in a yard, 
and rarer still, perhaps, that the three vessels launched 
are slid off one set of ways. This was the case, how- 
ever, at the yard of Harlan & Hollingsworth, Wilming~ 
ton, Del., May 12, when the steel tugs Wilmington, 
Harrisburg, and Johnstown were sent into the water one 
after the other within the space of a very few minutes. 
The tugs, built for the Pennsylvania Railroad, are of 
these dimensions: Length, roo ft.; beam, 22 ft.; depth, 
12 ft. 2 in.; displacement, about 230 tons. A photo- 
graph of the little vessels, taken just before the launch- 
ing, is here published. The boats were launched about 
ten o’clock in the morning, advantage being taken of a 
high tide. In little more than a quarter of an hour after 
the wedges were set up on the first tug, the last had 
taken the water gracefully. 
The propelling machinery consists of a compound en- 

gine with cylinders 20 in. and 4o in. dia. and 26 in. 
stroke. Steam is furnished by two Almy water tube 
boilers. 

Work in the Harlan & Hollingsworth yard is at pres- 
ent very brisk. On the ways occupied by the tugs, the 
new 400 ft. steamship for the Mallory Line will be laid 
down. Other work in the yard includes the destroyers 
Hopkins and Hull, a steamer for the Metropolitan S. S. 
Co., a steam yacht for Charles Fletcher, of Providence, 
R. I.; three barges for the Rockland Line Co., two 
steamers for the Philadelphia Steamship Co., and the re- 
construction of the steamships Fovrall and Indiana—the 
latter being lengthened 4o ft. 

T. S. S. La Savoie.—The second of the two new mail 
steamships for the French Line, New York to Havre, 
was launched March 31 at St. Nazaire. The launching 
was an important function at which the French 
Minister of Marine presided. Like her sister ship, the 
La Lorraine, the La Savoie is built under the stipu- 
lations of the new mail contract entered into by the 

company with the French Government. Both these 

vessels were described in detail in our issue of January 

last, but it is well to recall the dimensions, whtich are: 

Length over all, 580 ft.; beam, 60 ft.; depth, 39 ft. 6 in.; 

displacement, at mean draft of 25 ft. 3 in., 15,200 tons. 

On six hours trial the vessel is expected to attain 22 

knots speed. She will have accommodations for about 

1,000 passengers of all classes, and will carry a crew of 

nearly 400 all told. The propelling engines will be of the 

four cylinder, triple expansion type, and single ended 

Scotch boilers will be fitted. She will be fitted out so as 
to be capable of receiving a considerable armament of 

rapid fire guns when needed as an auxiliary cruiser. 
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LAUNCHES—HOME AND FOREIGN. 

S. S. Carirornian.—This large steamship for the 
new American-Hawaiian line was launched at the 
Union Iron Works, San Francisco, May 12. She is of 
these dimensions: Length, 430 feet.; beam, 50 te 
depth, at center, 34 ft. 6 in.; draft, 26 ft. She is con- 
structed in accordance with Lloyd’s 3-deck rules. 
Triple-expansion engines will be fitted with cylinders, 
27 in., 45 1-2 in., and. 76 in. by 48 in. stroke, capable 
of developing 2,500 I.H.P. Steam will be supplied by 
four single-ended Scotch boilers. With 8,250 tons dead 
weight a mean speed of about 10 knots will be main- 
tained at sea. The bunker capacity is 1,500 tons. This 
is the largest vessel ever built on the Pacific coast. 
Two similar ships are now under construction at the 
Roach yards, Chester, Pa. The Californian was 
launched by moonlight between 10 and 11 P. M. Miss 
Edith Chesebrough, daughter of the vice-president of 
the owning corporation, broke the customary bottle 
of wine. 

U. S. S. THornron.—At the Trigg yard, Richmond, 
Va., the U. S. torpedo boat Thornton was launched 
May-15. The ceremony of christening the new boat 
was performed by Miss Mary Thornton Davis, grand- 
niece of Captain J. S. Thornton, U. S. N., who was 
executive officer of Admiral Farragut’s flagship at the 
battle of Mobile Bay, and was mentioned in despatches. 
The Thornton is one of the group of boats authorized 
by Act of Congress of May 4, 1808. A contract for 
her construction was signed November 16, 1898, and 
her keel was laid March 16, 1899. Her dimensions are: 
Length, 175 ft.; beam, 17 ft. 6 in.; mean draft, 4 ft. 
8 in.; displacement, 165 tons. She is to be fitted with 
twin screws and quadruple expansion engines, and 
Thornycroft boilers. The estimated trial I.H.P. is 
3,000 and the speed 26 knots. 

S. S. Tamprco.—A steamship designed for service 
on both the Great Lakes and the ocean was launched 
at the Craig yard, Toledo, last month. She is of these 
dimensions: Length, 250 ft.; beam, 42 ft.; depth, 25 
ft. Her propelling engines are of the triple expansion 
type, with cylinders, 19 in., 30 in., and 52 in. dia., and 
40 in. stroke. Steam is supplied by single-ended 
Scotch boilers, 12 1-2 ft. dia and 11 1-2 ft. long. The 
vessel is built upon the lake model, with the machinery 
at the extreme after end, but with this difference that 
the pilot house, instead of being well forward, is lo- 
cated about amidships. Her construction is very 
strong, and it 1s expected that in the winter season she 
will be able to successfully operate on the Atlantic 
coast, passing through the St. Lawrence Canal on her 
way. ‘ 

T. S. S. Minnewana.—Another monster vessel for 
the Atlantic Transport Co. was launched at Belfast, Ire- 
land, March 't. Ske is named the Minnehaha, and is of 
these dimensions: Length, 600 ft.; beam, 65 ft.; depth, 
44 ft.; gross tonnage, 13,750 tons. She is fitted with 
twin screws driven by quadruple expansion engines, 
with cylinders 30 in., 43 in., 63 in. and 89 in. by 60 in. 
stroke. Like the other vessels of the fleet she will carry 
only cabin passengers. Besides the large freight capacity 
there will be accommodation for many head of cattle. 
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S. S. Isaac C. ELwoop.—A large lake freighter, the 

Isaac C. Elwood, was launched from the Bay City yard 

of the American Shipbuilding Co., May 5. This vessei 

was built for the American Steel & Wire Co.’s inter- 

ests, and is the third of the 500 ft. fleet, the others 

previously launched being the John W. Gates and the 

J. J. Hill. The dimensions of this type of vessel are: 
Length, over all, 500 ft.; beam, 52 ft.; depth, 30 ft. 

The estimated carrying capacity is 8,000 tons, on a 

draft of 18 ft. These vessels are equipped with quad- 

ruple expansion engines, water tube boilers, auto- 

matic stokers, and a complete outfit of auxiliaries and 

deck appliances. Another vessel of the same dimen- 

sions will probably be launched from the same yard 

this month. 

S. S. G. W. Dicxinson.—A new steamer built for the 
Pacific Clipper line to enter the Cape Nome and Alaska 

trade, was launched by Moran Bros., Seattle, Wash., 

April 16. This is the largest wooden vessel ever built 

in Seattle, measuring about 215 ft. in length and 1,200 

tons gross tonnage. She was built to carry passengers 

as well as freight, and has accommodations for about 

300 in her cabins. She is fitted with engines capable of 

giving the vessel a speed of about 10 knots. It is un- 

derstood that this boat will be purchased by the Govy- 

ernment for service in the Army transport department. 

The steamer is reported to have cost about $140,000. 

Tuc Joun K. CowrEen.—At the yard of the Spedden 

Shipbuilding Co., Baltimore, Md.. the tug John K. 

Cowen was launched April 19. The tug is built of steel 

and is to the order of the Baltimore & Ohio Railroad. 

Her dimensions are: Length, 110 ft.; beam, 22 ft.; 

depth, 13 ft. The machinery will be capable of giving 

the tug a speed of 14 miles when running free. The 

machinery will be fitted by the Neafie & Levy S. & 

E. B. Co. of Philadelphia. Another tug of about the 

same dimensions was laid down on the slip from which 

the Cowen was launched. 

S. Y. Marcarita.—The Watson-designed  full- 

powered steam yacht Margarita, for A. J. Drexel of 

Philadelphia, was launched at the Scott yard, Green- 

ock on the Clyde, April 30. This vessel was described 

in our issue of February last. Her dimensions are: 

Length, over all, 323 ft.; beam, extreme, 36 ft. 7 in.; 

load draft, 16 ft. 8 in. She will have twin screws, triple 

expansion engines, and a trial speed of about 17 knots. 

Her cost is said to be not less than $750,000. 

S. S. Roprert W. E. Bunsen.—At the yard of the 
Chicago Shipbuilding Co., South Chicago, this addition 

to the Bessemer fleet was launched May 15. The new 

vessel is of the regular lake type of ore carrier and 

is of these dimensions: Length, 460 ft.; beam, 55 ft.; 

depth, 29 ft. She will carry 7,500 tons of ore on 18 ft. 
draft. 

Barce Georcia.—A coal barge with a capacity of 

3,000 tons for the Coastwise Steamship Co., of New 

York, was launched at the New England Shipyard, 

Bath, Me., April 30. The barge is built of wood. and 

is fitted with steam auxiliaries, including Hyde wind- 
lass and wrecking pumps. 

Scu. BAINBRIDGE.—A 4-masted wooden schooner for 
the Pacific coast lumber trade was launched at Hall 
Bros.’ yard, Port Blakely, in May. The new vessel 
has a capacity of 800,000 ft. 
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IMPROVED APPARATUS. 

Quick=closing Water Gauge. 

An improved form 
of safety gauge glass 
mounting is shown 

in the sectional en- 

graving of the “P. B. 
_ H.” — quick-closing 

¥ water gauge. The 

glass is carried in the 

usual way in large 

stuffing boxes with 

screw glands. The 

cocks which control 

the steam and water 

inlets to the glass 

pass through stuffing boxes in the front of the 

water gauge, and are fitted with T handles. The 

ends of each handle, top and bottom, are connected by 

a chain, which is carried down sufficiently low so that 

it can be easily reached by the fireman. These cocks are 

fitted with solid plugs, the inside ends being rounded 

SECTION OF COCK, 

‘and seating in the passage between the glass and the 

boiler or water column. The plugs are threaded with a 

quick square thread, so that a very slight movement 

of the outside arm is sufficient to fully open or close 

the outlets. As the ends of the chains are hooked into 

the ends of the plug handles and the chain looped 

down, the cocks can be opened or closed separately 

or together, as desired. There is no automatic device 

about this gauge such as is often depended upon to 

act in emergency and fails to do so. It is positive 

in its action, and being constantly operated while a 

boiler is working, it is always in good condition and 

ready for an emergency. In case of failure of a glass 

the steam and water can be cut off almost instantly, 

and a glass replaced without any delay while a full 

head of steam is on. The new style gauge is manu- 

factured by Paul B. Huyette, 1225 Betz Building, Phila- 
idelphia. 

Gas Engine Igniter. 

In motor boats trouble is often experienced with the 
batteries used to produce the igniting spark in the en- 
gine. To obviate this the Holtzer-Cabot gas engine 
igniter has been designed. The machine is constructed 
with a permanent magnet field and an armature of the 
drum type, similar to that used in direct current motors. 
It has self-feeding carbon brushes, and is self-lubricat- 
ing, being provided with grease cups. This igniter is 
especially adapted for marine work; the armature, be- 
ing enclosed, is dirt, oil, and moisture proof. It can 
be run in either direction, and if the fly wheel of the 
engine runs true, the igniter may be driven from a 
friction pulley bearing upon the wheel, or may be belted 
to the fly wheel or to any convenient shafting. The 
speed should be about 2,000 revolutions, but it can be 
run at any speed, from 1,500 to 2,000 R. P. M. A battery, 
consisting of four or five cells of any ordinary circuit 
form, is used, but for a few minutes, merely to start 
up the engine, and will consequently last indefinitely. In 
addition to a spark coil which must be placed in circuit 
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with the igniter, the use of the automatic switch is 

recommended for cutting the dynamo into circuit when 

it has reached a sufficient speed or voltage to produce a 

good spark. An ordinary two-point switch should be 

included in the battery circuit to prevent leakage in 

case the contacts in the engine cylinder remain closed 

when the engine is shut down. A similar igniter is also 

made under the name of the “automobile type,” which 

measures only 7 1-2 in. high, 4 in. wide, 7 in. long. 

These igniters are manufactured by the Holtzer-Cabot 

Electric Co., Brookline, Mass. 

Neptune [larine Receptacle. 

Any one who has had experience with ship lighting —————= 

is familiar with the fact that water, that great enemy HOLTZER-CABOT IGNITER. 

of electrical apparatus, will put in an appearance at the 

most unlooked for places. It frequently happens that a 

wessel will ship a big sea, or a bath tub will run over; 

in fact water will find a passage in a multiplicity of ways 

into the grooves in which the electric conductors are 

located. Lamp fittings being attached to the ends of the 

wires always form the outlets for the stray water and 

are invariably destroyed if they are not of the water~ 

tight type. Heretofore watertight electric fittings have 

always been made of metal with a watertight glove, and 

the ingress of water has been prevented by means of 

watertight stuffing boxes, using soft rubber bushings. 

Such lamp fittings cannot be used exclusively on a ship 

on account of their great cost and their unsightliness, 

and so as a rule have been applied only in the engine 

room and fire room. The Neptune waterproof recep- 

tacle here illustrated is built upon a new principle, 

inasmuch as it is not a watertight fitting, but a water- 

proof device, and cannot be injured thereby, even if 

_the water should run into the interior of the recep- 
tacle. The water is shed before it can reach any of the 

vital parts, which are the metallic connections. Thus 

short circuits and deterioration are absolutely prevented. 

The principle of the device to accomplish this result is 

very simple. It consists in arranging the interior so 

that the water will run off in a bight or loop of the 

conductors through holes provided in the cap. The 

base and cap also have suitable barriers and bosses to 

help bring about the above result. This new device is 

manufactured by the Electro Dynamic Co:, 224 Ionic 

St., Philadelphia, Pa. 

Baldwin Acetylene Searchlight. 

The Baldwin acetylene searchlight is a compact, self- 

contained form of projector designed especially for use 

in small yachts and launches. It is very simple in its 

mechanism, and is manufactured in tasteful style, so 

that it is avery sightly addition to the equipment of a 

small vessel. It is self-contained in the strict sense o1 

the term, as no extra tank or generator is necessary, 

and as it is all in the open air there is no possibility 

of any escape of gas in the living quarters. The total 

height of the lamp is 16 in., the reflector being 8 in. dia. 

In small launches it is placed in the bow, and is op- 

erated by a handle on the back. For cabin launches 

or yachts an extra attachment is made, so that the lamp 

can be controlled by one hand only. The cost of opera- 

tion is stated to be very small, and the light is suf- 

ficiently powerful so that objects can be picked up at BALDWIN ACETYLENE SEARCHLIGHY?. 
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a distance of several hundred feet. This searchlight is 

made by A. H. Funke, tor Duane St., New York City. 

Independent Air Pump. 

The engraving herewith shows Dean Brothers’ Twin 

Cylinder Air Pump with patent steam valve gear. This 

mechanism so controls the pistons that they will al- 

ways move synchronously in opposite directions and 

invariably work to the full limit of their stroke. Should 

one piston move faster than the other, and therefore 

reach the limit of its stroke in advance of the other 
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operated in conjunction as above stated. (2) By de- 

taching the lever that connects the chest pistons the 

pumps may be run independently. (3) By disconnecting 

both the chest piston lever and the steamvalve rodof one 

pump its operation will be stopped while the other pump 

will continue to operate. If from any cause one pump 

is disabled the other one may be run until repairs can 

be made. This is the only twin cylinder air pump made 

that is convertible into separate pumps. The marine 

engineer will appreciate this feature, as the stoppage 

of an air pump at sea is a serious matter. The piston 

DEAN TWIN CYLINDER INDEPENDENT AIR PUMPS. 

it will wait until the second piston reaches the opposite 

limit of its stroke, when both pistons will simultaneously 

reverse their motion. The necessity of a beam connect- 

ing the two piston rods is obviated, and the friction of 

the beam and its numerous connections avoided. Where 

a beam is used there must be cross heads, slides, pins, 
joints and other complications that not only produce 

friction but are also in danger of breaking or derange- 

ment. Dean Brothers’ twin cylinder air pump may be 

operated in three ways. (1) The two pumps may be 

rods are separable at the cross heads. The cross heads 

are of steel. The steam cylinders and pump cylinders 

are connected by six heavy steel stretcher rods. Ad- 

justing valves are fitted to steam cylinders for control- 

ling the motion of the pistons. The valve gear is pro- 

vided with patent lever adjustment, by which the length 

of stroke of pistons may at any time be changed, even 

while the pump is running. This style of pump is 

manufactured by Dean Bros.’ Steam Pump Works, In- 

dianapolis, Ind. 
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ANY and conflicting rumors concerning a 

probable seismic disturbance in the con- 
struction departments of the British Navy have 

been in circulation lately. It is said with some 

pretense of authority that the Director of Naval 

Construction, Sir William H. White, will resign, 

as he is not in accord with other chiefs regard- 

ing designs for new vessels, and for the further 

reason that he feels keenly the responsibility for 

the botched construction of the Queen’s yacht. 

The reason first given is the more plausible, for 

—if there is any foundation at all for the rumor— 

the matter of a mistake in calculations, made no 

doubt by a subordinate, would hardly be likely 

to cause the resignation of so able a chief con- 

structor. Mistakes will occur in shipbuilding 

just the same as in other industries—not sim- 

ply errors of judgment or failure of careful de- 
sign to give results expected, but gross errors 

that are inexcusable—errors in simple addition, 

possibly. Elsewhere in this issue we report a 
case tried before the House of Lords in which 

errors in calculation made by a draftsman for an 

eminent firm of shipbuilders have cost his em- 
ployers the large sum of $80,000. But to return 

to the British Navy. Rumor extends the area 

of upheaval to the Department of Steam Engi- 
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neering, of which Engineer-in-Chief Sir Albert 

J. Durston is the head. The well informed Pall 

Mall Gazette gives voice to the rumor in its issue 

of May 9 last as follows: 

We have reason to believe that an important 

change is impending in the policy of the Admiralty 

on the boilering of the ships of the Royal Navy. 

We have argued for a long time past, on the evi- 

dence that was collected in the columns of the Pall 

Mall Gazette early last year, that the wholesale 

adoption of Belleville boilers for our battleships and 

cruisers was a grave error of judgment. Experi- 

ence has proved that this contention was at least 

well founded, and we believe that the Lords of the 

Admiralty have at last recognized this. Their con- 

version has been assisted not a little by the record 

of the Powerful, which crept home from the Cape 

at less than half her designed speed, and will now 

have to be practically eviscerated before she can be 

recommissioned for service. 

If, as we are giyen to understand, the Admiralty 

are now convinced that it would be dangerous to 

rely on this type of boiler in time of war for other 

than torpedo craft, the naval service will welcome 

the fact with immense relief. But the change of 

policy involved will necessarily cause the Lords of 

the Admiralty to revise the personnel of the con- 

sultative engineering branch. Several important 

changes are, we believe, in contemplation, and with 

them it may be expected that a reform vitally af- 

fecting the efficiency of the Fleet will be commenced 

immediately. As a preliminary, it would be desir- 

able that a committee of experts should at once be 

appointed to examine the whole boiler question. 

From this it would seem that the boiler fight 

which waged with extraordinary fierceness across 

the water some years ago might be reopened. 

It is not likely that the advocates of the water 
tube boiler will allow any return to the older 

tank boiler, though at the same time it is not un- 

likely that influences are at work to discredit the 

Belleville boiler and substitute for it some form 

of water tube boiler native to the soil. The au- 
thority quoted above is manifestly in favor of the 

tank boiler, as it says: “The Admiralty are now 

convinced that it would be dangerous to rely on 

this type of boiler in time of war for other than 

torpedo craft.” As the Belleville is, of course, 

not used in torpedo boats, the reference to “type” 

must mean the water tube type in all its forms. 

The proposition, therefore, that the water tube 

boiler cannot be relied upon in time of war, and 

by inference that it can be relied upon in time of 
peace, is a novel one. It is, we believe, general- 

ly held that one of the chief advantages of the 

water tube type is its adaptability to war condi- 

tions. Our own Engineer-in-Chief, George W. 

Melville, in his splendidly practical paper on the 

subject, read before the last meeting of the So- 
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ciety of Naval Architects and Marine Engineers, 
gives as chief among the reasons for the adop- 

tion of the water tube boiler in the United States 
Navy that “water tube boilers give tactical ad- 
vantage of great movement.” He cannot be 

called a biased advocate of this type of boiler, 

for he recognizes its disadvantages, but shows 

that these may be neutralized in “selection, 

manufacture and management.” So far from be- 

ing an opponent of the tank boiler, he says: “It 

is at best a moot question whether cylindrical 

boilers are not still the best that can be fitted in 
ocean-going: merchantmen.” With the great 

experience which our Engineer-in-Chief has had 

with widely differing types of water tube boilers 

in the Navy to assist in forming his judgment, 

and with the entire absence of prejudice where 

the tank boiler is concerned, it would need some 

argument more convincing than the failure of the 
Powerful to reach expectations to cause design- 

ers to decide against the adoption of water tube 

boilers for naval vessels. As a matter of fact, it 

has always seemed as though the British were 
not as skilful in boiler as in engine construction 

and maintenance. This has been so notoriously 

in the British Navy. The merchant marine is 

another story. Repeated failures of cylindrical 

boilers in British war vessels greatly hastened 

the adoption of the water tube boiler, the Belle- 

ville being championed by Sir A. J. Durston, and 

fitted in a large number of the finest ships in her 

navy. One of the reasons (and probably the 

correct one) given for the failure of the cylindri- 

cal boiler was that many of the older ships of the 

British Navy were underboilered, and in those 

days forced draft was not as well understood as 

now. At one time, indeed, leaky tubes in the 

back connections threatened disaster to the Brit- 

ish fleets and thus caused the adoption of the 

famous “Admiralty ferrule.’ The troubles in 

the British Navy did not end with the adoption 

of the water tube boiler for the larger vessels. 

The earlier boilers of the Belleville type were not 

fitted with economizers, and the coal consump- 

tion figures were high, and then a more direct 

cause of alarm was the frequent failures of lap- 

welded water tubes, with, in some instances, at- 

tendant loss of life. Since the introduction of 

the economizer and the solid drawn steel tube it 

was generally supposed that a satisfactory solu- 

tion of the trouble had been reached. Annar- 

ently not, and the next move will be watched with 

the very greatest interest by the entire marine 

engineering world. 
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MEMORANDUM of the chief characteris- 
tics of the three sea-going coast line bat- 

tleships for the Navy, authorized by act of Con- 

gress of March 3, 1899, has been issued. It will 

be recalled that the act providing for the con- 

struction of these ships placed such restrictions 
upon the matter of armor plate to be provided for 

them that, as a consequence, contracts for the 

vessels could not be let, and the situation will so 

remain until Congress shall settle the armor 

plate dispute. This delay has been taken ad- 

vantage of by the Bureau of Construction to car- 

_ry out model experiments for the proposed bat- 

tleships, the new tank at the Washington navy 

yard being utilized for the first time in such 

work. The designs are thus very well thought 

out, and the only question of structural detail yet 

not finally settled is that of the arrangement of 

the main battery. Advocates of the superim- 

posed turrets, as employed in the Kearsarge and 

the Kentucky, have insisted that the new vessels 

be similarly equipped. A majority of the Board 

of Construction, however, with very commend- 

able conservatism, agreed upon the more usual 

form of arrangement of battery, leaving a clause 

in the circular that permits the adoption later of 

the superimposed system if it is considered ad- 

visable. Considering that the system, as adopted 

in the case of the Kearsarge and the Kentucky, is 

an absolute novelty and has simply had a few 

acceptance tests, as it were, and no extended trial 
under service conditions, it seems as though the 
premature and wholesale adoption of the system 

would be a grave mistake. The new ships will 

be named the Pennsylvania, the New Jersey, and 

the Georgia, and will be of these dimensions: 

Length on load line, 435 ft.; beam extreme, 76 

ft.; trial displacement, 14,650 tons; mean draft 

at trial displacement, about 24 ft.; maximum 

draft, fully loaded, about 26 ft.; total bunker ca- 

pacity, 1,900 tons; coal carried on trial, goo tons; 

feed water on trial, 66 tons; speed not less than 

19 knots. The armament will include four 12- 

in. breech loading rifles, eight 8-in. ditto, twelve 

6-in. rapid-fire rifles, twelve 14-pdrs., twelve 

3-pdrs., four 1-pdrs., all of the rapid-fire type, and 

also two 3-in. field pieces, two machine and 

thirty automatic guns. The propelling engines 

will be of the four cylinder, triple expansion type 

of 19,000 collective horse power. Water tube 
boilers will be installed, arranged in groups, each 

group in a water-tight compartment. The armor 

protection will include a complete belt at the 

water line of a maximum thickness of IT in. 
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EDUCATIONAL DEPARTMENT. 

HELPS FOR CANDIDATES FOR MARINE EN-= 

GINEERS’ LICENSES—FIREROOM—I. 

BY DR. WILLIAM FREDERICK DURAND. 

ROUTINE AND MANAGEMENT, 

In the present section it is the purpose to give brief 

hints and suggestions regarding the routine of operations 

in the fireroom in. getting under way and on the voyage, 

supposing that everything is working smoothly and 

without trouble. We shall first suppose that fire-tube 

boilers are in use, and later give such supplementary sug- 

gestions as may be suitable for water-tube boilers. 

A general examination must first be made of the boiler 

and fireroom equipment in order to make sure that 

everything is in readiness for getting up steam. Among 

the more important points to be attended to the follow- 

ing may be mentioned: 

See that the coal bunker doors are in proper working 

order and if the bunker is partly empty it may be well 

to air it by opening the door and taking off the deck 
plates. 

See that the coal handling gear is on hand and in 

proper condition. : 

See that the necessary fire tools are provided, and 

distributed as needed. 

Examine the grate-bars; bridge-walls and back-con- 

nections, and note whether the area of passage above 

the bridge-walls is properly proportioned. For usual 

conditions it should be from 1-5 to 1-7 the grate area. 

Note the condition of the tubes both from the front 

and back connections. 

Examine the dampers in uptakes and funnel to see if 

they are in working order, and open them preparatory 

to lighting the fires. 

Examine carefully all valves, cocks, piping and con- 

nections and make sure that everything is connected 

up as it should be, and that no valves are open which 

should be closed nor closed which should be open. 

See that no waste or other inflammable substances 

have been left about by workmen on the tops of the 

boilers. ; 

If the water has not been previously run up in the 

boilers, this may be under way in the meantime. In 

modern practice the boilers are always filled with fresh 

water where possible, obtained from a hydrant on the 

dock or water boat alongside, and put in usually by a 

hose through an upper manhole. If, however, the boat 

is lying in fresh water, or if by necessity the water is 

to be taken from over board, it is then run in through 

the bottom blow and Kingston valve. In the meantime 

examine the connections leading to the water-gauge and 
cocks. Clean the glass if necessary, and make sure by 

,means of a wire that the opening through the cocks is 

clear. The packing of the gauge glass should also be 

examined and renewed if necessary. When the water 

appears in the gauge glass and shows from one-half 

to two-thirds full in each boiler, it may be shut off. 

All open manholes may then be closed, and the boilers 

are ready for the fires. 

Notice of the time when steam is required should have 

been given not less than from six to eight hours in 

advance, and many engineers prefer a still longer time 

MARINE ENGINEERING. June, 1900. 

in which to bring along everything into working condi- 

tion. With hard coal a certain amount of wood is neces- 

sary in starting the fires. With soft coal less wood is 

required, and if necessary oily waste may be made to 

answer the purpose. If fires are up in the donkey boiler 

a little live coal may be taken from them to assist in 

starting. As soon as the fires are going the hydro-~ 

kineters are put on if such appliances are fitted. In 

some cases arrangements are made for drawing the 

water by the donkey or auxiliary feed-pump from the 

bottom of the boiler by the bottom blow and returning 

it through the feed-pipe, thus producing a forced or 

assisted circulation. Where there are no appliances for 

forcing the circulation during this period, it is consid- 

ered good practice to light first the fires in the center 

furnaces, and later, by one or two hours, those in the 

wing furnaces. The natural circulation thus produced 

will more nearly even up the temperature within the 

boiler than if all fires are lighted at the same time. 

After the fires are fairly going the funnel or uptake 

dampers may be partly closed so as to hold the fires 

back, and bring them along at a moderate gait as de- 

sired. 

While the boilers are thus warming up and before 

steam has formed, a last look may be given to the 

boiler mountings and their connections. The various 

cocks and valves should be worked, and especially the 

stop and safety valves, in order to make sure that none 

are jammed or in any way out of order. The oil lamps 

for the steam and water gauges may also be trimmed 

and lighted, or the electric bulbs cleaned, if such are 

provided. 

During this period the steam-pipe drains and safety 

valves are usually open to allow of the escape of the 

air and of the condensed vapor as formed. In some 

cases, however, the safety valves are closed, and the 

stop valves being open, the air and vapor are expelled 

along the steam-pipe and through the engine, thus be- 

ginning the process of warming up. Many engineers, 

however, prefer to keep the boiler stop valves closed 

until steam is formed, and to discharge the air through 

the safety valve, or in some cases through a specially 

fitted air-cock. If steam is already up on some of the 

boilers or if there is no auxiliary steam-pipe and the 

pressure from the donkey boiler is on the main steam: 

pipe, then of course the stop valves must be closed on 

the boilers in which steam is being raised, and they 

must remain closed until the pressure on the boiler is 

equal to that in the steam-pipe. In opening a boiler 

stop valve connecting with a pipe in» which there is 

no pressure the following precautions should be taken: 

(1) The pipe should be thoroughly drained and es- 

pecial care should be taken that there are no sags, 

bends or U’s unprovided with proper drains, and in 

which a pocket of water may have collected. 

(2) The valve should be very carefully eased from 

its seat and opened only from a quarter to a half turn 

until the pipe is under full boiler pressure and has 

taken the temperature of the steam, and the drains are 

discharging steam instead of water. In opening a 

boiler stop valve connecting with a pipe in which there 

is approximately the same pressure as in the boiler, it 

is simply necessary to ease the valve from the seat and 

note by the sound whether there is a sufficient differ- 
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ence of pressure to cause any violent flow in one direc- 

tion or the other. As soon as the absence of such evi- 

dence indicates an equality of pressure on both sides 

of the valve, it may be opened out as desired. 

The two fundamental principles underlying much of 

this routine and detail are simply as follows: 

(1) To prevent as far as possible sudden changes in 

the temperature condition of the boilers, piping and ma- 

chinery, and 

(2) To prevent throughout the steam-pipe system the 

accumulation of water at any point. 

__ If these two points are kept clearly in view and good 

engineering judgment used in carrying them out, the 

life of the boilers and machinery will be prolonged, and 

danger of ruptured pipes through the effects of water 

hammer will be avoided. 

After steam is formed and the pressure has risen to 

some 40 or 50 lb. the hydrokineters may be shut off, 

especially if the ship is to get under way as soon as 

ready. If, however, the boilers are to stand some time 

with steam up, it may be advisable to turn on the 

hydrokineters from time to time, at least as long as 

the pressure in the donkey boiler is sufficient for the 

purpose. 

The fires in the meantime have been kept simply in 

good condition without forcing, and even if they work 

under a forced draft system, only enough air should be 

provided during this stage to bring them along at the 

gradual pace which will allow the boiler to properly 

accommodate itself to the change in temperature and 

other conditions. 

The fire-room auxiliary machinery should also be ex- 

amined during this period, and tested under steam from 

the donkey boiler if possible. The feed pumps should 

first receive attention, in order that there may be no 

question as to the proper supply of feed-water when 

required. 

The fan engines should be examined, oiled and turned 

over under steam. 

The ash-hoist gear and engine, or ash ejector and 

pump, should be examined and put in working order. 

If steam for these purposes is not to be had from the 

donkey boiler, then as soon as a sufficient head is 

formed on the main boilers these auxiliaries must be 

examined, taking in all cases the feed pump first. 

Soon after lighting fires it may be desirable to slacken 

up somewhat on the funnel guys on deck, in order that 

the expansion of the funnel may not bring an undue 

stress upon the guys and their connections, or upon the 

funnel and its supports. After the ship is away and 

the funnel has taken its temperature for running con- 

ditions, the guys may be tightened up so as to properly 

support the funnel in a sea way. 

At length we may suppose thatfull head of steam has 

been formed on the boilers, that the fires have been 
brought up to proper condition, and that the ship has 

gotten under way for the voyage. As soon as possible 

the operations in the fireroom should be brought to a 
regular routine. This will involve the following chief 

features, which we shall consider separately: (1) Firing. 
(2) Water tending. (3) Disposal of ashes. (4) Clean- 

ing fires. (5) Sweeping tubes. 

Firing. The routine of firing should be so arranged 

that no two furnaces in boilers connected to the same 
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stack shall be open at the same time. If this is not 

practicable, then care must be taken to avoid at least 

firing at the same time furnaces in opposite ends of 

double end boilers, especially if there is a common com- 

bustion chamber. Two furnaces in a single end boiler, 

or in the same end of a double end boiler will, of course, 

never be fired at the same time. It is now well 

understood that firing light and often is better than 

heavy and at greater intervals. There is, however, a 

limit to this, for the oftener the firing the more are 

the furnace doors open and the more is the draft subject 

to disturbance, while the arrangement of a suitable 

routine becomes more and more difficult. 

Light and frequent firing, especially with water-tube 

boilers, is now, however, the rule where the best re- 

sults are to be obtained. The furnace door should be 

opened smartly and kept open only the minimum time 

needed to get the coal on. Hard coal is spread in as 

even a layer as possible over the grate. For firing soft 

coal two methods are available. When firing for coal 

efficiency, that is to get the most heat out of a pound 

of fuel, the coal should be first charged in front and 

coked, and then should be pushed back and burned. 

When firing for weight efficiency, that is to get the 

most power out of the boiler, the former method would 

be too slow and the coal must be spread over the fire 

and burned without waiting for the separate distillation 

and combustion of its gases. Where the coal runs ir- 

regular in size the large lumps should be broken into 

pieces not larger than the fist. The thickness of the 

fires varies with the conditions, from six to ten or 

twelve inches, or even thicker under a heavy forced 

draft. With a given speed of fan the air pressure in 

the ash-pits will vary widely with the thickness of the 

fire, rising as it is thicker, and falling as it is thinner 

and the air finds more ready passage through. With 

a thick fire it will therefore be easy to get a strong 

draft pressure in the ash-pits, while with a thin fire ie 

will be perhaps impossible, even with a much higher speed 

of fan. A strong draft pressure will not, however, pro- 

duce the corresponding rate of combustion unless the 

thickness and condition of the fire are such that the 

pressure is able to drive through it the necessary 

amount of air. For the best combustion the thickness 

of the fire should be so adjusted to the draft pressure 

that the latter is able to drive the necessary air through, 

and keep it in a state of active combustion throughout 

from fire grate to upper surface. Care must be taken 

to keep the grates evenly covered, especially at the back, 

and to prevent the formation of relatively thin or bare 

spots. A spot which is relatively thin allows of the 

passage of relatively more air. This further increases 

the combustion at that point and the spot becomes still 

thinner, thus allowing more and more air to escape 

freely instead of passing through the remainder of the 

fire as it should. 

In the intervals of firing the pricker and slice bars 

may be used to clear away the ashes and clinker, if 

such is forming. Care should be taken to prevent the 

formation of dull or dead spots due to the accumula- 

tion of ashes or clinker, especially at the corners of 

the grate. Among old firemen a familiar saying relat- 

ing to this point is: “Take care of the corners and 

sides of the fire and the middle will take care of itself.” 
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The ash-pits should also be kept clear of ashes, for if 

allowed to accumulate they will prevent the passage of 

air to the grate, especially at the back. If the passage 

of air is thus interfered with to any considerable ex- 

tent there will be also danger of overheating the grates 

and of bringing them down into the ash-pits. 

In connection with the use of the slice bar, it must not 

be forgotten that. every opening of the furnace door 

means an inrush of cold air into the furnace, a check- 

ing of the draft, a disturbance of the combustion, and 

often severe strains on the structure of the boiler, due to 

the sudden chilling and contraction which the heating 

surfaces undergo. If shaking grates are fitted much of 

this cleaning may be done without opening the door, 

though no form of «grate is quite able to deal satis- 

factorily with coal showing a decided tendency to form 

clinker. 

In thus working the fires a certain amount of fine 

unburned or partly burned coal will be shaken down into 

the ash-pit. In some cases this forms so large a part of 

what comes through the grate, that it may be imme- 

diately thrown on to the fire and burned over again. In 

most cases a sifting or washing of the ashes and sep- 

aration of the combustible from the non-combustible 

would show a surprisingly large per cent to be avail- 

able as fuel, and some saving could usually be effected 
in this way. It is rare, however, that anything of the 

kind is attempted, as with present prices of coal it may 

be doubted whether the additional appliances and labor 

would be paid for by the saving effected. 

ENGINEERS’ DICTIONARY.—XXVII. 

Mean Effective Pressure—By the effective pres- 

sure we understand the resultant of two pressures act- 

ing in opposite directions, as for example, one on the 

bottom of the piston acting upward, and one on the 

top acting downward. The mean effective pressure 

will then be the mean resultant of such pressures 

for a stroke or for a revolution. Referring to Fig. 88 

the mean forward pressure (say downward) will be 

given by the mean of the ordinates from the line of 

zero pressure Fe S to the upper boundary of the card 

AB C D, while the mean back pressure (upward) 

A B 

RTS .LN,,_ —_ 8 
FIG. 88, 

will be given by the mean of the ordinates from R S 

to the lower line of the card F E D. The mean result- 

ant or mean effective pressure will then be given by 

the difference between these two means, one down 

and the other up. This result will therefore be given 

by the mean of the vertical heights of the diagram itself, 

or in other words, by the mean vertical height of the 

diagram. This is obtained by dividing the area by the 
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length, and reducing the mean height thus expressed in 

inches, to pressure according to the scale of the dia- 

gram. The term mean effective pressure is often ex- 

pressed by the abbreviation m. e. p. The use of the m. 

e. p. in the computation of the indicated horse-power 

is explained under Horsr-Powenr. 

Metallic Packing——With the common use of steam 
of higher and higher pressures, the various forms of 

fibrous packing for piston and valve-rods have become 

more and more unsatisfactory, and in modern practice 

metallic packings have come into almost universal em- 

ployment for all such cases. There are many different 
forms of metallic packing, but in nearly all the funda- 

mental features are similar, and consist in the use of 

Yj Z Z 
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rings of white metal or other bearing alloy, cut in sec- 

tions and carried or supported by rings of brass or 

other like material They are also frequently ar- 

ranged so that springs of one form or another will 

bear on the rings and force them into contact with the 

moving rod, and thus secure the pressure between 

the rings and the rod necessary to make a tight joint. 
In Fig. 89 is shown a representative form of metallic 

packing, made specially for use with high-working pres- 

sures. 

Among the large American owned steam yachts re- 

cently fitted out for cruising in European waters are 
the Sultana, 390 gross tons, John R. Drexel, owner; 

the Alcedo, 552 gross tons, George W. Drexel, owner; 

and the Aphrodite, 1,148 gross tons, Col. O. H. Payne. 
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TECHNICAL PUBLICATIONS. 

STANDARD DESIGNS FOR Boats OF THE UNITED STATES), 

Navy. 

U. S. N., Chief of Bureau of Construction and 

Repair. First Edition, 1900. Government Printing 

Office, Washington, D. C. Size, 1514 by 13. With 

221 plates. 
This publication, in the language of the bookseller, 

is a “monumental work.” It is one of those rare tech- 

nical publications that will endure for all time, pos- 

sibly long after the period in which the apparatus it 

describes is used by mankind. It is a collection of 

specifications, schedules of material, weights, and 

costs, of each and every type of boat now used in the 

United States Navy. The data is really exhaustive. 

In the specifications are included the sizes of every bit 

of material which enters into the construction of a 

Navy boat; scantlings, fastenings, spars and sails being 

in turn given in detail. The schedules of material, 

labor, itemized weight and cost are very minute and 

complete to a ten-penny nail. In the case of steam- 

boats, the general description of the machinery gives 

the principal dimensions and type of apparatus em- 

ployed. In addition to these details there are large 

scale drawings of the lines, mould loft dimensions, 

profiles, plans and sections and detail drawings, so 

complete that not a single word of explanation would 

be needed for the builder to produce the complete boat. 

Each type is also illustrated in different positions by 

fine half-tone engravings. 

For a long time the Construction Bureau labored to 

standardize the Navy boats, and it has finally achieved 

this desirable result. Now the assemblage of this data 

in one cover will enable any competent boat builder, 

in case of emergency, to turn out Navy boats in the 

briefest possible time—boats in which the fittings 

will be interchangeable. 

The value of a publication of this sort is greater than 

the special information which it contains. It is one 

of those instruments that makes for progress in every 

direction, that impresses the builder with what can 

be accomplished by systematic work in what at first 

would seem to be a relatively unimportant field. It 

also sets a high standard for the recorder of progress 

in marine construction, and is an expression of that 

liberal exposition of methods that has always been 

associated with the profession of engineering in Amer- 

ica. No private individual or concern could, of course, 

produce such a work with any. hope of return of the 

capital invested, not to speak of profit. In this connec- 

tion it is a matter of slight regret that the double plates 

were not inserted so that they could be stretched out 
flat for examination, and that a better quality of paper 

and ink was not used for the text pages. The book is 

such a splendid collection of data that the Government 

printer might well have striven to have reached in his 

work the standard of excellence set by the distin- 

guished author. 

MAcHINISTS’ AND DRAUGHTSMAN’s HANDBOOK. By 

Peter Lobben, M. E. First edition, 1900. D. Van 

Nostrand Co., New York. Size 5 1-2 by 8. Pages 

438. With drawings, Cloth, $2.50. 

This is a compilation intended as.a reference book 

for all who are interested in mechanical work. The first 
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part is devoted to the rudiments of arithmetic, algebra, 

geometry and geometric drawing, mensuration, and 

weights and measures, compiled in a manner to be of 

assistance to a mind not trained in technical matters 

with the view of applying the rules to the mechanical 

problems explained further on. Next is a chapter on 

strength of material, with tables, and a chapter on 

mechanics, in which the elementary principles are dis- 

cussed. Following this is a chapter on the power re- 

quired to drive different kinds of machinery and shop 

tools and the necessary speeds, and different problems 

on belting and various kinds of power transmission and 

shafting are explained. The article on gear teeth, beve! 

‘gear, and worm gear is very complete, and will be 

appreciated by those who contemplate the study and the 

laying out of gears. 

Compounp Encines. By F. R. Low. First Edition, 

1900. Power Publishing Co., New York. Size 

51-2 by 83-4. Pages 52. With many diagrams. 

Cloth, flexible cover, 50 cents. 

This pamphlet isa collection of “lectures” or papers 

published in Power, and intended to give in the clear- 

est and simplest language the fundamental principles 

of the theory and operation of compound engines. The 

author has had a long and successful experience in 

presenting engineering facts in the simplest manner, 

and especially for those not acquainted with the higher 

mathematics. The present work seems in general to 

come up to the high standard already set by the author 

in this field of engineering literature. 

In Lecture XIV the author discusses at length and 

in an interesting manner the question of receivers, 

joining issue to some extent with Seaton regarding the 

size of receiver suitable for engines with various crank 

angles, and in particular regarding the question 

whether an engine with cranks at 180 deg. may prop- 

erly be given a smaller receiver than one with cranks 

at 90 deg. or 120 deg. It is probably true that Seaton 

has somewhat exaggerated the extent to which the 

receiver of a compound engine with cranks at 180 deg. 

may be decreased, and it is true that with equal points 

of cut-off in both high and low pressure cylinders the 

variation of pressure and temperature in the high pres- 

sure is in general independent of the crank angle, and 

in particular it will be the same whether the cranks are 

at 90 deg. or 180 deg., or at least such will be the case 

so long as the high pressure is exhausting at the in- 

stant of low pressure cut-off. It may be remarked on 

the other hand that with marine engines, the type to 

which Seaton especially refers, the points of cut-off are 

never found as early as 1-4 stroke (the point assumed 

in the present pamphlet), but rather at values of .6 to 

.75. Under these circumstances the variation of pres- 

sure will not be as wide as with the earlier points of 

cut-off, and the question of the volume of the receiver 

is of relatively less importance. 

Further in the actual engine the distribution of pres- 

sure and of work does not, of course, go in quite so 

simple a manner as indicated by the computations 

given. Such computations can only give a first approx- 

imation to the actual facts of the case. There are many 

secondary influences which affect the result, and in 

general in such manner as to decrease the variation of 

pressure and temperature. 
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Taken as a whole, this collection of lectures or talks 

contains a large amount of valuable information relating 

to compound engines, and put in such a way as to be 

of interest and real help to those who wish an elemen- 

tary presentation of the subject. The text is excel- 

lently supplemented by a large number of diagrams 

and engravings, specially prepared for the purpose. 

Popular Science Monthly, for nearly thirty years 

published by D. Appleton & Co., has recently passed 

into the hands of McClure, Phillips & Co., of New 

York, and is now edited by J. McKeen Cottell, of Co- 

lumbia University. The new owners propose to keep 

this monthly abreast of the needs of the day, of value to 

both men of science and the general public, and as an 

earnest of their intentions, they publish a magnificent 

list of American scientists who will be numbered among 
the contributors. Already the appearance of the pub- 

lication has been greatly improved, though it seems a 

mistake in this busy age to put out a magazine with un- 

cut pages. This is a remnant of old fogeyism that will 

not be appreciated by the up-to-date reader. There was 

formerly supposed to be some sort of connection be- 

tween untrimmed books and deep learning, a sort of 

combination of erudition and inconvenience, but the 

busy professional inquirer cannot see the advantage of 

a repeated use of the paper knife when one stroke of the 

binder’s guillotine would do the work. It is a waste of 

energy that might far better be utilized in absorbing the 

contents of the papers. There is a splendid future for 

this publication so long as science is not popularized 

into absurdity or degraded by sensational exaggeration. 

Neither would the other extreme of dry-as-dust discus- 

sion be likely to hold a wide circle of readers. Judging 

by the present issue the happy medium has been at- 

tained. The subscription price is $3 a year. 

Brown’s Pocket Log and Diary for Marine En- 

gineers is a useful companion. It contains ruled pages 

for engine and fire room data for every day in the 

year, which, if properly filled up, would give a collec- 

tion of most useful facts. There are also useful trial 

trip and coal consumption tables, night signals of vari- 

ous lines, tide tables for European ports, diary, with 

separate space for memoranda for every day in the year; 

standing orders, station bills, weights and measures and 

other data, distance tables, etc. It is a compact little 

book and issold at the low price of one shilling by James 

Brown & Son, 58 Great Clyde St., Glasgow, Scotland. 

Another publication by this house is Brown’s Nautical 

Almanac, a book of more than 300 pages, which sells 

for one shilling and threepence by post. This book is 

invaluable to deck officers on vessels in the foreign trade, 

and especially to deep-water yacht masters. It contains 

a vast amount of information for ready reference. 

A collection of sea and patriotic songs, by James 

Lowe Pilling, Master Mariner, entitled “The Keel of 

the Kearsarge,” has been handsomely issued in pamphlet 

form by the author. It is dedicated to Rear Admiral 

Philip Hichborn, U. S. N., and is for sale by Robinson 

& Smith, 350 Dearborn St., Chicago. 

S. Y. SHEMARA.—The steam yacht Shemara, owned 

in Leith, Scotland, has been chartered for the season by 

Henry C. Frick, of Pittsburgh. She is of these dimen- 
sions: Length, 188 ft.; beam, 26 ft.; depth, 15 ft. 
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QUERIES AND ANSWERS. 

(Communications intended for this department will not recéive at- 
tention unless accompanied by the full name and address of 

the sender, which will be considered confidential.) 

Q.—Will you please answer the following questions: 
(1) Will a single cylinder condensing engine do more 

work than a non-condensing engine of the same size, 

with the same steam pressure and point of cut-off, and 

why? 

(2) Why is the low pressure cylinder of a compound 

engine larger than the high pressure cylinder ? 

W. H.S. 

A.—(1) Yes. The reason may be put in a variety of ways. Per- 

haps the following will be as simple as any: 

First suppose the engine non-condensing and consider a single 

stroke. On the steam side the steam enters up to the point of cut- 

off, and then expands down to exhaust opening, passing through a 

certain definite series or history of pressures from one end to the 

other, and giving a certain mean forward pressure which we may 

call fZ. Onthe exhaust side we shall have the movement of the 

piston opposed by the exhaust pressure, which will be two or three 

pounds above the atmosphere, or say 17 lbs. above the zero of 

pressure. Then the mean ze¢ pressure for the stroke will be  de- 

creased by the 17 lbs. back pressure, or ( f—17). 

Next consider the same engine with the same point of cut-off, but 

made condensing. On the steam side the steam enters as before 

and goes through the same history of cut-off and expansion, and 

has the same history of pressure and the same mean forward 

pressure. On the exhaust side the cylinder is now connected 

to the condenser, within which is a partial vacuum produced by 

the condensation of the steam by cold water and maintained by the 

air pump. ‘The pressure usually maintained is from 2 to 3 lbs. 

above the zero of pressure, or some 12 or 13 pounds below atmos- 

pheric pressure, or, as we may say, some 12 or 13 lbs. of vacuum. 

The pressure within the cylinder on the exhaust side will then be 

reduced to only slightly above the same figures, and we may take 

it as 3 lbs. for the average. Hence the mean ze¢ pressure for the 

stroke will now be Z—3 instead of f—17. 

It is easy to see that in the cylinder itself, and for this stroke 

there has been gained an amount of work corresponding to a load 

of 14 lbs. acting on the piston through the length of the stroke. 

This is not, however, quite clear gain, for the circulating and air 

pumps must be operated in order to supply the condensing water 

and maintain the vacuum, and the work which they require must 

be charged against this gain. It results, however, that the work 

thus required by the pumps is much less than the gain in the 

engine cylinder, so that there remains for the condensing engine a 

substantialincrease in the work given per stroke and per minute. 

(2) The purpose of the compound engine is to divide up the total 

expansion of the steam into two steps. The first is carried out in 

the high pressure cylinder by cut-off in the usual way. After the 

high pressure stroke is completed the expansion is then continued 

and completed by exhausting the steam from the high pressure 

to the low pressure cylinder, so that by the end of the low pressure 

stroke the steam which once filled the high pressure cylinder will 

now fill the low.. Now it is clear that if the low pressure and high 

pressure volumes were the same there would be no expansion and 

no gain of workin this way. The change would be simply a shift 

of the steam from one place to another, but without change of 
volume or other conditions. Hence, to secure the desired expan- 

sion, the low pressure cylinder must be larger in volume than the 
high, and this is the reason why they are so made. 

Q.—Can you kindly furnish me with the respective 

contract numbers of the Denver class of cruisers? 

180, “0, 

A.—The Denver class of U. S. cruisers are officially numbered as 

follows: Denver, Cruiser No. 14; Des Moines, Cruiser No. 15; Chat- 

tanooga, Cruiser No. 16; Galveston, Cruiser No.17; 7acoma, Cruiser 

No. 18 ; Cleveland, Cruiser No. 19. 

Miss Helen Gould has donated the sum of $150,000 

towards the construction of a magnificent new build- 

ing for the naval branch of the Y. M. C. A., near the 

Navy Yard, Brooklyn, N. Y. 
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TWIN SCREW STEAMBOAT **PENNSYLVANIA’’ 

BUILT FOR THE CAPE CHARLES ROUTE. 

An unusually interesting vessel, the T. S. S. Penm- 

sylvania, was recently put into service on the waters 

of Chesapeake Bay in what is generally known as the 

trains being operated between Cape Charles and Phil- 
adelphia and New York, making connections at the lat- 

ter for more distant points. The steamship route con- 

nects Cape Charles with Norfolk, Va., touching at 

Old Point Comfort. The steamboats of the N. Y. P. 
& N. R. R. Co. carry not only passengers and their 

TWIN SCREW FAST PASSENGER AND FREIGHT STEAMBOAT PENNSYLVANIA ON ‘CAPE CHARLES ROUTE.” 

Cape Charles Route. This service is maintained by the 
New York, Philadelphia and Norfolk Railroad Com- 

pany, which operates its land lines from Cape Charles; 

Va., to Delmar, Md., where connection is made with 

the Pennsylvania Railroad system. There are close 

traffic connections between these companies, through 

baggage, but freight between these points. The sery- 

ice is performed twice a day, and with the present fa- 

cilities passengers can leave New York at 8.55 p. m. 

and reach Norfolk in time for breakfast next day, or 

on returning they can leave Norfolk at 6 p. m. and. 

atrive in New York at 7.32 a. m. next morning. The 

(Copyright, 1900, by Alérich & Donaldson, New York.) 
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average number of passengers handled on the Cape 

Charles route is about 150 and the weight of baggage 

20,000 Ib. In addition a large quantity of high class 

freight is handled, especially northbound perishable 

stuff, the average being about 4,000 barrels, consigned 

to New York and Philadelphia merchants, each trip. 

The freight capacity of the Pennsylvania is about 300 

tons. 
The distance from Cape Charles to Norfolk, Va., is 

about thirty-five miles, and the run is made by the Penn- 

sylvania on a schedule of two hours and fifteen minutes, 

in which is included a stop at Old Point Comfort of 

about twenty minutes. This run does not indicate the 

actual speed of the boat, for the reason that there are 

speed restrictions for a considerable distance in Norfolk 

Harbor, and again there is shallow water on the east- 

ern side of the bay, where it is not possible to attain 

full speed. The maximum service speed of the Penn- 

sylvania is about 18 knots. The service is continued 

throughout the entire year. 

As shown in our frontispiece, the new steamer is a 

handsome, shipshape, vessel, with the usual American 

steamboat superstructure, two well proportioned funnels 

and a pleasing amount of sheer. Her chief point of pe- 

| 
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STERN OF T. S. S, PENNSYLVANIA, 

culiarity, or difference from other vessels engaged in 

similar service, is that she has a modified torpedo boat 

or knuckle stern. This is not so readily distinguish- 

able in the-phoitogr ph as in the small! stern view in out- 

line on this page. The stern of the Pennsylvania differs 

from the regular torpedo boat stern in that it has prac- 

tically two sterns divided at the knuckle in the same 

style as the English channel steamer Tamise, of 1,000 7 

tons. The Pennsylvania was designed by Naval Archi- 

tects Gardner & Cox, of New York, and built at the 

Roach yard, Chester, Pa. 

Her principal dimensions are: Length over all, 260 

ft.; between perpendiculars, 247 ft.; beam moulded, 37 

ft. 8 in.; beam over guards, 4o ft. 9 in.; depth molded 

at center, 15 ft.; depth molded at side, 14 ft.; depth of 

hold, 13 ft.; draft, 9 ft. 6 in.; displacement about 2,100 

tons. 

The steel hull of the vessel is heavy and rigid, and 

the scantlings are equal or in excess of the require- 

ments of the U. S. Standard Association. The frames 

are of 5 in. bulb angles, spaced 36 in. apart from Nos. 1 

to 17, and fram No. 84 to transom; go in. apart from 

MARINE ENGINEERING. ‘ July, 1900. 

Nos. 17 to 35 and from Nos. 73 to 84; and 24 in, apart 
irom Nos. 35 to 73. Reverse frames are 3 in. by 2 1-2 
in. by 5 lb., angle bars extending to the upper turn of 

the bilge. Floor plates are 24 in. deep, of 15 Ib. plate, 

and 171-2 |b. in the engine space. The vertical 

keel is 281-2 in. by 15 lb. and extends from 

the flat keel to 5 in. above the top of the 
floors. It is secured to the keel plate by 

double 3 1-2 in. by 31-2 in. by 10 Ib. angles, and at 

its upper edge by 4 in. by 3 in. by 10, lb. angles. The 

flat keel plate is 30 in. by 23 Ib. A side keelson formed 

of intercostal plates, with double continuous 4 in. by 3 

in. angle bars is worked amidship and as far forward 

and aft as practicable. The bilge keelsons consist of 
two 5 in. by 3 in. by 8 Ib. angles, riveted back to back. 

In the machinery space the wire bulkheads are placed 

on the line of this keelson. A side keelson is formed of 

5 in. by 3 in. by 8 lb. angles riveted back to back and 

extending practically the entire length. The main deck 

beams are channel section 7 in. by 2.01 in. by £2 Ib.. and 

reduced to 6 in. by 1.9 in. by 9.5 lb. at the ends. ney 

are located in every alternate frame. 

On the accompanying cross section the arrangement 

of guards and stringer plates is clearly indicated. The 

shell is plated with in and out strakes, with 7 strakes 

on each side, not including the flat keel. For the sheer 

strake 23 lb. plate is used for half the length and 20. 

Ib. at the ends. The rivets are 7-8 in., spaced 3 in. 

apart, and the lap is 2 3-4 in. Side and bilge plating is 

16 lb. for half the length, reduced to 14 lb. at the ends, 

with 3-4 in. rivets spaced 2 3-4 in. Bottom plates are 

15 1-2 lb. for half length and 14 and 15 Ib. at the ends 

Deck stanchions of 7 in. by 3 2-3 in. by 15 lb. I-beams 

are worked in the center line of the vessel’ about 8 ft. 

apart. The main deck stringers are of 18 lb. for two- 

thirds of the length and 14 lb. at the ends, with double 

riveted straps at the butts. White pine planking is used 

for the main deck, 5 in. by 3 in. Above the guard the 

bulwark plating is 5 lb. worked all around the vessel, 

and filled with 1 3-8 in. white pine up to the main rail, 

and from this up to the saloon deck the sides are of 

1 1-8 in. white pine. The saloon deck is 8 ft. 6 in. above 

the main deck, and is constructed of 7-8 in. tongued 

and grooved stock, laid on 41-2 in. by 21-2 in. wood 

carlines spaced 24 in. centers. 

Above the saloon deck, 7 ft. 8 in., is the upper prom- 

enade deck, of 3-4 in. matched boards, covered with No. 

6 canvas and painted with French yellow. This deck 

is laid on carline 3 3-4 in. by I 3-4 in., 24 in. centers. The 

saloon deck extends the whole length of the vessel; but 

the house, which is 150 ft. long, extends close to the 

sides, so on this deck the outside passenger deck space 

is quite limited, and occupants of the interior rooms 

can enjoy a considerable degree of privacy. 

The promenade deck commences about 45 ft. abaft 

the stem and runs to the stern, but passengers are ex- 

cluded from the after 38 ft. of this deck. At the two 
ends of the vessel a lower deck is worked. 

Commencing on this deck, at the forward end, aft of 
the collision bulkhead, is the chain locker, which extends 

from the keel to the main deck. Next comes a room 

about 23 ft. long, with berths and lockers, for the ac- 

commodation of the dozen sailors or deck hands. Aft 

of this room is another compartment about 21 ft. 6 

in. long, similarly fitted with ten berths and used as 
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CROSS SECTION OF FIRE ROOM, T. S. ©. PENNSYLVANIA, SHOWING ALMY WATER TUBE FOILERS IN POSIILION. 

the waiters’ quarters. Next to the after bulkhead of 

the waiters’ quarters comes the women’s steerage 

about Io ft. in a fore and aft direction and extending 

the width of the vessel. This is reached by a staircase 

leading down from an enclosure on the main deck 

just forward of the steering engine room. The next 

33 ft., from the women’s steerage to the boiler room 

bulkhead, is occupied by the fore hold, from which 

freight is handled by a steam lift at the main deck 

hatches. The next 31 ft. is occupied by the boiler 

room which measures 25 ft. athwartships. The wing 

coal bunkers are worked 42 ft. long and extend from 

INSTANTANEOUS PHOTOGRAPH OF T. S. S. PENNSYLVANIA GOING AT A HIGH RATE OF SPEED. 
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the forward boiler room bulkhead into the engine 

room on both the port and starboard sides. The 

boilers being of the Almy water tube type fit together 

very compactly as shown in the cross section of the 

vessel, through the stoke hold on page 277. The engine 

room is about 25 ft. in length. Abaft of the engine 

room comes the galley 12 ft. in a fore and ait direction 

and the width of the ship. Aft of the galleys, pan- 

tries, store rooms and refrigerators, and the stairways 

to the main saloon, occupy about 21 ft. of the length 

of the vessel. Next aft comes the second class smok- 

ing room and bar occupying about 28 ft. in a fore and 

aft direction. This is comfortably fitted with up- 

holstered seats and six tables, and is, of course, unusu- 

ally spacious, owing to the form of stern of the vessel. 

Wine lockers and store rooms utilize all of the vailable 

space left of this room, including the lazarette. 

On the main deck the forward 150 ft. is used as space 

for freight and baggage, the engine and boiler trunks 

forming the only considerable obstructions for a clear 

freight space. On the starboard side of these inclosures 

a partition is worked, as shown on the plan, giving a 

clear passageway fore and aft between the passenger 

and crew spaces on this deck at all times. Aft of the 

engine hatch the purser’s office and ticket office is lo- 

cated, on the starboard side the barber shop and coat 

room amidships, and large passengers’ lavatory on the 

port side. Next aft is the main lobby or social hall, 

which is 22 ft. long and about 31 ft. wide, and in which 

the ornamental staircases lead up to the saloon deck and 

below to the lower deck. Directly aft of the social hall 

is the main dining saloon, with 10 tables and capacity for 

68 passengers at one sitting. This is a very fine, well 

shaped and splendidly lighted room, 36 ft. long and 

about 27 ft. average width. In the after end of the 

room a handsome sideboard is fitted. In the after end 

of the house on this deck there is a smoking room and 

café for the cabin passengers, with upholstered seats 

along three sides and circular floor tables. All around 

the house on this deck there is a passageway inside of 

the rail, and as the sides are not carried above the main 

deck, an unbroken view on each side and astern can be 

had. 

On the saloon deck the forward saloon occupies about 

46 ft. of the house, and is 27 ft. wide. The front is 

rounded and fitted with doors, so that the passengers 

can step inside and yet be sheltered by the awnings. 

Amidships the machinery casings occupy the center of 

the ship, with a passage on each side fore and aft. 

Along the starboard side there are six staterooms, and 

men’s toilet room, and on the port side two staterooms, 

ladies’ saloon with twelve reclining chairs, and ladies’ 

toilet room. The aft deck saloon is 43 ft. long and 28 

ft. wide. All the furnishings, upholstery, and fittings, 

are of the usual American steamboat style, the color 

scheme being white and gold. 

On the promenade deck, forward the house, is 4o ft. 

long and 15 ft. wide. The forward end is occupied by 

the pilot house, with rounded front and glazed lifting 

sashes all around. Next comes the captain’s room and 

six large staterooms for the chief engineer, first and 

second assistant engineers, two mates, mail clerk, oilers ' 

and purser. The remainder of the deck is broken only 

by the boiler room gratings, the engine hatches, venti- 

lators, and the dome over the after saloon. The smoke 
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pipes are elliptical in section, measuring about 8 ft. fore © 

and aft by 5 ft. athwartships, and rising about 26 ft. 
above the deck. 

Boats carried include four 24 ft. metallic life boats, 
and there is the usual supply of life rafts and life pre- 

servers. On each side of the vessel there are three large 

freight ports about 8 ft. square, between the main and 

saloon decks, and the passengers’ gangways are located 

opposite the main lobby on the main deck. 

Propelling engines of the Pennsylvania driving the 

twin screws are of the vertical four cylinder, triple ex- 

pansion type, with cylinders 18 in., 29 ,in., and (2) 33 

in dia. and 26 in. stroke. All the main valves are of 

the piston type worked by Stephenson gear with double 

bar links. The framing for each engine consists of six 

pairs of cast steel columns well stiffened by diagonal 

ties. Cast iron is used for the bed plates, which are 

carried by wrought steel keelson plates forming the 

foundation. Each crank shaft is in two sections, and 

_all shafting, piston, and connecting rods and working 

parts of the valve gear are of forged steel. Each en- 

gine was designed to indicate 1,500 I. H. P. at 180 revo- 

lutions ,with 200 Ib. steam pressure. 

Special interest attaches to the boiler equipment of 

the Pennsylvania, as we believe this is the largest in- 

stallation of water tube boilers of the “small tune” va- 

riety in a passenger vessel in American waters. There 

are six water tube boilers of the Almy type, built to 

work under forced draft at a pressure of 225 Ib. per 

square in. They are fitted forward of the engines in 

two sets of three abreast, and fronting on a common 

athwartships fire room. Each boiler occupies a space 

about 8 ft. square, and the fire room is 12 ft. long in a 

fore and aft direction and 25 ft. wide. Each group of 

boilers is connected to its own stack. The space occu- 

pied by these boilers is shown in the cross section 

through the boiler room published on page 277. 

The total grate surface is 363 sq. ft. and the total 

heating surface 10,960 sq. ft. The weight of the water 

tube boilers, filled with water to the steam level and 

including all furnishings except the breechings and 

smoke stacks, is 76 I-2 gross tons. 

All auxiliaries are independent. There are two inde- 

pendent surface condensers, each with a centrifugal cir- 

culating pump, two vertical beam air pumps, two vertical 

duplex feed pumps, and also the usual ballast, bilge, and 

sanitary pumps. Steam steering engine is also fitted, 

and forward there are two steam lifts on the main deck 

for hoisting freight in and out of the hold, and there is 

also the usual equipment of steam capstan and windlass. 

A very complete electric lighting plant also forms part 

of the equipment. 

The Pennsylvania was designed to meet the contract 

conditions which stipulated that she should be capable 

of steaming at the rate of 20 statute miles per hour on 

a draft of 9 ft. 6 in. when carrying 300 tons of freight, 

besides the coal, water, stores, and passengers. These 

are onerous conditions, but we understand that they 

have been fulfilled to the satisfaction of all concerned. 

The Syren and Shipping, London, is authority for the 

statement that there is now under construction at the 

yard of Harland & Wolff, Belfast, Ireland, a steam- 

ship whose dimensions exceed those of the Oceanic of 

the White Star Line. 
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Belleisle Gunnery Experiments. 

It is not often that in peace time naval officers have 

an opportunity to attack an ironclad with modern 

weapons, but this was made possible recently in the 

British Navy by the decision to use H. M. S. Belleisle 

as a target. The Belleisle is an iron, twin screw, cen- 

tral battery ironclad, built on the Thames in 1876. She 

was laid down for the Turkish government, but during 

the “We don’t want to fight, but, by Jingo, if we do” 

period in England she was purchased for the British 

Navy. She turned out to be such a fearful roller at sea 

that she was assigned to harbor protection duty, in 

which she grew more and more out of date as the years 

went by. Her armor ranged in thickness from 12 in. 

down, and her armament consisted of four 12-in. muzzle 

loaders in the central battery and numerous smaller 

cannon. Her displacement was about 4,870 tons. Last 

month she was taken out from Portsmouth harbor and 

moored ready for action, with torpedo nets, out, etc., 

while the battleship Majestic, 14,900 tons, shelled her 

at a range of about one mile. 

In the nine minutes that the firing lasted the Belleisle 

was completely wrecked in her unprotected portions, 
but strange to say—according to report—she was not 

seriously ablaze anywhere. Viewed from a distance 

the vessel seemed to be on fire, as much smoke en- 

clouded her, but on close examination it was found 

that this was caused not by a general conflagration, 

but in part by the smoke from her uptakes—the funnel 

had been shot away—from unexploded lyddite shells, 

and from small pieces of wood which had been used as 

“dummies.” 

The lyddite shells (high explosive) fired by the Ma- 

jestic had a terribly destructive effect The force of the 

explosions seemed to have been directed upwards, so 

that shells which entered the ‘tween decks wrecked the 

structure above and below. From the guns of 3 in. to 

12 in. caliber of the attacking vessel about 615 full ser- 

vice rounds were fired, and it was estimated that about 

30 to 40 per cent struck the mark. 

After the trial the Belleisle sank on account of the 

amount of water pumped into her. The holes in the 

sides were subsequently plugged and she was towed to 

dry dock at Portsmouth for survey. She will be refitted 

and again experimented with. 

Among the United States Government publica- 
tions, those issued by the Office of Naval Intelligence 

have always taken high rank on account of their au- 

thoritativeness and completeness, the thoroughly prac- 

tical presentation of the subjects treated and timely 

character of the contents. The latest issue from this 

office is a complete record of the Coaling, Docking and 

Repairing Facilities of the Ports of the World and 

Analyses of Different Kinds of Coal. This informa- 

tion is in tabular form, the various parts being grouped 

according to their geographical locations, so that the 

inquirer can see at a glance what choice of ports ‘there 

is in the particular waters he may be in. For ready ref- 

erence the value of the book is increased by a compre- 

hensive index. This publication measures 6 by 9 in., 

and contains 400 pages. It really represents an enor- 

ous amount of patient, careful work. Now that the 

country is reaching out after over-sea trade, its practical 

value to ships’ officers is very great indeed. 
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EQUIPMENT FOR HANDLING BULK CARGOES 

RAPIDLY AT GREAT LAKE PORTS*—I. 

BY ARTHUR C, JOHNSON. 

Sir William H. White, Director of Naval Construc- 

tion in the British Navy, in a recent review before the 

Institution of Mechanical Engineers, says: “One of the 

most marked tendencies in recent construction has been 

the increase in size and carrying power of ships. Un- 

less there had been a corresponding development in the 

means of dealing with cargo, this increase in size could 

hardly have occurred, and the advantages resulting 

from that increase would not have been realized.” Fur- 

ther he says: “It is well realized that unless there is 

‘quick despatch’ in loading and unloading cargoes, 

very serious diminutions of earnings must result from 

the longer detention in port. Hence it follows that for 

the complete commercial success of the larger classes 

of cargo carriers, lifting appliances of the most efficient 

character and of ample capacity are of the greatest im- 

portance.” If this is true of ocean going vessels, where 

voyages are on the average comparatively long and ex- 

tended, to a much greater extent is it true of vessels 

carrying cargo on the Great Lakes, where even with 

rapid loading and discharging of cargoes, the ratio of 

time spent in port to that spent in transit is very great, 

amounting to one-sixth under the most favorable cir- 

cumstances.’ The object of this paper is to deal with 

the special types of machinery built for the purpose of 

insuring “‘quick dispatch” in loading and unloading the 

enormous tonnage of ore and coal that is shipped an- 

nually on the Great Lakes—the foundation of the gi- 

gantic steel industry that has made the United States 

a competitor in the markets of the world. (See map of 

the Great Lakes, Fig. 1.) 

The shipments of ore from Lake Superior Iron 

Ranges represents roughly one-third of the entire freight 

traffic on the lakes and for this reason a large fleet ot 

modern cargo vessels has been built specially for this 

trade, represented as a type by the tow barge shown in 

Fig. 2, the steam barges being of the same general type. 

The largest of these are 500 ft. long and 50 ft. beam, 

the distinctive feature of these boats being the large 

size and number of hatches, 30 to 34 ft. long by 8 tt. 

wide, spaced 24 ft. centre to centre along the entire 

available deck length. This greatly facilitates loading 

and unloading operations, at the expense, however, of 

the strength of the deck plating, since the ship is 

almost cut in two crosswise of her deck. In Fig. 3 

is shown the cross-section of a typical ore loading dock 

and the method of loading vessels. The ore is dropped 

into the pockets from drop-bottom “Jumbo” cars run- 

ning on the tracks above, and from the pockets the 

chutes discharge the ore into the vessels lying alongside 

the dock. At the end of the season of 1898 there 

was at the different points’a total of 4,354 pockets, 

having a total storage capacity of 623,612 gross tons 

of ore, constructed at a cost of about $7,000,000. The 

following table gives a list of docks with principal di- 

*A paper read before the Civil Engineers’ Club of Cleveland and 

contained in the Journal of the Association of Engineering So- 

cieties. 
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mensions and location and the 

CovmpenaNls es owning Bae, 

names of the railway 

le al [iol |B | 
| © S|} Ow | ® || Ta, G 
S| A |A AA | wo) | 5 5 

| alas 3) le) SI 
Railway Location FY Om |S | Of | a | oF 

- Oo Ss (=F) >=} i an 
16) yer | ea | aH |G || 80 

bef) |" | Bu | HE 
Al s as) quarks: | 86 
| o jm os | [e} 2 

| | a |? | i | a | 2 

Duluth and Iron Two Harbors. | x] 1,056\41/0/’ 45/ 6 141 18,000 

Range R.R. Co. Minn. | 2| 1,248] S7, 0’’, 208/41,600 
| 3 340|49/0’’ 51’ 6/7! 90 16,000 

4) 1,008) 49/0’” BY 6") 168 30,000 
| 5| 1,008 49’ fo 54’ 0/’| 168 33,000 

Duluth, Masaba Duluth, Minn. I] 2,340|52/0'/ 53” 6/7! 384 37,600 

& Northern. | 2| 1,738|52’0'"\57’ 4/’| 283)42,200 

Duluth, Superior Allouez Bay. 
& Western Ry. Superior, Minn. 

‘Chicago & North Ashland, Wis. 
Western R. R. 

4 
1ja- 300|49/8'"|52’ 0’’| 40 12,000 

| b-1,200|49/8/"|57’ 0/’| 190 25,500 
Oo) I *404|40/8" 54! 1) 234136, 036 

1,404)46'0"7/58" 8'") 234/24, 156 
Escabana, Mich. 1,404)37, Loud 46" o!| 184) 24,104 

I 
| 2 

I 
3 1.359 37/017 |39/ 017) 226/30, 284 

| 4| 1,500|37/0’"|59!_ 2/7) 250) 37,500 
| 5| r 392|37/0!7/51/1c//| 232/43, 152 

Duluth, South Marquette, I| 1,700|40/0/’|45/ 0’) 270|27,000 

Shore & Atlan-| Mich. 3| 1,200|53/6/’|37/ 0!) 213/12,780 

fic R.R. | 4| 1,200|30’8/’|47/ 3/7) 200|28,000 
Lake Superior & | | 
Ishpeming. | do. 1} 1,200|52/0’’ 54’ 0/’| 200 36,000 

Minneapolis, St. } | 
. Paul & Sault | | | 
T Ste. Marie R.R. [eleseens: Mich. | u 768|37/0'"|47! 0/7) 120)15,000 

Wisconsin Cen- | : 

tral Lines. “Ashland, Wis. 1) 1,908|36’0’” 54/ 6/7) 314/33, 520 

The Duluth, eet al Northern Ry. has now under 

construction a new dock which is 66 ft. 6 in. high and 

62 ft. wide, the heel of the spout being 4o ft. above the 

swater line. -There will be 192 pockets, with a capacity 

of 21 tons each. The additional width permits. the 

‘placing of a track along the centre of the dock for stor- 

ing empty cars and minimizing the work of the switch- 
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two or three hours from the time it reached port.’ In 

however, the vessels are loaded di- 

rectly from the cars by dropping the ore through the 

pockets. Timbers are placed across the lower hatch to 

break the fall of the,ore, and with proper manipulation 

of the chutes an entire cargo can be loaded with little 

or no trimming. The following table gives the output 

of the Lake Superior ranges from 1895 to 1899, inclus- 

ive: 

OUTPUT OF IRON ORE FROM ALL. MINES OF THE LAKE SU- 

PERIOR ORE REGION, I895 TO 1899 INCLUSIVE. 

1899 1898 | Ports | 1897 1896 | 1895 

| i ae | ioe a 

Escanaba......::.. 3,720,218] 2,803,513) 2,302,121 2,321,931. 2,860,172 
Marquette........ | 2,733,596] 2,245,965) 1,945,519] 1,564,813) 1,079 485 
Ashland ..........) 2,703,447| 2,391,088) 2,067,637) 1,566,236) 2,350,219 
Two Harbors..... 3,973,733) 2,693,246) 2,651,465) 1,813,992) 2,118,156 
Gladstone ........ 381,457) 335,955) 241,014 220,887} 109.211 
Supenioneenerenne 878,942) 550,402] 531,825] 167.245) 117,884 
IOI, 5000000000 | 3,509, 985 | 2,635,262) 2, 379, 064 1 988 ee 3598, 783 | ea 2 | Rass aaa 

- Total by Lake. a 1, gol. 358) 13,655, 432| 12 12,215,645 9, 644 036| 10,233,910 

Total by Rail. .... i} BSS) Pale 253,993) 290, 792| 195,127 

Total Shipments sl 14,024, 7 12 469, 638 are IO 429,037 
= = 2 = 

Practically all this ore is unloaded at South Chicago 

for consumption there, or at some of the Lake Ene. 

ports for consumption in the Pittsburgh District. The 

relative locations of these places will be seen. on the 

map, Fig 1. One of the most recent and largest instat- 

lations of ore unloading equipments is the plant on 

the docks of The Lorain Steel Company, built by the 

McMyler Mfg. Co., and shown in Fig. 4. The plant 

consists of four machines of three bridges each, the dis- 

FIG. 2,—PYPICAL LAKE 10W BARGE FOR BULK CARGOES—LENGTH 352 FT., 

ing engines. The dock proper will require 6,500,000 ft. 

of sawed timber and 4,780 pieces of piling. 

The pockets of these docks can be filled with the dif- 

ferent grades of ore ready to be discharged into the ves- 

sels as they arrive, and it is not an uncommon thing 

for a vessel to come alongside of one of these docks, 

take in a cargo of 5,000 tons of ore and depart within 

BEAM 44 FT., G. T. 3,259. 

tinctive feature being the long cantilever of 127 ft. 

overhanging the boat, and the great length of bridge 

The bucket travels, on a return trip from the bottom of 

the boat to the extreme end of the rear cantilever, 940 

ft. As will be seen, the ore can be dumped on the stock 

piles, or through the suspended hoppers into cars, 

which carry it to the furnaces, situated directly be- 
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FIG. 3.—CROSS SECTION OF TYPICAL ORE-LOADING DOCK. 

hind the hoists. In Fig. 5 is shown the wagon and 

front stop used on these machines, and Fig. 6 is a de- 

tail of the 20 cu. ft. bucket used. 

the main hoisting rope. As will be seen from Fig. 5, 

the wagon is arranged with a “three part” hoist, but 

in traveling along the bridge the full circumferential The most econom- 

Sarety _Heex 

V INCHES 12 54649 9 

BO CuFT BUCKET 

ical size of bucket for use in connection with ore hoists 

has been found to be from 17 to: 20 cu. ft. capacity, as 

a larger bucket is so heavy for the shovelmen to 

handle that much time is lost. There are in 17 cu. ft. 

one gross ton of light soft ore, or 2,500 Ibs. of hard ore. 

Each-bridge of the conveyors shown in Fig. 4 is equipped 

with a pair of 12 in. by 12 in. non-reversing engines 

carrying a 40 in, drum directly on the crank shaft for FIG. 5.—DETAIL OF WAGON AND FRONT STOP. 
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speed of the drum is effective on the wagon, so that a 

single revolution of the engine carries the wagon Io it. 

5 in. along the bridge in trolleying, or lifts the bucket 

3 ft. 556 in. in hoisting, thus making the machines very 

quick in action. The incline of the bridge is aided in 

returning the wagon by a counterweight in the rear 

The main hoisting ropes are 5-8 in. dia., 1-2 tower. 

MARINE ENGINEERING. July, 1g00. 

way between the towers. The best cargo record was 

3.241 gross tons taken out in 12 1-2 hours by six bridges. 

The operator is located in the front tower in these ma- 

chines, in full view of the hatch, which makes the 

matter of getting the bucket up and down through the 

hatch much easier and quicker than when he is further 

removed from the boat. 

+ +. 

—} Sa 

FIG. 6.—DETAIL OF 20 CU. FT. BUCKET FOR MCMYLER UNLOADER AT LORAIN. 

in. ropes having been found too light for the severe 

seryice-running on 24 in. sheaves except in the wagon, 

where they are 17 in. and in the hanging blocks, where 

they are 141-2 in. dia. The engines have auxiliary 

drums for hoisting the boom or apron that overhangs 

the boat, and they are also arranged to move the front 

end of the bridges in or out from the centre bridge in 

order to accommodate any spacing of hatches, and to 

propel the front tower along the track parallel to the 

dock face. The rear towers are moved by a locomotive 

e \PER Foot canoe 1 PS AC 
KK 

Sean 192>o° 

In Fig. 7 is shown the type of unloader built by The 

Brown Hoisting and Conveying Machine Co., the pio- 

neers in the building of dock machinery on the Lakes. 

It differs from the McMyler hoists already described in 

the type of towers employed and in the arrangement 

of the towers. The engines also have a single reduc- 

tion gearing between the crank shaft and drum, thus 

using a smaller engine with higher piston speed. The 

machines are generally arranged in groups of two, with 

the engines and boilers, and operators in the rear tow- 

Canriieveg 92+0% 

FIG. 7.—BROWN TYPE OF UNLOADER UsED ON THE LAKES, 

on a parallel track.. The returning wagon is controlled 

by a band brake on the drum worked by the foot of 

the operator. These machines have made some re- 

markable records in point of speed, as an individual 

wagon has made 50 return trips per hour, carrying the 

bucket from, the bottom of the boat to a point half 

bn 

er. Both towers are generally moved along the dock 

by hand. There are over 175 bridges of the Brown 

type of conveyor at the different Lake Erie ports. 

In Fig 8 is shown yet another type of ore unloader 

built by the King Bridge Company, the distinctive 

feature being the great freedom of motion of the 



July, 1900. MARINE ENGINEERING. 285 

bucket. In both the Brown and McMyler type, the 

hanging block is locked in the wagon and cannot be re- 

leased without striking a stop which is bolted between 

the tracks. Thus, when unloading very narrow boats, 

the front stop on the apron must be moved in until 1t . 

is vertically over the centre of the hatch; and similarly 

for loading into 2 car on a track under the rear canti- 

lever, a stop must be placed over the centre of the 

track to allow the bucket to be lowered in order to re- 

duce the drop of the ore. In the King machines, how- 

ever, the bucket can be raised or lowered to any desired 

height simultaneously with its travel along the bridge. 

The dock records.of Conneaut Harbor show that noth- 

ing is lost in point of speed of operation, and consid- 

‘ering its advantages, it is surprising that the system has 

not been used to a much greater extent, its only disad- 

vantage being that three drums and reversing engines 

are required for its operation. 

“OIA 

J 
— 

ras 

VA Changes in Lloyd’s Rules for Shafting. 

Changes in the rules for determining the dimensions of 

shafting were recently decided upon by Lloyd’s Register 

and are now in force. The amended paragraphs are re- 

ferred to by their numbers and are as follows: 

- (£1 -08! 

SHAFTS. 

30. All shafts are to be made of good ma- 
terial and are to be examined when rough 
turned and when finished. In the case of screw 
shafts scrap steel is not to be used. It is recom- 
mended that these be made of ingot steel or 
forged from blooms made from rolled iron bar 
of good fibrous quality. 

31. Gauges of an approved description for 
testing the truth of the crank shafts are to be 
supplied with all new engines, and adjusted in 
the presence of the surveyor. 

32. The length of the stern bush is to be at 
least four diameters of the shaft. It is recom- 
mended that the shaft liner should be continu- 
ous the whole length of the stern tube, and that 
the after end should be tapered in thickness and 
made watertight in the propeller boss. If the 
liner is made in two pieces the joint should be 
burned. If the liner does not fit tightly at thé 
part between the bearings in the stern tube, the 
space between the shaft and the liner should be 
charged or “forced” with a plastic material in- 
soluble in water and non-corrosive. If two 
liners are used, it is recommended that they be 
tapered in thickness at the ends, and that the 
shaft should be lapped or protected between the 
liners. In this case, and also if no liners are 
used, the diameter of the shaft should be3{ths 
os that required for a shaft with a continuous 
iner. : 
For dimensions of shafts, see the formula 

in paragraph 509. 

“OO dAOdIad ONIN AHL AG LIINd YAGVOINA AYO AO ACAL—8 

01 eg 

RULES FOR DETERMINING SIZES OF SHAFTS. 
‘SAMVI LVANO GHL NO YOUAUVH LAVANNOD AHL LV ASO NI 

59. The diameters of intermediate shafts are 
to be not less than those given by the follow- 
ing formula: 

For compound engines with two cranks at 
right angles: ha 

Diameter of intermediate shaft in inches = 
3 

(o4 A + 1006 D + -028) X A/P , 
For triple expansion engines with three cranks 

at equal angles: 
Diameter of intermediate shaft in inches = ; | ay 

(038 A + ‘oo9 B + -oo2 D + -o165 8) \/P 
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For quadruple expansion engines with two 
cranks at right angles: 

Diameter of intermediate shaft in inches = 
(034 A + ‘orr B + 004 © + :0014 D + ‘016 8) 

xA/P 
For quadruple expansion engines with three 

cranks: 
Diameter of intermediate shaft in inches = 
(028 A + -o1g B + :006 U + ‘0017 D + 015 8) 

xA/E 
For quadruple expansion engines with four 

cranks: 

Diameter of intermediate shaft in inches = 
(033 A -+ ‘or B + :oo4 € + -oo13 D + 01558) 

x A/ 
where A= diameter of high pressure cylinder 

in inches, 

B = diameter of first intermediate cyl- 

inder in inches, 

C = diameter 
cylinder in inches, 

D = diameter of low pressure cylinder 
in inches, 

S = Stroke of pistons in inches, 
P= Boiler pressure above atmosphere 

in lbs. per square inch. 

60. The diameter of crank shaft and of thrust 
shaft under the collars, to be at least 3iths of 
that of the intermediate shaft. The diameter 
of thrust shaft may be tapered off at each end 
to the same size as that of the intermediate 
shaft. 

61. Thé diameter of the screw shaft to be 
equal to the diameter of intermediate | peut 

of second intermediate 

3 P 

(found as above) multiplied by (: 63 + a ) 

but in no case to be less than 1:07 T, 
where P is the diameter of propeller, and 

T the diameter of intermediate shaft, 

both in inches. 

This size of screw shaft is intended to apply 
to shafts fitted with continuous liners the whole 
length of the stern tube, as provided fos in par- 
agraph 32. If no liners are used, or if two 
separate liners are used, the diameter of the 
shaft should be 34 ths that given above. 

The diameter of screw shaft is to be tapered 
off at the forward end to the size of the crank 
shaft. 

62. Norr.—The rules are intended to apply 
to two-cylinder compound engines, in which the 
ratio of areas of low and high pressure cylin- 
ders does not exceed 4.5 to 1; the triple ex- 
pansion engines in which it does not exceed 9 
to 1; in quadruple expansion engines in which 
it does not exceed 12 to I; and in all cases, as 
regards the stroke, in which the length of 
stroke is not less than one-half the diameter 
or greater than the diameter of the low-pres- 
sure cylinder. Engines of extreme proportions 
beyond these limits being specially submitted 
to be dealt with on their merits. 

PERIODICAL SURVEYS. 

65. The stern shaft is to be examined an- 
nually and drawn at intervals of not more than 
two years.* 

These new rules are the result of a long continued 
investigation made by the technical committee of 
Lloyds. 

*On the application of owners, the Committee will be prepared 
to give consideration to the circumstances of any special case. 
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DIRECT APPLICATION OF ELECTRIC- 
LV OhriE mE kKORUESION 

OF SHIPS. 

A Reply to Certain of the Statements Made by Nikola 

Tesla in the June, 1900, Issue of “ The 

Century Magazine.” 

BY WILLIAM FF. DURAND. 

In the June number of The Century Magazine is 

found an article from the pen of Mr. Nikola Tesla, in 

which the author discusses in a decidedly transcendental 

manner the problem of “increasing human energy.” It 

would not be difficult to join issue with Mr. Tesla re- 

garding some of the fundamental assumptions made, 

as for cxauaple, that mechanical energy, expressible by 

formula MV2 = 2, or in terms of mass and velocity as 

we know them, can fully represent the quality of the op- 

erations of the human mind. This is simply begging a 

question regarding which we are profoundly ignorant, a 

question regarding which we have no sure facts, and 

therefore in regard to which it is in the last degree un- 

scientific to make the assumptions implied by the author. 

The chief interest lies, however, with the transcenden- 

tal and hypothetical conclusions drawn from these as- 

sumptions, and among them are found two or three rela- 

tive to the application of electricity to marine propul- 

sion. These conclusions are utterly incorrect and in 

direct antagonism with the laws of nature, and taking 

into account the standing in literary circles usually ac- 

credited to The Century Magazine and the popular repu- 

tation as an electrician usually accredited to the author, 

it would seem proper to point out the nature of these 

errors, lest by those not technically qualified to judge, 

such absurdities might be considered as having some 
foundation in fact. 

On page 108 are found the following statements: 

Instead of driving the machinery in a factory 

in the old wasteful way by belts and shafting, we 

generate electricity by steam power and oper- 

ate electric motors. In this manner it is not 

uncommon to obtain two or three times as much 

effective motive power from the fuel, besides 

securing many other important advantages. It 

is in this field as much as in the transmission of 

energy to great distances that the alternating 

system, with its ideally simple machinery, is 

bringing about an industrial revolution. But in 
many lines this progress has not yet been felt. 

For example, steamers and trains are still be- 

ing propelled by the direct application of steam 

power to shafts and axles. A much greater 

percentage of the heat-energy of the fuel could 

be transformed in motive energy by using, in 

place of the adopted marine engines and loco- 

motives, dynamos driven by specially designed 

high-pressure steam or gas-engines, and by util- 

izing the electricity generated for propulsion. 

A gain of fifty to one hundred per cent in the 

effective energy derived from the coal could 

be secured in this manner. It is difficult to un- 

derstand why a fact so plain and obvious is 
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not receiving more attention from engineers. 

In ocean. steamers such an improvement would 

be particularly desirable, as it would do away 

with noise and increase materially the speed 

and the carrying capacity of the liners. 

It is more especially with respect to the latter part of 

the quotation that we are here concerned. The proposi- 

tion in brief is to displace the usual type of marine en- 

gine by “‘specially designed high-pressure steam or gas 

engines,” driving electric generators, the electrical en- 

ergy thus developed being then carried to an electric 

motor attached to the propeller shaft. In other words, 

an electric generator and motor are to be interposed be- 

tween the engine and the propeller-shaft. Now let us 

examine this proposition, regarding the likelihood of 

an increase of efficiency similar to that promised in the 

quotation given above. 
In the first place not the slightest grain of superiority 

or improvement in efficiency due to the use of the “spe- 

cially designed high-pressure steam or gas engine will 

be conceded. Any such motor which can be used to op- 

erate an electric generator can also be used to operate 

a propeller direct, and without the interposition of the 

generator and motor. Screw propellers are designed 

and operated at speeds of revolution from 100 per min- 

ute and less to 2,000 per minute and over, and as an in- 

strument of propulsion it is as fully capable of. utilizing 

any gain in the efficiency of the prime-mover as is an 

electric generator. In any event the use of a screw 

propeller is assumed, and it is evident that it will be an 

element of equal value in either scheme of powering and 

propulsion. 

Further, as to the high pressure steam engine, where 

shall we find anything higher than the 300 to 400 Ibs., 

which is accepted and involved in present day practice 

with torpedo boats, fast launches, yachts and cruisers? 

Again, with regard to engine efficiency, where in present 

practice shall we go to better the record of the S. S. 

Kensington, 8,000 I. H. P., with her service record of 

about 1.00 lb. of coal per I. H. P. for the main engines ? 

Again, regarding gas engines on board ship, the weight 

which present practice seems to find necessary for their 

safe construction and efficient operation is entirely pro- 

hibitive of their use when the highest results are to be 

attained. Then as a practical problem how would a de- 

signer of gas engines like to undertake the design and 

guarantee performance of a gas engine of, say, 10,000 I. 

H. P.? Or if, otherwise, such total power were to be 

split up into a number of small units the whole scheme 

immediately breaks down by reason of its complexity 

and weight. Then there is the further question of the 

cost of gasoline or other hydrocarbon, and of the enor- 

mous increase of output which would be required in or- 

der to make possible its use on any large scale; or if the 

gas is to be made from coal, is each ship to carry gas 

works in the fore hold, or is the gas to be stored in 

the bunkers and double bottoms? 
All these considerations of detail, however, are beside 

the main point, which, as already noted, is that no claim 

of superiority whatever can be admitted for the use of 

any special type of prime-mover, since for utilizing the 

increased efficiency of any such improved steam or gas 

engine, the propeller is quite as capable as the electric 

generator. 
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The question simplifies therefore to the following: 

Given two steam engines or other prime-movers of equal 

efficiency, to compare the two schemes for ship propul- 

sion in one of which the prime-mover is attached di- 

rectly to the propeller shaft; and in the other, of which 

there is interposed between the two an electric generator 

and motor. If the gain of from 50 to 100 per cent prom- 

ised by Mr. Tesla is to be realized at all, it must there- 

fore come in as a result of these additional transforma- 

tions of energy. Now, one of the first things which the - 

engineer learns in his dealings with energy is that all 

transformations are sources of loss. This is a fact so 

simple and so fundamental that it cannot be overlooked, 

least of all by one who has given his life to the study 

of problems involving the transformation and use of 

energy in various forms. Yet here we find a proposition 

to interpose between the steam engine and the propeller 

two transformations or changes of energy, one from the 

mechanical form in the engine to the electrical form in 

the generator, and the other a change back to the me- 

chanical form in the motor. There will also be a fur- 

ther loss due to transmission from the generator to the 

motor, but on board ship this will be very small and 

may be neglected. Taking as a basis of estimate the 

actual achievements of electrical engineering at the pres- 

ent day, the best combined efficiency which could be ex- 

pected for this double transformation would be perhaps 

G9 per cent, though probably 85 per cent might be a 

safer estimate. In other words, of the energy supplied 

by the steam engine from 10 to 15 per cent would be 

lost as a result of the electrical transformations. So 

to take the more favorable case, for every 100 horse 

power delivered by the engine, 90 will reach the shaft 

instead of 100 as in the case of direct connection be- 

tween engine and propeller. Yet to these transforma- 

tions of energy which by the law of the conservation of 

energy must result in a loss, we are to look, if any- 

where, for a gain of from 50 to 100 per cent, so that in 

the preceding case instead of 90 delivered horse power 

or thereabouts, as would actually be the case, we are to 

look for from 150 to 200. This would mean simply the 

creation of energy, and is a dream of perpetual motion 

in its baldest form. Such a proposition is a not un- 

worthy fellow to those which have but recently been put 

before the public in connection with the liquid air ab- 
surdities. 

Mr. Tesla knows, however, too well the doctrine of the 

conservation of energy to base any expectation of gain 

upon transformations which he knows must give rise to 

a loss, and it is therefore only fair to assume that his 

faith was pinned to the gain expected from the “spe- 

cially designed high-pressure steam or gas engine,” a 

gain which would reduce the cost of power in terms of 

fuel to one-half or two-thirds of the figures represent- 

ing the best present practice. This especially designed 

engine would apparently also be of such peculiar type 

that while available for operating an electrical gener- 

ator it could not be used for turning a screw-propeller. 

It may perhaps be in order to suggest that the design for 

such a prime-mover shotld be forthcoming in order to 

substantiate the claim, and until such an engine is pro- 

duced all such claims for possible gain must be consid- 

ered as without foundation, and instead of gain there is 

the certainty of loss. There may also have been some 
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expectation of gain by a shortening of the line shafting, 

or in greater uniformity of turning effort in the pro- 

peller. There is ground for expecting small gains due 

to these features, but so small as to be utterly inconsid- 

erable and without practical influence on the main fea- 

tures of the problem. These points only merit mention 

in order that all sources of gain for the electrical scheme 

may be noted. | 

The author’s naive curiosity as to why a method 

which promises so great a saving should have received 

so little attention from engineers is at the least amus- 

ing. Does he suppose that marine engineers are igno- 

rant of the trend of advancement in the electrical field? 

Does he suppose that if there were any reasonable hope 

of increasing the efficiency by 50 to 100 per cent that 

it would not receive some attention from those most in- 

terested? If there were any likelihood of cutting the 

consumption of coal per day on a “liner’’ from, say, 

400 tons to 200 or 275; that is a saving from 125 to 200 

tons per day, and of increasing the cargo capacity by 

perhaps 1,000 tons for the trip, would these most inter- 

ested long delay the adoption of such means? The truth 

seems to be that this so-called “fact,” plain and obvious 

as it may seem to Mr. Tesla, is less plain and less ob- 

vious to those who are actually doing the world’s work 

in the field of marine design and construction. If there 

is any one fact that is plain and obvious to them it is 

that a multiplication of changes of energy means a loss, 

and the proposition to interpose additional changes be- 

tween the prime-mover and the propeller will be apt to 

receive from them small consideration so long as the 

laws of nature remain as they now are. 

There is still another interesting side to this propo- 

sition, and that is, the price which must be paid for the 

apparatus; that is, for the generators and motors. The 

first point to be made is that the price is two-fold; one 

the price in terms ot money, and the other the price in 

terms of weight. 

If we confine ourselves to actual achievement in elec- 

trical engineering we shall hardly find builders of gen- 

erators and motors ready to guarantee results for much 

less than 20 to 30 lb. per H. P., and these figures will 
require most careful design and might easily rise to 50 
Ib. and over. The installation of generators and mo- 
tors will therefore mean the addition of, say, 50 lb. and 
upward per H. P. This would just about double the 
weight of machinery on a modern torpedo boat, for 
which in recent practice the engines and boilers to- 
gether weigh 50 lh. or less per I. H. P. Let us com- 
pare the figures for a torpedo boat with 3,000 I. H. P.: 

STEAM AND 

STEAM ELECTRICAL 

EQUIPMENT, EQUIPMENT, 

JoGuD eee erra eh Aolovelsyanciany aoa soos 56 tons. 

Coal, ordnance 

Eva MORES 505 BH % sosvosccc ies valet Brin ws 
IMIEKSTOENCIA, 5 500.67 8 ooooc Si aaa eee gyal © 

ARN coco 160 22 

The displacement of the boat would thus be increased 
by about 67 tons, or from 160 to 227, while the power de 
livered to the propeller shaft would be decreased by, say, 
300 H. P. The joint effect of these would be a reduc- 
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tion in the speed of the boat by about 3 knots, or from, 

say, 25 knots to 22. These results are hardly such as 

would be apt to commend themselves to naval designers. 

Again, with a “liner” having, say, 25,000 I. H. P., the 

addition of electrical machinery of suitable type would 

result in adding perhaps 1,500,000 Ib., or about 700 tons 

to the machinery weights. For the same total displace- 

ment this would mean the loss of about 700 tons of pay- 

ing cargo, and a further loss of about 2,500 horse power ~ 

as a result of the electrical transformations, decreasing 

the speed by from 1-2 to 3-4 knot. When we remem- 

ber that on the modern “liner” the margin of weight 

_ left for paying cargo is quite small, usually not exceed- 

ing a maximum of 2,000 tons, it is apparent that the loss. 

of 700 tons or more would result in a most serious re- 

duction in the earning capacity of the vessel. The “in- 

crease” of carrying capacity referred to at the close or 

the quotation would be therefore of a character not likely 

to commend itself to the stockholders or board of di- 

rectors. 

The price to be paid in cash will depend on the cur- 

rent prices for electrical machinery of such types and 

sizes as may be required, but it will not be far wrong to 

say that the cost of the electrical equipment would be 

not less. than that of the steam equipment, and that the 

cost of the total equipment would therefore be not less 

than double what it is with the present methods of pow- 

ering and propulsion. The interest on this added first 

cost would make a most serious inroad upon the smalf 

margin of profit now obtainable from investments in 

this field of commerce. ; 

A passing reference may also be made to the state- 

ments in the early part of the quotation relating to the 

substitution of electric generators and motors for lines 

of shafting and belting, whereby it is claimed that two 

or three times as much effective power may be obtained 

as by the old and wasteful methods. From what has 

preceded it is clear that the substitution of electric gen- 

erators and motors for shafting and belting is a substi- 

tution of one form of loss for another, and the final ba)- 

ance will depend on which is the greater of the two. If 

the belting and shafting scheme is long and complicated 

and perhaps in poor mechanical condition as well, there 

will undoubtedly result a gain in efficiency for the elec- 

trical scheme. If it is short and direct and in good 

condition, the advantage will remain with the mechan- 

ical transmission. In no normal or ordinary case, how- 

ever, will the gain amount to anything approaching 100 

to.200 per cent. In fact, the question of fuel economy 

in such cases is only one of many considerations, and not 
always the most important. In cases where such instal— 
lations have been made it is probable that other consid- 
erations have weighed quite as much as that of econ- 
omy of fuel. Among such special advantages for the 
electrical scheme are the following: Independence of 
operation, entire freedom in locating machines withou: 
reference to lines of shafting, etc., absence of line shaft- 
ing, countershafts, etc., and consequent greater freedom 
for the operation of cranes and handling gear. 

Russtan Cruiser Vartac.—A builders’ trial of the 
Russian cruiser Variag, built at Cramps’, Philadelphia, 
was carried out last month. With about 150 engine 
revolutions (17,000 I. H. P.) a speed of 22 knots was 
reported to have been attained, natural draft. 
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SYSTEM OF WORK ADOPTED IN A SHIPYARD 

ON THE GREAT LAKES-—II.* 
BY W. I. BABCOCK. 

All the work is now carefully bolted, reamed by 

pneumatic drills, and is ready for riveting, which is 

started at once amidships by pneumatic yoke riveters 

for the inside and by pneumatic shell riveters for the 

bottom plating, nearly all the rivets in the hull being 

machine driven. As soon as the channel seam straps 

rf, ogi 
GxGx28> » 
both flanges 1 rivets 
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punched, rolled, and bolted up in position. That these 

plates are not gotten out from moulds like the others 

is principally because the very careful work on a surface 

of so sharp a curve is too expensive. At the lapped 

butts it is evident that the radius is greater for the out- 

side plate than for the inside, and in any rolled plate 

the necessary difference between the lengths of the two 

surfaces is obtained sometimes by compression on the 

inside and sometimes. by extension on the outside, and 

there is no way of determining beforehand which will 
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HALF CROSS SECTION OF S. S, MAUNA LOA—TYPICAL LAKE FREIGHTER FOR BULK CARGOES, 

and ties are riveted to the bilge brackets, the tank 

margin plates are put on and the angle on top of same 

for the bracket connections, and all riveted. 

The bilge plates are now templeted from the work, 

*Read at the seventh general meeting of the Society of Naval 
Architects | and Marine Engineers, held in New York. —____— 

occur. Further than this comes in the slight irregu- 

larity in the height of the floor ribbands, the effect of 

which is magnified at the bilges, increasing the chance 

of bad holes and spoiled plate. While the use of this 

mould system requires in any event a good solid founda- 

ticn under the ship, ‘t must be remembered that this is 
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only piling; that shores and blocking are of wood, only 

roughly cut to length and wedged up; and that rib- 

bands are also of wood, supported only at intervals, and 

lined up principally by a ship’s carpenter’s eye. While 

our experience has amply proven that for such parts of 

the bottom as have been already described—all straight 

work—these sources of error are quite negligible, that 

is not so with the bilge plates, even amidships, and it is 
much cheaper to templet these plates than to spend the 

time and money necessary to bring the framework of 

the tank to such perfection of outline and spacing that 

mould work could be depended upon in all cases. 

With the bilge plates in place, the water bottom for 

the straight midship body of the ship is completed. 

The remainder of the shell plating within the limits of 

the water bottom, the margin plates and other plates of 

the tank top are templeted off in the ordinary manner. 

In the meantime, the channel frames and belts for the 

sides of the ship above the tank for the straight mid- 

ship body. and for some distance forward and aft of 

same—until the curvature becomes too great and bevel- 

ing commences—have been cambered cold in a heavy 

power bending press. 

been ordered to lengths taken directly from the mould- 

loft floor, the variation in length is very slight from 

what is actually required, and is taken up at the lower 

ends, which stop about 4 in. short of the margin plate 

of tank to form a water-way. The main-deck line and 

side stringers, and the plate edges of all side strakes, 

are run in parallel to the upper deck sheer. One 

mould for the web and one for each flange of frames 

and bolts, therefore, answer for all holes down to and 

including the lower side stringer. The holes at the 

bottom for the rivets connecting the channel frame or 

belt to the tank-top bracket are put on from the same 

mould, but as these holes are set to a level line, which 

is the height of the top of the center vertical keelson, 

the mould must be moved down at each frame a dis- 

tance equal fo the raise of the sheer at that frame, these 

sheer heights of spar. deck being marked on the upper 

end of the mould. 

The spar-deck beam brackets and the main-deck 

lower brackets are now laid out, each from its own 

mould, for all that part of the ship for which the tum- 

ble-home is constant, punched, bolted on to the frames 

and belts, and riveted by the stationary riveter. The 

spar-deck beams are cambered and, with the straight 

main-deck beams, stanchions, shifting boards, channel 

ties and struts and ’thwartship hatch coamings, laid out 

from moulds and punched. Side stringer channels, 

which are in short lengths between belts, and Z-bar 

clips between frames are laid out, punched and riveted 

together on the ground by portable yoke riveters. 

Main-deck stringers for the straight body are laid out 

and punched, with the channel intercostal to the skin 

between belts, which is scored out to allow the frames 

to pass through. 

The three upper strakes of the side plating for the 

straight side are now laid ott, punched, and counter- 

sunk, For the lowest of the three, the maindeck sheer, 

this does not include any more plates than those on the 

midship body, as the frame line begins to leave the tum- 

ble-home line at its lower end immediately the extremi- 

ties of the dead flat are passed, the point of departure 

going higher with each frame. The between-deck 
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strake has a larger number of plates on the flat side and 

the sheer strake the most of all. For laying out these 

shell plates a slip mould is used. I believe that this 

method of laying out side plating is original with Super- 

intendent E. Gunnell, of the Chicago Ship Building Co., 

to whom, in fact, most of the development of the sys- 

tem is due. 

This mould is based on the principle of working from 

a level line parallel to the keel of the ship. The mould 
itself is square, the length inside of the end pieces being 

the exact length of the plate. At about its center a 

straight line is marked across it. The frame strips and 

butt Jap moulds are entirely separate from the main 

mould and have similar lines marked upon them, one 

butt mould having in addition a scale of inches marked 

on it, starting from the line at zero. The fitter is fur- 

nished with a table, prepared for the mould-loft floor, 

showing the sheer height of tine spar-deck line at each 

butt. 

The squaring mould is now placed on the plate, the 

line on one butt mould brought into exact accordance 

with the line on one end of it, and the other butt mould 

raised until its line is a distance above the level line on 

the squaring mould equal to the raise in the sheer from 

the table. A chalk line is then stretched between the 

two ends, snapped on, and the mark on each frame strip 

brought exactly to it. All the frame and butt holes are 

now transferred to the plate and the moulds are removed. 

When the seam lap moulds, or, in the case illustrated of 

a sheer-strake plate, the gunwale mould for the upper 

edge, have been put on and the holes marked the plate 

is ready for punching and countersinking. 

If the sheer of the ship is so bold that the variation 

from the straight line in the length of a plate must be 

taken into account, it is only necessary to use the exact 

sheer height at each frame in setting the frame strips, 

but this seldom happens. 

There is now a large portion of the hull of the ship 

above the tank ready for erection, and it is assumed that 

sufficient of the water bottom, if not all of it, is com- 

pleted and riveted, for a start to be made on the upper 

work. The water bottom or tank now forms a broad, 

solid foundation on which the remainder of the fram- 

ing is erected, requiring no side shores whatever until 

the very extremities of the ship are reached. Evident- 

ly, however, as so much of the upper works have been 

laid out from moulds, any inequalities, however slight, 

in the tank must be corrected before this erection is 

started, otherwise bad work will result and the various 

pieces will not come together correctly. 

For this purpose a line is leveled across the top oi 

the center vertical keelson and marked on the inside 

of the bilge plates above the tank, corresponding to the , 

line from which the side frames and belts were punched, 

referred to previously. The frame and belt brackets are 

now placed in position between the angles on the tank- 

top margin plates and the position of this level line 

transferred directly to them, and at the same time the 

bottom holes are marked from the angles. The bracket 

plates are then take to the shop and the remaining holes 

for the frame and belt rivets marked off from the moulds 

which were used for the corresponding holes in the 

frames and belts. As these moulds in each case are set 

from the level line spots referred to, it is evident that 

when the brackets are put back in position on the ship 
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and the frames and belts bolted thereto, their tops will 

come true to the spar-deck line independent of high or 

low points in the tank margin itself, and, therefore, the 

main-deck line, stringers, and plate edges will also come 

true. 

The belt, stanchions, and main-deck beams are now 

erected by the overhead crane, leveled, plumbed, and 

squared up, the whole making a self-contained struc- 

ture. The sheer strake is then bolted into place and 

the frames put up. As soon as the shifting boards, 

bulkheads, and main-deck stringers and ties are in place, 

the spar-deck heads are put in and the shell plating 

bolted up with the upper and lower side stringers. The 

spar-deck plating between hatches which had previously 

been punched from moulds (corresponding plates in 

each space being exactly alike, except for manholes, 

mast holes, etc.) is now put in place, as well as the 

channel ties and intercostals under and between the 

spar-deck beams, and the athwartship hatch coamings. 

When all bolted and reamed a large amount of work, 

both inside and shell, is opening up for the machine 

riveters! The remaining strake of side plating amid- 

ships, that immediately above the bilge, is now templeted 

off the ship, thus eliminating the effect of any variations 

in the height of the tank margin. 

The above description includes about all of the ship 

which is gotten out by what may be called duplicate 

mould work. The remainder of the framing at the ends, 

etc., is laid out, furnaced and punched from ordinary 

individual wooden moulds, and the plates, stringers, etc., 

templeted’ off the work in the usual manner. No 

scrieve board is used. 

In general, it may be said that the system used in the 

Chicago yard requires very careful work in the mould 

loft, explicit directions to the foreman in charge of each 

ship, and a thoroughly competent and experienced su- 

perintendent in actual charge of the yard to harmonize 

the work of the various shop and outside foremen and 

to decide where duplicate work shall stop and a return 

be made to ordinary methods. 

This is principally a matter of cost in every case. If 

too much time and labor is required to bring certain 

portions of the structure to such exact accordance with 

the mould-loft floor, that other portions following them, 

laid out from moulds, made from the floor, will go ex- 

actly intos place, it is cheaper to follow ordinary meth- 

ods, where a much greater variation is allowable, be- 

cause each piece is based only on the piece next ahead 

of it, and, therefore, errors are not cumulative. 

As a matter of personal opinion, however, after an 

experience covering the construction of some thirty 

ships of large size under the mould system, the writer 

thoroughly believes that this ‘system is the cheapest 

known and can be applied to a large extent with great . 

advantage in any yard where large ships are built, of 
any type. 

While docking at Newport, R. I., the torpedo boat 
Dupont attempted to ram a wharf and was badly dam- 

aged forward, her bows being crushed in. A defect 
in the engine telegraph is said to have been the cause. 

Admiral Ahmed Pacha, of the Turkish Navy, is now 
in this country, presumably for the purpose of placing 
an order for a warship here. 
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ancy was secured by the use of pontoons, so that by York July 5. As the bottom where the vessel grounded 

June 13 she was afloat again. Before reaching the was chiefly mud, it is not believed that she has sus- 

sea, however, she went aground again and another de- tained any structural damage. 

lay was caused, the vessel not reaching Swinemunde Through the courtesy of the American managers of 

SIX-CYLINDER, FOUR-CRANK QUADRUPLE EXPANSION ENGINES OF T,. S, S. DEUTSCHLAND—NOTE H. P, TANDEM CYLINDERS ARE NOT IN PLACE, 

until after the middle of the month. From there it the line we are able to here present reproductions of 

was reported she would proceed to Hamburg by the original photographs of the machinery of the new ves- 

outside route, being too large a vessel to go through sel. In our issue last month we gave the chief di- 

the Kiel canal, and, all going well, would sail for New mensions of the main engines. As will be recalled 
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they are of the six cylinder; four crank, quadruple ex- 

pansion type, with the two high pressure and the two 

low pressure cylinders tandem in the center and the two 

intermediate pressure cylinders at the ends. 

These engines—each set of about 16,500 J. H. P.— 

were a big job even for a large shop like the Vulcan 

Works, and as they were not erected in pits there was 

not sufficient head room under the traveling cranes in 

which to set up the high pressure cylinders in position. 

The position of the H. P. cylinders in the completed 

engine can be located by noting the beds for their re- 

ception on the tops of the L. P. cylinders. The pho- 

RS OF THE NEW TRANSATLANTIC LINER DEUTSCHLAND. 
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ONE OF THE DOUBLE-ENDED 8-FURNACE MULTI-TUBULAR RETURN TUBE BOILE 

tograph gives no adequate idea of their size, as there is 

nothing in the picture with which to make a com- 

parison. It is usual in a case of this sort to include a 

man in the view, so that in this way a rough estimate 
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can be made of general dimensions. This result has 

been secured, however, in the case of both the boiler 

and the crank shaft, in the latter view the relative size 

of the man and one crank, even, gives a better idea 

of the immensity of these engines, though they are not 

as huge as engines of this power would have been in 

the old days of the tandem compound. Each crank 

shaft is hollow, in four sections, of the built up type 

with counterbalances on the I. P. cranks. Each is, 

made of nickel steel and is a magnificent specimen of 

forging of these dimensions: length 59 ft. 3 3-8 in, 

outside dia., 25.2 in., length of throw 36.42 in., weight 

(22,330 Ib.) close to 100 tons. By comparing the di- 

mensions of the crank with those of the workman in 

the photograph a proper realization of its dimensions is 

possible, and then by mentally transferring these to the 

general view of the engines the actual sizes can be 

properly appreciated. Nickel steel is also used for the 

propeller shaft, and the intermediate shafting is of 

Siemens-Martin steel. 

There are twelve double ended and four single 

ended Scotch boilers in the vessel contained in four 

separate boiler compartments. The boiler shown in the 

engraving is one of the double ended type, with eight 

furnaces. It is 16.16 ft. dia. and 20 ft. long, and the 

diameter of each furnace is 3.6 ft. The boilers are 

constructed to withstand a working pressure of 225 Ib. 

per sq. in. The total number of fires is 112, grate sur- 

face, 2,188 sq. ft.; heating surface, 85,465 sq. ft. How- 

den draft is fitted. 

Log of S. S. Oceanic. 

A interesting feature of that most complete record of 

vessel movements, The New York Maritime Register, 

is the abstracts of steamships’ logs published in its 

pages. From these we here reproduce the log of the 

White Star liner Oceanic on a recent westward trip as 

follows: 
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A FEW SUGGESTIONS ON THE USE AND ABUSE 

OF LUBRICANTS. 

BY C. GOING. 

In the successful operation of modern marine ma- 

chinery the judicious and economical distribution of 

the lubricating materials necessary to reduce the fric- 

tion of the moving parts, forms an important factor. 

This is a subject upon which there exists as great a 

diversity of opinion as can be found anywhere; prob- 

ably no two sea-going engineers can or will agree 

as to the kind of lubricants to be used, nor as to the 

methods of applying them. In this brief article it is 

the intention of the writer to dwell only upon a few 

points which have come under his observation. Prob- 

ably the most important branch of the subject is the 

question of economy. The advent of the modern mul- 

tiple expansion engine has caused greater attention to 

be paid by designers to automatic devices for distribut- 

ing Iubricants. 

The up-to-date marine engine can, at moderate 

speeds, run without any oil being applied by hand, and 

therein lies, in my opinion, one of the greatest disad- 

vantages of the system. While automatic lubrication 

is undoubtedly a necessity for fast running engines, 

too much dependence is placed upon this method while 

running at moderate speed. On Government vessels 

particularly, where fully nine-tenths of the cruising is 

at an economical speed, the consumption of oil is an 

important item. Relying to a great extent upon the 

automatic devices provided for maximum conditions, 

no matter how finely the feeders may be adjusted, it 

will be found that the quantity of oil consumed will be 

greatly in excess of that used by careful oilers, apply 

ing it by hand. I have an instance in mind of a ves- 

sel to which I was once attached, where the allowance 

of oil was ten quarts per watch of four hours, for all 
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From Liverpool May 30, 4.34 PM lest the Stage, 8.31 Rock Lt H abeam; May 31, 9.30 AM left Queenstown, 10.08 

Daunts Rock lightvessel abeam. 

Date. Wind. Lat Lon. Dis. 

May 31 Variable SI 25 g 22 45 

June 1 Variable 49 5 22 55 524 

2 Variable 47 OT 34 49 505 

3 Variable 2 50 45 21 512 

4 SW, Var. 41 25 56 03 492 

5 Variable 40 41 67 12 507 

To Sandy Hook Lt V_ 303 

The steaming time from Roches Point to Sandy Hook 

was 5 days 21 hours, and 47 minutes, and the course 

covered 2,888 knots. This is about an hour behind her 

best previous westward run. The speed average is 

20.37 knots, and the best daily run, as shown in the 

log, 524 knots. 

SUPERIMPOSED TuRRETS.—Owing to the difference of 

opinion among the chiefs who form the Naval Board 

on Construction at Washington. as to the adoption of 

the superimposed turret for new battleship designs, a 

special investigation of the question by a board of 

naval officers was ordered. The result is that a com- 

promise is proposed so that in future designs both 

systems of placing guns on a ship will be used. This 

result is highly unsatisfactory, as it is not an answer to 

the claims of superiority for either system. 

Remarks. 

Light Variable winds, smooth sea, fine weather 

do . do do 

Gentle breeze, SW swell, fine weather 

Light variable airs, heavy rain, fresh breeze, cloudy 

Mod. breeze, foggy, reduced speed, rain, clear weather 

Light airs, smooth and clear, thence misty weather 

June 6, 2.55 AM Sandy Hook It V abeam 

machinery in operation. Owing to head winds and’ 

stormy weather, which greatly reduced the speed, it 

was found that at the rate of using oil, the supply on 

hand would last only three days, whereas under the 

most favorable conditions it would take at least five 

days to reach our destination. As the existing oil 

allowance was considered to be as low as was con- 

sistent with safe running, this scarcity of oil became 

a very serious problem. After a consultation it was 

decided to shut off all automatic lubricators except 

the telescopic oilers for the crank pins. The engine 

room force was warned to be particularly vigilant, and 

to exercise the most rigid economy in the use of lu- 

bricants. As a result, the amount of oil used was 

reduced to just one-half the former allowance, and that, 

too, without a suspicion of a hot bearing. In.subse- 

quent cruising these regulations were kept up, with 
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the result that large quantities of oil and other lu- 

bricants were saved. 

The average oiler is prone to place too much reli- 

ance upon self-feeding devices, and as a result, becomes 

lax in his attention to the journals, If he is compelled 

to oil by hand while running at moderate speeds, he 

will be much more vigilant at full speed, when the 

machinery requires, in addition to the automatic lubri- 

cation, the greatest care on the part of the attendants. 

Another source of waste is the use of fluid lubricants 

on journals having but little motion; some of the va- 

rious grease compounds will do just as well, and be 

far more economical. By the use of compression cups, 

ample lubrication can be provided for such journals 

as those connected with the valve gears, without re- 

sorting to the use of the squirt can. In addition to 

being more economical, the compound is much cleaner, 

as the small amount of it used can be easily wiped off. 

Thrust bearings, if not properly arranged, require 

a large amount of oil. They should be so arranged 

as to run’ in oil and be provided with oil tight covers 

to prevent the oil from being thrown out by the centrif- 

ugal force. By circulating sea water through a coil 

in the lower part of the thrust no difficulty need be 

experienced in keeping the oil at a sufficiently low tem- 

perature. If the stuffing boxes at the ends are kept 

tight, the leakaoe can be reduced to a minimum. 

Eccentrics, as a general thing, require a considerable 

amount of oil, but if they are so arranged that the 

lower parts of the straps dip into fresh water in the 

drip pans, they will be found to run cool on a greatly 

reduced amount of oil, as compared with those which 

are not kept cool by water. 

The practice of automatically oiling piston rods 

and valve stems is a poor one, inasmuch as the lighter 

oils, such as are used in overhead reservoirs for the 

other running parts, are almost worthless on hot rods. 

An occasional swabbing with-thick cylinder oil will, 

in most cases, suffice to prevent undue heating. 

The recent naval practice of having one large tank 

as high up under the protective deck as possible, from 

which all reservoirs about the engine are filled, is very 

advantageous, not alone from the increased head ob- 

tained, but from preventing the frequent spilling which 

occurs while filling the reservoirs from large cans or 

feeders. A great saving in oil can be accomplished by the 

use of a good filter, wherein as much waste oil as 

can be caught, is, after filtering, ready to be used over 

again. The crank pits or drip pans should be provided 

each with a drain pipe leading into a small tank placed 

below the level of the bottom of the pits. In this way 

at least one-half of the oil which would otherwise go 

to waste can be saved. 

In general, the question of economy in the use of 

lubricants, resolves itself into a personal equation, to a 

large extent. Where one oiler, by vigilance and good 

judgment, can keep an engine running cool, with a 

certain allowance of oil, another may use twice as 

much with no better results; however, with the adop- 

tion of economical methods, and a strict supervision 

of the engine room force by the engineer on watch, it 

is safe to say that there are but few ships where a say- 

ing could not be accomplished. 

In regard to the materials used, much satisfactory 
advance has been made, of late, in their lubricating 
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qualities. The present tendency seems to be to use 

as little of animal oils as possible. This, no doubt, is 

largely due to the gradual cheapening and improve- 

ment of the light mineral oils. Another excellent rea- 

son for the abolition of animal oils, especially of lard 

oil, is the bad stench which it creates in the engine 

room bilges. Animal oils are also very liable to clog 

up the distributing pipes, unless they are frequently 

cleaned out. 

The lubrication of the internal surfaces of steam 

cylinders is a very important subject, especially on ves- 

sels that are equipped with water tube boilers. The 

practice on torpedo boats is to use no lubricants at all] 

in the cylinders of the main engines. The question 

naturally arises, if these fast running engines can do 

without cylinder oil, why cannot the larger and slower 

running engines? If shipbuilders would have the cqur- 

age to run the engines on trial without oil in the cylin- 

ders there would be no necessity of using oil thereafter. 

I know of several instances where large triple expan- 

sion engines have never had any oil in the cylinders, 

and from the appearance of the bores, have not suffered 

thereby. What is true of the main cylinders should 

apply to the cylinders of the auxiliary engines, but it 

frequently happens that many of them will not work 

well without the use of cylinder oil. This is especially 

so in the case of dynamo engines, which seem to re- 

quire an abnormal amount of oil. It frequently hap- 

pens that even oi ships where no oil is used in the 

main engines, at) examination of the boilers will show 

that undue amounts of oil have entered in the feed 

water, which can only be traced to the dynamo engine. 

Much of this is due to the use of the automatic sight- 

feed lubricators, which are in such common use. No 

matter how carefully the flow of oil may be regulated 

in such a contrivance, they are bound to inject far 

too much oil into the engine. If cylinder oil must be 

used, it should be mixed with plumbago and put in by 

a hand pump, and then at only such times as it is 

absolutely necessary. 

BrEEsoN’s Martne Drirectory.—In enlarged form and 

with the contents brought down to date Beeson’s Ma- 

rine Directory of the Northwestern Lakes for 1900 has — 

been issued. This is the thirteenth annual edition. 

Among the chief features of the work are: Lists of 

American steam and sailing vessels on the Lakes; 

lumber carriers, with capacity; record of vessels lost in 

1899; record of engines and boilers of lake vessels; 

names and addresses of vessel owners of the Great 

Lakes; concise report on each of the lake ports, classi- 

fied directory of firms and corporations connected with 

marine interests on the lakes. In addition there is a 

great variety of other intelligence, most of it of special 

value for purposes of reference. There is also a num- 

ber of interesting views of lake vessels and other craft 

contained in the volume. It is printed on good stout 

paper (255 pages, 6 I-2 in. by 9 I-2 in.) and is strongly 

bound in cloth boards, so that it will stand consider- 

able handling without injury. The directory is pub- 

lished by Harvey C. Beeson, 308 Royal Exchange Build- 

ing, Chicago, Ill., and is sold for $5.00 a copy. 

Tt is understood that the U. S. government will pur- 

chase the Spanish floating dry dock at Havana. 
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THE NAVAL STEAM ENGINE--ITS GRAPHICS 
AND ECONOMICS ILLUSTRATED—III. 

BY ROBERT H, THURSTON, 

As already indicated, the internal wastes, which are 

the most serious of all the avoidable forms of loss in 

the simple engine of Watt and his contemporaries, 

may be reduced by steam jacketing, as first practiced 

by that great inventor—the first to recognize their real 

nature—in the attempt to extinguish this form of 

waste, by superheating, or by compounding. In the 

modern engine of highest efficiency, as a rule, both 

compounding and jacketing are adopted, and the re- 

sult is the reduction of the internal wastes very con- 

siderably. In the next diagram, Fig. 5, the method 

of gain by this system of multiple expansion, by 

placing cylinders in series, in such manner that the 

wastes of the smaller shall be utilized in meeting the 

demand for steam to supply wastes in the. larger 

cylinders, is practically to divide this internal loss by 
the number of cylinders thus arranged in series. 

When the waste of anyone cylinder, thus added, be- 

comes so far minimized that its addition no longer 

pays, either through exaggerated external and friction 

wastes, or because of its cost, the process of econo- 

mizing ceases. 

In the diagram, Fig. 5, let the costs of power, in 

the ideal cycle here taken as thé relative standard, be 

represented by the lowest curve of the set, its measure 

being given in B. T. U., on the left, and in pounds of 

steam per horse power per hour, on the right. The data 

assumed are initial pressure 125 lb. back-pressure 1.5 Ib., 

ratios of expansion ranging from unity to thirty, con- 

densation complete and feed-water taken from the hot- 

well at the condenser temperature. 

Under such conditions of operation, the purely ther- 

modynamic machine would thus demand from 40,000 to 

50,000 B. T. U. at full stroke, down to 10,000 at fifteen 

and about 7,500 at thirty. Adding the friction 

wastes of the real engine, as found by trial of the 

better class of such machines, we obtain the second 

curve of the set, giving costs of power several per 

cent higher. Then adding the internal wastes and neg- 

lecting external losses as unimportant, we obtain, for 

the simple engine, the curve next the upper, bounding, 

curve of the series, as the measure of the demand for 

heat and steam of a simple engine of moderately large 

size, operated under what.would be regarded as ordi- 

narily favorable conditions, and considerably better than 

in the average case of engines in general use. The costs 

of power are here from above 45,000 B. T. U. at full 

stroke, to 20,000 as a minimum; the latter, as here 

found, at about a ratio of expansion of 12. At thirty ex- 

pansions, the figure rises nearly to the cost of full stroke. 

Adding, still further, the equivalent of the operating ex- 

penses, apart from those of supplying steam, and we ob- 

tain the upper line of the diagram, showing that the total 

costs of power-supply become a minimum at some ra- 

tio of expansion, at some cut-off, sensibly different from 

that described by a comparison of “duties” and of 

steam and fuel and heat expenditures. This final cri- 

terion always dictates a moderate ratio of expansion 

and often makes the best cut-off considerably less than 

does the duty requirement simply. Here it reduces the 
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ratio of expansion to about nine, instead of twelve or 
thirteen. 

Compounding the engine, by the addition, by Mc- 

Naught’s system, we will say, of a high-pressure cyl- 

inder, the internal wastes are reduced by about one-half 

and the middle curve of the series is produced, showing 

a demand for heat and for steam, as a minimum, one2- 
third less than with the simple engine and increasing 

the allowable ratio of expansion to sixteen. Similarly 

the conversion of the system into a triple-expansion ar- 

rangement, dividing the internal wastes by about three, 

gives makes the cost of power, measured in thermal 

units and in weight of steam demanded, about sixty 

per cent. of the figures for the simple engine, making ‘ 

them about 12,000 B. T. U. and i2 lb. of steam, as 

against 20,000 B. T. U. and 20 lb. Finally, making the 

machine quadruple-expansion, the figures drop to one- 

half their maximum, to 10,000 B. T. U. and 10 lb. of 
steam, approximately, and the available expansion be- 

comes twenty-four for this particular case, as based upon 

the thermodynamic case and non-financial considera- 

tions. Taking into account the operating costs, as a 

whole, and constructing a new line, as in the case of 

the simple engine, this would make the allowable ratio 

of expansion more nearly fifteen or eighteen, for the 

triple and quadruple engines, and perhaps about twelve 

for the compound engine. 

Navat ENGINES, as already remarked, are subject to 

quite different conditions, in design, as in operation, 

from the engines of mills and factories, or even from 

those of the mercantile marine. They will, and should, 

therefore, give a somewhat different distribution of the 

energies supplied them from their boilers and utilized, 

in greater or less degree, in application to the propul- 

sion of the ship. 

The following represents the method and the outcome 

of an attempt to ascertain what is this distribution, in 

the general manner previously described, in the case of 

a famous and successful iron-clad, of which the con- 

tract-trial figures’ are available. The method is that 

which. has been employed by the writer, and his fellow 

investigators in office-work, for a long time, and is sim- 

ply the method of Rankine, so far as it affects the ideal 

case, supplemented by the processes of discussion of the 

distinctive features of real engines, in the forms as- 

sumed by them during the years of gradual development 

ef the complete theory of the real steam-engine and of 

ether real heat engines, since the days of Clark’s, of 

Hirn’s, and of Isherwood’s pioneer work. 

The computers, in the present case, were Messrs. Aus- 

tin and Howell, of Sibley College, who became suf- 

ficiently interested in this subject, and in the develop- 

ment of naval engineering, to undertake the investiga- 

tion, submitting the final report as a part of their ad- 

vanced work in this field of higher engineering. 

In choosing a subject for this investigation, it seemed 

preferable to take an actual case, a test known to be re- 

liable, and to work out the corresponding ideal cases, 

computing the various wastes by formule derived, as 

has been indicated, from previous experimentation. 

The test chosen was the contract trial of the U. S. S. 
Maine, in October, 1894.4 The data are complete, ex- 

4 The engines of the Maine are fully descrited in the Fournal of 

the American Society of Naval Engineers, 1895. 
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FIG. 5—EFFICIENCIES OF ENGINES (JACKETED). 
Py =125; P3=1.5; 1,500 HW. P. 

cept in one particular: no measurement of the steam being burned per sq. ft. of grate surface per hour, and 

used during the test was made. To supply this defi- for the type of boiler in use on this vessel, with this 

ciency it was necessary to assume an evaporation-rate. rate of burning, an evaporation of 9 lb. of water per 

Pocahontas coal was used with forced draught, 35.3 lb. Ib. of coal is taken to represent an excellent perform- 

THE LATE U. S. S. MAINE, TRIAL DATA OF WHICH IS HERE REFERRED TO. 
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THREE CYLINDER TIIREE CRANK TRIPLE EXPANSION ENGINES OF THE LATE U. S. S. MAINE. 

It is probable that any error lies on the side of 

excess of computed over actual steam consumption. 

Ture PriIncIpPAL DIMENSIONS and proportions of the 

machinery are: 

TABLE III.—DIMENSIONS. 

Number of cylinders (each engine)..........ee eee eee cree 3 
Dia. of H.P. cylinder, in. ..... 0. 3. s eee eerste e ee eee 85% 

TIES, Cabelas, 362, oo5000 c0ac0s on d0000069900000000500 57 
IDE Caples 3hG 550600000005..000000000000000000000 88 

Stroke of all pistons, incheS................2sseeeceereres 36 
Dia. of H.P. valves (one for each cyl.), in...........----- 22 

I.P. valves (two for each cyl.), in..............-. 22 
L.P. valves (three for each cyl.), in............. 22 

Area H.P. steam port for max. opening, top, Sq. in..... 104.260 
bottom, sq. in. 182.352 

I.P. steam port for max. opening, top, sq. in...... 134.576 
bottom, sq. in. 260.640 

L.P. steam port for max. opening, top, sq. in...... 449,604 
; bottom, sq. in. 508.248 

H.P. exhaust port for max. opening, top, Sq. in.... 203. 
bottom, sq. in. 203. 

I.P. exhaust port for max. opening, top, sq. in.... 406. 
bot:om, sq. in. 406. 

L.P. exhaust port for max. opening. top, Sq. in.... 609. 
bottom, sq. in. 547.14 

main steam pipe (12 in. dia.), sq. in................ 113.1 
HEP steamipipen(1Loinsdias) suSd ani nererertirirtre Loan G 
12, Kuch jh (CD) tia, GA), Seb Ne soocc0 000000000 314.2 
I.P. exhaust pipe, to condenser (16 in. dia.), sq. in. 201.16 
PaPrexhausteplpen(2sminedlas) iSO al eeern err ericer: 615.75 

Volume swept by H.P. piston per stroke, mean cu. ft.. 20.30 
Volume swept by I.P. piston per stroke, mean, cu. ft. 52.84 

L.P. piston per stroke, mean, cu. ft. 126.39 
COPED ERNE, 3O2R OE Stig, IBLIE, Gilby WDD. acoonneccco acon daca 4.974 

LXORHOON gaocashooasccn0000 4.744 
IES Obs Ns )5coandgbnacoudasocnd06 10.161 

WOROWN cs ocscuncc9d000009 9.094 
IWS, GAL, WODscococegsonverccoccose = PBIB 

HOOT Sconccocgouogoo00 ~~» hy BRK! 

Clearance, per cent., H.P. cyl., top... 24.12 
bottom 23.74 

WIP, Gly, UWODsocove 19.113 
bottom 17.314 

112, Cb, WODs00500 17.65 
bottom 

Ratio of net area of H.P. to I.P. pistons. 
I.P. to L.P. pistons. 
H.P. to L.P. pistons. 

IONE, Ge WON TRONCIS, THN. ooscocodoooo0dose000 6% 
Length of connecting rods between centers 733, 
IDEA, Or Copenneennys OCIS, IW cca cs0n50D000000000 6% and 10 

OFFICIAL TRIAL.° : 

The official trial for horse power took place on the 

17th of October, 1894, in Long Island Sound. The 

Maine left her anchorage off New London Light at 12 

meridian, and proceeded out through the Race, and when 

off Watch Hill was turned and headed to the westward 

in order to make as nearly as practicable a straightaway 

run for the four consecutive hours’ trial required by the 

contract. 

The trial began at 1.30 P. M., and ended at 5.30. The 

weather conditions were not very favorable, for through- 

out the entire run the ship was steamitig against a strong 

head wind and sea, which increased in force to the end 

cf the trial. The ship was remarkably steady, and at the 

maximum speed of the engines very little vibration was 

noticeable. 

The speed was very accurately obtained for a portion 

of the trial, while running over the official measured 

5 From the official report. 
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course laid down for the trial of the Ericsson. The 

average speed for this 25-mile course was 15.95 knots, 

and with a mean allowance of 1,5 knots for the strong 

head wind and tide, the average speed of the ship was 

17.45 knots. 

TABLE IV. 

DATA OF OFFICIAL TRIAL, U. S. S. “MAINE.” 

Draught of water at beginning, forward, ft. and in. 18— 2 
aft., ft. EhaGlibit, Aeongh Aa 19— 1 

at end, forward, ft. EXE Ho ococo00n00 17—10 
Ett, Ht, Apel Ths sooon00c0n909000 18—11 

mean, for trial, forward, ft. andin.. 18— 0 
Dhittoy fin BING cegccos I= 

Disp. at mean Graught on trial, toms...........---.+++++ 5,500 
Area of mid. section at 18 ft. 6 in. mean draught, : 

Rib. tills 00000000060009011000000000000006000004N000090000000 906 
ThVOuieal FUERIN@A, Keb iticcooonsconccn0000s00cp000 oD DNCODESES 21,850 
I.H.P. (total) per 100 sq. ft. of wetted surface. 42.53 
J.H.P. per 100 sq. ft. of wetted surface at 10 knots ‘in 

FeMHKG) Ole SYS JON Goacaoo S50 00D 0dHDD Odeon DODGDNDN0N bad00 6.0142 
MiB GOEL, USNOWS ono cdoooc000cq0090006000000000000000000 17.45 
Slip of screwS, mean, per cent, starboard Rebtegucka san 12.805 

ple} dasnnene oss tongue couue 10.205 
Speed® x area immersed midship ae a iallssocqeogan 518.26 

Speed’ x Ghgpin@smemitis 2 ILIBIID, coucconoagscoanocousa00000 165.21 
Synopsis of Steam Log. Starboard. Port. 
Hevaluuons of main engines per min., 

SIXTH opoondodaveddsbAoandboaaedncenadodd 122.313 
Piston epee: ft. per min 733.878 
Steam at boilers, gauge.. 4.9 

engines, gauge 2 134.62 
first receiver, absolute 66.32 
second receiver, absolute .. 28.84 34.34 

Vacuum in condenser; in. of mercury. 23.875, 22.839 
Opening of throttle, tenths .... 10. 
Steam cut off in fraction of stroke ‘from ’ 

beginning, H.P.. 8 8 
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Steam cut off in fraction of stroke from 
beginning, I.P.. 7 7 

L.P at atl 
Double strokes of combined air and circu- 

ERB DAES FOREN), Sooo G00 00000 0000000000 0090 51.55 42.444 
: Starboard. Port. 

Temp. in deg. Fahr., steam at H.P. cyl. 364.0 363.4 
Temp. in deg. Fahr., injection.......... 63. 

discharge .. 114, =)99°5 
hot well 127.3 127.3 
WAL) Gocaoaoeb0ac0 127.3 127.3 
engine rooms, 

upper.. 146. 
lower.. 99. 

fire rooms, 
forward.. 127. 
@fLteTe. 1 134. 

Revolutions of blower per min., main 
OMI oascpoocco00s bod !0000apD OD uObobOS 450. 

Air pressure in in. of water, ash pis.... 1.074 
furnaces... -92 

H.P. cyl., mean pressure..............- 54.372 53.656 
EWmratiNereysletereteolevelefetelsanteiacsieleis 1,216.89 1,165.56 

He, Gib, mean DLESSULCaeeeeeCieeiiee 20.907 19.597 
Isl, gooaodoadcobdn o00G00 006 1,218.35 1,108.94 

Tees eye smMeanw PreSSUTC essere aiecls 16.236 16.267 
MpEGIE,  soovcoccoodo00DDDND00"n 2,261.75 2,200.00 

Aggregate equivalent mean pressure on 
ILE, TRON Gococcococ00ggngeeo0000000 33.7175 33.0855 

I.H.P. collective of each main engine... 4,696.95 4,474.50 
of both main engines.. 9,171.45 

of combined air and circulating 
NNT \GaoonuodesondeneodooESe 28.25 24.593 

eollective of air and circulating 
jonoeaqays ()) ceodovsaoocc0ceogan 52.843 

of all forced draft-blowers (4). 38.068 
of main feed pumps (2). 15.429 
of other auxiliaries ............ 14.856 
Ofmal auxiliaries terre cerettsrlet: 121.1962 
each main engine, air and cir- 

OWE TRUVEO) ooocaoaco0000 4,725.20 4.499.093 
both main engines, air and cir- 

culating pumps 9 224.293 
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I, B.P. total of all machinery in use.... 9,292.646 
Indicated thrust (I.H.P. main engines). 67,354.40 

per sq. in. of surface 
of thrust bearings... 59.31 

Cu. ft. swept per min. by L.P. piston, 
per I.H.P. of main engines.......... 6.73 6.87 

Bel ti OP IBIS, pe? ILISLIP, coenocccdcc00000 2.0462 
of cooling surface per I.H.P...... 1.5087 

I.H.P. of, all machinery in operation, 
px tes Oe CbSbooocsosedb ccc 0000 16.1938 

I.H.P. per ton of propelling machinery, 
poilershandiwatermerreeeeee eee 14.18 

Coal Consumption. 
Sawilts gO LsG ss sriNmuse ae cisseete ener ee eee ee een 573.84 

TAGS SAD USE crate ieee sate ee eee 19,015.36 
Kind and quality of coal used......... Pocahontas, good quality. 
Coal burned per hour, actual weight, lbs............ 272. 

ay Kb We Oe CHL, WSs cccc05 35,827 
ISLS MSsc00000 1.066 

per I.H.P. of all machin- 
Gan uleBn goucgubodcodaou 2.1815 

per I.H.P. of main engines, 
air and circulating 
pumps, and feed 
PUES, WK Goooaooccac0 2.194 

( To be continued.) 

German Torpedo Boats. 

There was recently launched at the Schichau shipyard 
at Elbing, the one hundredth torpedo boat constructed 
for the German Navy. The launching was a ceremoni- 
ous occasion, and it was the subject of much comment 
in the German press.. As showing the German view of 
such matters, we here publish a translation of an articie 
on the event from one of the leading German journals, 
as follows: 
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and lightness. The crew of one of the go-ton 
torpedo boats consisted usually of one naval 
officer as commander, one chief engineer, two 
junior officers, three assistant engineers, four 
sailors and four firemen. 
The adopted system in Germany at present 

consists of a rather large type of boats, very 
seaworthy and having a large radius of action 
and all built with a certain uniformity to each 
other. Other navies have, in addition to this 
class, a large number of smaller boats, with 
small radius of action, and which can only be 
used at local points for coast defense. In 1897 
a torpedo boat called the Turbinia was tested 
in England. This boat was fitted with Parson’s 
turbines instead of the usual reciprocating en- 
gines. It was believed at that time that 
Thornycroft had put Schichau out of the field 
with this boat, but this has not materialized. 

If at times one or two trial boats were oc- 
casionally ordered elsewhere, the German Navy 
has always returned to Schichau. The German 
torpedo boat fleet stands as a model to the 
whole world, and this is amply demonstrated 
by the numerous orders received by Schichau 
from foreign. nations. Up to the present time 
the Schichau yards have turned out 265 torpedo 
boats, of which 100 were for the German Navy. 
Altogether 674 vessels were launched at this 
ard. 
The new torpedo boat Stoo belongs to the 

new series Sgo to S1or, of which the first boat 
has made all its trial trips very successfully and 

July, 1900. 

Torpedo boats are divided into two classes— - 
pole torpedo boats and fish torpedo boats. The 
first-named variety first demonstrated their util- 
ity in the American war of thé rebellion. In 
those days the boats were very small and were 
called “Davids” after the Jewish king. The boat 
had a pole 30 ft. long attached to the bow, and 
a torpedo was placed at the forward end of 
this and was exploded by contact with the 
enemy’s vessel. During the above mentioned 
war the most notable event in the use of this 
type of boat was the attack which was made by 
Lieut. Cushing on the Confederate armored 
vessel Albemarle, Oct. 27, 1864, at three o’clock 
in the morning in the Roanoke River. The 
explosion of the torpedo tore a large hole in the 
Albemarle close to the water line, and she sank 
in a few minutes, but the torpedo boat was 
swamped by the column of water which was 
thrown up by the explosion. 

In the Turko-Russian war of 1877-78 two 
Turkish monitors were destroyed on the Danube 
River by a night attack of Russian pole torpedo 
oats. 

The first large torpedo boats were the armored 
American boat Spuyten Duyvel, built in 1865, 
and the English boat Vesuvius, both with a 
speed of 10 knots, and the German boat Ulan, 
all fitted with pole torpedoes. At the time of 
the Franco-Prussian war the German Navy had 
a number of pole torpedo boats, which had.a 
speed of only 8 knots and which were not 
brought into play at all. The first practical 
boats of both types were built at the English 
yard of Thornycrofts. In Germany the 
Schichau yard at Ebting had already built quite 
a number of boats for the Russian Navy since 
1877, when the German Admiralty made a com- 
parative test of the boats of all the well known 
builders. The superiority of the Schichau type 
as developed by their constructor, Mr. Tiese, 
was so pronounced that even in the British 
Navy it was given precedence under the name 
of “German type.” These torpedo boats were 
mostly 115 to 150 ft. long, with a draft of about 
6 1-2 ft., and a displacement of 85 to 144 tons, 
and were built of steel, combining strength- 

has proven itself seaworthy. The principal di- 
mensions are as follows: Length, 200 ft. ; beam, 
23 1-2 ft.; draft, 8 1-2 ft.: displacement, fully 
equipped, 350 tons. The average speed is 26 
knots in a long run. The twin triple expansion 
engines develop 6,000 I. H. P. The shop num- 
ber of the engines is 1878-79, and of the boilers 
2168-70. These may be simple figures, but to the 

initiated they represent an enormous amount 

of work, experience and success in ship and en- 

gine building, which no other concern in the 

world can approach. 
We wish the jubilee torpedo boat Sioo all the 

success and hope that it may bring honors to its 

builders and. satisfaction to the greatest of 

War Lords, His Majesty, the German Emperor. 

It will be noticed that, contrary to the usual European 

attitude, proper credit is given to the United States for 

the origin and early development of the torpedo boat. 

which, though crude when compared with present prac- 

tice, was effective in its way, and like our monitor, was 

the cause of many subsequent radical changes in naval 

construction the world over. The little sketch of tor- 

pedo work written by our German contemporary is very 

fragmentary and does not cover all the exploits of 

the torpedo. We have not attempted to embellish it, 

but to present it to our readers as originally written. 

The author, however, is not up-to-date on the develop- 

ments in turbine driven torpedo vessels, as the Tur- 

bina is now a back number when compared with the 

Viper and Cobra, which have been reeling off about 35 

knots lately on trial. It is interesting, also, to note that 

there is nothing small about the claims of our contem- 

porary as to the superiority of the German boats. We 

believe the United States have been often criticized 

abroad for the frequent use of superlatives, but appar- 

ently we have not a monopoly in this special field of 

mental activity. The reference to Emperor William 

represents also an interesting national view which would 

not, perhaps, find unqualified endorsement on other than 

German soil. 
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LAUNCHES—HOME AND FOREIGN. 

S. S. Larayvette.—The S. S. Lafayette, for the Pitts- 
burg Steamship Co., was launched at the Lorain, Ohio, 

shipyard, May 31. Instead of the usual bottle of wine 

being broken upon the christening of the vessel, the Jap-. 

anese custom of releasing a basket of doves was adopt- 

ed, this ceremony being performed by Miss Harriet 

Lauder, daughter of George Lauder, managing director 

of the Carnegie Steel Co. The vessel is a sister ship 

to the others for the same company named after well- 

known institutions of learning, the Princeton, Cornell, 

Harvard and Renssalaer. The vessel is of these dimen- 

sions: Length over all, 474 ft.; beam, 50 ft.;. depth, 

28 1-2 ft. She is designed to carry 7,200 gross tons of 

ore on 18 ft. draft. Her engines, of nearly 2,000 horse 

power, are of the quadruple expansion type of these di- 

mensions: 18 in., 26.34 in., 41 in., and 63 in. dia., and 

42 in. stroke. Steam will be generated in water-tube 

boilers of the Babcock & Wilcox type. 

S. S. James S. Wuitney.—The steel single screw 

freight steamship James S. Whitney, for the Metropol- 
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S. S. Monrrear.—There was recently launched from 

the yard of Swan & Hunter, on the east coast of Eng- 

land, a large twin screw vessel for the Atlantic trade 

of Elder, Dempster & Co. The vessel is named the 

Montreal, and is of these dimensions: Length, 470 it.; 

beam, 56 ft.; depth, 42 ft. 9 in. She is built to con- 

form to Lloyds’ highest 3-deck class. Special provi- 

sion is made for carrying beef on the hoof, the vessel 

having room for 750 head. The machinery will con- 

sist of twin triple expansion engines, with cylinders 22 

in., 37 in., and 61 in. dia., by 48 in. stroke. The dead- 

weight capacity of the new vessel is about 10,600 tons, 

and she will have a sea speed of about 12 knots. 

FERRYBOAT JOHN ENciis.—The steel hull of the 

ferryboat John Enghs, for service in the East River, 

New York, was launched at the Marvel shipyard at 

Newburg, N. Y., on Saturday, June 16. The vessel is 

of these dimensions: Length over all, 193 ft.; beam 

molded, 37 ft.; beam over guards, 62 ft. 6 in.; depth 

molded, 14 ft. 9 in. She will be fitted with her ma- 

chinery at the yard of the W. & A. Fletcher Co., Ho- 

boken, N. J. The engine will be of the beam type 

LAUNCH OF THE ONE HUNDREDTH TORPEDO BOAT BUILT BY HERR SCHICHAU FOR GERMAN NAVY.—See Page 300. 

itan Steamship Co., of New York, was launched June 

4, at the Harlan & Hollingsworth yard at Wilmington, 

Del. The vessel was christened by Miss Ruth Whitney, 

daughter of the president of the line. The vessel is of 

these dimensions: Length over all, 288 ft. 9 in.; beam, 

43 ft.; depth to awning deck, 29 ft. She is fitted with 

six water tight bulkheads, four hatches and eight side 

ports. The engines are of the triple expansion type 

with cylinders 29 in., 46 in. and 75 in. dia., and 46 in. 

stroke. Steam is supplied by four return tube boilers 

13 ft. long by 14 ft. dia., built for a working pressure 

of 175 lb. The deck houses are of lumber, with accom- 

modations for twenty-one sailors and firemen and 

twenty-three officers and passengers. 

S. S. Atrrep Mircuert.—The wooden freight steam- 

er Alfred Mitchell, 2,800 tons, was launched from the 

yard of Simon Langill at St. Clair, Mich., last month. 

with single cylinder 50 in. dia. and ro ft. stroke, built 

for a working pressure of 55 lb. of steam. The wheels 

will be of the radial type, 21 ft. 3 in. dia., with buckets 

8 ft. 6 in. long. 

S. S. A. B. Wotvin.—At the Globe Yard, Cleveland, 

Ohio, June 9, the S. S. A. B. Wolvin was launched. 

Mrs. H. G. Dalton performed the .ceremony of chris- 

tening the vessel. The vessel is of the full Welland 

Canal size, of these dimensions: Length, 256 ft.; beam, 

42 ft.; depth molded, 26 ft. On a Welland Canal draft 

of 14 ft. the vessel will carry 2,100 tons, and on an 18 ft. 

draft she will carry 3,600 tons. The machinery will be 

of the quadruple expansion type, with engines of 1,200 

I. H. P. and Babcock & Wilcox boilers. 

S. Y. Waturus.—At Leith, Scotland, the steam 

yacht Waturus, for the Archduke Stefan, of Austria, 

was launched recently. This pleasure vessel, which will 
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be very luxuriously fitted up, is of these dimensions: 

Length over all, 217 ft.; beam molded, 27 ft. 6 in.; depth 

molded to main’ deck, 16 ft. 2 in. She will have a 

single screw driven by triple expansion engines with 

cylinders 18 in., 28 in. and 49 in. dia., and 33 in. stroke, 

taking steam at 180 lb. pressure. She is built to con- 

form to Lloyds’ rules. 

S. S. Onrarran.—A new cattle carrying steamer for 

the Allan line in the Atlantic trade was launched in 

May at Port Glasgow, Scotland. This vessel was built 

under the rules of the British Corporation and was 

christened the Ontarian. Wer dimensions are: Length, 

385 ft.; beam, 48 ft. 6 in.; depth, 29 ft. 6 in., and dead- 

weight capacity about 7,000 tons. Her engines have cyl- 

inders 27 in., 43 in., and 72 in., by 48 in. 

S. S. Srerra.—The first of the three steamships or- 

dered by the Oceanic Steamship Co. was launched at 

Cramp’s shipyard, May 29. This vessel is named the 

Sierra, and will be put into service on the Pacific on 

the Oceanic Company’s route between San Francisco 

and Australia, touching at Hawaii. The S. S. Sierra is 

of these dimensions: Length, 400 ft.; beam, 50 ft.; 

depth, 36 ft.; displacement, 7,000 tons. 

S. S. Orrawa.—At the Bertram Shipyard, in Te 

ronto, Ont., the S. S. Ottawa was launched, May 23. 

This vessel is of Welland Canal size, package freighter, 

of the following dimensions: Length, 257 ft.; beam, 43 

ft.; depth, 25.6 ft. She will carry 7,000 bushels of 

wheat on a canal draft of 14 ft., and in deep water she 

will carry about 100,000 bushels. 

Tow Barce Bryn Mawr.—At the South Chicago 

Shipyard, South Chicago, Ill, the steel tow barge 

Bryn Mawr, for the Pittsburg Steamship Co., was 

launched June 12. She is of these dimensions: Length 

over all, 414 ft.; beam, 50 ft.; depth, 27 ft. She will 

carry 5.900 gross tons of ore on a draft of 18 ft. 

Barce INpDIANA.—The four masted barge Indiana 

for the Coastwise Steamship Co., of New York, was 

launched at the New England yard, Bath, Me., June 

2. Her dimensions are: Length, 237 ft.; beam, 43 

ft.; depth, 20.5 ft.; capacity, 3,000 tons. 

S. S. Harvarp.—The lake S. S. Harvard, for the 

Pittsburg Steamship Co. (Carnegie Steel interests) 

was launched into the Detroit River at the Wyan- 

dotte yard on May 21. The Harvard is 476 ft. long 

over all, with a capacity of 8,000 gross tons. 

S. Y. Kirrewan.—At Weller Bros. yard, Trenton, 

N. J., the S. Y. Kittewan, for, S. P. Wetherill, of 

Philadelphia, was launched last month. The yacht 

is a wooden vessel measuring 108 ft. over all, 16 ft. 

beam and 9 ft. hull. 

LENGTHENING S. S. Inpran.—Cutting a steamship in 

two and putting in new work to increase her length 

has become a familiar job now in practical marine con- 

struction. A very successful example of this was car- 

ried out lately at the Harlan & Hollingsworth yard, 

Wilmington, Del., when the S. S. Indian was cut and 

the ends pulled apart a distance of 4o ft. for the pur- 

pose of increasing her length by that much. After all 

the rivets had been cut at the forward end, which was 

carried on special cradles in dry dock, she was pulled 

out the required distance in about seventy-five minutes. 

The portion moved weighed about 350 tons. 
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PAINTS AND VARNISHES USED FOR THE PRES= 
ERVATION OF METALLIC SURFACES—II.* 

BY PROF, A. H. SABIN, 

There yet remains to be described one other impor- 

tant pigment—red lead. This is entitled to be placed in 

a class by itself, because it is intermediate between the 

paints which it resembles in being used mixed with oil, 

and the cements, which it resembles in its process of 

solidification. It is, in fact, a powerfully basic sub- 

stance, and combines chemically with the oil, forming 
an insoluble, hard, tenacious mass, in which the uncom- 

bined particles of the excess of lead oxide are impris- 

oned. This is what constitutes the protective film 

when a red lead paint is dry. Red lead is said by chem- 

ists to be a mixture of the peroxide and the protoxide 

of lead, the latter ingredient being the substance known 

as litharge. The peroxide is believed to be the charac- 

teristic ingredient. Red lead is made by a fire process 

in a suitably constructed furnace, and furnaces of dif- 

ferent construction, or even of the same plan but of dif- 

ferent dimensions, are said to give different products. 

At all events, it is well known that commercially pure 

red lead, composed of nothing but lead and oxygen, 

contains the peroxide in proportions ranging from 45 

to 90 per cent. The correct proportions of peroxide and - 

protoxide for making the best protective film are not 

known. Doubtless much of the uncertainty attaching to 

the use of red lead is due to this. 

Linseed oil, made from flaxseed, is the liquid part of 

ordinary oil paints. It is sometimes obtained by treating 

the seed with naphtha, thus dissolving out the oil, which 

is separated by distilling off the solvent for use again. 

Comparatively little oil is made in this way, most of it 

being made by extraction under pressure. The seed is 

coarsely ground, is then heated, sometimes by running 

a jet of live steam into the meal, sometimes by putting 

the meal into a steam-heated vessel; it is then, by a ma- 

chine, put into bags and pressed enough to make it take 

a suitable form, after which these bags are put into a 

powerful press and the oil is squeezed out. Moisture 

and other matters are of course mixed with the oil, and 

these are separated by allowing it to settle; it is at last 

filtered. This process of purification takes from one to 

three months, but even after this the oil improves for a 

long time by standing, during which some foreign mat- 

ters separate and settle out. 

Linseed oil possesses, in a higher degree than any 

other oil, the property of thickening rapidly on exposure 

to the air. This is not due to evaporation, but the con- 

trary; it absorbs and combines with oxygen from the 

air, and thus actually increases in weight, though it 

decreases in bulk. A paint made with raw linseed oil 

alone will dry so that it may be handled in five or six 

days, but, as this is a long time, it is thought necessary 

to treat the oil so that it may dry more quickly; that is, 

may absorb oxygen more rapidly. Oil so treated is 

called ‘boiled oil.” It used to be made by heating the 

oil over a direct fire in a kettle, and with this oil is 

mixed, by constant stirring, I to 3 per cent. of oxide of 

lead, either litharge or red lead, or both, and a small 

proportion of oxide of manganese. When the oil reaches 

* From a paper read before the Boston Society of Civil Engi- 

neers, and contained in the Journal of the Association of Hngineer- 

ing Societies, U.S. A. ais 
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a temperature of about 500° F. it dissolves these metallic 

oxides, entering into chemical combination with them: 

and, as these have a great attraction for oxygen, the 

resulting oil, which is much darker in color than it was, 

has also greatly increased drying powers, and paint 

made with it will dry in twenty-four hours. The dark 

color is due partly to the combined metallic substances 

and partly to heating the oil for a long time. 

It is believed that much more oil is present than can 

possibly combine with the small amount of metallic ox- 

ides, and that the product is therefore composed of a 

small portion of oil combined with the lead and man- 

ganese, dissolved in a large portion of oil, which is un- 

changed except that it has been darkened by heat. It 

has, therefore, become the custom of oil manufacturers 

to cook only a small portion of oil with the lead and 

manganese, and after these are dissolved they stir the 

product into a large quantity of raw oil at a heat about 

that of boiling water. The boiled oil thus made is 

-much paler in color than that made in the old way, and 

is said to be quite as good in every respect. It prob- 

ably is fully as good, and very likely better, being more 

nearly uniform. But oil made in this way varies ac- 

cording to the amount of oxides used, the proportionate 

parts of lead and manganese and the heat employed, so 

that boiled oil from different makers is always different ; 

varying much more than raw oil does. 

_The foregoing method is the one used by the large 

manufacturers, but the smaller ones frequently, per- 

haps it may be said commonly, buy their oxides of lead 

and manganese already combined with just enough oil 

to make a compound; about four pounds of oxide of 

lead will combine with a gallon of oil, but the product 

in this case will be a solid cake. In order to liquefy 

this it is common to dissolve it in about two and a half 

gallons of turpentine or benzine (or a mixture of the 

two), and this solution, which is a good example of 

what is called a ‘drier,’ and which measures less than 
four gallons, contains enough metallic compound to go 
into about fifty gallons of oil—the contents of a barrel. 

So the small manufacturer or dealer opens a barrel of 
raw oil, takes out four or five gallons, fills it up with 
this drier, which he has purchased from some one who 
makes a specialty of it, closes the barrel, and, after 
rolling it about a little to mix it, sells it for boiled oil. 
Such oil is said to be boiled through the bunghole, and 
is spoken of disrespectfully by the large manufacturers ; 
but those who follow this practice claim that such oi! 
is in every way equal to that made in a kettle. 

COMMENCEMENT AT Wesp’s AcADEMY.—Commence- 
ment exercises were held last month at Webb’s Acad- 
emy and Home for Shipbuilders, at Fordham, New York 
City, at which Andrew H. Green delivered an address 
on the life work of the late William H. Webb, founder 
of the institution. In his address Mr. Green referred 
to the splendid products of the Webb yard in New 
York in the earlier days of steam navigation. Not only 
were steam vessels for coastwise and ocean trade put 
out, but war vessels, which in point of equipment and 
speed far excelled those of the time. Among such were 
the General Admiral for Russia, and the Dunderberg, 
originally constructed for the United States Navy, but 
afterward sold to France. A dozen members of the 
graduating class received the diploma of the Academy. 
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IMPROVED APPARATUS. 

Electric Ventilating Fan. 

The electric disc fan has become established as.a 

lecal cooling device for summer use, but its ability is 

limited to merely stirring up a breeze. For the actual 

movement of air to or from buildings or through ducts 

a different type is required. The B. F. Sturtevant Co., 

of Boston, Mass., is now building a type of electric pro- 

peller ventilating fan such as is shown in the accom- 

panying illustration which meets the latter requirements. 

The fan wheel.is carefully designed to act against rea- 

sonable resistance and to move the air in lines parallel 

to the axis of the shaft. It is contained within a spe- 

cial circular frame casing which is conoidal in its form 

as it approaches the circumference of the wheel. This 

results in decreasing the resistance offered to the en- 

tering air. The frame carries a tripod support with 

annular centre within which is accurately placed and 

ELECTRIC VENTILATING FAN. 

centered a bi-polar motor, consisting of a circular field 

ring to which the pole pieces are attached. Extending — 

out from either side of the field ring is a yoke which 

contains the ring oiler bearings. The bearings are self- 

aligning and self-oiling, and fitted with composition 

sleeves, which are removable from the outer end of the 

boxes. Special light end casings with removable centers 

are provided, which when applied and bolted in place 

entirely enclose the motor, thereby protecting it from 
dust. 

Set of Packing Tools. 

A neat set of packing tools for engine room use is 
shown on page 304. They are made from tool steel, and 
are warranted not to bend or break when used in remoy-~ 
ing packing from stuffing boxes of main engines or aux- 
iliaries. In cases of emergency, where work has to be 
done in a hurry, a set of these tools will be found to 
be a great convenience. They are manufactured by the 
Mound Tool & Scraper Co., St. Louis, Mo. 

Semibronze Packing. 

The engraving of semibronze packing which is pre- 
sented herewith gives a good idea of the construction 
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and general appearance of this well known packing. As 

the name implies it is a combination packing combining 

advantages of both metallic and fibrous packings. The 

core, which is the foundation of the packing, is a lubri- 

cator reservoir, being composed of loosely spun asbestos 

thoroughly saturated with high grade cylinder oil and 

coated with pure foliated graphite. The covering over 

the core is composed of alternate strands of asbestos 

and flax all loosely spun and each braided over with an 

open net work of very fine semibronze wire. It is 

claimed the combination possesses the points that go 
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or boiler in place of the lower gauge cock. Under nor- 

mal conditions the water passes through the shank into 

the chamber A and fills this, thereby breaking the elec- 

tric circuit. Should the water fall below the level of the 

‘cock the chamber would be filled with steam, which, by 

raising the temperature of the air in the chamber C, 

would cause it to expand and force out the diaphragm 

D against the plunger P. This in turn would come into 

contact with the binding post B, and by closing the elec- 

tric circuit cause an alarm to be sounded at any distant 

point where it was located. If need be, more than one 

MOUND T. & S. CO. PACKING TOOLS. 

to make a very durable packing for piston rods, as it is 

self-lubricating and has a metallic covering that protects 

the fibers of asbestos and flax from being blown out of 

the stuffing box by the steam or water pressure, and the 

net work of fine wire being quite open allows the lubri- 

cator to flow readily to the piston rod. Among the ad- 

vantages claimed for semibronze packing are, that it 

will not scratch or groove the piston rods, that it re- 

quires no special care or attention in use, and that it is 

practically frictionless. Semibronze packing is now be- 

ing used by many steamship and railway lines, by the 

U. S. Government in several branches of the service, 

and also by some of the largest mills and manufacturing 

It is handled by the principal concerns in the country. 

CHARLESTON SEMI-BRONZE PACKING. 

alarm can be operated simultaneously, say one in the 

fire room, one in the engine room, and one in the chief 

engineer's office. Where a group of boilers is in opera- 

tion an annunciator is added, so that the particular boiler 

needing attention can be located. The circuit will re- 

main closed until water again fills the chamber A, when 

the air in chamber C cooling down will allow the dia- 

phragm to come back to its normal position. The spring 

on the plunger P will then act and break the contact 
with the binder post, thus opening the circuit. Suitable 

switches can be placed in circuit so that the alarm bell 

can be cut out after it starts ringing until such time 

as the contact is automatically broken again in the try 

cock. The try cock is supplied with bell, batteries, etc., 

TESS 
VY Power, N.¥ 

ELECTRIC ALARM ‘TRY COCK. 

supply dealers, and is manufactured by the Charleston 

Metallic Packing Co., Charleston, S. C., which has a 

branch office at 32 Oliver street, Boston, Mass., to which 

address requests for samples should be sent. 

Electric Alarm Try Cock. 

A device for sounding a low water alarm has been 

brought out under the name of the Mathews electrical 

alarm try cock. A section view of this is here shown. 

The patent try cock is screwed into the water column 

ready for immediate connection. It is manufactured 

by the Electric Boiler Protection Co., 39 Cortlandt 

street, New York. 

Gear Cutting Machine. 

In the engraving the Becker-Brainard 18 in. automatic 

gear cutting machine is shown, with countershafts. This 

machine is adapted for cutting spur, bevel, and worm 

wheels, and is automatic in all its movements. All the 

details are most carefully worked out. The dividing 
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wheel is finished with microscopic accuracy, and it is ac- 

tuated by a steel worm with compensating devices for 

maintaining the original accuracy. It is protected by a 

close fitting shield, and the worm runs in an oil box. 

Among the features to facilitate accurate work are the 

centering device, which fixes the exact center of the 

cutter without reference to the position of the knee or 

other parts; the dial reading to thousandths of an inch, 

connected with the elevating screw and permitting the 

setting of the cutter to the correct depth without the 

use of separate depth gauges; also possible special ad- 

justments of the cutter carriage for setting it at various 

angles. The automatic feed is arranged so that the feed 

cones and feed belt run always in one direction though 

feeding both ways as needed., The cutter spindle has a 

long taper center hole to receive the cutter, allowing a 

wide range of sizes to be used. , It is also provided with 

an outer center support giving great steadiness in work- 

ing. To admit of ready disconnection of the automatic 

devices, for examination of the work or operating the 

machine by hand, a radial clutch is placed on the feed 

screws. In the body of the machine the change gears 

are conveniently placed in a wooden case. With each 

machine an overhanging removable arm and a center 

with dog attached are supplied, and if desired a rack 

cutting attachment can be furnished. The maximum 

size of work which this machine will handle is: Dia- 

meter of cut, 18 in.; width of face, 4 in.; length of feed, 
Yao arest- 

BECKER-BRAINARD GEAR CUTTER. 

6 3-4 in. The machine is also made in larger sizes, 24 

in. and 36 in. Additional details can be had from the 

manufacturers, the Becker-Brainard Milling Machine 

Co., Hyde Park, Mass. 
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Acetylene Search Light. 

In boats which are not fitted with electric lighting 

equipment an acetylene search light is a very effective 

substitute for the electric projector. The light illus- 

ACETYLENE SEARCH LIGHT, 

trated has been specially designed for mariné uses. It 

is self contained and requires no separate apparatus for 

generating the gas. The construction is very simple. 

the body of the searchlight being a bowl-shaped recep- 

tacle containing the reflector. The front of this recep- 

tacle consists of a glass cover suitably hinged so as to 

be opened for lighting the burner. To the back of the 

searchlight body the gas generator is directly attached. 

It is made ornamental in appearance and is nickel plated. 

All the trimmings of the searchlight are nickeled, while 

the stand and body are finished in black enamel. For 

manipulating the light from within the pilot house there 

is a segment of a gear attached to the body of the 

searchlight, and in this a small pinion engages. This 

pinion is connected with a small hand wheel within the 

house, and imparts a rocking motion to the searchlight. 

Horizontal motion is imparted by means of a larger 

hand wheel. When it is desired to direct the light froro 

the deck the handling gear is dispensed with and the 

operator simply moves the searchlight itself in the re- 

quired direction. This searchlight is manufactured by 

the Carlisle & Finch Co., 231 East Clinton avenue, Cin- 

cinnati, Ohio. 

Compound Duplex Plunger Pump. 

The pump here shown is especially designed for sup- 

plying marine boilers. It is very heavy, carefully made 

and constructed of the best materials. It is of the du- 

plex type with tandem compound steam cylinders. The 
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pump is of the double plunger “trombone” pattern, in- 

fended for working against high pressure for long 

periods without repairs. The plungers are of hard 

bronze and the stuffing boxes bronze lined. Plunger 

pumps especially under high pressure. have certain ad- 

vantages Over piston pumps. They are very durable, 

the only wearing part of the pump being the packing 

of the stuffing boxes.’ No leak cai occur without its 

being seen, and it is easily stopped by setting the pack- 

ing. The piston rods do not enter the pump cylinder, 

and are therefore not exposed to the action of the water. 

The valves are arranged in “pots” so as to be readily 

accessible by taking off the cover. The valve seats are 

of bronze, screwed into the casting against a shoulder in 

such a manner that they cannot work loose. ‘Tne valves, 

valve seats and valve stems are of bronze. The piston 

rods between the high and low pressure cylinders are 

fitted with automatic adjustable metallic packing that 

These pumps are manutac- will always remain tight. 
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for ship use at the present time. It is compact, meas- 
uring only 20 in. by 20 in., and is exceedingly strong 

and durable. It is made with a projecting rim on the 

inside to prevent splashing, and has nickel plated brass 

leg, spout, soap cup, plug, coupling, stopper and chain, 

and patent economic heater. This heater has steam and 

water connections, so that the supply can be made hot 

or cold as desired by a simple manipulation of the cocks. 

It will be noticed, too, that this lavatory is moulded in 

one piece, so that the objectionable joint between the 

back and the slab is got rid of. The attention to detail 

is shown in the wall fittings, which are also of improved 

form. The towel rack has serrated arms, so that the 

towels will not slip with the motion of the ship, and 

also has springs to hold the arms in position wherever 

they are placed. The glass holders are fitted with 

springs, thus preventing rattling at sea. The water 

closet shown is known as the “Wilmington,” and rep- 

resents a rougher class of fitting, for the use of seamen 

LESAN COMPOUND DUPLEX PLUNGER MARINE PUMP. 

tured by Dean Bros., Steam Pump Works, Indianap- 

olis, Ind. 

Todern [larine Plumbing. 

In vessel equipment there has, probably, been greater 

adyancement made in the construction of sanitary appli- 

ances in recent years than in any other ship fittings. 

Special attention has been given to this subject by the 

J. L. Mott Iron Works, and as a result the artistic pro- 

ductions of their designers have been extensively in- 

stalled on war vessels, transports, liners, yachts, and 

harbor vessels of every description. Experience has 

taught that enameled iron or porcelain baths or lava- 

tories will not remain in good condition for any length 

of time on shipboard, and thus it has come about that 

the material styled “imperial porcelain” is used almost 

exclusively by this company for the better class of fit- 

tings. On an adjoining page we show some recent de- 

signs put to the test of practical service. The “Im- 

perial Porcelain Lavatory” is one of the most popular 

or firemen. It is made of enameled iron, with hard 

wood seat and with brass non-hammering, slow closing 

valve. It is very strongly built, and is so simple that 

it cannot be easily damaged or get out of order. Such 

closet is sent out with a brace for securing it to the 

deck and a connection to the hopper. This closet was 

designed to replace the usual troughs, and it has been 

fitted in the U, S. gunboats Nashville, Wilnungton, and 

Helena, and also on the U. S. battleships Kearsarge and 

Kentucky. In the engraving of the “Three Way Valve” 

there is shown a most convenient connection for matine 

plumbing. By nieans of this valve in connection with a 

heater, hot or cold water is delivered to the bath, lava- 

tory, or shower, as required. It is so constructed that 

while directing the water to any one fixture, it cannot be 

turned so as to shut the water off entirely. This is an 

important feature, as it prevents the water in the heater 

from being so shut in that it cannot expand. In addi- 

tren to the fixtures here shown, an immense variety is 

carried in stock by the manufacturers, The J. L. Mott 

Iron Works, 84-90 Beekman street, New York. 
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N older days of the publishing business the 

Circulation Fakir was re.ied upon chiefly 

to draw public attention to his employer’s pub- 

lication. More wholesome methods have made 

this office obsolete, though in some unprogres- 

sive cases traces of his functions remain. In 

present days publications which appeal to popu- 

lar taste have sought to draw attention to them- 

selves by the employment of the Inventor, who 

is an up-to-date substitute for the Circulation 

Fakir. This type of Inventor is not content to 

produce some article or process of real value, 

secure patent rights, and then endeavor to bene- 

fit mankind, and incidentally enrich himself, in a 

business like, practical way. On the contrary 

he is usually a cerebrose individual, with a mis- 

sion; a-bombastical genius who has illumed un- 

known fields of imaginative science with his in- 

tellectual searchlight and is willing to permit 

the gaping world of ignorance or complaisance 

to peep in and wonder, some credulous editor 

drawing the curtain. The most: brilliant ex- 

ample of the handiwork of such an individual, 

which has come to our notice recently, is ex- 

hibited in the June edition of The Century Maga- 

zie, published in New York. in the shape of an 

article—-a “preachment” would sound more lit- 
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erary like—entitled “The Problem of Increas- 

ing Human Energy,” by one Nikola Tesla. 

This dazzling contribution to modern unscien- 

tific research reads like nothing so much as an 

essay on Christian Science, so profound is it in 

the ambiguous nothingness whereby it leads 

through the intricacies of incoherency unto the 

climax of absolute assininity. This climax is 

reached for us in the following statement ex- 

cerpted from page 108 of the June Century: 
Steamers and trains are still being 

propelled by direct application of steam power 

to shafts or axles. A much greater percentage of 

the heat-energy of the fuel could be transformed 

in motive energy by using, in place of the 

adopted marine engines and locomotives, dy- 

namos driven by specially designed high-pres- 

sure steam- or gas-engines, and by utilizing the 

electricity generated for the propulsion. A gain 

of from fifty to one hundred per cent in the 

effective energy derived from the coal could be 

secured in this manner. 

It is no doubt beyond the comprehension of 

the literary gentlemen who publish The Century 

Magazine to understand that progress in marine 

propulsion is slow, very slow, and that there is 

nothing in the entire domain of scientific re- 

search that promises any hope of being able to 

transform a much greater percentage of the 

heat energy of fuel into motive energy by em- 

ploying dynamos driven by specially designed 

high pressure steam or gas engines. It is to 

be expected, however, that as those responsible 

for the statements made in what has been con- 

sidered one of the foremost literary magazines 

of the country, they should appreciate their lack 

of expert knowledge and by procuring suitable 

editorial assistance safe-guard their readers, 

the reputation of the magazine, and their own 

sense of right. Under the circumstances we 

most unqualifiedly pronounce the statement 

here reproduced from The Century Magazine, 

regarding marine propulsion, as a crude and 

ignorant fake. It is a question whether such 

silly stuff deserves any serious recognition, but 

for the benefit of those who might invest money 

to further some such project as the application 

of electric generating sets to the direct propul- 

sion of vessels, we have invited one of the fore- 

most living authoritieS in marine construction 

to reply. This reply, written by William F. 

Durand, of Cornell University, will be found 

elsewhere in this issue. It is simply a plain 

statement of scientific truths and the possibili- 

ties of the art of vessel construction divested of 
all mathematical complications, so that even the 
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‘untechnical reader can readily comprehend it. 

We commend it to the serious attention of those 

in whom the wish is father.to the thought, that 

in some way, by the genius of some poor, mis- 

erable human atom, the majestic forces of 

nature will be cheated of their indivisible and in- 

alienable rights. 
SN 

EFORE the adjournment of the Fifty-sixth 

Congress provision was made in the Na- 

val Appropriation bill for the purchase of armor 

plate. This clause was in the nature of a com- 

promise between those who take a rational 

view of the armor plate question and the advo- 

cates of a Government armor plate mill. By 

its terms the Secretary of the Navy is author- 

ized to contract for armor plate for all the ar- 

mored vessels authorized by Congress, some 

of which are now under construction, provided 

that, in his judgment, the price asked by manu- 

facturers is a reasonable one. If, on the con- 

trary, he believes that the price quoted by bid- 

ders is excessive, he is directed to establish a 

Government armor plate mill, for which pur- 

pose the sum of $4,000,000 is made available. 

Following upon the passage of the appropria- 

tion bill the Navy Department has issued a cir- 

cular calling for bids on 31,000 tons of Krupp 

armor, 3,600 tons of Harveyized armor and 

1,150 tons of nickel steel armor. This is for 

the purpose of completing those armored ves- 

sels building or projected, for the protection of 

which no provision had hitherto been made. 

These vessels are as follows: Battleships U. 

S. S. Maine, U.S. S. Missourt, U. S. S. Oluo, U. 

S.S. Pennsyluama, U.S. S. New Jersey, U. S.S. 

Georgia, U. S. S. Virgima and U.S. S. Rhode 

Island; armored cruisers, U. S. S. California, 

U.S.S. Nebraska, U. S. S. West Virgima, U.S. 

S. Maryland, U. S. S. Colorado and U. S: S. 

South Dakota; protected cruisers, U. S. S. St. 

Louis, U.S. S. Milwaukee and U.S. S. Charleston. 

The last named is to replace the warship of the 

same name lost off the north coast of Luzon, 

P.{. Only three of these vessels are now un- 

der construction, the battleships Maine, Missouri 

and Olio. Of the others, those authorized by 

the Naval Appropriation bill of March, 1809, 

could not be contracted for owing to a clause 

in the bill which prevented the letting of con- 

tracts for the vessels until the armor had been 

provided for them. Thus Congress effectually 

delayed the construction of these ships a twelve- 

month. We wonder is it any consolation to 
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those who thus blocked our naval progress or 

preparedness to read the news of impending 

troubles in China, which may eventually make a 

greater call on our naval resources than the 

Spanish war did. However, at the eleventh 

hour, as it were, Congress seems to have real- 

ized the undignified, even childish, position it 

had taken on this question, and not only gave 

the necessary authorization for the purchase of 

armor, but added to the list of vessels provided 

by the previous Congress, and agreed upon an 

expenditure of about: $60,000,000 in all on the 

navy. Though the present shipbuilding pro- 

gramme is a large one, it is not so, relatively, 

when the advances of foreign nations in naval 

construction and the rapid growth of our for- 

eign trade are considered. There is cause for 

thankfulness, however, that the armor plate 

_ bogie has been frightened off, and that a fresh 

start has been made in our naval construction. 

There is, of course, a great weight of responsi- 

bility now resting upon Secretary of the Navy 

John D. Long to decide whether or not the 

armor plate contracts will be given to private 

bidders. The placing of contracts which call 

for the expenditure of several million dol- 

lars of the people’s money would, under any cir- 

cumstances, be a great responsibility, but in 

this instance the Secretary is invested with al- 

most judicial powers and responsibilities. He 

must look at the question from many points of 

view. One point that should be always kept in 

sight is that the price paid private contractors 

is for accepted armor, armor that in every re- 

spect conforms to specifications. All defective 

plates, all wastes, all failures in manufacturing 

processes are at the expense of the contractor. 

The quality of contractors’ armor is real, it has 

been proven by actual test, while the quality of 

plate produced in a Government mill is specula- 

tive or imaginative. As a common sense bust- 

ness proposition, is it likely that ‘the Govern- 

ment could secure the services of qualified ex- 

perts in its mill, where work would be carried on 

only intermittently, as against private employ- 

ers, whose works are continuously in operation, 

not, perhaps, in the production of armor plate, 
but in many other metallurgical processes? 
There is also the all-important question of date 

of deliveries, for until the Government works 

could turn out satisfactory plates all additions 
to our real fighting squadrons would be at a 
standstill, while in the case of private contract- 
ors immediate deliveries are possible. 
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Loss of Cunard S.S. “Carinthia.” 

We here present a photograph of the fine freight 

steamer Carinthia, late of the Boston service of the 

Cunard line, which went ashore at Point Gravois, Haiti, 

as reported in our last issue. Latest advices from 

there are to the effect that the vessel is in a bad way 

and the chances of saving her are very remote. Sev- 

eral of her crew, officers and men, recently passed 

through New York on their way home to Liverpool 

from the wrecked vessel. The mishap occurred while 

the Carinthia was on her way from New Orleans to 

Cape Town with a consignment of mules for the Brit- 

ish Army in South Africa. As the photograph shows, 

the Carinthia had a very pleasing appearance, better in 

fact than that presented by many passenger boats. She 

was an exceptionally strong vessel, too, having been de- 

signed in accordance with Lloyds too Ar class with 

extra strengthening at the bilge and topsides. She had 

a good record for economy, having a gross tonnage of 

about 5,600 tons and dead weight capacity of 7,500 tons, 

and averaging a consumption of 63 tons of coal per 

day in regular service. 
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EDUCATIONAL DEPARTMENT. 

HELPS FOR CANDIDATES FOR MARINE EN- 
GINEERS’ LICENSES—FIREROOM—II. 

BY DR. WILLIAM FREDERICK DURAND. 

ROUTINE AND MANAGEMENT. 

Water-tending. The care of the water is the most 

important and responsible of the duties in the fire-room. 

The ideal is to keep the water regularly flowing inward 

through the check-valves at about the same rate as it 
is flowing outward as steam through the steam pipe. 

This requires constant watch and adjustment of the 

valves, closing down where it is entering too rapidly 

and opening up where it is entering too slowly. In- 

stead of this method it is often the custom to put the 

feed on strong first to one boiler and then another, in 

order, according to the firing, feeding the boiler up 

when the fire is at its best, and shutting dows 

when it is freshly coaled. The steady and uniform 

feed is, however, better because it approaches more 

nearly to a uniform condition of the boiler, especially 

on the water side. 

\ 
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BROADSIDE VIEW OF THE CUNARDER FREIGHT S. S. CARINTHIA (BOSTON ROUTE) WRECKED AT POINT GRAVOIS, HAITI. 

While bound West on May 22, the American liner 

New York broke her port outboard shaft, and the A 

frame being unable to carry the weight of the tail 

shaft and propeller broke and both were lost. The 

mishap occurred without any warning, and the auto- 

matic device with which the engines are fitted in- 

stantly brought the gear to mid position and prevented 

a probable repetition of the mishap to the Paris some 

years ago. Steam was crowded on the starboard en- 

gine and the remainder of the vovage was made at 

about 15 knots rate, the liner reaching New York, May 

28. It was first intended to send her across for re- 

pairs, as the spares were at Southampton, but a care- 

ful examination of the starboard engine revealed symp- 

toms of weakness in the crank shaft and the vessel was 

sent to Newport News for an overhaul. 

The position of the water is determined, of course, 

from the water gauge and cocks. It is necessary, of 

course, that the gauge and its connections be clear of 

any obstruction in order that the height of the water 

may be properly indicated. To make sure that every- 

thing is clear the gauge glass and connections are blown 

through by the “double shut off” method as follows. 

In Fig. 1 G represents the glass, A the trip cock, B and 

C the cocks connecting to the stand, and D and E& those 

connecting the stand to the boiler. First, B and E are 

closed, and A is opened. If steam blows through it 
shows that 4 GCD are clear. Second, C and D are 

closed and A is opened. If water blows through it 
shows that A B E are clear. The action of the water in 

the glass will usually show to an experienced eye 

whether or not the connections are clear. If the water 
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is lively and follows the rolling of the ship it is a good 

indication that the passages.are clear. Otherwise it in- 

dicates that an obstruction exists which must be sought 

out without delay. In the meantime the water cocks 

are relied upon, and in fact many experienced water 

tenders prefer the indications of the cocks to those of 

the+glass, while they should in all cases be freely used 

as a check on the glass. To those without experience, 

however, the glass is less apt to be misleading. The 

indications of the water cocks are sometimes difficult 

to interpret, because frequently it is not easy to tell 

whether water or steam is blowing off. With high pres- 

sure steam especially, a jet of water issuing at a tem- 

perature of 350 deg. to 400 deg. is instantly surrounded 

with a shell vapor formed by the vaporization of part 

of the jet. Furthermore, if the water in the boiler is in 

active ebullition near to the surface so that the jet would 

be drawn from a mixture of steam and water, then on 

issuing it becomes practically a jet of moist steam. On 

the other hand if the water is well below the cock so 

that the jet would be drawn from steam alone or from. 

moist steam, then on issuing it will become dry and 

usually super-heated. It is also a fact, especially with 

water-tube boilers, that due to a kind of lifting action, 

a cock will often discharge moist steam or a mixture 

of water and steam, even if the water level is some- 

what below the mouth of the cock. It is hence readily 

seen that the indications from the cocks must be in- 

terpreted with judgment, and that some experience is 

necessary in order to always draw correct conclusions 

from them. It is often difficult to distinguish between 

an empty glass and one entirely full. In order to make 

sure close the cock B, Fig.1, and slightly open A. If 

the gauge is full of water the surface will gradually 

descend, first coming into view in the top of the glass 

and then passing out of view at the bottom. If then 

A is closed and B is slightly opened, the water wiil 

rise again in the glass and pass out of view at the top. 

Blowing Off. Blowing off boilers to reduce the con- 

centration or density of the water is now rare in good 

practice. Instead of reducing density by introducing 

MARINE ENGINEERING. 310 

sea-water for feed make up, evaporators are installed 

for providing fresh water make up, or for short runs 

additional fresh water is often carried in spare tanks 

provided for the purpose. 

In modern practice the purpose of blowing off is (1) 

to get rid of mud or slush in the bottom of the boiler 

or in the special mud drums of a water-tube boiler, and 

(2) to get rid of oil and scum at and near the surface 

of the water. For the former a button blow or special 

mud cock is required, while for the latter the surface 

blow is used. In ordinary experience on deep sea voy- 

ages where evaporators or other fresh water make up 

is provided, the use of the surface blow is all that is 

needed to keep the water in good working condition. 

It must not be forgotten that the use of the blow-off 

means a direct loss of heat, and hence it should be used 

with discretion, and no more frequently than is needed 

for the purpose in view. An idea of the condition of 

the water in the boiler near the surface may be obtained 

by drawing off a little water from a cock fitted into 

the surface blow pipe, or from a gauge cock fitted di- 

rectly to the boiler. The water being allowed to cool 

and settle, is then poured into a glass jar, when its con- 

dition is readily noted, and the need of using the blow 

determined. 

It may be well to speak at this point of the proper 

method of testing, from the outside, the correct posi- 

tion of a plug cock handle for “closed” and for “open.” 

Instances have been known where there was no mark 

on the head of the plug, and the handle becoming bent 

or being wrongly placed, the cock was left shut when 

it was supposed to be open, or open when supposed te 

be shut, with the possibility of most serious conse- 

quences, especially in the latter case. 

A careful examination of the cock, sided if need be 

by placing the ear to the chamber, will sutfice to tell 

whether or not the cock is open and water or steam 

passing through. Then the cock being open let it be 

turned in one direction until it is just closed, and then 

back in the other direction until it is closed again. Halt 

way between these two positions it will be wide open, 

and at right angles to the latter position it will be full 

shut. 

Taking the Saturation of Testing the inact of the 

Water.—The density ofthe water is determined by the 

use of a hydrometer or salinometer as it is often termed. 

Under modern conditions where evaporators provide 

fresh water make up, the density rises but slowly, and 

it is usually only necessary to observe its value once or 

twice a day. It is usually not allowed to rise above two 

or two and one-half. 
Disposal of Ashes.—For the disposal of ashes twa 

chief means are in use. According to the older method 

they are sent up and disposed of through an ash chute 

leading overboard and down the side of the ship to the 

water, and this method is still extensively used in large 

and deep ships. In the more modern system they are 

disposed of from the fire-room direct by means of an 

ash ejector. In either system it is usually sufficient to 

dispose of the ashes once in a watch, and they are col- 

lected, wet down and either hoisted in buckets or shov- 

eled direct into the ash hopper usually between 6 and 7 

bells. 

Cleaning of Fires—The routine working of fires 

spoken of above will suffice to keep them in fairly good 
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condition for several hours, provided the coal is of 

fairly good quality. It usually becomes necessary, how- 

ever, to give to each fire from time to time a more thor- 

ough cleaning than is possible in the manner previously 

referred to. Lo this end the fire should be taken when 

partly burned down, but not too far lest there be noth- 

ing left after cleaning on which to build up again. One 

side may be cleaned first, working the good coal over 

to the other side, separating out the clinker and ashes, 

and hauling out the latter. Then similarly with the 

other side, working the good coal over to the side first 

cleaned and pulling out the clinker and ash. The live 

coal is then spread over the grates fired lightly, and 

so brought up again into regular condition. In some 

cases there is so little left after a thorough cleaning 

that live coal must be borrowed from another furnace to 

save the fire. Only judgment and experience can de- 

termine the best point at which to clean a fire so as to 

insure the minimum loss of heat, and at the same time 

have enough coal left to nicely build on again. Some 

engineers prefer to burn the fire almost completely down 

to the ashes and clinker, and then pull the entire con- 

tents of the grate out and start afresh. This method, 

however, chills the furnace and more seriously inter- 

feres with the operation of the boiler, and is not to be 

recommended. It must of course not be forgotten that 

heat is lost with the clinker and ashes withdrawn, and 

the general operation should be so conducted as to keep 

this loss down to the minimum possible. 

Under usual conditions the fires will need cleaning in 
this way at intervals of from 12 to 16 hours, or at least 

once a day. 

INTERNATIONAL STEAMSHIP Co.—There is 

process of organization on the Great Lakes a new 

steamship company, whose operations will be closely 

watched by maritime interests, both lake and coast. 

This company is styled the International Steamship Co. 

In anticipation of its organization a contract was made 

in April last with the American Shipbuilding Co. for 

the construction of six vessels as a nucleus of this line. 

These vessels. include three steamers and three tow 

barges. Two of the steamers and two tow barges will 

be in commission by Oct. I, next, and will be operated 

for the remainder of the season in the Duluth-Montreal 

trade. Just before the close of lake navigation they will 

be sent to the Atlantic Coast to engage in the coastwise 

or deep water trade, according as business demands. 

The vessels are all of the full Welland Canal size, of 

these dimensions: Length, 256 ft.; beam, 42 ft.; depth 

moulded, 26 ft.; maximum load draft, 18 ft. On the 

Welland Canal draft of 14 ft., the steamers will carry 

2,100 tons, and the barges 2,400 tons, and at the 18 ft. 

draft the figures are: Steamers, 3,600 tons; barges, 3.900 

tons. The steamers will be equipped with quadruple ex- 

pansion engines and independent auxiliaries and B. & W. 

water tube boilers. The maximum horse power will 

be 1,500 1. H. P. The hulls of these vessels will be con- 

structed on the usual transverse system with the main 

deck beams all in place but no laid deck. They will 

have water bottoms, 4 ft..deep, and in the steamers the 

machinery will be at the extreme after end, in the usual 

lake style. Screen bulkheads through the cargo spaces 

will be made water-tight, and arrangements will be made 

for carrying water ballast in the cargo compartments 

-when the vessels are running light. 

now in 
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ENGINEERS’ DICTIONARY.—XXIX. 

Moist Steam—Steam in which there is suspended 

a certain proportion of water in the form of fine mist. 

The steam given by the average boiler is slightly moist, 

the proportion of water very commonly running up to 2 

Or 3 per cent., and even more in some cases. The 

term quality of steam has reference to the proportion 

of water. Thus steam with a quality of 21-2 per cent 

means moist steam containing 21-2 per cent of water. 

Monkey-Tail-Valve—A name sometimes given to a 

valve which admits high pressure steam into the low- 

pressure cylinder of a compound, or the intermediate 

cylinder of a triple or multiple expansion engine. The 

purpose of such admission is to aid in starting the en- 

gine when the high pressure cylinder is on the center. 

In modern times they are more commonly known as 

passover or starting valves. 

Mud-Box or Drum—A box or drum frequently fit- 

ted on water-tube boilers, and usually connected to or 

forming a part of the lower or feed drum. . Its purpose 

is to form a place in which mud and scale may collect, 

and from which it may be removed by blowing or by 

femoval from time to time through an appropriate 

hand-hole or like opening. See also under Boiler. 

Natural Draft or Funnel Draft—Draft which is’ 

due simply to the funnel, and unassisted by fans or jets 

or other means for forcing or mechanically producing 

a draft. 

Nominal Horse Power—A term used in the earlier 
days of marine engineering to indicate approximately 

the power which might be expected from a given en- 

gine. It was based upon an assumed set of conditions 

of operation, and was found by an arbitrary rule in- 

volving these conditions and certain dimensions of the 

engine. Watt used the following rule for nominal 

horse-power: 

Power=area of piston multiplied by 896 mul- 

tiplied by ,%/stroke, and divided by 
33,000, 

The Admiralty rule was: 

Power=area of piston multiplied by speed of 

piston multiplied by 7, and divided by 

33,000. 

While a later mercantile rule was: 

Power=(diam. of piston in inches)? divided 
by 30. 

The term is still used abroad by marine engine build- 

ers, to some extent, for commercial purposes. 

Non-Return Valve—A general name for a class of 

valves opening freely and allowing a flow of liquid 

vapor or gas in one direction, but closing automatically 

and preventing any return flow in the opposite direc- 

tion. Feed check valves, pump inflow and delivery 

valves, etc., are all examples of non-return valves. 

Oil Groove.—A groove or small channel cut in the 

surface of a bearing, and intended to furnish a way 

whereby the oil may become distributed from the point 

of supply to the different parts of the bearing as needed. 

Oil Hole.—A small hole or channel leading from 

some convenient external point to the surface of a 

bearing, and through which oil may be introduced as 

required, 
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TECHNICAL PUBLICATIONS. 

A Manuva or Nava Arcuirecture. By Sir W. H. 

White, K. C. B., Director of Naval Construction, 

Admiralty, London. Fifth Edition, 1900. New 

York, D. Van Nostrand Co. Size 6 by 9 1-2 in. 

Pages 731. With 176 figures. Cloth, $9.00. 

This edition of White's Naval Architecture seems to 

be the same as that of 1894, with the addition of two 

pages of matter distributed between pp. 166 and 176, 

and relating to the influence of bilge keels on rolling. 

So far, therefore, as a review of new matter is con- 

cerned, it would be only necessary to refer to these addi- 

tions to the chapter treating of the rolling of ships. 

This book, however, has justly attained to so high a 

place in the estimation of the marine public, that it may 

not be without interest to examine it briefly as a whole, 

and as it now stands. 

In the author’s preface it is stated that the book has 

from the first been chiefly written for the use of officers 

of the naval and mercantile marines, and as an intro- 

duction for students of naval architecture to more for- 

mal and mathematical treatises. It was also expected to 

serve as a book of general reference for naval architects, 

ship-builders and marine engineers. The plan thus laid 

down by the author has been consistently followed from 

the first, and the work as a whole is therefore descrip- 

tive and general rather than formal and complete in 

any one branch of the subject. The purpose of the au- 

thor has apparently been to give an intelligent idea of 

the nature of the more important questions and topics 

which come up for consideration in connection with the 

design, construction and propulsion of a ship, but with- 

out going into the detail of methods for actual or quan- 

titative computation, except incidentally or for roughly 

approximate purposes. Thus, while displacement, tons 

per inch, and like geometrical properties are described 

and illustrated, no methods are given for their actual 

computation. Similarly with the subject of stability, a 

general and elementary exposition is given of the the- 

ory with a large amount of, illustrative matter, but with- 

out reference to detailed methods for its computation 

under any given set of conditions. Again, in the dis- 

cussion of the screw propeller, the theory is developed 

in some detail, various experimental investigations are 

described, and a large amount of general information 

js given in a very interesting and instructive manner, 

put without rules or methods for actually designing or 

proportioning a propeller to meet the requirements of 

a given case. Again, the theoretical development is 

throughout quite abridged, and the student will note 

the omission of many points presumably not considered 

necessary for the purposes of the author. These points 

are referred to not in criticism, but simply to show from 

what standpoint the author has carried the work 

through. 

As a whole the book is divided into eighteen chap- 

ters, and due to the limitation of space only a passing 

reference can be made to some of the more important 

features of these sub-divisions of the work. 

In Chapter I the general subjects of displacement, 

-bvoyancy, and the fundamental theory of a floating 

‘body are taken up. Loss of buoyancy by the flooding 

of compartments and sub-division by bulkheads are 
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also considered, and an interesting historical summary 

is given of the subject of load-line and freeboard legis- 

jation and rules. 

In Chapter II the subject of tonnage is treated quite 

fully, both historically and with reference to the va- 

rious points involved in the subject as determined by 

the present existing laws and regulations. Chapter III 

is devoted to the subject of the statical stability ef ships, 

as referred to in the foregoing introductory remarks. 

Chapter IV is devoted to the subject of the oscilla- 

tions of ships in still water. 

tary theory is given in a general or descriptive manner, 

while the subject of the influence of bilge keels is con- 

sidered in some detail. It will be remembered that ex- 

periments on British hattle-ships of the Royal Sovereign 

class showed that the effect of bilge keels was enor- 

A portion of the elemen- 

mously greater than had been expected or estimated by 

the use of the formule and co-efficients usually em- 

ployed for such purposes, such co-efficients being derived 

from experiments on the resistance to the motion of 

planes through water in a direction at right angles to the 

surface. The new matter added in this chapter has 

chiefly reference to these battle-ship experiments, both 

on the actual ships and on models, and to the possible 

basis of an explanation of the discrepancy. In regard 

to the latter point special emphasis is laid on the wave- 

making action of a bilge keel, and the consequent in- 

crease in the resistance to {tts motion, as possibly ac- 

counting in large measure for its increased efficiency. 

On this point reference may be made to a paper re- 

cently read before the Institution of Naval Architects by 

G. H. Bryan, F.R.S., on this same point, in which the 

added resistance is considered as due to the develop- 

ment of discontinuous motions in the water as the keel 

swings through it to and fro. While the author seems 

to have been disposed to bring this particular chapter 

down to actual date, he has apparently overlooked the 

interesting and important experiments made in 1895 in 

the Italian experimental tank at Spezia on a model of 

the Sardegna, and which showed results of a character 

similar to those in the English experiments quoted. 

Chapters V, VI and VII are devoted to the subjects 

of deep sea waves, the rolling of a ship among waves, 

and methods of observing the rolling and pitching of 

ships. These chapters are chiefly descriptive, though 

here and there the elementary results of theory are 

given. They present the subject in an interesting and 

instructive manner, and are especially intended to awak- 

en in the sea-going officer an intelligent interest in the 

waves of the sea, the motions of his ship among them, 

and the methods of making and recording observations 

and records of such motions. 

In Chapters VIII and IX are discussed the strains 

experienced by ships, their structural arrangements, 

and the general question of strength. The cause of sag- 

ging and hogging stresses is clearly explained. and a 

general description is given of the method of comput- 

ing the moment of inertia of the structural section. For 

the latter, illustrative computations are given, though it 

may be regretted that they are based on a diagram of 

the equivalent girder section rather than directly on the 

structural section itself. The diagram of the equivalent 

girder may be of value for purposes of illustration or 

instruction, but it is of no advantage for the actual com- 
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putation, which in all usual cases may be better made 

direct from the structural section itself. 

In Chapter X the subject of shipbuilding is taken 

up in a brief way, the purpose being chiefly to show the 

distribution of the various members in the structure of 

a ship, and the manner in which they take their part 

in the formation of the ship as a whole. Unnecessary 

prominence is perhaps given to iron as a material for 

ship-building, and to comparisons showing the advan- 

tages of steel over iron. At this day we do not need 

such comparisons, though they may perhaps have been 

more appropriate in 1894. 

In Chapter XI the subject of the resistance of ships 

is treated from the descriptive and general standpoint. 

The more important theories and their consequences are 

stated and discussed, and their bearing on the general 

subject of resistance is brought out. Especial prom- 

inence is of course given to the experimental work of 

the late Wm. Froude and of his son, R. E. Froude. 

The law of comparison is explained and its use in the 

estimation of resistance is illustrated. Air resistance 

and the modification of resistance due to waves are also 

briefly considered. 

In Chapter XII propulsion by sails is considered, the 

accepted theory as based on the laws of wind pressure 

being discussed, and various practical and empirical re- 

sults relating to the location of the sails, amount of sail 

area, etc., are given. 

Chapter XIII deals with the general question of steam 

propulsion, propulsive co-efficients, and the interaction 

between ship and propeller. Some reference is also 

made to the subdivision of the work developed in the 

cylinders among the various items, and the bearing of 

these various parts on the general problem of propulsive 

efficiency is considered. 

In Chapter XIV the author considers recent progress 

in marine engineering and its influence upon steamship 

design. An interesting and comprehensive summary is 

given of the progress due to forced draft, water-tube 

boilers, the use of steam of continually advancing pres- 

sures in multiple expansion engines, increase in piston 

speed, reduction of weights by improved design, in- 

crease in engine efficiency, etc., etc. This chapter is 

» naturally of an accessory or supplementary nature, so 

far as the main purpose of the book is concerned, the 

‘object being simply to give a brief but comprehensive 

view of the relation of the art of marine engineering 

to the general problem of steamship design. While weil 

up to date for 1894 this chapter is, as noted below, some- 

what behind the times for 1900. 

Chapter XV _ deals with the subject of marine propel- 

lers, and contains a general and descriptive discussion 

ot the paddle-wheel and screw propeller with reference 

to the attempts to use water-jets on the Waterwitch and 

Hydromotor. A brief exposition is given of the theory 

of the screw propeller from the Rankine standpoint, 

that is, by a consideration of the mass of water acted 

on and the acceleration impressed upon it. The theory 

developed is understood of course to apply only to cer- 

tainidealiconditions, and a reference is made to the gen- 

eral character of the influences which modify these 

simple ideals. There is perhaps a danger that sufficient 

prominence has not been given to the latter points, and 

that the reader not already well grounded in this part 

of the subject might gain the impression that the sim- 
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ple theory as given is reasonably complete and ample 

for practical or working purposes. As a matter of fact, 

it is of almost no use whatever from the direct designing 

standpoint, the actual design of propellers being entirely 

based on empirical formule derived either from actual 

experience or from experimental results on model pro- 

pellers, rather than on abstract theory. These points 

are indeed considered later in the chapter, and extended 

reference is made to the work of R. E. Froude and oth- 
ers in the experimental field, and to the use of their re- 

sults as a basis of screw propeller design, though the 

actual methods are not given. 

In Chapter XVII the subject of estimates for the horse 

power and speed of ships is considered, with some gen- 

eral notice of steamship efficiency. The two ‘“‘admiralty” 

co-efficients (midship section and displacement) are con- 

sidered, and their use is explained. Rankine’s aug- 

mented surface method is also brought forward, simply, 

it may be supposed, as a matter of historical interest, 

and because the author hesitated to omit from his pages 

a method backed by so notable a name. The method 

by the use of the so-called extended law of compari- 

sen is also briefly considered. A much fuller reference 

to this method and to its relation to the use of the ad- 

miralty co-efficients might with advantage have been 

included. ; 
In Chapter XVIII and the last the author deals with 

the steering of ships. This subject is naturally one in 

which both the designer and the sea-going officer are 

keenly interested. The elementary theory of the rudder 

is given, together with an interesting historical sum- 

mary referring to various forms and varieties of rudder 

and steering gear which have been proposed from time ' 

to time. The interaction between the propeller and the 

rudder and the influence of the former on steering are 

also considered. Reference is also made to the path fol- 

lowed by a ship in turning, and to the methods for de- 

termining this path by practical observations. As a 

whole this chapter covers a wide range of most interest- 

ing and valuable matter presented in a clear and instruc- 

tive style, and apparently brought well down to the date 

ot publication in this form. 

The chief disappointment with the present edition of 

the work as a whole is that it is not brought down to 

1960 rather than 1894. The demands upon the time of 

the distinguished author are of course understood, but 

it is to be greatly regretted that having such exceptional 

opportunities for obtaining the most accurate informa- 

tion upon all subjects in this field, it has not seemed 

possible to introduce the many important and valuable 

results which have been brought forward during the 

past six or seven years. 

Thus, during that time the magnificent experimental 

tank at Washington and its equipment have been com- 

pleted, and work has been under way for the past yeaz, 

while it is understood that the equipment of the tank at 

Cornell University is also well under way, and that 

work of research character will be soon commenced. 

In the chapter on steamship efficiency, the influence of 

modern full powered liners is inadequately referred to, 

as well as the exceptionally high efficiencies seemingly 

reached by torpedo boats and craft of the like class. 

On the subject of the screw propeller also, there has 

been accomplished in the past six or seven years some 

interesting and valuable work both experimental and 
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theoretical, which might well have found a reference in 

the pages of this book. In referring to the extreme 

speeds of torpedo boats the statement is made on page 

470 that “vessels of 180 and 200 feet have been driven 

at 27 knots.”” From 27 to 35 knots is a long step, but it 

has been accomplished during the past six years. In 

marine engineering notable advances during these years 

have been made in piston speeds, in steam pressure, in 

the use of forced draft, and especially the extension 

of the use of water-tube boilers. In fact, the recent wide 

extension of their use in naval practice which has re- 

sulted in their gaining general recognition in one form 

or another as the accepted type for nearly all classes 

of war ship design has almost wholly occurred during 

the past five years, and would never be suspected from 

the pages of this work in its present form. 

The point of the whole matter is, that the fifth edition 

of this notable work in practically all that relates to 

modern and up-to-date practice is from six to ten years 

behind the times, the practice referred to being that of 

the eighties and early nineties, rather than that of the 

late nineties. Principles are eternai, but practice 

changes and grows, and so far as the entire practical 

side of the book is concerned it falls short of the use- 

fulness which it might have, simply because the obso- 

lete and out-of-date has not been pruned away and re- 

placed by the modern and up-to-date information 

representing the practice of the latter part of the pres- 

ent decade. 
In so far as the work is intended to be historical or to 

give brief historical summaries, of course reference to 

the past and its contributions to the present must be 

made, but for him who wishes to know the art as it 

actually exists to-day, practice of a more recent date 

than that given in this work must be at hand. 

From the standpoint of 1894, however, it is a pleas- 

ure to characterize this book on the whole as a most 

notable and valuable contribution to the literature of 

the subject of marine construction, and its wide circu- 

lation and the high estimation in which it has been 

held are the best evidences of the manner in which it 

has occupied the field of usefulness held in view by the 

author in its preparation. 

MECHANICS’ AND ENGINEERS’ PockET BooK OF 

TaBLes, RULES AND ForMULAS. By Charles H. 

Haswell, M. E. Sixty-fifth edition, 130th Thous- 

and, 1900. New York, Harper & Bros. Size 4 by 

6 1-2. Pages 1,045. Leather, flexible covers, with 

flap and pocket, $4.00. 

The first edition of this pocket book, published in 

1843, was the pioneer book of its class in this country, 

and among such books of reference none have en- 

joyed so long a period of usefulness and favor with the 

engineering public as this. Its venerable author, the 

acknowledged Nestor of the profession, early saw the 

value of collecting together and placing in convenient 

form such items of information as might serve to an- 

swer the thousand and one questions arising at every 

turn in the engineer’s practice of his profession, and 

the first edition, published now 57 years ago, was the 

result of that wise insight into the needs of the times. 

The steadily increasing size of the book from the first, 

and the growing demand which it has as steadily met, 

are the best proofs of the wide field of usefulness for 
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such works, and of the manner in which this book has 

occupied the field. 

In keeping up the successive editions of such a work 

of reference, however, there is a.danger that it may be 

allowed to fall somewhat short of the march of actual 

progress, and that the obsolete and out-of-date may 

not be discarded with sufficient vigor, so that as new © 

matter is added and time goes on, the work may be- 

come impaired by a mixture of the old with the new, 

the discarded and the discredited with the modern and 

authoritative. 

From the marine standpoint the parts of the book of 

chief interest are those on naval architecture and ma- 

rine engineering, including some reference to screw 

propellers. For the purpose of the naval architect or 

marine engineer of to-day the information given under 

these heads is of very small value. In large measure it 

is entirely out of date, no small part of the theoretical 

formule have never had any standing or practical value 

whatever. It is quite impossible to enter into complete 

details as it would require many times the space avail- 

able for a review, and therefore a few illustrations must 

suffice. 

Thus on p. 663 reference is made to the estimate of 

the late William Froude that about 37 to 40 per cent 

of the I. H. P. was effective in propelling the ship. 

Under modern conditions this proportion has risen to 

from 55 to 60 per cent and over. On p. 647 the mathe- 

matical formule for the resistance of different geometri- 

cal bodies moving through a liquid are inadequate and 

of no practical value, and have never had any standing 

with those having to deal with the practical side of the 

profession. On p. 662 the proportions relating the 

pitch ratio of screw propellers to the ratio between 

their disc area and the mid-ship section seeks to estab- 

lish a relation where none of a definite character can 

exist. Again on pp. 886-889 the data for the most part 

refer to old or obsolete vessels, such, for example, as 

the United States cruisers Maine, Chicago (with old 

machinery), Vesuvius, the English torpedo boat Sun- 

derland, cruiser Archer, the Spanish cruiser Reina 

Regente, etc., etc. On p. 896 are given various runs of 

sidewheel paddle steamers, the latest being of date 1870, 

representative boats being the Daniel Drew, Mary 

Powell, R. E. Lee, etc. 

The book is accompanied by an appendix of about 

100 pages, in which information on the widest variety 

of topics is given without reference to arrangement or 

order. A portion of this matter relates to marine en- 

gineering, in part data from recent experiments, as, for 

example, the trials of a Babcock and Wilcox boiler for 

the U. S. S. Alert, and in part matters of historical in- 

terest only, as, for example, the Emery experiments on 

the economy of the steam engine. 

Illustrations of these points might be largely multi- 

plied, and it is not too much to say that in so far as the 

value of the information given depends on its being 

representative of modern practice, these sections, to be 

of practical value to the naval architect or marine en- 

gineer, would require an entire revision, and a replace- 

ment of most of the matter given by new and up-to- 

date information. 

Signor Marconi, who has developed a system of 

wireless telegraphy, is now in this country. 
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QUERIES AND ANSWERS. 

(Communications tntended for this department wid! not receive at- 

ler. tin unless accompanied by the fullname and address of 

the sender, which will re constdered confidential.) 

Q.—I enclose a set of triple expansion cards and 

would like to know where I can make improvements 

on the engines. The valves have link motion, and they 

are piston valves, one for the H. P., and one for the 

I. P., and two for the L. P. cylinders. They take 

AVGE. M.E.P.= 85.625 

H.P. CYL. 

HERS = 95:53 
Ss 

Marine Engineering 
SCALE 100 LBS. 

\ ]LH.P. = 79.19 j 

Marine Engineering 

SCALE 40 LBS. 

AVG. M.E.P. =12 
; 

: 
Tite es 

| 
L.P. CYL. 

eo GSTS ILH.P. = 95.20 Z) 
’ 

aaa Marine Engineering 
SCALE 20 LBS. 

CARDS REDRAWN TO REDUCED SCALES. 

steam through the valves and exhaust around them. I[ 

think the cards are fairly good. The engine has cylin- 

ders 9 3-8 in., 16 in. and 25 in. dia., and 16 in. stroke. 

When the cards were taken the engines were making 

200 revolutions, with boiler pressure 170 lb. and vacuum 

20 in. by the gauge. ©); 10), 

A.—The cards you send represent fairly good triple expansion 

work, infact rather better than the average. We note the H, P. 

ecard has the scale marked 140; this is an error, as it should be roo. 

The card is good and shows a pressure of 164 lb. at the beginning of 

the steam line, which is a drop from boiler pressure of only 6 lb. 

The pressure at the point of cut off is about 144 1b., showing a loss 

of 26 lb. from boiler pressure. The cause of this is due to contrac- 

tion in the steam parts, and isa common failing and one that can- 

not be easilyremedied. As the boiler pressure in the I. P. card is 

175 lb. itis evident that the diagrams were not taken simultane_ 

ously, so the losses in the receivers cannot be ascertained. Probably 

the cards were taken one after the other, as quickly as the indicator 

could be shifted, and no doubt they represent the average work 

performed. The I. P. card looks irregular, owing to the drop in 

the exhaust on the crank end. This drop is due toa difference in 

cut off of the two ends of the LL. P. cylinder. The L. P. card is 

good, and it also gives a good vacuum, but as already stated, the 

head end cuts off later than the crank end. This could be remedied 

very easily by giving the valve a little less lead at the head end and 

ncereasing the lead at the crank end—in other words, shift the 
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valve very slightly. This would reduce fhe compression et the 

head end, and increase it at the crank end, and would balance the 

two ends of the card very nicely. 

Working up the cards gives the following results: H. P.=95.53 

I. H. P.; I. P=79.19 I. H. P. and L. P.=95.20 J. H. P.—a total of 

about 270 I.H P. You will notice that the I. P. card shows the 

least power, but the powers are all pretty well balanced as far as is 

practicable, and any alteration to this effect would not increase the 

efficiency of the engine to any extent. 

If your engine has a linking in gadget on the I. P valve gear, it 

would be well to link it in a little, giving the I. P. a shorter cut off, 

and an increase of power in the I. P. cylinder would result and the 

H. P. would be decreased a corresponding amount, and the respec- 

tive powers would even up to about 88 I H. P. each. This would 

increase the pressure in the first receiver about 4 or 5 1b 

Q.—Please answer the following: What would be the 

best thing to do if the H. P. piston ring of a compound 

engine would break at sea, and would it be well to try 

and patch it? If it could not be patched, what would 

be the best to do? Also would the same remedy apply 

in the case of the L. P. piston, and supposing there was 

no spare on board? E. G. W. 

A.—The best thing to do with high-pressure piston rings, if they 

broke at sea, would be, in the case of Ramsbottom rings, to continue 

to use them if they were not broken in more than two or three 

pieces. If, however, they were broken into a greater number of 

pieces, holes should be bored in each end of the broken pieces and 

dowel pins inserted. This is the only way that a small Ramsbottom 

ring can be repaired. Should the rings be worn, leaving a space of 

1-4 in. or more at the back of the ring, a piece of asbestos tape should 

be wrapped around the bottom of the groove so as to fill up this 

space and keep the ring from being driven into the groove, which 

is often the cause of these rings breaking. In the case of a 

deep flat ring, the simplest way to patch it would probably be to 

attach a plate to it on the inside, if there was room forthis. Where 

there is not room for a patch to go on the inside of the ring, the 

simplest way to hold the parts together is by putting in dowel pins, 

as already recommended for the Ramsbottom ring. 

Of course in all such cases as this, the ingenuity and ability of the 

engineer come into play, and he must be guided, to a great extent, 

by the circumstances in what he attempts toaccomplish. He is also 

limited, toa great extent, in what he can do by the’tools and ma- 

terial at his command. The same remedies would apply to low 

pressure pistons, but in the event of the low-pressure piston pack- 

ing ring being entirely destroyed, a very good packing can be made 

of manila or hemp rope material that can always be found on ship- 

board and which has been used for this purpose in times past. 

Q.—If a manganese bronze casting were fastened 

to a wooden hull by ordinary brass screws, would 

there be any serious corrosion of the screws due to 

the action of sea water and proximity to the man- 

ganese bronze? 

If a tobin bronze casting had copper bolts fasten- 

ing it to a wooden hull would there be any serious 

corrosion to either metal due to sea water or their 

proximity ? SUBSCRIBER. 

A.—There is not sufficient electro-chemical difference between 

manganese bronze and ordinary brass, or between tobin bronze 

and copper, to give rise to any noticeable corrosion in either of 

these cases. 

The case liable to give serious trouble due to electro-chemical 

action is when iron or steel is in contact with copper or with a 

bronze very rich in copper, and both are in contact with the sea 

water. In such case electro-chemical action is set up and the 

operation goes on at the expense of the iron or steel, which thus 

becomes rapidly corroded. 

Craft’s Tables of Plate and Rivet Values for use of 

boiler designers, boiler makers, inspectors and engi- 

neers, to assist in designing and calculating the effi- 

ciency of boiler joints, has been issued in convenient 

form (folding boards) by Thomas H. Craft, 16 Kelton 

street, Cleveland, Ohio. 
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MAIDEN TRIP OF THE HASiBURG-ATMERICAN 

} S. S. DEUTSCHLAND. 

In Martne ENGINEERING for July were published 

views of the engines, boilers and crank shaft of the 

new Hamburg-American liner Deutschland. The long 

looked for maiden trip has now been run, and a new 

set of records has been established. The contract for 

the ship called for a speed of 23 knots and it seems 

not too much to believe that this figure as an average 

speed will be not only reached but even exceeded 

when the machinery has become adjusted and settled 

into good working condition. 

the best western run of the Kaiser Wilhelm der Grosse 

which was made in November last from Cherbourg to 

Sandy Hook at an average speed of 22.19 knots. 

On the home run eastward the results were still more 

gratifying, and new records in this direction have also 

been established. The distance run from Sandy Hook 

to Plymouth was 3,085 knots, and the time was 5 days, 

14 hrs., 6 mts., giving an average speed of just 23 

knots for the trip. The daily runs were as follows: 

536, 534, 515, 530, 535 and 435. The previous Sandy 

Hook-Plymouth record eastward had been held by the 

Kaiser Wilhelm der Grosse, made on her first trip in 

October, 1897. The time then required was 5 days, 15 

HAMBURG-AMERICAN COMPANY’S TWIN SCREW S. S. DEUTSCHLAND. » 

The Deutschland left Plymouth on July 6, at 10.51 
P. M., and arrived off Sandy Hook on July 12, at 10.15 
A. M. The total distance run was 3,044 knots and the 
average hourly speed 22.42 knots. The daily runs were 
as follows: 308, 557, 553, 551, 532, 543. There are no 
records from Plymouth to Sandy Hook, but the dis- 
tance run is almost the same as that covered on the 
maiden trip of the Kaiser Wilhelm der Grosse from 
the Needles to Sandy Hook—3,050 miles, which re- 
quired 5 days, 22 hrs., 35 mts., giving an average 
speed of 21.39 knots. The Deutschland has also beaten 

hrs., 10 mts., over a distance of 2,962 knots, giving 
an average speed of 21.91 knots. The new record bet- 
ters the time by I hr. and 4 mts., over a slightly 

longer course, making a gain of 1.09 knot average 

speed for the run. 

It thus appears that the Deutschland, with her dis- 

placement of 23,000 tons and speed of 23 knots, repre- 

sents a notable advance in fast ocean steamships, and 
her career in the immediate future, or until her laurels 
shall be transferred to some new ocean wonder, will be 
watched with the liveliest interest. 

(Copyright, 1900, by Aldrich & Donaldson, New York.) 
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' MAIN SALOON, S. S. ANGLIA. 

SECOND-CLASS SALOON, S. S. ANGLIA, 
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EQUIPMENT FOR HANDLING BULK CARGOES 

RAPIDLY AT GREAT LAKE PORTS.—II.* 

BY ARTHUR C. JOHNSTON. 

When railway cars are always available “direct un- 

loaders” are used to transfer the ore directly to cars. 

The latest plant of this kind is that shown in Fig. 9 

and in Fig. 10, built by the McMyler Mfg. Co. for the 

Pittsburg and Conneaut Dock Company, at Conneaut, 

Ohio. These machines have attracted a great deal of 

attention and a description of their equipment will be of 

interest. Each machine, complete in itself, carries 

three bridges, which can be racked in and out to suit 

any spacing of hatches from 21 to 36 ft. centres. The 

bridges cover five loading tracks, and are high enough 

to accommodate the largest Lake vessels. An 80 H. P. 

MARINE ENGINEERING, August, 1900- 

the sheave by the use of the very simple guard shown im 
Fig. 11. The machines can travel along the dock by 

steam and the racking of bridges is also effected by the 

engines. All movements other than hoisting and 

trolleying of the bucket are accomplished by means of 

a jack shaft driven by a pinion on the crank shaft of 

the main engines. Under actual working conditions. 

the capacity of the plant of twelve bridges at Con- 

neaut is 6,000 gross tons per day. 

Fig. 12 is a photograph of a similar direct unloading 

plant built by the Brown Hoisting and Conveying Ma- 

chine Company on the C. & P. docks at Cleveland. The 

drum is geared to the crank shaft and the “suspended 

hook” is used. In neither the Brown nor the Mc- 
Myler direct unloaders is the hanging block locked ir 

the wagon except to obtain the maximum clearance un- 

der the bitcket. The lock on the wagon is very handy, 

FIG. 9. 

locomotive type boiler supplies steam to three pairs of 

IO 1-2 in. by 14 in. reversing engines. Each pair of 

engines has 40 in. drums for both hoisting and trolley- 

ing, mounted on the crank shaft, the wagon having a 

three part hoist. A feature of the arrangement of the 

engine is the method of controlling the clutch and 
brake for the trolleying drum—using a steam cylinder, 

which when it sets the brake at the same time releases 

the clutch, and vice versa. Cables 9-16 in. dia. are used 

for hoisting, running on 24 in. sheaves except in the 

wagon where they are 17 in. and in the hanging block 

15 in. dia. It is made impossible for a rope to leave 

*A paper read before the Civil Engineers’ Club of Cleveland and 
contained in the Journal of the Association of Engineering Societies. 

MCMYLER DIRECT UNLOADER, 

however, to hang empty buckets from when the ma- 

chine is idle. . 

With all these machines in which the buckets are 

filled by hand, the actual cost of handling the buckets. 

is very small, varying according to how nearly up to 

its full capacity a machine is worked; but under actual 

working conditions from figures prepared by A. E. 

Brown, the cost per gross ton of ore handled by his. 

machine varies from .70 cents to 1.37 cents. But’ the 

greatest expense is incurred in filling the buckets. 

The shovelmen are paid from Io 1-2 cents to 13 cents. 
per gross ton, so that at an average rate of 11 cents 
per ton it cost $1,980,000 for shoveling, to unload the 
18,000,000 tons of ore shipped this year. It was to re- 
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FIG, 10. MCMYLER DIRECT UNLOADER, 

educe this cost that the Hulett ore unloader shown in 

Figs. 13 and 14 was designed and built by the Web- 

-ster, Camp and Lane Machine Company for the Pitts- 

-burg and Conneaut Dock Company at Conneaut. 

Up to the present not enough has been done with this 

machine to obtain any data in regard to its perform- 

-ance. Its method of operation will be evident, how- 

sever. The bucket is designed to lift 10 tons of ore at 

‘one scoop and dump it into the railway cars, or into 

a skip which can deliver it onto the stock piles. All 

the motions on the trolley carrying the tilting girder 

are effected by hydraulic power—the pumps and tank 

being carried in the trolley itself and the steam loaded 

accumulator is used to partly balance the weight of 

the bucket. The operator is located just above the 

bucket, and descends into the hatch with it. The 

bucket can rotate in either direction about the axis of 

the vertical ram, thus enabling the ore lying in between 
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hatches to be reached. It is expected that very little 

of the ore will have to be shoveled by hand. with this 

machine. 

The large vessels returning from the lower lake 

ports go up in water ballast or take a return cargo of 

coal, and to facilitate the loading of the enormous ton- 

MARINE ENGINEERING. August, 1900. 

BROWN DIRECT UNLOADER, 

nage that is carried to the upper lake ports each year, 

the car dumper has been developed—a machine which 

picks up bodily a car weighing 17 I-2 tons and carrying 

40 tons of coal, and empties the contents into the hold 

of a vessel at the rate of as high as 30 cars per hour. Fig. 

15 shows the first type of McMyler“‘side dump” machine 

poss 

seorawhesens 

FIG. 13. HULETT ORE UNLOADER. 
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FIG, I4. HULETT ORE UNLOADER, 
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FIG, 16, MCMYLER CAR DUMPER. 
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built on the lakes. The first successful machines were 
of the “end dump” type, but they require special cars 
and are still in operation, one at Ashtabula and one at 
Fairport. The machine shown in Fig. 15 is very flex- 
ible in operation, as the hinges of the aprons may be 
raised or lowered vertically to suit any class of vessel, 
and the car and cradle in ascending begin to turn over 
on striking the hinge point of the apron. This ma- 
chine has been built with several types of chutes, but 
the most successful perhaps is the telescopic chute 
shown, as by its use much trimming of cargo is 

FIG. 15, 

avoided. The car clamping mechanism is beautifully 

simple, being merely four chains with counterweights 

suspended, the chains wrapping round the car as it is 

overturned. The cable is hoisted by four 1 1-4 in. 

cables arranged as a “two part” hoist on 45 in. drums 

driven through double reduction gearing by a pair of 
14 in. by 18 in. engines. The load is lowered by using 
the engines as air pumps and throttling the exhaust, 

or with a foot brake, as desired. In operation the 

machine, though so powerful, is extremely simple, 

considering the work it accomplishes, and has a record 

of 32 cars an hour, but of course this speed cannot be 

maintained on account of delays in switching cars 

and shifting the boat to reach different hatches. There 

are three machines of this type in operation. One on 

the docks of the Cuddy-Mullen Coal Company at 

Cleveland, one on the docks of the Cleveland Terminal 

& Valley Ry. at Cleveland, and one at Erie, iPass 

the docks of the Erie and Pittsburg Ry. 

Fig. 16 shows the latest type of McMyler car 

dumper designed to handle the coal more gently in 

order to reduce the breakage to as small a percent- 

MARINE ENGINEERING. August, Igoo. 
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MCMYLER SIDE DUMP. 

age as possible. There are also three of these ma- 

chines in operation; one operated by the Pittsburg 

and Conneaut Dock Company at Conneaut, Ohio, 

another by The Cleveland, Lorain & Wheeling Ry. 

at Lorain, and a third at Ashtabula. As will be seen 

in the engraving, the coal is first dumped into a pan, 

which is partly overturned to receive it as it rolls out 

of the car. The pan is then hoisted, the car being low- 

ered meanwhile—until the chute is reached, when a 

door in the pan opens automatically and discharges 

the coal into the chute. This machine is also very fast 

and handles regularly under working conditions 1,000 

tons of coal per hour. All the motions with the ex- 

ception of hauling the cars onto the cradle are per- 

formed by a single pair of 16 in. by 18 in. engines. 

The car and cradle are hoisted by eight 1 1-8 in. 

cables on 60 in. drums geared to the crank shaft by 

single reduction gearing. The operations of hoisting 

and tipping the pan are accomplished by sixteen I in. 

ropes on four drums 4o in. dia. The unit stresses 

specified by the P. & C. Dock Co.’s specifications cov- 

ering this machine were as follows: 
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UNIT STRESSES. 
Direct tension machinery steel in structural 

work, 10,000 @ + sues): 

‘Tension flanges of built 

(+ ates) 
‘Tension flanges of symmetrical rolled sections, 

Min. 
2b 10,000 ( Pe Mas ). 

Direct compres’n, (20, oco — 30- (A P= 

girders, 8,000 

Min. ) 

2 Max. 

Maximum limiting value for direct compression, 

1 
— = 120, 
Tr 

1 = length of member in inches. 

r = least radius of gyration in inches. 
Unstayed length of flanges for built 

beast = 16. 
Ww 

Unstayed length of flanges for rolled 

1 
beams, — = 20. 

w 
1 = length of unstayed flange in inches. 

w = width of flange in inches. 

MACHINERY SPECIFICATIONS. 
Babbitted Bearing Pressures— 

For steady pressures, pressure per square 

inch < velocity of journal in feet per min- 

ute must not exceed 60,000. 

For intermittent pressures use 120,000. 
For slow-moving bearings (not over too ft. 

per minute) use 600 lbs. per square inch. 

Chain and Rope Sheaves and Drums— 

For link chains: Disobsheave not less than 18. 
Dia. of chain 

a not less than 24. 

Dia. of rope 

Dia. of sheave 

Dia. of rope 

Dia! of drum 
Dia. of pin 

Dia. of sheave 

Ropes: not greater than I-30. 

not greater than 1-45. 

For all sheaves: | not greater 

than 1-7. 

(To be Continued.) 

Seventy wat ships are under construction or have 

their designs in preparation for the United States 

Navy. Of this number there are twelve battleships, 

six armored cruisers, nine protected cruisers, four 

monitors, one gunboat, sixteen torpedo boat destroy- 

ers, fifteen torpedo boats, and seven submarine boats. 

Including with these the ships already in commission 

or ready for use, the fleet of the United States will con- 

sist of the following: Battleships, 18; armored cruisers, 

8; cruisers, 16; monitors, 9; gunboats, 26; torpedo 

boats, 51; submarine boats, 7; special service, 25. The 

above numbers include the small Spanish gunboats 

and a fair representation of those converted from 

yachts during the recent war with Spain. The list of 

boats for special service includes a certain number of 

cruisers refitted from merchant steamers; also colliers, 

distilling, supply and hospital ships, dispatch boats, ete. 
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NAVAL STEAM ENGINE—ITS GRAPHICS 

AND ECONOMICS ILLUSTRATED—IV. 
THE 

BY ROBERT H, THURSTON. 

——— 

THE IDEAL CASES OF THE STARBOARD ENGINES 

From the H. P. cards for the starboard engine, the 

average cut-off was found to be 47 per cent, 
Carnot Cycle: 

PD, = 150.83¢ p. sq. in. = 21,700+ p. sq. ft. 
Pz = 5.84t p. sq. In. = 835+ p. sq. ft. (from indica- 

tor diagrams.) 
UV, = 2.95 cu. ft. per lb. steam. 
VU, = 2.95 (21,700 / 835).881 = 2.95 X 13.32/=|39.3 cu. 

ft. per lb. 
T= BiG, Byes OarG S867 5 He Oo 
r = 39.3 / 295 =13.32. 
Hf, = 778 (1191.2 — 95.3) —853,000 ft. lbs. 
Eff. = (819.6 — 629.6) / 519.6 = 23.2%. 
U = 853,000 x .232 = 198,000 ft. lbs. 
A = 2,545 / .232 = 10,970 &.7.U. per .P. per hr. 
C= 1,980,000 / 853,000 X .232 = 10.01 lbs. steam 

per 77. P,. per hr. 

Rankine Jacketed Cycle. 

y = 7.34 (from indicator and data.) 
Py = 21,700. ~,— 835. VU, = 2.95 cu. ft. 
VU, = 2.95 X 10.16 = 21.64 cu. ft. 
Pp. = 2,530. (from steam table), 7, = 

666°.1. 
T, = 127.3 + 461 = 588°.3. 
FH, = 778 (1,191.2 — 95.3) = 853,000 ft. lbs. 
H,/ = 778 (666.1 — 588.3) + 1,117,850 (1 + loge 

819.6 -~ 666.1) — 544.5 X 819.6 = 60,500 + 1,349,000— 

446,000=963,000 ft. lbs. 

U = 1,117,850 X .207 — 544.5 (153.5) + 21.64 (1,695) 
231,400 —83.540 + 35,800 = 183,660 ft. lbs. 

Eff. = 183,660 ~ 963,500 = 19.04%. 
Al SAGAS Z 19 = 13,300 B.T.U. per 7.H7.P. per hr. 
C = 3,980,000 / 853,000 < .19 = 12.20 lbs. st. p. . 7. 

P. per hr. 
FF = 13,360 “ 10,000 = 1.34 lbs. fuel per 7.H.P. per 

hour. 

Cylinder Condensation: 

In calculating this internal waste it is assumed that 
it takes place entirely in the L. P. cylinder. Expressed 

algebraically : 

W=CA (TT, V ¢, 
sq. ft. and ¢= seconds. 
The values of A were calculated from the dimensions 

of the engine. 
Area cyl. head = 42.2 sq. ft. 

8199.6, i 

where C = .000333, 4 = 

‘piston = fp ni 
co 6Cyl wall =] gar 
COD 1S CONSE OGi—— mir ds2 2 ea 
Total = 347. ont ue 

Add 15% for ports = 147.9 a 22,2 = 170.12, total. 7;= 
247.9°. Ti = WRG? t= 60252 = .238. 
W = .00033 170.12 Se 79.2 X YW.238 =2.12 per 

stroke. 
No. of strokes per hr, = 126 X 2 X 60 = 15,120. 
Me, Jal, IP, 3 ASO, 
W per J. H. P. per hr. = 2.12 X 15,120/74,700 = 

6.83 lbs. 

External Waste: 

The waste by conduction and radiation is assumed 

sometimes at from 2.5 per cent to 5 per cent of the 

total heat supplied. We found this to be too high, con- 

sidering the radiation from the cylinder wall to be 0.5 

B. T. U. per sq. ft. per degree difference of tempera- 

ture between the cylinder and the engine-room, and 

that the radiation from the cylinder heads is 2.5 B. T. 

U. This external loss is the same for each engine and 

was calculated as follows: 
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Area. cylinder heads’. = 4oo sq. ft. 

ss “ Sicle3s =S9e0 “6 
Range of temperature = 260 — 100 = 160. 

200 X 160 & .5 = 16,000, 
400 X 160 & 2.5 = 160,000, 
16,000 + 160,000 = 176,000 &. 7. U. per hour. 

UOC) // A700) == Bij 3, 15 Ge WO. Ih Jeb, Js OER lage 

Friction Loss: 

The friction loss is assumed to be 12.5 per cent in 

each case. 5 

The remainder of the calculations for this engine are 

given in the tabular statement at the end of the paper. 

They are obvious in their derivation. 

THE IDEAL CASES OF THE PORT ENGINE. 

Carnot Cycle: 

[SS Q3C9, Py = OL.  F, |] BOS Ck say, 
I, POS VP AH Pp) BL == 203 K 1510 S AG Cw, iy, 

PS iiG,,109), 
Ie = OUI 7, He = 637°.0; 

H, = 778 (£,191 — 95.3)= 853,000 ft. lbs. 
IDAst, = PAUBYVZ 
U= 853,000-X .2215 = 189,500 ft. lbs. 
A = 2,545 / .2215 = 11,500 B.7.U. per /.H.P. per 

hour. 
C = 1,980,000 / 853,000 X 

2 Dette 

Rankine Facketed Cycle: 

.2215 = 10.431bs. per 7.77. 

PIL), “Ty S AOI CU, tits Oy = PAS} GB itl 
fy = By JOO, Dy ] UI, Mn S QH2O: 
To = Si 7. Wy S OBE.O, 7, = 388.5 
f7, = 853,000 ft. lbs. 
#1,’ = 778 X 93.6 + 1,117,850 X 1.182 — 544.5 & 818.7 

= 948,000 ft. lbs. 
UY = 1,117,850 X .182 — 544.5 X 136.8 + 22.3 X 1,510 

=163,300 ft. lbs, 
Eff. = 163,300 / 948,000 = 17.2%. 
a io = WAKO) MH (Wy iN ILIGLIZ, FXER 

C = 1,980,000 ~ 853,000, .172 
=13.5 lbs. st. per 7. H/.P. per. hr. 
f* = 1.48 lbs, fuel per 7,7. P. per hr. 

Cylinder Condensation: 

LSS TOMA, Te SAP, Ty SUS. C= 233 SO 

W = .00033 170 & (247 — 176 KX VW .238 ='1.95 lbs. 
per stroke W per /. HP. per hr.= 1.95 X15,120 ~ 4,470 

= 6.64 lbs. 

External Waste: 

=176,000 / 4,470 = 39.4 8.7. U.per /.H.P. per hr. 

Actual Water Rate: 

Lbs. Of coal burned per hour, both engines, = 20,272. 
ae ‘waterevp. ‘ os wo = 182,448. 

Mla, p. of all machinery Gactntas auxiliaries) =g,300. 
se ‘“ two engines =9,170. 

82,44 9,170 __ 
170 %9,300— Water per /.H.P. per hr. (engines) = 

19.6 lbs. 

Diagram Water Rate: 

The water-rate at cut-off, per diagram, was computed 
as follows: Starboard Engine— 

Equivalent Af. 2. P. for H.P. cylinder, 

= 55.24 + (20.7 X $77/3595,) + 16.9 X 88:/35.5" 3 
=55.24 -+ 53.3 4+ 104 = 212. a 

Abs. press. at cut-off = 126. 
Abs. press. at end of compression = 100, 
Diagram water rate = 14.6 lbs. 

Port Engine— 
Equivalent W.£.P. for H.P. cylinder 

=49.6 + 21.5 X 57/35.5 + 16.8 X 88°/35.5.- 
=49.6 + 55.6 + 103.8 = 212, 

ANOS: press. at cut-off = 127. 
*« —«- end of compression = 110. 

Dee water-rate = 14.7. 
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Following will be found the tabulated results: 

The curves given show the variation of .water-rate 

with increasing ratios of expansion, for the ideal case, 

and the added amounts for internal and external 

wastes.® 

TABLE V. 

U. S. S. MAINE. 

Ideal Real 

Star. |Port,|Star. |Port 

IES, Gusewen Po, Ah JEL (PL Wo 168, po000000000060 12.20] 13.5 | 19.6 | 19.6 

15%, Um Wo (D>, Me Lele IE SD, WEE, po. 3000S60600C0000 13,360] 14,800] 21,420] 21,420 

Condensation, st. p. 7. H. P. p. hr......... 6.83] 6.64 

a Ty HSN 59. Le Tele Js (WHR 8,540] 8,000 

Be haat % energy supplied.......... 35. | 32. | 348 | 32.5 

Thermodynamic efficiency ...............- 19 04] 17.2 } 

Efficiency, Carnot cycle.. 50 soncoss|| 22 || 22 ug 
135 Wes (W5 > Ib, Ll IPD) KR (Cesare), soppedod 10,970] 11,500 

uelipay/apl seep ahiioeeenycitacisctic cece 1.34] 1.48] 2.18] 2.18 

Exterior radiating surface...............-. 600} 600, 

Exter. waste B. 7.U.p./. H. P. p.hr.... 37:5] 375 | 
IONS Geert fD, /Do JEL IP, {Do WBoocaccogguso000 13.93| 15.4 | 224] 22.4 | 

Jae, Ls (Oo a Bon a anan SUDO OnaOS 15,280] 16,910 28,000 28,009) 

Condensation, st. p. D. H. P. p.hr........ 7 7) 7 32| 

185 Wo Wo D5 D3 Elo IP Wy Inb°,, 9,620 9,030) 

Lbs., st. p. 7. H. P. p. hr. (pist. displace.) 10.44| 10 97| 

Od sf a Ws os (from diagram) 14 6] 14 2 | 

28 

26 

24 

22 

20 

18 

LBS. STEAM PER H.P. PER HOUR 

mt ~ 

8 

6 

4 ir T 

2 - =| = 

0 J) 

r= 2 4 6 8 10 12 144. 16 18 # 20 
Marine Engineering 

6The results of this investigation give, of course, only two 

points on each of the upper curves, but the lower ideal curve was 

determined accurately by computing the water-rates of several ad- 

ditional cycles working under the same conditions as regards initial 

and final pressures, but with varying ratios of expansion. 
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The outcome of this study of a typical and famous 

case of design of machinery for a war-vessel, is interest- 

ing in several particulars, as well as from the fact that 

it illustrates well the methods of utilization of the mod- 

ern theory of the real, as distinguished from the ideal, 

steam-engine. The steam-pressure is what would to-day 

be termed moderate for a triple-expansion engine in 

ordinary service; the ratios of cylinders are adapted to 

a moderate ratio of expansion, a total of about 7:5 

and the whole installation is obviously designed to give 

great concentration of power rather than extreme econ- 

omy; effecting this purpose by high mean effective 

pressures and by high engine speed, as well as by ex- 

tremely careful and skilful design of details, combining 

in remarkable degree lightness and all needed strength. 

These favorable corditions and the large size of the en- 

gines, aggregacirs over 9,000 J. H. P., account for the 

good results noted, in spite of the low ratio of expan- 

sion, the moderate vacuum, and the hard-driven fur- 

naces. ; 

Comparing results of trial with those of computation, 

we find that, could the engines have been converted into 

the Carnot type, and all extra-thermodynamic wastes ex- 

tinguished, they would have demanded 10,970 B. T. 

U.-per H. P. per hour, and 10 lb. of feed-water or 

steam. Working in a purely thermodynamic cycle of 

the Rankine adiabatic form, these figures would become 

at the actual ratio of expansion about 14,000 and 13.4; 

while the coal demanded would have been, on the as- 

sumption above indicated, 1.4 lb. per J. H. P. per hour, 

where, actually, above two lb. were burned, making 

the extra thermodynamic wastes about fifty per cent. 

The computed internal wastes are seen to be about 

6 3-4 lb. per J. H. P., raising the computed expenditure 

of steam to 19 lb. per J. H. P., where, in the ideal case of 

Rankine, it was 13 lb. The computed external loss by 

conduction and radiation was found to be insignificant 

and is neglected. The final comparison, as best shown in 

the tabulated statement of results, shows very satisfac- 

tory correspondence between the computed and the 

actual results; so far as comparison is permitted, and 

the curves in the last diagram permit the extension of 

the study of this case beyond the limits of its experimen- 

tal range. 

It is seen, for example, that the thermodynamic per- 

formance of the engine was such as to justify the con- 

clusion that it would give increasing economy, with 

increasing ratios of expansion, far beyond the limits set 

by the controlling demand for concentration of power, 

as illustrated on the trial of the machine, and, in fact, 

beyond the limits of our diagram, if financial considera- 

tions are not brought into the case. The limits set by 

its own extra-thermodynamic wastes are evidently far 

beyond those fixed by the special conditions controlling 

the design of the machinery of a war-vessel. 

This case is but one of many illustrating the fact that 

the engineer, in attempting to design steam machinery 

—or any other, in fact—for any stated place and pur- 

pose, is compelled to study the ultimate aim and pur- 

pose, and to adapt his design to its required work by a 

system of compromises between all the various claims in- 

cluded in the definition, for that particular case, of the 

term “efficiency.” 
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PAINTS AND VARNISHES USED FOR THE PRES- 

ERVATION OF METALLIC SURFACES—III.* 

BY PROF, A. H. SABIN, i 

{ites es 

A still further step consists in the substitution by the 

makers of driers of rosin or rosin oil for linseed oil. 

These are found to combine with the lead and man- 

ganese oxides even more readily than linseed oil does, 

and they cost only from a tenth to a fifth as much. 

Driers made with rosin and benzine are much less ex- 

pensive than oil. The temptation is to add them in ex- 

cessive quantity, and this is not uncommonly done. Such 

a practice is highly injurious, partly because oil thus di- 

luted makes a thinner and less substantial film, partly 

because an excessive amount of drier makes the film 

less durable and partly because it is generally agreed 

by experts that rosin is an injurious addition to oil. 

From a consideration of the foregoing it will appear 

that, while raw oil is a definite substance, boiled oil is 

a name applied to a large variety of manufactured. prod- 

ucts. It is also possible to make boiled oil from fish 

oil or other cheap oils, and these are not infrequently 

used to adulterate boiled linseed oil. Heavy mineral oil, 

such as may be purchased at one-fourth to one-half the 

price of linseed oil, is also used in this way. These lat- 

ter practices of systematic adulteration are especially fol- 

lowed by the manufacturers of paints. They take the 

ground that the users of paint ought to pay a fair and 

legitimate price for linseed oil paints, and that if they 

prefer to purchase at a lower price it is the business 

of the paint manufacturer to make, at a reasonable 

profit, a paint which meets their requirements. It re- 

quires a tedious and expensive chemical analysis to de- 

tect these adulterations in mixed paint, and those who 

try to economize by buying paint below its market 

value are not likely to resort to such means. 

The oil, variously compounded or mixed with these 

driers and solvents, is mixed with the finely-powdered 

pigment in a mixer, which is usually.a cylindrical ves- 

sel provided with a revolving stirrer. The pigment has 

previously been ground dry to such a degree of fineness 

that most of it will pass through a sieve having a mesh 

of 100 to 200 to the linear inch. Usually it is not actual- 

ly bolted, but that is about the degree of fineness which 

is desirable. The sharper and harder substances should 

be the more finely powdered. It is common to put the 

paint thus mixed on the market in this condition as it 

comes from the mixer, but the more approved practice 

is to take it from the mixer to a burr-stone mill and to 

grind the paint through the mill, thus securing a more 

intimate mixture and breaking up all little lumps. This 

grinding adds materially to the cost of the paint, and it 

is probably not commonly done with cheap paints in- 

tended for structural metal, since it is impracticable for 

an expert to take a well-mixed sample of paint and to 

declare, under oath, that it has not been ground. 

What is meant commercially bya pure rawoil paint is 

made by mixing or grinding a pigment in pure raw lin- 

seed oil to which has been added enough drier to make 

it dry hard enough to handle in twenty-four hours, and 

containing enough turpentine to amount to from 5 to: 

*From a paper read before the Boston Society of Civil Engi- 

neers, and contained in the Journal of the Association of Engi- 

neering Societies, U.S. A. 
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I5 per cent. of the oil. This turpentine is added in or- 
‘der to make the paint work more freely under the 
brush, and also because it is the belief of the paintmaker 
that it is impracticable to otherwise add as much pig- 
ment to the given amount of oil as is necessary for the 

greatest durability of the product. It is by diluting the 
oil and lessening its amount in the film that turpentine 
acts as a drier. It does not itself promote to any 

great degree the oxidation of the oil, but by lessening 

the amount of oil it correspondingly lessens the need of 

metallic oxide driers. Turpentine is added for technical 

‘purposes, not for economy, and it is often more expen- 

sive than oil. On the other hand, the use of benzine is 

always dictated by a desire to save money. In other 

respects it is objectionable. Kerosene has also been 

very widely used as a substitute for turpentine, but does 

not enter into any first-class products. 
Varnishes.—Linseed oil is also used in the manufac- 

ture of varnishes, which are used as protective coatings, 
either alone or mixed with pigments. The other in- 
gredients of varnishes are various resins, which give 

hardness and luster, and turpentine, which again acts 

as a solvent and is not in any considerable degree a 

part of the final permanent film, though it does oxidize 
‘somewhat, and doubtless a small part of it remains be- 
hind while the major portion evaporates. 

The varnish resins are of vegetable origin, having ex- 

‘uded, as spruce gum does, from the trunks of trees; and 

‘in some few cases these lumps of resin are detached 

from the living tree and sold for use. Such are called 

“recent” resins, and the most common one is what is 

‘called “manila,” and comes from the East Indies. More 

often the resins are not suitable for the varnishmaker 

‘until they have acquired considerable age. The tree to 

which the lumps of resin are attached died and fell to the 

‘ground and decayed ;, the resin became gradually buried 

in the earth; its volatile part escaped; it became hard 

-and brittle. In this state it is found by the natives, who 

-dig it up and sell it to the local trader, and it becomes 

an article of merchandise. Such are called “fossil res- 

ins;’’ they are of many sorts, and are found at many 
‘places, especially in the tropics. Africa, South America 

and especially New Zealand are great sources of supply. 
The varnish resins are commercially spoken of as 

‘gums, but differ from true gums, such as gum arabic, in: 
being insoluble in water. These pieces of resin are care- 
fully cleaned, by scraping and otherwise, and sorted ; 
the paler sorts are more valuable than the darker; not 
‘because they are otherwise better, but because they are 
less common, and people value pale varnishes more than 
equally good dark ones. The varnish-maker puts a 
quantity of this resin, usually 100 pounds, in a flat- 
‘bottomed copper kettle capable of holding about 150 ga!- 

lons, which is mounted on a little iron truck, and this 
kettle is placed over a hot coke fire. In about half an 

hour the resin has melted, the temperature being from 

‘600° to 900° F., and is found to have lost from 20 to 25 

Per cent. of its weight, which has gone off as a vapor. 
In reality, the resin has become decomposed by the in- 
tense heat, and what remains in the kettle is one of the 

products of this decomposition. Immediately the var- 

nish-maker takes the kettle from the fire and adds to 
it some hot linseed oil, the quantity varying from about 
30 pounds to sometimes as much as 300 pounds. The 
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oil having been slowly added and well stirred in, the 
kettle is returned to the fire, and its contents are cooked 
together until combination is effected. 

If it is desired to produce.a hard varnish, with a very 
britliant surface, a comparatively small amount of oil is 
used: but if the varnish is to be highly elastic and dura- 
ble a large proportion of oil is necessary. Since one of 
the most essential qualities of a varnish for any ordinary 
use is a high degree of luster, while durability is of less 
account, because most varnishes wear off by use of the 
articles to which they are attached, it will be plain that 
for the preservation of structural metal work against 
corrosion an entirely different kind of varnish from 
those in ordinary use is required. 
When the resinous matter and the oil are properly 

combined, which may take many hours, the kettle is re- 
moved from the fire and allowed to cool somewhat, and 
the contents are then diluted by the addition of an 
amount, previously found to be suitable, of spirit of tur- 
pentine, so that when cold the varnish will flow prop- 
erly under the brush. Varnish is much more viscid than 
oil, and it is therefore possible to apply it in a thicker 
film. It is much harder than oil, and therefore resists 
abrasion; and it is much less porous than oil. It there- 
fore naturally has by itself in some degree the qualities 
which we aim to give to oil by the introduction of pig- - 
ments; and if it be so made and proportioned that it 
does not contain in itself the elements of dissociation, 
there can be no question that is is more valuable than an ~ 
oil paint. As a matter of fact, it has for generations 
been used over paint to protect it from the weather, and 
no fact is better established than the permanence of a 
well-made varnish. 

The question naturally arises, why may we not still 
further increase this permanence, as we do in the case 
of an oil film, by the addition of a pigment? If the lat- 
ter works so well with oil, why may it not with varnish? 
The fact is that pigments do increase the durability of 
varnishes for the same reasons and in the same degree 
that they benefit oil films, and by far the most permanent 
paints which it is possible to make are made in this 
way. These will not, of course, be as brilliant and lus- 
trous as the varnishes alone, the pigment having an op- 
posite effect, but will be far more so than an oil paint, 
and will be smoother and harder; while if properly, 
made, they will remain sufficiently elastic. 

Varnishes are sometimes observed to crack and to 
come off bodily, instead of wearing off from the sur- 

face. This is the worst fault a varnish can have, and 

is due to its being made of unsuitable materials or in an 

unskillful way. Any considerable amount of common 

rosin in a varnish will cause this, and it may also be 

due to other causes. A good varnish, used for the pur- 

pose for which it was designed, will not do it. The 

commonest adulterant of varnish is rosin, which may 

itself be made into a varnish and mixed in any propor- 

tion. A well-made rosin varnish has a very brilliant 

surface, and works fairly well under the brush, but a 

comparatively small amount of rosin will simply destroy 

the durability of the best varnish. 

The objection to the use of varnish paints is their 

cost. From the nature of things, varnish is much more 

expensive than oil. When one puts so valuable a ma- 

terial as a good varnish into a paint he naturally will 
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insist on putting it through a mill, and when we com- 

pare the cost of it with that of an oil paint run through 

a mixer there will be a striking difference. Suppose it 

costs twice as much. This would probably be a mini- 

mum. The minimum cost of applying any paint will be 

as much as the price of the oil paint. Then, when the 

two are applied, they have cost in the proportion of 

two to three. If the varnish paint will last fifty per 

cent. longer than the oil paint, it will then be as eco- 

nomical. It is the opinion of the writer that it has been 

proved by actual use to be more than 100, and in many 

cases 300, per cent. more lasting. 
Varnishes are also made which contain asphaltum, 

which is a mineral resin, instead of the vegetable resins 

already described. These are, of course, black, and they 

may be made with part vegetable resins and part as- 

phaltum if so desired. The objection to asphaltum is 

that when used with any considerable proportion of lin- 

seed oil its remarkable non-drying qualities make it dif- 

ficult of use. Its advantage is its cheapness and also its 

wonderful permanence. When properly combined, how- 

ever, it is a most valuable material. The simplest way 

to overcome its effect of preventing the oxidation of oil 

is to subject the varnished object to the action of hot 

air. The activity of the oxygen is thus enormously in- 

creased, and oxidation proceeds in spite of all obsta- 

cles. This is the process known as japanning or enamel- 

ing, and it has the further advantage that the adhesion 

of the coating to the metal is much increased, while at 

the same time the porosity of the coating is reduced al- 

most to nothing. This is because the coating material 

is kept in a melted or semi-fluid condition while the 

oxidation is going on, and the pores are destroyed or 

closed by the flowing of the material itself. 

The way this is done is by coating the object, usually 

by dipping it in the varnish. Then it is put in an oven 

and baked at a temperature of from 200° to 400° F. for 

several hours. Sometimes several coats are thus ap- 

plied in succession. Varnish paints are sometimes ap- 

plied in this way, making colored enamels of great 

beauty and durability. But it is possible to use asphal- 

tum in varnishes which will dry at ordinary tempera- 

tures. This is most commonly done by using very little 

oil; also by a large amount of drier, but better by mix- 

ing a varnish of asphaltum with one made of other 

resins. It is also possible to make a varnish containing 

a considerable amount of asphaltum which will dry rea- 

sonably well by great care and skill in its fabrication. 

It may safely be said that asphaltum is one of the 

most difficult substances to use, that while excellent re- 

sults are obtainable, they are more difficult to obtain 

than with any other substance, and that bad results are 

very common. 
In conclusion, it remains to be observed that while 

nothing is here said of the importance of methods to - 

be employed in cleaning the metallic surface, this is not 

because it is a matter of minor importance. On the con- 

trary, it is of sogreat importance that a separate discus- 

sion of its value and the means of doing it would be 

necessary, and this paper is therefore confined to an ac- 

count of the materials used. The comparative value of 

these is difficult to determine, and varies in different 

cases; but in general the writer has been led to the con- 

clusion that there is not a very decided difference be- 
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tween different pigments in their value for the preven- 

tion of corrosion; that varnishes andvarnish paints, when. 

made with proper knowledge and skill, are better than 

oil paints; that these latter give probably better average 

results than red lead, but that, when the best possible 

results of red lead are attained, it is considerably better 

for most exposures than oil paints, and that the use of 

adulterated materials, either through ignorance or de- 

sign, is a most serious and common evil. This is rather 

the fault of the purchaser than of the maker. If the 

former would not buy, the latter would not make the 

inferior article. 

STEEL FREIGHTERS PLEIADES AND HYADES,,. 

FOR THE BOSTON TOWBOAT COMPANY. 

Among the vessels recently turned out at the Atlantic 

coast yards, none possesses more interest, for those who: 

hope for the return of the supremacy of the American 

merchant marine, than the two steel steamers for the 

Boston Towboat Company, built at the Sparrow’s Point 

yard of the Maryland Steel Company. These vessels, 

the S. S. Pleiades and the S. S. Hyades, are of a type 

on which will depend largely the future of the American 

merchant marine—the ocean freighter. This type of 

vessel, unfortunately, has not been hitherto of frequent 

occurrence in the American registry. The new vessels. 

are distinctively cargo-carriers, and are similar to the 

better class of “tramp” steamers now so numerous under 

flags other than our own. They are designed to carry 

freight in bulk, such as coal, grain, rails, etc. | 

The dimensions of the vessels are: Length over all,. 

350 ft.; length between perpendiculars, 330 ft. 6 in.; 

beam moulded, 47 ft.; depth at side moulded, 28 ft.; 

sheer forward, 8 ft.; aft, 3 ft. The gross tonnage is 

approximately 4,000 tons. 

As they are from the same designs, the description of 

one will apply to both. 

Steel castings have been used to a considerable extent 

in the construction, the lower part of the stem, the stern 

frame, rudder frame, and extension stock being of this 

material. The upper part of the stem is a steel forging. 

The hull is built to the highest requirements of the 

United States Standard Register of Shipping for twenty 

years rating. There are seven full bulkheads extending 

the entire width of the ship, six of them water-tight, 

and extending to the upper deck. There are two steel 

decks extending all fore and aft, 1-2 in. thick; a poop: 

deck 50 ft. long, a bridge deck 80 ft. long, and a fore- 

castle deck 50 ft. long, all of steel, 3-8 in. thick. 

The water bottom is 40 in. deep, and extends from 

the collision bulkhead forward, to the stern tube bulk- 

head aft, affording capacity for a water ballast of 750: 

tons, in addition to 353 tons in the forward and after 

peak tanks. 

The tanks are operated by means of a horizontal du- 

plex ballast pump having steam cylinders 7 1-2 in. dia., 

and water cylinders 10 I-4 in. dia. by Io in. stroke. 

The sea valves are arranged so that the tanks are filled’ 

through the pipes by which the ballast pump empties 

them. These pipes are 5 in. dia., and as the tanks extend’ 

clear across the ship provision has been made for draw- 

ing the water from either side of the tanks, so that the 
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vessel may be pumped out completely, even when listed 

far to one side. 

The engine room tank does not extend across the 

ship, the centre keelson being water-tight in this com- 

partment, pipes leading from the ballast pump to each 

of the two tanks. The after frame space under the en- 

gine room is made water-tight, and used to receive its 

drainage, one of the main bilge pumps being used to 

free this tank of water. § 

The vessel has seven cargo hatches, the largest 20 

ft. square, and the smallest, 20 ft. by 14 ft. On the 

lower deck they are increased to 26 ft. in width. The 

covers for the upper deck hatches are of steel, and for 
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The masts are of steel, with wooden topmasts, rigged 

as a fore and aft schooner, with leg-of-mutton sails. 

Each mast has four cargo booms, stepped in cast steel 

sockets, riveted to the masts. In addition to these are 

two booms, stepped in sockets on the main deck, be- 

tween the second and third hatches. 

The quarters for officers are arranged in a house on 

the bridge deck. The Captain has a large room on the 

starboard side, with a private bath, and ample saloon. 

The galley extends across the house, between the boiler 

casing and engine skylight. On the starboard side are 

officers’ staterooms and engineers’ state and mess- 

VIEWS OF THE BOSTON TOWBOAT COMPANY'S STEEL FREIGHTER HYADES. 

the lower deck hatches, of wood. On the lower deck 

numerous plates have been made portable to assist in 

trimming coal. 

The ship has a complete outfit of deck machinery of 

the latest type. The windlass is for 2 1-8 in. chain, 

and was manufactured by the Hyde Windlass Co. The 

four deck hoisters are Williamson’s double drum, double 

cylinder, 8 in. by 8 in., spur geared type. The cap- 

stan aft is a No. 3 Hyde, with cylinders 6 in. by 8 in. 

The steering engine, 7 by 7 Williamson, is located in 

the after end of the engine room on the main deck, the 

steering ropes leading along on top of the upper deck to 

the quadrant, under the poop deck. A Robinson No. 

g hand steerer, made by the Bath Iron Works is con- 

nected to the extension stock on the poop deck. 

There are two 20 ft. metallic life-boats, carried on 

bridges alongside the house, and an 18 ft. dinghy stands 

on the bridge deck. 

rooms; on the port side the Captain’s pantry, officers’ 
mess-reom and toilet, and two spare rooms. 
The deck house is surmounted by a steel pilot house 

and chart room, with a private stairway from the Cap- 
tain’s room. A bridge is carried from the side of the 
house to the side of the ship, with a flying bridge di- 
rectly above. 

The crew’s quarters are under the forecastle deck. The 
entire crew. including officers, will number about thirty. 

The engine cylinders are 21 in., 35 in. and 56 in. dia. 
respectively, by 42 in. stroke, arranged with the H. P. 
forward, and the L. P. aft. The horse power is about 
1,600 on go revolutions per minute. The H. P. and I. 
P. cylinders are fitted with piston valves, and the L. P. 
cylinder with a double ported slide valve, and a counter 
Ealance cylinder for taking the weight of the valve off 
the valve gear. The latter is of the ordinary Stephenson 
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type, with double bar forged links. The H. P. cylinder 
is fitted with a cast iron liner, which is held in place 
by gtn metal tap bolts. 

The crank shaft is of the built-up type, 12 in. dia. in 
the journals and pins, of forged mild steel throughout. 
The connecting rods, piston rods and crossheads are 
of forged steel. 

The excellence of the steel castings available at the 
present day has made it possible to use this material for 
certain parts of the engine, and thus avoid some of 
the expensive forgings formerly necessary ; among these 
being the forked ends of the eccentric rods, and the re- 
versing arms. 

As shown in the cuts, the engine is of the open front 
type, having steel tront columns and slipper slides on 
the crossheads, working in guides bolted on the back 
columns, the latter being built on top of the condenser. 

The condenser contains 2,587 sq. ft. of cooling surface, 
the tubes being 3-4 in. outside dia. ‘and 15 ft. long, of 
brass. The reversing engine is placed on top of the 
condenser, where it is easily accessible for overhauling, 
and works to good advantage. It is 12 in. dia. by 20 
in. stroke, and is supplied with steam at boiler pressure. 
The air pump is bolted to the back of the condenser, 

and worked off the low pressure crosshead. It is 24 in. 
dia. by 13 in. stroke, and has one bilge pump on its for- 
ward side, and one on the after side. 

The main exhaust pipe is of copper, 19 in. dia. The 
miain steam pipe is of copper, 8 in. dia., and leads to a 
cast iron throttle valve, of the ordinary double beat type, 
with compound lever connections, The handling gear 
for the throttle valve and reverse engine is attached to 
the middle front column, and worked from the lower 
platform. The cylinder drain cocks are worked by 
levers under their respective cylinders. The by pass 
valves are worked by rods leading to them from the 
lower platform fitted with hand wheels, directly over 
the throttle and reverse gears. 
A worm and worm wheel are fitted at the after end 

of the engine for turning it over by hand when setting 
valves, or making repairs. 
The thrust block is set up on a continuation of the 

steel foundation under the engine, but is not bolted di- 
rectly to the engine bed plate. It affords a bearing 
surface of about 685 sq. in., which reduces the pressure 
due to the thrust of the propeller to about 45 |b. per sq. 
in. The main engine and the thrust and line bearings 
are fitted for ample water circulation. The thrust shaft 
is 12 in. dia., aud has six collars, 19 in. dia. The line 
shafting is II 3-4 in. dia., and the propeller shaft is 12 1-4 
in. dia., all of forged steel. 
The propeller wheel is of the sectional type of cast 

iron, with four blades, 14 ft. 9 in. dia., by 13 ft. 9 in. 
pitch at the tips, and 13 ft. 3 in. at the root of the 
blades. The developed surface is about 75 sq. ft. 

The two Scotch boilers fitted are 14 ft. 6 in. dia., by 
10 ft. 9 in. long, inside of the heads, and are built for 175 
Ib. steam pressure. Each boiler contains three corru- 
gated furnaces of the Purves type 45 in. dia., 19-32 in. 

thick. The tubes are 31-4 in. dia. by 7 ft. 7 in. long. 
The total heating surface for the two boilers is 4,400 

sq. ft., and the grate surface 146 sq. ft., making a ratio 

cf heating surface to grate surface of 30. 
Each furnace has a separate combustion chamber, the 
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backs of which are slightly inclined to give as free liber- 
ating surface as possible for the steam. ha 

The axes of the boilers are placed fore and aft, and 
the fire room is 10 ft. wide in that direction. 
The smokestack is high, its top being 71 ft. above: 

the grates, which, however, is not excessive for natural 
draft installations. 

The coal bunkers are forward, and at the sides of the- 
fire room, with a capacity for 625 tons of coal, which is. 
sufficient for a transatlantic voyage. 
The athwartship bunker is recessed in the middle of 

its length for an ash ejector hopper, which sends the 
ashes overboard on the starboard side. One of the two: 
30 in. ventilators in the fire room is arranged to be used’ 
as a passage-way for ash buckets in case the ash 
ejector is being overhauled, and a steam hoister is bolt- 
ed to the forward bulkhead of the fire room for the pur- 
pose cf handling the buckets. 
An electric lighting plant, furnished by the B. F. 

Sturtevant Co., consisting of a 10 K. W. generator and’ 
an upright 7 in. by 7 in. engine, supplies current to 80 
incandescent lights and to a 3,000 C. P. searchlight. 
These steamers are intended to make 10 knots speed, 

when loaded to 22 ft. draft, at which draft they will 
carry 5,500 gross tons dead weight. The immersed mid- 
ship section area is 1,010 sq. ft. at the above draft, the- 
wetted surface 24,600 sq. ft., and the tons per inch im- 
mersion, 33 1-2. The cargo capacity, including bridge: 
house and poop, is 259,600 cu. ft., or 5,750 tons, at 45 cu. 

ft. per ton. The vessels are fitted with tanks holding 
6,000 gals. of fresh water. a 

The design and construction of the two boats has. 
been conducted under the personal supervision of C. W. 

Wiley, superintending engineer for the Boston Tow-- 
boat Company. 

Loss or S. S. Mexican.—Probably the most serious: 

disaster in connection with the transport service between: 

the mother country and the seat of war in South Africa, 

was the loss of the Union-Castle liner Mexican, which 

was run down by the transport Wénkfield, but fortu- 

nately remained afloat long enough to effect a transfer of 

passengers from the liner to the transport. The Mexi- 

can left Cape Town on a homeward trip April 4, and 

soon after ran into a fog bank. She was slowed to half 

speed, and when about 80 miles out she was rammed 

amidships by the Winkfield, bound to Cape Town with 

troops and horses. The Winkfield was badly damaged, 

but was in no danger of foundering, and to her the 200 

odd passengers and crew of the Mexican were trans- 

ferred in the boats, together with most of the mails and’ 

valuables. The Winkfield then proceeded to Cape Town 

and reported. Another transport was immediately dis- 

patched to find the Mexican, but that vessel had appar-. 
ently gone down, for no trace of her was to be seen. 

PrizE Monry.—The U. S. Court of Claims has 

awarded Rear Admiral Sampson $8,375 as his share 

(one-twentieth) of prize money for the destruction of 

the Spanish vessels at’ Santiago. The further sum of 

$158,365 is to be apportioned among the U. S. naval’ 

officers and men of the ships which participated in the 
battle. 
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SCHOOLS OF MARINE ENGINEERING 

AND NAVAL ARCHITECTURE. 
An Account of the Courses and Conditions at Glas- 

gow University, Written by An 
American Student. 

BY GEORGE CROUSE COOK. 

The University of Glasgow was founded by authori- 

ty of Pope Nicholas V in a bull issued during the year 

1450-1. This bull also granted the University power to 

confer such degrees as were then in vogue and estab- 

lished certain laws and regulations. In subsequent 

DEP, 

of location sufficient money was obtained by private sub- 

scriptions and State aid, in the year 1864, to purchase a 

valuable site in the northwestern part of the city, and 

there erect suitable buildings for the educational neces- 

sities of the time. In addition to the new buildings, a 

three-story portion of the old college, which bears the 

date of 1658, was taken down, removed to the new site, 

and there re-erected with slight modifications as a gate- 
lodge at the northeastern entrance to the University 

grounds. 
Within limitations prescribed by the State, the Uni- 

versity is governed by two bodies. The first is the 

Senatus Academicus, which is composed of the principal 

and the whole of the professors, and which has charge 

DISTANT, VIEW OF MAIN BUILDING, GLASGOW UNIVERSITY. 

years, through the energy and zeal of its leaders, the 

University won a permanent and growing patronage. 

Its original three faculties have been gradually increased 

to five at the present time, viz., Arts, Science, Medicine, 

Law and Theology, engaging the services of thirty-one 

professors. 

The character of that portion of Glasgow in which 
the University was established at its foundation be- 

came so changed in the later growth of the city, that 

early in the present century the question of removal to 

a more desirable section was discussed. After several 

unsuccessful attempts had been made to secure a change 

of the instruction and discipline of the students, the 

awardment of degrees aud which determines the exemp- 

tion from any part of the University course or examina- 

tions of a candidate for a degree who presents certifi- 

cates from other schools. The second body is the Uni- 

versity Court, which is composed of the principal, rep- 

resentatives of the Glasgow City Council, the Universi- 

ty faculties, the graduates and students. It forms a 

court of appeal from the Senatus in certain cases and 

administers the funds and property of the University. 

The modern development of the Faculty of Arts was 

materially advanced when, in 1883, the widow of John 
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Elder, who was the head of what is now the Fairfield 

Shipbuilding Co., of Glasgow, endowed the University 

with the sum of $60,000 for the support of a chair to be 

known as the John Elder Chair of Naval Architecture. 

This chair was later connected with the Faculty of Sci- 

ence on its foundation in 1893. As no satisfactory space 

in the main building was available for this work, the two 

upper stories of the previously mentioned Gate Lodge 

were fitted up as drafting, lecture, and professor's 

10oms. The entire upper floor is used as the drafting 

room. This is heated by two open fireplaces and light- 

ed by side and overhead windows and gas. Fixed draw- 

ing boards, with drawers, are built about three sides of 

the room, while along the central part stand a number 

of portable tables. The tables are supplied with battens, 

weights, three good planimeters, a convenient calculat- 

ing machine and two excellent integrators. A relic ot 

the racing yacht Valkyrie, some working models, and a 

few framed photographs hang upon the wall and com- 

plete the equipment of the room. The second floor, of 

the same dimensions as the upper, is divided by a bulk- 

head into a lecture room and professor’s office. The 

lecture room is heated by a single fireplace, and is fitted 

with raised platform and desk for the lecturer; back of 

this desk on the division bulkhead is a slate blackboard, 

while on one side rests a stereopticon for- illustrating 

lectures, with the associated screen on the opposite wall. 

Half a dozen rows of narrow wooden benches, with nar- 

rower desks for the students, are arranged in front of 

the platform. Apparatus for demonstrations and for the 

illustration of lectures stands about the room, and mod- 

els of different types and varying degrees of complete- 

ness and condition hang upon the walls. 

The course of this chair is designed to be taken as a 

portion of the regular curriculum leading to the degree 

of B. Sc., and extends over three sessions. During the 

first session, in association with other regular work, a 

junior course in ship and engine drafting is taken, 

which requires at least nine hours per week attendance 

in the drawing room; this time is usually made up on 

three days from 2 until 5 o’clock. In the second ses- 

sion a iunior course of lectures in naval architecture 

and marine engineering is attended, and a senior course 

in drafting; the senior lectures are given daily, except 

Saturday, from noon to 1 0’clock, while the drafting is 

arranged as in the junior course. The third session 

consists of the senior course of lectures, which are 

given daily, except Saturdays, from 11 to 12 o’clock. In 

both junior and senior series of lectures a lecture on an 

average of once a week is given on the subject of ma- 

rine engineering. 

The junior course in drafting tales up the following 

work: Laying off and fairing a vessel from offsetts; 

calculation from these lines, of displacement, centers of 

buoyancy, areas and centers of gravity of water planes, 

tons per inch, moment to change trim, transverse and 

longitudinal metacenter and coefficients of form; draw- 

ing sections for cargo space, plotting cargo curves, dis- 

tribution, and center of gravity of cargo vertically; cal- 

culations of curve of metacenters and the metacentric 

height under various densities of cargo; calculations for 

change of trim with bilged compartments; curves show- 

ing percentage of length, which may be safely flooded ; 

launching calculations, with curves; strength, calcula- 
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tion of distribution of hull weights, curves .of support- 

ing forces in various forms of waves considering the 

various pressures due to depth, curves of load, shearing 

forces and bending moments; the ship’s section at point 

of maximum stress and calculations of its inertia and 

effect of the bending moment; distribution of shear- 

ing stress at point of maximum shear; drawing sec- 

tions by various rules and; if the time permits. 

designing a marine boiler. The senior course 

of drafting includes: Designing a vessel to 

fulfill given conditions of speed, weight, carrying 

power, etc.; general arrangement plans and correspond- 

ing structural plans; stability calculations under differ- 

ent conditions and cross curves of stability; calculations 

upon the results of trial trips.. The design taken up by 

students may be a battleship, cruiser, torpedo boat, car- 

go or passenger steamer, and sail or steam yacht, and if 

there be sufficient time the principal parts of a steam en- 
gine. 

The junior series of lectures embody the following 

topics: Ship calculations, including displacement, cen- 

ter of buoyancy, metacenter, change of trim, experimen- 

tal determination of center of gravity of a ship, effect 

upon trim and stability due to flooding compartments. 

also due to filling part or whole of holds with cargoes 

of varying density, lifting and tipping efforts in launch- 

ing, and tonnage; strength ‘of ships, including general 

consideration of strength of a girder, application to a 

ship in still water, elements of trochoidal wave theory 

and its application to finding supporting forces in a 

ship on a wave, determination of distribution of weight 

in a ship and the resultant effect upon her structure 
when in still and wave water, both in upright and in- 
clined positions; consideration of effect of heave of sea 
upon ‘supporting forces and weights; transverse 

strength of ship, strength of various details of construc- 
tion, including butt fastenings. The senior series com- 
prises: Stability of ships, including the mathematical 
investigation of the fundamental formule of stability 
calculations, consideration of the surface of buoyancy 
and flotation, metacenter curves, curves of statical 
and dynamical stability; cross curves of stability, ele- 
inentary considerations of oscillation of a ship in still 
water and among waves; resistance and propulsion of 
ships, including consideration of the earlier theories 
and experiments of Froude upon models; relation of re- 
sistance of ship and model, law of comparison, pro- 
gressive trials of ships, relation of effective to indicated 
horse power, effect of waves upon speed of ship, theoret- 
ical efficiency of various kinds of propellers, determina- 
tion of best diameter of propeller for a ship, ship de- 
sign, including determination of dimensions of ship to 
fulfill given conditions, method of determining form of 
ship, estimates of weight of hull and outfit, weight of 
machinery in relation to power and type, approximate 
methods of determining elements of design for prelim- 
inary consideration, factors of strength for various types 
of ships, consideration of points of importance in spe-— 
cial classes of vessels. |The engineering lectures for 
Seniors and Juniors cover: Marine Engine and Boiier 
Design, including. determination of sizes of cylinders, 

valves, shafting, pumps, propellers, boilers, furnaces, 

funnels, steam pipes, etc., with the theoretical and prac- 

tical considerations. governing marine practice. 
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In the drawing room, the instttiction is under the im- 

mediate direction of the assistant professor, who lays 

out the work for each student and daily inspects its 

progress and character, giving such direction and assist- 

ance aS may be required; the professor makes an oc- 

sional visit, criticising and suggesting. The naval archi- 

tecture lectures are given in the lecture room by the 

professor, who occupies the platform, and board and 
lantern are frequently put into use in demonstration 

and illustration. While there is a definite line which the 

lectures follow, there are frequent, interesting, im- 

promptu discussions by the professor, which are taken 

from his store of practical experience. In the occa- 

sional absence of the professor, the platform is occupied 

by his assistant, who also delivers the lectures on Ma- 

rine Engineering. 
The complete course as outlined in the foregoing is, 

as already stated, the one taken by students entered for 

the degree B. Sc. and is, of course, the most satisfac- 

tory. There are several modifications of this which are 

taken by men having no interest in the general degree 

work, or with limited time or means to devote to study. 

A very satisfactory one of these, and the one taken by a 

great number of American students, extends over a 

single session and consists of the Junior and Senior lec- 

tures together with the Senior Drafting. It is obvious 

that a student to get the full benefit of this time must 

have a good foundation in the elementary principles 9i 

naval architecture and a good working knowledge of 

mathematics including the first principles of the inte- 

gral calculus. For this special course, no preliminary 

examinations or qualifications are required, and on com- 

pletion, all lectures, examinations, and classes having 

been attended satisfactorily, a certificate is given of pro- 

ficiency in naval architecture. This session extends from 

October 20 to March 27, with a vacation of two weeks 

at Christmas. Holidays can be most satisfactorily em- 

ployed in visiting neighboring shipyards, where students 

are generally admitted. A second excellent course 

which calls for an attendance during two sessions and 

results in a “Certificate of Proficiency in Engineering 

Science” consists of the following work: The four 

classes in naval architecture and one session in each of 

the following classes: mathematics, including integral 

and differential calculus, natural philosophy, chemistry 

and engineering with laboratory practice. | This last, 

under the widely known experimentalist, Dr. A. Barr, 

deals with the strength and elasticity of materials, or it 

might be put as the stress and strain on materials in 

structures and machines, and hydraulics which investi- 

gates the principles of the flow of water and its action 

as a motive power. This course requires no prelimi- 

nary examination and a student with previous training 

may be excused from attendance on certain of the 

classes, but must pass the final examinations at the 

University. During the intermediate summer vaca- 

tion, a good draftsman can usually find work in a 

Clyde shipyard office, where the wages run from $10 

to $14 a week, and an inexperienced man could get 

apprentice work in a yard. 

Professor J. Harvard Biles, who now occupies the 

Chair of Naval Architecture, received his early techni- 

cal education in the Government Dockyard at Ports- 

mouth, England, and later attended the Royal Naval 
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College at Greenwich, from which he graduated in 

1875. He was then appointed an assistant naval con- 

structor in the British Navy, and was assigned to duty 

at the Pembroke Dockyard, later being ordered to the 

Admiralty in London. In 1880 he resigned from the 

naval service to accept a position as naval architect at 

the well-known Clydebank Yard. Probably the best- 

known ships turned out during his connection with 

the yard were the Paris and New York, now of the 

American Line. In 1880 Mr. Biles left Clydebank for 

Southampton, where he acted as general manager for 

a new yard, and from there he passed to the Glasgow 

University. In taking up this educational work Pro- 

fessor Biles has not relinquished outside professional 

practice, but maintains an office as a consulting naval 

architect, and as such has been connected with the 

construction of many modern merchant and naval 

vessels. 

Assistant Professor H. C. Sadler is a graduate of 

Glasgow University, having obtained the degree of 

B. Sc. in 1893. After leaving college he entered the 

shipyard of A. and J. Inglis, Glasgow, as a premium 

apprentice, and upon the expiration of his five-year 

term was appointed a calculating draftsman for the 

firm. From this position he was appointed to the as- 

sistant professorship in the University. He is an as- 

sociate of Professor Biles in the latter’s outside pro- 

fessional] interests. 

With many students the question of expense is of 

considerable importance. The total expense for a 

person starting with outfit for six months, from New 

York City, and taking the one session course with 

three classes already outlined can be brought, barring 

accidents, within $375. Itemized it will stand as fol- 

lows: A return passage from New York to Liverpvol 

or even Glasgow itself, on an intermediate class steam- 

ship, can be had for $90. The University fees sum at 

$50, for matriculation or enrolment as a student a fee 

of $5, and for each of the three classes attended, $15. 

The cost of necessary books, drawing paper, pencils, 

etc., is covered by the sum of $10. The expenses of 

living are practically within control. As there are no 

accommodations for students at the University, a 

usual, cheap, and satisfactory manner of living is that 

of hiring rooms with service and buying such articles 

of food as may be required. Service here includes 
care and cleaning of rooms with cooking and serving 

as purchased or directed. The front room of a clean, 

wholesome flat, in the neighborhood of the Univer- 

sity, occupied by a mechanic and family, with gas, coal 

for fireplace—which is the usual method of heating 
employed—use of bathroom and service, can be had 

for $2 per week. Sufficient good healthy food can be 

obtained for $3 per week; these, with washing and 

laundry, may sum to $6; which extended over time 

of session, may be counted at $150. The remainder of 

the sum total may be justly depended upon to cancel 

all unconsidered necessities. The cost of the second 

course is, naturally, in proportion. 

The clothing which is most satisfactory in the damp, 

rainy, moderately cold weather which prevails in and 

about “‘Glasgie cold an’ dirt” during the winter season 

is heavy woolen underclothing and socks, a moderate 

weight dark suit, medium overcoat, a waterp.oof mack- 

intosh, and heavy water-tight shoes. 
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PRACTICAL RESULTS OF SOME INNOVATIONS 
IN MODERN SHIPBUILDING.* 

BY HENRY B. WORTLEY,. \. Ya 

It may be of interest to the members of this Institution 

to lay before them the results of some departures from 

ordinary merchant shipbuilding practice, which have 

been embodied in eleven steamers (British built) owned 

by the Ocean Steamship Company and managed by Al- 

fred Holt. These vessels, like all their predecessors in 

the line, are unclassed. Their moulded dimensions are 

440 ft. by 52 1-2 ft. by 33 1-2 ft. They carry 8,200 tons 

of dead weight on a draught of 25 1-2 ft., the freeboard 

having been assigned by the British Corporation for 

the Survey and Registry of Shipping. 
The profile is shown in Fig. 1, where it will be ob- 

served that the upper deck has no sheer; though for the 

sake of eye-sweetness, a slight sheer has been given to 

the bulwark rail. 

The engines in normal condition indicate 3,600 horse- 

power, giving a continuous sea speed of 13 knots. Three 

of these vessels have now made two round voyages from 

this country to China and Japan, each covering a total 

distance of about 50,000 miles, and two of them have 

started on a similar maiden voyage of about 25,000 miles. 

Amongst the innovations the following are the chief, 

viz.: 
A. External: A rudder so hung that no stern frame 

has been required, and allowing the after deadwood to 

be cut away. 
B. Internal: (1) The substitution in the main hold of 

two pillars in place of the usual numerous stanchions. 

(2) A 3-ft. frame spacing. (3) The disuse of cement 

on the ship’s bottom inside the ballast tanks. 

‘I O14 

RUDDER, ETC. 

The sterm frame of a merchant steamer is a feature 

which still retains to a large degree its primitive form 

and section. It kas varied but little since its introduc- 

tion into iron shipbuilding, and probably it had more 

arguments to justify its inception than can be claimed 

for its retention to-day. When introduced it was small 

in weight, size, and section, easy to forge, and formed 

a convenient method for finishing the run of a small 

ship. Since then the sizes of ships have gradually in- 

creased, and the stern frame has steadily advanced in 

weight, size, and section, until at the present time it is 

quite common to have stern-posts of 20 tons weight 

and 13 in. by 8 in. of rectangular section. It is need- 

less to say that these posts are very clumsy to handle, 

even though scarphs have been introduced, and, despite 

the care bestowed in the manufacture, the results are 

not always satisfactory. 

The commendable action taken by Lloyd’s in the early 

eighties, in appointing specialists to survey forgings 

during the process of manufacture, and the circular 

issued in 1886 requiring all sections above 40 sq. in. to 

be welded under the steam hammer, have done much 

to minimize the evil; but it is not yet cured. 

Cast steel was introduced for stern frames and rud- 

ders in the hope of overcoming bad welds, but a reaction 
has taken place against the use of this material, as many 

ship-owners have had unfortunate experiences of con- 

“MAIA FIAOUd 
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*A paper read before the Institution of Naval Architects, London, 
England. 
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traction flaws, necessitating the removal either of par- 

tial or complete stern frames and rudders. 

The rectangular section of stern frame is most com- 

monly used, although in some few of the largest ves-~ 

sels—especially twin-screw steamers—a U-shaped sec- 

tion of cast steel has been adopted for the inner post, 

while the aperture portion of the outer post has been 

retained of rectangular section. Now the strength of a 

stern frame of rectangular section is incompatible with 

the weight involved. Whether considered as a girder 

or pillar, the section is most primitive, and the number 

of broken stern-posts constantly seen do not justify 

them as being simple things to manufacture, or fitting 

contrivances for ending the after-body lines. When 

broken no other part of a ship of equal weight is so 

costly to repair, or requires so long a period for re- 

newal. The form renders it incapable of being incor- 
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porated with the framing of the ship at reasonable cost, 
excepting at the transom, and at the upper portion of 
the inner or propeller post. Its whole weight is there- 
fore sandwiched between the comparatively thin end 
plates of the shell, to which it is attached by a multitude 
of long rivets of a large diameter. The number of 
slack rivets observed in the after deadwood and the 
number of stern frames broken just below the boss 
clearly show that a considerable deflection takes place 
in thin deadwood during the ordinary working of the 
ship. The deadwood of the sailing ship has definite 

reasons to justify its existence, but it is difficult to find 

an excuse for deadwood in steamers. Its weight is gen- 

erally greater than its buoyancy, it probably interferes 
with the efficiency of the propeller to an appreciable 
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extent, and it certainly tends to prevent rapid ma- 
nceuyring. 

Most shipowners have experienced in greater or less 

degree the foregoing disadvantages of the ordinary 

forged or cast-steel stern frame and rudder; and many 

agree that the present type of stern is “found wanting.” 

With a view to overcoming these difficulties, the follow- 

ing guiding principles were laid down for designing a 

stern and rudder for vessels of the Ocean Steamship 

Company’s fleet: (1) That there be no useless after 

deadwood. (2) That a support at the heel of the rudder 

is not essential. (3) That forgings and castings be re- 

duced to a minimum. (4) That the frame terminating 

the run of the vessel be compatible with the adjacent 
scantling. 

rated with the ship’s structure. 

be of the balanced type. 

(5) That the frame be thoroughly incorpo- 

(6) That the rudder 
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Several designs were made to meet these requirements, 

but the one illustrated in Fig. 2 was finally chosen. It 

will be noted in the diagram that the after end of the 

rudder is 8 in. thick, and forms the termination of the 

water-lines above the propeller arch. This gives a much 

longer and cleaner run to the vessel than is possible 

when the lines terminate upon the ordinary stern-post. 

(For comparison see Fig. 6.) The greaterst advantage 

however, lies in the increased thwartship width that 

these lines give to the stern, as it enables the requisite 

strength to be obtained from material of much less 

weight than the ordinary form of stern frame. The 

increased space also gives easy access to every rivet in 

the structure. 

In this case the stern-post is made of a wrought-iron 
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tube 21 in. external diameter and 1 in. thick, with an 

internal liner at the lower part of the same thickness. 

The lower part of this tube forms the bottom pintle for 

the rudder. 

The propeller arch is made of a Siemens-Martin steel 

plate 1 in. thick of U-shaped section. The after part 

‘of it is riveted to the sides and also the front part of 

the stern-post tube; and the forward part is carried 

down to the boss and riveted thereto. The boss is a 

steel casting—the size of which has been reduced as 

much as possible. It has one palm on the top riveted 

to the extension of a watertight flat, and another at the 

fore end of its lower part riveted to the after-peak 
bulkhead. 

It will be noticed in the diagram that the framing of 
the ship is incorporated with every portion of the stern. 
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which is of ordinary form, excepting that it passes 

through an octagonal eye in the casting just described, 

and forms an additional safeguard for working the rud- 

der in case of accident to the coupling bolts. The lower 

part of the forged rudder stock forms the top pintle, 

and is housed in a cast socket fixed into the top end of 

the stern-post tube, where the whole weight of the rud- 

der is taken. 

It will be observed that this form of rudder is easily 

made watertight, and, therefore buoyant, the effect of 

which is to reduce the weight on the top pintle, which 

takes the downward thrust. The total weight of the 

rudder, rudder stock, tiller, &c., is about 15 tons, and 

the buoyancy of the rudder at the load draught is about 

5 tons, leaving a downward thrust on the top pintle of 

10 tons. The total weight saved in this system of con- 
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FIG. 3. 

The frames above the arch plates are directly connected 

thereto, and two of the longitudinals are also incorpo- 

rated with it. The top of the stern-post tube has an 

attachment to the main deck, and the bottom of it is 

well supported by the after sides of the arch plate. The 

base of the sloping part of the deadwood is formed by 

an extension of the keel plate. The rudder, as will be 

noted in the diagram, is built of plates and bars, and the 

interior is accessible in every part. The bow frame is 

of channel steel, and a flat bar at the fore side finishes 

the lower part of the rudder. The socket in the rudder 

for the lower pintle is of Siemens-Martin steel, lined 

with white metal working upon the lower part of the 

stern-post tube. At the head of the rudder is a small 

steel casting, with flanges forming a coupling for bolt- 

ing it to the lower part of the forged-iron rudder stock, 

structing the stern against the ordinary type is about 

Io tons. 

In the initial stages of the design the chief argument 

brought against the system was that it would prove to 

be a trap for ropes and fishing nets. To prevent a rope 

or fishing net plugging the water grooves in the tail- 

shaft bearing, a guard plate was fitted over the stern- 

post boss, as shown in Fig. 2; but, although these 

steamers have covered collectively nearly a quarter of 

a million miles, no such difficulty has as yet been ex- 

perienced. 

A trial of the manceuvring power of one of these 

vessels was made in the Firth of Clyde in a dead calm 

and slack water. The vessel’s draught was 18 ft. aft 

and 14 ft. forward. A long run was just being com- 

pleted at 4,000 indicated horse-power, which gave a 
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speed of 14 knots. The helm was then put hard-a-port, 

and the diameter of the first half of the turning circle 

was found to be 1,170 ft., and the second half 1,070 ft. 

The time occupied in turning the complete circle was 

5 min. 17 sec. 

It was anticipated that the abolition of the after dead- 

wood would tend to increase the manceuvring powers 

of these vessels to a considerable extent, but it was 

also feared that it might produce unsteady courses. To 

avoid this the vessels were fitted with bilge keels of 

rather greater length than usual, viz., 250 running feet 

on each side. As a result, the. pilots and masters of 

these vessels report that they are easier to handle than 

steamers, in the fleet, of one-third their size, and that 

they make excellent courses. Experience has proved 

this departure to be a complete success, and very soon 

it will be embodied in eleven steamers of the fleet. 

THE SUBSTITUTION OF TWO PILLARS FOR ORDINARY 

STANCHIONS. 

The ordinary system of pillaring cannot be said to 

have many arguments to justify its existence. For the 

shipbuilder it is a crude and primitive contrivance, for 

the shipowner a costly nuisance; and in the performance 

of its functions it is more remarkable for its weight and 
obtrusiveness than its strength. 

In text-books pillars are usually described as “short” 

and “long,” in terms of their diameter, but in modern 

ships without lower, or orlop, decks, a new superlative 

would have to be invented to adequately describe the 

pillars now in general use. As they are of great length 

and have little resistance to transverse pressure, great 

difficulty is experienced in keeping them straight. Ob- 

structing the stowage, they form a first aid to the steve- 

dores in chocking off cargo; and as this is usually done 

with wedges, the pillars very frequently get bent. It 

therefore happens, even in the best regulated fleets, that 

a considerable percentage of the pillars are useless, either 

as struts or ties. Their resistance to deflection is also 

considerably modified by the character of their ends, 

and their value in many cases might be increased by 

greater attention to this detail. But perhaps the chief 

disadvantage of the ordinary system of pillaring occurs 

in vessels of great breadth, especially when quarter pil- 

lars are introduced. They break the stowage of the 

hold to such an extent that the obstructing pillars must 

frequently be removed, to admit bulky cargo, and very 

often they cannot afterwards be replaced until the cargo 
is discharged. 

Under these circumstances, the deck is usually shored 

with wooden stanchions from the hold ceiling, and in 

some cases, where this is not accessible, the only alte1za- 

tive is to shore the deck from the cargo, in which case 

care must be taken to get a solid foundation for the 

stanchions, and to secure the cargo from damage. Such 

shores can only perform one of the two functions of a 

ship’s pillar. They cannot easily be made into ties as 

well as struts. It is not surprising, therefore, that many 

cases are on record where these temporary shores have 

got adrift while the ship has been working in a seaway, 

thus causing the decks to collapse. Similar accidents to 

the deck are on record where the pillars have been care- 

lessly replaced or left out altogether. Many accidents 

can also be traced to the negligence of leaving bent pil- 
lars unstraightened. 
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Now, in order to develop the full strength of a ship 
it is imperative that the top and bottom members of its 
girder should be rigidly tied together. It is also de- 
sirable from a shipowner’s point of view that the num- 
ber of pillars should be reduced to a minimum, and, if 
possible, the danger should be overcome that is caused! 
by careless tampering with portable pillars, thus com- 
promising the strength of the ship. Their diminutiom 
would also effect a considerable saving in time and 
money, which is generally incurred by the removal and! 
replacement of portable pillars for the admittance of 
bulky cargo. 
To achieve this end the main hold, shown in Fig. 4, 

was designed early in 1895, and has since been intro- 
duced into fifteen steamers of this fleet. The length of 
the hold is 75 ft., and it contains, with the ’tween decks, 
6,250 tons of space, and yet its only obstruction is one: 
pillar on each side of the hatchway. The floor of this 
hold has contained as many as twelve Lancashire boilers, 
each weighing 29 tons, which have been stowed without 
the removal of any part of the ship’s structure. It may 

be of interest in passing to state that the lifting appli- 

ances at this hold have been tested up to 35 tons. 
The principle adopted is that of compensating for two 

complete rows of stanchions by fitting two accessible 
box girders under the main deck, and extending the 
upper deck hatch coamings from bulkhead to bulkhead. 
The hatch coamings are converted into girders by fitting 

efficient flanges on the upper side, while the lower side 

is reinforced by fitting two channel girders under the 

upper deck beams. These fore and aft girders are di- 

vided into two spans, the extreme ends of which are 
supported by specially stiffened bulkheads, and the cen- 

tre by a built pillar, the thrust of which is taken by @ 

special stool fitted to distribute the stress over the double 

bottom. This system has been perfectly successful, ex- 

perience proving it to be even more rigid than the ordi- 
nary system of pillaring. 

It is a pleasure to record that T. and J. Harrison, of 

Liverpool, have fitted this system in a slighty modified’ 

form into two of their largest steamers, and have carried’ 

it throughout the length of the ship. I may add that 

these two vessels were classed at Lloyd’s. I am also 

given to understand that Harland and Wolff have 

adopted the system, and have fitted it right fore and 

aft in five large vessels built for the Australian trade 

and owned by the White Star Line. 

In the vessels forming the subject of this paper, it 

was considered sufficient for the trade in which they 

were employed to fit one hold in the manner just de- 

scribed and unnecessary to fit girders of such large spans- 

in the remaining holds. However, to prevent any dis- 

continuity of strength, the main hold girders on both 

decks were carried right fore and aft, scarphing into the 

engine and boiler casing; but as a less span was adopted’ 

in the remaining holds, the girders were made of @ 

lighter character. This system is illustrated in the after: 
main hold, Fig. 5. 

The result of this system of pillaring has been most 

satisfactory, there being a complete absence of vibration, 

even when the vessels are in their lightest trim, and at 

all speeds of the engines up to a piston speed of 950 ft. 

per minute. When the main holds of these vessels were 

designed, it was predicted by some opponents of the 

scheme that it would be impossible efficiently to chock 
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the cargo to prevent chafage, owing to the absence of 

pillars, and that there would be heavy claims for dam- 

aged cargo. The contrary has been found to be the 

case, and experience has proved that these holds carry 

cargo with even fewer claims for chafage than vessels 

fitted with the ordinary system of pillaring. In other 

words, experience has shown that stanchions really 

tend to cause chafage. 
THE 3-FT. FRAME SPACING. 

In these vessels a 3-ft. frame spacing has been adopted. 

An increase in this direction has frequently been urged 

in times past, but the writer has been unable to discover 

any precedent in the merchant service where a greater 

spacing than 3o in. has been adopted. In a highly in- 

teresting and instructive paper, read before this Institu- 

tion so long ago as 1873, Sir William White, in one of 

his conclusions on transverse framing, says: 

BRIDGE 
FRONT 
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cieties, it would appear inexplicable that such an ad- 

mirable paper, so logical and conclusive in its deduc- 

tions, should have lain without actual result for so 

many years. This is more remarkable still when it is 

considered that the practical advantage of a wider 

spacing of frames is shared alike by shipbuilder and ship- 

Owner. : 

The reduction in the number of frames, reverse 

frames, floors, frame brackets, and, it might also be 

added, beams, coupled with the enormous reductions in 

the number of rivets used in the ship, and the greater 

accessibility of every part, especially the ballast tanks, 

are matters of advantatge to builder and owner alike. 

They appeal especially to the shipowner, because, with 

a given weight, a stronger and more durable ship can be 

produced. 

The durability of steel ships has been much discussed 
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It appears that an increase in the spacing of 

transverse frames favours the more satisfactory 

development of the strength of the skin plating, 

without any increase in cost of workmanship or 

weight of material. A change in this direction 

has been repeatedly enforced on weightier 

grounds than the above, but has long been post- 

poned. There can be little doubt, however, that 

nothing but advantage, so far as strength in pro- 

portion to weight of hull is concerned, would re- 

sult from modifying the present system of fram- 

ing, widening the frame space, and combining 

with the reduced transverse framing some well- 

considered system of longitudinal framing. 

Were it not for the fact that we have had repeated 
examples of the distrust of change common to ship- 

owners, shipbuilders, underwriters, and registration so- 
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owing to their scantlings being 20 per cent. thinner tham 

iron. It has also been remarked of steel that the last 

stages of corrosion are more rapid than the first. This. 

is undoubtedly due to the wasted material vibrating and. 

throwing off all applications of anti-corrosive covering. 

If this is to be avoided, it follows that, instead of hav- 

ing a large number of comparatively thin scantlings 

easily wasted to the vibrating stage, it is better to: 

have fewer and thicker parts, which will give greater 

initial strength, with the same weight, and be more 

durable in the end. 

The midship section of these vessels showing the gen- 
eral scheme of scantlings is given in Fig. 3. It will be 

noted that an attempt has been made to combine witlr 

the 3-ft. frame spacing a simple longitudinal system. 

The ship’s side is divided into cells about 4 1-2 ft. by 

3 ft., the longitudinals keeping every portion of the shelf 
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and framing well up to its work. The fore and aft 

girders, compensating for the omission of ordinary pil- 

lars, are also valuable longitudinal stiffeners to the upper 

flange of the ship-shaped girder. 

None of the objections urged against the wider frame 

spacing have been experienced in practice. The ships 

have met with all kinds of weather and have stood both 

the pounding and hammering action of the sea with im- 

punity. In port and roadsteads they are constantly sur- 

rounded by barges inflicting the usual amount of bump- 

ing. They also meet with the usual fending when 

entering locks or coming alongside quays. After con- 

siderable experience of this usage there is absolutely 

nothing to indicate in any of these vessels that the 3-ft. 

frame spacing is in any way inferior to the 2-ft spacing 

for resisting the local shocks that ships are subject to. 

It has now been adopted in this fleet of steamers as the 

minimum spacing. 
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bottom was introduced, the drainage could no longer 

get to the bottom of the ship, and provision was made 

for it to accumulate in the wings. These were there- 

fore cemented. 

It might have been reasonably supposed that, as the 

tank top supported the cargo, and carried all deleterious 

drainage to the wings, the cement would have been re- 

moved from the bottom and placed on the tank top. 

This, however, was not done, and experience has long 

since proved that, if the wood ceiling is frequently lifted 

and the tank top examined, or, better still, if the wood 

ceiling is dispensed with and the tank top exposed to 
view, it is a comparatively easy matter to preserve it 

from corrosion. 

Now, as the tank top completely insulates the inside of 

the outer bottom from deleterious chemicals that may be 
in the ship, and as cement was originally placed there 

chiefly to preserve the bottom against their injurious 

action, the question may reasonably be asked: ‘““Why put 
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DISUSE OF CEMENT ON THE SHIP’S BOTTOM INSIDE THE 

BALLAST TANKS. 

It was not until considerable experience of iron ships 

had been gained that: Portland cement was adopted for 

preserving the inside of their bottoms. For some time 

this part of the ship suffered more severely from cor- 

tosion than any other. This was largely caused by the 

acids in the cargo draining into the bilges and setting 

up a chemical action detrimental to the iron. At that 

time sugar formed a staple trade for many iron ships, 

and the effect of this cargo on their bottoms was found 

to be most destructive. 

Asphalt was at first adopted to insulate the iron from 

these ravages, but was found to soften in warm climates, 

and run down toward the centre of the vessel, leaving 

the higher parts and rivet heads bare. Portland cement 

was then tried, and has proved highly efficient in resist- 

ing the ravages of most chemicals carried in ships. It 

may be of interest to add in passing that sulphate of 

ammonia is an important exception. This chemical will 

turn the best Portland cement as soft as putty, and will 

then attack the iron, unless there has been sufficient 

cement to neutralize the acid. Now, when the double 

cement there now?” The usual answer is “To preserve 

the rivet heads from the wash of bilge water.’’ Now, if 

a shipowner can afford to carry bilge water, he can also 

afford to carry its antidote. But if he does not carry 

bilge water, what is the use of the cement? To try the 
truth of this reasoning, the vessels forming the subject 

of this paper have their bottoms inside the ballast tanks 

merely cement washed. The effect is a saving in dead- 

weight of approximately 120 tons. To allow free drain- 

age in the bottom, it is built clincher fashion, and for 

the same purpose the keel plate between the internal 

butt straps is cemented. 

Again, for the purpose of insuring the tanks being 

pumped dry, the cement has been left off the keel plate 

at each centre suction, thus enabling the large trumpet- 

mouthed strums to be placed within 3.4 in. from the keel 

plate, which is an outside strake. To carry off the 

vapors common to all ballast tanks, they have been 

fitted with 6-in. ventilators. The upcast pipes ventilat- 

ing the tanks under the engines and boilers are led to the 

forced-draught fan: Each vessei has been carefully in- 

spected at the termination of every voyage, and after 

the most minute examination of the inside of the outer 
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bottom, no pitting or corrosion could be discovered, and 

the cement wash was found to be preserving the steel on 

the bottom as well as any other part of the tank. 

IN GENERAL, 
It may be of interest to add that these vessels’ capacity 

for water ballast is about 3,000 tons, which, without 

bunker coal, immerses them to a draught of 18 ft. aft 

and 14 ft. forward. At this draught the propeller is 
completely immersed. This is owing, first, to the possi- 

bility of fitting, in a vessel with an overhung rudder, the 

centre line of the shafting nearer to the base line, and, 

DIAGRAM SHOWING INGREASED LENGTH OF RUN 

(ON 24 FT. WATER LINE) 

DUE TO THE NEW ARRANGEMENT. 

OF STERN. 
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secondly, to the fact that a smaller diameter of pro- 

peller has been adopted than is usually customary. The 

advantages resulting from an adequate ballast draught 

and the complete immersion of the propeller in a seaway 

have been so effectually brought home to shipowners 

and underwriters by recent events that I need not dilate 

upon them. The economy is apparent, not only in 

speed, but likewise in the immunity from shock and 

consequent disaster to every part of the machinery, from 

propeller tip to stop valve. The diameters of propellers 

in the merchant service are usually designed to meet 

the load-draught requirements, but there are many cases 

where a better balance can be secured between load and 

light-draught performances by adopting propellers of 

less diameter than those now generally in use. In any 

vessel where the propeller is not completely immersed at 

ballast draught, it would be advisable to take the dia- 

meter as a factor in determining the size of the shaft- 

ing. 2 : ee 

The interesting and unusual operation of shortening 

a steamer has been carried out at the yard of the E. J. 

Codd Co., of Baltimore, Md. This boat, the Martha 

Stevens, was recently purchased by the Merchants’ 

Transportation Co., of Trenton, N. J., and being too 

long by 25 ft. to allow of her operation in the Dela- 

ware and Raritan Canal, this length has been taken 

out. This operation leaves the boat 135 ft. long. 

‘Cutcaco Dratnace Canat.—The recent opening of 

the Chicago drainage canal has greatly increased the 

difficulties of navigation in the Chicago river, and for 

this reason the local authorities have planned early im- 

provements which it is believed will eventually make 

the conditions better than before the opening of the 

canal. 

OcEAN Race.—A long distance ocean race by sail- 

ing ships is reported having ended recently at Queens- 

town. The British ships Kirkcudbrightshire, Crown of 

Germany, Benicia and Sierra Miranda left the Columbia 

river in company December 15 last, and the Kirkcud- 

brightshire won the race, arriving at Queenstown after 

a passage of 120 days. A purse was made up by the 

captains before sailing, and this was awarded to the 

winner of the race. 
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LAUNCHES—HOME AND FOREIGN. 

S.S. AMERICAN.—At the Roach yards in Chester, Pa., 

on July 14, was launched the steamship American, of 

the American & Hawaiian Line. The ship was chris- 

tened by Mrs. F. Farwell Long, daughter of John B. 

Roach. The American is the largest freight steamer 

ever built in the United States, and is one of a fleet of 

five, two others similar being under construction at the 

Roach yards and two at San Francisco, with perhaps 

more to follow. The dimensions of the ship are as 

follows: Length over all, 435 ft.; beam, 51 ft.; depth, 

33 ft. to water bottom; gross tonnage, 6,000 tons. The 

scantlings of the vessel are in accordance with Lloyds’ 

three-deck rules, and she will receive the highest rating 

in this class. The design calls for seven coniplete steel 

water-tight bulkheads and one partial bulkhead. A 

double bottom extends from the collision to the after- 

peak bulkhead. The tanks in this double bottom have 

a capacity of 1,250 tons. The propelling machinery will 

consist of a single vertical triple expansion engine with 

cylinders 27 in., 451-2 in. and 76 in. dia., by 48 in. 

stroke, designed to develop 2,500 I.H.P. Steam will 

be supplied by four single end Scotch boilers, 14 ft. 9 

in. dia., and 10 ft. 6 in. long. In addition there is a 

donkey boiler, 9 ft. 6 in. dia. and 1o ft. long, built for 

go Ib. pressure. The coal bunker capacity is 1,500 tons. 

The American has been designed to carry 8,250 tons of 

freight on a draft of 26 ft., at a mean sea speed of 10 

knots. 

S.S. VaApDERLAND.—At Clydebank on July 12 was 

launched the new Red Star Line steamer Vaderland. 

She is the first of four new steamships which the In- 

ternational Navigation Co. is building for the Red Star 

Line to ply between New York and Antwerp, stopping 

each way at a French port as well. The Vaderland is 

560 ft. long, 60 ft. beam, and 42 ft. deep, with a gross 

tonnage of about 12,000 tons. Her average sea speed 

will be about 16 1-2 knots, placing her in the inter- 

mediate class of steamers. All four of the new ships 

will be similar and will have twin screws and quad- 

ruple expansion engines. 

Emsvorp.—A new coast defense ship for the Nor- 

wegian Government has just been launched at the Els- 

wick Works on the Tyne. She is 290 ft. long, 50 ft. 

6 in. beam, 16 ft. 6 in. draft, with a displacement of 

about 3,900 tons. Her engines are of 4,500 I.H.P., with 

Yarrow boilers and are intended to give a speed of 

about 16.5 knots. Her armament consists of two 8.2 

in. and six 5.9 in. b.]. rifles with eight 12 pdr, and six 

3 pdr. quick firers. The armor protection consists of 

a belt of 6 in. Harveyized steel, with a 2 in. steel deck, 

and 5 in. armor on the turrets. 

S.Y. Vatpa.—At Lawley’s boatyard, South Boston, 

Mass., the steam yacht Valda was recently launched. 

This yacht is schooner rigged 120 ft. long over all, 

gs ft. long on the water line, 14 ft. beam and 6 ft. 

draft. She is of semi-composite build, and has four 

transverse water tight bulkheads. The engine is triple 

expansion with cylinders of 9, 14 and 21 1-2 in. dia. and 

Io 5-8 in. strcke. The designed speed is about 13 1-4 

, knots. 
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Russtan A.C. Bayan.—At the yards of the Forges 

et Chantiers de la Méditeraneé, near Toulon, France, 

was recently launched the Russian armored cruiser 

Bayan. This vessel is the only one of her class in the 

new Russian programme, being smaller than the Rossia 

and quite distinct from the protected cruisers now 

under construction in America, Germany and Russia. 

She is of 7,800 tons displacement, 445 ft. long, 59 ft. 

beam and 21 ft. draft. She has twin screw engines of 

16,500 I.H.P., steam being supplied by 26 Belleville 

boilers. The designed speed is 21 knots: The arma- 

ment will consist of two 8 in. and eight 6 in. guns, with 

twenty 2.9 and seven 1.8 quick firers. The armor belt 

is 6 ft. wide, 4 ft. below the water and 2 ft. above and 

varies from 4 in. to 8 in. in thickness. Above is some- 

what slighter protection given by a belt 3.2 in. thick. 

The deck is from 1.2 in. to 2 in. in thickness, while the 

turrets have protection of 6 in. in thickness. 

S.S. CorneLrt.—The new steel steamer Cornell for 

the Carnegie Line was launched July 11 at the yards 

of the Chicago Shipbuilding Co. As with the other 

boats of this line, the Japanese custom of releasing 

a basket of doves was followed, rather than the use 

of the traditional bottle of wine. The Cornell is 440 

ft. long, 50 ft. beam and 26 ft. deep. She has a dead 

weight ore capacity of 6,000 tons. The time occupied 

in her construction has been about six months. 

Torrepo Boat Darte—At the Trigg Shipyard in 

Richmond, Va., on July 24, the torpedo boat Dale was 

launched. Miss Mary Hassell Wilson, of Philadelphia, 

a descendant of Commodore Robert Dale, named the 

vessel. The Dale is 245 ft. length over all, 23 ft. beam, 

6 ft. 6 in. draft, and has a displacement of 420 tons. 
She is one of the class of 28-knot destroyers for which 

contracts were let soon after the close of the late war 

with Spain. 

S.S. E:More.—At the yard of Joseph Supple, in Port- 

land, Ore., on June 30 last, the steamer Elmore was 

launched. This ship is designed for the Tillamark 

trade and the aim has been to give her a large freight 

capacity on sufficiently light draft to enable her to 

get in and out of the harbor with regularity. At the 

same time she has been given such form as will insure 
good speed. 

FERRYBOAT Kitrery.—On July 15, at the yard of 

David Clark, Kennebunkport, Me., was launched the 

ferryboat Kittery. She is intended for use between 

Portsmouth and Kittery. All her machinery was in 

place as she left the ways, and she will soon proceed 

to Portsmouth under her own steam. 

S.S. Emma Rets.—After several unsuccessful at- 

tempts the steamer Emma Reis was launched on July 

13 at Milford, Del. She is 115 ft. long, 20 ft. beam, 8 ft. 

draft, and is intended for passenger and freight service 

between Milford and Philadelphia. 

Tuc RicHarp Casweti.—The steel tug Richard Cas- 

well was launched July 7 at the yard of the Columbian 

Iron Works. This tug is intended for use in connec- 

tion with the Government improvements about to begin 

on the Cape Fear River, North Carolina. She has a 

length of 84 ft. @ in. over all, a beam of 18 ft. and a 
depth of 9 ft. 4 in. 
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Oyster Drepce.—At McDonald’s yard, Fairhaven, 

Ct., a modern type of oyster dredge has recently been 

launched. The owners are the Narragansett Bay Oys- 

ter Co. The boat is 4o ft. long and has a 16 horse 

power Globe gas engine for propulsive power. The 

boat will be used for catching star fish and taking up 

oysters on the Company’s beds in Narragansett Bay. 

Barce Major Barrert.—At the yards of the Jackson 

& Sharp Co., in Wilmington, Del., on June 20 last, was. 

launched the sea-going steam barge Major Barrett, con- 

structed for the Barrett Mfg. Co., of Philadelphia, 

Pa. This barge is built for sea-going purposes and is. 

designed especially to carry tar and pitch betweer 

Philadelphia, New York and Boston. 

Tucs GENESSEE AND MAHoNyY.—These two steel tugs. 

built for the L. V. R. R. Co., were launched at the 
shipyard of the Burlee Dry Dock Co., in Port Rich- 

mond, oti June 21 last. The boats are each 105 ft. long, 

2 ft. beam and 12 ft. 6 in. depth. They are each 

fitted with single screws and engines of 650 I.H.P. 

PRINZESSIN VIcTORIA LuIsE.—This magnificent new 

twin screw cruising yacht of the Hamburg-American 

Line was launched at Kiel June 29 last. At the special 

request of Emperor William, the christening ceremony 

was performed by Countess Von Waldersee, who was 

formerly Miss Lee, of New York. 

Tuc Apa Weaver.—On June 28 last at the yard of 

J. W. Brooks & Son, Madison, Md., was launched a 

new wooden tug built for Philip Weaver & Son, of 
Baltimore. The boat will be taken to Baltimore to re- 

ceive her machinery at the works of the E. J. Codd 
Co. 

S.S. Minrora—At Sunderland, England, was re- 

cently launched the first of the steel steamers building 

for C. W. & J. Hogan, of New York. The dimensions 

of the Mineola are: Length b:p., 390 ft.; beam, 51 ft.: 

depth, 31.4 ft. She is provided with single screw 
triple expansion engines. 

S.S. Devontan.—The Leyland Line steamer De- 

voman, a sister ship to the Winifredian, was launched 

on June 28 last at Belfast. Her dimensions are as 

follows: 552 ft. 5 in. long, 59 ft. 3 in. beam, and 28 ft. 
Q in. deep. 

SALVAGE Casr.—The owners of the British tug 
Blazer have been awarded $15,000 by the Admiralty 

Court for services rendered the Anchor liner Persia, 

while the latter vessel was under charter to the British 

Government as a transport. The Persia was on her 

first outward voyage to the Cape of Good Hope in the 

Government service, and when a few miles from the 

Cape de Verde Islands, broke her shaft. Under the in- 

fluence of the trade wind the vessel commenced to drift 

toward the rocky shore, finding bottom to anchor in 

when within a mile of the rocks. A boat had been sent 

away to get help from St. Vincent, and fortunately 

found the tug Blazer in the harbor with steam up. The 

tug immediately went out and brought in the Persia 

safely, and repairs were then effected. The Persia 

was valued at $100,000, and had a valuable lot of stores 

in her hold. Besides saving the ship for her owners, 

the tug enabled them to complete their contract with the 

Government, a matter which would call for the consid- 

eration of the court. 
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IMPROVED APPARATUS. 

Pneumatic Hammer. 

The hand pneumatic hammer has to-day become a 

necessity in all ship yards and shops where chipping 

is to be done, and it is also rapidly making its way into 

use for the driving of rivets in all classes of riveted 

work. One of the drawbacks to the use of the tool 

has been the jar communicated to the hand and body 

of the operator. 
In the hammer shown in the cut the claim is made 

that a tool has been produced which will do the 

heaviest duty required without excessive jar or shock 

‘upon the operator. The hammer is of the “valve long 

stroke” type, the valve being of substantial design and 

not liable to break. The handle is firmly fastened to 

the body by a collar-locking nut, which can be easily 
removed; and all working parts:are made of steel care- 
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Modern Prismatic [Marine Glasses. 

For many years the accepted form of field and ma- 

rine glass was the long single-barreled tube with the 

erecting eye-piece. These, however, were of awkward 

length, difficult to hold steadily, and lacking in illumi- 

nation for the higher powers. Later came the double 

or binocular form, invented by Galileo and improved 

by Dolland, which until a few years since remained 

the standard form of marine glass. About 1850, how- 

ever, the Italian engineer, Porro, invented a form of 

double reflecting prism which would effectively serve 

to invert the image formed by an astronomical tele- 

scope, and therefore to show erect an object seen by 

such an instrument. This discovery, however, bore no 

fruit until 1895, when Carl Zeiss, of Jena, took up the 

study of the best optical combinations for field and 

marine glasses. It was then that use was found for 
Porro’s discovery, and by the application of such 

PNEUMATIC HAND HAMMER. 

fully hardened and accurately ground to gauge, in- 

suring durability and long wear. 

The handle has a pistol grip, and the admission 

valve is so designed that the operator has an instant 

and sensitive control of the strength of the blow he 

wishes to strike, so that even with the largest size he 

can instantly change from the full power of the hammer 

to the lightest cut desired. 

The shank of the chisel does not require machine 

shop fitting, it being only necessary to make it a good 

smith-shop fit in the bushing of the hammer, and to 

eut the shoulder the proper length from the end. 

These hammers are made in three sizes, weighing 
from 10 lb. to 12 1-2 lb., and consuming from I5 cu. ft. 

to 21 cu. ft. of air. They are guaranteed by the makers, 

Thomas H. Dallett & Co., of Philadelphia, Pa., to be 

well made in all respects, and against all defects for a 

period of one year. 

prisms it was found possible not only to reduce their 

length by more than one-half, but also to replace the 

clumsy erecting eye-piece with the simple astronomical 

eye-piece, thus securing compactness of form with the 

benefit of a long focus. The chief advantages claimed 

for this form of optical combination are three: A 

much larger field of vision, more perfect definition, in- 

creased light efficiency. Since the first advent of glasses 

of this character several of the leading makers have 

taken the matter up, and different forms of such glass 

are on the market, all, however, more or less imme- 

diately related to the Zeiss form and design. More 

recently the Warner & Swasey Co., of Cleveland, O., 

have taken up the study of this problem, and as a re- 

sult have produced the glass shown in the figure. 

This company brought to the investigation of the 

problem a long experience in the construction of opti- 

cal tubes, ranging from those for the great Lick and 
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Yerkes telescopes to the telescopic gun-sights and 

range finder telescopes and sextants as used by the 

army and navy. * 

It was the especial aim of this company to develop 

independently, and from the scientific and engineering 

standpoint, the best possible type of field and marine 

glass of the Porro prism form. As one notable result 

of this study, it is stated that the total number of 

pieces contained in the form developed is less by twenty 

PRISMATIC MARINE GLASSES. 

than will be found in other instruments of similar type. 

This is a gain in simplicity, without at the same time 

involving any sacrifice in .use, efficiency, or con- 

venience. 

An especial point is also made of the fact that by 

the combination of each eye tube, cap, and hinge in a 

single piece, all liability of change in the alignment or 

collimation by accident or rough usage is avoided. 

The two sets of optical. parts with their tubes are 

hinged together as shown in the cut, thus permitting 

of an adjustment for varying distances between the 

eyes. The adjustment for focus for each tube is also 

separate, thus providing for the commonly existing 

difference in focus between the two eyes of most per- 

sons. A convenient numbered scale is also provided, 

so that once these adjustments are determined they 

may be readily made again at a future time. 

The field covered by this instrument has an angular 

opening of 4 3-4 degrees, and the magnifying power is 

8 diameters, while the weight is but 11 ounces. This 

degree of magnification is believed to be as much as is 

consistent with the best illumination and with the 

possibilities of steadiness for a glass held in the hands. 

A somewhat larger size, giving a magnification of 10 

diameters, is also made, but requires an especially 

steady hand to give the best results. Messrs. Warner 
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& Swasey publish a little booklet giving full descrip- 

tion of these glasses, together with hints as to their 

use, and an interesting list of astronomical objects 

which may be studied with interest and profit by their 

aid. This booklet will be sent to any address on ap- 
plication. 

Automatic Grease Cup. 

This cup is intended for attachment to any recipro- 

cating or oscillating part of engines or machinery re- 

quiring constant and reliable lubrication, such as cross- 

heads, connecting rods, eccentric straps, etc. As it 

leeds grease instead of oil, it may be attached in any 

position desired, feeding vertically upward or down- 

ward, horizontally, or at any angle. The cup feeds 

only when the part to which it is attached is in motion, 

so that no feeding or loss can occur after the engine 

is shut down. The base of the cup is screwed firmly 

into the part to be lubricated, while the body is at- 

tached to the base by the union nut or enlarged ring 

at the top. When this is unscrewed the upper part is 

all taken off together, the barrel is filled with a charge 

of grease, returned, and clamped into position by the 

union nut. The feeding is accomplished by the pres- 

sure of the piston, and this pressure is applied by the 

vibration of the pendulum seen at the front. By the 

adjustment of the stop screws at the side, the pawl 

attached to the pendulum may be made to take from 

one to six, or more, teeth of the ratchet wheel for 

each vibration of the pendulum. On the ratchet wheel 

shaft is a worm which meshes into the large worm 

wheel at the top. The central screw or spindle is 

== 

i. 

AUTOMATIC GREASE CUP. 

splined, and revolves with this wheel at the same time 

that it travels downward by the operation of its thread 

in the central nut, which is screwed into the bracket or 

guide at the top. As long as the vibrations continue 

the feeding goes on, until the piston reaches the bot- 

tom and the grease is all expelled. To raise the piston 

for refilling the barrel, the central nut, which has a 
milled and notched head, is unscrewed from the. 
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bracket, the piston is pulled up, the nut is whirled 

down the screw by hand, and screwed tight in its place 

again. The ratchet wheel may be pulled round by hand 

until the slack is taken up and feed is fully established, 

and if at any time it is desirable to feed in an extra 

quantity of grease, this also may be done by turning 

the ratchet wheel. The lubricator may be made of any 

size and for any rate of feed desired. Any of the usual 

kinds of grease may be used in the lubricator, and any 

percentage of pure graphite may be mixed with it. 

The worm is of steel, the pawls are of steel hardened, 

and the wheels are of hard bronze. The lubricator was 

designed and patented by G. U. Merrill, of Paterson, 

N. J., and is made and sold by James L. Robertson & 

Sons, 218 Fulton street, New York. 

Reeves Compound Yacht Engine. 

The especial feature of the yacht engine shown in the 

cut is found in the valve gear. The valves are of the 

simple piston form, and are each operated by a link. 

A special device for controlling the links enables the 

low pressure cut-off to be set at any desired point, in- 

dependent of the high pressure link. At the same 

time, when it is desired to stop or reverse, it is only 

necessary to operate the main lever, both links being 

under its control so that they move as one. In this 

way the low pressure link can be set in such position 

as may be determined by experiment for the best re- 

COMPOUND YACHT ENGINE, 

sults at any given point of high pressure cut-off, but 

without introducing any additional difficulty of manipu- 

lation. These engines are made in various sizes by the 

‘Reeves Machine Co., of Trenton, N. J., who are pre- 

pared to furnish estimates either for engines alone or 

for complete steam yachts. 
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Metallic Berths. 

Among the many details which mark the modern im- 

provement in ship fittings, by no means of least im- 

portance are those which have transformed the old 

cumbersome, dirty, vermin-breeding berth into the 

modern metallic cleanly substitute. The berth shown 

METALLIC FOLDING BERTH, 

in the adjoining cut is made by Lein, Irvine & Co., of 

New York city, and has been designed especially with 

a view to simplicity and durability. When not in use 

they can be folded up and out of the way, thus greatly 

increasing the freedom in the living spaces of the ship. 

They are also so made that they may be taken down 

and put up without the use of special tools. With 

the upper berth folded up out of the way, the lower 

berth can be used as a lounge or couch. The same 

company also manufactures all. forms of steel and wood 

bed springs, mattresses, pillows, and bedding equip- 

ment. 

On June 28 the Oregon while proceeding from Hong 

Kkong to Taku struck on a pinnacle rock in the Miao- 

Tao strait in the gulf of Pe-Chi-li. There was a dense 

fog and the ship had anchored, sent out boats to sound, 

and then later got under way, soon after striking on 

tke rock. At first grave fears were entertained that it 

would be impossible to save her, and that after her 

glorious career at Santiago, she would become a wreck 

upon a treacherous rock off the China coast. 

It is not too much to say that the whole nation re- 

joiced when, on July 5, Secretary Long received a tele- 

graphic report that she had been floated, and later 

another to the effect that the injuries were not serious 

and that comparatively simple repairs would be suffi- 

cient for present purposes. He immediately wired con- 

gratulations and instructions to make only such re- 

pairs as were needed to place the ship in condition for 

service, so that we may soon hope to learn that, as 
Secretary Long called her, the Constitution of the 

present generation has again taken her place in the 

fleet, like her prototype of former years, fearing noth- 

ing and ready for whatever service may be required. 
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EW -YORK and its environs has experi- . 

enced fires many and disastrous, but per- 

haps none which came so like a thunderclap from 

clear sky as the conflagration of June 30, which 

resulted in the destruction of the docks and ships 

of the North German Lloyd Co., in Hoboken. 
The account of this fire, as summarized else- 

where in the present issue, furnishes food for 

serious reflection and gives material for many 

lessons. Of these we can here refer only briefly 

to the more prominent. 

The rapid spread of the fire seems to have been 

due to the existence of a series of favoring con- 

ditions: the presence on the docks of large quan- 

tities of combustible cargo; the presence of wood 

in the docks and sheds dry and more or less 

soaked with oil and tar; the existence of a high 

wind and the absence of adequate means for fire 

control at the dock itself. In other words there 

was the presence of all elements necessary to the 

rapid spread of the fire ; and the absence of means 

adequate for its control. These facts point to two 

conclusions: The need of fireproof construction, 

so far as may be feasible, for docks and sheds, 

and the need of more efficient apparatus for fire 

control at the docks and ready for instant use. 

In the first moments of this fire a single stream 
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of water well directed would have controlled the 

’ situation and prevented the entire horrible catas- 

trophe. 

Another fact impressed by this fire is the 

enormous amount of inflammable material, con- 

sidering both fittings and cargo, which is con- 

tained in a modern ship, even though she is 
primarily a structure of steel. As a general 

truth, this, of course, is well known, but the 

possibilities of rapid and fierce conflagration in 

such structures have received new and startling 

demonstration in the Hoboken fire. 

We can hope for little improvement, of course, 

so far as the cargo is concerned, but relative to 

the ship herself it is a question if much might not 

be done by the adoption in some measure of the 

warship fireproof style of construction and fit- 

ting. While not carrying these ideas to the same 

extent something might be accomplished by a 

decrease in the amount of wood fittings and the 

omission from the passenger ship of tons and 

tons of inflammable material, which contribute 

only to forms of barbaric decoration, and which 

have no place where they may by any chance 

play a part in endangering human life. 

The truth is that while the subject of fireproof 

construction for structures on land has attracicd 

ereat attention and study and has been carried 

to a high degree of development, the fittings and 
equipment of ships have been carried out in al- 

most entire disregard of these considerations. It 

is time that the possibilities of danger from these 

sources were more keenly realized than they have 

beev hitherto. 

The most shocking feature of the catastrophe 

was the loss of human life. Nearly three hun- 

dred persons burned alive or drowned as the 

result of a burning cotton bale. It appears that 

many of these deaths, perhaps most of them, oc- 

curred by the imprisonment of the victims be- 

low decks, either by closed hatches or by the fire 
itself. The appearance of faces and waving arms 

at the deadlights told a story of human agony of 

mind and suffering of body, which those who 

saw will perhaps long be unable to forget. 

Had a few of these openings been of sufficient 

size to admit the passage of the body, many or 

most of these victims might have been rescued. 

It is not a question of enlarging all of the dead- 

lights; one or two in each compartment or pas- 

sage would have perhaps been sufficient. The 

thing is perfectly simple, only slight enlargement 

would be required, but the especial need of such 

ways of exit or escape have perhaps never before 
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become so plainly apparent, and so it has not at- 

tracted the attention which its importance merits. 

The lack of organized and calmly directed ef- 

fort to control the fire and to save human life 

seems also a distressingly sad fact. The whole- 

sale charges made against tugboat captains and 

crews are admittedly incorrect or founded on ex- 

aggerations. While doubtless examples of un- 

due greed were not lacking, it is not to these 
charges that we refer, but rather to the absence 

of means, material or human, adequate for 

grappling and dealing with such a situation. If 

detachments of bluejackets from the Navy Yard 

could have been hurried to the scene, men fearless 

of danger, devoted to duty, and in charge of cool 

and experienced officers, if such squads of men 

could have been on the spot with the sole aim 

of saving human life and property, perhaps the 

tale of the lost might have been lessened. 

The cost in human life was terrible and in 

property enormous. Let us hope that some of 

the lessons so plainly shown by this:catastrophe 

may sink deep into the hearts of those who have 

the power to move for better things in the future. 

——————————EEEE 

HE British Belleisle gunnery experiments 

have naturally attracted much attention 

fron the technical press, both at home and abroad, 

and “lessons” many and varied have been drawn. 

Among these we have noted one regarding the 

ordinary form of small boats, the certainty of 

their destruction if carried in the usual places 

on deck, and the uselessness of depending on 

such means either for escape or for boarding. 
_ This lesson, however, can hardly be called new. 

for it was long ago learned and practised in both 

the Chino-Japanese and the late war between the 

United States and Spain. Valuable lessons are 

doubtless to be drawn from these experiments 

with the Belleisle, but the danger to small boats 

is already too well known to need further demon- 

stration in this manner or at the present day. 

What is now needed is an adequate substitute 

not subject to the same risk of destruction. The 

suggestion of collapsible boats which may be 

stowed below or in a place of relative safety is 

perhaps worthy of consideration, but at the best 

such could be only considered as a last resort 

provision. On the other hand the increasing 

evidence that the sinking of an armor clad ship is 

not as likely a result of naval warfare as we have 

been led to believe may indicate that the need 
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of boats for escape will be correspondingly de- 
creased. 

On the contrary, however, the need of boats 

for boarding or for making sure of a victory may 

be as great as ever, and the ship which is shorn 

of every possible means of clinching a victory 

and of readily placing a prize crew on board, will 

to that extent fall short of the ideal toward 
which all naval construction must aim. 

NNN 

T the beginning of the present decade the 

few vessels of the type of the Paris and 

Teutonic represented the forefront of the ad- 

vance in fast ocean steamships, and even now 

these may still be called fine ships. Early in the 

decade, however, came the Campania and Lu- 

cania with many head shakings as to the policy of 

ships of such size, only to be far distanced more 

recently by the Oceanic. Then came also the 

Germans with their monsters culminating in the 

Kaiser Wilhelm der Grosse and the Deutschland, 

whose maiden trip we summarize on another 

page. Comparing the Paris with the Oceanic we 

find a nearly doubled displacement for the latter, 

but with no sensible increase in speed, such being 

the purpose of the designers. Turning to the 

Deutschland, however, we find a speed of 23 

knots, an advance of from two to three knots for 

the decade. | Unless all signs and rumors fail, 

moreover, the Deutschland will not long have the 

field uncontested, and we may look with con- 

fidence for advances in the coming decade per- 

haps not less notable than those of the past. 

Rete yy 

E publish elsewhere a communication from 

a correspondent relating to certain im- 

provements in the development of power, for 

the propullsion of steamships, and incidentally, 

we suppose, for other purposes as well. We 

suspect that our correspondent has either 

been ' indulging in a “midsummer night’s 

dreamy orm else) that ‘he vis. a bit of a 

wag and sends this letter as his contribution to 

the usual midsummer crop of freak ideas on this 

and similar subjects. We publish, however, the 

communication without prejudice, and assure our 

correspondent that the prospects for success by 

the methods which he outlines are quite as good 

as by those involving either liquid air, or electric- 

ity in the manner discussed in our issue for July, 

and to which he refers at the opening of his 

letter. 
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SHIPS AND DOCKS OF THE NORTH GERMAN 

LLOYD STEAISHIP CO. DESTROYED BY 

FIRE. 

On the afternoon of June 30 occurred the most 

appalling and destructive fire ever known in the piers 

and shipping of the Port of New York. Nearly three 

hundred lives were lost either by burning or drowning, 

the four large piers and sheds of the North German 

Lloyd Co., at Hoboken, with large quantities of cotton 

and general merchandise were completely destroyed, 

the steamers Saale, Bremen and Main were for hours 

raging furnaces, and when the fires died down for lack 

of further material on which to feed, little was left but 

the metallic parts of the structures, and much of that 

in a twisted, blackened and useless condition. The new 
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‘a menance to all shipping in her path, while helpless 

human beings were imprisoned and perishing below. 

The Bremen also floated out into the stream in like 

condition, while the Mam burned and sank near the 

docks, also with its complement of perishing humanity. 
On the Main sixteen men took refuge in the coal 

bunkers, lived through the terrible experience, and 

were rescued after the flames died down. In addition 

to these large ships several barges and lighters loaded 

with cotton and other merchandise caught fire and 
either burned at their moorings, or drifted out into the 

stream and burned as they made their way down the 

river. On these also men were burned, or jumping 

into the river were drowned or rescued by passing 
boats. 

The flames wete also communicated to the Camp- 

bell stores adjacent to the piers, in which were stored 

S. S. SAALE ON FIRE AND DRIFTING DOWN THE RIVER. 

steamship Kaiser Wilhelm der Grosse was also badly 

scorched, but fortunately escaped without more seri- 

ous injury. The total loss of property has been va- 

riously estimated from $6,000,000 to $10,000,000, only 

in part covered by insurance. 

The fire seems to have started in a bale of cotton, 

just how is not clear, but once under way it spread 

with almost inconceivable swiftness, due in large meas- 

ure to the inflammable materials at hand and to the 

high wind prevailing at the time. In a short quarter 

of an hour from the start, the four piers and their 

warehouses were enveloped in the flames, which soon 

extended to the ships moored alongside. The Kaiser 

Wilhelm der Grosse was quickly pulled out and es- 

caped with but slight injury. The Saale drifted out 

and down the stream, burning as she went her way, 

large quantities of jute and whiskey. These burned 

with such fierceness that the firemen could not come 

within fighting distance, and the flames had their own 

way until the buildings were entirely destroyed. 

The most terrible feature of the fire was the loss of 

life by burning and drowning. So rapid was the spread 

of the fire that before due realization was had, or warn- 

ing could be given to those in the holds of the ship, 

they were enveloped in flames and all escape was cut 

off. The lower portholes were open and to these the 

imprisoned victims crowded, shouting for help or way- 

ing signals of distress. But all in vain, for while within 

easy sight and hearing of those in boats about them, 

no help could be furnished, and overcome by the heat 

they perished before the eyes of those looking on, but 
powerless to aid. 
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S. S. BREMEN AND MAIN ON FIRE NEAR THE HOBOKEN DOCKS. 

eon 

spesporaroo0e™ 

eI 

S. S. SAALE RAISED AND RETURNED TO HER DOCK AFTER THE FIRE. 
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Many also perished by jumping from the docks and 

ships into the water, and drowning amid the confusion 
which prevailed. 

Regarding attempts to control or subdue the fire, the 

city fireboats were on hand and did what they could, 

but were utterly inadequate to check or in any way con- 

trol the situation. 

From the docks an alarm was sent in, but so rapid 

was the spread of the flames that the local fire depart- 

ment was unable to more than afford some protection 
to neighboring property. 

There is evidence that the docks were equipped with 

fire apparatus considered ample for any circumstances 

likely to arise, and that a hose located only some 30 

MARINE ENGINEERING. August, Igoo. 

way, and when completed a thorough examination can 

alone determine the next steps to be taken. On all 

three of the ships, except possibly the Main, repairs 

seem to be practicable, and we may hope that in spite 

of the terrible experiences of the fire, further years .of 

usefulness yet remain to these ships. 

Loss or S. S. GrorcEes Croisz.—A grave charge of 

cowardice has been made against Captain Francisco 

Catrain and the officers of the steamship Georges Croise, 

which recently sank at the mouth of the River Ozama, 

Santo Domingo. , The vessel was an old steamer of 

about 355 gross tons, engaged in trade between Santo 

VIEW OF THE BURNED PIERS. 

ft. from the outbreak of the fire was immediately 

brought into use, while other apparatus was brought 

forward into action as rapidly as possible. Even so, it 

shows how utterly inadequate was this provision for 

the circumstance which arose, or perhaps we should 

say, how utterly beyond anything which might be 

expected were the especial circumstances of the fire. 

As to the final fate of the ships, the Saale, drifting 

down the river, finally grounded on the Jersey flats and 

burned out. Since then she has been pumped out, the 
work of removing the dead has been completed, and 

the ship has been disinfected and towed back to the 

burned docks. 

Similar work on the Bremen and Main is also under 

Domingo and Cuban ports. The vessel came out of 

the harbor at about the time that the S. S. New Vork, 

of the Clyde Line, had arrived to pass in.. When the 

Georges Croise crossed the bar she was seen to list sud- 

denly to starboard, and in less than fifteen minutes she 

sank in deep water. Boats from the New York reached 

the sinking vessel in time to take off the passengers, 

most of whom were Cuban refugees returning to their 

homes in Santiago. The captain and officers of the 

sinking vessel had already got away, in one of the 

boats, leaving the passengers to take care of them- 

selves. After the rescue, when the New York reached 

her pier, she was visited by President Jiminez, who 
publicly thanked Captain Proctor and his crew. 
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CORRESPONDENCE DEPARTMENT. 

Editor of Marine Engineering: 
Sir: I am constrained to write to you concerning 

my improved form of marine engine or Bovoid Motor— 

my draftsman flippantly calls it the “beefsteak en- 

gine’—as I noticed that the liquid air and electric ex- 

perts are making such impossible claims, as you very 

properly point out in your last issue. 

I believe that the great mistake which investigators 

have made in the past has been the attacking of the 

problem of energy transformation from the inorganic 

side of the question. The forces in organic nature are 

not realized, even in this age of science, to anything 

like the extent they merit. Let anyone take a walk 

along the countryside and note the manifestations 

everywhere in the peaceful landscape, of the enormous 

inanimate non-returnable forces which, in synchronism 

with the inter-planetary fluctuating pressures, nourish 

the fibro-vascular elements of the leafy shoot, and pro- 

ject the tall timbers to an altitude far above the height 

of puny man. Even the city dweller will note the 

weighty flagstone moved from its bed by the tiny um- 

brageous shrub, which by the infiltration of a chance 

seed has tapped the nourishment of earth. 

But to leave the domain of philosophical science for 

the practical sphere of marine construction. I have 

succeeded in adapting the humble beast of the field to 

a work more useful, though not less vital, perhaps, 

than the sustenance of the crew _and passengers of a 

ship. My attention was first drawn to the subject on a 

transatlantic trip, in noting the great wastefulness in 

the culinary department. Hundreds of pounds of meat, 

representing millions of thermal digits were cast over- 

board in both the cooked and raw conditions while at 

the same time the vessel was carrying hundreds of tons 

of inert coal for use in the monstrously unwieldy and 

dangerous boilers. I cannot give you more than a brief 

outline of my process, for as yet patent rights have 

not been secured, and the psychological moment for the 

exploitation of my apparatus has not arrived, the in- 

terests of civilized peoples being now concentrated on 

self destruction, witness the Boer and Chinese wars. 

But to resume. 

that 1 lb. of beef will sustain one man for 24 hours, 

with the necessary water. Now, allowing double this 

amount, and assuming eight men equal to one horse 

(a liberal allowance), we get for 20,000 I.H.P. a total 

daily consumption of less than 150 tons of beef. Com- 

pare this with coal, which, under favorable conditions, 

would call for more than 300 tons dead weight for the 

same horse power. Thus at once we get rid of fifty 

per cent of the present weight and bulk in the bunkers. 

Then for the present enormous boilers and contained 

water we substitute my ‘“‘macerator.”’ This is fitted 

with a hopper into which beef is deposited in suitably 

sized pieces. In a large vessel a buzz saw would be 

used to reduce the frozen carcases to the proper dimen- 

sions. In this macerator the latent energy of the meat 

is extracted and the refuse muscular structure is separ- 

ated out. I found enormous difficulty in perfecting 

the “eviction valve’ in this machine, whereby the 

refuse matter is thrown out and the energy—“rotian” I 

have termed it—safely housed. So great is the etheric 
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intensity of the latter that were it permitted to escape 

into the interior of the ship it would instantly combine 

with the spiegeleisen in the hull plating and py increas- 

ing atomic attrition lead to the speedy dismemberment 

of the vessel. Long experimentation was also neces- 

sary before there was any real progress in transform- 

ing this rotian into useful work. It was here indeed 

that the well known economic law discovered by the 

engineers of Ancient Rome, Ex Nihil nihilum, in 

miulum nil posse reverti, was availed of. The refuse 

which I term “epistrophe’ as it is used again, is 

saturated with the oils of the fat (also separated out in 

the macerator) and compressed into briquettes which 

are utilized to warm up and vitalize the rotian in the 

“flatus tank” or “equalizer,” which is connected in 

series with the macerator. 

It is important here to get two results, a sufficient 

density of rotian combined with a proper temperature, 

permitting a subsequent extension (not expansion as 

in the steam engine) along an adiaphorus curve. By 

an ingenious combination of the differential thermopile 

and the integrating bolometer in one instrument, the 

correct point of liberation is read or registered, and 

the rotian automatically passes on to the Bovoid Motor, 

or, as my assistant is pleased to term it, the ‘“‘Beefsteak 

Engine.” In this engine by actual dynamometric meas- 
urement I have secured a pressure of 500 ft. tons per sq. 
in. of cross sectional crank pin area, at a rate of con- 

sumption of beef at the macerator, not exceeding 60 Ib. 

per hour. 

My engine is vastly more compact than the steam 
engine, and by getting rid of all vibratory disturb- 
ances on account of the synchronism of the piston move- 
ments with inter-planetary pressure fluctuations by 
barometric regulation, I can decrease engine room 
weights materially. I use the ordinary method of screw 
propulsion, and make no claim whatever to any origi- 
nal investigations in this direction, contenting myself 
with the more sublime problem of co-ordinating the 
elemental forces that nature has freely given us in one 
effective direction, viz., the propulsion of ships. . I 
should have been much further advanced with my 
work but for an explosion of gas in my laboratory, 
which wrecked all my apparatus, and prevented a pre- 
liminary trial during the Spanish war. 

Yours respectfully, 

PHINEAS LAMBERT. 

James Gorpon BENNETT’s Yacut.—Work on the 

hull of the new steam yacht for James Gordon 
Bennett, from Watson designs, is well ad- 
vanced at Denny’s yard at Dumbarton, Scotland. 

The design of this vessel is very peculiar, call- 

ing for a straight stem, great overhang at the 

stern, straight funnel and single pole mast abaft the 

funnel. The vessel has been the subject of a number 

of tank experiments at the Dumbarton yard, and it is 

expected that she will be very speedy. Not less than 

18 knots is looked for on the trial trip. The interior 

arrangements are rather unusual in that the number of 

separate rooms will be small and the dimensions of each 

large. 

It is announced that the New York Shipbuilding 

Co., with yards at Camden, N. J., has secured two im- 

portant contracts. 
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EDUCATIONAL DEPARTMENT. 

HELPS FOR CANDIDATES FOR MARINE 

ENGINEERS’ LICENSES—FIREROOM—III. 

BY DR. WILLIAM FREDERICK DURAND, 

ROUTINE AND MANAGEMENT. 

Sweeping Tubes.—In addition to the cleaning of fires, 

the tubes will require cleaning from time to time, de- 

pendent on the character of the coal and other circum- 

stances. With soft coal and moderate draft they will 

soon become partly filled with soot and ashes, thus chok- 

ing the draft still further, and preventing the transfer 

of heat to the water through the metal of the tube. 

To prepare for sweeping tubes the draft is checked, 

ash-pit doors put up, furnace doors opened and front 

connection doors raised. Care should be taken to wait 

until the fire is burned partly down before doing this, so 

that the circulation of air through the grates may not 

be shut off while the fires are too heavy, thus endanger- 
ing the grate bars. For cleaning the tubes the ordinary 

wire tube brush may be used. This consists of a mount- 

ing carrying wire bristles and fitted usually with a joint- 

ed handle by means of which it is pushed and pulled 

through the tubes, thus cleaning out the soot and ashes 

collected there. A more modern method consists in 

blowing through the tubes with a steam jet. The mount- 

ing of this appliance consists of a flange or conical ring 

fitting closely to the end of the tube and provided with 

a steam nozzle directed along the center of the tube. 

A handle is provided for holding and guiding the ap- 

paratus, and steam is led to it by means of a flexible 

hose. By this means the ashes and soot are driven out 

of the tubes into the combustion chamber. By still an- 

other form of apparatus the jet is not directed into the 

tube but across the front end producing a suction, and 

thus drawing the ashes and soot to the front connec- 

tion and discharging them up the funnel. 

The operation of sweeping tubes is one that is nec- 

essary to maintain the continued efficient operation of 

the boiler, but it must not be forgotten that it involves 

a serious disturbance to the draft of the whole battery, 

that the chilling of the heating surfaces and interrup- 

tion to the regular routine are hard on the boiler itself, 

and that hence, it should only be done when necessary 

and then as quickly as possible. 

Stopping Suddenly.—With . everything going along 

its regular schedule, suppose that the engine is sud- 

denly stopped. The dispositions to be taken will de- 

pend on whether the stoppage is momentary or whether 

it is expected to last for some time. Here again the 

caution regarding a sudden change in the conditions 

must be kept in mind. If the stop is but momentary it 

will probably be sufficient to shut off the draft, close the 

dampers and put on the feed strong, standing by to 

ease open the safety valves in case the pressure rises too 

near the point of blowing off. If the stop is to be longer 

it may be necessary to still further check the fires by 

putting up the ash pit doors and opening the furnace 

doors. Caution must be exercised in thus checking the 

flow of air through the grates lest there be danger of 

overheating the bars, or even of bringing them down 

into the ash pit. Of these various steps for checking 
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the fires the opening of the furnace doors and the sud- 

den chilling of the heating surfaces is the most objec- 

tionable and should not be resorted to unless necessary. 

As an additional means the fires may be freshly coaled, 

especially with dampened coal. This will check the for- 

mation of steam and provide fuel for bringing them into 

good condition for the next start. A period of stop- 

page like this may also be taken advantage of to clean 

such fires as may be in need of it. 

In addition to checking the formation of steam, that 

which is formed may often be used in a variety of 

ways. If evaporators are provided it may be turned 

on to them and thus go toward increasing the store of 

fresh feed water. The bilge pump may also be put on 

strong, and if its exhaust is saved there will be no loss 

of fresh water. In some cases with independent air 

and circulating pumps a bleeder is provided for taking 

the steam direct from the main steam pipe to the con- 

denser. Here it is condensed and then sent by the feed 

pumps back to the boilers, thus avoiding blowing off 

at the safety valves and the loss of fresh water, and al- 

lowing the fires to be gradually reduced to the condition 

desired for the period of stoppage. 

tere again in all of these operations general principles 

are often worth more than a multitude of minor direc- 

tions. These principles are (1) Sudden chilling of the 

boiler heating surfaces must be avoided as far as pos- 

sible. (2) Fresh water in the form of steam should 

not be wasted, and (3) Care must be taken not to allow 

the grate bars to melt down. 

So far as relates to the general securing of the ma- 
chinery and gear in the fire-room, the hints given in con- 

nection with getting under way will be a sufficient guide 

in reversing the process. 

Supplementary Hints Relating to Water Tube Boilers. 

—In water tube boilers the circulation is usually more 

nearly natural than in fire tube boilers, and circulating 

devices are not, therefore, required. Steam may be 

raised in such boilers in from twenty minutes to one 

hour, depending on the type, character of the draft, etc. 

With this type of boiler it is especially necessary that 

for the best results the firing be light, often and regular, 

and that the fires be kept as nearly as possible in a unti- 

form condition. It is also necessary that the feed be 

regular, and the water must be carefully watched, since 

from the small amount contained, any lack of feed in a 

given boiler will be followed by rapid lowering of the 

revel, and by a rapidly increasing likelihood of danger 

to the tubes. In water tube boilers it is especially nec- 

essary that nothing but fresh water be used as feed, and 

great care must be taken to keep the condenser tight and 

the fresh water make up ample in quantity. 

The tubes of water-tube boilers become coated with 

soot and ashes on the outer or fire side, and it is usually 

a very difficult matter to satisfactorily clean them with- 

out the use of a steam jet. In continued steaming for 

long periods, it will usually be found necessary from 

time to time to let the fires die down somewhat and to 

use what methods are available for blowing off and dis- 

lodging the soot from the tubes. 

Coming Into Port——When coming into port notice 

will usually be given some hours in advance, so that the 

fires may be worked into a condition in accordance with 

their expected disposition after arrival. If they are to 

be drawn and the boilers opened up for examination and. 
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repairs, they will be allowed to burn down as low as 

possible so as to use no more fuel than necessary, and to 

leave as small an amount as possible to finally haul, 

while at the same. time sufficient steam must be main- 

tained to bring the ship safely to her anchorage or 

dock. If, on the other hand, the fires are to be banked, 

they will not be allowed to burn so low. It may be rec- 

ommended to bank fires on the front of the grates, as in 

such case the air is heated as soon as it enters the fur- 

nace and the boiler is kept at a more nearly even tem- 

perature than if they are banked at the back of the grate. 

As the fires are banked they should be cleaned and 

enough fresh coal ptt’ on to hold them in. the condition 

desired. If the fires are properly managed there will 

be little extra steam after the engines are stopped, and 

this may be readily disposed of by means of the evap- 

orator, bilge pump, bleeder, safety valve, etc. Loss of 

fresh water at this time is of course less objectionable 

than when on the voyage, and if desired the steam may 

all be blown off through the safety valves. Many en- 

gineers, however, object to using the safety valves and 

escape pipe for this purpose except as a last resort, and 

prefer other means as mentioned. In passenger vessels 

the noise occasioned is usually considered objectionable, 

though to obviate this a muffler is frequently fitted in 
the escape pipe. 

If the boilers are to be opened fires are allowed to die 

out or are hauled immediately. If time permits the for- 

mer plan is preferable as the change in the condition 

of the boiler is more gradual. When the fires are finally 

hauled and the furnaces, back connections and tubes 

cleaned out, the ashes, soot and clinker are wet down 
and piled away until they can be disposed of to the ash 

barge, as few harbor regulations allow the dumping of 

ashes overboard. In wetting down the fires after they 
are hauled out on the fire room floor, or in wetting 
down ashes at any time, care should be taken not to wet 
the fronts of the boilers or the mouths of the ash pits. 
The local chilling will not improve the quality of the 
boiler and furnace plates, and the alternate wetting and 
drying will increase the opportunities for surface corro- 
sion. For the same reason damp ashes should never be 
piled up in contact with the boiler or furnace plates, as 
in many instances serious corrosion. has resulted from a 
neglect of this precaution. 

The fires being burned out or hauled, some engineers 
proceed to blow the boilers down immediately. 
plan, however, cannot be recommended and should not 
be adopted unless the time available for examination 
and repairs is so short as to make it absolutely neces- 
sary. It is far better to let the steam condense and the 
water gradually cool, and then draw it out by means of 
a pump, or in some cases run it into the bilge. In this 
‘way the boiler cools more gradually and the structure 
is left in better condition, while on the water side the 
scale and incrustation will usually be made softer and 
more easily removed than when the boiler is blown down 
with steam on. 

It is estimated that the mercantile and naval tonnage 
now building in the United States represents an aggre- 
gate value of $69,000,000, exclusive of armor and guns 
for naval vessels. This represents nearly one dollar 
per capita for the population of the United States. 

This . 

— 
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Oil.—Material used for lubricating the moving parts 

of machinery. For the various rubbing surfaces and 

turning joints, except within the cylinder, olive oil, 

castor oil, and the lubricating grades of mineral oil are 

used. Olive oil when pure is a most excellent lubricant, 

especially for machinery of moderate or light weight, 

but it is liable to adulteration by peanut oil or other 

oils of an inferior quality. For the internal surfaces of 

steam cylinders, nothing but the best mineral oil must 

be used. The grade commonly employed is known as 

cylinder oil, and is heavy and vis@id at ordinary tem- 

peratures, becoming quite fluid, however, at the tem- 

perature of the steam. 

Oil Cup.—A cup for holding oil, and from which it 
is fed to the point where it is required. 

Oil Pipe.—A pipe for conveying oil from a source of 
supply to a more or less distant point where it is de- 

livered to a bearing surface. 

Packing.—-In general, any material used for making 

a steam or water-tight joint. As regards the packing, 

joints may be divided into two classes as follows: (1) 

Fixed joints as those between a cylinder or valve chest 

‘cover and flange, and (2) sliding or slip joints, as those 

between a piston-rod or valve-stem and the stuffing box. 

For stationary joints a great variety of packings are 

in use, the difference depending to some extent upon 

the temperature to which the joint is to be subjected. 

Thus for joints to stand high temperature as with boil- 

er manholes, cylinder heads, etc., sheet asbestos, either 

plain or in combination with other materials, is used. 

There are also various kinds of packing in which rub- 

ber in one form or another is used, either in combina- 

tion with some fibrous material as sheet canvas, or as 

a constituent of some form of compound. The ten- 

dency of rubber by itself is to grow dry, hard and brit- 

tle, especially under the action of heat, and the purpose 

of the modern forms of rubber compound is to avoid 

this tendency, at the same time retaining its elasticity 

and joint-making qualities. For joints not subject to 

a high temperature, similar forms of packing are used, 

though with a greater proportion of rubber if desired. 

The strip or ring of packing which is cut out and fit- 

ted for the joint is called a gasket. In addition to such 

materials, joints are also made with gaskets of corru- 

gated sheet copper, or of plain copper wire. For high 

pressures such gaskets have proved quite successful. 

The soft copper is expanded between the harder metals 

of the flanges, and spreads, filling the surfaces where 

it touches, thus making a tight joint. 

For sliding joints the greatest variety of packings 

is also in use. They may be divided broadly, however, 

into the two classes, fibrous. and metallic. The fibrous 

packings are made of the same material as the sheet 

packings above described, but are either round, square, 

or triangular in section. For use they are cut to such 

lengths as may be necessary, and placed in the stuffing 

box in layers or turns, the joints between the ends be- 

ing shifted so as not to come one above another. For 

description of metallic packings see under that head. 

The Russian cruiser Variag is reported to have made 

a speed of 24.22 knots on her preliminary trial on July 

2B. 
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THE ART OF [PAKING MECHANICAL SKETCHES 
—FOR MARINE ENGINEERS. 

BY PROF. C. W. MAC CORD. 

We proceed now to consider a second method of mak- 

ing drawings which in one view not only exhibit the 

three dimensions, but at the same time show certain 

systems of lines in their true lengths, so that all may be 

measured by the same scale. The principle of this new 

Process will be clear by the aid of Fig. 55, in which 
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L L is a vertical glass plate representing the picture 

plane. Let c be a point in this plane, and c p a line per- 

pendicular to it. Also let p m represent a visual ray, 

making an angle of 45° with the plane LL, and pierc- 

ing it at a; thén ac is the projection of pc upon the 

picture plane—and it is equal to pc, because the angles 

Cap, cpa, are each equal to 45°. 

Now imagine the eye to be at an infinite distance in the 

direction pm; then all the visual rays will be parallel, 

and all lines perpendicular to the picture plane will be 

represented upon that plane by lines of their actual 

length, and parallel to ac. 

The fact that the projection ca is equal to the line 

FIG. 56. 

cp, depends upon the condition that the projecting 

lines make angles of 45° with the picture plane; but 

the direction of the projection depends upon that of the 

visual ray. Thus, supposing the eye to be:still at an in- 

finite distance, but in the direction p m, the projection 

will still be equal to c p, but it will have the direction 

cb; in short, if cp be the axis of a cone of revolution 

whose angle at the vertex p is 90°, the projecting lines 

may be parallel to any element of that cone. 

Any line which lies in the picture plane is, of course, 
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its own projection; and in representing, for instance, a 

cube, as at A in Fig. 56, we may assume its nearer face 

to lie in that plane, thus appearing as a square of its true 

size. From what precedes it follows at once that the 

edges perpendicular to L L may be represented by lines 

of their true length, but having any direction at pleas- 

ure; we can therefore show in addition to the front or 

nearer face, either the right face or the left, the upper or 

the lower, as may best suit our purpose. And either of 

these two faces may be made the more conspicuous by 

proper selection of the angles, as shown by the repre- 

sentations B and C, which are merely different draw- 

ings of the same angle iron upon the same system. 

And this is a system of true oblique projections; the 

projecting lines are all parallel, since the eye is infinite- 

ly remote; but instead of being perpendicular to the pic- 

ture plane they make with it a given angle less than 

go°—which has so far been limited to the arbitrary value 

of 45°. This mode of representation is obviously more 

flexible than the isometric system, by reason of the free- 

dom of choice as to the direction of the receding lines. 

And it is always as easily constructed as the other; and 

in many cases more so, owing to the fact that what- 
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ever is parallel to the paper is seen in its true form and 

size; thus the circle inscribed in the nearer face of the 

cube in Fig. 56 is more readily drawn than the ellipse 

which represents a circle in any isometric plane, and the 

circumstance that the right angles in the front face and 

all planes parallel to it are represented by right angles, 

unquestionably facilitates the execution. Nevertheless 

there is an apparent distortion, just as there is in the 

application of isometry, but of a different kind. For the 

purpose of comparison, we have in the following fig- 

ures drawn in this manner some of the objects repre; 

sented in the preceding article, of the same dimensions 

and on the same scale. Thus the reader may judge for 

himself of the relative advantages of the two systems by 

comparing Fig. 57 with Fig. 45; Fig. 58 with Fig. 46; 

Fig. 59 with Fig. 52, and Fig. 60 with Fig. 54. 

This method of representation is known as “Cavalier 

Projection,” and also as “Cabinet Projection,” and is 

exceedingly convenient in making sketches; in many 

cases also, drawings thus made, by reason of their show- 

ing three sides of an object in one view, are actually 

more effective—seem more explanatory and easily read, 

than ordinary plans and elevations, even to those who 

are familiar with the latter. 
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The determination of lines which are neither parallel 

nor perpendicular to the paper, is effected by means of 

“offsets,” very much as in isometric drawing. Thus in 

Fig. 61 is shown a rectangular prism, surmounted by an 

irregular wedge. The line ed is parallel to the paper, 

and being horizontal, is also parallel to ag. To locate 

it, we may set off ab on ag, equal to the distance of 

d from the plane am, then draw Dc parallel to ao and 

equal to the distance of d from the front plane, an, and 

at c set up the vertical line cd, equal to the distance 

of d above the plane a/. Otherwise, we may erect gh, 

equal to c d, draw the horizontal line h k equal to the 

distance of e from the plane gi, and then draw k e par- 

allel to ao and equal to bc, thus locating the point e. 

In regard to the pictorial effect, it will be noted that 

the apparent distortion varies considerably with the na- 

ture of the subject, and it will be found that while in 

some cases there is little to choose between the two sys- 

tems, in others one is decidedly preferable to the other. 

Thus the objects represented in Figs. 57, 58, and 60, 

appear equally well when drawn in either manner; prob- 

ably few will question that the isometric drawing of 

the partly opened box is superior in effect to the Cavalier 

projection; and the attempt to represent by the latter 

method the die and matrix shown in Fig. 50 would re- 

sult in something hardly intelligible. Unfortunately, 

there is no rule by which to determine which system 

FIG, 58. 

to use in any given case; that must be decided by judg- 

ment guided by experience and possibly aided by ex- 

periment. 

In Fig 62, the drawing A, at the left, is a rather pe- 

culiar isometric representation of a crank. The isomet- 

ric axes are ca, cb, cd; of which cb is horizontal. 

Consequently, cg, the longer diagonal of the rhombus 

circumscribing the isometric circle of the shaft, is ver- 

tical. And the peculiarity consists in this, that or, the 

centre line of the nearer face of the crank, coincides 

with cg. Clearly, mn, the major axis of the isometric 

circle of the shaft, is greater than ce the true diameter: 

and the result is, that while x, y, and z, the thickness 

of the web and the lengths of the hubs surrounding the 

shaft and the crank-pin respectively, are set off in their 

true lengths because being parallel to ab, they are iso- 

metric lines; 0 7, the length of the crank, and all lines 

parallel to it, must be drawn longer than they actually 

are, in the proportion of mn to ce. On the other hand, 

the breadth of the web at any distance from the centre 

of the shaft, measured horizontally across as at ¢, will 

be less than the true breadth, in the same proportion 

that k/ the minor axis of the isometric circle of the 

shaft, bears to ce the real diameter. 

At B, on the right of Fig. 62, is shown a Cavalier pro- 

jection of the same crank to the same circle, and while 

it must be admitted that when instruments are used 

in making a sketch, this can be made in much less time 

than the other, yet A presents a much more pleasing ap- 
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pearance, and has a less outrageous apparent distortion. 

In purely free-hand sketching, probably most per- 

sons would take A rather than B as a model, since an 

ellipse is more easily drawn by the eye than a circle is; 

and inasmuch as the dimensions would in either case be 

figured in, no objection could be made to this selection. 

For pictorial representation in an accurate drawing, 

again, there is no question that A is preferable to B, 

by reason of the less distortion, at least for objects of 

Me SO; 

this description; but the construction involves the use 

of two scales for horizontal measurements, of which the 

units are c e and kJ, and another for vertical measure- 

ments, having m n for its unit. 

A reason for this freedom from distortion may pos- 

sibly be found by reference to the drawing of the cube 

A, in Fig. 56; where the lines ac, cd, although really 

equal to ab, appear much longer; and the distortion is 

excessive, because of a mental recognition of the fact 

that they would in fact appear shorter than ae or ab, 

in looking at a cube from any accessible point of view, 

because ac and Od are parallel lines receding from the 

plane a m,—being in this case perpendicular to it. In 

short, the eye recognizes that receding parallels seem to 

approach each other, and that equal spaces measured 

upon such lines appear smaller as their distances from 

the eye increase; this, so far as our senses are concerned, 

is wholly a matter of observation and experience, al- 

though it can be mathematically shown that it should be 
so. 

Now returning to A in Fig. 62,it is at once recognized 

that the measurements 4, y, 2, are in directions perpen- 

dicular to the front face of the crank; and being set off 

in their true length, they appear less in proportion to 

o r, which is greater than the true length of the crank. 

In certain cases at least, then, the distortion of iso- 

metric drawings may be reduced for pictorial purposes. 

And it seems worth while to see what can be done in 

this direction with oblique projections. Referring to 
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Fig. 56, it is seen that the drawing of the cube, at A, 

is distorted to an oppressive degree: and so long as it 

is insisted that the three edges ab, ae, ac, shall all be 

set off by the same scale, it will be found that no change 

in the direction of ac will diminish that distortion. In 

order to retain the specific name of “cavalier’”’ projec- 

FIG. 61. 

tion, it is imperative that these edges shall be drawn 

of the same length; which requires the projecting lines to 

make angles of 45° with the picture plane, as shown in 

Fig. 55. But if in that figure we prolong cp, making it, 

say, twice as long as at present, still retaining the actual 

lengths of ca and cb as they are, the effect of this will be 

that the projecting lines will make with the picture plane 

an angle greater than 45°; also, ac will be the projection 

of a line twice as long as itself—so that the projection 

of a line perpendicular to the picture plane, as ac or 

bd in Fig. 56, will be only half as long as the line itself. 

A representation of the cube made in this manner is 

given in Fig. 63; the apparent distortion is obviously 

very much reduced—so much so, in fact, that for pic- 

torial purposes it may be accepted as a not altogether 

FIG. 62. 

objectionable substitute for a perspective drawing. In 

this connection it may be remarked’ that even an accu- 

rately constructed perspective, particularly of a machine, 

more often than not fails to satisfy the eye and to “look 

natural.’’ This is less noticeable in the case of architec- 

tural subjects, probably because the eye is there usually 

taken at. a very considerable distance from the. picture 
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plane. But doubtless one reason, if not the chief one, of 

the stiff and constrained appearance, is that in the math- 

ematical process of construction the eye is regarded as 

a single point, and no account is taken of the phenomena 

of binocular vision. But if the observation be made 

through a pin-hole placed in precisely the right place, 

all the distortion disappears, and an almost stereoscopic 

effect of relief is produced. We have never seen any 

directions for constructing a perspective drawing to be 

looked at with two eyes; indeed, it is sufficiently la- 
borious to construct it for a one-eyed man, which may 

excuse this digression, and the attempt to produce a 

projection which shall not be too distressingly distorted 

and ont of drawing. 

Accepting Fig. 63, then, as the result of this attempt, 

it is to be pointed out that the ellipse representing the 

circle'on the side face of the cube may be constructed in 

a manner analogous to that employed in Fig. 47, ex- 

cept that as the circumscribing parallelogram is not a 

rhombus, its diagonals are not perpendicular to each 

other, and do not coincide with the principal axes of the 

AY 

FIG. 63. 

ellipse. But eight points in it are readily located as in 

Fig. 47: and the tangents ba’ lie, are also readily de- 

termined, recollecting that ca’ ge, are each equal to one- 

half of ca. The sides of the parallelogram are, of 

course, tangent to the ellipse at their middle points, as” 

before; and by the aid of these eight. points and: their 

tangents, the curve can readily be traced with the free 

hand accurately enough to enable the operator to ink it 

in at once by the use of the curved rules or sweeps. 

The inclination of cg to the vertical side cd,“in Fig. 

63, is 45°; but of course any other direction may be 

given to it; and if for any reason it should be desira- 

ble, cg may be drawn of one-third, one-fourth, or, in- 

deed, any fraction at pleasure of its true length. 

Coast DEFENSE GuN.—There is now under con- 
struction at the Watervliet Arsenal, New York, a 16- 

in. breech loading rifle, which is to be mounted in 

a Gruson turret at Sandy Hook at the entrance of 

New York harbor. The gun is nearly 50 ft. long over 

all, and mote than 6 ft. dia. at the breech. The 

gun, when complete, will weight 126 tons. One of the 

lathes used in the manufacture of this gun weighs 250 

tons, is 135 ft. long; and has a swing of 9 ft. 
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TECHNICAL PUBLICATIONS. 

Tue STEAM ENGINE INDICATOR. By Cecil H. Peabody, 

Professor of Marine Engineering and Naval Archi- 

tecture, Massachusetts Institute of Technology. 

First edition. John Wiley & Sons, New York. 

Size, 5 by 7 1-2. Pages 153. With many illustra- 

tions. Cloth, $1.50. 

This book treats the subject of the steam engine in- 

dicator in somewhat different form from most of the 

literature on that subject. It starts with a very com- 

plete description of all the modern instruments used in 

this country, and illustrates each with accurate engrav- 

ings, showing their internal construction, the individual 

parts, and methods to assemble them. The adaptation 

of the instrument to gas engines and ammonia com- 

pressors is explained, and valuable hints given on at- 

tachments. The method of attaching the piping to the 

cylinders of the engine as well as the different styles 

of reducing gear are shown and explained. The errors 

which are liable to occur in the instrument itself are 

also pointed out. 
Then follows a description of the different styles of 

planimeters, the principle of their construction and the 

method of handling them. The next section is devoted 

to indicator cards, showing the errors which are liable 

to occur owing to faulty handling of the indicator, also 

cards taken from simple, compound, and triple expan- 

sion engines, gas engines, ammonia compressors, and 

pumps. The usual tables of areas, properties of sat- 

urated steam, etc., are appended. 

A great many engineers on vessels, who have not had 

the advantage of a technical training, are aware of the 

importance of the indicator, and in many cases are able 

to decipher an indicator diagram, or at least its most 

important features. The instrument itself, however, and 

the handling and attachment of the same, is often a 

stumbling block. It is often complained that there is 

no literature on the subject which engineers can readily 

understand, as most of the books give but little atten- 

tion to the instrument itself, and then usually some anti- 

quated type, but devote the larger amount of space to 

abstruse considerations of the results to be obtained 

from the use of the instrument, into which the reader 

is frequently unable to follow the author. In this re- 

spect Professor Peabody’s book will be very welcome 

both to the practical engineer as well as to the student, 

as all the computations can be understood by any one 

having an ordinary schcol education. 

JAHRBUCH DER SCHIFFBAUTECHNISCHEN GESELLSCHAFT 

(Proceedings of the German Society of Naval Ar- 

_ chitects and Marine Engineers.) Berlin, Julius 

Springer. Size, 8 by 101-2 in. Pages 435. With 

many cuts and folding plates. 

‘Naval Architects and Marine Engineers have awaited 

with interest the appearance of the volume which now 

lies before us. 

When in 1899 it was announced that the German 

members of these professions had formed a society 
along the lines of the great parent society, the English 

Naval Architects, the announcement was received with 
lively interest, and it was realized that this was but 
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another and logical step in connection with the aston- 

ishing strides which Germany has made in shipbuild- 

ing in the past decade. 

The present volume, the first we trust of a long 

series, comes fully up to the high expectations which 

we may have justly formed. Of no small interest is 

the account given in the introductory pages, of the 

steps leading up to the organization, lists of members, 

etc. It appears that the initial list of members num- 

bered 432, gathered from all parts of Germany. The 

Society is thus seen to start in under the most favorable 

auspices, and with a list of membership which, both in 

quality and quantity, may well authorize us to expect 

much from its future proceedings. 

The present volume contains but seven papers, all, 

however, of high value. The list is as follows: 

Modern Submarine Boats...............-.-- C. Busley 

Application of Wireless Telegraphy to Marine 

IPURDOSES o000000%0000000c000000000000006 A. Slaby 

Steering Apparatus, especially for the latest 

LAKES OKSAM IGACHS> 60000000000000 F. L. Middendorf 

The Development of the Armor-Plated Ship 

OF Wis ILBWS. docossdboosdcoo}oo0edn000 Johs Rudloff 

Investigations into the Periodic Variations in 

the Angular Velocity of the Main Shaft..G. Bauer 

Resistance of Ships and Estimates of Power. 
F. L. Middendorf 

Strength Computations for Ships...... C, Radermacher 

The paper on submarine boats is historical and de- 

scriptive, and traverses in a thorough manner the de- 

velopment of this form of offensive craft. Their ad- 

vantages and disadvantages are considered, and the 

general conclusion is drawn that Germany does well 

to leave aside the building of boats of such doubtful 

availability, and to restrict herself to battleships, cruis- 

ers, and torpedo craft. 

The paper of Dr. Slaby discusses in an interesting 

manner the possible application of wireless telegraphy . 

for marine purposes, with due note of the limitations 

under present conditions. 

The paper on steering apparatus is of especial note, 

by reason of the importance of the subject and the 

completeness with which the ground is covered. The 

subject is treated first from the historical standpoint, 

and then the whole ground of modern appliances, 

especially those used in large ocean steamships, is com- 

pletely traversed. The paper, which covers 123 pages, 

is supplemented by a large number of cuts and full- 

page or folding plates, making as a whole a most valu- 

able and complete presentation of the subject. 

The paper by Rudloff is historical and critical, and 

treats the development of modern armor-clad ships in 

an interesting and instructive manner. 

The paper by Bauer is of great interest and value, as 

giving much needed information and new light on a 

subject where little has hitherto been done. The causes 

for variation in the rate of turning of the main shait 

are discussed, and experimental investigations on the 

subject are described and the results given. 

The paper on resistance and power estimates is an 

important contribution to the subject, seeking, as it 

does, to develop relations between actual trial results 

and relatively simple formule. A large number of 

trial results are given as the basis of the discussion, 
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and these form a collection of data of no small value, 

independent of their relation to the formule under 

discussion. 

The paper on the strength of ships presents the gen- 
eral theory of this subject in a simple manner, and 

describes methods for determining in the most con- 

venient way the curves of net load, shear, and bend- 
ing movement. The paper is illustrated with a number 
of cases, drawn apparently from practice, and serving 

as interesting examples of such methods and computa- 
tions. 

The volume is well printed and bound, and the illus- 
trations have also received careful treatment. As a 
whole, the volume is an excellent example of the book- 
maker's art, and is worthy of the high character of the 
material which it contains. 

PAPERS PRESENTED AT THE Paris INTERNATIONAL 

Concress oF NavaL ARCHITECTS AND MARINE 
ENGINEERS. 

Advance copies of most of the papers of the French 

Congress of Naval Architects and Marine Engineers 
are now at hand, and furnish an excellent idea of the 
general character of the programme for the meeting. 
This Congress is held under the auspices of the “Asso- 
ciation Technique Maritime,’ the French Society of 
Naval Architects and Marine Engineers, and the ef- 
ficient secretary of the latter society, M. Hauser, serves 
as secretary for the Congress. 

One of the interesting features of recent international 

expositions has been the “congresses,” or meetings, 

which have been held for the discussion of matters 
connected with almost every form of human activity. 
The possibilities for good in these opportunities for 

the interchange of thought, purpose, principle, method, 
etc., especially among different nationalities in the same 
field of activity, are not likely to be overestimated, and 
it is a matter of congratulation, both at Chicago in 
1893 and at Paris in 1900, that the interests of those 
concerned with marine construction in all its branches 
have been so well provided for. 

The present Congress brings together representative 
and leading Naval Architects and Marine Engineers 
from all countries having maritime interests, and the 
papers presented and the discussions which they pro- 
voke may. be properly expected to furnish a series of 
notable contributions to the literature of the subject. 

It will be recalled that the list of papers, so far as in 
the hands of the secretary at that time, was published in 
MARINE ENGINEERING for May. The list of advance 
copies contains several additional papers, making a 
total of thirty-one. These are divided as follows among 
the different nationalities: French, 16; English, 4; 
United States, 3; German, 2; Russian, 2; Austrian, 1; 
Dutch, 1; Italian, 1; Swedish, 1. Compared with the 
Congress held in Chicago in 1893, the Papers are some- 
what less numerous, and in the main somewhat shorter, 
so that unless large additions are made to the present 
list the proceedings as a whole are not likely to be as 
bulky as those of the Chicago Congress. 

Regarding the papers themselves, they may be prop- 
erly characterized in the main as of high quality, though 
there are perhaps few of the very first order of im- 
portance. 
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Among those of especial interest from the theoretical 
standpoint, mention may be made of the paper by 
Afonassief on the Resistance of Ships, and of that by 
Rateau on the Theory of the Screw Propeller. 

Of especial practical interest are papers by Mois- 

senet on Tugboat Equipment, by Berling on the Vibra- 

tions of the German Cruisers Hansa and Vineta, and 

by Croneau on the Electric Equipment of the Cruiser 

Rainha Da Amelia. Of combined theoretical and prac- 

tical interest are the papers by Doyére on the Test of 

a River Steamer with Multiple Screws, and by Bertin 

on ‘the Stability of a Steamer After Bilging of Com- 

partments by Collision at Sea. 
Limitations of space prevent detailed reference to 

these or to many other papers, but the list so far in 

hand promises a volume of proceedings as a whole 

which will be of high value to all interested -in these 

subjects, and which in many ways will well serve to 

show the present actual condition of marine construc- 

tion, both as a science and as an art. 

QUERIES AND ANSWERS. 

(Communications intended for this department will not receive at- 

tention unless accompanied by the full name and address of 

the sender, which will be considered confidential.) 

Q.—To settle an argument, will you please say wheth- 

er “Work and Power” are one and the same, or if 

there is any difference, what is it? Ih, Io 

Force exerted through space is work, and the work is measured 

by the product of the force and the distance Work, however, is 

not the same thing as power. The latter contains the /27e element 

and the unit of power is defined as a certain amount of work done 

ina unit time. Ifa force of 4olb. acts through 30 ft. the amount of 

work done is 1,200 ft. lb. The amount of power developed will de- 

pend altogether upon the time employed. If the time is 1 minute 

the power will be about 1-27 horse power, while if the time is 1 

second the power will be slightly over 2 horse power. When we 

pay for work by the job we pay for the worv done; when we pay 

for work by the day we pay for the fozwer exerted or used. 

The board which has had under consideration the 

site for the new $1,000,000 drydock for the Brooklyn 

Navy Yard has recently completed its work, and it is 

understood that the Whitney Basin site is the one 

agreed upon. Actual work on the dock will not be 

begun for about two months. In the meantime the 

authorities of the yard are urging the Secretary of the 

Navy to permit the work to be done by the yard force 

instead of by contract, as this would furnish so satis- 

factory a solution to the problem of lack of work for 

the regular force of employees. 

The large American steam yacht Atalanta, built for 

the late Jay Gould, has been sold to the Government 

of the United States of Colombia; and will be con- 

verted into a gunboat. The Atalanta was constructed 

in 1882 at the Cramps yard, and was at the time the 

largest yacht in the country. It is understood that the 

interior fittings will be left intact, as she will be used 

by the higher officials of the Colombian Government, 
though ready at all times for service as a gunboat. 

It is reported on good authority that the Cunard 
line has ordered two new steamers for its Boston pas- 
senger and freight service. 
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PASSENGER AND FREIGHT STEAMER, ‘“‘HART= 
FORD,’’ BUILT FOR THE NEW YORK AND 

HARTFORD TRANSPORTATION CO. 

The steamer Hartford, built for the New York & 

Hartford Transportation Company, by the Columbian 

Iron Works of Baltimore, and now in use carrying 

passengers and packet freight between New York and 

Hartford, is a twin screw steel vessel of 1,488 gross 

registered tons, and having a cargo capacity of about 

300 tons of ordinary freight and accommodations for 

rooms, The pilot house and the captain’s and other 

officers’ quarters are on the upper deck. Upon this 

deck also is a promenade, partially covered by an 

awning when necessary. Lifeboats, water buckets, 

and hose are also carried on this deck. The ship’s 

main galley is also located on the upper deck, and is 

connected with the distributing galley on the main 

deck by an elevator for carrying the eatables to the 

dining saloon. The complement of officers and men 

consists of captain, 2 pilots, 2 mates, Ist and 2d engi- 

neers, 3 watchmen and 55 crew. The accommodations 

STEAMER HARTFORD, OF THE NEW YORK AND HARTFORD TRANSPORTATION CO. 

from 250 to 350 passengers. Sleeping accommodations 

for the former number are provided, but the naviga- 

tion rules allow as a maximum 350 passengers to be 

carried on account of the excellent equipment for 

protection against fire or accident. 

The vessel is 253 ft. long over all, with moulded 

beam of 40 ft., beam inside of fenders 45 ft., beam at 

load water line 37 ft. 6 in., depth at side 13 ft. 3 in, 

and mean draft of 8 ft. The lower deck is used 

for freight cargo, and also for crew accommo- 

dations. Upon the main deck are the grand 

saloon, the dining saloon, the social hall, and 64 state- 

for passengers are commodious and well arranged, and 

the service on the boat is excellent. 

Electric light is supplied by 250 16 C. P. incandes- 

cent lamps, of which those in the engine and boiler 

compartments have vapor proof globes. A 6,000 C. P. 

searchlight, of Carlisle & Finch’s make, is also fitted, 

together with electric side and headlights. 

When in the river the steering is done by watching 

the shore rather than by compass, and in case of fog 

it is found that the glare of the headlight renders it 

impossible to see the shores of the river, and that nav- 

igation is thus made very difficult. To provide for 

(Copyright, 1900, by Aldrich & Donaldson, New York.) 
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the engines, and extend the whole length of the bed 

plate. The condensing water is supplied by a 6 in. 

centrifugal pump located back of each condenser. The 

cooling water enters the lower section of the con- 

denser and is ejected from the upper section. The 

fire pump is located at the forward end of the engine 

room in the center of the vessel. The air pumps 

are worked off the low pressure crosshead, together 

with two feed pumps and a bilge pump for each en- 

gine. These four pumps are all bolted to the back 

of the condenser. The feed water passes through the 

filter tanks, one on each side of the engine room back 

of the engine, sponges being used as filtering ma- 

terial. Besides the pumps already mentioned, there is 

a small sanitary pump in the engine room for supply- 

ing water to the various parts of the ship. The water 

for cooling the bearings is taken out of the water ends 

of the condensers. 

The gratings in the engine room are of wrought 

iron, having spills 5-8 in. dia, and wrought iron 

stanchions. Brass pipe is used for hand rails. There 

are two 24 in. ventilators in the engine room. Over 

each engine is a 6 in. by I in. steel beam, carrying a 

traveling hoist for lifting parts of the engine. 

The boilers are four in number of the water leg 

type, and are placed with axes fore and aft. The work- 

ing pressure is 110 lbs. per sq. in. The shells 

are 8 ft. 6 in. dia. by 14 ft. long. The tubes are 3 1-2 

in. dia. by Io ft. 6 1-4 in. long, No. 11 B. W. G. There 

are two furnaces to each boiler. The water gauges for 

the after boilers are in the engine room, those for 

the forward boilers being in the boiler room. There 

is also a vertical donkey boiler 40 in. dia. placed on the 

main, deck. There are two 27 in. ventilators in the 

fireroom. There are two stacks each 4 ft. 2 in. in 

diameter and about 56 ft. in height above the grates. 
When the vessel is in the Sound, the feed water is 

taken from the hot well and fed into the boilers by the 

feed pumps. When fresh water is reached in the river, 

however, feeding is done by injectors which keep the 

temperature of the feed water satisfactorily high, and 

the air pumps are allowed to discharge overboard. An 

ash ejctor is fitted on each side of the fireroom 

supplied with water from the fire pump at 100 lbs. 

pressure. ; 
Special attention has been given by the builders to 

the lighting and ventilation of the fireroom and engine 

room, with the result that in service these compart- 

ments are very comfortable. It is partly due to this 

that the full steam pressure is readily maintained 

under maximum conditions. 

The coal supply is carried in wing bunkers at the 

ends of the fireroom, having a capacity of 100 tons, The 

boat is operated under natural draft, although there is 

provision for a steam jet in the stack. The average 

working pressure is 95 to 100 lb., and the engines turn 

at about 110 revolutions per minute with this pressure 

and 26 in. vacuum. The horse power of the two en- 
gines is about 1,000, and the speed of the vessel through 

the sound averages about fourteen miles per hour. 

The first steamboat to navigate the western rivers 

was the New Orleans, built in Pittsburg in 1811, four 

years after the Clearmont had made her successful trial 

on the Hudson. 
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EQUIPMENT FOR HANDLING BULK CARGOES 

RAPIDLY AT GREAT LAKE PORTS.*—IIl. 

BY ARTHUR C. JOHNSON. 

The Brown Hoisting and Conveying Machine Co. 

has built five car dumpers that handle the coal still 

more gently, but on that account they are necessarily 

slower in operations. With these machines the coal is 

dumped from the cars into six buckets carried in a 

transfer car. Each of these buckets is then lifted by 

either of two traveling cranes which carries it out over 

the boat and lowers it into the hatch when the bottom 

is opened and the bucket drawn away, thus placing 

the coal very gently and just where wanted. The 

mechanical arrangements are very ingenious and well 

executed in securing the complicated motions neces- 

sary. : 

The Hulett Car dumper built by the Webster, Camp 

and Lane Machine Company, for the Rochester and 

Pittsburg Coal and Iron Company at Buffalo, works 

somewhat on the principle of the Brown car dumper, 

but it is much simplified by using only two buckets— 

in fact the whole machine is comparatively simple. 

The clamping mechanism is of the same type as that 

of the McMyler Machine. The engines for tipping the 

cradle are located underneath the same, while those 

for controlling the buckets are located on the plat- 

form on top of the machine. The tracks on which the 

trolleys carrying the buckets run can both be swiveled 

about a pivotal point by hand to suit any spacing of 

hatches. The machine can handle regularly 20 cars 

an hour, but the switching room at Buffalo is so 

limited that a sufficient supply of cars cannot readily 

be made accessible to the machine. 

A novel design of car dumper is shown in Figs. 17 

and 18, built by the Excelsior Iron Works Com- 

pany for the Erie Coal Transfer Company at Cleve- 

land. This is an exceedingly fast machine, and its 

operation is very simple. The loaded car is pushed 

into the cylinder by a locomotive, and the cylinder 

and car are turned over by a steam cylinder of long 

stroke, operating through a “two part’ rope. The 

car is supported on its side in turning over by a hy- 

draulic cylinder and clamped on top by a simple de- 

vice. The machine is well adapted tu its pectliar lo- 

cation, where the bank of the river is very high, but 

the fall of the coal is considerable. 

In all the car dumpers the speed depends largely on 

the switching arrangements and the storage capacity 

for loaded and empty cars. The three methods in 

use for bringing the loaded cars into the machine are: 

Ist. By means of a locomctive. 2nd. By storing the 

loaded cars on tracks having a down grade into the ma- 

chine. 3rd. By the use of a haulage mule similar to 

that shown in Fig. 19. In the last case there is a grade 

up into the machine. The loaded ‘car pushes the empty 

car out in all cases. 

The car dumpers are also used for fueling vessels, 

although some of the fuel hatches cannot be reached 

by the chutes, but most docks handling fuel alone are 

*A paper read before the Civil Engineers’ Club of Cleveland and 

contained in the Journal of the Association of Engineer Societies. . 
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FIG. 17. 

FIG. 18. 
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equipped with coal pockets at a sufficient elevation to 

discharge the coal through chutes into the coal bunk- 

ers, the pockets themselves being filled by drop bot- 

tom cars from a track carried on top. Fig. 19 shows 

the equipment of a large fueling dock operated by 
the Cuddy-Mullen Coal Company at Cleveland, built 

MARINE ENGINEERING. September, 1900. 

the friction between the coupler and the front of the 
mule. ; j 

For unloading coal at the Northern ports there are 
many special machines of the Brown type and others 

adapted to the special conditions such as storage for 

railroad re-shipment and wagon delivery in large 

ff 

Hauvtace “Mure” 

=46e20= 

J2—6 Peo 14-0" 

“FIG. 19. CUDDY-MULLEN EQUIPMENT FOR FUELING DOCK. 

IN 
I VA, 
HN LEX, IS 

specially. for fueling the passenger steamers North 

West and North Land, The chutes,in this case are 
round in order to enclose the dust. The method of 

hauling the coal cars up the steep grade is shown— 

also the ingenious method of holding the mule down 

to its track, thus preventing it from climbing due to 
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cities. Many of the large mining companies also have 

extensive coal storage docks to tide them over the four 

months of closed navigation. : 

A notable storage plant is that of the Lehigh Valley 

Coal Company at West Superior, Wis., on which 

there is storage capacity for 100,000 tons of anthracite 
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coal’'under cover by the Dodge system, and for 90,000 

tons of bituminous coal exposed, in piles not over 30 

ft. high as precaution against spontaneous combustion. 

At this plant all the operations of unloading from the 

boats and storing, and reloading into the cars are per- 

formed by machinery. 

The most surprising feature in connection with the 

equipment of docks generally on the lakes—using the 

word dock in the American sense of pier or landing 
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great improvements in this direction and as examples 

of recent construction Figs. 20 and 21 are introduced. 

Fig. 20 is the cross section of a dock built by the 

Illinois Steel Company at their South Chicago works, 

which has attracted a great deal of attention from en- 

gineers in this country. This dock, which is 1,608 ft. 

long, was built at the rate of about 15 ft. per day. Fig. 

21 is a cross section through the foundation for the 

McMyler car dumper on the dock of the Pittsburg and 
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to which a boat ties—is that such highly improved and 

expensive machinery should be placed on such poor 

and entirely inadequate foundations; often merely a 

few piles, driven in soft mud many feet below the water 

line, with little or no cross bracing to give them some 

rigidity. This is probably due to the nervous speed 

with which a great many dock improvements and ex- 

tensions have been made. 

There is a growing feeling, however, in: favor of 

SECTION OF DOCK BUILT BY THE ILLINOIS STEEL CO. 

Conneaut Co., at Conneaut, Ohio. This foundation 

has proved itself to be immovable. 

It will be of interest here to quote from the Blue 

Book of American Shipping that on the Great Lakes 

there are ‘“The greatest iron mining resources, most 

rapid cargo handling facilities and the most efficient 

iron producing plants in the world,” together with the 

statement that “It is possible to take ore from the 

Mountain Iron Mine and convert into steel ship 
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SECTION THROUGH FOUNDATION FOR McMYLER CAR DUMPER. 

FIG, 21. 

September, 1900. 

plate within ten days.” While not becoming re- 

sponsible for the accuracy of the last statement, quot- 

ing from the same source, the explanation is as fol- 
lows: 

“Suppose that on the first day and night of a 

month 9,000 tons were mined and loaded. The second 

day at noon this ore could be run onto the Duluth, 

Mesaba and Northern Railway docks at Duluth, 80 

miles from the mine and dumped into pockets. Each 

of the two docks lack 600 ft. of being 1-2 mile long, 

and both have capacity for 100,000 tons of ore. In 
one hour the 9,000 tons could be loaded into a 
Bessemer steamer and barge, 424 and 366 ft. long re- 
spectively. The Bessemer fleet consists of ten steam- 
ers and eleven barges, and the carrying capacity of the 
fleet for one season, between eight and nine months, is 
Over 1,500,000 tons. At one o’clock on the second day 
the steamer and consort would start on their 800 
mile trip. On the sixth day at one o’clock they would 
arrive at Conneaut, Ohio, the steamer, we will say, 
going to the McMyler rapid direct-unloading plant and 
the consort to the Brown plant, both of which are 
shown in the foregoing illustrations. The seventh day 
at one o'clock the 9,000 tons of ore would have been 
taken from the holds of the vessels and loaded into 
180 of the 50 ton steel cars, of which the Pittsburg, 
Bessemer and Lake Erie has 600, and is building 400. 
more. On the morning of the eighth day these cars 
would be delivered to the furnace at Bessemer or 
Duquesne, the four-stack furnace, having annual 
capacity of 800,000 gross tons of pig iron, at the latter 
point. The distance from Conneaut to this furnace is 
about 150 miles. 

“On the ninth day at seven o’clock in the morning 
the ore would have run through the cupola and could 
be transferred to the Bessemer converter or mixer, 
and in less than an hour he turned into steel ingots. 
These ingots could be taken hot to the plate mill and 
made into ship plate in one hour, or, if from the fur- 
nace the iron was made into pigs, about eight hours 
more would be required to make ingots of the pigs. 
By the evening of the ninth day this plate would be 
ready for shipment.” 

A recent circular from the U. S. Civil Service Com- 
mission announces that it is desired to establish an 
eligible register for the position of Master in the 
Quartermaster’s Department at Large. No scholastic 
test will be given, but applicants will be graded upon 
the elements of age, experience, intelligence, character 
as a workman, and physical qualifications as shown by the 
information furnished in connection with their formal 
applications. Candidates may be assured that the rat- 
ings will be strictly impartial and based entirely upon 
the evidence of fitness presented. It will not be neces- 

sary for applicants to appear at any place for examina- 

tion. From the eligibles resulting from this examina- 

tion certifications will be made to the position of 

master on the Quartermaster’s steamer General Ayres 

at Boston, Mass., at a salary of $110 per month. Per- 

sons who desire to compete should at once apply to the 

secretary of the local board of examiners at Boston, 

Mass., or to the United States Civil Service Commis- 

sion, prior to the hour of closing business on Oc- 

tober I. 
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MATERIALS USED IN THE CONSTRUCTION OF 

MARINE DYNAMOS AND THEIR ENGINES. 

BY ALTON D. ADAMS, 

High efficiency, satisfactory operating qualities and 

reliability are prime requirements for marine dynamos 

and their engines. Next to these, the most essential 

characteristics of engines and dynamos for use on ships 

are small bulk and weight per unit of capacity. How 

pressing are these last named requirements may be gath- 

ered from the fact that in merchant ships a considerable, 

and in war ships an even larger, per cent of the displace- 

ment beyond that of the hull is taken up by the neces- 

sary operating machinery. 

Almost the entire construction and equipment of ships, 

except the electric plants, has been the subject of long 

study and careful experiment, to determine the materials 

best suited for the purpose, and no reasonable expense 

has been spared in high class war and merchant vessels 

to produce the best possible results. In the past it has 

been the more common practice, on the part of both pri- 

vate ship builders and governments, to accept about what 

has been offered by dynamo and engine makers, so far 

as weight and bulk per unit of output are concerned. 

It is true that some restrictions have been put to the 

weights of electric generating sets, but these have only 

been such, in most cases, as good apparatus made for 

use on land could meet. The growing importance of 

electric equipment on ships and its application to aux- 

iliary power purposes seems certain to result in more 

exacting requirements as to weight and bulk. 

Good design is able to meet the usual conditions as 

to efficiency, operating qualities and reliability in dy- 

namos and engines with the structural materials and 

shapes generally employed, but when bulk and weights 

are restricted, the kinds and shapes of the materials used 

are at once involved. The reason for this is found in 

the fact that structural materials for both engines and 

dynamos differ widely among themselves in their most 

important qualities. The characteristics of dynamo ma- 

terials that have the most important influence on weight 

and bulk are those of magnetic and electric properties 

and mechanical strength. Most important of these prop- 

erties is the magnetic, because of the wide variation 

among the available materials in this respect, and its 

large influence on the requirements as to mechanical 

strength and electrical factors. In the largest and heav- 

iest parts of a dynamo the dimensions necessary to se- 

cure desirable magnetic qualities are much in excess of 

those required for mechanical strength, even where the 

best available materials are used. It is therefore highly 

important, where small weight and bulk are necessary, 

that the magnetic and electric parts of dynamos be of the 

most suitable materials. 
To determine what materials are best suited for use 

in the several parts of dynamos, the purpose and ac- 

tion of each part should be considered. Taking up first 

the armature or revolving part, complete, it is found 

to consist of four essential elements, the shaft, core, 

windings and commutator. An armature shaft may be 

forged in one piece with that of its connected engine, 

but is more usually connected by couplings. In either 

- case there are no requirements to be made as to its mag- 

netic or electric properties, the main necessity being for 
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mechanical strength and stiffness. To insure the de- 

sired mechanical properties in a dynamo shaft of the 

least practicable weight, its material and form should be 

minutely specified. Dynamo shafts should be forged of 

hard steel, having about 0.5 per cent of carbon, and 

should be hollow, as hollow shafts are much lighter than 

solid ones for given length, dimensions and strength. 

The largest and heaviest part of an armature is its core, 

which in practically all cases is buiit up of wrought iron 

or very mild steel discs, either of which are suitable for 

the purposes of light weight when of the proper quality. 

Armature cores are especially designed to meet mag- 

netic requirements, and their mechanical strength is com- 

monly far beyond any possible demands upon it. Mag- 

netic properties of their iron or steel discs, and the 

construction of armature cores as to ventilation, materi- 

ally affect their weights for given capacities, but it is 

hard to cover these factors save by specifications of the 

total armature or dynamo weight. 

To hold the armature core together and enable it to 

be assembled independent of the shaft, the discs are 

mounted on a spider or sleeve and this latter adapted to 

slide on and off the shaft. This sleeve or spider usually 

has an extension beyond the armature core at one end 

and on this extension the commutator is mounted. No 

electrical or magnetic properties are necessary in the 

spider, and its important qualities are sufficient 

strength and stiffness for its work. Cast iron is much 

used for armature spiders, because it is so readily ob- 

tained and easy to machine, but its low strength to resist 

twisting and shearing make it unfit for the purpose. 

where small weight per unit of output, for the armature, 

is desired. 
The best material to use for armature sleeves and 

spiders, for marine use, is soft steel castings, such as 

can now be had from a large number of foundries. About 

the only objections to be urged against steel castings for 

the purpose just named are their somewhat higher first 

cost both as to the price per pound and the labor for ma- 

chining them. The additional cost per pound of steel 

castings is, however, about offset by their smaller 

weight. 
A dynamo commutator consists broadly of two dis- 

tinct parts, the shell or sleeve and the segments. The 

shell acts simply as a clamp to hold the segments to- 

gether, and is usually made of cast iron. When the 

reduction of weight is an object the commutator shell 

should be of steel castings, as these give the required 

strength and stiffness with the least weight. Pure forged 

or rolled copper is the best and only fit substance for 

commutator segments, in spite of claims to the contrary 

by any who wish to sell cheap segments or dynamos with 

poor commutators. Cast segments are hard to produce 

in chemically pure copper, their electric conductivity is 

lower than that of the forged or rolled variety, and they 

do not resist the wear of the brushes as well. For equal 

results in operation the cast copper segments make a 

heavier commutator than forged or rolled stock, and 

they should never be used on ship dynamos. 

Poor ventilation or bad proportions may result in an 

armature core too heavy for its capacity, and such a 

core increases the necessary weight of copper wire for 

winding it. Copper in rods or wire is the only suitable 

material for armature windings, and those windings 
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with joints at only the commutator end should be pre- 

ferred to those having joints at both ends. Some arma- 

ture cores have a large extension at one end to act as 

a support for the windings, but this is unnecessary and 

should be avoided. The magnet cores and poles of dy- 

namos, that is, those parts on which the magnet coils are 

mounted, form large and very important portions of 

the machines. 

Magnetic properties are chiefly considered in the size 

and proportions of magnet cores and poles, their me- 

chanical strength usually being far beyond any possible 

requirements. So great are the differences between ma- 

terials as to their magnetic properties, that the weight 

of magnet cores may vary as much as three or four hun- 

dred per cent according to the materials selected. Cast 

iron, wrought iron and steel castings are the materials 

available for magnet cores and poles. The widely dif- 

ferent results as to weight that follow the use of these 

several metals for magnet cores arise from their differ- 

ent magnetic capacities per unit of sectional area. Ii 

the magnetic capacity of wrought iron is taken as unity, 

per square inch, that of cast iron is about .4, and of steel 

castings from.8 to 1. In other words, if a wrought iron 

magnet core with a sectional area of 100 sq. in. will do 

the work for a certain case, a core of equal capacity of 

cast iron must have 250 sq. in. and a core of steel cast- 

ing from 100 to 125 sq. in. sectional area. The length 

of magnet cores is determined by the amount of wire 

and energy used in their coils, an increase in the areas — 

of cores increases also the wire necessary for their 

windings, and usually therefore the length of each core. 

For the case of cast iron compared with wrought iron, 

the cast metal being 2.5 times as large in section, and 

probably 1.5 times as long, at least, is 2.5 X 1.5 = 3.75 

times as great in bulk and nearly that in weight. Where 

steel castings are used for magnet cores the increase in 

weight over that for wrought iron, if any, is obviously 

small. Great as is the addition of weight by the use of 

cast iron for magnet cores, it is further augmented by 

the larger amount of wire necessary for windings. Cast 

iron was much used at one time for magnet cores, but 

now steel castings and wrought iron are generally used 

for the purpose, and should be specified in every case. 

The magnet frame or part that serves to mount the 

magnet cores about an armature, being the largest and 

frequently the heaviest single part, should be carefully 

selected, where the reduction of weight is an object. 

While cast iron magnet cores have been largely aban- 

doned, the cast iron frame is still very common. The 

purpose of a magnet frame is two-fold, that to mount 

the magnet cores and fix them to the base and also to 

furnish magnetic paths between the several cores. Ow- 

ing to the attractions between the magnet poles and their 

armature the frame is subject to large mechanical 

strains, but its section at any point is determined in most 

cases by the magnetic requirements. In cases where the 

necessary magnetic capacity can be had with a very 

small frame section, an excess of mechanical strength 

and stiffness can be obtained by giving the frame a 

ribbed or flanged form. Where the weight per unit of 

output is not material, the use of cast iron for magnet 

frames may be permitted, but for marine dynamos all 

frames should be of steel castings, except for some sim- 

ple shapes where wrought iron is available. 
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However carefully a dynamo may have been designed 

to reduce its weight, it has been the too general cus- 

tom to give an iron foundry a large job on the common 

base for a dynamo and connected engine. The fact of 

course is that unnecessary weight in a base is just as 

objectionable as though it existed in the dynamo proper. 

A dynamo base is not usually required to have any mag- 

netic properties, but must be stiff and strong. Steel cast- 

ings are much the most suitable material for dynamo 

bases where small weight is desired, and should be used 

to the exclusion of cast iron for this purpose in ma- 

rine work. The saving in weight by a steel casting in- 

stead of a cast iron base is often enough to compensate 

for the greater cost of the steel. 

To rest with restrictions on the weight and materials 

of dynamos only, for an electric plant on board ship, is 

to leave the work of specification but one-half done, 

since the ordinary engine for use on land is even less 

satisfactory in the matter of weight than is the average 

dynamo. Vertical engines are the general type best 

suited for driving ship dynamos, because of the small 

floor space occupied, the ease of making direct connec- 

tion to the dynamo, and the high speeds of rotation at 

which they may be operated. In land engines, and to a 

large extent those for electric plants on ships, cast iron 

has long been the most prominent material. Cylinders, 

piston heads, guides, frames and bases have all found 

in cast iron their most convenient material. Crank shafts 

even, in some instances, have been built of much the 

same material, that is, gun iron, which is simply cast 

iron of a somewhat higher grade and an increase of 

strength above the ordinary metal. 

Crank shafts for dynamo engines should be forged of 

hard steel and hollow. In sizes too small to allow hollow 

forging, the shaft may be forgedsolid and the interior 

parts subsequently machined out. Connecting rods should 

also be of hard steel, but instead of the regular tapered 

forms rods should be machined into some of the shapes 

that give required strength with a minimum weight of 

metal. Hollow piston rods are to be preferred to solid 

ones in large sizes. Steel castings offer a material sav- 

ing over cast iron for piston heads and cylinders, in the 

matter of weight, owing to the strength required in these 

parts. Cast iron engine frames have in many cases here- 

tofore made up a great part of their weights,as used for 

driving ship dynamos, and it is in this part of the con- 

struction that considerable improvement is possible. A 

number of vertical engines that have been much used for 

driving marine dynamos, are of what is known as the 

enclosed type, with hollow cast iron frames that con- 

nect cylinders and bases. Such an engine is necessarily 

heavy per unit of capacity. Other engines have a cast 

iron frame between the cylinders and base at one side, 

and a solid steel rod or rods at the other side, but 

these engines must also be discarded as too heavy. 

The nearest approach to a really suitable engine for 

ship dynamos that is found among present standard 

types is put out by several makers with four or more 

solid steel standards to connect the cylinders and the 

base. This last named type of engine is capable of 

production in very low weights, when parts other than 

the standards are made of the most suitable materials. 

Some engines on the market, however, in imitation of 
the steel rod construction between the cylinders and 
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base, have used standards of cast iron for the purpose. 

An engine with these cast iron standards is unneces- 

sarily heavy, and is apt to be fatally weak in its frame. 

The most desirable construction for light weight in that 

part of the engine frame between cylinders and base 

consists of hollow steel standards. 

Instead of cast iron, the bases of engines for ship 

dynamos should be of steel castings, because of the 

large reduction in weight for given strength and stiff- 

ness effected by the use of this metal. About the only 

parts of engines for electric plants on board ship that 

may rationally be of cast iron are the piston rings and 

perhaps linings for the cylinders. By suitable designs 

with wrought steel and steel castings in engines and 

wrought iron, steel, and steel castings in dynamos, the 

weights per unit of capacity may readily be reduced as 

much as fifty per cent for engines and twenty-five per 

cent for dynamos, below those often found in ship 

efectric plants. 

A meeting of the Board of Life Saving Appliances 

was held at the Post Office building in Boston, June 

6, 1900, at which were presented a number of appli- 

ances intended for use in the service. The most im- 

portant matter was the application of power in life- 

boats—a question which has attracted much attention, 

especially in later years. — 

s\ 34 foot life-boat at Marquette has had a gasoline 

tank placed in the after air case under the direction of 

Lieut. McLellan, by the Lake Shore Iron Works of 

Marquette, Michigan, and the boat gives promise of 

great usefulness. 

The board adopted resolutions recommending that 

a special commission be appointed by the Secretary of 

the Treasury to inquire into the question of the appli- 

cation of power to life-boats, and with authority to 

make tests on the boats before mentioned. Such a 

commission was appointed consisting of the following 

members: Prof. Cecil H. Peabody, President of the 

Board on Life Saving Appliances; Lieut. C. H. 

McLellan, R.C.S. Assist. Inspector L.S.S.; J. G. Kiah, 

Superintendent 11th L.S. District; H. M. Knowles, 

Superintendent 3rd L.S. District. 

Two members of the commission, Prof. Peabody and 

Lieut. McLellan, have gone to Marquette to determine 

the nautical properties of the lifeboat at that station, 
such as the displacement, stability, center of gravity, 

and also the power and speed of the boat on a meas- 

ured course. As a basis of comparison the properties 
of a similar boat without an engine will also be 

determined. 
The advantage of power in a life-boat, so applied as 

not to interfere with the essential qualities, such as the 

ability to right and free herself from water if capsized 

are sufficiently evident at a glance, even if the power 

be considered as auxiliary, the boat still retaining sail 

and oars. 

At Belmore, L. I., a novel craft in which the owner 

intends to cross the Atlantic is under construction. 

The boat is to be 58 ft. long and schooner rigged. 

She will have a high freeboard, and will draw only 2 

ft. of water. Besides her sails she will carry a gasoline 

motor with good supply of fuel for use in calm or head 

winds. 
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TUG RICHARD CROKER, FOR DOCK DEPT., 
CITY OF NEW YORK. 

A modern type of well equipped harbor tug is shown 

in the drawings of the Richard Croker, recently con- 

structed for the Department of Docks and Ferries of 

New York city by the Gas Engine & Power Co., and 

Charles L. Seabury & Co. Consolidated, Morris 

Heights, N. Y. She is a steel vessel of the following 

dimensions: Length over all, 110 ft.; length between 

perpendiculars, 100 ft.; beam molded, 21 ft. 6 in.; 

depth molded, at mid length between perpendiculars, 

12 ft. 0 1-2 in. Steel of a tensile strength of 55,000 Ib. 

and an elongation in 8 in. of not less than 25 per cent. 

is the material used for the hull. 

A solid iron bar keel 6 in. by I 1-2 in. is fitted in 

lengths not less than 25 ft., with scarphs 18 in. long. 

The stem is also of iron, 6 1-2 in. by 1 1-2 in., rabbeted 

for the plating to about 3 ft. below the water line, and 

is scarphed to the keel. The stern frame and rudder 

post are forged in one piece of scrap iron, the main post 

being 5 1-2 in. by 2 in., counter connection, 5 1-2 in. 

by 31-2 in. rudder post 51-2 in. by 2 in., with the 

forward edge well rounded and with backing guards 

forged on. It is connected to the keel by a scarph 18 

in. long. Frames are made of 2 1-2 in. by 2 1-2 in. by 

5 lb. angles spaced 22 in. centers, and in one length 

from keel to top of frames. Scarph pieces of similar 

angles 3 ft. long are fitted across the line of the keel 

back of the floor plates, and are riveted back to back to 

every frame for one-half length of the vessel amid- 

ships. Frames at bulkheads are doubled. Reverse 

frames are 2 I-4 in. by 2 1-4 in. by 3.61 lb. angles. In 

the engines and boiler spaces these reverse frames are 

doubled to each floor plate and frame, one extending 

to the beams and the other to about 12 in. above the 

floor ends. Forward and aft of the machinery spaces 

there is one to each floor plate and frame, extending 

alternately to beams’ end, about 12 in. above the ends 

of floor plates. Those extending to beam, butt at or 

near the middle line, and are connected by scarph 

pieces 20 in. long, and the others are in one piece. 

Floor plates are in one length, on every frame, 28 

in. deep in the engine space, 18 in. deep in the boiler 

compartment, and 12 in. deep forward and aft of these 

spaces. Under the engines they are 17.5 lb., under the 

boiler 15 lb., and forward and aft 12.5 lb. plates. The 

keelson is composed of two 3 in. by 3 in. by 7.4 Ib. 

angles, riveted back to back. Main deck beams are ot 

3 in. by 3 in. by 7.25 lb. angles, worked with a crown 

of 3 in. in 21 1-2 ft..on every frame, and connected to 

frames by 10 lb. gusset plates, with 12 in. laps on 

frames and beams. The deck stringers are 3 ft. 10 in. 

wide and 10.5 lb. amidships, and reduced in width at 

the ends. The side stringers are two in number, of 

3 in. by 2 1-2 in. by 6.53 lb. angles riveted back to back. 

Transverse bulkheads are placed on frames 6, 18, 38, 

48, and on frame 29 on the port side and 31 on the star- 

board side, forming the after ends to the coal bunkers. 

Longitudinal coal bunker bulkheads extend between 

the transverse bulkheads 18 to 29 on the port side, and 

18 to 31 on the starboard side. All bulkhead plating 

is 7.5 lb. and is stiffened by 3 by 2 in. by 4 Ib. angles. 

All bulkheads and doors are watertight. 

For the outside plating, the garboard strake is 14 
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Ib., the bilge strake 15 lb., and the shear strake 18 Ib., 

the remaining strakes being 11 lb., except the bul- 

wark strake, which is 10 lb. The plating is worked “in 

and out,” single riveted, and at the butts double rivet- 

ed. The tops of the sheer strakes are 5 1-2 in., and 

the bulwark strakes 22 in. above the tops of the beams 

at the sides. On each side there are three freeing 

ports 24 in. by to in. high, fitted with shutters. Gut- 

ters are formed by 2 1-4 in. by 2 1-2 in. by 5 lb. angles 

placed on top of the stringer plates, 8 in. inside of the 
plating. 

Oo sah 8G 7 8B oO 

SCALE OF FEET 

Marine Engineering 

ENGINE ROOM OF TUG RICHARD CROKER. 

White pine 3 in. square is laid on the main deck, and 

2 in, square inside the house. The rail is of white oak 

Io in. by 4 in., in lengths of about 20 ft., with 3 ft. 

scarphs fastened to the bulwark plating by 3 in. by 

3 in. by 6 lb. angles. On top of the rail forward there 

are bow chocks of white oak 4 1-2 in. thick by 5 1-2 

in. deep at the stern and reduced to 3 1-2 in. at the 

after ends. Aft the false rail is of the same dimen- 

sions. The upper fender is also of white oak 7 1-2 in. 

thick, and 8 in. deep, beveled to a 6 1n. face, and run- 

ning completely around the tug. The lower fenders 

on each side extend from the stem to about the after 

end of the house, and are of the same size as the up- 

per, with a 5 1-2 in. face. Angles 3 1-2 by 2 1-2 by 6 

Ib., riveted to the plating by 3-4 in. rivets, extend 

along the tops and bottoms of the fenders, and the 

latter are bolted to the plating with 7-8 in. bolts. Both 

fenders are faced with iron straps 1-2 in. thick, se- 

cured by 6 in. countersunk spikes. On each side of 

the boat Io swinging hickory fenders are hung, the 

main rail in the wake of the lanyards being protected 

by a covering of yellow metal 20 in. long and 15 in. 
wide. 

Forward, the main bitts are 11 in. square white oak, 
with white oak cavil in two pieces 5 in. thick by 9 in. 

wide, securely bolted together, and they are stepped 

on top of.the forward tank. Aft, the bitts are 14 in. 

square, and are stepped on top of the trimming tank. 

Rail bitts and nigger head forward are of cast iron, gal- 
vanized. 

Steel is used for the deck house, which is about 66 
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ft. long and 13 ft. wide. The bottom coaming plates 

are II in. by to lb., connected to the deck plating and 

beams by 3 in. by 3 in. by 7.25 Ib. angles. The top 

coaming plate is 8 in. by 10 lb., and the sides of the 

house are 8.5 lb. plate, stiffened by T-bars 2 in. by 4 

in. by 5.5 lb. space 27 in. apart. Inside the house, at 

the forward end, a companionway leads to the sleeping 

quarters of the crew. The forward end of the house 

is occupied by the mess room, crew’s water closet, and 

lockers. Aft of this is the galley, with regular range, 

sinks, etc., and from here a ladder leads up to the root 

of the pilot house. The machinery spaces occupy the 

greater part of the deck house, extending to the after 

compartment, which is furnished as the cabin, with 

buffet, officers’ water closet and wash room. On the 

port side of the cabin, a companionway leads down to 

the officers’ sleeping quarters. 

The house is tastefully furnished and equipped. 

Composition is used for the air port frames, and these 

are 20 in. diameter. In the mess room, below the line 

of seats, there are transom windows admitting light 

and air to the forecastle. Over the engine room and 

cabin there is a skylight about 21 ft. 6 in. by 4 ft. 6 in., 

made of oak, with ribbed glass, protected by polished 

brass rods in ash frames. The hinges are also of heavy 

brass, and the same metal is used for the quadrants. 

at the top of the skylight. On top of the skylight, an 

18 ft. metallic boat is carried in chocks, with davits 

which swing out, carrying the boat clear of the side. 

Polished cherry is used for the interior finish of the 

Marine Engineering 

HALF SECTION THROUGH BOILER ROOM. 

cabin, and the floor is laid with interlocking rubber 

tiling. Light and air in the cabin is provided 

by twelve drop windows 3 ft. high and 1 ft. 8 in. wide, 

four on each side and four in the end. In the lower 

after cabin there are four hardwood berths, with draw- 

ers underneath, and also clothes lockers and marble 

top washstand, with porcelain bowls and silver plated 

fittings. The decking on top of the house is white 

pine 1 1-8 in. by 3 in., tongued and grooved, and covy- 

ered with No. 5 cotton canvas. 
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On top of the deck house forward is the pilot house, 

7 ft. high in the clear. It is built of pine, with cherry 

interior finish. There are windows all around, each 1 

ft. 8 in. by 2 ft. 9 in., placed 3 ft. above the deck. It 

is fitted with steam steering wheel of polished brass, 

mahogany binnacle, eight-day clock, bell pulls, tell- 

tales and speaking tubes. 

In the forecastle there is a combined steam and hand- 
steerer, the steering-rod passing down from the pilot- 

house through the mess room in a brass pipe. There are 

radiators in all the living quarters piped for steam heat. 

Other apparatus for the use of the deck department 

includes a galvanized gypsy windlass for 5-8 in. chain, 

secured abaft the forward bitts, with chain pipe leading 

to the locker in the forepeak, hose rack, hand force- 

pump, and 350 lb. folding galvanized anchor and 60 

fathoms of 5-8 in. close linked chain, fog bell, 10 in. 
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The thrust-bearing is provided with five horseshoe col-_ 

lars, lined with white metal and mounted on 1 1-4 in. 

steel screwed rods, with composition distance nuts. 

For handling the engine, a steam reversing gear of 

the floating lever type is fitted. 

All pumps are independent, and they include a ver- 

tical single steam cylinder air pump, centrifugal cir- 

culating pump, vertical duplex feed pump, auxiliary 

feed pump, fire pump, 8 in. and 5 in. by 12 in., ar- 

ranged to draw from the tank, sea, or bilge, and dis- 

charge into the feed pipe, fire main, or overboard. 

There is also a bilge ejector. Under the forecastle 

there are two tanks, each of 1,200 gal. capacity, and 
under the lower after-cabin there are also two of 775 
gal. each. 

The boiler is of the builders’ water-tube type, with 
64.37 sq. ft. grate surface, and 2,975 sq. ft. heating sur- 

STEEL TUG, RICHARD CROKER. 

dia., 4 ft. foghorn, fire buckets and axes, and 60 regu- 

lation pattern life preservers and Lyle gun. 

The propelling engine is of the triple expansion type. 

with cylinders 13 in., 21 in., and 32 1-4 in, dia., and 24 

in. stroke, designed for about 800 I. H. P., at 180 revo- 

lutions. It has an open front, with turned steel col- 

umns, and the back columns, which carry the slipper 

guides, are cast iron, resting on the condenser. The 

H. P. valve is a piston valve, and the other two double- 

ported slide valves, all worked with the regular Ste- 

phenson link motion. Piston rods are forged steel 

2 7-8 in. dia., with cast iron pistons fitted with cast iron 

rings. The connecting rods, of steel also, are 60 in. 

between centers, with forked upper ends and gib and 

cotter crank boxes. The built-up crank shaft has jour- 

nals 7 in. dia. and 6 5-8 in. long, with cranks set at 120 

deg., having pins 7 in. dia. and 6 1-8 in.. long. Crank, 

thrust, and propeller shafts are mild open-hearth steel. 

face. This is connected to a stack, the top of which is 

not over 25 ft. above the water line, so that the tug can 

readily pass under bridges in harbor work. The boiler 

is arranged to be worked with forced draught on the 

closed ash pit system, a blower being provided in the fire 

room for this purpose. 

Cast iron is the material used for the propeller, which 

is 8 ft. dia. and 12 ft. pitch, with a helicoidal area of 

22.5 sq. ft. 

The service performed by the vessel includes towing 

scows, pile drivers, derricks, rafts, etc., in the harbor 

and carrying the engineering staff on inspection trips. 

The maximum regular speed is 16 miles per hour, with 

200 Ib. boiler pressure and engines developing 750 I.H.P. 

Designs for the Richard Croker were prepared under 

the supervision of Engineer-in-Chief J. A. Bensel, of 

the Department of Docks and Ferries of New York City. 

The contract price for the tug was $59,500. 
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BALANCING OF VERTICAL MARINE ENGINES 
DISCUSSED IN AN ELEMENTARY MANNER.* 

BY J. MACFARLANE GRAY, 

ELEMENTARY INTRODUCTION. 

In the order of nature there is this necessary and un- 
avoidable condition in every action, whether of a mi- 

nute particle or of a large mass, that if its velocity in any 

one direction be changed there must be at the same in- 

stant, in connection with it, another mass or masses 

changing their rates of motion in the opposite direction 

at such a rate of change that, taking together their 

weights and their changes of velocity, the total change 

in one direction is equal and opposite to the total change 

in the other direction. 

For example, if, in a steamship, a piston weighing 1 

- ton has changed its velocity downward from 50 ft. per 

minute to 400 ft. per minute, then in the identically sim- 

ultaneous interval of time some other mass or masses in 

the ship must have changed their velocity upward by an 

amount equal to r ton and 350 ft. change of velocity, or 

5 tons and 70 ft. change of velocity, or 70 tons and 5 ft. 

change of velocity; but, whatever the balancing masses 

may be, the sum of the products of their weights by 

their accelerations must be equal and opposite to 1 ton 

and 350 ft. downwards. 

This balancing in nature is not a credit transaction. 

The. acceleration of the piston and the balancing accel- 

eration of the other mass or masses are identically sim- 

ultaneous and co-existent. They accompany one an- 

other, and neither of them could exist for even the one- 

billionth part of a second separately. 

If an engine is so designed that each moving part has 

continuously its image accelerities of other masses in 

the engine itself, with their centers of action in the same 

line, the engine is self-balanced, and it requires no com- 

pensatory. variation of velocity in any other part of the 

hull to make up nature’s balance, and the stress be- 

tween engine seat and bed-plate is then that due to the 

resting weight of the engine only, and the holding-down 

bolts do no holding down, in regard to the effect of 

the working of the engine. 

If the engine is not designed so as to balance in this 

way within itself, then must the hull move simultane- 

ously oppositely to the otherwise unbalanced motion of 

the parts of the engine, with accelerity, which is in 

amount always the same fraction of the engine acceleri- 

ty that the mass of the engine part is of the balancing 

part of the hull. In this way is the vibration of the hull 

constantly equated to the vibration of the engine. 

I am here intentionally leaving out of consideration 

the part played by the water and the oscillations of the 

hull as a floating body, and as influenced by waves. 

This necessary balancing of accelerations is another ~ 

way of stating the fundamental principle, that action 

and re-action are continuously equal and opposite. An- 

other way of stating the same principle is to say that 

the momentum of the universe is unchangeable. 

Momentum of a body in any direction at any instant 

is the rate at which matter is, in that body, being trans- 

ported in that direction at that instant. 

*A paper read before the Institute of Marine Engineers, London, 

Ergland. 
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therefore, measured by the arithmetical product of the 

quantity of matter by the velocity. A heavy body at a 

low velocity may therefore represent the same momen- 

tum as a body of less weight at a higher velocity, the 

rate at which the transportation of matter in the given 

direction is going on being the same in the two bodies. 

Moment, in science, has just the same meaning that it 

has in common language—namely, importance. The 

definition given in Thomson and Tait’s Natural Phi- 

losophy is, “The moment of any physical agency is the 

numerical measure of its importance.” The moment of 

a force about an axis is measured by the amount of 
work the force would do in moving through an arc of 

the same length as the radius or arm with which it acts. 

The arithmetical product of force by arm is the mo- 

ment, but the idea in the measurement is force by arc 

of the same length as radius. When the balancing ac- 

celerities are not in the same lines the moments of their 

forces about any plane must be equal and opposite, if 

the engine is balanced in tilting action as well as in ver- 

tical force. 

Change of velocity of matter is produced by force. 

The heaviness of a body is the force of gravitation, 

and its amount is measured by the accelerity it produces. 

“The measure of a force is the quantity of motion 

which it produces in unite of time.” At Berwick the ac- 

celerity of gravitation is 32.2 ft. per second every sec- 

ond. This is the number which, slightly varying for 

different latitudes, is represented by the letter g 

for them all. The force of the same accelerity is the 

same, whether the change of velocity be the effect of 

gravitation or the result of mechanical action. Given 

the accelerity of any body in any direction, if we di- 

vide it by any g, the quotient will be the force per unit 

weight producing the accelerity, in units of the heaviness 

of unit weight at the place where that value of g holds 

good, no matter where the experiment has been carried 

out—on the earth, on the planet Jupiter, on the star 

Sirius, or on any cricket field in stellar space. 

When the velocity of a body is increasing in a given 

direction, the force applied to the body in that direction 

exceeds the force applied by the body in that direction 

by an amount equal to the same fraction of the heaviness 

of the body that its accelerity is of g. I am here dis- 

tinguishing between heaviness and weight. Heaviness 

is force; weight is quantity of matter. 

When the steam piston is leaving its highest position, 

at the instant when its velocity is nil, the accelerity is 

greatest. The acceleration is then also nil. It is im- 

portant here to apprehend the exact meaning of the 

terms employed. The word “instant” is literally, “not 

standing;” and this hint of its meaning, marked upon 

it, ought never to be lost sight of in making use of the 

word. “Instant” is not a portion of time. Instant is in 

time what “‘point’’ is in space—position without magni- 

tude. We cannot, therefore, with strict accuracy say “‘in 

an instant” or “during an instant,” but only “at” an in- 

stant. Motion has direction, velocity and accelerity, at 

any instant; no portion of time is included in the 

thought. Travel and acceleration are accomplished in 
time, measured between specified instants. 

The popular meaning of acceleration is increase of ve- 

locity. I use the word in this sense only, and I employ 

the word accelerity to denote rate of acceleration. 
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The balancing of an engine is principally the balanc- 

ing of the accelerity of the reciprocating parts of the en- 

gine—the piston, piston rod part of the connecting rod, 

etc. The rotating parts—the crank and the eccentric—are 

dealt with by themselves. The unbalanced vertical 

forces, in an upright engine, are the most important -dis- 

turbers of balance. What is the amount of their ac- 

celerity at any position of the crank pin, taking at first 

a slot connecting rod? Generally this is said to be, re- 

garding the connecting rod as of infinite length; but 

we cannot think “infinite length,” and we can all think 

a slot connecting rod as in the old donkey engines. With 

this the vertical travel of the reciprocating parts is the 

same as the vertical travel of the crank pin. 

Circular velocities are very conveniently expressed as 

being so many times the radius length every second. 

Do not be frightened if I ask you to allow me to repre- 

sent this number of radius lengths by the Greek letter 

omega, Any other unappropriated mark would 

serve the same purpose, but this is the symbol most 

generally used in books, and it is well to familiarize our 

minds with its meaning. 

FIG. 1. 

When a body rotates with velocity W, it is meant 

that every point in the body is describing a circle about 

the axis, or axle, of turning, with a velocity @ radius 

lengths per second, the radius length being the distance 

of that point from the axis. It also means something 

that is far more important. It means that every point 

in the body is describing circles about every other point 

in the turning body in the same transverse plane with 

it, also with the same velocity, radius lengths per 

second, the radius length being the distance between 

any two points, one regarded as the center and the 

other as going round it. No matter where in the trans- 

verse plane these points may be taken, the same w, the 

same number of radius lengths, holds good. 

If, then, OA Fig. 1 be the position of the crank, ro- 

tating with velocity @ from the vertical, and OC and 

OB the vertical and the horizontal center lines, the 

crank-pin A is moving with velocity @ times OA or 

@ OA in the circle. The velocity of A outwards is at the 
same instant @ AB, and the velocity of A downwards 

is «o* AC. This is just what I have been telling you, 

that every point moves about every other point with ve- 

locity  tadius lengths per second, taking the radius 

length as the distance between the pair of points, which 

in this example.is AB in one case and AC in the other. 

Now, this is only velocity we have arrived at, and 

it is accelerity, not velocity, which operates in balanc- 

ing. How can we get accelerity from these two veloci- 
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ties? How can we get the velocity . AC changed to 

accelerity, the rate at which w: AC, the downward ye- 
locity is changing at that instant? Evidently, if 

@. AC be the downward velocity, then W times 

the rate at which AC is increasing will be the rate at 

which the downward velocity is increasing. The rate at 

which AC is increasing is the rate or velocity at which 

A is traveling outward, which we have seen to be @° 
AB; therefore w:w: AB, or w? AB, is the downward ac- 

celerity of A in this position. After A has passed the 

horizontal center line, AC will begin to decrease and the 

downward accelerity will then be negative, or —w?’ 

In this problem we havean example of a kindof family 
oflines, BA, OA, CA; and just as in human relationships 

it is a great convenience to have one word—uncle, aunt, 

cousin, etc.—instead of telling the whole story of the 

intermarrying and propagation, so in geometry there are 

single words which express the relationship of BA and 

of CA to OA for any position of OA. When a line 

OA is drawn at an angle to another line OC, the direc- 

tion of OA is partly sideways from OC, and, partly, 

the direction coincides with the direction of OC. The 

fraction that the sideways motion is of the line OA is 

called the sine of the angle AOC, and the fraction that 

the motion of A coincides with the direction of OC is 

called the cosine of the angle AOC. The fraction 

which CA or OB is of OA is therefore the sine of the - 

angle AOC; it is the sideway travel. The fraction which 

BA or OC is of OA is the cosine of the angle AOC, for 

BA or OC coinicides in direction with the direction OC, 

from which the angle AOC is measured. I am as- 

sociating the words “‘sideway”’ and “‘sine,” and the words 

“coincide” and “cosine,” merely to help the memory. 

When the line OA has turned so that A is below the 

horizontal center line the cosine is then negative. When 

A is on the opposite side of the line from which the an- 

gle is measured the sine is then negative. 

Understanding the meaning of cosine and sine, and 

recognizing these terms when shortened to cos and sin, 

as they always are in trigonometry—the science of an- 

gle measuring—we can now change w?: AB into w?’ OA 

cos AOC, or if R be written for OA, the length of the 

crank, we may write this as w2: R cos AOC, and if a be 

written for the angle AOC we can write 

q@?Ricos a= accelerity... 0.55. (1) 

If OB and OC are “placed together,” each in its own 

direction, a straight line from the beginning to the end 

will be OA. The word “component” means, literally, 

“placed together” or “put together,’ and OB and OC 

are therefore sometimes called the rectangular compo- 

nents of OA. 

If any number of lines are drawn from O consecu- 

tively, that is, “following together,’ as A, B, C, D in 

Fig. 2, the ending point being P, then, as before, A, B, 

C, D are called the components of the line OP, not rect- 

angular, because they are not at right angles. The 

dotted lines in the figure are the rectangular components 

of the several lines; they are the A cos a, A sin a, B 

sin @, B cos a, etc., and to show how the angles are 

measured from the vertical another figure is drawn with 

the respective arcs dotted, and you are requested to sat- 

isfy yourselves that the sum of A cos a + B cos b + C 

cos ¢ + D cos d is the same as P cos p, and similarly 

that 
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=SAsina—Psin#..... 60000 00000 . (2) 

Observe the meaning of the symbol = the Greek let- 

ter Sigma, or capital S. It is used to signify that the 

sum of all quantities similar to the one written after it 

is meant, and accordingly I might have written 

23 JN COS BSI? COBWoooos0s000000000 (3) 

In Fig. 4 I have put together the same components in 

a different order to show that the order in which they 

follow each other is unimportant. The same resultant 

OP will be obtained. The directions and lengths of 

the lines alone are important. Observe that the same 

component is in all the figures parallel and drawn “‘to- 

wards the same parts,’’ as Euclid would say, or “in 

the same sense,” as our men of science now say, the 

“sense” being indicated by the arrow marks in the 

figures. 

In Fig. 5 the components, A, B, C, D, are represented 

as crank weights on a shaft O, their resultant being the 

equivalent crank weight OP. The angles from the ver- 

tical are measured as shown, a, J, c, d, p. 

If W be weight in pounds of the reciprocating parts 

moving along with crank R, then 

co? W. R. cos a = weight accelerity...... (4) 

at angle a from the vertical. Weight accelerity is what 

FIG. 3 

is called absolute force, or force in absolute units. To 

bring ‘absolute force to force in pounds at any specified 

place we must divide by the g for the place, say, by 

“32.2 for force in terms of the heaviness of a pound 

weight at Berwick. 'The g for London is 32.191, so that 

the heaviness of 32 cwt. is one pound heaviness less in 
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London than in Berwick, although the weights are the 

same in the two places. Observe that R must be in 

feet if, as here, g is in feet. 

It is more convenient for engineers to employ N = 

revolutions per minute, and in every case we may sub- 

stitute f 

fo) 

FIG. 4. 

In the engine with the slot connecting rod this will 

be the difference between the steam pressure applied to 

the piston and the steam pressure transmitted to the 

crank pin and crank shaft and bedplate. At the same 

time the upward pressure of the steam, the same as acts 

downward upon the piston, is transmitted through the 

cylinder walls to the framing and the columns, and to the 

bedplate undiminished; and the difference 1s the lifting 

force acting on the bedplate and through the bolts, 

upon the engine seat and the hull in a steamship, reliev- 

ing the hull to that extent of the weight of the engine. 

The action is reversed in the lower semicircle of the 

travel of the’ crank pin. 

It is well to remember that the action is not reversed 

in the downstroke and in the upstroke, but in the lower 

semicircle and the upper semicircle. 

\ 
\ \ \ 

SYS 

\ 

VV bv v4 

\ 

FIG. 5. 

In the lower semicircle of travel, in falling, the.down- 

ward pressure applied by the reciprocating parts is 

greater than the steam pressure propelling them, for 

there is then an arrestment of motion, and the excess is 

the unbalanced force which then .depresses the hull. 

When the bottom center is turned the: upward pressure 

of the steam is similarly, not wholly, itransmuttted 
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through the piston rod to the crank pin and the shaft, 

but the equal downward pressure of the steam is wholly 

transmitted downwards through the framing and bed- 

plate to the hull, continuing the excess of downward 

force acting on the bedplate and engine seat and hull. 

In this way is nature ever watchful to prevent the uni- 

verse from altering in any direction the motion of its 

center of mass. 

Observe that the expression 

Weight accelerity = w? WR cos @....... (6) 

is merely an extension of the common formula for cen- 

trifugal force, which in absolute units is 

2R 

FIG. 6. 

Vv? 
LEEW, 

iN 

when F = force in absolute units and V is velocity in 

feet per second. It must be observed that V = @ R, 

therefore 

and F 

and in (6) the only alteration is that R cos a is sub- 

stituted for R, extending the centrifugal force formula 

to give the component forces in any direction for any 

position of the weight W in moving round a center 

O at distance R. The component forces are 

@*WR cos AOC in the OC direction...... (9) 

and w2WR sin AOC in the OB direction...... (10) 

We might have started from the rule of centrif- 

ugal force, and at once have resolved it into these com- 

ponents, but I have led you the longer way about to 

make the nature of the problem clearer. 

When a swinging connecting rod is employed, the 

vertical movement of. the crank pin is;not the same as 

the movement of the crosshead and piston. Concentrat- 
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ing the whole of the reciprocating weight in a piston, the 

problem of the effect of the rod’s obliquity may be repre- 

sented diagrammatically as in Fig. 6, where h = the 

distance of the piston from the half stroke position, »R 

is the length of the connecting rod, and the half chord 

Ac = R sin a, and & is the amount that the piston is in 

advance of the crank pin. I wish to take you all along 

with me in my reasoning, and I therefore recall to 

your minds some very elementary matters, which the 

niajority of you know as well as myself, but one or 

two may not remember the reasons why. In a right 

angled triangle the square upon the side opposite the 

right angle is equal to the sum of the squares upon the 

M 
C 

(Oflw) 

FIG, 7. 

other two sides. That is to say, in Fig. 7 AC? + DC?= 

AD2, which is obvious from the figure, but the demon- 

stration is made still clearer when the diagram is formed 

in cardboard, and actually cut as the Chinese make it in 

ivory. 
(To be Continued.) 

High Pressure Scotch Boiler. 

In the accompanying scale drawings are shown the 

construction of a Scotch boiler, which formed part of 

the machinery equipment of a moderate sized, sea-going, 

steam vessel, equipped with triple expansion engines. The 

boiler, as can be seen at a glance, is of the single ended, 

three furnace type, with separate combustion chambers, 

and is of these dimensions: Length, 11 ft. 2 in.; di- 
ameter, 13 ft. It is built of open hearth steel of a ten- 

sile strength of 60,000 Ib. per sq. in. It was designed 

for construction in a plant fitted with heavy hydraulic 

tools, and it will be noticed that the back head is flanged 

outwardly for machine riveting. The tops of the com- 

bustion chambers are curved and stiffened with T bars, 
thus getting rid of one joint in each chamber, and the 

complication of crown bars and screw bolts and nuts. 

There are only two horizontal rows of main braces, the 

upper stays being diagonal with flanged inner ends riv- 

eted to the top of the shell. Morison furnaces with 

Gourly flanged ends are used, so that the furnaces can 

readily be withdrawn without, practically, dismembering 

the boiler. It was built to carry a working pressure of 

175 lb. per sq. in. On the front elevation the stay tubes 

are, indicated by solid ends. The boiler is well propor-: 

tioned, .a free steamer, and is a good example of mod- 

ern American practice. 
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The boiler is of the locomotive type, with a grate 

surface of 350 square feet. The steam pressure is 150 

pounds per square inch. 

Placed aft are two horizontal, simple non-condensing 

engines with cylinders 9 inches diameter and 24 inches 

stroke. These are connected to the stern wheel 

which makes about 45 revolutions per minute at full 

speed. The engines develop 70 I.H.P. 

An interesting feature of this boat is that it was 

taken completely to pieces, boxed up and sent to New 

York in freight cars, where it will be transferred and 

shipped to Africa. 

The expense of the building of the boat was de- 

frayed by various societies of the Southern Presbyte- 

rian Church. The christening took place in the yards 

of the William R. Trigg Company on’ June 23 be- 

fore a large assembly, composed chiefly of members 

of the societies that have done so much to have their 

faith sent to the dark continent. 

A PRACTICAL GEOMETRICAL METHOD OF LAY= 

‘ING OUT SHIP VENTILATOR COWLS. 

BY C. M, JONES, 

If two thin rings be secured together in any way and 

at any angle consistent with rolling, the trace due to 

rolling on a flat surface will be a pattern that cut from 

relatively thin sheet metal will form into a segment hay- 

ing bounding edges corresponding to the curvatures of 

the rings. 

Marine Engineering 

FIG. 3. 

If points be marked off on either of the rings, and 

when in contact with the flat surface, the points of 

contact of the opposite ring be noted and marked, then 

straight lines drawn between such corresponding points 

on the pattern will remain straight when the segment is 

formed up. 

The fact that such straight lines or elements of the 

surface can be found from the drawing of the segment 
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enables the trace or pattern to be drawn without resource 

to actual rings, whether the segment be circular, ellip- 

tical, egg shaped, or of any other rational form of cross 

section. 

Ventilation cowls aboard ship are generally of circu- 

lar section, although sometimes made egg shaped at the 

mouth and gradually merged into a circle at the neck. 

Rarely they are made lop-sided, when fixed permanently 

in direction close alongside some obstruction. 

x Marine Engineering b 

FIG. 4. 

The method of development here given is for circular 
sections, but its general features are universally applica- 
ble and will enable all types to be laid out with the few- 

est possible lines and the greatest accuracy; the seg- 

ments, when formed, simply “mopping” together if any 

sort of care has been used in the construction. 

In Fig. 1 draw the profile A, Z, I, 8, L from the given 

sizes of neck and mouth, the throat radius being made 

as small as consistent with the necessary laps, and the 
“crown” curve being often struck, with a radius from 

some point on the horizontal through 8, Q. 

A circular crown curve, however, makes the inlet too 

flat at E, and the curve shown—which is between a cir- 

cle and an ellipse—gives a better entrance for the air. 

The height, 8.0, is divided into eight equal parts, and the 

offsets—given as fractions of the total distance, 4, 0,— 

are set off and a smooth curve drawn through the 

points. 

Divide the crown and throat into any desired number 

of equal parts—six are shown, but seven are usual— 

in order that the palm for the center pivot at L, oa 

which the cowl turns, may be conveniently fitted, and 

drawn preliminary joints such as EJ. LO, &c., and pro- ~ 

ject the centers of such joints upon a center line, Fig. 2. 

Set off the preliminary radii as CA, KE, OL, &c., from 
the center of Fig. 2, and through the points C, K, O, O 

draw a curve as shown, and if it is not smooth and 

“fair” make it so and readjust the radii and crown curve 

to suit. 

A thin flexible batten held to the points by means of 

weights or “dolphins” gives the best results for all such 

work. 

Secure the batten “up and down” with the center line 

of Fig. 2 at the point Q, and then bend it to each of 

the other points. Place two dolphins at Q, one at and 

one below the point, and one at each of the other points. 

Hold QO and C and raise and then lower each dolphin 

separately, noting in which direction the batten tends to 

spring, if at all, when freed. A little manipulation of 

the points will secure radii on the curve of which the 

batten will lie neutral, and the crown curve must then 

be changed to suit, adjustment being continued until 

both curves are found “fair.” The corrected crown 
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curve is then divided evenly and the true joints drawn 

in permanently. 
In Fig. 3 describe quadrants‘ ABDC,—8q., with 

radii of mouth and neck of ventilator, respectively, and 

divide each into, say, three equal parts. Draw C,C, 

and Q’,8’, equal to said radii and at such a distance 

apart that c’,8’, the line joining them, will stand at 

about 45 degrees. 

Project down the divisions of the quadrant, each upon 

its line, as shown, and draw straight lines CL8’, 

D'FM, B’'HN, through the division points, and set- 

ting off the correct radii of the cowl joints and getting 

intersections on the slant line C,8’, such as E,L, &c., 

draw horizontals EK’, LO’, &c. The intersections of 

these horizontals, with the slant lines drawn between 
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FIG. 1. 

the division points, give division points for all the cowl 

joints. Setting off both sides from C,K,O, &c., (the cen- 

ters of joints) of Fig. 1, the distances C’B’, CD’, KH, 
K’ F, &c., of Fig. 3, and drawing the straight lines 

shown, such latter lines are in profile the elements of 

the surfaces from which the developed segments are de- 

termined. 

In Fig. 1 consider E,J the base joint for the segments 

right and left of it, and from the center K describe a 

1 This is for acircular cross section. For other shapes the points 

must be found by determining positions on the curves of tangents 

that are parallelin one plane. 
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semicircle, EfhKI, the base circle, and project 

(square to El) the points F,H,K,R, &c., to f,h,k, &c., 

or better, to avoid errors of projection, divide the base 

circle into the proper number of parts. Project A C 

and Z down upon the base line /,E (Produced to a and 

square of course to El), thus getting the points a,X,J— 

the latter nearly. As Xa is very nearly equal (here) to 

CA, set off Xc equal to CA, and taking Xa as radius, 

sweep a semicircle through c from the point on XC 

shown a little to the right of X. This semicircle (pro- 

perly a nearly circular semi-ellipse), is the plan curve 

of the ventilator mouth. 

Project (square to El) B,D,C, &c., the points of di- 

vision of the face, upon this mouth curve, getting points 

b.d,c, &c., and pin such points with the corresponding 

+ 

aE 

CENTER OF VENTILATOR 

points of division f,,k, &c., of the base circle by means 

of straight lines, as per figure. These lines, bf, dh, ck, 

&c., are the surface ‘‘elements” in plan. 

In Fig. 1 from C as center, strike an arc Ap (radius 

CA ) and set off AP equal to AB of Fig. 3. This forms 

one division of mouth circle. Prolong the chord to +— 

making pr equal 1-2 Ap, and from r as center, strike an 

arc Ag. At t, the half chord, draw a circle with radius 

equal to the “round up” (or versed sine) of the are as 

shown, and draw pq touching it. This last line will be 

tangent at p, and pq will be the true length of the arc,? 

2“ Rankine’s Rectification of Circular Arcs.” 
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as closely as can be measured. This length is to be‘used 
in getting the distances 4B, BD, DC, &c., shown in Fig. 
5. AE in Fig. 5 being equal to AE in Fig. 1. 
Find also the true length of the base circle arc Ef, 

this being used to set off EF, FH, HK, &c., of Fig. 5, as 
well as the upper division of the second section shown 
in same figure. 

In Fig. 5 strike from A the true arc pq of IEE, I, AS 
above and also strike from E the true arc Ef of the 
base circle. In Fig. 1 take the diagonal chord af, and 
drawing a right triangle as in Fig. 4, set off said diag- 
onal on the base as shown. From Fig. 1 take Aa in the 
dividers (the square distance that A is above the base 
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In Fig. 4 take ab equal to fb of Fig. 1, and also ae 
equal to BE of latter figure — BE, meaning here the dis- 
tance from B square down to base line, JE, the perpen- 
dicular lying (by chance) close to crown point E — 
then eb Fig. 4 is the true length of the straight inclined 
element — fb of the plan Fig. 1, or profile BF (Fig. 1), 

and in Fig. 5, FB must equal this true length. 
It will often occur that the first found points B and 

F of Fig. 5 require slight adjustment to conform to this 
latter standard check, as small errors are practically un- 
avoidable, even when extreme care and good instruments 
are used. Ordinarily, however, correction can pe made 
by the eye, and in any case dividing the joint curves 

Marine Engineering 

FIG. 5. 

IE) and set it up as aA in Fig. 4. Draw Af, then this 
latter line is the true length of a straight chord (af) 
of Fig. 1. 

Bisect this latter line and set up r — equal to the 
mean (half sum) of the round ups of the arcs, Ap and 

Ef of Fig. 1, and draw circle as shown, with ¢ as radius. 

Draw fd touching this circle and prolong Af to b (fb = 

1-2 Af). Strike from B on through A, cutting fd in 

d. Then fd, Fig. 4, willbe very nearly equal to the true 

diagonal AF of Fig. 5, and from A (Fig. 5) as center 

and such diagonal as radius an arc struck through the 

already drawn joint arc at F gives F as point on the 

developed segment. 

In the same way find the true lengths of diagonal Eb 

of Fig. 1, and with it as radius and with E as center 

find point B of Fig. 5, and draw straight line BF in the 

latter figure. 

of Fig. 1 into smaller portions will show where the trou- 
ble lies. 

Such subdivision should in most cases be carried out 
at the throat portions of the segments, as the intersect- 
ing arcs (Fig. 5) there make too acute angles to give 
satisfactory points of reference. 
The points BF, Fig. 5, being determined, strike from 

them the joint arc lengths BD and FH and find their 
true lengths of curved diagonals — bh and fd of Fig. 1, 
being the plan lengths for one leg of the triangle and the 
heights BE and Dv being the other legs, from which 
to find the lenghts of straight diagonal chords and in 
this way continue until the whole half segment is laid 
out, the opposite half being its duplicate. 
The second segment is found by projecting the center 

point, O, square to the base circle line JE, getting Y as 
projected center, and setting off the eccentricity as 
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shown at Y, describing the circle /, m, n, 0, I (the dis- 

tance oY, square to JE, being equal to OL, the true 

radius of joint L O S), and getting the surface ele- 

ments, diagonals, arcs, as for the smooth curve. 

The point below or at left of L MN O S is to be used 

as base for the middle two segments, and there are, 

therefore, three distinct bases for the cowl shown. 

The setting off of the eccentricity at X and VY instead 

of drawing the true elipses due to angularity of AZ and 

LS in relation to the base circle affects the result only 

to extent of actually making the segments form up into 

the curves drawn, instead of into perfect circles. Where 

eccentricity is great, due to rank angles at AEL, the 

true ellipses should be drawn if perfectly circular sec- 
tions are desired. 

A second method of getting the lengths of the straight 

diagonal chords (such as Af of Fig. 4) is as follows: 

Let CR of Fig. 1 be required. Take CR as one leg of 

the triangle—previously explained—and through c on the 

mouth curve and the point corresponding to R (this lat- 

ter is shown, but not marked on the base circle), draw 

parallel lines—parallel to the base line EJ. The distance 
T between such parallels is the second leg of the trian- 
gle, and the diagonal thus found will be equal to that 

found by the first method given, but the legs of the tri- 
angles will usually differ. 

These methods check each other and serve to point 
out errors of construction due to confusion of lines. 

After the points of the developed segments are laid 
down as in Fig. 5, a flexible batten should be pinned 
to them and smooth curves drawn as shown. These 
lines are “construction lines,” and the laps must then 
be set off and second lines drawn by which the segment 
is to be cut. : 
The joint laps are usually allowed on the convex side 

of the developed sections, or rather the lower segments 
have lap on their upper edges which enter the segments 
above them. 

The mouth is finished by bending over a heavy wire 
or by a tube split and bent to form, the segment edgs 
being brazed (or otherwise fastened) into the slit. In 
either case lap, or its equivalent, must be allowed. 

The neck is usually riveted into a toothed ring that 
engages with a pinion to allow swinging the cowl from 
below decks to face the wind. 

If the joint circles of a cowl be divided into parts 
such that the chords are near enough equal to the arcs, 
the refinement of allowing for round up can well be dis- 
pensed with. 

Cowls of copper, such as fitted aboard naval vessels, 

are frequently formed of four pieces, crown, cheeks and 

neck, brazed together into rectangular cross-sections, 

and then beaten into smooth finished shape. 

A very much less expensive method is.to form them of 

three or more sections by the method here laid down 

and then, after brazing, bring them to finished size with 

the hammer, with a minimum of labor and the certainty 

of having. practically uniform thickness of metal. 

Twenty-eight vessels large and small are now under 

construction at the Crescent Shipyard, Elizabethport, 

New Jersey. 
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TORPEDO. CRAFT—UNITED STATES AND 
FOREIGN-TYPES AND EMPLOYMENT,*—I. 

BY LIEUT. R. H. JACKSON, U.S. N. 

The navy list, on July 3, 1899, showed that we had, 

completed, 20 torpedo craft, and building, 33 more; 

in all, practically 50 of these vessels. 

It is now time to ask ourselves what success we have 

attained with these vessels and what should be accepted 

as the standard type for performing the functions re- 

quired for such vessels. 

Three years ago, a paper on this subject, written by 

Lieutenant R. C. Smith, U. S. Navy, was published in 

the institute; he outlined the practices of the builders 

abroad at that time, and deduced from them, from the 
conditions to be fulfilled in our service, and finally 

from what experience had taught us with the two or 

three boats already built, that two types of boats were 

essential, advocating the building of only these stand- 

ard types; he also pointed out some of the objections 

that would result from great variety in type and size. 

~ Let us then examine our list of torpedo craft and see 

if they can be classified into two types. It will be seen 

at once that any attempt to arrange them according 

to length, displacement, speed, or armament, is prac- 

tically impossible. It is only in the destroyer class, 

where a batch of sixteen were laid down at one time, 

that there seems to be anything like a standard. In 

this class we can say that there are sixteen boats with 

displacement of from 400-420 tons, with H. P. from 

7,000-8,300, and a speed of 30 knots over a thirty-mile 

course. Having set this type to one side as a de- 

stroyer class, there remains on the list of torpedo boats 

from 46-175 tons, intermingled with destroyers from 

146 tons to the standard destroyer of 420 tons; speed 

from 20-30 knots; and an armament of torpedoes and 

battery with but little more regard to law and order. 

It is natural that these conditions have arisen, and 

far from regretting that such is the case, it may prove 

to have been of considerable benefit if properly con- 
sidered. 

Some of the reasons for our heterogeneous collec- 

tion of torpedo boats may be found dependent upon the 

following conditions: 

(a) It was the desire and policy of Congress to scat- 

ter the work throughout the country in order to foster 

the ship-building policy, and to develop the specialty 

of building small craft. This allowed many small firms 

that had but little experience in building vessels of 

this type to bid and submit plans, as it required but a 

small plant to turn out these vessels. 

(b) Besides the variations resulting from the accept- 

ance of plans of the different contractors, other varia- 

tions constantly arose from practical difficulties met 

with by the contractors in carrying out the specifica- 

tions. Some of these, no doubt, were due to lack of 

skill on the part of the contractors, and others to 

faults in the department’s designs; others possibly to a 

desire on the part of the contractor to use a cheaper 

and possibly equally good design to replace the more 

costly one laid down by the department. 

*Prize essay read before the U. S. Naval Institute, Annapolis, 
Md., and copyright, 1900, by R. H. Jackson, U. S. Naval Institute. 
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(c) Possibly a desire to build experimental types 

can account for some of the variations. 

At any rate we have them; and having them, a close 

study of the performance of the different types, and 

their efficiency in the special role to which they should 

be assigned, ought to give us much valuable informa- 

tion, and lead to the selection of two, or at most three, 

types of boats that can then be standardized as far as 

possible. : 

In order to decide upon these types, information may 

be obtained from three sources. 

First—The practice abroad of the leading powers. 

Until recently this has been almost the only source 

from which conclusions could be drawn; so, too, there 

cought to be a perfect familiarity with the results that 

are attained abroad with the different types in order 

to more closely judge the efficiency of our own types. 

Secondly—The examination of the performance of 

our boats during the Spanish war, in which they per- 

formed almost every function except the one which 

properly belonged to them—that of attacking an en- 

emy’s fleet. Many important lessons in construction 

and engineering can be drawn from this source; but 

nothing tactical. 

Thirdly—Consider the strategical points involved as 

a result of our isolated position, and the requirements 

for torpedo boats that are demanded thereby. From 

this, certain qualities will be found as absolutely essen- 

tial for one class of boats, and certain others as the 

essential features of another. Knowing, then, what is 

to be required of the boat, an examination of the per- 

formance of our own boats and of those abroad should 

enable us to select the type of boat as a standard, pos- 

sessing such qualities to the highest degree, and all 

boats should then be required to conform to this stand- 

ard even to the most minute details. 

The advantage of possessing uniform qualities is 

even greater in its application to a flotilla of torpedo 

boats than when applied to battleships. Equal speed, 

steaming radius, interchangeability of parts, all add 

materially to efficiency and economy of the boats. 

CLASSIFICATION—Before entering into an examina- 

tion of foreign practice, it would be well to fix our 

ideas by the selection of certain standards of compari- 

son. The following classification is based on the dis- 

placement as giving the best indication of the sea- 

going qualities of the boat. 

(a) Class O. Destroyers. Boats of high speed over 

200 tons displacement; carrying guns and torpedoes. 

(b) Class P. Sea-going torpedo boats (picked). All 

boats over 150 tons; they are capable of maintaining 

themselves at. sea as long as there is a demand for their 

services; though on account of the relatively small 

number of officers and men, and the cramped quarters, 

they should be allowed to leave the squadron and re- 

turn to port when opportunity offered. 

(c) Class Q. Sea-going torpedo boats (question- 

able). All boats between 100 and 150 tons; these boats 

are sea-going, but not sea-keeping; two or three days 

continuously at sea being about all they can stand. 

(d) Class R. Torpedo boats (stationary). All boats 

under 100 tons. They are properly not sea-going, as 

there is certain risk incurred in sending one to sea 
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alone, especially for a sufficient distance to prevent her 

again reaching port before foul weather sets in. 

The same letters are used in this classification. by 

displacement, as are used in the English Naval Pocket 

Manual (where the classification is by length), by far 

the most complete and accurate list of torpedo craft 

now published. 

The principal changes from the tables given in the 

manual are: (1) It reduces very much Class P (sea- 

going), also known as séa-going torpedo boats, throw- 

ing most of them into Class Q (questionable), also 

known as first-class boats; (2) it very much increases 

Class R (station boats). This class embraces all, or 

practically all, of the boats known as second-class, and 

some of the so-called first class boats. 

The following table shows the classification more 

clearly: 
DISPLACE- 

CLASS. MENT, NAME, 

O.. 200 and over. Destroyer. Destroyer. 

P.. 150-200 Sea-going, picked. Sea-going. 

Q.. 100-150 Sea-going, questionable. 1st class and sea-going. 

R,. Under 100 Station. 2d class, station,vedette. 

LOOSE CLASSIFICATION, 

(To be continued.) 

Ocean Lumber Rafts. 

The announcement that an immense pile raft is now 

under construction on Puget Sound to be towed to Ja- 

pan serves to call attention to one of the most inter- 

esting industries on the Pacific coast, and one in 

which the shipping interests are directly interested. 

The rafts constructed by Capt. H. R. Robertson on 

the Columbia river and Puget Sound during the past 

year or two are not only the largest of the kind ever 

built, but are in many respects of unique construction. 

Capt. Robertson some fifteen years ago commenced 

the building of these rafts on the Atlantic coast, but 
learning of the immense quantity of piles on the 

Pacific coast decided to transfer his operations, and 

has lately established a permanent raft building plant 

at West Seattle, Wash. It is anticipated that hence- 

forth three or four rafts of the largest size will be 

turned out each year. 

The average raft constructed by the Robertson Raft 

Co. is 625 feet in length, 55 feet beam, 38 feet depth 

and 24 feet dravght of water. The hull and cargo of 

each comprises some 11,000 piles and upwards. . These 

raft structures have all the appearance of a whaleback, 

being pointed at each end, with a hull outlined and 

built to buffet the heaviest seas with the safety of a 

sailing vessel. Indeed the builders claim that if fitted 

with rudder and canvas they could make very fair 

progress on their own account. The 11,000 piles which 

are worked into a raft of this kind average 60 feet each 

in length and the huge structure thus contains in the 

neighborhood of 660,000 lineal feet or about eleven 

times the pile cargo of a fair-sized sailing vessel. 

The fact that one of these immense rafts may be 

taken to its destination with average safety and with- 

out the expense of employes beyond those on the 

towing steamer is an additional point in their favor 

from an economic standpoint. Indeed the only ex- 

pense in building and marketing the raft is found in 

the first cost of the cradle; the services of about a 
dozen employes being required for three months, the 
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time ordinarily required for construction; and the out- 

lay for some 5,000 feet of chain which is utilized to 

hold the piles together in their original form. The 

cost of the entire structure including the cradle, does 
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larged, and when completed contained fully 2,000 piles 

in excess of the original estimate. 

Shipping interests on the Pacific have carried on 

some agitation against these immense rafts on the 

CRADLE FOR LUMBER RAFT. 

not exceed $5,000. The majority of the rafts which 

have heretofore been constructed by the Robertson 

Company have been towed to San Francisco and sold. 

The prices which they have brought would seem to 

insure an immense profit for the builders, but possibly 

the figures are not unduly high considering the risk 

involved. 

ground that the piles if broken up and scattered in a 

storm would prove a serious menace to navigation, 

but no active steps have been taken to restrict their 

construction. The raft builders, on the other hand, 

declare that they have taken precautions to reduce the 

danger to a minimum. The chains wrapping the hulk 

are two inches in diameter, and in addition to being 

OCEAN LUMBER RAFT. 

Probably the most remarkable feat in raft building 

which has ever been accomplished was performed re- 

cently at the West Seattle yard when a raft which was 

originally intended to consist of 12,000 piles was en- 

placed only six feet apart from end to end are inter- 

woven and bound in the staunchest possible manner, 

so that nothing but the severest storm could possibly 

disrupt the mass. 
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U. S. Torpedo Boat Destroyer ‘ Dale.”’ 

In Marine ENGINEERING for August brief mention 

was made of the launch of the torpedo boat destroyer 

Dale on July 24 at the yards of the Wm. R. Trigg Co., 

Richmond, Va. The following particulars, together 

with the accompanying view of the launch, will be of 
further interest. 

The Dale is the first of the sixteen destroyers now 

building for the Government to be launched. As it 

was a side launch, unusual interest was created and 

upwards of 5,000 people witnessed the scene. 

Miss Mary H. Wilson, of Philadelphia, a descendant 
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The dimensions of the Dale are as follows: 
ISIN OSE qg000000000000000 cb0d00, ABE 

IDEA oo9000900000000000 vo000a000 23 ft. 
Depthyrrrt pp0d0000nG00D00000000000000 14 ft. 3in. 
Draft ce iencaasimadeeen ee ¢ 90000000000 6 ft. 6in. 

Normal displacement,..... 420 tons 

1f, 186 IP G400 b00 meryetereleleiaex 8,000 

Speedineereenrn 28 knots 

Thornycroft boilers, Daring type....... 4 
Total grate surface..... o00a00000b0 Soa 315 sq. ft. 

Total heating surface......... suodnendse 17,768 sq. ft. 

Steam pressure, boiler................-- 300 Ibs. per sq. in. 

Two four-cylinder triple-expansion engines. Diam. of 

cylinders, 20 1-2 in., 32 in., and two 38 in, each with a com- 
mon stroke of 22 in. 

LAUNCH OF THE U.S. TORPEDO BOAT DESTROYER DALE. 
‘ 

of Commodore Dale, after whom the boat is named, 

acted as sponsor and succeeded very well in breaking 

the bottle of “yellow label” over the bow of the de- 

stroyer as it took its initial plunge. The boat glided 

smoothly off the ways without a hitch of any kind and 

came to a standstill after having gone not more than 

30 ft., resting gracefully on the water, with every line 

showing the fineness that will permit the high speed 

it is designed to make. The dimensions and particu- 

lars of the launching ways were as follows: 

Groundways, 12 in. by 12 in., yellow pine. 

Groundway shoes, 12 in. by I 1-2 1n., oak. 

Slidingways, 5 1-2 in. by 12 in. 

Length of slidingways, 23 ft. 

Inclination of ways, 2 in. to 7 ft. 

Number of ways, Io. 

Bearing surface, 230 sq. ft. 

Number of triggers, 5. 

Launching weights, 193 tons. 

Pressure per sq. ft., .839 ton. 

A preparation of No. 1 Albany grease and beef tal- 

low was applied about one-half in. thick on the ways 

and then covered with soft soap. Owing to the heat, 

considerable more tallow was used than is usually re- 
quired. 

Torpedo Boat BarNry.—At the yard of the Bath 

Iron Works, Bath, Me., on July 30, was launched the 

U. S. torpedo boat Barney. This boat is one of the 

number authorized by Congress in 1898. Her dimen- 

sions and chief particulars are as follows: Length, 

157 ft.; beam, 17 ft.; depth amidships, 10 ft. 9 in.; mean 

draft, 4 ft. 8 in.; displacement, 160 tons; speed, 28 knots; 

cost, $170,000. The armament will consist of three 

pairs of r. f. guns and three tubes for short 18 in. 

Whitehead torpedoes. 

Tuc Frep. E. RicHarps.—At the yard of the Neafie 

& Levy Shipbuilding Co., Philadelphia, Pa. on July 

24 was launched the steel tug Fred. E. Richards. The 

chief dimensions are as follows: Length, 135 ft.; beam, 

26 ft. 6 in.; depth of hold, 15 ft. 6 in. The Richards is 

intended for the towing of steel barges of the Rock- 

port Lime Co., of Maine, from Rockland to points of 

delivery, thus displacing the present use of sailing ves- 

sels. 

SCHOONER PrRETORIA.—At Davidson’s yard, West 

Bay City, Mich., on July 26, was launched the Pretoria, 

said to be the largest wooden merchant ship ever built. 

She is 350 ft. long,.45 ft. 6 in. beam, 27 ft. deep, and is 

intended to carry 5,000 gross tons of ore, or 175,000 

bushels of wheat. 
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IMPROVED APPARATUS. 

Vertical Duplex Boiler Feeder. 

The vertical duplex boiler feeder herein illustrated 

is sometimes known as the “Admiralty Style.” All 

parts are made very heavy and the bolting is unusu- 

ally strong to withstand the high steam pressure neces- 

sary for driving modern multiple expansion engines. 

The piston rods are of Tobin bronze and the cylinders 

are lined with the same metal. 
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DUPLEX BOILER FEEDER. 

The valve levers and rock shafts are of steel and no 

expense has been spared to make it a high quality 

pump. Pumps of this type are installed in places where 

floor space and head room are limited, where light 

weight is desired, and at the same time strength for 

working up to a pressure of 250 lb. per sq. in. The 

pump piston may be examined and repacked through 

the upper cylinders heads without disturbing per- 

manent joints, piston rods or valve movement. This 

pump is manufactured by Dean Bros. Steam Pump 

Works, Indianapolis, Ind. 

Pipe Cutting and Threading Machine. 

The machine here 

Deuglas patent pipe cutting and threading machine 

has been especially designed to meet rough and hard 
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treatment at the hands of the unskilled labor usually 

employed for such operations. Ample strength and 

simplicity of construction are supplemented by com- 

pactness of design and a minimum of weight compati- 

ble with the strength required. Its weight complete 

with all its dies, guides, etc:, is but 75 lb., and is there- 

fore readily carried about and set up where most con- 

venient to the work in hand. It is fitted with two 

tummy: 
NESE 

i LT 

illustrated and known as the © 

= Kian 

PIPE CUTTING AND THREADING MACHINE. 

speeds of which the faster one can be used to “back 

off” after cutting a thread on a large pipe with the 

slow speed, thus effecting a saving of time. The ma- 

chine will cut off and thread pipes irom 1-4 in. to 2 in. 

inclusive, will cut long screws and close nipples, and is 

furnished with a complete set of solid dies and the 

necessary guides for that range of sizes. This machine 

is manufactured by P. Hollingsworth Morris, 1501 

South Front St., Philadelphia. Pa. 

The Crest Indestructible Sparking Piug. 

It is well known that the sparking plug of gasoline 

motors is a delicate piece of mechanism often giving 

* considerable trouble, and that the failure of motors can 

often be traced to the failure of this part of the ap- 

paratus. Although the jump spark method is the most 

largely used to-day on account of its simplicity, it 

would be universally used in preference to the contact 

and wide spark methods, if it was not for its liabil- 

ity to crack under the intense heat of the motors, short 

circuiting the secondary circuit. 

THE CREST SPARKING PLUG. 

The Crest Manufacturing Company of Cambridge- 

port, Mass., manufacturers of Crest Motors for auto- 

mobiles have recently put on the market a radically 

new design of sparking plug that is not affected’ by 

heat and expansion, and is consequently unbreakable. 

Aiter considerable expense in experimenting with the 

best porcelain of foreign manufacture, they have, 

through the dssistance of a well-known chemist, dis- 
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covered a new material that is unbreakable by heat or 

expansion. Sparking plugs made of this material have 

now been in use for a long time on their motors with- 

out reports of failure, and they have decided to intro- 

duce them to other manufacturers, and to the users of 

other makes of motors. The material used in this plug 

is a perfect electrical non-conductor and does not ex- 

pand under intense heat. It is a soft tough material, 

not being brittle like porcelain. The sparking plug as 

shown in the cut consists of a shell of steel having a 

thread at one end to screw into the orifice in the motor 

chamber. The sparking plug proper consists of a 

small cone of this new material which is inserted in 

the steel plug. This cone fits tight in the shell, making 

a gas tight joint without packing, thus making the 

plug proof against carelessness in the hands of un- 

skilled persons. Through this cone a wire with an en- 

larged head is passed, terminating at the bottom of the 

plug. .A platinum wire is inserted in the body of the 

steel shell, the spark jumping across between the two 

points. 

These plugs are sold singly or in lots of 25 to 100 

to the trade. 

Anchor Testing Machine. 

About 100 years ago the anchor testing machine was 

first adopted by the British Admiralty, for the pur- 

pose of putting a pre-determined strain on a finished 

anchor to determine its soundness. The apparatus was 

crude in form, but served the purpose and the system 

of testing anchors has been kept up continuously ever 

since and has been officially approved by Lloyds Regis- 

ter. The anchor testing machine shown in the en- 

graving has been constructed for the Baldt Anchor 

Co., of Chester, Pa. The anchors made by this com- 

pany are of open hearth steel, and the castings are 

-first annealed for seventy-two hours, after which the 

coupon is removed and tested. If this is satisfactory 

the anchor is suspended over an iron plate embedded 

in a concrete block and dropped a distance of 15 to 20 

ANCHOR TESTING MACHINE. 

ft., according to its weight and size. Having passed 

this test satisfactorily the anchor is then subjected to 

hammering as a further test of unsoundness. If all 

these tests are satisfactory to the inspector, the anchor 

is fitted up complete and subjected to test in the ma- 

chine shown in the cut. The machine is capable of 
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registering a pull of 350,000 lb., and by its means any 

desired stress may be put on the anchor in order to 

finally test it as a complete structure. A large stock 

of anchors thus tested is kept on hand by the Baldt 

Anchor Co., and they are thus in a position to supply 

at short notice anchors of any size and according to 

“any test required. 

Steel Plate Electric Fans. 

The electric fan herewith illustrated has been de- 

signed with a special view to compactness. The shell 

is of steel plate, and upon its closed side is bolted a 

cast iron plate carrying three lugs, within which is cen- 

tered and held the eight pole Sturtevant motor. 

STEEL PLATE ELECTRIC FAN. 

The field ring and cores of the latter are of wrought 

iron, the pole shoes being of cast iron, and of such 

shape and size as to render the machine capable of ex- 

treme variation of load without sparking at the 

brushes, and without necessity of adjustment. 

The field coils are thoroughly insulated and machine 

wound, and are mounted on cores from which they 

may be readily removed. The open construction 

presents a great amount of radiating surface, thereby 

preventing the accumulation of heat. The armature 

has been carefully designed with special reference to 

low speed and high efficiency. Laminated slotted discs 

mounted on a cast iron spider form the core. These 

discs are solidly clamped between brass rings which 

support the edges of the core and protect the teeth 

from being damaged or misplaced, while presenting a 

smooth and well rounded corner for the support of the 

slot insulation. 

The construction of these cores and the manner of 

applying the coils is such that all parts are thoroughly 

ventilated, so that there is no danger of overheating, 
even when considerable overloads are carried. 

The commutator is of large diameter, and consists 

of pure rolled or drop forged copper segments, sup- 

ported in a cast iron shell of spider construction. Car- 

bon brushes are used, and are supported upon a spe- 

cial rigging which is carried by brackets attached to 

the field ring. 
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A spider attached to each side of the field ring forms 

at its center a journal box which is provided with oil 

reservoir and ring oiler. The entire apparatus 1s de- 

signed and built by the B. F. Sturtevant Co., of Bos- 

ton, Mass. 

Thermostatic Steam Trap. 

In this trap the adjustment is made according to the 

temperature at which it is desired the discharge shall 

take place. The condensation enters the body of the 

trap A, and passes through a small opening in the pis- 

ton valve C into the cylinder D, thence through an 

opening in E into the thermostatic chamber, whence 
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THERMOSTATIC STEAM TRAP. 

it drains back into the outlet side of the trap. If the 

epening in the piston valve is insufficient to carry off 

‘the condensation, the valve itself will rise and dis- 

charge to its full limit. Should steam or water at a 

higher temperature than that at which it is wished to 

discharge enter the thermostatic chamber, the bars H 

will become expanded and thereby cause the pilot valve 

F to close, thus shutting off escape from .D, and forc- 

ing the piston and valve C to close down on the seat 

D, thus closing the trap against all discharge. 

It is claimed for this trap that it will work equally 

well under high or low pressure, that it will discharge 

against any pressure less than the head pressure, and 

that it can be placed on a line of pipe like an ordinary 

valve, thus requiring no extra support. The seat is 

removable and the valves can be reground without re- 

moving the body of the trap from the pipe. The in- 

ternal parts may also be removed without taking the 
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body of the trap from the pipe and without the re- 

making of joints. It is also claimed that the thermos- 

static bars are sufficiently sensitive to insure prompt 

action both in discharge and closure, thus avoiding 

the unnecessary waste of steam. 

This appliance is known as the Bickel Steam Trap 

and is kept in stock in sizes from 1-2 in. to 2 in. in- 

clusive by the General Sales Agent, Charles Bond, 520 

Arch St., Philadelphia, Pa. 

Safety Electric Water-Tight Doors. 

No feature of a modern ship stands closer to the 

question of safety than water-tight sub-division, and 

the efficiency of the latter is almost entirely dependent 

on the prompt and reliable operation of the bulkhead 

water-tight doors which seem to be found a practical 

necessity in the actual operation of the ship, whether 

of the naval or mercantile marine. Three systems of 

power operation for such doors have been proposed, 

hydraulic, pneumatic and electric. The electric sys- 

tem herein illustrated is the result of the study given to 

this problem by Naval Constructor Francis T. Bowles, 

U. S. N., aided in the development of the electrical 

features and details by the Sprague Electric Co. 

The following schedule of points are claimed for 

the system. 

First. The door can be raised or lowered by power, 

or by hand, by one operator at the door on either 

side of the bulkhead. 

U.S. S. ATLANTA, FITTED WITH ELECTRIC WATER-TIGHT DOORS. 

Second. It will close either against the rush of water, 

or against a rush of mixed water and coal, or through 

coal on the door sill due to the first opening of a full 

bunker. 
Third. It is possible to close by power from the 

bridge, or from one or more central or emergency 

stations, any desired group of doors, or all the doors 

simultaneously, or in any degree of succession. 



392 
Fourth. There is at each emergency station a posi- 

tive and reliable indicator by which the closure of each 

door is made known. 

Fifth. The operation of the emergency closing in no 

way interferes with the local operation by hand or 

power. 

Sixth. The local control by power has precedence 

over the emergency closure, so that independent of 

such closure a door may be stopped or opened for 

egress. After the local switch is released the emer- 

gency again assumes control and closes the door. 

Seventh. The leads which supply power, and which 

control the doors as well as the operating mechanism, 

are unaffected by any temperature conditions existing 

on board ship. 

Eighth. The doors have no tendency to “creep,” and 

will remain in any position without expenditure of 

power to hold them. 

Ninth. The power is taken from the main gen- 

erating plant of the ship, and requires no auxiliary 

central station or apparatus under continual and waste- 

ful operation. 

Tenth. There are no valves, springs or packing, sub- 

ject to continual deterioration and requiring constant 

care. 

The fulflllment of such a schedule would seem to in- 

dicate a successful solution of most of the problems 

connected with the power operation of water-tight 

doors. The system has been subjected to careful test 

at the Brooklyn Navy Yard, and has been installed on 

the U. S. S. Atlanta, S. S. St. Paul and other ships of 

the naval and mercantile marine. Further particulars 

may be obtained by application to the Sprague Elec- 

tric Co., of New York. 

High Pressure Packing. 

The continued demand for high grade packing for 
higher pressures, higher temperatures and higher 

speeds, to meet the requirements for all types of mod- 

ern fast running engines, has caused the production of 

a packing which is designed to meet all these require- 

ments. The packing shown in the illustration is known 

as No. 200. It is manufactured of selected fiber and 

HIGH PRESSURE PACKING. 

metal in combination with the well. known Garlock 

packing compound. No. 200 packing has been used on 

a large number of engines in the most extensive station- 

ary plants in the country, and also on compound, triple 

expansion, and quadruple expansion, marine engines, in 

many instances with 200 lb. pressure, and invariably 

with satisfactory results. It is manufactured and sold 

by the Garlock Packing Co., Palmyra, N. Y. 
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High-Speed Ventilating Engine. 

Careful examination into the causes of failure in 

engines only too often shows that it is due initially 

to the failure of some small relatively insignificant part 

of the machine. A 3-8 in. set screw shears or drops 

out, or some other like insignificant part is the starting 

point of the whole trouble. In fact it is fair to assert 

that in the majority of cases small details and not the 

HIGH-SPEED VENTILATING ENGINE. 

main designs are responsible for the failure. Many 

steamship engineers assert that the main engines, de- 

veloping enormous horse power, give comparatively 

little trouble as compared with the auxiliaries in the 

shape of blowers, pumps and circulating pump en- 

gines, etc., etc., which develop probably in comparison 

but a “few mouse” power. It is therefore a matter of 

great importance to have auxiliary engines which will 

run continuously for long periods of time, and without 

danger of heating, breaking down, etc. With this end 

in view the engine which is illustrated herewith was 

designed. It is either a horizontal engine set up on 

edge, or avertical engine laid down on end,as one may 

choose to select. The shaft runs vertically and the 

cylinders two in number are at right angles to it. The 

oiling of the engine is accomplished by a small pump 

which forces the oil through the crank shaft to all 

the bearings including the guides and crosshead pins. 

This oiling system demands practically an enclosed 

engine which detracts somewhat from the appearance 

and adds somewhat to the weight of the engine and 

its first cost, but these features are so entirely offset 

by the certainty of lubrication that they are not to be 

considered as objections. 
This engine is built by W. D. Forbes & Co., of 

Hoboken, N. J., and is one of a lot sent to the W. R. 
Trigg Co., Richmond, Va., for. U. S. Navy torpedo 

boats. 
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The Taylor White Process for Treating Tool Steel. 

One of the most notable features vf modern in- 

dustrial progress is found in the great reduction in 

the time required for productive and manufacturing 

operations. In all operations requiring the shaping of 

metals the problem resolves itself into two parts: (1) 

the production of the piece in the rough of such di- 

mensions and form as to require the minimum amount 

of material removed for finishing, and (2) the removal 

of this material in the minimum of time. A most no- 

table advance in the latter feature has recently been _ 

made possible by the “Taylor White” process for 

treating tool steels. This process is the result of a spe- 

cial investigation on the part of Messrs. F. W. Taylor 

and Maunsel White of the Bethlehem Steel Co. From 

a description of the process recently given to the pub- 

lic, the following points are abstracted: 

A special lathe was set aside for the purpose of ex- 

perimenting with tool steels of different makes with a 

view to the selection of a standard for use, and several 

picked men were set to work testing the relative merits 
not only of the different tool steels then in the shop, 

but of all brands of established reputation. 

In the tests of these various makes of tool steels 

over 200 tons of steel forgings were cut up into turn- 

ings, and it is estimated that over $100,000 was eX- 

pended in labor and material alone in developing this 

process. This large investment, however, was more 

than repaid in the first year by the saving in labor cost, 

and larger output in the shops. The increase in the 

cutting speed of the various machine tools throughout 

the shops has entirely reversed the inequality of bal- 

ance formerly existing between the forge and machine 

shops, so that the capacity of the former has had to be 

largely increased in order to keep pace with the rapidly 

growing efficiency of the latter. The introduction of 

this process has made it possible to speed up the main 

line of shafting in the machine shop from 90 to 250 

revolutions, and further changes in counter shafts have 

been made to give still greater speed to individual 

machines. 

From a large amount of data the following results 

are reached: The average cutting speed has been in- 

creased from about 9 ft. per minute to 25 ft. per minute, 

or a gain of about 180 per cent. The average depth of 

cut has likewise been increased from .23 in. to .30 in. 

and the feed from .o7 in. to .087, making an increase 

in the cross sectional area of the chips of about 60 

per cent. This combined with the increase of cutting 

speed gives the relative weights of metal removed in 

the ratio of about 4.40 to I, or an-increase of about 

340 per cent. 

One of the especial features of this process is that it 

gives to the steel the very valuable and exceptional 

property of retaining a high degree of hardness when 

heated to a visible red heat. It is possible with one of 

these tools to cut steel at a speed so great as to heat 

up the point of the tool to redness and have it continue 

to cut for several minutes at this speed, leaving an un- 

usually smooth finish on the work, as well as cutting 

accurately to size. The effect of the process which is 

applied after the tool has been dressed or machined to 

shape penetrates to the center of the steel. even in the 

largest tools treated, i. e., 4 in. square. All the stand- 
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ard brands of self hardening steel which have been ex- 

perimented with are improved to a greater or less ex- 

tent by the treatment. It is preferred, however, to 

us a steel of special composition in order to get the 

greatest uniformity and maximum results. This spe- 

cial steel forges so much more readily than the general 

run of self hardening steels that tools of different 

shapes may be easily made up. A simple and compar- 

itively rapid method of annealing the special steel has 

also been discovered by which tools may be easily ma- 

chined to shape, making it applicable to twist drills, 

chasers, inserted cutters, etc., tools which have here- 

tofore not been made of self hardening steel. 

A further important feature resulting from the use 

of this process is that the tools are extremely uniform 
in quality, so that work on which they are used can 

be readily performed at the maximum rate of speed. 

LAUNCHES—HOME AND FOREIGN. 

S..S. Sonoma.—The steamship Sonoma, built for the 

Oceanic Steamship Co., was launched at Cramps 

yards on Aug. 7. The Sonoma is intended for the trans- 

Pacific trade between San Francisco and Australia, 

and is of the following dimensions: Length, b. p., 400 

ft.; beam, 50 ft.; load draft, 24 ft.; displacement, 9,700 

tons. The designed I. H. P. is 7,500 and the contract ~ 

speed is 17 knots. The ship is provided with accom- 

modations for 400 passengers. The ship is one of 

three for the same line, the first, the Sierra, was 

launched in May, and the last, the Ventura, is nearly 

ready to leave the ways at the present time. 

ScHOONER GEORGE W. WELLS.—At Camden, Me., 

at the yard of H. M. Bean, the six masted schooner 

George W. Wells was recently launched. The dimen- 

sions of the Wells are as follows: Length on keel, 

302 ft. 11 in.; length on top, 345 ft.; beam, 48 ft. 6 in.; 

depth, 23 ft. The net register tonnage is 2,750 tons, 

and the carrying capacity upwards of 5,000 tons. This 

schooner is the largest ever built for ocean traffic, and 

marks a further step in the development of the type 

as large freight carriers. She is fitted with a 30 Jal 12, 

steam windlass, and with pumps having a combined 

capacity of 1,200 gallons per minute. Her spread of 

sail is about 12,000 sq. yds. 

S. S. Empress.—This steamer was launched on July 

21 from the yard of A. D. Story, in Essex, Mass. She 

was built for the Beverly Transportation Co., and is 

intended for service between the mainland and Bakers 

Island. Her chief dimensions are: Length, 60 ft.; 

beam, 16 ft. 6 in.; depth, 5 ft. 6 in. She will have a 

gasoline motor for power and is intended to have a 

speed of about 8 knots. 

passengers. 

Her carrying capacity is 125 

ScHOONER Wm. C. CARNEGIE—On Aug. 14 at the 

yard of Percy & Small, Bath, Me., was launched the 

five masted schooner Wm. C. Carnegie. The Carnegie 

has the following principal dimensions: Length 289.2 

ft.;: beam, 46.3 ft.; depth, 22.4 ft.; gross tonnage, 2,- 

663.99; net tonnage, 2,380.93; carrying capacity, 4,500 

tons. The vessel was launched, rigged and ready for 

sea. Her cost was about $115,coo. 
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S we approach the last months of the cen- 

tury now drawing to a close, it is not 

unnatural to think of the future, and of what it 

may hold in store for those who go down to the 

sea in ships. The progress during the past cen- 

tury has been so absolutely revolutionary in char- 

acter and far reaching in its results that it is per- 

fectly safe to say that no human intelligence a 

hundred years ago could have foreseen the de- 

velopments with which we are to-day familiar. 

It would doubtless be equaliy vain to attempt to 
forecast the developments of the century upon 

which we are about to enter. It may be, how- 

ever, not without interest to take account of 

stock, so to speak, and to note at least for the en- 

gineering features of the problem the directions 

along which we may look for signs of future 

progress, leaving aside of course developments 

so revolutionary in character as to be entirely 

out of sight from our present standpoint. 

In the first place there is nothing in sight 

which seems likely to displace some form of steam 

boiler and engine for the development of power. 

Tf then the steam boiler is to be our reliance, 

at least for the immediate future, interest at- 

tachtes to the question of type. Whether the 
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boiler of the future will be shell or water 

tube, or whether both will persist as rivals, 

can now perhaps be only a matter of opinion. 

When we consider, however, the advances made 

by the water tube boiler in the last decade, es- 

pecially in the Naval Marine, and remember its 

variability of form, its ready adaptability to high 

pressures, and saving of weight over its shell 

rival, it is not too much to say that in the minds 

of many the finger of progress points by way of 

this boiler, not necessarily or indeed probably by 

any of the types now existing, but more prob-. 

ably by some one or more types which shall re- 

sult from the study now being expended on this 
problem. 

As to the means by which the energy of the 

steam shall be transformed into mechanical work, 

we now see the field occupied by the common 

type of steam engine in which the reciprocating 

motion of the parts acted on by the steam is 

transformed into rotary motion of the shaft. A 

rival has, however, appeared in the steam turbine, 

a motor in which the parts acted on by the steam 

move in a rotary path at first hand, and hence 

simpler in many ways than the usual type of en- 

gine, and avoiding many of the difficulties due to 
the existence of reciprocating motions in its parts. 

The steam turbine, however, is far from being a 

perfected motor at the present time, and it is yet 

too early to say what shall be its share in the 

future development of marine propulsion. It 

seems not too much, however, to hazard the opin- 

ion that the role to be played by this form of 

motor is likely to be one of increasing import- 

ance. In no part of the field during the past one 
or two decades has the progress been more sig- 

nificant than in the reduction of weight of ma- 

chinery per unit of power developed. A continu- 

ance of this reduction must depend on several 

factors: (1) The use of higher mean effective 
pressures. (2) The use of higher piston speeds. 

(3) The development of materials of greater 
strength for the same weight, and (4) The better 

use of such materials as we haye, through greater 
care and improved design. In regard to higher 

steam pressures ‘tis probable that boilerpressures 

will continue to increase up to a limit which can 

hardly be set at fhe present time. A correspond- 

ing increase in mean effective pressures is less 
likely, however, as this would tend to sacrifice 

the gain in efficiency due to higher boiler pres- 

sures. The piston speeds in use may be expected 

to gradually increase with improvements in ma- 

teriais and methods of construction, though it 
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would hardly seem justifiable to expect very 

rapid advance in this feature. 
The outlook so far as new materials are con- 

cerned is not especially promising, and it seems 
likely that saving of weight must be attained 

chiefly by a better use of those already available. 

In this direction we may look with confidence for 

considerable advances. 
Regarding the cost of power in terms of coal we 

may look for a slow and continuous decrease. 

Any such advance in this direction as has been at- 

tained during the past century is, however, en- 

tirely out of the question, except with some en- 

tirely new method of power development. As the 

steam engine now is, we are rapidly approaching 

the limit of the possible in regard to its efficiency, 

and naturally further progress will be at a slower 

and slower rate. The greater progress here will 

result from the studious effort to bring the aver- 

age up to the present exceptional practice. In 

rare cases we have records of one I.H.P. per 

pound of coal per hour. This is already attain- 

able therefore, and the probiem immediately be- 

fore us is to make such records the rule rather 
than the exception, and this without too serious 

a sacrifice of other desirable features of design. 

For the actual instrument of propulsion there is 

certainly nothing in sight which seems likely to 

displace the screw propeller. We may go a step 

farther and say that in itself the screw propeller 

is susceptible of very little improvement. What 

is needed here, and what we may look for the 

future to supply, is a better understanding of the 

operation of the screw propeller and of its adapta- 

tion to special cases, so that we may be sure of 

always obtaining a propulsive efficiency not sen- 

sibly below the highest possible. 
Bg a ey 

FEW months since reference was made 
in these columns to the troubles which 

the British Admiralty were having in connection 

with the wholesale adoption of the Belleville 

boiler in warship design. Apparently a further 

stage has been reached and it is announced that 

the whole question is to be made the subject of 
inquiry on the part of a Board of Experts acting 

under Parliamentary authority. In the mean- 

time the claims of the Scotch boiler are finding 
most doughty champions in Sir Fortescue Flan- 

nery and Mr. Allan, and Mr. Goschen will ap- 
parently need all the resources of his position 

to satisfactorily meet the criticisms which are 

made on the policy of the Admiralty in com- 

mitting themselves so entirely to one type of 
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boiler for the powering of iarge warships. 

Happily our own Engineer-in-Chief, Rear 

Admiral | Melville, while coming out de- 

cidedly for the water tube boiler as ‘a 

type for naval purposes, is far from pinning 

his faith to any one variety, and we may there- 

fore with good reason hope that in the experi- 

ence which may follow from this policy, results 

will be found which will go far toward showing 
what characteristics must be considered as neces- 

sary in the water tube boiler best suited to the 

needs of the Navy. The same experience should 

also aid in the consideration of the problem of 

the best boiler for the Mercantile Marine— 

whether here the Scotch or tank boiler is still 
preferable as of old, or whether the time has 

come when the water tube type may with ad- 

vantage be adopted for certain Mercantile pur- 

poses. The experience with the larger American 

Naval vessels now being fitted with various types 

of water tube boi-ers will be watched with the 
keenest interest by all who are interested in the 

future of the Marine boiler. 
AAU Das a 

FE give on another page a brief note relat- 

ing to the financial report of the American 

Shipbuilding Co. for the past fiscal year. Earn- 

ings for what is practically the first year of its 

operation representing seven per cent on a capi- 

talization of about $15,000,000 indicate a lively 

condition of lake shipbuilding, and excellent 

management on the part of the company’s offi- 

cials. How such gross earnings may compare 

with what might have been earned with the 
various yards under separate management, as 

before the consolidation, is, of course, wholly a 

matter of conjecture; but it is probably not too 

much to believe that future years, with a like 

prosperous condition of trade, will show results 

still more satisfactory to the stockholder than 

those for the first year’s operation. In the mean- 
time the various yards have a large number of 

vessels in hand and several more in prospect. A 

visit to the yards on the Atlantic coast and on the 

Delaware shows likewise a most astonishing 

amount of work in hand and in prospect. What- 

ever may be the conditions most favorable to 
the advance of our mercantile marine, business 

confidence in ships and shipping as an invest- 

ment is certainly one of those most immediately 

essential, and, if the present condition of our 

yards may be taken as a proper index, it would 

appear that we are approaching a healthy condi- 

tion of confidence on these points. 
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THE STEAM ENGINE. 

AN ELEMENTARY DISCUSSION OF THE PRIN= 
.CIPLES WHICH GOVERN THE ECONOMICAL 

USE OF STEAM FOR THE DEVELOP- 
MENT OF POWER —I. 

BY DR. WILLIAM FREDERICK DURAND, 

In the following discussion it will be assumed that 

the reader has a general knowledge of the chief prop- 

erties of steam and of its relation to the heat which 

it contains. We will then take up in an elementary 

way a discussion of the principles governing its eco- 

nomical use in a steam engine. 

At the very outset it must be clearly understood 

that we derive the work of the engine from the heat 

which the steam contains, and not from the steam in 

itself. The steam is simply a carrier for the heat 

and the operation of the engine is simply a means for 

transforming into useful work a fraction of the heat 

which comes into the engine, and then rejecting the 

remainder with the steam which is its carrier. The 

larger the fraction of the heat which can be trans- 

formed into useful work the better the efficiency of the 

engine, and the constant aim is therefore to turn into 

useful work the largest possible fraction of the heat 

which enters with the steam. 

It may be asked, why. not turn all the heat into 

work, and so realize a perfect efficiency? Unfortunate- 

ly a series of natural laws and limitations seems to 

prevent all hope of realizing such an ideal, and ac- 

tually we must be content with turning into useful 

work a comparatively small fraction of the total heat 

supplied. First and foremost among the causes of this 

reduction in efficiency is a principle or law sometimes 

known as the second law of thermodynamics. This 

law fixes a limit on the fraction of heat which can 

be transformed into useful work, such limit depending 

on the extreme temperatures between which the sub- 

stance is worked in the engine. Thus if t, is the tem- 

perature of the steam at admission and t, that at ex- 

haust, so that t, and t. are the two temperatures be- 

tween which the steam is worked, and (t, — tz) is the 

range, then the law asserts that no engine, no matter 

how perfect, can transform into useful work a fraction 

of the entering heat greater than (t, — tz) —(t, + 461). 

As another way of stating this relation, the tempera- 

ture may be supposed to be measured from a point 

461 or more accurately 460.7 degrees below the ordi- 

nary zero of the Fah, scale. This is called the absolute 

gero, and temperature measured from this zero is 

called absolute temperature. The difference of the tem- 

peratures would be the same no matter whether meas- 

ured from the ordinary or absolute zero. The numer- 

ator of the above fraction is therefore the difference 

or range of temperature, while the denominator is the 

absolute temperature of the entering steam. The frac- 

tion of heat converted into useful work can therefore 

never exceed the temperature range divided by the abso- 

lute temperature of the entering steam. Thus to illustrate 

suppose that t; = 370 and t, = 140.- Then the fraction 

becomes (370 — 140) + (370 + 461) or 230 + 831 = .277 

or slightly uver one-quarter. 

These figures represent the limits for steam of about 
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160 lbs. gauge pressure, and it therefore appears that 

for engines operating between these limits this law 

steps in, and at one stroke reduces the ideal efficiency 

from one to about one-quarter; or in other words we 

are forced, due to the operation of this law, to throw 

away about three-quarters of the total heat, and at the 

very best with the most ideally perfect engine could 

only transform into useful work the remaining one- 

quarter. 
Such then is the very best that could be done by a 

so-called ideal engine. The working substance in the 

simplest form of such an engine must be carried 

through a series of changes: or operations, four in 

number, and specified as follows: 

(1) The first operation must consist of an expan- 

sion at constant temperature, and all heat’ received 

from the source of supply must be received during this 

operation. 

(2) The second operation must consist of an ex- 

pansion with decrease of temperature during which, 

however, no heat as such is allowed to either enter or 

leave the substance. 

(3) The third operation must consist of a com- 

pression during which the temperature remains con- 

stant and all heat removed from the body must be re- 

moved during this operation. 

(4) The fourth operation must consist of a com- 

pression with increase of temperature, during which, 

‘however, no heat as such is allowed to either enter 

or leave the substance, and at the end of which the 

substance must find itself in the same condition as at 

the beginning of number (1). 

Work is done by the substance during operations 

(1) and (2) and work must be done on the substance 
during (3) and (4). The difference between the work 

done by and om the substance will be the net work 

obtained from the heat in the substance, and the ratio 

of this to the total heat supplied during number (1) 

or the efficiency of the engine will be exactly measured 

by the difference between the temperatures of opera- 

tions (1) and (3) divided by the larger increased by 

461; or in symbols: 
: t 

efficiency = — 

This is then the cycle and the efficiency of an ideal 

engine in the simplest form. There may be certain 

related variations in operations (2) and (4) making a 

more complicated cycle, but with the same efficiency. 

This ideal marks, then, the highest possible limit of 

efficiency for any and all engines working between the 

given temperature limits t, and te. 

In Table I are shown the values of this limiting 

efficiency for engines with gauge pressure as indicated, 

all condensing and supposed to have a back pressure 

of 2.8 Ibs. absolute, or a lower temperature, t,, of 140°. 

An examination of this table shows that with the 

ideal conditions which correspond to the operation 

of this engine, the fraction of heat utilized with mod- 

ern boiler pressures would range from 25 to 30 per 

cent. These conditions, however, are far from those 

which actually exist in practice. Every one of the . 

conditions specified above 1s violated in greater or less 

degree, and the result is that with the operation of the 

engine uncer the best conditions obtainable in actual 
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practice, the fraction realized will be only some 60 to 

80 per cent of the figures for the ideal case as given 

in the table below. These figures, 60 to 80 per cent 

in the best practice, really measure the efficiency 

of the engine so far as the engineer is responsible. 

That is, nothing which he can do will serve to avoid 

the loss which reduces the limiting efficiency down to 

TABLE TJ. 

Limiting 

Efficiency. 
Gauge Pressure 

at Engine. 

that for the ideal engine as given in the table above. 

His efforts are therefore limited to approaching as 

nearly as possible to the conditions of the ideal engine, 

and the figures 60 to 80 per cent measure the degree 
of approach which modern engineering practice has 

made to this ideal. Thus for illustration if the ideal 

engine could transform 25 per cent of the heat into 

useful work, a good actual engine working between 

the same temperature limits will be able to transform 

from 15 to 20 per cent, and similarly for other condi- 

tions. 

To put the matter a little differently, any and all en- 

gines fail to transform into work all of the heat sup- 

plied to them. In the ideal engine as specified above, 

the part not transformed but rejected as heat is the 

least possible for all engines working between the 

same limits of temperature t, and t.. In any actual en- 

gine the amount not transformed into work but re- 

jected as heat is greater than in the ideal case. Such 

additional amounts of heat rejected and not trans- 

formed into work are called wastes or losses. That is, 

all differences between the performances of the ideal 

and actual engines are considered to be due to these 

so-called wastes or losses. 

These various wastes may be classified as follows: 

(a) Radiation and Conduction Waste. 

This consists of heat which is radiated away from 

the hot surfaces of the cylinder, or conducted away 

through the columns and bed plate. The heat thus 

escaping avoids transformation into work and is 

therefore counted as a heat waste, or as an expense 

from which no corresponding return is received. 

(b) Initial Condensation. 

At the instant the steam valve opens, the steam 

rushes into the cylinder to find itself in contact with 

surfaces which have but recently been exposed to the 

influence of the condenser or external air. They are, 

therefore, at a temperature much lower than the steam, 

and in consequence a part of the heat is absorbed and 
a corresponding part of the steam is condensed. The 

heat thus absorbed by the surface of the cylinder and 

piston will be given up later during the exhaust period 

of the revolution, and thus communicated to the con- 

denser. It thus appears that a thin skin of metal on 

the inside of the cylinder and on the faces of the cylin- 
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der head and piston may be considered in a sense as a 

place of hiding into which a portion of the heat slips 

on the entrance of the steam, and from which it es- 

capes to the condenser or air without having taken 

part in the cycle of the engine, and hence without hav- 

ing contributed its part to the useful work done. The 

heat so escaping appears thus as an expense, but with- 

out any corresponding return in work, and therefore 

constitutes a heat waste. 

(c) Irregularities of the Cycle. Fe 

We have specified above the four fundamental opera 

tions of the ideal engine cycle in its simplest form. 

In the actual engine none of these is realized, and the 

variations are all such as to count against the effi- 

ciency. Into the details of these points we cannot 

here enter, and the broad statement must suffice that 

with but few exceptions, the variations from the 

routine specified above for the ideal engine will count 

against the efficiency and occasion a heat waste great- 

ew or smaller as the circumstances may determine. 

The Improvement of the Steam Engine. From the pre- 

ceding section it follows that there are two fundamen- 

tal methods open for the improvement of the steam 

engine from the standpoint of economy. 

(1) An increase in the temperature range and thus 

an increase in the ideal or limiting efficiency. 

(2) The saving of some of the various wastes as no- 

ted above. 

The first raises the ideal efficiency and hence with a 

given proportion of wastes will raise the actual effi- 

ciency as well. The second raises the actual efficiency 

by carrying it a little nearer to the ideal. 

The temperature range may be increased in two 

ways,—the initial temperature can be raised, and the 

final temperature can be lowered. 

The continually advancing pressures in modern 

practice means a constant rise in the upper tempera- 

ture, a constant increase in the ideal efficiency, and 

with the same proportion of losses, a corresponding 

rise in the actual efficiency. This is then the real sig- 

nificance of high pressures in modern practice so far 

as they are related to the question of economy. 

Again by decreasing the back pressure from say 

18 lbs. for a non-condensing engine to say 3 lbs. for a 

condensing engine, a very considerable decrease in the 

final temperature is obtained, a corresponding increase 

in the temperature range, and a resultant increase in 

actual efficiency. This is likewise the real significance 

of the influence of the condenser on the economy of 

the engine. 

In general then, the proportion of heat wastes being 

the same, the economy will be better as the initial 

pressure is higher, and the back pressure is lower; of 

in general, as the range of pressure and temperature 

worked through is the greater. 

We may turn next to the problem of reducing the 

wastes of the actual engine, as specified under the 

three heads above. 

The waste due to radiation and conduction cannot 

be wholly avoided, but the former, which is by far the 

larger of the two, may be much reduced by suitable 

lagging or non-conducting covering. With such pro- 

vision the loss under this head is usually very smail 

compared with the other losses mentioned. 



398 

The waste due to the so-called initial condensation 
is one which may be reduced, but not wholly avoided. 

Before discussing the means suitable to this end some 

further explanation of the nature of the loss will be 
required. 

As already pointed out, the action of the metal walls 

in producing this loss depends on their capacity when 

at a lower temperature, for absorbing heat from the 

steam (as during admission) and for giving it up when 

at a higher temperature (as during exhaust). The ac- 

tion depends, then, on the range of temperature be- 

tween admission and exhaust, and on the particular 

readiness with which the walls absorb and reject heat 

according as they are cooler or hotter than their sur- 

roundings. There are therefore two distinct features 

to be considered—the range of temperature, and the 

readiness with which the iron absorbs and rejects heat 

under the conditions mentioned. 

Now it is found that if the expansion through the 

entire temperature range is split up into a series 6f 

steps, each carried out in a cylinder by itself, the loss 

under consideration is less than if the entire expansion 

should take place in one cylinder. Carrying out this 

principle we have, of course, the multiple expansion 

engine with its total range of operation divided among 

several cylinders in series. 

This, then, is the real significance of the multiple ex- 
pansion (compound, triple, quadruple, etc.) engine, so 
far as its relation to economy is concerned—the split- 
ting of the total expansion or of the total temperature 
range into a series of steps is found to reduce con- 
siderably one of the wastes, and so raise the actual 
efficiency of the engine. 
Next turning to the other controlling feature of this 

loss,—the readiness of absorption and emission—it 

seems to be the case that once the internal surfaces 
become wetted or covered with a film of moisture, 
the absorption and emission of heat into and from 

the metal proceed with much greater readiness than 

when they are dry. In other words the passage of 
heat between metal with a moistened surface and moist 
steam is much more rapid than between the same 
metal with a dry surface and dry or superheated 
steam. 

In the ordinary steam engine we have, therefore, an 
action of the walls due to the range of temperature 
employed, and to the natural capacity for cast-iron or 

steel to absorb and emit heat from and to steam, great- 
ly augmented by the presence of a more or less com- 
plete film or layer of water over the surface, arising 

from the condensation of the first entering saturated 
steam. 

The use of superheaters, reheaters and jackets is 
found in a general way to decrease the readiness with 
which heat exchanges occur between the metal and the 
steam, and thus to decrease the amount of waste due to 

their actions. Thus in an engine using moderately 

superheated steam we should have the same general 

tendencies as noted above for the operation with satur- 

ated steam, but less augmented because of the smaller 

amount of moisture formed. In an engine using 

steam superheated to such an extent as to remain 

above the point of saturation during its entire passage 

through the cylinders, no moisture is formed and the 

action of the surfaces is limited to that which can take 
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place between their dry surfaces and the dry super- 

heated steam. The office of superheating is then sim- 
ply to reduce the readiness with which the exchange of 

the heat between the metal surfaces and the steam 

is effected. The results show that in such case the re- 

duction is real and productive of a considerable in- 

crease in economy. 

Regarding the use of reheaters it seems likely that 

their beneficial action will be well marked in propor- 

tion as they are able to superheat the steam passing 

through them, and thus act as a superheater in stages, 

each for the cylinder next beyond. 

The beneficial results gained by the use of steam 

jackets are in large measure due to action of the same 

character. The jacket containing steam at a tempera- 

ture higher than that in the cylinder transfers heat 

into the inner surface of the cylinder walls and thus 

tends to keep it dry and to reduce the amount of heat 

exchange, and hence the corresponding waste. The 

steam jacket acts also to some extent to modify the 

character of the cycle as noted below, but most of its 

useful action may probably be put down to the hinder- 

ing of heat exchanges between the walls and the steam 
in the cylinder. 

It must not be forgotten, however, that whatever 

gain is thus effected within the cylinder is obtained at 

the expense of the heat drawn from the jacket, and 

the whole operation is therefore an attempt to reduce 

one loss by introducing another. If the latter is less 

than the saving in the cylinder, the net result will be 

a gain equal to their difference. If the latter is the 

greater of the two, the net result will be a loss, and 

if they are equal the net result will be no change in 

the economy of the engine. These relations account 

for the varying experience with jackets, but it now 

seems well assured that when properly fitted and 

operated, the result will show a gain of from 5 to I0 

per cent over similar conditions unjacketed. 

We come now to the last principal division of the 

wastes of the actual steam engine,—those due to irre- 

gularities in the cycle, or in other words to variations 

from the routine of operations which would give the 

efficiency of the ideal engine as discussed above. In 

this respect but little can be done to improve matters. 

The use of jackets and reheaters may possibly affect 

the routine in such a way as to bring it somewhat 

closer to the ideal conditions, but this is by no means 

certain, and the benefit due to these appliances comes 

mostly from the decrease in cylinder condensation as 
explained above. 

There are methods, however, of modifying the cycle 

of the engine by the use of a series feed water heater, 

in such way as to bring it somewhat nearer to the 

ideal cycle. Such a feed heater for a quadruple ex- 

pansion engine may consist of say three chambers or 

heaters through which the feed passes in series. In 

the first it is heated by steam drawn from the L.P. re- 

ceiver. It then passes on to the second chamber, 

where it is heated by steam drawn from the second 

I.P. receiver, and then goes on to the third chamber, 

where it meets with steam drawn from the first I.P. 

receiver. As the feed water thus becomes hotter and 

hotter it meets with steam of higher and higher tem- 

peroture drawn from the successive higher receivers 

in the engine, and it is thus brought nearly to the 
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temperature of the water in the. boiler. The exhaust 
from pumps may also be turned into the first chamber, 

thus making it a means of taking heat irom their ex- 

haust and of returning it with the feed to the boiler. 

Various modifications may be worked out in the de- 

tails of the operation of such feed heaters, but in all 

cases their significance lies in the fact that the cycle 

of operations as a whole may in this way be brought 

a step nearer to the ideal cycle than would otherwise 

be the case. All such changes, if made in accordance 

with the proper principles, may therefore result in a 

saving of heat and in a gain in the economy of the 

engine, and in this fact lies the chief significance ol 

the feed-water heater as a feature of modern engineer- 

ing practice. 

ELECTRICITY ON BOARD SHIP—PRINCIPLES 

AND PRACTICE—XXIV. 

BY WM. BAXTER, JR. 

ELECTRIC LAMPS. 

Several kinds of electric lamps have been devised, 

but of these the only ones in actual use are the incan- 

descent and the “Arc” lamps. The former are used 

in all cases where it is desired to obtain a number 

of small lights, while the latter are employed in cases 

where a powerful illumination is required. 

Incandescent lamps are so simple in construction and 

operation, that a brief description of them will be 

sufficient. The lamp consists of a thin strip of car- 

bonized card board or some similar material, this be- 

ing connected with metallic terminals through which 

connection with an electric circuit may be made. The 

passage of an electric current of sufficient strength 

through the carbon heats it up to the luminous point. 

The carbon filament is inclosed in a glass globe from 

which the air is exhausted as completely as possible, 

the object of this arrangement being to prevent the 

burning of the carbon. If the globe of an incandescent 

lamp springs a leak, the air entering through it im- 

mediately burns up the filament. Carbon is used for 

the incandescent filament, because its resistance is 

many thousand times as great as that of a metallic 

wire of the same size, and on that account the heat 

that is developed in it is correspondingly great. If the 

filament of an incandescent lamp were not of such high 

resistance, a sufficient amount of heat to raise the 

temperature to the luminous point could not be ob- 

tained without greatly increasing the strength of the 

current, and as the energy absorbed by a lamp is 

equal to the product of the current strength by the 

voltage, it follows that the latter would have to be 

lower than with a lamp taking a smaller current. Low 

voltage is not desirable because then the wires that 

carry the current to the lamps have to be made larger, 

hence, the effort constantly made by manufacturers 

is to increase the resistance of the lamps so as 

to be able to run with a higher voltage. A six- 

teen candle power incandescent lamp requires on an 

average about 55 watts of electrical energy to keep 

it burning up to the full rated power; the watts being 

the product of the volts by the amperes, it follows that 

a 50 volt lamp requires a current of about one ampere, 

and a 110 volt larnp a current of one-half of an am- 
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pere, while a 220 volt lamp would require only one 

quarter of an ampere. For marine purposes lamps 

are of either 110 volts or less. 
Arc lamps are not so simple in construction nor in 

principle of operation as the incandescent. In this 

type of lamp the light is produced by the burning away 

of the ends of carbon rods, therefore, mechanism has 

to be provided that will feed the rods together as fast 

as they are consumed. The light developed by the 

FIG. 157+ 

lamp is proportional to the distance between the ends 

of the carbon rods, that is, when this distance does 

not exceed a certain limit. If the rods are close to- 

gether the light will be dim, and if they are far apart 

it will be bright, so that to maintain it at a uniform 

brilliancy it is necessary that the feeding mechanism 

be controlled by the distance between the ends of the 

rods, or by the length of the arc, which is the name 

given to the space that intervenes between the ends 

of the carbons. 

The simplest form of arc lamp is shown in Fig. 157. 

In this illustration, P is the wire through which the 

current enters the lamp, and A is a magnet that is ar- 

ranged so as to lift the lever B. This lever is pulled 

down by the spring S. After the current passes 

through magnet A it reaches a sliding contact 

through which it passes to the rod D, which carries at 

its lower end one of the carbons. The action of the 

lamp is as follows: When the current is not passing 

through the lamp, the two carbon rods, the one at- 

tached to D, and the one held in G, are in actual con- 

tact, the top one resting upon the end of the lower 

one. If the wires P and N are connected with an 

electric circuit, a current will pass on account of the 

carbon rods being in contact. As soon as the cur- 

rent passes the magnet A becomes energized, and lifts 

the lever B. This lever raises the clutch ring c and 

thus lifts the rod D, causing the ends of the carbons 

to separate and form an arc. Although the carbon 

ends have been separated, the current continues to 

pass, but as the resistance of the space between the 
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carbons is very great, an amount of energy is required 

to force the current across the gap that is sufficient 

to raise the temperature to a very high point, in fact 

much higher than that of a blast furnace, or any other 

artificial heat. As the carbon rods burn away, the 

resistance of the arc increases, and as a consequence 

the strength of the current reduces. The reduction 

in the strength of the current results in a reduction 

FIG. 158. 

in the attractive force of the magnet A, hence, the pull 

of spring S is soon able to draw lever B downward. 

When B is drawn down a sufficient distance, the outer 

end of clutch c strikes the stop F, and the rod D is 

released, and slips through c until the carbon points 

come into contact. By this action the resistance of 

the arc is immediately reduced and the strength of the 

current is increased, so that once more the magnet 

A becomes strong enough to lift B against the pull 

of S. 

The principle illustrated in this simple diagram is 

used in many designs of lamps actually manufactured, 

but the action is rendered more perfect by the addition 

of devices that prevent the rod D from moving too 

rapidly. It can be plainly seen that if the rod D can 

fall freely when it is released by the clutch c, its descent 

will not stop until the upper carbon comes into actual 

contact with the lower one; but if D can not fall free- 

ly, then it may not drop so far as to allow the carbons 

to come into contact, for as the rod descends the re- 

sistance of the arc decreases, and the current strength 

increases, and if D does not drop too fast, the current 

strength can increase sufficiently to enable magnet A 

to draw up lever B before the carbons come together. 

Lamps constructed upon the principle of Fig. 157 

cannot act if connected in series in the same circuit, 

because they depend for their operation upon the 
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changing strength of the current. This type of lamp 

was used in the days when each light was operated 

by an independent machine, and it is also used at the 

present time for lamps that are operated from incan- 
descent lighting circuits. 

In order that a lamp may be able to operate in 

series with several other lamps it is necessary that the 

feeding of the carbon rods be controlled by the resist- 

ance of the arc, and not by the strength of the cur- 

rent, for with such an arrangement it is necessary 

that the current remain constant in strength. Fig. 

158 illustrates the principle upon which lamps operate 

when constructed so as to work in series. In this dia- 

gram Fig. 157 is modified simply by the addition 

of a second magnet B. This magnet is traversed by a 

current that cuts around the arc; therefore, the coil is 

made of many thousand turns of very fine wire, so 

that the current that can pass through it is but a 

small fraction of that which passes through the arc. 

The operation of this type of lamp is as follows: When 

the light first starts up, the arc being short, its resist- 

ance is low, hence the current diverted through mag- 

net B is so small that its pull upon lever C is much less 

than that of magnet A. As the carbons burn away, 

and the length of the arc increases, the resistance 

thereof increases, and the current through B is in- 

creased. In this way the pull of B gradually becomes 

stronger as the arc lengthens out, and finally the’ pull 

of B with the assistance of spring S becomes suffi- 

cient to overcome A, and lever C is drawn downward 

until clutch ¢ strikes stop F and allows rod D to slip 

through. If the two magnets A and B are properly 

adjusted as to strength the spring S is not necessary, 

and in some cf the lamps of this type it is not used. 

The simple clutch ring ¢ is not very desirable, as 

its sharp corners cut into the rod D, and in time rough- 

en it up, nevertheless it was used for many years with 

FIG. 159. 

the most successful of lamps. At the present time 

there are many modified forms of clutching devices, 

one of the simplest and most effective being shown 
in Figs. 159 and 160, the first showing the clamp when 

hugging the rod, and the second one when in the 

release position. As can be plainly seen, the shoe B is 
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forced up to the rod by lifting the outer end c of lever 

C, thus giving a powerful grip between 4 and B. 

Arc lamps can be operated from incandescent light 

circuits, and in some cases they are arranged so that 

two are burned in series, while in others they are used 
singly Ordinary arc lamps require an E.M.F. of about 

FIG. 161. 

45 volts, so that if two lamps are connected in series in 

an incandescent circuit of 110 volts, each one will oper- 

ate under an E. M. F. of 55 volts, unless a resistance is 

introduced to balance a part of the pressure. When 

a single lamp is connected across an incandescent light 

circuit, it is arranged to operate with an E.M.F. of be- 

tween 80 and 90 volts, and a resistance is introduced to 

balance the remainder of the voltage. Lamps can 

- operate upon incandescent light circuits whether made 

with one magnet, as in Fig. 157, or with two, as in 

Fig. 158. Fig. 161 illustrates diagrammatically the Brush 

lamp as used on incandescent light circuits. Its opera- 

tion is as follows: When the light is turned off, the 

carbons do not touch, but are separated, as in the cut. 

When the current is turned on, it passes through mag- 

net A and a resistance R and from here goes to a 

magnet B and thus to the opposite side of the line 

without passing through the carbons. This starting 

current is very weak, as it is held back by the high 

resistance of magnet B, which is wound with very fine 

wire. Magnet A is wound with large wire, therefore, 

the magnetism developed in it by the starting current 

is next to nothing, but magnet B becomes very strong 

on account of being wound with many thousand turns 

of fine wire. On this account B pulls up the armature 
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F on the end of lever C, and as this lever is pivoted at 

f, the connecting rod e is drawn down and with it the 

clutch c 6, which is of the type illustrated in Figs. 159 

and 160. By the descent of the clutch the extension 

rod h is brought into contact with stop 7 and then the 

clutch opens and allows the rod D to slide through 

until the carbons come in contact. When this occurs, 

the current through magnet A at once becomes strong, 

for all the current that passes through the carbons 

passes first through magnet A, thence through resist- 

ance R, and then by way of contact a to rod D. As 

soon as A becomes strong, its pole k attracts armature 

g and thus the clutch c b is raised and with it the rod 

D and the upper carbon. The two magnets A and 

B are so adjusted in strength that springs are not 

required, there being simply a tug of war, so to speak, 

between the two. When the current becomes too 

strong, A predominates and lifts the clutch, and when 

the current becomes too weak B predominates and 

lowers the clutch. In order to prevent the movement 

of the lever C from being too violent, a dash pot is 

provided. 

Nearly all the arc lamps used on incandescent light 

circuits are provided with a small globe that encloses 

the arc, and they are known on that account as en- 

closed arc lamps. The advantage of this type of lamp 

is that the carbons last from ten to fifteen times as 

long as in the open arc lamps, the greater length of 

life being due to the fact that the globe excludes the 

air and thus prevents the consumption of the carbon 

by actual combustion. 

Some of the enclosed arc lamps have the mechanism 

so arranged that the rod D of Fig. 161 is not required, 

the clutch acting directly upon the upper carbon rod it- 
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self. By using this construction the length of the 

lamp is considerably reduced. Fig. 162 shows a lamp 

of this type. The clutch consists of a number of mat- 

bles, which are carried in a short conical tube. When 

this tube descends far enough, the marbles strike the 

upper end of a tube through which the carbon rod 

passes, and are thus drawn away from the latter, and 

allow it to slip through. The conical tube that car- 

ries the marbles is raised and lowered by the action of 

a magnet coil which is shown in section in the cylin- 

drical portion of the lamp, just above the top of the 

outer globe. In the upper part of the lamp a resist- 

ance is located which is used to balance the excess of 

voltage. 

RECENT LITERATURE. 

OLp OcEAN’s Ferry. Compiled by John Colgate Hoyt, 
1900. Published by Bonnell, Silver & Co., New 

York. Size 7 3-4 by 5 in. Pages 266. Cloth, 50 

cents. 

To quote from the subtitle, this book is “a collection 

of odd and useful information for nautical travel, and 

strange features of the sea for landsman and mariner.” 

The average landsmanin making his first ocean voyage 

finds himself in a new world. The conditions of life 

are completely changed, everything is strange and 

new, and if of an observant nature he finds a thousand 

questions presenting themselves regarding his new en- 

vironment. It is to furnish an answer to some of 

these questions that this little volume has apparently 

been written. It is, of course, a compilation with bits 

of information drawn here and there from the entire 

realm of the sea and nautical affairs. Only the index it- 

self could serve to give a comprehensive idea of the 

ground covered. Some of the more important sub- 

divisions, however, will give a general idea of the na- 

ture of the contents. Such are: Historical; Navigation 

for passengers; Ship and steamship records; Tables 

and information useful on shipboard; Commerce and 

shipping; NHydrographical; Sea life; Ancient and 

modern navies; Nautical notes; etc., etc., 

A few paragraph headings selected at random will 

serve to give a further idea of the range of topics 

treated. Such are: A brief nautical vocabulary; The 

latest theories and treatment for seasickness; Extracts 

from the U. S. customs laws and tariff schedules; For- 

eign mails; Cable rates to various parts of the world; 

Rules of the road at sea; Funnel marks, house flags, 

and night signals of the transatlantic lines; Signals at 

sea; Rules for hurricanes; Names of parts of a full- 

rigged ship; useful hints to passengers on ocean 

steamers; A collection of nautical conundrums, etc., 

etc. 

The information given seems in general to have been 

chosen with good judgment, and to have been brought 

well down to date. The author can hardly have hoped 

to supply answers to all topics on which landsmen are 

liable to want information, but he has certainly made 

a long stride in that direction. There is also a large 

amount of information which will be found of great 

interest and value to those familiar with nautical af- 

fairs. As a whole this little book may properly claim 

to have been written in answer to a “long felt want,” 

and it may be cordially recommended to all those 
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about to take a sea voyage, or who may be interested 

in nautical matters. 

QUERIES AND ANSWERS. 

(Communications intended for this department wil not receive at- 

tention unless accompanied by the full name and address of 

the sender, which will be considered confidential.) 

Q.—Would you kindly decide on a disagreement of 

cpinion regarding a fusible plug? A says a fusible plug 

will blow out of a boiler that has not been cleaned in 

three months. B says that it will not blow out cnly 

in case you lose track of the water. Have you ever 

heard of a case where a fusible plug blew out other- 

wise than by losing water? 

A.—A fusible plug blows out because it melts; it melts because it 

becomes heated to its melting point; and it becomes thus heated be- 

cause it receives more heat on one side than can escape on the other. 

The heat thus becomes banked up in the plug, so to speak, until the 

melting point is reached. Any condition, therefore, which will 

prevent the escape of heat from the water side of the plug while it 

is receiving heat on the fire side will result in the melting of the 

plug. Such a condition exists when the water falls below the level 

of the plug, leaving it in contact with steam only on one side and 

fire on the other. Thisis the usual cause of the melting of a plug, 

and is the condition which the melting is intended to indicate. 

There are other causes, however, which may prevent the escape of 

heat on the water side, and which may also lead to the melting of 

the plug. A sufficient layer of boiler scale might give rise to this 

condition, though such a result can hardly be expected from the 

usual type of plain scale. A layer of oil or grease, however, or of 

mix2d scale and oil, is a very poor conductor of heat indeed, and 

experiments have shown that such a covering on the water side is 
quite sufficient to prevent the escape of heat and to lead to the 

melting of the plug, even though the level of the water is well 

above the plug itself. 

New Freicut Line on Lone Istanp Sounp.—The 

establishment of a new line of freight steamers between 

New Haven, Bridgeport, New York and Philadelphia 

is announced. The company which is back of the new 

system is the New York & Baltimore Transportation 

Co., of Baltimore, which is capitalized at a million 

dollars, and owns a fleet of many freight and pas- 

senger steamers. 

The annual report of the American Shipbuilding Co. 

which controls practically all of the shipyards on the 

great lakes shows that it has turned out twenty-nine © 

vessels during the past fiscal year with a carrying capac- 

ity of 17,000 net tons, and that sixteen vessels are now 

under construction. The net earnings of the company 

are also shown to be $1,100,665.85. After deducting 

$532,000 for a 7 per cent. dividend on the 7,600,000 of 

preferred stock, there remains $568,665.85, amounting 

to 7.48 per cent. on the $7,600,000 common stock. This 

is a most gratifying showing for the year, and is evi- 

dence both of the thriving condition of shipbuilding 

on the lakes, and of the excellent management of the 

affairs of the company for the year. 

According to the returns from the Commissioner of 

Navigation one hundred and five vessels aggregating 

35,944 gross tons were built in the United States, and 

efficially numbered during the month of July. 
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SPEED TRIALS OF THE NEW BRITISH ROYAL 
YACHT VICTORIA AND ALBERT. 

A series of trials of the sea going capabilities of the 

new British Royal yacht Victoria and Albert have re- 

cently been carried out by Admiralty officials. In 

the daily press a good deal of gush has been pub- 

lished as to the results of these trials, and this has 

tion of a photograph of the yacht as she was going 

out to sea on one of the trial trips. It will be ob- 

served that radical changes have been made in the 

appearance of the vessel as compared with the original 

construction. In place of the lofty heavy masts with 

which she was fitted before the “mishap” at Pembroke 

Dockyard, she now has short light sticks. The fun- 

BRITISH ROYAL YACHT VICTORIA AND ALBERT STEAMING OUT TO SEA FOR SPEED TRIAL. 

Photograph Copyright rq00, by Symonds, Portsmouth. 

been faintly echoed in some of the technical jour- 

nals. According to the London Times, which on naval 

matters is usually authoritative, the “yacht has proved 

a capital seaboat, and has run in all her trials with 

admirable steadiness.” We here present a reproduc- 

nels have also been cut down, and for the original 

three, two only have been substituted. A great many 

structural changes have also been made with a view 

to get rid of topheaviness, and these are not apparent 

to the eye in the outside view. 

(Copyright, 1900, by Aldrich & Donaldson, New York.) 
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The new yacht is of these dimensions: Length 

over all, 420 ft.; between perpendiculars, 380 ft.; beam, 

50 ft.; displacement, 4,700 tons in 18 ft. draft. She is 

fitted with twin screws driven by four cylinder triple 

expansion engines of 11,000 designed horse power. 

She was intended to be capable of maintaining a 

sea speed of 17 knots and of reaching 20 knots when 

pushed. Belleville water tube boilers were fitted. The 

hull was built at the Royal Pembroke Dockyard and 

the machinery by Humphreys & Tennant. 

The steaming trials were carried out in the English 

Channel. There were three preliminary trials at about 

half and three-quarters speed each of 48 hours’ 

duration, and a final full power trial lasting eight 

hours. On the second trial the following were the 

mean results: Revolutions, starboard, 128.2, port, 

129.7; I. H. P., starboard, 3,765, port 3,884, total 7,649; 

speed, 18.47 knots, coal consumption, 1.87 lb. per I. 

H. P. When this trial was carried out there was a 

heavy sea with ground swell in the Channel, “but it 

had no effect on the yacht,’ says the Times, “which, 

as on the last occasion, proved a thoroughly trust- 

worthy sea boat. There was no perceptible vibration, 

and in the saloon :t was difficult to realize that she 

was under way in a heavy sea.” On the full power 

trial the yacht made four runs over a measured course 

off the Cornish coast and completed the eight hours 

steaming by going up the Channel full speed until 

the expiration of the time limit. During this trial 

the yacht drew 18 ft. 2 in. forward and 20 ft. 1 in. aft. 

The steam pressure carried on the boilers was 306 th. 

Revolutions were 147.2 for the starboard engine and 

147.6 for the port, and the vacuum 25.2 in starboard 

and 25.3 in port. The I. H. P. was 5,620 for the star- 

board engine and 5,678 for the port, or 11,298 collect- 

ive. The mean air pressure was .6 in. and the mean 

of the four runs gave a speed of 20.53 knots. No 

record of coal consumption was kept, which is not to 

be wondered at considering the rate at the lower 

speeds. 

With reference to the behavior of the yacht during 

the trials the authority already quoted continues: 

“The trials have been of especial interest from the 

constructor’s point of view, for after the unfortunate 

incident at Pembroke some doubts arose as to her 

stability in a seaway; but fortunately these doubts 

have been entirely dissipated bv the behavior of the 

vacht in two gales, when her speed did not fall off to 

an appreciable degree, while in a moderate breeze she 

was perfectly steady. Whether she has had to steam 

through a heavy sea or through smooth water the 

bow wave has been clean and regular, with a fine run 

from the stem to the midship section, and no volumes 

of water of weight have been thrown off from any 

part. Nor has there been any churning or thumping 

under the quarter whether the ship has been traveling 

at her highest speed, or running through a gale. Each 

trial also disclosed an absence of vibration over the 

propellers, while the tests. that were made in the 

worst weather she encountered showed that the angle 

of heel in rolling did not exceed eight or ten degrees. 

The hull and engines have thus answered all the re- 

quirements of the designers.” 

Private advices do not speak in such unqualified 
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terms of praise of the new vessel, and it is generally 

understood she will be sent across the Atlantic to 

Nova Scotia to test her sea going qualities. It is not 

unlikely indeed that the members of the Royal house- - 

hold will need some special demonstration of her <ea- 

worthiness before they venture to risk a trip in ihe 

new Victoria and Albert. 

Licutsuip No. 72.—The new United States lightship 

for the station on the Diamond Shoals, off Cape Hat- 

teras, was launched at the new shipyard of the Fore 

River Engine Co., at Weymouth, Mass., September 

10. She was christened by Miss Frances A. Killilea, 

of East Boston. This vessel is one of the new type 

of steam light vessels, so that she will be able to keep 

her station in all kinds of weather. Her dimensions 

are: length, 112 ft; beam, 28 ft. 6 in.; draft, 11 ft. 

6 in.; displacement, about 600 tons. She will be fitted 

with three decks, one smoke stack and two beacon 

masts. The lights, of which there are three for each 

mast, will be fitted both for electricity and oil, the 

height of the light from the water line being about 

60 ft. The electricil lightship equipment consists of 

six 100 c. p. 100 volt lights, the lighting of the ship 

being furnished by eighty 16 c. p. incandescent lamps. 

The propelling engine is of the single cylinder surface 

condensing type, of about 250 I.H.P., and is supplied 

with steam by two single-ended Scotch boilers built 

for a working pressure of 100 lb. The electric plant 

will be driven by two double-cylinder high-pressure 

engines. The vessel will also be fitted with a large 

Crosby chime whistle and powerful siren. Her con- 

struction is similar to that of the steam lightship 

which is now stationed at the South Shoal Station, off 

Nantucket. 

AMERICAN-HawallANn S. S. Co.—The opening of the 

service of the American-Hawaiian Steamship Co., be- 

tween New York, Pacific Coast ports and the Ha- 

waiian Islands, which was intended to have occurred 

September I, in the sailing of the S. S. American, from 

New York, has been postponed. The first vessel of 

the fleet to be completed, the Californian, was char- 

tered gy the Government for service as a transport, 

and the S. S. American, which was intended to com- 

mence the service from here, is not yet ready for sea. 

The company has already secured docking facilities 

in New York harbor, at the foot of 42d street, South 

Brooklyn. The fleet of vessels will consist of the 

American, Hawaiian, Oregonian, Californian, each of 

8,500 tons, and the Alaskian and Arizonian, of 12,000 

tons. A monthly service will be maintained. The 

general agents of the company are Flint, Dearborn & 

Co., New York, and the Pacific Coast agents are 

Williams, Dimond & Co. 

U. S. Susmartne Boats.—Names for the six new 

Holland submarine boats for the Navy have been de- 

cided upon. The places of construction and contract 

time for the new boats are as follows: Adder, 9 

months, Crescent Shipyard, Elizabethport, N.. J.; 

Gampus, 8 months, Union Iron Works, San Francisco, 

Cal.; Moccasin, 9 months, Crescent Shipyard; Pike, 9 

months, Union Iron Works; Porpoise, 10 months, 

Crescent Shipyard; Shark, 11 months, Crescent Ship- 

yard. 
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SUBMARINE BOATS — FROM THE EARLIEST 

RECORDS DOWN TO THE PRESENT.*—I. 

BY CARL BUSLEY, 

Of all the branches of ship construction the ignorant 

have devoted most of their energy to the designing 

of submarine boats. According to my searches from 

the year 1861, in the former Prussian and the present 

German Navies, I have found not less than 181 dif- 

ferent designs of submarine boats which have been 

submitted, whose designers were in all branches of 

business excepting that of ship construction. It is 

strange in searching over these papers to note that 

ministers, teachers, students, bank clerks, railroad em- 

ployees and other people in the peaceable walks of 

life, as well as simple mechanics, have devoted their 

time to the designing of a death dealing submarine 

machine, which after particularly fantastic perform- 

ances by diving, must sink at least six lines of battle- 

ships. The explanation for the great attention paid 

to the designing of submarine boats by landsmen and 

for the great interest which the public at large will 
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submarine boats propelled by machinery, although the 

boats propelled by man power, which could properly 

be called the pioneers, have not been built during the 

last thirty-five years, and therefore cannot be called 

modern boats. Nevertheless there are single cases 

nowadays in which man power is still employed. 

CHAPTER I. 

First Submarime Boats, 1604-1660.—The first attempts 

_in the construction of submarine vessels, including 

the divers’ bell which, of course, was known to the 

ancients, dates back some 300 years and appears in 

England at the time of the projected invasion from 

the great Spanish Armada. The project of the first 

boat of which anything definitely is known bears the 

date of the year 1604. It was designed by William 

Bourne, but was never built. The second submarine 

boat built of wood by Cornelius van Drebbel was 

tried on the Thames, in 1624, in the presence of King 

James I and numerous spectators. It had a capacity 

for fifteen persons, and was moved by means of twelve 

oars, which passed through the side by means of 

leather stuffing boxes. The boat, according to the 

always take in such apparatus lies, no doubt, in the 

fascination for horrors. Furthermore it is noticeable 

what little interest in construction of this kind has 

been taken by legitimate builders and designers in 

the different shipyards of all countries in former 

years. Latterly the navies of several countries have 

interested themselves in the question as to the out- 

look of the submarine boat in naval warfare and since 

then the builders have taken a more earnest interest 

in the different questions, so that it is possible to 

tablulate the different qualities and properties which 

the modern submarine boat requires. Submarine ves- 

sels can be divided into two large groups: No. 1, 

actual submarine boats which are intended to be en- 

tirely submerged; No. 2 partially submerged 

boats which remain very close to the surface and 

from which only single parts. such as the lookout 

tower, project above. The older boats are mostly of 

the first class and the boats of modern construction are 

of the second class. In order to further tabulate 

submarine boats they may be divided into two 

classes; (a) submarine boats with man power; (b) 

*Translated from the Proceedings of the German Society of Naval 

Architects and Marine Engineers, Berlin, Germany. 

BUSHNELI.’S BOAT, 1775. 

reports, was completely submerged with its whole 

crew and the air in the boat was, according to the old 

reports, “kept pure by means of liquids.” An Eng- 

lishman named Day in the year 1660 remained under 

the water in his submarine boat at Yarmouth for a 

time of twelve hours, and came safely to the surface 

again. In his second attempt the boat sank slowly 

and never appeared again, and a prolonged search 

which was made with the frigate Orpheus was fruit- 

less. The inventor as well as the rest of the crew 

were buried in the waves, hence none of the details 

of this craft remain; it is only known that it was 

similar to the Drebbel boat in the fact that it pos- 

sessed a double bottom which could be filled with 

water and had to be pumped out to raise the. boat. 

For the next 100 years all submarine boats were con- 

structed on this principle until the Americans in 
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the war of the Revolution took up the old ideas of the 
English. 

CHAPTER II. 

Bushnell’s Boat, 1775.—At the breaking out of the 

war of the Revolution in the year 1775, David Bush- 

nell, of Connecticut, built a submarine boat which, ac- 

cording to the sketches and descriptions, is repro- 

duced in Figs. 1, 2 a»d 3. In appearance it looked 

like two turtle shells set back to back. It was built 

of wood and: measured about 7 1-2 ft. dia. It carried 

only one man and had only enough air capacity for 

submersion of about a half hour. The boat was kept 

stable by attaching a lead weight at the bottom which 

could be detached by the operator at any time in or- 

der to come to the surface quickly. Furthermore 

there was a sea cock b and ballast pump c and tank 

d, and this, in addition to the vertical propeller k, en- 

abled the boat to either rise or sink. Its speed must 

have been very slow as it was operated simply by a 

small propeller e, turned by hand and a small rudder 

f. The rest of the outfit consisted of the bilge pump 

g, to remove any water which may have leaked into 

the apparatus, a glass water gauge closed at the top 

and open at the bottom, in combination with a scale 

by means of which the operator could judge of the 

depth, a compass and also a torpedo filled with gun- 

powder and equipped with a time fuse, so arranged 

that it could be detached from the boat by the opera- 

tor at any time. In the year 1776 it was reported 

that an officer by the name of Lee had made the at- 

tempt to attach the torpedo to the English blockade 

ship Eagle, of 64 guns, which lay in New York harbor. 

It was furthermore reported that he did not succeed in 

attaching the torpedo as the attaching screw of the 

same came in contact with some iron part of the 

ship’s body, and when he attempted to get another po- 

sition under the boat he lost his way under the water 

and had to discontinue his efforts at daybreak. On 

his return he feared that he had been discovered by 

the enemy and therefore disconnected the torpedo 

from the boat in order to lighten her and increase his 

speed. An hour after his return the mine exploded. 

The clock work in the mine was supposed to start at 

the moment of detaching and had been set for twelve 

hours. The assertions made by Lee could never be 

verified, and it is, therefore, very probable that right 

in the beginning of the undertaking he had cast the 

dangerous torpedo adrift, and then quietly waited on 

the surface of the water for daybreak. 

CHAPTER III. 

Fulton's Nautilus, 1797—Robert Fulton, the builder 

of the first authentic steamboat, had, in the year 1797, 

designed a submarine boat in France. He laid the 

plans for the boat before ‘the French Government, 

which refused to interest itself in the construction of 

the submarine boat. Not until the year 1801 could he 

perfect his boat Nautilus, after Napoleon had arranged 

to get him the necessary funds. The Nautilus had 

steel frames and sheet copper plating, as shown in 

Figs. 4-6. It was built in the shape of a cigar and 

had a length of about 24 ft, and a mean height of 

about 6 ft. When it floated on the surface it could be 

propelled by means of sails; when diving the mast 
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was hinged downwards and, with the sails, was stowed 

in a groove in the top of the ship’s body. Under 

water it was propelled by a screw which the crew 

turned by means of a crank. The diving and rising 

to the surface was effected by the filling or pumping 

out of water in the ballast tank, which was built in 

the bottom of this cigar shaped craft. In June, 1801, 

the Nautilus received a trial in the River Seine, Paris, 

and then was taken to Brest where the inventor, with 

three men, remained an hour under water at a depth 

of 24 ft. On August 7, 1801, Fulton remained under 

the water for four hours and twenty minutes. This 

was effected by taking a vessel of compressed air 

with them. He attached a mine to a hulk, and the 

mine was exploded promptly. Nevertheless the 

French Government, as well as the English Govern- 

ment, to whom he applied later on, decided not to 

follow up his idea. 

CHAPTER IV. 

Phillips Boat, 1844.—In 1844 Lodner Phillips built 

a boat of about to 1-2 ft. long, of elliptical section, in 

Michigan City. The boat was built of wood and on 

his first trial it collapsed at a depth of about 18 ft., 

and he himself narrowly escaped drowning. He built 

a second boat, 17 ft. long, also of wood and fitted it 

with a cylinder for compressed air and also certain 

spaces for water ballast,and continued his experiments. 

These gave him such satisfaction that in 1851 he built 

another cigar shaped boat about 38 ft. long and 4 ft. 

beam, and the wood hull of which was about a foot 

thick. In 1854 he took this boat to Lake Erie in 

order to dive down to the wreck of the steamer 

Atlantic, which lay in about 150 ft. of water. In the 

first attempt to lower the boat to this depth no crew 

were aboard, as they had grave fears of its strength. 

It collapsed and never came to the surface. In 1864 

Phillips designed a craft, as shown in Figs. 7-10. 

This was intended for naval purposes and the United 

States Navy, as well as the German Navy refused to 

buy it. This boat was about 85 ft. long and about 8 1-2 

ft. deep. It was built of 3-8 in. plate and had T iron 

frames, spaced about 18 in. To lower the boat and 

raise it to the surface he used ballast tanks which 

were filled with water and were emptied by means of 

compressed air. This compressed air was carried in 

the pipes shown on the upper side walls of the boat. 

In order to freshen up the air in the boat, the air 

pumps forced the foul air through a cylinder filled 

with water by which it was purified and the necessary 

oxygen was supposed to be supplied to it. It was 

intended to turn the screw of the boat by man power 

and to attain a speed of from four to five knots, 

which Phillips claimed he got out of his third boat in 

Lake Michigan with a power of four men. The re- 

ports of Phillip’s trials in Lake Michigan are very 

meager, and it is, therefore, impossible to derive any 

data which would be of present value. 

CHAPTER V. 

Bauer’s Boat, 1850.—On the tst of February, 1851, 

the Bavarian artillery officer Wilhelm Bauer tried a 

submarine boat, Figs. 11-13, in the harbor of Kiel. 

An excess of pressure caused the boat to leak and it 

sank.. It. was not until nearly forty years afterward 

that this boat was brought to the surface again. At 
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the time the boat sank Bauer and two men were in 

it, but they were fortunate to escape with their lives, 

as the highly compressed air in the boat, caused by 

the leaks, forced the manhole off its seat and the 

three men shot to the surface in a huge air bubble. 

This boat of Bauer’s was built in the machine shop 

of Schweffel & Howaldt in Kiel, and finished in De- 

cember, 1850. Its length was 25 it., beam 6 ft., and its 

greatest height 9 ft., with a total weight of about 

seven tons. It was built of I-4 in. iron and with 

angle iron frames. The propeller was driven 
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order to bring light into the boat a deck light was 

fitted above. In the forward part in addition to 

four deck lights it was fitted with two round open- 

ings which were equipped with rubber gloves at- 

tached by means of bronze stuffing boxes, so that a 

man could put his hand through in an attempt to per- 

form certain work under water. By means of the 

hand wheel f Bauer moved the weight g backwards 

and forwards in the boat in a forward and aft direc- 

tion in order to give the boat certain inclinations 

while under water. In regard to the weakness of the 

FIG. 6.—FULTON’S NAUTILUS, 1797- 

by means of bevel gears which at that time were 

driven by hand weights, as shown in the engraving. 

While Bauer steered the boat by means of a hand 

wheel b, two pumps c, c, were fitted forward and aft. 

These were used for both ballast and bilge purposes; 

a bellows d was eventually used for the purpose of 

purifying the air by means of water let in by a cock 

e. In later trials which he made in St. Petersburg he 

attempted to purify the air by spraying the sea water 

into the boat. The bottom of the boat was fitted with 

twenty-two tons of pig iron to keep it stable, and in 

hull Bauer could not devote more material for 

strengthening owing to lack of funds. In October, 

1855, Bauer built a larger submarine boat for the 

Russian Government in St. Petersburg, in length 

about 50 ft.; beam about 12 ft., and height about Iz 

ft. The propeller was driven by twelve men, and it 

required one additional man to steer. Taken all in 

all it was about the same as his previous boat, the 

only addition was that in the middle it was equipped 

with a peculiar air lock so that a diver could leave or 

enter the boat while under water. He also replaced 
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U. S. LAWS REGULATING THE IMPORTATION 

OF MATERIALS FOR THE CONSTRUCTION 
AND REPAIR OF VESSELS. 

In the shipping trade legal questions regarding ,the 

importation of materials, etc., for use in the construc- 
tion of repairs of vessels often arise. It is of interest, 

therefore, to note decisions and rulings which have 

been made in recent cases and which are accepted as 

the law at the present time. 

It will be remembered that the liner New York, be- 

longing to the International Navigation Co., lost one 

of her screws and tail shaft on a recent westbound trip 

and that the lost articles were replaced by spares stored 

in Southampton for use in such emergency and sent 

over here to be put into the ship at Newport News. No 

duty was paid on this machinery and the authority for 

this action of the custom officials is contained in the 

following opinion of the Attorney General of the 

United States which was rendered to the Secretary 

of the Treasury in a somewhat similar case which arose 

in the early part of last year. The opinion is as fol- 

lows: 

DEPARTMENT OF JUSTICE. 

February 24, 1899. 

Str: In your communication of the 14th you 

submit the question whether you have the power 

to permit a piece of machinery known as a “screw 

boss” brought into the harbor of New York by the 

Friedrich der Grosse, for the purpose of replacing 

a defective piece in the steamship Kaiser Wilhelm 

II, of the same line—North German Lloyd—to 

be transferred in that harbor under proper safe- 

guards from the former to the latter vessel with- 

out the payment of duty thereon. 

It appears that the screw boss sought to be 

transferred is a duplicate piece of machinery, de- 

signed and made especially for the Kaiser Wil- 

helm II and kept on hand at the home port 

(Bremen) for use in case of emergency. Dup- 

licate pieces of the more important parts of 

the machinery of this vessel were manufactured 

at the time of the building of the engines and 

machinery, and have been kept on hand since, 

so that in case of accident a broken or defective 

piece of machinery may be replaced without de- 

lay. The smaller pieces are carried on board the 

ship, but on account of its weight (6 tons) the 

screw boss was kept at Bremen until needed. 

Under the circumstances stated I am disposed 

to regard this duplicate piece of machinery, not 

as an article imported from a foreign country and 

subject to duty under our custom law, but as a 

part of the equipment originally provided for and 

belonging to the steamer Kaiser Wilhelm II, which 

you may permit to be delivered to it by its sister 

ship without the payment of duty. 

In the recent case of The Conqueror (166 U. S., 

110) the Supreme Court held that a steam yacht 

built abroad and purchased by a citizen of this 

country was not subject to duty upon being 

brought into the port of New York. Respecting 

the question of this steam yacht, the court, speak- 

ing by Mr. Justice Brown, said, page 115: 

“She is not imported or taken into the country 
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in the ordinary sense in which that term is used 

with reference to other articles, does not become 

commingled with the general mass of property, 

and is employed precisely as she might be legally 

employed by her foreign owners, or by an Ameri- 

can leasing her from such owners. Other articles 

are dutiable, not because they have been pur- 

chased, but because they are actually imported 

and become the subject of sale and commerce 

within the country.” 

In support of its view that a vessel is not dutia- 

ble, the court cited United States v. A Chain 
Cable (2 Sumn., 362) and The Gertrude (2 Ware, 

181) involving the dutiability of parts of the 

equipment of a vessel, and therefore peculiarly 

pertinent in considering the question submitted. 

In United States vy. A Chain Cable, it was held 

that the chain cable which was purchased at 

Liverpool by the master of the ship Marathon to 

supply the place of a hempen cable which had be- 

come unseaworthy before the arrival of the ship 

at Liverpool, became a part of the equipment of 

the ship, and was exempt from duty, although 

after the ship had returned to Boston it was taken 

from the vessel and loaned for temporary use in 

launching a ship at Medford. Although attached 

from the ship while thus being used, it retained - 

its character as a part of the equipment of the 

ship, and was therefore exempt from duty. 

In The Gertrude, it was held that the tackle, ap- 

parel and furniture of a foreign vessel wrecked 

upon our coast, and landed and sold separately 

‘from the hull, were not goods, wares and mer- 

chandise imported into the United States within 

the meaning of the revenue laws. The case was 

put upon the ground that the rigging and apparel 

of the ship are a part of the ship, and therefore 

not merchandise in any other sense of the word 

than that in which the ship herself is. Judge 

Ware used the following language, which was ap- 

proved by Mr. Justice Story on appeal to the Cir- 

cuit Court (3 Story, 68, 71. 76): 

“If we look through the whole of the numerous 

acts of Congress laying duties on merchandise 

imported, as well as those regulating the question 

of the same, we shall find they uniformly contem- 

plate the cargo; they refer to articles having: the 

quality of merchandise in the ordinary and most 

popular sense of the word. They refer also to 

goods intended to be introduced into the country 

for sale and consumption, or for the general pur- 

pose of commerce.” 
I understand it to be true that under the ruling 

of your department, the racing rigging of a yacht 

which cannot be used in crossing the ocean, and 

is, therefore, brought back to this country on a 

steamer, is admitted free of duty because it is 

treated as a part of the yacht itself. 

If the Kaiser Wilhelm II had itself brought the 

duplicate screw boss into the port of New York, 

the right to. use it free of duty would hardly be 

questioned. The case is not materially changed 

by its being brought over in a sister ship and 

transferred in the harbor of New York, without 

any landing in the original sense. The duplicate 
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screw boss, like the original, was made and de- 

livered abroad to the steamship company for the 

Kaiser Wilhelm IT. It then became a part of the 

equipment of that ship, to be used when required. 

At present it is indispensable. It is not imported 

for sale or consumption here in the original sense. 

It is brought over to relieve the disabled ship of a 

friendly nation, detained in one of our ports for 

repair. 

Upon the whole, without further discussion, let 

me say I take the view, you may permit the trans- 

fer and delivery to the Kaiser Wilhelm II, of this 

part of its equipment without exacting any duty. 

Very respectfully, 

Joun K. RrcHarps, Solicitor-General. 

Approved, Joun W. Grices, 

The Secretary of the Treasury. 

It is provided in Section 12, of the tariff act of July 

24, 1897, “That all materials of foreign production 

which may be necessary for the construction of vessels 

built in the United States for foreign account and own- 

ership, or for the purpose of being employed in the for- 

eign trade, including the trade between the Atlantic 

and Pacific ports of the United States, and all such 

materials necessary for the building of their machinery, 

and all articles necessary for their outfit and equipment, 

may be imported in bond under such regulations as the 

Secretary of the Treasury may prescribe; and upon 

proof that such materials have been used for such pur- 

poses no duty shall be paid thereon. But vessels re- 

ceiving the benefit of this section shall not be allowed 

to engage in the coastwise trade of the United States 

more than two months in any one year, except upon 

the payment to the United States of the duties of which 

a rebate is herein allowed: Provided, That vessels 

built in the United States for foreign account and own- 

ership shall not be allowed to engage in the coastwise 

trade of the United States.” 

Section 13 further provides, “That all articles of 

foreign production needed for the repair of American 

vessels engaged in foreign trade, including the trade 

between the Atlantic and Pacific ports of the United 

States, may be withdrawn from bonded warehouse free 

of duty, under such regulations as the Senay of the 

Treasury may prescribe.” 

Section 14 provides, “That all articles of foreign or 

domestic production needed and actually withdrawn 

from bonded warehouses and bonded manufacturing 

warehouses as supplies (not including equipment of 

vessels of the United States engaged in foreign trade, 

or in trade between the Atlantic and Pacific ports of 

the United States) may be withdrawn from bonded 

warehouses, free of duty or of internal revenue tax, as 

the case may be, under such regulations as the Secre- 

tary of the Treasury may prescribe; but no such ar- 

ticles shall be landed at any port of the United States.” 

It will be noted that these provisions of law are to be 

carried out under regulations to be provided by the 

Secretary of the Treasury, and in the new issue of such 
regulations which has just appeared the following pro- 
visions will be found: 

“The word ‘materials’ as used in Section 12 may be 

understood as generally including all imported mer- 

chandise adapted for use in the construction of a vessel 
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and of her machinery. Among the articles which 

would for the purposes of this law be regarded as 

‘materials’ are the following: Lumber, timber, hemp, 

manila, copper and composition metal in plates or bars, 

iron and steel plates, anchors, bars, tees, bulbs, panel 

beams, rivets, rods, bolts, nuts and screws, rolled or 

forged bar plate, angles or bar plain finished or shaped, 

oakum, and cement. 

“The word ‘articles’ as used in said section is suffi- 

ciently comprehensive to include everything which is 

suitable for use for the purposes set forth in the act. 

“The equipment of a vessel is that which prepares 

her for a voyage, as rigging, sails, anchors, cables, 

chains, etc. The provision regarding ‘equipment’ does 

not cover articles used as ‘supplies.’ At the time of 

the withdrawal from bond of any materials or articles 

under said section, the person or firm withdrawing the 

same shall make oath, stating the purpose to which the 

merchandise is to be applied, giving the name and de- 

scription of the vessel, the name and residence of the 

owner, and the place at which she is to be built or re- 

paired. A bond will be required in the penal sum equal 

to double the duties on the full value of the merchan- 

dise. The above bond as well as the regular bond 

covering the original warehouse entry of the material 

so’ withdrawn will be canceled on the production of 

suitable proof of the proper disposition of the mer- 

chandise. The proofs include the oaths of the person 

who made the withdrawal, of the master builder and of 

the part owner or agent of a vessel, all of whom shall 

certify that the merchandise has been used entirely in 

the construction or repair of the vessel and for no 

other purpose.” 

Section 2,982 of the revised statutes also provides the 

privilege of purchasing supplies from public ware- 

houses free of duty and shall be extended under such 

regulations as the Secretary of the Treasury shall pre- 

scribe, to vessels of war of any nation in ports of the 

United States which may reciprocate such privilege 

toward such vessels of war of the ‘United States in 

its ports. Under this law the Secretary of the Treas- 

ury has decided that the privilege accorded by this 

section will be allowed to vessels of war of the coun- 

tries hereinafter specified, it having been ascer- 

tained that a similar privilege is accorded by the 

Governments of those countries to vessels of war of the 

United States when visiting their ports, viz.: Austria, 

Chile, Corea, Denmark, England, France, Germany, 

Greece, Holland, Italy, Japan, Roumania, Sweden, 

Norway, and Venezuela. The regulations of the Treas- 

ury provide that when supplies are withdrawn from 

bond for the use of a war vessel, the withdrawal should 

be accompanied by a certificate from the commanding 

officer of the vessel, showing that the supplies are in- 

tended in good faith for the use of the officers and crew 

of the vessel, and not for sale; the supplies should also 

be loaded on board of the war vessel under the super- 

vision of an officer of the customs, who will be re- 

quired to certify that they were duly placed on board 

the vessel. 

There is a provision in Section 3,114 of the revised 

statutes of the United States tothe effect that the equip- 

ments purchased for, or repairs made in, a foreign 

country upon a vessel enrolled and licensed under the 
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laws of the United States to engage in the foreign and 

coasting trade on the northern, northeastern and north- 

western countries of the United States shal] on the 

first arrival of such vessels in any ports of the United 

States, be liable to entry and the payment of a duty of 

50 per cent ad valorem on the cost thereof in such for- 

eign countries. If the master of the vessel shall fail to 

make entry and pay duties as required by law, the 

vessel, with her tackle, apparel and furniture shall be 

seized and forfeited. There is a further provision in 

Section 3,115 of the revisedstatutes thatany equipments 

or repairs in a foreign port which are absolutely neces- 

sary to ensure the return of the vessel to this country 

or to her port of destination, such as would be caused, 
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ADDITIONAL PARTICULARS OF THE NEW 

TRANSATLANTIC RECORD BREAKER 
DEUTSCHLAND. 

It is evident that the new Hamburg-American liner 

Deutschland intends to come up to expectations in the 

matter of speed, for in an east bound run last month 

she eclipsed her best previous performances and in- 

cidentally made a new record. The new flyer passed 

the Sandy Hook lightship, bound out, at 1. 30 P. M. 

on September 5, and arrived off the Scilly Islands 

at 10.40 P. M. September 9, passing the Lizard at 

12.35 A. M. on September to. A short course, 2,982 

knots, was covered, and the record time of passage 

EMPEROR OF GERMANY AND GOVERNMENT OFFICIALS AT LAUNCHING OF THE DEUTSCHLAND. 

for instance, by stress of weather or accident, shall not 

be subject to the provisions of Section 3,114. Under 

this law a number of United States General Appraisers 

recently decided that in the case of the steamer /slander 

the following expenses for repairs were within the 

meaning of Section 3,114, and that the vessel would be 

required to pay the duty of 50 per cent ad valorem on 

the cost of such repairs upon her arrival at Cape 

Vincent from New York to which she was bound. The 

repairs were: One smoke stack, $36.00; one crank 

pin, $20.00; carpenter work, $20.00; two iron shields, 

$3.00; soft patch on boiler, $157.00. Total, $236.00. 

An honest difference of opinion as to “absolutely 

necessary” repairs might easily arise. 

was 5 days, 7 hours and 38 minutes. An average speed 

of 23.36 knots was maintained during the trip, and the 

daily runs were: 507, 535, 540, 549, 545, and 306 knots. 

In our July issue we gave views of the engines and 

boilers of the new liner, as well as a general descrip- 

tion of her machinery equipment,. and we now sup- 

plement that information with detail dimensions of the 

machinery and interesting views of the hull of the 

vessel at the builder's yard. It will be remembered 

that the Deutschland was laid down with the view to 

service as an auxiliary cruiser in war time, and this 

accounts for many of the special details of construc- 

tion. In the stern view the totally submerged rudder 

and the protection for the rudder stock will be no- 
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ticed. The propellers are carried close in and well 

under the hull, a large opening being provided just 

forward of the rudder after the fashion of a single 

screw vessel. Spare steering gear is also fitted below 

the water line and there are the usual cruiser gun 

platiorms on the upper deck. Rapid fire guns with 

their mounts for the equipment of the Deutschland 

are to be ready at Hamburg and Kiel, so that at the 

briefest notice the vessel can be converted into a war- 

ship. 

In construction the new liner meets, and in some in- 

stances exceeds, the requirements of the classification 
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maximum J. H. P. recorded was 36,600, but at the 

regular rate of revolutions, 78 per minute, 36,000 

I. H. P. is said to be developed. 

Siemens-Martin steel is the material used for the 

hull. This contains eight decks in all, viz.: Hold 

deck, steerage deck, main deck, upper deck, prom- 

enade deck, orlop deck, boat deck and sun deck. The 

steerage, main and upper decks run continuously from 

end to end. The launching weight of the hull ex- 

ceeded 9,200 tons. In designing the vessel the ques- 

tion of subdivision was carefully considered and the 

ship has a cellular double bottom, divided into 

STERN VIEW OF T.S.S. DEUTSCHLAND TAKEN SHORTLY BEFORE THE LAUNCHING AT THE VULCAN WORKS. 

societies, and she is also fitted out in conformity with 

the German, British and U. S. Government rules. 

For ready reference we hear repeat the general di- 

mensions of the Deutschland. Length over all 668 ft. 

6 in., between perpendiculars 662 ft. 9 in., beam 

mouded 67 ft., depth 44 ft., dead weight capacity 

6,000 tons, gross tonnage 16,000 tons, displacement at 

28 it. draft 23,.0co tons. On the maiden trip the 

twenty-four tanks including the fore peak and after 

peak tanks. To take the drainage the usual number 

of wells are fitted. Under the boilers there are four 

ballast tanks which hold about 66,000 U. S. gallons. 

of fresh water for extra boiler feed. The hull proper 

is divided into twenty-one water-tight compartments. 

A system of 8 in. piping connects the tanks and a du- 

plex ballast pump located in the forward fireroom is 
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capable of handling 280 tons of water an hour. This 

pump connects with all tanks and has also an out- 

board discharge. An auxiliary ballast pump with 

separate 4 in. system of piping is available in case 

the main ballast pump fails. 

The engines, as our readers are aware, are each of 

the six cylinder, quadruple expansion, high-low tan- 

dem, four crank type, and are designed so as to re- 

duce vibration, according to Mr. Schlick’s patent 

system of balancing. The dimensions of the cylin- 

ders of each engine are: Two high pressure cylin- 

ders, each of 36.64 in dia., one first intermediate 

cylinder 73.67 in. dia., one second intermediate cylin- 
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nickel steel made by Krupp in Essen. The main en- 

gine bearings have exceptionally large surfaces and 

are liberally proportioned. \ 

The engine framing is very similar to that of the 

Kaiser Wilhelm der Grosse, also built at the Vulcan 

Works. The frames are steel castings, sixteen in 

number for each engine, each frame receiving the 

horizontal thrust of a guide shoe from the cross- 

heads. There are sixteen guide shoes for each engine, 

four to each crosshead, two for going ahead and two 

for going astern. The shoes are all of the same size, 

and are lined with white metal. The intermediate 

pistons are fitted with tail rods. The pistons are 

STERN FRAME OF T. S.S. DEUTSCHLAND SET UP ON THE BLOCKS. 

der, 104.61 in dia., and two low pressure. cylinders 

106.38 in. dia. The common stroke is 72.89 in. All 

the cylinders are jacketed. Looking aft the sequence 

of cylinders is as follows: Ist crank, first .inter- 

mediate; 2d crank, forward low and high pressure 

cylinders (tandem); 3d crank, after low and high 

pressure cylinders (tandem); and 4th crank, second 

intermediate. The crank shaft, illustrated in our July 

issue, is built up of four sections, and measures: 

length 59 ft. 33.8 in., outside dia. 25.2 in., weight 22,- 

330 lb. The crank and propeller shaft forgings are of 

steel castings. The high pressure pistons are fitted 

with Ramsbottom’s rings, the intermediate pressure 

with Buckley’s rings, and the low pressure With 

Peck’s patented rings. 

The valves are worked by the ordinary Stephenson 

double bar links. The high pressure valves obtain 

their motion from a rocker shaft, which is placed 

upon the low pressure cylinder covers. One end of 

the rocker arm is attached by means of links to the 

valve rod, and the other end to a link rod passing 

between the intermediate and low pressure cylinders, 



October, 1900. MARINE ENGINEERING. ; . 415 

and is attached to the valve gear below. The high two valve rods connected by a yoke. All valves ex- 

pressure cylinders have one piston valve each. The cept those of the high pressure cylinders are equipped 

intermediate pressure cylinders have two piston with balance pistons. The weigh shafts are placed on 

‘SUaT1TadOud GNV WAACGNAA AO STIVLAdG ONIMOHS ‘ANVIHOSLAAC ‘S'S *L JO NYUALS AO MAIA YVAN 

valves each, the stems of which are connected the outboard side of the engines, and are controlled 

by a yoke in the ordinary way. Each low by Brown, Glasgow, combination steam and_ hy- 

pressure cylinder has a flat slide valve, operated by draulic reversing engines. In addition the usual hand 
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reversing gear is supplied. The turning engine is 

placed close to the main engine, and is of the or- 

dinary double cylinder simple engine working a 

worm which engages the wheel on the main engine 

shait. 

Each engine room contains a main condenser of 

circular cross section. Condenser tubes are seamless, 

3-4 in. dia., and tinned inside and outside. The total 

cooling surface for each main condenser is about 21,- 

300 sq. ft. Each engine room also contains one inde- 

pendent air pump, built by the George F. Blake Mig. 

Co. The pumps are of the vertical “Twin” type, 

double acting in the steam ends and with single act- 
ing water ends. The steam cylinders are 18 in. dia., 

water ends 44 in. dia., with a common stroke of 24 

in. Cooling water to the surface condensers is sup- 

plied by two centrifugal pumps, both driven jointly 

by one compound engine. These pumps can also draw 

from the bilges. The discharge of the circulating 

water from the condenser is under the water line. 

Two double Weir feed pumps are fitted in each engine 

room, having steam cylinders 12 in. dia., and water 

cylinders 8 in. dia and 12 in stroke. The inboard 

feed pumps draw from the jhot well and deliver the 

water into a Weir feed-water heater. The outboard 

pumps take the water from the heater and delivering 

the water through a Claussen, Glasgow, oil extractor, 

pump into the boiler feed line. Besides these con- 

nections the feed pumps can also draw from the fresh 

water tanks and pump directly into the boilers or 

overboard. The steam used for heating the feed water 

is taken from the second intermediate receiver and 

the auxiliary exhaust. 

A Morrison radial type evaporator is used for 

making fresh water. This evaporator is capable of 

delivering about 23,770 U. S. gallons in twenty-four 

hours. The vessel is also fitted with an auxiliary con- 

denser for use in port. The condenser has 861 sq. ft. 

of cooling surface. Condensing water is furnished 

by one auxiliary centrifugal pump. When this con- 

denser is used at sea circulating water can be fur- 

nished by the main circulators. 

The main boilers are sixteen in number, twelve 

double ended and four single ended. They are placed 

in four groups of four boilers each, viz.: three double 

and one single ended in a group. Each group of 

boilers has one smoke ‘stack, making four stacks in 

all. The dimensions of the double ended boilers are: 

Outside dia., 16.58 ft.; length, 20.33 ft. They are each 

fitted with eight of the Morison type of furnaces, 

each 3 1-2 ft. dia. Steam pressure carried is 220 lb. 

Total grate surface of all boilers is 2,200 sq. ft. and 

total heating surface 84,250 sq. ft. The diameter of 

the tubes is 3 in. and all are supplied with retarders. 

There are 112 furnaces in all. Howden’s system of hot 

forced draft is used, air being supplied by fans driven 

by compound engines. The arrangement for each 

group is somewhat novel. Two fans, 84 in. dia., are 

placed on top of the double ended boilers of.a section, 

while the engines are over the single ended boiler 

in the same section and are directly connected to the 

fans by means of a long shaft. 

There are two Blake simplex pumps 12 in. by 12 in. 

by 16 in., capable of pumping from the sea, the bilges 
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and the double bottoms, and discharging overboard 

or into the fire mains. Each of the four boiler sec- 

tions contains one Blake vertical duplex auxiliary 

feed pump, size 12 in. by 8 1-2 in. by 12 in., capable 

of feeding the boilers of that section. The pumps 

have connections which enable them to draw from 

the sea, fresh water tank, from the boilers and from 

the bilges, and discharge overboard or into the boil- 

ers. Water to the sanitary system is supplied by two 

Blake vertical simplex pumps, size 12 in. by 12 in. by 

16 in., and also by two pumps directly connected to 

the main engines. 

The thrust shafts 25.2 in. dia., are placed immedi- 

ately aft of the main engines, and each shaft has 

twelve thrust collars. The thrust blocks are of the 

ordinary horse shoe pattern, with white metal facings 

and supported in the usual manner. 

The entire line shafting is carried inside of the 

hull extensions, according to the Lundborg design. 

The line shafting is 25.2 in. dia., and the entire length 

of each set of shafting is about 215 ft. 

The propellers are four bladed with bosses of cast 

steel and blades of Parsons manganese bronze. The 

diameter of the propeller is 23 ft. and the pitch ad- 

justable from 33 to 36 ft. 

Great attention has been paid to the sanitary ar- 

rangements, the bath-rooms being thirty-three in 

number, of which sixteen are first class, six for the 

suites, six second class, one for the captain, two for the 

engineers, and two for the hospitals. The electric 

lighting plant consists of five direct connected dy- 

namos, of which three are of 700 amperes and IIo 

volts, and two are of 400 amperes and I10 volts. The 

two-wire system is used. There are about 2,000 lamps 

in the circuit. The electric engines were built by 

Dasvel, of Kiel, and are run at 250 revolutions per 

minute. The plant was installed by the Algemeine 

Electrische Gesellschaft, of Germany. 

The refrigerating machinery is placed between the 

two propeller shafts, and consists of carbonic acid gas 

machines. 

The number of life boats, all of which are carried 

on the seventh or boat deck, is twenty-six, of which 

eighteen are metal life boats of the Francis patent, 

two are wooden, and six are of the collapsable type. 

The vessel, besides having the ordinary mechanical 

telegraphic connections, is fitted with a complete sys- 

tem of telephonic connections, thus enabling the 

officers on the bridge to be in verbal communication 

with. the engine room force and the steering engine 

room crew. 

The Deutschland is strictly a passenger vessel, the 

freight accommodations being very scant., Provision 

has been made for 470 first class, 300 second class, 

and -300 steerage passengers. The crew numbers 

about 430, all told. 

U. S. S. OrEGon.—It is reported that the injuries 
sustained by the battleship Oregon are much more 

serious than was at first supposed. In many places the 

outer bottom was ripped open, and the repairs which 

were carried out were of the most temporary charac- 

ter. It is probable that the vessel will be patched up- 

at Hong Kong so as to come home for thorough re- 

pairs. 
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TORPEDO CRAFT (UNITED STATES AND FOR- 
EIGN) TYPES AND EFIPLOYMENT.*—Il, 

BY LIEUT. R. H. JACKSON, U. S.N. ~ 

PRACTICE ABROAD IN TORPEDO BOAT CONSTRUCTION. 

In 1878 and 1879, England, Germany, France, and 

the United States built one or more fast launches of 

60-100 ft. in length, and as high as 22 knots speed, to 

be fitted with Whitehead torpedoes. During the next 

five years, two or three I00-ft. boats were turned out by 

Thornycroft and Yarrow, principally to* fill the orders 

of the leading foreign governments. 

Germany.—In 1883 Germany decided upon a type of 

boat which was about 125 it. long, 85 tons displace- 

ment, 1,000 I.H.P. and 19-22 knots, armed with two 

H. R. C. and two tubes. In the next seven years she 

added 63 of these to her flotilla. 

In 1892 she built sixteen boats, 144 ft. long and 110- 

125 tons displacement, speed 25 knots; and in 1898 

with 152 ft. length. the displacement was increased to 

140 tons, apparently to obtain greater endurance, sea- 

worthiness. and habitability. Her policy until 1898 had 

given her but two types of boats, sixty-three of the 

125-ft. length (19-22 knots), boats distinctly for station 

work, and sixteen about 125 tons (25 knots), boats for 

operating with squadron. 

In 1808 the size increased to 140 tons, and there are 

now building eight of 155 tons displacement. 

Conjointly with the building of these boats, Schi- 

chau has built eleven larger boats, known as division 

boats. They have been added in the proportion of one 

to each seven boats, and are supposed to be the flag 

boats of the divisions, as well as to render aid, to a 

certain extent, to the other boats. They are between 

250 and 300 tons, speed increasing from 21-28 knots, 

according to the date of building. Only the last of 

these boats, No. 11, has twin screws; while of the 

eighty-five torpedo boats already mentioned, none have 

twin screws. The armament of these boats, originally 

two 37-mm. guns, has now been replaced by 3-pdr. 

R. F. G. and .31 cal. machine guns, with two or three 

torpedo tubes, according to their displacement. 

There are also twenty boats built by different firms 

between 1884 and 1887 that are less than 100 tons, and 

have twin screws. 

England.—England was conservative, as usual. Her 

pioneer private firms were selling boats abroad before 

she began to build; but with her liberal appropriations, 

she has carried the boats forward more completely than 

any other nation. The history of her policy will con- 

sequently be the most instructive. 

Starting with 86-ft. boats in 1878, she seemed content 

with watching the results of the efforts of her builders 

to fill the orders for one or two boats for foreign gov- 

ernments, till in 1885 she ordered the Swift, 150 ft. 

long, as the first attempt to get a sea-going boat. In 

1885-86 she decided upon a type close to the type se- 

lected by Germany two years before, 7. e., 125 ft. long, 

with somewhat less displacement (60-75 tons), and 

ordered fifty-seven to be built at once. | 

The next year, on account of gradually increasing 

speed obtained by several firms, she built a boat 135 

*Prize essay read before the U. S. Naval Institute, Annapolis, 
Md., and copyright, 1900, by R. H. Jackson, U. S. Naval Institute. 
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ft. long, with speed of 23 knots. In 1887, Yarrow sold 

a 140-{t. boat, speed 25 knots, to Spain; and Thorny- 

croft a slightly smaller boat, speed 26 knots, to Italy. 
In 1893-95, England built ten boats 140 ft. long and 

100-130 tons displacement, which she tested the next 

year in her squadron maneuvers as well as_ her 

seventy small station boats about 125 ft. long. 

These ten were the-last torpedo boats built by her, 

the destroyer having replaced that sea-going boat for 

service with the fleet, leaving her ten sea-going station 

boats of the first class, and seventy-five vedettes for 

harbor defence. 
Destroyers —On account of the unsatisfactory speed 

of her torpedo gunboats, England, whose role is to 

protect the fleet, ordered (1893-95) thirty boats called 

destroyers, the role being to supplant the gunboat in 

protecting the fleet from torpedo attack; and further, 

having sighted the torpedo boat, to overhaul and de- 

stroy it. Thirty were built immediately, 190-200 ft. 

long, 220-280 tons displacement, and 27-29 knots speed. 

Seven slightly larger boats were built the same year, 

length 210 ft., displacement running up to 300 tons, and 

speed to 30 knots. 

In 1895, during the squadron maneuvers, these de- 

stroyers were tested with such satisfactory results that 

England has made no addition to her torpedo boats 

since that time, but has increased her destroyer flotilla 

from 50 in 1895 to 118 in 1900, the only change in 

type being an increase in size and power. One of her 

latest laid down is as follows: Displacement, 420 tons; 

I. H. P., 9,000; speed, 33 knots; armament, one 12-pdr., 

five 6-pdrs., two tubes and four torpedoes. 
Among the tests in 1895 was one to prove the power 

of the destroyer to catch the torpedo boat. Without 

any preliminary notice, twelve of the best torpedo 

boats, with a speed of about 20 knots in a smooth sea, 

were sent at full speed toward port 40 miles distant. 

After giving them twelve minutes’ start, the destroyers 

were sent after them. The chase was over in eleven 

and a half miles, and lasted about thirty minutes. Four 

of the boats escaped, the highest speed logged by them 

being about 20 knots. Some of the boats broke down, 

as did two of the destroyers. 

Good results with the destroyers were also obtained 

in firing at a target when running by at a 30-knot 

speed, and in discharging the Whiteheads when run- 

ning from 20 to 30 knots. , Experiments were also 

made as to the ability of the destroyers to block all 

the boats in port, and protect a fleet passing along a 

The results of most of the work in 1895 

were kept confidential, but an extract from a letter 

written by a capable naval officer who took part in the 

operations says: “The impression left on my mind 

by the maneuvers was, that all the present types of 

boats are obsolete, and that probably no more (like 

them) will be built. But I believe that boats of the 

size of the destroyers will take their places in every 

navy.” This certainly has been the policy of Great 

Britain. In 1806, in addition to the fifty already turned 

out of 27 knots, she laid down thirty more similar 

to the seven already noted, of 300 tons displacement. 

FRANCE.—TORPEDO BOAT POLICY. 

France in 1878 began with an 86-ft. torpedo boat of 

30 tons and 19 knots, about like the Stiletto in our ser- 

. 
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vice, but slightly smaller. In five years she acquired 

about fifty of these, and has built no more. When 

new they made from 16 to 19 knots. Her vedette 

boats—thirteen, including seven aluminum boats of 60 
ft. and 15 tons displacement—she has shown no desire 

to increase. The first type (ten) she armed with 37 

R. C., and on the remainder she has placed two 1-pdr. 

R. F. guns, and two torpedo tubes. This is now her 

armament for all boats except her sea-going boats. 

While she was building her 86-ft. boats, third class, 

she also (in 1878-83) turned out eighteen 110-ft. boats, 

about the size of the Gwin. 

In 1885, she made a large program for accession to 

her torpedo boat flotilla, and in the next four years 

added sixty to this Gwin type, though 15 ft. longer, and 

of somewhat less beam. All of her boats to this point 

were sécond-class boats, having less than 60 tons dis- 

placement with over too ft. length. At the same time 

a program was brought forward for building a certain 

number of boats of tonnage between 60 and 100, and 

length exceeding 100 ft. These were to be designated 

as first-class torpedo boats. 

The type selected had the following characteristics: 

Length, 134 ft.; beam, 11 ft.; depth, 7 ft.; tonnage, 67, 

and I.H.P., 700, to give 20 knots with single screw. 

From the experience obtained from these new boats 

a new type of first-class boat was adopted two years 

later, with the following characteristics: 118 ft. long, 

13 ft. beam, 8 1-2 ft. draft, 79 tons, 1,300 I.H.P., 23 

knots with two screws. The modifications in general 

terms being as follows: Adding a second engine of 

same size, thereby doubling the I. H. P., and giving a 

speed ‘of 23 knots instead of 20. The boats now being 

16 ft. shorter, 2 ft. more beam, I I-2 ft. more draft, on 

about 12 tons more displacement. This seems to have 

been satisfactory to the authorities for station work, 

as they were gradually added until in 1896 there were 

sixty-four of them practically identical. 

In the armament of these boats she has been con- 

sistent. 

The construction of sea-going boats began in 1880. 

In 1895 the Forban, built by Norman, led the world 

with 31.5 knots. During this time she built thirty-four 

100 to 150 ton boats, length 140-160 ft., with every ap- 

parent variation in speed, armament, and coal endur- 

ance, without regard to dates of building. The arma- 

ment varies from two I-pdrs. to three 3-pdrs., this last 

battery being put on the smallest of the class, and the 

tubes varying from two to four. 

Summary.—(a) Briefly outlining the results of 

France’s torpedo policy, it is seen that commencing in 

1878, she built second and third-class station boats, pos- 

sessing, in 1885, fifty small Stilettos and Gwins. She 

then abandoned her Stiletto type, and in the next four 

years added sixty to her Gwin type, though 15 ft. longer 

and somewhat narrower. At the same time she made 

her first attempt with a first-class boat, 1. e., 60-100 ton 

boats, and laid down ten resembling the McKenzie, but 
43 ft. longer and of a little less beam. These were evi- 

dently failures; for shortening the length 16 ft., increas- 

ing the beam 2 ft., and using twin screws, she has 

reached her present type, which will be referred to as 

the French station type. » 

She seems to have. been unable to decide upon a sea- 

going type. 
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Her present flotilla comprises fifty Stilettos, seventy- 

five Gwins, and ten McKenzies, none of which types she 

would duplicate. Also sixty-three first-class, and 

thirty-five sea-going boats, of 120-130 tons of question- 

able sea-keeping power. It may be safely assumed 

that none of these are capable of remaining and operat- 

ing with the fleet, but must always rest on a station ~ 
as a base. 

(b) Germany seems to have obtained a good type 

in her sixteen boats of 125 tons design, their principal 

objection (a bad one, however) is that they have sin- 

gle screws. Any boat required to operate at sea, more 

or less independently, must have two engines to insure 

her safety. A torpedo boat comes into port under one 

engine far oftener than is supposed. 

(c) England’s last sea-going torpedo boats (ten), 

built in 1896, about the same size as Germany’s (110- 

130 tons) boats, but with twin screws, were satisfactory, 

but had not the sea-keeping power demanded by her 

policy, nor could they fulfill the tactical demand for 

the destruction of the enemy’s boats, called for in her 

offensive role. Hence her destroyer. 

France, ever trusting in her ingenuity and theoreti- 

cal schemes, which lean toward the performance of 

miracles, has now directed her attention to submarine 

marvels, after having created an enormous flotilla of 

small boats, practically none of which are sea-keeping. 

Conclusion.—F rom all this we find that a good twin- 

screw, sea-going. but not sea-keeping, boat can be ob- 

tained between 110 and 130 tons, while the destroyer 

must be over 250 tons, with a tendency to increase its 

size. England’s largest destroyer, the Express, is 420 

tons and 9,250 I.H.P. 

Having looked over the navy list of the leading 

powers of Europe, it is seen that they have quite as 

heterogeneous a collection of boats as are shown on 

our own list, with the difference that they have large 

groups of each. This does not mean that they have 

found a need for each group, but rather that they rep- 

resent the costly steps leading to present practice. The 

present practice shows but little variety in types. 

These then are the types that foreign practice would 

lead us to adopt. After considering the information 

from the other two sources, we will compare them. 

Secondly.—The performance of our own boats dur- 

ing the Spanish War. 

As the boats made no torpedo attack, the principal 

points upon which information can be gathered are, 

habitability, seaworthiness, sea-keeping power, and 

durability. An investigation of these points will divide 

the boats into station and sea-keeping boats, and, in 

addition, the destroyer class. A brief record of the 

performance of the different boats that took part in the 

Spanish War will be given, starting with the smallest 
of the class. 

The Gwin and Talbot, sister boats of 46 tons displace- 

ment, one engine, one boiler, and speed 20 knots, ar- 

rived at Key West the middle of July, having come 

down through the canals as far as Ocracoke Inlet. The 

McKee, a boat of the same class, except that she is 

equipped with two boilers, came at the same time. 

About the first of August, in response to the restless- 

ness of their commanding officers, they were sent out 

on the blockade off the north coast of Cuba from 

Cardenas to Cay Frances. Their special function was 
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to pass in among the shallow inlets behind the Keys 

and capture and destroy all cargo boats, sloops, 

schooners, and fishermen, suspected of rendering as- 

sistance in discharging the cargo of blockage runners. 

The steamers entering these ports could not get up to 

the towns for lack of water, yet could remain concealed 

behind some of, the Keys till discharged. The Foote 

and Cushing, 140 and 105 tons respectively, twin screws 

and two boilers, were also on this expedition. It was 

expected that large ships of the blockading squadron 

would be found in the neighborhood; from these sup- 

plies were to be drawn, and upon them they could de- 

pend for defence from the Spanish gunboats, of which 

there were several in the principal ports. These parent 

ships turned out to consist of one or two auxiliary con- 

verted yachts that were but poorly equipped with coal 

and water; and even they were soon separated from the 

boats. The Talbot having smashed in her bow in a 

night collison while carrying dispatches, the other boats 

cruised in pairs among the Keys, chasing and capturing 

all the craft that dared to appear, even in sight of gun- 

boats, that usually contented themselves with pouring 

dense volumes of smoke from their funnels upon sight- 

ing the torpedo boats. The gunboats ordinarily lay 

alongside of the docks, content to be let alone. 

On this cruise, one of the torpedo boats, having but 

a single boiler, was troubled with a leaky tube. So, 

lying under Piedras Key, she cut out and replaced the 

tube, and brought in boats enough water from a cistern 

on that island, to again fill the boiler. Just how long 

these little craft could have remained on this sort of 

duty it is difficult to say, as any passing vessel could 

supply them with coal and water, and a little hard 

bread and canned meat. When they returned from the 

blockade on the 1oth of August, the preliminaries of 

peace having been arranged, they could certainly have 

remained a week longer without any additional sup- 
plies. 

These boats then showed their ability not only to 

operate from a fixed base, such as Key West, but also 

to utilize the larger vessels on the blockade as a base, 

and efficiently carried out the rdle of shallow-draft gun- 

boats is passing among the keys and suppressing all 

commerce across the interior waterways, though they 

were never designed for this work. 

Cushing, Ericsson, and Morris. These somewhat 

larger station boats did not have very much duty dur- 

ing the war. The Cushing and Ericsson saw such very 

hard dispatch duty just before the war, as to necessitate 

very extensive repairs. The Cushing accompanied the 

other boats on the blockade on the 1st of August, and 

stayed out until the boats were recalled from the block- 

ade. The Ericsson, though constantly breaking down 

and returning to port, scored a point in being the only 

torpedo boat on the scene of action on the day of the 

Santiago fight. This was due more to the ingenuity, 

patience, and perseverance of her commanding officer, 

than to any good quality of the boat. The Morris did 

not arrive till near the end of the war and did not 

leave Key West. 

The Foote and the Winslow went out on the blockade 
’ of Matanzas, Havana, and Cardenas, at the outbreak of 

the war. The Winslow’s career was about finished on 

the roth of May, when she was disabled by the gun- 
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boats at Cardenas. She had seen several days of ser- 

vice on the blockade up to this time. 

The Foote remained on the blockade for about seven 

weeks, coming in twice for mail and dispatches and 

fresh food for herself and the other ships occupying 

that station. She was then withdrawn, being relieved 

by the Leyden. After about two weeks’ overhauling at 

Key West, principally renewing the boiler fronts, she 

was again ready for work, but was not sent out again 

till August, when she returned to the blockade of 

Cardenas and ports to the eastward, as already stated. 

She remained there till recalled at the end of the war. 

Porter and Dupont. These two boats were at Key 

They went on the 

blockade ‘as did all the others. But the Porter was 

then assigned as a dispatch boat to the New York, and 

the Dupont soon returned to Key West, where she 

was held in reserve by the station ship for dispatches. 

The Dupont made two long trips, accompanying a 

squadron to Cienfuegos, and going out to meet the 

New York on another occasion. She was also at Guan- 

tanamo at the end of the war. Her record for steam- 

ing during the war was about 9,000 miles. 

The record for staunchness, sea-keeping power, and 

general excellence belongs to the Porter; which held the 

record of 12,900 miles of war service, on dispatch and 

blockade duty, without other repairs than those made 

by the force on board. About the 20th of July she 

went north for general repairs, and a complete over- 

hauling, her boilers having reached their limit of en- 

durance. 

Thirdly.—Strategical and tactical demands. 

The West Indies has ever furnished a battle-field for 

naval wars; and so will it be in our next war. The 

importance of being able to control its waters will be 

doubly accentuated by the need of controlling the 
Nicaragua Canal. 

Destroyers.—The fleet of battleships must be main- 

tained in these waters, and their safety from torpedo 

attack by the enemy must be insured by the destroyers. 

So that a flotilla of these in the proportion of two for 

each battleship would be a fair allowance. They must 

possess the speed sufficient to catch a 25-knot torpedo 

boat, and the sea endurance to remain with the fleet 

without being a constant source of anxiety to the com- 

mander-in-chief. A small, but powerful battery, and 

comfortable quarters for the crew are the chief essen- 

tials. Two torpedoes furnish a sufficient armament to 

give all of the moral effect of the torpedo boat. More- 

over, two torpedoes carefully fired, would be as good 

as half a dozen. 

Sea-Keeping Torpedo Boat. In addition to this flotilla 

of destroyers associated with the fleet of battleships, 

the commander-in-chief needs an offensive weapon that 

can be used against the hostile squadron which may be 

operating in some portion of the West Indies, or is 

making a feint at some point along the coast. This 

may be only a detached squadron; yet something must 

be done to meet it. 

Twenty sea-keeping torpedo boats such as the Porter 

can be made to cover long distances at good speed, 

without being seen; make an attack and disappear, 

leaving the enemy in such a demoralized state that they 

will fall back on their base, or at least withdraw from 

that vicinity. Their employment as mounted infantry 
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and light artillery combined would, in the hands of an 

energetic commander-in-chief, be most demoralizing. 

Station Boats—Turning next to boats of limited en- 

durance, which should be classified as station boats, 

they can be tactically classified under two-heads. (a) 

Sea-going, capable of continuously operating for two 

or three days at a moderate distance from the base. 

To this class belong the Cushing, Ericsson, Morris, and 

even the Winslow. They are capable of selecting any 

point on the coast as a base, and can be rapidly mobi- 

lized at such point if scattered along our entire coast 

line of a thousand miles. 

(b) Station boats whose operations are practically 

limited to a single night’s attack, designed as a part 

of the coast defense system, operating through the in- 

land waterways from Lake Erie and Buzzards Bay to 
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Dutch Torpedo Boat Hydra. 

In the engraving there is shown a viewof the torpedo 

boat Hydra recently completed by Messrs. Yarrow & 

Co. for the Dutch Government. The Hydra is one of 

two similar boats, the other being the Scylla. They are 

intended to strengthen the naval power of the Dutch 

authorities in their East Indian colonies. The boats 

are 130 ft. long, 13 ft. 6 in. beam, and have a displace- 

ment of about 90 tons. The contract speed is 23 knots. 

The machinery consists of a set of triple expansion en- 

gines designed to indicate 1,200 horse power. The spe- 

cial feature of these engines, and in which they differ 

from those of other torpedo boats, is the system of 

forced lubrication which has been adopted, the work- 

ing parts of the engine being completely enclosed. 

This plan has been introduced with great success in 

YARROW BUILT DUTCH TORPEDO BOAT HYDRA, 90 TONS DISPLACEMENT, SPEED 23 KNOTS. 

Fernandina, Fla. Boats of this class are the Talbot 

and the McKenzie, the Cushing being almost too large 

for such work. The number of these boats required 

should be sufficient for the defense of Massachusetts 

Bay, Narragansett Bay, New York Bay, Delaware Bay, 

Charleston, Galveston, San Francisco Bay, and Puget 

Sound. A pair of these boats at each of these points 

would give a certain feeling of protection to the people, 

and liberate more valuable and powerful vessels for 

offensive operations. With the ten monitors now com- 

plete or building, distributed at these same points, the 

Secretary of the Navy would be able to give a satisfac- 

tory answer to the clamor for local protection. In the 

case of imminent danger at any point on the coast, this 

force could be concentrated: to resist such attack, 

though this movement could not be rapidly effected. 

We have already the ten. monitors which are especially 

fitted for this rdle; and the cost of sixteen more Talbots 

would be about one-fourth the price of one battleship. 

The old Cunarders Cephalonia and Pavonia, on the 

Boston-Liverpool route, have been sold out of the 

service, the former to a Russian and the latter to an 

Italian ship owner. 

many types of land engines, and is becoming a 

feature of modern high speed engines in small 

sizes. The great advantage of forced  lubrica- 

tion is that all anxiety on the part of the engi- 

neering staff is set at rest as regards this the most 

important point in the proper working of such fast run- 

ning machinery. The auxiliaries include a centrifugal 

circulating pump with its engine for supplying the con- 

denser with water, an evaporator and distilling plant 

in duplicate; steam steering engine and air compressor; 

dynamo for electric lighting; an overhead fan and fan 

engine in the stokehold between the two boilers for 

forced draft; also a Worthington pumping engine in 

the stokehold for feeding the boilers when the main en- 
gines.are not working. The bunkers hold about 18 

tons of coal. The armament consists of three 18-in. 

swivel torpedo tubes, and two 6-pounder quick firing 

guns. 

The official trial of the Hydra took place on May 25. 

A mean speed of 24.37 knots was made for the three 

hours with 160 lb. of steam, and a trifle over 400 revo- 

lutions per minute, the load carried being 17 1-2 tons. 

The official trial of the Scylla took place on June 

26, with practically the same results. 
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BRITISH CENTRAL BATTERY IRONCLAD BELLEISLE BEFORE THE GUNNERY EXPERIMENTS.—SEE PAGE 422. 

BRITISH IRONCLAD BELLEISLE AFTER BEING SHELLED BY H.M.S. MAJESTIC FOR NINE MINUTES. 
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Both these vessels have since had a full speed trial 

to show their capabilities when burning astatki, by 

means of Holden’s spraying apparatus with which the 

vessels are fitted. It has been shown by these trials 

that thefe is no difficulty in burning this oil, and as it 

is plentiful in the Dutch East Indies there is no doubt 

it will be found an important adjunct to coal. 

H. M. S. Belleisle Gunnery Experiments. 

In a previous issue we described the results of the 

naval gunnery experiments carried out by the British 

Navy in which the first class battleship Majestic fired 

all her. batteries at the old war vessel Belleisle for sev- 

eral minutes, and converted the upper works of the 

latter into a scrap pile. We now present original 

photographs (delayed in transmission) showing the 

Belleisle “before and after” the attack. After the at- 

tack the Beilleisle sank on the sand bank over which 

she had been moored, but this is understood to have 

been caused by the amount of water pumped into 

her by the Admiralty tugs to extinguish fires 

rather than to the effect of shot in the vicinity of the 

water line. After the Belleisle had been pumped dry 

she was towed to dockyard for repairs. There have 

been practically completed and further use of the old 

ship as a target is to be made. On this occasion we 

are informed greater precautions to insure secrecy as 

to the result are to be made, and the attack will prob- 

ably be delivered in some land locked waters on the 

British coast. 

Superimposed Battleship Turrets. 

In the preparation of the designs for the five new 

battleships for our Navy, plans for which will be 

ready for distribution among prospective bidders on 

the fifteenth of this month, a compromise was reached 

by the Naval Board as to the adoption of the superim- 

posed turret. On three of the new battleships tandem 

turrets will be fitted with 12-in. guns in the lower and 

8 in. guns in the upper turrets. On the other two 

battleships the 12 in. guns and 8 in. guns will 

be placed in entirely independent turrets in the 

usual manner. The general appearance of a vessel 

with tandem turrets is familiar to our readers, but 

to give a more detailed view we here reproduce a 

photograph showing the stern of the U. S. S. Kentucky. 

In this the position of the after guns of the main bat- 

tery with relation to each other, and to the ship as a 

whole, is easily grasped. Both the Kearsarge and 

Kentucky, which are fitted with tandem turrets, can 

throw a weight of heavy battery fire of 2,700 lbs. astern 

at each discharge. 

New Ore Docx.—What is claimed to be the largest 

iron ore shipping dock ever built and the largest piece 

of timber construction in-the world has just been com- 

pleted at the head of Lake Superior for the Eastern | 

Minnesota Railway Co. The deck of the new struct- 
ure which has to stand the strain of trains carrying 

1,200 tons and upwards rises 73.1 ft. above water, the 

hinge of the ore spout being 4o ft. above water. The 

dock is 1,500 ft. long, 65 ft. wide and contains 250 ore 

pockets, each estimated to contain 260 gross tons of 

ore. The capacity of the dock is 65,000 tons, and all 

this may be loaded into ships in thirty-six hours. 
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CHANGES IN VESSEL CONSTRUCTION IN FORTY 

YEARS OF LLOYD’S REGISTER.* 

wh We BY B. MARTELL. 

In this paper I propose to give a brief summary of 
the changes and developments in the construction of 

ships for the Mercantile Marine during the last forty 
years. 

At the commencement of this period wood was 
still the principal material employed for shipbuilding, 
and although iron had been introduced for general 
ship-building purposes some twenty years earlier, the 
record of new tonnage added to the British Register 
in 1860 shows only about 30 per cent. to have been 
built of iron. 

On the Wear, with which district I was early asso- 
ciated, 112 vessels were built in 1860, nearly all of 
wood, the average tonnage being 359 tons. Some 

wood vessels of considerable size had been built there, 
amongst which may be mentioned the Duncan Dun- 
bar, of 1,374 tons, and 229 ft. in length, but such ves- 

sels were comparatively few. In the larger wood ves- 

sels, it had become the practice to fit iron diagonal 

plates outside the frames, but the practical difficulties 

of producing a sufficiently strong structure with ships 

built of wood, prevented that increase of size which 

has been rendered possible by the introduction of iron 
and steel. 

It is well known that when iron was first intro- 

duced, there existed a great deal of doubt as to its 

suitability for shipbuilding purposes. The stranding 

of the iron steamer Great Britain, the largest vessel of 

her time, in Dundrum Bay, on the coast of Ireland, 

in September, 1846, where she was exposed to storms 

during several months of the winter, and was after- 

wards found to have sustained but little injury, 

tended, however, to establish confidence in iron. Af- 

ter visiting this vessel, and witnessing the great en- 

durance of iron compared with wood ships, Sir 

James (then Mr.) Laing resolved to commence build- 

ing iron ships, and it is to his initiative that the ex- 

tension of iron shipbuilding on the Wear is largely 

due. In the year 1853 he launched his first iron ship, 

the Amity, and in 1866 discontinued the building of 

wood vessels. 

The general adoption of iron for shipbuilding on 

the Wear dates from about the year 1863, and by 

1880 it had, in that district, entirely taken the place 

of wood. On the Clyde, Mersey, and Tyne, iron ship- 

building was adopted at an even earlier date. So far 

back as 1855 iron had largely taken the place of wood 

for shipbuilding on the Clyde. 

The first Rules for the construction of iron ships 

were published by Lloyd’s Register in 1855, and pro- 

vided for the classification of iron vessels for a term 

of years in the same manner as wooden ships. In 

those Rules the scantlings of the framing and plating 

were given for vessels of from 100 to 3,000 tons gross 

register, and the frame spacing was required to be 16 

in. for vessels of the 12 years’ grade, and 18 in. for 

those of the 9: and 6 years’ grade, 

* Read before the Institution of Naval Architects. London. 
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STERN VIEW OF U. S, BATTLESHIP KENTUCKY, SHOWING SUPERIMPOSED TURRETS —SEE PAGE 422. 
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These Rules are interesting as showing, in the 

transition from wood to iron, how the ideas and prac- 

tice relating to wood shipbuilding found expression 

in the close spacing of frames and distribution of ma- 

terial adopted in the early iron vessels. 

In 1863 the Rules of Lloyd’s Register for the 

building of iron ships were revised as the result of 

growing experience, and new symbols of classifi- 

: A A A ; 
cation, Aes and a were introduced. The first two 

denoted those vessels which had been built in accord- 

ance with, or equal to, the Rule requirements, and the 
A : 

class a denoted those vessels which, although not 

built in accordance with the Rules, were considered 

entitled to that class. 
In those rules the scantlings were given for vessels 

of from I00 tons to 3,500 tons, and the frame spac- 

ing was increased to 21 in., but in vessels having 

double frames for half length amidships, the frame 

spacing could be extended to 23 in. for vessels under 

1,000 tons, and to 24 in. for vessels of 1,000 tons and 

upwards. 

The difficulty of preventing the fouling of the bot- 

toms of iron ships due to corrosion or inarine 

growths, and the consequent loss of speed, led to 

various attempts being made to sheath the bottoms 

of iron ships and cover the wood sheathing with cop- 

per, yellow metal, or zinc sheets. The result was 

the introduction of the system of construction known 

as “Composite,” in which the framing was of iron, with 
wood planking wrought on the iron frames, and 

sheathed with copper or yellow metal. 

The earliest vessel of this construction was ihe 

Tubal Cain, of 787 tons, built at Liverpool in 1851. It 

may be interesting to notice here the construction 

of that vessel. The iron frames were spaced 18 

inches apart, and the outside plank was fastened tc 

the frames with nut and screw bolts, the heads being 

sunk into the planks and the holes filled with com- 

position. The planks were also bolted edgeways 

from keel to gunwale. The planking was then 

sheathed with 1 1-2 in. yellow pine over felt. This 
wood sheathing was again covered with felt and then 

copper sheets. 

Another of these vessels was the Gossamer, of 735 

tons, built at Glasgow in 1864, and which had worked 

outside the frames, an iron sheerstrake and a strake 

of plating below the hold beam stringer plate, with 

diagonal plates along the sides above this strake. 

This ship was wrecked off Prawle Point, and the up- 

per portion was found to have parted from the lower, 

at about the line of the hold beams, and to have 

been removed to some distance from the lower por- 

tion. After this experience, the diagonal plates were 

required to be extended from the sheerstrake to the 

bilge in vessels of composite construction. 

In 1864, the Dilpussund, of 624 tons, and in 1865, the 

Dilbhur, of 1,308 tons were built in London by C. 

Lungley. The method of construction was known as 

Lungley’s Patent. Two thicknesses of outside plank- 

ing were fitted, having iron diagonal plates worked 

between. The inner thickness was fastened to the iron 

frames with galvanized iron bolts; iron diagonal 
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plates were then fitted outside the inner planking; the 

outer thickness of planking was secured to the inner 

by yellow metal bolts, and the outer thickness then 

sheathed with yellow metal. 

The early composite ships were classed as experi- 

mental, and subject to biennial survey, in order that 

the condition of the fastenings might be examined, 

and the effects of the galvanic action set up by the 

iron framing and yellow metal sheathing ascertained 

from time to time. 

In 1867 Lloyd’s Register issued suggested Ruies for 

the Construction of Composite Ships. These Rules 

required iron sheerstrakes and bilge plates to be fit- 

ted, and diagonal plates outside the frames, and one 

thickness of planking, with a uniform frame spacing 

of 18 in. for all sizes. 

The Sir Lancelot, 886 tons, built at Greenock in 

1865, and the Thermopyle, 990 tons, built at Aberdeen 

in 1868, which were amongst the most famous of the 

China tea clippers, were constructed in this manner. 

With the opening of the Suez Canal, and the gen- 

eral introduction of steam, the demand for these com- 

posite ships ceased, and, except for yachts the com- 

posite system of construction for merchant vessels is 

a thing of the past. 

In 1870 the Rules of Lloyd’s Register were en- 

tirely revised, and instead of the scantlings being 

regulated by the tonnage of the vessels, they were 

so arranged as to be regulated by numerals obtained 

from the principal dimensions. With these Rules new 

symbols of classification, 100A, 90A and 80A, were 

introduced. This system remains in use to the present 

time, and has been found by experience to work 

satisfactorily. 

So far back as 1862, applications were made for 

vessels to be classed which were to be built with pud- 

dled steel, but in the absence of experience regarding 

the durability of steel, the Committee of Lloyd’s 

Register felt it was not in their power to sanction the 

proposal. 

In 1864, however, a steam yacht of 2,400 tons was 

built for the Viceroy of Egypt under the survey of 

Lloyd’s Register Surveyors, and constructed partly 

of steel. A reduction of about one-fourth was allowed 

in the steel scantlings from those required for an iron 

ship of the same size. 

In 1866 proposals to build a vessel of 1,552 tons 

with Barrow hematite steel, with about two-thirds 

the sectional area of scantlings required for iron, 

were approved on certain conditions for classification, 

with the notation “Experimental.’’ In the year fol- 

lowing, consequent upon a report upon the steel 

manufactured at Barrow-in-Furness by the Bessemer 

process, Lloyd’s Register Committee decided to class 

ships built, under special survey, of steel of approved 

quality, with the notation “Experimental.” A reduc- 

tion in scantlings was allowed not exceeding 25 per 

cent. of the thicknesses prescribed for iron ships, and 

the steel was required to have a tensile strength of 

not less than 30 tons per sq. in. 

After this, the question of the suitability of steel 

for shipbuilding remained in abeyance for several 

years. 
In April, 1876. James Riley, then manager, of the 
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Siemens Steel Works at Landore, read a paper before 

this institution on the production of mild steel, setting 

forth the results of experiments that had been made 

with steel manufactured by the Siemens-Martin or 

open hearth process, and showing the qualities of this 

material as to ductility and tensile strength. 

These results were placed before the Committee of 

Lloyd’s Register, and in 1877, plans from John 

Elder & Co. were approved for the construction of 

two paddle steamers to be built of this material for © 

the English Channel service, with a reduction of about 

20 per cent. in the scantlings which had been adopted 

for iron vessels. 
In the same year, in consequence of a report, which 

may be found in the volume of Transactions of this 

Institution for 1877, it was decided to admit steel 

with scantlings 20 per cent. lighter than prescribed 

for iron, in vessels building for classification, subject 

to the material having a tensile strength of from 26 

to 30 tons per sq. in., and an elongation of 20 per 

cent. on a length of 8 in. These limits of tensile 

strength have since been raised to 28 to 32 tons. 

In the paper which I had the honor to read before 

this Institution in April, 1886, a brief review was 

given of the progress of mild steel for shipbuilding 

purposes. It was shown that while in 1878 seven steel 

vessels, of 4.470 tons, were classed in Lloyd’s Regis- 

ter, and 43y iron vessels, of 517,692 tons, the record 

for the year 1885 showed 118 steel vessels, of 165,- 
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The following Tables A and B show the relative 

changes in the number and tonnage of British steam- 

ers and sailing vessels of wood, composite, iron, and 

steel respectively during recent years. 

Soon after the introduction of mild steel for ship- 

building purposes, attention was given to the making 

of heavy steel castings to take the place of iron forg- 

ings for stern frames, rudders, propeller brackets, 

stems, quadrant tillers, etc. These castings are re- 

quired to be subjected to certain tests, and at the 

present time are often adopted in place of iron 

forgings. 

It may be here remarked that, notwithstanding the 

early doubts as to the durability of steel, experience 

has shown that where proper care is taken to 

thoroughly clean and paint the surfaces, the deteri- 

oration is not appreciably greater than that of iron. 

In some parts, however, such as thin deck plating, 

and plating of inner bottom and floors under boilers, 

steel appears to be more liable to deteriorate, and in 

consequence of this, iron is often used for these parts, 

in vessels otherwise constructed of steel. 

Having thus outlined the change from wood to 

iron, and from iron to steel, I will now refer to the 

great increase in the size of vessels which has taken 

place in the period under review. 

In 1860 the average size of iron steamers built and 

registered in the United Kingdom was 340 tons; in 

1870 it was 580 tons; in 1880 for iron and steel steam- 

TABLE A. 

TABLE SHOWING THE NUMBER, TONNAGE, AND DESCRIPTION OF BRITISH STEAMERS OF 100 TONS GROSS AND UPWARDS, AS RECORDED 

IN LLOYD’S REGISTER BOOK. 

Wood. Composite. Iron. Steel. Total. 

Year. | 

Tons Tons Tons | Tons Tons 

RO: (Gross). NO (Gross). No. (Gross). 7 NGS | (Gross). NO: (Gross), 

— = ‘eke i es | = Hehe | 

1886 139 26,051 I 179 4,511 5,455,935 369 | 679,942 5,020 | 6,162,117 
1889 11s, 20,059 4 1,750 4,092 5,108,561 g2r | 1,759,806 5,132 | 6,890,176 | 

1894 114 18,772 6 2,168 3,679 | 4,140,245 2,523 | 5,146,598 6,322 | 9,307,783 | 
1899 115 19,474 7 2,491 2,911 | 2,633,093 3,887. | 8,431,183 6,920 | 11,086,241 

{ \ | 

TABLE B. 
® 

TABLE SHOWING THE NUMBER, TONNAGE, AND DESCRIPTION OF BRITISH SAILING VESSELS OF 100 TONS NET AND UPWARDS, AS 

RECORDED IN LLOYD’S REGISTER BOOK. 

Wood. | Composite. Iron. Steel. Total. 
| 

Year. | aan) | 
| Tons | Tons Tons Tons | Tons 

No. OX (Net). NWDe (Net). NO (Net). INO: (Net). 

1886 3,328 946,937 119 90,600 1,607 2,132,037 60 795233 5,114 3,248,807 | 
1889 2,052 552,762 np he 58,910 1,505 1,731,100 T5Onnm| 192,235 3,798 2,535,007 
1894 1,214 262,652 | Bo 23,312 1,204 1,390,071 486 | 823,192 2,939 2,499,227 | 

1899 798 147,798 13 5,965 749 902,349 493 784,571 2,053 1,840,683 | 

437 tons, as compared with 260 iron vessels, of 290,- 

429 tons. As wood was superseded by iron as a ma- 

terial for shipbuilding, so in its turn iron has given 

place to steel. - 

Of the total output of the United Kingdom during 

the past year, 98.8 per cent. of the tonnage was built 

of steel, and 1.1 per cent. of iron. The iron tonnage 

was principally made up of trawlers, and comprised 

no vessel of more than 303 tons. 

ers it had become 1,250 tons; in 1890 it had increased 

to 1,580 tons; and in 1899 it was 1,940 tons. 

As regards iron and steel sailing vessels, the aver- 

age sizes show first an increase and then a great 

diminution. 

In 1860 the average size was 425 tons, in 1870 it 

was 775 tons, in 1880 it had become 970 tons, in 1800 

it had increased to 1,570 tons, and in 1899 it had 

fallen to 190 tons. 
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These averages are, of course, considerably af- 3 Tons Gross. Tons Gross. 
F : Oceanicryreerereit 17,274 SEBO Gago00009 00 12,970 

fected by the inclusion of a large number of small IVerniabeern sence 13,900 Saxonia,.... A ae 12,750 

vessels. A better idea of the growth will be obtained NEPERENE OS co 0 EBV IREEEo0o0009000000 11,973 
from the following figures, published in Lloyd’s Germany has launched the Patricia, of 13,293 tons, 

TABLE C. 

COMPARATIVE AVERAGE TONNAGE FROM 1890 TO I89g9. ‘ 

1741 | 

| 1899. 1898. 1897. | 1896. 1895. 1894. | 1893. 1892. 1891. 1890. 

amare iy (a | 
SLEATOU Teleleleiierels | 2,807 | 2,634 2,452 | 2,555 2,647 2,219 2,356 2,212 | 2,100 1,971 
Sail 1,612 1,441 1,826 1,607 1,816 1,684 1,889 | 1,606 1,783 

Register Statistical Tables for 1899, showing the 

average size of vessels classed during the last ten 

years, and excluding all under 200 tons, in order to 

avoid the diminution caused by yachts, trawlers, etc. 

The following table shows the number, tonnage and 

description of all vessels of I00 tons and upwards, 

built in the United Kingdom and still in existence, 

as recorded in Lloyd’s Register Book for 1899. 

and the Grosser Kurfurst, of 12,500 tons, besides six 

other steamers of 10,000 tons and over. 

The figures I have given show very clearly the 

change which has taken place in the relative number 

of steam and sailing vessels. 

In 1889, 10 per cent of the output was composed of 

sailing tonnage. For the four following years (1890 to 

1893), the proportion rose to 19 per cent. Since that 

TABLE D. 

TABLE SHOWING NUMBER, TONNAGE, AND DESCRIPTION OF ALL VESSELS OF 100 TONS AND UPWARDS, BUILT IN THE UNITED KINGDOM 

AND STILL IN EXISTENCE, AS RECORDED IN LLOYD’S REGISTER BOOK FOR THE YEAR 1899. 

STEAMERS. 

| | | | ] 
Under| 20° | 40° 600 800 1,000 I,500 2,000 | 3,000 4,000 5,000 7,000 | 10,000 | 

Material Raa | to | to Wo} Wo tw | | to to to to Tons Total 

; | Tons,.| 099 |) 2999. 799 | 999 1,499 | 1,999 2,999 3,999 | 4,999 | 6,999 9,999 and i 
i ~| Tons. ons. ons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Tons. | Above. 

Niolels ta aaeinceoecn 127 my || wl 2 a I | 200 uy ane ens we 5 OH 157 
Composite ....... | 7 6 | Sie 3 3 000 00 660 sco |} a00 506 560. || ~n00. | 24 
ISK. GoGgdo09000000 1,243 600 355 389 348 790 649 445 | 135 | 42 13 20 | eet 5,011 

SEA 65000006 c000 671 465 | 323 237 214 | 496 514 | 31,360 | 816 283 233, | 51 15 | 5,678 

| ee episece| | | 
ARO WEY Gon qo00 2,048 | 1,084 | 697 | 631 -| 565 | 1,287 1,163 | 1,805 951 325 | 246 | 53 15 | 10,870 

| \ | | | { | | | { 

SAILING VESSELS. 

600 | 800 1,000 1,500 2,000 3,000 
instae fo FO ae ’ y 

Material. | 566) to to to to to to to to Total. 

peo SE hh BSS) 759 999 1,499 1,999 2,999 3,999 
| Tons | Tons. | Tons. , Tons. | Tons. Tons. Tons. Tons. Tons. 

yee Sea IS Ts egies i 
WKeerel ocnaosnocssocso0000 619 | 280 75 25 | 13 10 a6 boo ae 1,022 
Compositeseeeee eae 4 | 4 18 Io 17 8 ae ane isc 61 

IBXBIN Goopso090a0000000 5000 54 81 126 172 156 417 226 65 3 1,300 

SiGAl seoobces00:coa00n0000 | 23 42 27 27 22 134 203 170 4 652 

= —— = — a | - | 
| | : 

eL otal Semreracetercicers siete | 700 407 | 246 234 208 | 569 429 | 235 | 7 3,035 

I have also appended to this paper a table (see 

Table F) showing the number, tonnage and descrip- 

tion of vessels built and registered in the United 

Kingdom for the years 1860 and 1870, and for each 

year since 1880, in order to illustrate the great in- 

crease which has taken place in the Mercantile 

Marine of this country, and a diagram showing the 

variation in the tonnage of iron and steel steam and 

sailing vessels during the past twenty years. 

The size of vessels launched during 1899, and also 

those under construction in the United Kingdom at 

the end of 1899, arranged according to gross tonnage, 

is shown in Table E on page 427. 

The largest steamers which have been launched in 

the United Kingdom during the past year are the 

following: 

period the construction of sailing vessels has rapidly 

declined, until in 1809 sailing tonnage formed less 

than 0.14 per cent of the output. 
In France, however, the construction of large sail- 

ing vessels, almost abandoned elsewhere, has con- 

tinued to flourish under the influence of the bounties 

granted by the state. Twenty-four such vessels, of 

2,000 tons and upwards, were launched during 1899. 

The largest of these, and likewise the largest sea- 

going sailing vessels built in the world during the 

past year, are the Ville de Mulhouse and the Ville du 

Havre, each of 3,214 tons. 

The progress and change as regards types of ves- 

sels have been no less remarkable than the develop- 

ment in size and material of construction. 

In July, 1891. I had the honor to read before this 
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Institution a paper dealing with the alterations in the 

types and proportions of mercantile vessels. In that 

paper it was shown how various types had been 

brought into existence as the result of experience, or 

to meet the exigencies of trade. 

I need not now repeat the descriptions given there- 

in of the types which had successively been introduced 

up to that period; but in continuation of that paper 

it may be remarked that, while “well-deck” steamers 

at that time formed so large a percentage of the 

number of ordinary cargo steamers, comparatively 

few are now being built, and these are principally in- 

TABLE E. 

SIZE OF MERCHANT AND OTHER VESSELS (NOT WARSHIPS) 

LAUNCHED IN THE UNITED KINGDOM DURING I8g9. 

Tonnage. Steam. Sail. 

EAOR KES? FO) WON scao0080 sa HdoUDGOR0NdD | 3 2 
EEO) (0) Cs AKODPSL, HoGocdodoO0000000000000000 | 8 2 
TOO tO 199 tONS,........ eee eee eee e tees | 205 5 
200 tO 499 TONS ....... ce eene veeseeeees 94 | 3 
FOO KO) CS) 1S ooovq00009 cooe0nG0000K00 39 | 30 
TE (COLO) (HO) BeLeVS\0) KPBS, 6 o550G000000000000000 | 76 | 
PATI) i) ACCS) ONS, saooosodcooc0090000000 57 | 
Si{WleTe) (KO) ravers ROVE), Sn 5on6090000000000000 129 
ZA{@LoXo) 189) ZULKS) LAIN) 545500000000000000000 39 
5,000 tO 5,999 TONS ......,.. 0c eee cence 27 
OCS) HOY COHORT) KIS Gongoco0ondo000H00000l| 15 
FROOOMLOLT; OOO CONS Meerelelelelelelelereieielalsioleisie= 9 
8,000 tO 8,999:tONS .......-....ee eee eeee | ae 
9,000 tO 9,999 CONS ....... cece ese es eee 4 
10,000 tons and above,...........20085 9 

ARGUED, .0000086000000000000000000007R | 714 | 12 
| 

* Vessels of less than too tons are not included in these returns, 
unless they are intended to be classed in Lloyd’s Register Book. 

SIZE OF VESSELS UNDER CONSTRUCTION (WARSHIPS EXCLUDED) 

IN THE UNITED KINGDOM AT THE END OF THE YEAR 

1899, CLASSIFIED ACCORDING TO GROSS TONNAGE, 

Tonnage. Steam. Sail. 

UT CeTE5O MOUS selateteleletciicisteleletereieieieicieisre 7 
¥50/CO QQ/CONS 21... cee wees sees 2 
TLOOHLOETOOILONSelaepeeteietemieblecietetevelsiniseisfeler= 98 9 
200)LO}499 CONS)... scissile cis siencsics = 83 9 
500 tO 999 TOMS ........ceeeee ee eeeer eee | 31 I 
1,000 tO 1,999 CONS ......... eee eee enes | 53 3 
2,000 to 2,999 tONS ..........eee esses eee! 32 | 30 
3,000 tO 3,999 TOMS... . 2200. cence veer: | 78 | 
FTO) 1K) /AKS(Te) {KOVIS go go4a0d0a000006000000 | 45 | 
SyOOOHLOI5, QOOHLOM Sueteloteleleleleletelaleleteterelotelsrers | 35 | 
6,000 06,999 ONS .. 2... wees sesso eee | 17 
7{000) CO}7;Q9O CONS) svar -\\eeleieleicieissisielesiei ise | 7] | 
8,000 to 8,999 tonS ..........eeeeceeeees 2 
HOM KOGLCS)HOIS Gcosogucsscdonccb006| 6 
Io,ooo tons and above..............55 16 

ARON «5 coooe0o00.0500065009000008000| 507 | 31 
| 

* Vessels of less than 100 tons are not included in Lloyd’s Register 
Shipbuilding Returns, unless they are intended to be classed in the 
Society’s Register Book, 

tended for the coal trade, or are small vessels for the 

coasting trade. 

The partial awning-deck steamers, which, at the 

period referred to, were much in favor with ship 

owners, have also given place to other types, and 

but few are now being constructed, while those hav- 

ing a raised fore deck, which formed the subject of 

discussion on the paper referred to, have entirely 

gone out of fashion. 

The tendency has been to revert to flush-deck ves- 

sels, having short poop, bridge-house and forecastle. 

as in the earlier type of steamer, but of much greater 

relative breadth to depth. 

MARINE ENGINEERING. 427 
The deep narrow ships which were so commonly 

built in the seventies, and to which I drew the atten- 

tion of this Institution in March, 1880, have long 

since ceased to be built. The erroneous impression 

that breadth was an insurmountable deterrent to 

speed was removed by the experiments by the late 

Mr. Froude, and, since public attention was directed 

to the large number of losses of badly proportioned 

steamers, due to insufficient stability, the relative pro- 

portion of breadth to depth has been greatly in- 

creased. 

In 1879 the average relation of registered depth to 

breadth in vessels of the three-deck type was .69, in 

1890 it had fallen to .62, and in 1899 it had still 

further fallen to .52. 

A type of vessel which has been much in favor for 

certain trades during the past few years is the large 

single-deck steamer, having a tier of middle or 

lower deck beams, but no deck laid thereon. There 

is also a tendency to lengthen the bridge-house in 

steamers, and in some cases it has been extended over 

more than half the vessel’s length amidships. 

Another type of recent development is generally 

known as the ‘‘shelter-deck” steamer, having a con- 

tinuous superstructure all fore and aft, with one or 

more “tonnage openings” in the deck. These vessels 

are constructed principally for the cattle trade, the 

space between the upper and shelter decks being fit- 

ted for that purpose. Some of the larger vessels of 

this type have a bridge-house of considerable length, 

built above the shelter deck for cabin accommo- 

dation. 

The turret-deck steamers, introduced by Doxford & 

Sons, and the trunk-deck steamers introduced by 

Ropner & Sons, are so well known to the members of 

the Institution that I need only mention them as in- 

stances of new types created within the last decade. 

The subject of water ballast is now occupying a 

great deal of attention, in consequence of the great 

increase in the breadth of ships, their comparatively 

light draught, and the fact that those vessels em- 

ployed in the American trade mostly proceed to that 

country in ballast. 

In the paper which I read before the members of 

this Institution in August, 1877, I described the early 

history of the subject, and the various systems of con- 

struction of double bottoms for carrying water 

ballast. At the present time very few steamers are 

built without a double bottom for water ballast. 

Fither the cellular or McIntyre system of construc- 

tion is adopted. Deep midship tanks, in addition to 

fore and after peak tanks, are now largely fitted, par- 

ticularly in cargo steamers intended for the Atlantic 

trade. 

One notable step in this direction is the construc- 

tion of side tanks for a considerable portion of the 

length. The first of this kind was the Mancunia, built 

by Gray & Co., at West Hartlepool, in 1898, in which 

the side tanks have a capacity of upwards of 700 tons 

of water ballast, in addition to the ordinary cellular 

double bottom. 

As regards changes in methods of construction, 

there may be mentioned the adoption of web frames 

in lieu of hold beams or lower deck beams. Some 
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vessels had been so built in the early seventies, but 
it was not until about 1886 that the system became 
general, and in 1888 Lloyd’s Register issued definite 
rules for the same, as the result of the experience 
gained up to that time. Not long after, deep framing, 
or, as it is sometimes termed, girder framing, came 
into use. It has since been largely adopted in place 
of web frames or hold beams, and rules for this sys- 
tem of framing were published by Lloyd’s Register 
in 1895. 

A few remarks may be made regarding the progress 
in the construction of vessels for carrying oil in bulk, 
a subject on which I read a paper before the mem- 
bers of this Institution at Liverpool, in 1886. At 
that time there were only about ten steamers specially 
adapted and engaged carrying oil in bulk on oversea 
voyages. The current issue of Lloyd’s Register shows 
a list of 174 steamers and 15 sailing vessels carrying 
petroleum in bulk. Great improvements have been 
made in the construction of these vessels as the result 
of experience, and, as with other types of steamers, 
there has been a great increase in size. 

Instead of vessels of about 1,500 tons as first em- 
ployed in this trade, for oversea voyages the last ad- 
ditions to the fleet of steamers carrying oil in bulk 
are upwards of 6,000 tons gross register, and over 
400 ft. in length. 

The progress of marine engineering during the last 
forty years has been not less marked than that of 

shipbuilding. In fact, engineering and shipbuilding 

are so closely allied that everything that influences 

the one must have a marked effect upon the other. 

The enormous increase in the sizes of vessels to 

which I have alluded has only been rendered possible 

by the advances made in engineering practice, en- 

abling immense power to be placed on board such 

vessel, with, at the same time, reasonable fuel ex- 

penditure. Forty years ago the engines in use were 

simple cylinders working with low boiler pressure. 

In 1872 F. J. Bramwell (now Sir F. J. Bramwell) 

read a paper before the Institution of Mechanical En- 

gineers at Liverpool on ‘The Progress Effected in 

Economy of Fuel in Steam Navigation Considered in 

Relation to the Compound Engine and High- 

pressure Steam.” The paper was most exhaustive, 

and should be referred to now as a_ standard 

of what was then considered to be excellent 

practice. He showed that the coal consumption 

had been reduced from over 3 Ib. of coal per 

indicated horse power per hour to little over 2 lb. 

The boiler pressures were then 45 lb. to 65 Ib. per sq. 

in., and the average piston speed 376 ft. per min. 

In 1881, F. C. Marshall, one of our distinguished 

marine engineers, and a Member of Council of this 

Institution, contributed another paper to the Institu- 

tion of Mechanical Engineers at Newcastle, and he 

showed that at that time further progress had been 

made. The use of steel for boilers had enabled pres- 

sures of 90 and too lb. per sq. in. to be carried, and 

the higher pressures and improvements in the engines 

had reduced the coal consumption to 1.8 lb. per indi- 

cated horse power per hour. Piston speeds had in- 

creased to an average of 467 ft. per minute. 

In 1887 the same gentleman read a paper before this 
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Institution on the same subject, and showed that at 

that time 150 lb. pressure had become common, and 

that not only had pressures advanced, but the power 

of the engines had also been enormously increased, 

the Umbria and Etruria. being instanced as indicating 

over 14,000 I. H. P. at sea, with a piston speed of 900 

ft. per minute. At the same time the consumption 

ot fuel had been reduced to 1.5 lb. per indicated horse 

power per hour. 

At the present time still further advances have been 

made, 200 lb. per sq. in. is an everyday pressure with 

some of our largest steamers, and a few are working 

with still higher pressures—as high as 260 lb. having 

been reached with ordinary boilers—and the tendency 

is for further advancement to be made. A corre- 

sponding economy of fuel has resulted from the in- 

creased pressure, and, if the ideal 1 lb. of coal per 

indicated horse power per hour has not been actu- 

ally reached,’ some of our marine engineers are san- 

guine that this marvelous result will shortly be 

achieved. The powers of the engines have also ad- 

vanced, culminating at present in the Oceanic.* 

In conclusion, I will briefly refer to the load line- 

question, which has occupied so prominent a position 

during the period under review. 

The first step which led up to the present system of 

supervising the loading of ships was taken in 1860, 

when a bill was introduced into Parliament contain- 

ing a clause requiring the draught of water at which 

vessels leave port to be recorded. 

The bill failed to pass, but in 1870 the Merchant 

Shipping Code Bill was introduced, containing the 

same. provision, and also requiring a scale showing 

the draught of water to be marked on the stem and 

stern post of every British ship. These requirements 

passed into law in 1871, and the same Act also em- 

powered the Board of Trade to appoint persons to 

record the draught of water of all seagoing ships upon 

leaving port. 

In March, 1873, the Government appointed a Royal 

Commission on Unseaworthy Ships, and one of the 

questions considered was that of the load line. 

In their final report, issued in 1874, the Commis- 

sion arrived at the conclusion that a settlement of a 

load line should be mainly guided by the consid- 

eration of reserve buoyancy; but they held it to be 

impossible to prescribe any universal rule for the sate 

loading of merchant ships, and were of opinion that 

an Act of Parliament enforcing any scale of freeboard 

would be mischievous. 

In March, 1874, I read before this Institution a 

paper on this subject, and with the paper included 

tables of freeboard based upon the principle of re- 

serve buoyancy. 

These tables had been prepared from data collected 

from all the principal ports of the United Kingdom, 

relating to the loading of the various types of ves- 

sels then in existence. 

1 This result has been achieved in the case of the S.S. Aezsington 

and, we believe, in the case of the S.S. /zchmona also.—Ep. M. E. 

2The author appears to be under a misapprehension here, as the 

Oceantc has developed less horse power than other vessels in the 

Atlantic trade which preceded her, and has about 7,000 I H.P. less 

than the Deutschland.—ED. M. E. 
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It was then proposed for the first time to use a in 1875, a short bill, to remain in force only till Oc- 

tonnage co-efficient of fineness as an indication of tober of the following year, was passed, containing 

the form, in order to adapt the principle upon which provisions requiring all British ships to have the 

the Tables were based to the many thousands of ves- position of their decks marked upon the sides, and 

TABLE SHOWING THE NUMBER, TONNAGE, AND DESCRIPTION OF VESSELS BUILT AND REGISTERED 

IN THE UNITED KINGpom. 

Steel. irons Wood and Composite. Total. 

No. Tons (Gross). No. Tons (Gross). No. Tons (Gross). No. Tons (Gross). 

1860 Steam ... ee tsa — — 149 51,115 49 2,681 198 53,796 ff 

Sail O60 ABs We — — 32 13,584 | 786 144,588 818 | 158172 § 

1870 Steam ... na wie _ —_— 382 222,922, 51 2,752 433 225,674 
Sail tae at ie — —_— 63 48,838 478 68,194 541 117,032 

1880 Steam ... ace bas 26 36,493 362 447,389 20 1,779 408 485,661 
Sail... sd me 4 1,671 39 40,015 273 18,159 316 59,845 

1881 Steam ... Maso bee 34 68,366 411 590,503 30 1,659 475 660,528 
Sail B00 os ae 3 3,167 50 68,650 259 16,448 312 88,265 

1882 Steam ... ae 006 65 115,449 446 672,740 30 1,784 541 789,973 
Sail Bob 500 560 8 12,478 83 112,852 246 13,066 337 138,396 

1883 Steam ... 50 ate 92 141,552 548 742,292 30 1,651 670 885,495 
Sail eet 560 Be 11 14,193 72 114,698 229 13,551 312 142,442 

1884 Steam ... boc Bhp 67 108,978 413 456,982 38 2.364 518 568 324 

Sail Nee 601 5d 9 13,360 93 130,017 277 17,142 379 160,519 

1885 Steam ... sae 4a0 122 154,249 177 148,508 37 2,751 336 305,508 
Sail ban oa0 O60 27 30,569 144 160,034 266 17,841 437 208,444 

. 1886 Steam ... es BoS 124 160,973 119 82,201 30 _ 1,467 149 244,641 

Sail 600 50 568 31 30,588 55 97,713 226 14,266 281 142,567 

1887 Steam ... As Ban 196 326,530 66 40,070 24 . 1,097 90 367,697 

Sail 606 $60 50S 29 25,994 27 44,979 170 8,782 197 79,755 

1888 Steam ... 50 a 321 571,437 87 31,697 23 2,370 110 605,504 
Sail a es eae 33 42,666 13 18,882 177 8,686 190 10,234 

1889 Steam 556 600 en 411 783,193 97 46,402 25 1.368 533 830,963 
} Sail 660 G00 nae 47 90,469 11 12,385 157 8,256 215 111,110 

| 1890 Steam ... 560 ae 432 817,010 110 40,144 26 1,326 568 858,480 

Sail os $00 vis 59 96,374 6 5,911 142 7,704: 207 109,989 

1891 Steam .. one ant 388 730,051 167 31,381 25m 1,212 580 762,644 

Sail oon 000 660 93 178,593 3 1,544 156 8,54] 252 ° 188,678 

1892 Steam ... ie a 365 660,847 86 18,937 19 1,026 470 680,810 

Sail 606 oe nee 128 260,874 6 5,121 151 8,372 285 274,367 

1893 Steam ... 306 ee 328 622,099 64 12,458 27 1,551 419, 636,108 

Sail 606 o6 ae 66 113,097 4 418 154 7,980 224 121,495 

1894 Steam ... 000 ae 389 751,668 65 12,400 26 1,183 480 765,251 

Sail ood no oe 67 83,167 3 207 155 7,570 225 90,944 

1895 Steam ... ane aes 379 . 736,412 66 9,897 85 1,57 480 747,888 
Sail 600 o vie 32 41,313 9 782 150 7,52S 191 49,624 

1896 Steam ... BAG a 393 750,106 49 11,593 17 591 494 762.290 

Sail Soo Box ie 36 37,709 5 792 161 7,519 202 46,020 

1897 Steam ... re te, 366 658,646 63 9,974 33 1,581 462 670,201 

Sail nes 560 Ss 34 28,481 2 232 183 8,317 219 37,030 

1898 Steam ... es oA 546 996,814 80 13,654 20 765 646 1,011,233 

Sail 500 ose b0 40 8,456 6 798 196 8,813 242 18,067 

t 
~ # - 1899 Steam ... way Qb0 534 1,152,999 64 12,184 29 1,497 627 1,166,680 

Sail Bo 606 fea) 60 11,757 2 182 165 7,342 227 19,281 

sels afloat, without ‘the necessity of calculating the every foreign-going British ship was also required to 

displacement from the drawings, or of: placing the have a circular disc marked upon the sides, indi- 

vessel in dry dock for the purpose of obtaining the cating the maximum draught to which the owner 

form. claimed to load. 
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These provisions were confirmed by a larger Act 

passed in 1876, which extended the compulsory mark- 

ing of disc and deck lines to all British ships, except 

those under 80 tons, engaged exclusively in coasting 

and those employed in fishing, and pleasure yachts. 

Prior to the passing of the Act of 1876, a Committee 

had been appointed by the Board of Trade to con- 

sider the possibility of framing rules for regulating | 

freeboard. This Committee comprised representatives 

of the Board of Trade, Lloyd’s Register, and the 

Liverpool Underwriters’ Registry, but the attempt to 

establish an authorized scale of freeboard failed. 

The subject of freeboard, however, continued to 

occupy a great deal of attention on the part of 

Lloyd’s Register, and the investigations necessary for 

arriving at a settlement of the question and the col- 

lection of all available data were carried on by the 

Society’s officers for several years. 

The result was that in August, 1882, the Committee 

of Lloyd’s Register issued the first authoritative 

Tables of Freeboard, and undertook to assign free- 

boards on the basis of those tables where the owners 

made application for the same. During the time 

these tables were in use, a period of. about three 

years, freeboards were assigned to 944 vessels, and in 

the case of 775 of this number, the freeboards were 

voluntarily accepted by the owners and marked upon 

thé vessels’ sides. 
In December, 1883, the Board of Trade appointed 

the Load Line Committee, and in 1885, after pro- 

jonged labor and investigation, that Committee pre- 

sented its report. The Load Line Committee’s 

Tables, which agree closely with the tables previously 

issued by the Committee of Lloyd’s Register, were 

adopted by Lloyd’s Committee, in September, 1885. 

Between that time and June, 1890, when the Load 

Line Act was passed, freeboards were assigned by 

Lloyd’s Register, on the application of owners, to 

2,850 steam and sailing vessels, and these freeboards 

were adopted in 2,520 cases. 

Since the passing of the Load Line Act, some 

modifications have been made in the application of the 

Freeboard Tables to meet the: development of new 

types and methods of construction, and the regu- 

lations have been revised on the recommendation of 

committees appointed by the Board of Trade, and 

representing the various assigning authorities, in the 

years 1892, 1894 and 1808. 

In the last-named year, the freeboard required for 

winter North Atlantic voyages was revised, and the 

tables of freeboard were extended to provide for ves- 

sels of much greater size than included in the original 

tables. 

A Five-Thousand=Ton Wooden Schooner. 

Although steel*has superseded wood to a very great 

extent as a material for the construction of large 

modern vessels, yet on both the coasts and lakes wood 

construction is not by any means a lost art. We 

, show in the accompanying reproduction a photograph 

oi what is believed to be the largest wooden sailing 

vessel ever built. This is the Pretoria, built and 

owned by James Davidson, of Bay City, Mich. The 

photograph was taken a few minutes before the vessel 
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was launched from his yard. Her dimensions are: 

Length of keel, 335 ft.; length over all, 350 ft.; beam, 

45 1-2 ft.; depth moulded, 27 ft.; depth of hold in 

shoalest place, 23 ft.; carrying capacity 5,000 gross 

tons on 18 ft. 6 in. draft; light draft, 6 ft., forward 

and 6 ft. aft. The Pretoria was launched July 26, last. 

The Pretoria has eleven hatches, and they are all 

spaced 24 ft. centers. This schooner is built entirely 

of Michigan white oak, and her frames are moulded 

16 in. at the throat, 14 in. at the bilge and 7 in. at 

the top. The main kelson is, 18 in. by 18 in., and along- 

side of each side of the main kelson are steel kelson 

plates 18 in. by 1r in. The Pretoria also has six 

strakes of floor kelsons on each side of her main kel- 

son running the entire length, in size 12 in. by 12.in. 

All of the frames have an extra floor timber running 

from bilge to bilge. The frames are moulded out of 

flitch that is 6 in. thick. On the outside of the frames 

—at the head of the frames—there runs a steel cord 

that is 14 in. by 7-8 in. There are also steel arches 

running along the steel cords amidships to the fore 

foot forward and under the stern aft. In addition to 

these the Pretoria is diagonally strapped with steel. 

The diagonals are 5 in. by 1-2 in. These diagonals 

straps are riveted to the cord, to the arch and at all 

of the crossings, and go under the turn of the bilge 

about one-third of the way under the bottom. The 

cords, arches and diagonal straps are all let into the 

’ frames flush, and then the ship is planked so that all 
of the strapping is concealed. 

Upper deck beams of the vessel are 8 in. by 8 in., 8 

in. by 9 in., and 8 in. by 10 in. The between deck 

beams are II in. by II in., and I1 in. by 12 in. Be- 

tween each hatch there is an iron rod running from 

side to side, and this is 1 1-2 in. set up in the center 

-by means of a turn buckle. 

The Pretoria is supplied with stockless anchors and 

I 3-4 in. chain. The windlass is located on the upper 

deck forward. A submerged tube upright boiler 6 

ft. in dia. by 8 ft. high, and allowed 160 lb. steam 

pressure furnishes steam for the steam deck appli- 

ances. A large pony pump is located forward for 

use in case of fire, for filling the boiler, and also for 

washing off the decks, etc. A syphon is also located 

forward. A deck hoist to which bilge pumps are 

attached is located amidships. The deck hoist is for 

handling. the sails, and also for use in warping the 

vessels at the wharves. The Pretoria is steered by 

means of a Queen City Hydraulic Steerer. 

Crew space is located forward under decks. The 

cabins are located on the upper deck, and all of the 

cabins are in the hard wood, cabinet finish. The 

Master’s quarters as well as the officers’ are located in 

the cabin aft. The Pretoria is now engaged in the 

general carrying trade on the Lakes, which consists 

of coal, ore and grain. While she was built to tow 

as a consort after large steamships, yet she is equipped 

with masts, and these masts all have sails, and she has 

a sail area of 1,800 yards. These sails are utilized 

when the winds are fair, or in the case of storms, 

should she break away from the towing steamer, she 

will be able to take care of herself all right until the 

weather moderates. 



MARINE ENGINEERING. October, 1900. 

F
I
V
E
 
T
H
O
U
S
A
N
D
 

T
O
N
 
W
O
O
D
E
N
 
S
C
H
O
O
N
E
R
 

P
R
E
T
O
R
I
A
,
 
R
E
A
D
Y
 

F
O
R
 
L
A
U
N
C
H
I
N
G
 

A
T
 
D
A
V
I
D
S
O
N
 

S
H
I
P
Y
A
R
D
,
 

B
A
Y
 

C
I
T
Y
,
 
M
I
C
H
.
 



432 

MARINE ENGINEERING 
PUBLISHED MONTHLY 

BY 

ALDRICH & DONALDSON, 

309 Broadway, New York. 
<< 

Editorial Department, 

H. F. DONALDSON. 

—~<- 

Business Department, 

H. L. ALDRICH. 

Branch Offices, 

Philadelphia, Pa., Mach’y Dept., The Bourse, S. W. ANNESS. 

Detroit, Mich., Hodges Building, L. L. CLINE. 

Chicago, Ill., Monadnock Block, S. W. HuME. 

Boston, Mass., 170 Summer St., S. I. CARPENTER. 

> 

TERMS OF SUBSCRIPTION, 

Per Year. Per Copy. 

United States, Canada, and Mexico............ $2 00 20 cents. 

Other countries in Postal Union,,............. 2.50 25 cents. 

> 

Entered at New York Post Office as second class matter. 

Notice to Advertisers. 

Copy for changes tn advertisements must be tn our hands not 

later than the 2zoth of the month toinsure changes being made tn the 

zssueof the month following, and not later than the 15th of the month 

af corrected proof ts to be submitted. 

TATISTICS are usually dry reading, espe- 

cially when they show conditions unfavor- 

able to the reader’s interests.. The reverse is 

the case, however, in the perusal of the com- 

plete official returns of the United States Bureau 

of Navigation for the fiscal year ended June 30, 

1900, which show a most pleasing record of 

progress in construction. The record of the year 

shows a total of 393,168 gross tons of merchant 

shipping, a total which has only twice been ex- 

ceeded since “before the war,” that starting point 

of the decay of the American merchant marine. 

Not to multiply details, however, we shall here 

print the decument itself: 
Complete official returns for the fiscal 

year ended June 30, 1900, show that 1,446 

vessels of 393,168 gross tons were built 

and documented in the United States. 

Since 1856 this record has been exceeded 

only twice: in 1864, when 415,740 gross 

tons were built, and in 1874, when 432,725 

gross tons were built. 

The construction may be classed accord- 

ing to the following types: Schooners, 

schooner barges, and sloops 499, of I09,- 

605 gross tons; Great Lake steam vessels 

25, of 97,847 gross tons; canal boats and 

MARINE ENGINEERING. October, 1900. 

barges 523, of 74,860 gross tons: ocean 

screw steamships 20, of 60,369 gross tons 

(of which all but one, the Maracaibo, 1,771 

gross tons, were built wholly or princi- 

pally for trades reserved by law to Amer- 

ican vessels); river steamers 375, of 44,282 

gross tons; square-rigged vessels 4, of 

6,205 gross tons. 

The steam vessels built—420 of 202,408 

gross tons—surpass the record, the nearest 

approach being 1891, when 488 steam ves- 

sels of 185,037 gross tons were built. 

The steel vessels built—o90 of 196,851 

gross tons—exceed the previous record 

year, 1899, when o1 such vessels of 131,379 

gross tons were built. Cleveland, Ohio, 
ranks easily first as builder of steel vessels, 

with 9 steamships of 42,119 gross 

tons, followed by Newport News, 7 
steamships of 28,202 gross tons; Chi- 

cago, 5 vessels, 24,504 tons; Detroit, 

4 steamships, of 15,693 tons. During the 

past decade the steel steam vessels built in 

the United States aggregate 465 of 742,- 

830 gross tons, of which 1098 of 450,089 

gross tons were built on the Great Lakes. 

For comparison it may be noted that the 

British Board of Trade reports that 727 

steel steam vessels of 1,423,344 gross tons 

were built in the United Kingdom during 

1899. During the ten years 69 steel steam 

vessels, of 194,080 gross tons, were built at 

Cleveland, and 110 of 138,593 gross tons 

at Philadelphia. 

The total tonnage built and documented 

on the Great Lakes during the year, 125 

vessels of 130,611 gross tons, is the largest 

in the history of that region. The total 

for the Middle Atlantic and Gulf coasts, 

605 vessels of 135,473 tons, exceeds any 

record since 1872. The total for the New 

England coast, 199 vessels, of 72,179 gross 

tons, has not been equalled since 1891, 

while the product of the Pacific Coast, 300 

vessels, of 40,396 tons, is surpassed only 

by the returns of 1898 and 1899. Con- 

struction on Mississippi River and tribu-— 

taries, 217 vessels, 14;509 tons, is 9,000 less 

than 1899. The foregoing figures do not 

cover yachts or Government vessels. 

The last sentence is noteworthy. It recalls the 

fact that, while the figures given are indicative of 

the progress of our merchant marine, they do not 
represent all the activities in marine construction 

in our yards. is he 

ITH the steady -growth in marine con- 

struction which;the last couple of years 

has witnessed, there has come an increased 

demand for skilled workers, especially those 

trained for usefulness in the drawing room. 

Workers in the shop can more readily and suc- 
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cessfully transfer their attentions from one 

branch of engineering construction to another 

than can those to whom is intrusted the task of 

design. In no branch of engineering is there 

greater need for specialization, or careful train- 

ing in a particular field, than in marine construc- 

tion. In fact, the breadth of this field is such 

that real success is often achieved only by limita- 

tion to some particular form of construction. This 

is not only so with individual designers, but even 

with yards. The most famous yards in the world 

have almost without exception built up a great 

reputation in one particular class of work. This 

need for scientifically trained men has caused a 

recent increase in the number of scientific schools 
which offer special courses in marine construc- 

tion. Whether this will maintain the equilibrium 

between supply and demand, or whether sup- 

ply will at no distant time overbalance demand, is 

a question that no one can answer now. The sur- 

vival of the fittest will always operate to bring 

success to those that deserve it, but this is a slow 

‘process of selection. In the meantime the only 

danger to be feared is the multiplying of facili- 

ties for instruction beyond the possibilities of fu- 

ture profitable employment for the graduates. 

Such conditions tend to cheapen any profession 

and lead to the deplorable results which are so 

often observable in the medical, legal and other 

learned professions. Since our last reference to 

these increased facilities, the course in Naval 

Architecture at the University of Michigan has 

been strengthened by the addition of Professor 

Herbert C. Sadler, late of the Glasgow Univer- 

sity, Scotland, to the faculty at Ann Arbor. Pro- 

fessor Sadler is widely known in the profession 

on both sides of the Atlantic, and our readers will 

recall a more extended reference to his capabili- 

ties in our description of the course in the Glas- 

gow University, published in the August issue. 

The course at the University of Michigan, which 

commenced Sept. 25, is arranged as a graduate 

course, and commences at the second semester of 

the senior year, and extends to the end of the fifth 

year. At the end of the senior year engineering 

students may receive the degree of Bachelor of 

Science, and at the end of the fifth year that of 

Master of Science. For this year only a special 

course has been arranged which will end in June 
next. In the future it is proposed to extend the 

course in naval architecture and marine engi- 

neering over one and one-half years. The work 

will consist of lectures, drafting, and visits to 
shipyards, and, we are informed, will in general 
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follow the course given at Glasgow University. 
At the New York University, where a course in 
marine construction has recently been established 
under the direction of Professor Carl C. Thomas, 
arrangements have been completed for the in- 
struction of engineering students in practical shop 
work. At present the facilities cover machine 
shop, carpenter shop, pattern shop and forge. 
Work is also going forward on the equipment for 
foundry work. In connection with the drawing 
room for the students of marine construction, 
floor space has been provided for a mould loft. 
We understand that it is the intention of the au- 

thorities of two other American universities to 

establish marine courses in the near future. 

Si 

FE publish on another page in connection 

with a description of the new German 

transatlantic liner Deutschland a picture of 

the launching ceremonies, which tells better 

than a whole volume of words the attitude of 

Germany toward her merchant marine. Instead 

of being simply a pleasant incident in the ephem- 

eral history of a private yard, the launching was 
made a state event of national importance. The 

Emperor of Germany, accompanied by Count 

Von Billow and a brilliant staff, attended the 

launch, and when the great hull slid into the 

River Oder, the entire nation watched the event 

and rejoiced that another agency for the promo- 

tion of German interests had come into being. In 

the complete history of marine construction, the 

most remarkable chapter would be, without doubt, 

that devoted to the tremendously rapid rise of 

the German shipbuilding and shipowning indus- 

tries. Only a few years ago every ocean liner of 

importance flying the German flag was foreign 

built; now ships of the finest construction carry 

the message of German skill in construction to 

every port on the seas. More notable still, the 

supremacy of the seas in the matter of ocean-go- 

ing vessels rests with the German builders. It 
matters not that British brains helped to produce 

these magnificent vessels; the enterprise which 

made their construction possible, and the skill 

which put the designs into practical form, are 

German undiluted. To the fostering care of the 

government and the wakeful interest of an up- 

to-date monarch these results are in large meas- 

ure due. When such results are possible in a 

country where government by the few obtains, 

what could not be accomplished in our own coun- 

try by the united efforts of the governing powers 

—the people? 
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BALANCING OF VERTICAL MARINE ENGINES 

DISCUSSED IN AN ELEMENTARY MANNER.* 

BY J. MACFARLANE GRAY, 

ELEMENTARY INTRODUCTION.—(SECOND CHAPTER.) 

My next auxiliary note is that if in the circle BNE, 

Fig. 8, any point D be taken and a chord BE drawn 

through D, then has BD.DE the same value in what- 

ever direction the chord may be drawn through the same 

point. Bisect BE in C, draw BJ, CK, DL, EM perpen- 

dicular to BE, and at the distance BF = DE and the dis- 

tance BJ = CE draw FH and JM parallel to BE. From 

inspection of the figure it is then seen that 

BD.DE = BD.DH 4+ CD?= CE? 
add AC? = AC? 
then BD.DH + AD? = AE? 

but AD? is constant for the same point D, and AE? is 

also constant, because AE is the radius of the circle; 

therefore BD.DH must also be a constant product for 

all lines through the same point D. Therefore if two 

chords in a circle cut one another, the product of the 

parts of the one is equal to the product of the parts of 

N 

a G 
r El 

Sa 
J ROG M 

FIG. 8. 

the other. This is a property so important to be under- 

stood by engineers, I have not hesitated to give you this 

sufficient demonstration of it, and now I can use this in 

the reasoning up to balancing. 

We want workable expression for the value of <x for 

any position of the crank pin. In Fig. 9, let the two 

circles be drawn, one with the connecting rod as radius 

and the other with the length of the crank as radius. 

Since AD and EF are two chords in a circle cutting one 

another in the point C, the product EC.CF = AC.CD 

or (2 nr — x) x = (R sin a)2, for CF = x, and AOC 

=a, and AC = R sin a, 

(R sin a)? 
Diag 2080g000008 (11) 

As x is always small in comparison with 2nR it is 

customary to neglect it in the division, and to write 

Resin 2701127) Ree (12) 

therefore h in Fig. 6, the height of the piston above half 

stroke position, is 

therefore + = 

*A paper read before the Institute of Marine Engineers, London. 
England. 
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A= AB — A@2?/2xnR.....:....2... (13), 
which may be read as 

A—=Rcosa—R2sin?a/2nR..... (14) 

Here the sloped line stands for “divided by.” 
rate at which this is changing is the velocity of the pis- 

ton. We can now write-in these rates of change, for 
AB it is @. AC: we have to add to this the rate at 

E 

FIG. 9. 

which AC?/an R is changing. The rate at which the area 

of a square changes is the product of twice the side 

of the square by the rate at which the side is changing. 

In this case, therefore, for AC? we have 2AC.@. AB. 

Therefore the velocity of the piston downwards is 

velocity = w.AC + 2AC w.AB/2nmR....(15) 

= @.AC + wAC.ABH“AR......... (16) 

This is still only velocity, and it is accelerity we want. 

To get that we have to find out at what rate the last ex- 

pression is changing. We know how to deal with the 

first term in it; we had that before, it isw.@ AB. For 

A 

onan, 
| | 

Sasa 
«Cos 2 a>kSin?a>Sin?a> 

| G05) Gees 
FIG. ro. 

the second term, we have to ask ourselves at what rate 

the area of a rectangle whose sides are AC and AB is 

changing, knowing the rate at which the lengths of the 

sides are changing. Evidently this must be the sum of 

the products of AB by the rate at which AC is changing 

and of AC by the rate at which AB is changing. As 

AB is diminishing the latter must be deducted, not add- 
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ed. Writing these down we have the accelerity of the 

piston when the pin is in the position A. 

; @AB-+ AB.ow.AB — AC.w@.AC 
Accelerity = @ ( aR ) (17) 

AB + AB? — AC? 
or = o*( ———— Boyoub OD COO AN GO (18) 

cos a + cos’a — sin2a 
or =R o( aa) Noo oderoes (19) 

As some student new to this kind of reasoning may 

be puzzled over cos2a for (cos a), I explain that the 

meaning of cos2a is (cos a)?, and the form cos?a@ is 

adopted for convenience, as it cannot lead to any con- 

fusion. It is the same with all other trigonometrical 

quantities. 
To simplify (19), observe that in Fig. 10 it is shown 

that 

CONE > SMG = COSNon ca ccccoco0010b6 (20) 

Making the radius OA = 1 we have OC = cos a, 

and OE = cos @. cos a = cos2a........ (21) 

also AC = sin a, and FE = sin a, sin a. 

sin asin a—=sinta—FE.......... (22))5 

therefore (20), cos?a@ — sin?a = cos2a, 

We can therefore now write 

cos @ gece) 
Accelerity = R ol Ps 

This consists of two parts; the first 1s the primary ac- 

celerity as with a slot connecting rod, the other is the 

V @ 
Bie RR 

PLZ a Se 
N 

S 

FIG. It. 

secondary accelerity, or what is due to the obliquity of a 

swinging connecting rod. 

What is true for one crank and its weights is also 

true for any number of cranks on the same shaft. In- 

stead of RW for the product of length of crank by 

weight for the crank at angle a write the capital letter 

A, and if there are other cranks with other weights at 

angles b, c, d, etc., write for these the capital letters B, 

C, D,etc.,and the accelerity force at any instant tending 

to lift the engines will be equal to he constant == mul- 
} 

T 
tiplied by s A cos a + as ASCOS S2YA a nore re (24) 

Heresstands for the summation of all the quantities 

similar to that before which it is written, or for A cos 

a+Bcosb+C cos‘, etc., and similarly the second term 

(A cos 2a + B cos 2b + C cos 2b, 

etc.). The angles a, b, c, etc., are here the angles of the 

cranks from the vertical for one position of the shaft; 

I 
is the sum of ai 
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that we elected for the initial position, measured as in 

Fig. 5. 

We have seen that an equivalent crank P at angle p 

can be found as in Fig. 2 for the effect as with a slot 

connecting rod, and it is evident that another equivalent 

crank Q at angle q can be found in the same way for the 

effect of the swinging connection rod, if we set off the 

cranks at the angles 2a, 2b, 2c, 2d, and finally divide 

by n the ratio of the length of the connecting rod to the 

length of the crank. These will be the primary 

equivalent crank and the secondary equivalent crank. 

On Fig. 11 let P be the primary equivalent crank in 

the initial position. Its rectangular components are 

Wi = IP GOS M = 6 A COS @oosoovccooec (25 

amGl IN I)? Sin p= FA SiR Go oscocdo00¢ 

when p=POV. 

If a circle be imagined as described upon OP and car- 

ried round with OP as the shaft revolves to the right, 

writing p for the varying angle between P and the 

vertical the vertical line VO, now @O will cut this 
circle and the intercept or chord will always be P cos 

42 
fp, the quantity to be multiplied by = for the pri- 

mary vertical force. Z 

From the diagram Fig. 11 it is obvious that 
Pcosf=Mcos@+N sin @........ (27) 

if ~@ be angle the shaft has rotated from the original 

position; that is, VO — @, and GOP — 4. 

This may be written: 

Pcosf/—cos $5 Acosa+sin @¢5 A sin a. .(28) 

It is evident that if we treated the second term of 23 

in the same we would get: 

OQ cos2g—cos2@sAcos2a+sin2@s5 Asin a (29) 

The vertical force lifting the engine is therefore 
T 

op | aos 6 Acas a+sin@sA sina + 5 ) 

\ (40) 
34 / 

o 
(cos2 $s Acos2a+sin2 5A sin2a) 

Gasoline Pleasure Laun.h Au Revoir 

The launch Au Revoir, recently constructed by the 

Greenport Basin & Construction Co. for H. D. 

Milderberger, forms an interesting example of the ap- 

plication of gasoline motor power to the larger classes 

of pleasure launch. The chief dimensions of this boat 

are as follows: Length over all 58 ft., extreme beam 

11 ft., draft 3 ft. 1 in. As shown on the accompanying 

drawing the arrangements provide for a main cabin 

with saloon and stateroom, while accommodations for 

the crew are provided forward. The saloon is hand- 

somely paneled in butternut, and is provided with 

two folding berths so arranged when closed up as to 

form side panels, while above these a shelf runs the 

length of the saloon on each side. In order to econo- 

mize space the doors are fitted to slide on tracks rather 

than to swing on hinges. The stateroom is finished 

similarly to the main saloon, and so arranged as to 

make one large room when both are opened. All 

mattresses, pillows and cushions are of felt and made 

by the Ostermoor Co., while pantasote was used in 

the crew’s quarters and engine room. 

The motive power is provided. by a 16 H.P. Russ 

motor, which will be found more particularly de- 

scribed on another page of the present issue of Ma- 

RINE ENGINEERING. As noted on the plans a stack is 
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IMPROVED APPARATUS. 

Improved Grease Cup. 

A novel form of lubricator for use with grease has 

been brought out by James L. Robertson & Sons, 

204 Fulton street, New York, under the name of the 

Tic-a-toc automatic grease cup. The shank is screwed 

into the connecting rod end or eccentric strap in the 

usual way, and the cup is readily detachable for filling 

cl | (oorZ( 
wW 

ie 
— att 

il] 

GREASE 

) ooo =p 

/ LEATHER 

or 
¥ 

FULL OF CHHEREIS 
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TIC-A-TOC GREASE CUP. 

at any time when stopped or under way. The motion 

of the rod or strap sets the small pendulum, shown in 

the drawing, swinging, and this operates the pawl, 

which engages in the ratchet feed wheel. Keyed on 

to the same spindle as this wheel is a small worm 

which engages a worm wheel with a threaded hub. 
Through this hub passes the central 

screw attached to the plunger inside 

the cup. To control the swing of the 

pendulum and the consequent coarse- 

ness of feed, two set screws with lock 

nuts are provided, so that the cup can 

be adjusted to feed between a wide 

MARINE ENGINEERING. 

Russ Gasoline [lotor. 

For marine purposes the Russ motor is intended 

to use gasoline for the generation of the gas required 

for its operation. While available for all types of ser- 

vice for which gas engines may be used, special care 

has been given in the design to the production of 

a reliable and efficient motor for marine purposes. 

It is made of the two cycle type, and thus gives a 

power stroke for each revolution of the engine. It 

is claimed that in the design of this motor special care 

has been given to mechanical simplicity and to the re- 

duction of the number of parts, and that all combina- 

tions of gears, reducing motion and complicated 

valves have been avoided. Also in the construction 

of the motor the arrangements are such that access to 

any of the important parts can be had without taking 

the engine apart. The cylinder is carefully water 

jacketed on all sides, and is thus efficiently cooled 

no matter what the speed of the engine or the length 

of the run. In the arrangements for admitting the 

fresh mixture to the cylinder special care has been 

taken in the design to insure a uniformity of propor- 

tion, no matter what the speed of the revolution, and 
also to provide for certainty of ignition. The motor 

is governed through the admission valve wherein it 

range of speeds. The feed is positive 

and automatic, starting immediately as 

the engine starts, and stopping when 

the engine has finished turning. The 

bearings do not have to become warm 

to start the lubrication. With this 

form of cup, graphite grease can 

be used to advantage. It is made in a variety of sizes, 
containing from 4 oz. to 18 oz. of grease when filled 
and is sent on thirty days’ trial. 

, 

RUSS GASOLINE MOTOR. 

controls directly the amount of fresh charge allowed 

to enter the cylinder. When running without a load’ 

the valve admits only so much of the mixture as may 
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be needed to keep the engine up to speed, while as 

the load increases the valve opens under and admits a 

larger charge until the limit of power is reached. 

These motors are made in sizes from 6 to 16 H. P. 

by the Russ Motor Company, of Brooklyn, N. Y., and 

it is claimed that due to an especial feature of design 

> 
aN 
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The same applies to buoys, which often drift away 

from their stations, that usually mark the entrances 

to channels, dangerous shoals and wrecks, and so de- 

ceive the mariner by their false position with which 

he is not acquainted. A mark which locates a dan- 

gerous spot when moved from its proper station can 

Marine Engineering 

FIG, 1.-SAFETY ANCHORAGE FOR LIGHT VESSELS. 

and construction they will maintain high efficiency 

for varying power and will operate continually and 

~y 

well be compared to a misplaced switch on a railroad. 

The results are the same—loss of life and valuable 

FIG. 2.—SAFETY ANCHORAGE FOR LIGHT VESSELS. 

steadily for long periods of time with minimum wear 

and tear and expenses for repairs. 

Safety Anchorage for Light Vessels. 

The difficulty of keeping a light vessel on her sta- 

tion in every kind of weather, and the danger to 

navigation when she is shifted by stress of weather 

is recognized by all men who have to do with the sea. 

property. The strain put upon the cable of a light 

vessel or buoy in a heavy sea often causes it to part, 

and the mark is blown from its station. Frequently 

their anchors are lifted from the bottom as they ride 

each sea, and little by little the vessel or buoy is 

moved far from its original location. Thus when it 

is picked up by the navigator he gets a false bear- 

ing, and shipwreck is often the result. To prevent 

this possibility is the aim of the device represented 
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in the accompanying sketches. This device has been 

worked out by George C. Stanley, of Portsmouth, 

Va. It consists of a cable counterweight, buoy and 

FORGE READY FOR USE. 

FORGE FOLDED UP. 

anchor. In its operation, as wind or wave move the 

vessel from the charted position, the cable and 

counterweight are lifted; the weight of cable and 

MARINE ENGINEERING. | 439 
counterweight is then suspended from the vessel to 

the buoy. As the strain increases the buoy is sub- 

merged and forms an elastic loop of the cable with 

a continuous strain throughout the movement. This 

allows the vessel to gradually recede with the wave, 

and as the tension is increased on the cable the ves- 

sel comes through the wave in an easy manner and 

presses forward to buffet the next wave without any 

sudden stress being placed upon its fastenings. The 

forces called into play by this anchorage are opposed 

to one another—the buoyancy of the float and the 

gravity of cable and counterweight. This method, the 

inventor believes, makes an elastic and safe anchor- 

age, and allows the vessel to be moored with a short 

cable in a heavy sea, with the counterweight and 

buoy almost under the forefoot. The present method 

of anchorage requires a very heavy cable with many 

fathoms played out to relieve it from the sudden 

shock produced by each succeeding wave. Fig. 1 

shows the light vessel upon the crest of a wave, with 

the greatest stress upon its cable and anchor, and the 

counterweight lifted from the bottom and buoy 

partly submerged. Fig. 2 shows the return of the 

vessel from the receding wave and its readiness for 

the next wave on account of the elastic tension 

placed on the cable by the float rising on the wave. 

Buffalo Army and Navy Forge. 

In order to supply the rapidly increasing demand for 

a forge of minimum compass and weight, the Buffalo 

Forge Company, of Buffalo, N. Y., has recently placed 

upon the market a portable forge, which embodies 

many novel features. The forge, here illustrated and 

described, was designed primarily for use on battle- 

ships, cruisers, and merchant vessels. In view of the 

fact that in such situations space is an item of the ut- 

most importance, the peculiar appropriateness of this 

forge will be at once recognized. The same features 

which render it invaluable for use on shipboard must 

likewise appeal strongly to those who have occasion to 

transport forges for long or short distances. Although 

the aim of securing extreme lightness, compactness, 

and consequent ease of transportation was paramount, 

those prime requisites of a first-class forge, capacity, 

durability and efficiency, have by no means been lost 

sight of. The characteristics thus referred to will be 

perceived by a glance at the three cuts herewith pre- 

sented. The first view shows the forge as it appears 

when set up ready for use. The rigid steel-plate case 

provides a commodious hearth for the fire, which 

stands about 30 in. above the ground. To the case are 

removably attached the various parts, gearing, blower, 

tuyere and legs. The latter fit into sockets at each 

corner of the case and at their lower end are flanged 

horizontally to provide feet for support, as indicated in 

the first view. An 8 in. crank and handle furnishes the 

proper speed of rotation to the blast wheel of the 

blower through a train of four accurately cut gears, 

enclosed in a dust-proof case. The rotary blower is 

connected to the orifices in the circular tuyere plate by 

means of the tuyere pipe, which is formed with a short 

drop branch for the collection of ash. To facilitate the 

handling of long bars, a section on each side of the 

case is hinged so that it may be turned down. As in- 
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dicated in the second view, 

and blower, tuyere pipe, legs and crank, 

tached and readily packed within the case, leaving in 

addition sufficient space for blacksmith tools. The third 

view shows the forge in its most compact form, as it 

appears when ready for shipping and storage. This 

also is the form taken on shipboard when not in use. 

The outside dimensions of the closed case are but 

27 1-2 im. by 22 I-2 in. by 10 in., and the weight of the 

complete outfit, 164 lbs. This is a very small compass 

in which to pack so bulky a machine as a forge. A 

hasp provides means for padiocking, and four handles, 

two on each side, make easy lifting a possibility. In 

addition the construction is such that the forge may 

be assembled for use in three minutes. This forge is 

already in extensive use, though by no means ex- 

clusively on shipboard. In addition to the sales in this 

country, the forge has been introduced abroad and is 

the several parts, gearing 

may be de- 

now in use in the Imperial Japanese Navy. It has 

likewise been recommended for army use by the 

Ie si, sa quartermaster of the United States Army. 

fact, just the thing for transportation on mule back, 

or for compact storage and shipping. 

Fracture of Tail Shaft S. S. Border Knight. 

The skill and resourcefulness of marine engineers 

in making emergency repairs at sea have seldom been 

better displayed than in the case of the recent break- 

down of the British S. S. Border Knight, owned by 

James Little & Co. We are in receipt of a report on 

this case which deserves a place in the annals of en- 

gineering breakdowns at sea. The chief engineer of 

the vessel, Alexander B. Gerrie, planned the method 

of repair, and the work was carried out not only 

under his direction, but with his aid, practically at the 

risk of his life. 

The S. S. Border Knight is a steamship of 2,400 tons 

engaged in direct trade between New York and South 

African ports. She left the port of Durban, South 

Africa, June 9 last, and had a splendid run until July 2, 

when at 2.30 o’clock in the afternoon the tail shaft 

broke outside the liner and the propeller and taper 

end went to the bottom. All hands were turned out 

at once and steam worked back, and to each of the 

four engineers carried was assigned three helpers to 

carry out repairs. The Second Engineer started to 

get the guards off the shaft couplings and the bolts 

out, and in this work the Third gave assistance. The 

Fourth went to work to cut and bolt a piece of angle 

iron across the tunnel underneath the forward end of 

the intermediate shaft, and to cut up the channel iron 

which carried the wheel chains and bolt a section of 

it across the after end of the shaft. The after tanks 

were then pumped dry and the fore peak filled, but 
there was so pronounced a swell that it was not con- 
sidered prudent to draw the tail shaft. To help mat- 
ters it was decided to flood the forehold to a depth 
of 6 ft. 

A 8 P. M. the engineers knocked off and then 
worked on watches until 6 o’clock the next morning. 
An examination of the available tackle showed that 
it was too light, consisting only of one 2-ton and one 
I-ton tackles, while the tail shaft weighed four tons. 
Next the anchor stock of the kedge anchor was 
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brought down to the tunnel for use as a ram to drive 

the couplimg bolts. At the same time holes were 

drilled in the tunnel top to hang the tackle, and the 

gland at the after peak bulkhead was removed. 

On the second day after the break the intermediate 

shaft was lowered, one end resting on the tunnel floor, 

and the other on the angle iron before mentioned. 

The tackles were then shifted ready for drawing the 

tail shaft, and at 9 P.M. every one was then sent to get 

a good rest until daylight. 

On the third day the ship was dipping heavily, Hee 

head being kept to the sea by sea anchors. Chief 

Engineer Gerrie now had a plug made from a wooden 

fender to fit the stern aperture, and with this he was 

lowered over the side. Meanwhile the Second made 

preparations inside for withdrawing the tail shaft, 
and as he drew it inboard the Chief inserted the plug 
and made it tight, thus preventing any flooding or 
leaks. The tail shaft was drawn in past the channel 
iron, before referred to, and the channel was put up 
again and the weight of the shaft taken on it. One 
end was then lowered to the tunnel floor, and the 
other end having been heaved up by the tackle, the 
channel iron was taken down and the shaft lowered 
to the floor. The spare tail shaft was then gotten in 
place in the reverse manner and run out until it met 
the plug. The engineers worked all night getting the 
coupling bolts and everything in readiness for the 
final adjustment. 

On the fourth day the tail shaft, having been pro- 
tected at the outboard screwed end by wrappings of 
spun yarn, was pushed out flush with the boss and 
was ready for fitting on the propeller at 9 A. M. The 
propeller was now hoisted over the port side and 
lowered into the aperture in a very skillful and sea- 
manlike manner by the deck department. As there 
was a nasty swell on, progress was slow and the 
work difficult and dangerous. Finally the propeller 
was centered in the aperture and the tail shaft pushed 
out, and after a good deal of effort the key was en- 
tered and the outside nut screwed on for two threads 
distance by about 6 P. M. All that night the en- 
gineers worked in the tunnel, coupling up the shafting 
and drilling the propeller spanner for a shackle. 

At daylight on the fifth day the Chief Engineer was 
lowered down on the propeller with the propeller 
spanner, and with the aid of a wire purchase on the 
after winch tightened up the nut and got the pin in 
place ready for steaming. At 11 A. M. the sea anchor 
was taken in and the Border Knight proceeded under 
her own steam to St. Lucia, having been stopped only 
4 days 3 1-2 hours. 

The skill with which the repairs were effected is 
shown in the fact that no mishap occurred to the per- 
sonnel—not even a crushed finger. While working 
outboard Chief Engineer Gerrie was frequently sub- 

merged, and so jarred that he bled freely from his 
ears and nostrils. There were sharks all about, too, 

and it was found necessary to catch four of them and 

chop them up to feed the others before work at the 
water line could be safely carried out. During the 
operations the Chief Officer of the ship was washed 
overboard anil was rescued with difficulty—but on his 

return to the ship remained actively on duty. 
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As a result of his experience, Chief Engineer A. B. 

Gerrie is of the opinion that in such an emergency 

after the propeller is over the side and in the screw 

aperture, it would be better to take in the sea 

anchor and let the vessel roll so as to minimize the 

pitching, which naturally greatly delays the work. 

At St. Lucia the vessel was viewed by Lloyd’s In- 

spectors, who found everything in a tight and satis- 

factory condition, and upon their report the Lloyd’s 

headquarters at London subsequently voted a special 

medal in recognition of his work in saving the ves- 

sel and crew. To Captain W. F. Splatt and Chief 

Officer Mathie special credit is given by Chief Engi- 
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ACTION OF BILGE KEELS FROM A HYDRO- 
DYNAMICAL POINT OF VIEW.—1.* 

BY G. H. BRYAN, F.R.S. 

I.—INTRODUCTION. 

(1) The means adopted for moderating the/ rolling 

of ships have been recently brought before my notice 

in a paper by W. J. Luke, and the discussions accom- 

panying it in the Transactions of the Institution of En- 

gineers and Shipbuilders in Scotland (XLIII. 2, 3)! 

for December, 1899, and January, 1900. On reading 

this paper, I was much impressed with the efficacy 

of bilge keels in extinguishing rolling, as these ap- 

ANGLE IRON TO SUPPORT SHAFT 

CHANNEL * »? » 2y 

2 TON TACKLE 

TUNNEL GLAND 

STERN GLAND moogw p> 

WATER BALLAST, 301 TONS 

neer Gerrie for valuable services rendered during the 

work of repair. 

U. S. S. Wyomine.—The U. S. Monitor Wyoming 

was launched at the Union Iron Works, San Fran- 

cisco, September 8. Miss Hattie Warren, daughter 

of United States Senator Warren, of Wyoming, per- 

formed the ceremony of christening. This vessel is 

one of the four single-turret, harbor-defense monitors, 

authorized by Act of Congress, May 4, 1808. She is 

of these dimensions: Length, 1. w. 1., 252 ft.; extreme 

beam, 50 it.; mean draft, 12 ft. 6 in.; displacement, 

about 3,200 tons. She will be fitted with twin screw, 

triple-expansion engines, and Babcock & Wilcox water 

tube boilers. The estimated speed is 11 1-2 knots. 

The main battery will include two 12 in. breech-load- 

ers, and four 4 in. rapid fire rifles. The armor varies 

in thickness from II in. on the side to 1 1-2 in. on the 

protective deck. The contract date of completion is 

March 5, 1001. 

Marine Engineering 

ROUGH SKETCH SHOWING METHOD OF REPAIRS S.S. BORDER KNIGHT. 

peared to furnish a beautiful practical illustration of 

the properties of discontinuous motion which have 

for many years been a favorite subject of study 

among applied mathematicians. I at once wrote to 

Dr. Elgar, inquiring how far:the theory of the bilge 

keel had been treated from a hydrodynamical point of 

view, and, at his suggestion, the following paper has 

been prepared, in the hopes that a theoretical dis- 

cussion of the principles underlying the use of the 

bilge keel may prove of use in any further experi- 

ments that may be undertaken. In Sir Willian» 

White’s paper of 1895 allusion was made to the im 

vestigations then about to be undertaken by R. E. 

Froude, but from Mr. Luke’s paper (page 23) it ap~ 

pears that an account of these had not yet been ptb- 

lished. 

(2) The primary object to be kept in view in every 

device for extinguishing the oscillations of a ship is 

*Read before the Institution of Naval Architects, London, 
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the absorption or dissipation of the energy of the 

oscillatory motion. The use of internal water- 

chambers communicating with one another by a 

large number of small holes as described by Mr. 

Watts in 1883 and 1885 affords an excellent illus- 

tration of this property. In consequence of the re- 

sistance offered to the flow of water from one cham- 

ber to the other and back, energy is absorbed from 

the water and is ultimately converted into heat in 

much the same way as in Joule’s classical experi- 

ment of determining the so-called mechanical equiva- 

lent of heat. 

With the use of bilge keels, the energy of oscillation. 

has to be absorbed by the water surrounding the 

ship; and there are three ways in which a fluid can 

absorb energy:—(1) By viscosity; (2) by the pro- 

duction of discontinuous motions; (3) by the gen- 

eration of waves. Now, the effects of viscosity may 

naturally be expected to manifest themselves more in 

retarding the motion of the ship than in extinguish- 

ing oscillation, and the fact that bilge keels do not in- 

crease the resistance on the ship to an appreciable ex- 

tent shows that their action cannot primarily be due 

to viscosity. As to the effects of viscosity in deter- 

mining the ultimate form of the dissipated energy, 

these are of no great importance to the naval 

architect. 

We are thus left to deal with discontinuous motion 

and wave motion. The question as to the relative 

extent to which the action of bilge keels depends on 

these two causes may not be devoid of practical in- 
terest. It is clear that a ship which readily ex- 

pends its oscillatory energy in forming waves may, 
under other conditions, all the more readily absorb 
energy from certain types of waves, on somewhat 
the same lines as, in the radiation of heat, good 
radiators are good absorbers; in other words, a ship 
which generates the most waves when it rocks is the 
most easily set in motion when waves of the proper 
period strike it. 

(3) The object of this paper is to show that the 
efficacy of bilge keels in extinguishing rolling mo- 
tion, in virtue of the discontinuous motions they pro- 
duce, is materially greater than would be directly in- 
ferred from experiments on the co-efficient of re- 
sistance of a lamina moving in water. It must be 
€learly borne in mind throughout what follows that we 

are not considering the total extinctive effects, but 

merely the amounts by which these are increased by 
the addition of bilge keels to a ship which previously 
did not possess them. In a ship unprovided with 
bilge keels and possessing no sharp edges projecting 
into the water, discontinuous motions cannot exist 
at the velocities due to ordinary moderate rolling mo- 
tions. In such cases the extinction of oscillation is 
doubtless due to wave formation, aided to some ex- 
tent by viscosity. But when a bilge keel is added 
with a sharp edge, discontinuous motion is at once 
set up, the fluid motions being divided into two parts 
by a surface of discontinuity thrown off from the 
sharp edge, and it is my purpose to prove that the ad- 
vantage of the ship with bilge keels over the same 
ship without them can be accounted for by discon- 
tinuous motions to a greater extent than would ap- 
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pear at first sight probable. It is not contended that 

the effects of wave motion are not also of importance 
in this connection, but they probably are secondary 
in character, their action being due to the influence of 
the waves in modifying the discontinuous motions, as 
well as to the presence of the bilge keels causing a 
modification in the waves by which their absorption 

of energy may be materially increased. 
For this reason wave motion has been entirely left 

out of account in the calculations which I have made, 
a simplification which is, moreover, necessary in or- 
der to bring the problem within the range of existing 
methods of mathematical analysis. At the conclusion 
of the paper I propose to indicate lines on which ex- 
periments might be conducted with a view of putting 
the matter to a practical test. 

(4) Sir William White tells us that the late Mr. 
Froude’s experiments made with a paddle oscillating 

in water gave a co-efficient resistance of 1.6 lb. per 

square foot, with a mean velocity of 1 ft. per second, 

and that the use of this co-efficient does not fully ac- 

count for the experimental facts. “On the other hand,” 

Sir William White goes on to say, “in the case of the 

Sultan, the agreement between Mr. Froude’s es- 

timate, based on the use of this co-efficient and the 

experimental facts, was very close indeed.” 
Now the diagram shows that the midship section 

of the Sultan is rounder than that of the Revenge; 
and, moreover, the bilge keels were placed one near 

the bottom, and the other rather below the point 

where the contour is most curved. The section given 

of the Revenge shows that the submerged portion 

is more nearly of the form of a rectangle with rounded 

corners; and, moreover, the bilge keel is placed at 

the most protuberant part of the contour. In Mr. 

Luke’s diagrams the angular forms of the midship 

sections of most ships and the far more nearly cir- 

cular section of the Sultan are noticeable, while in 

diagrams of the Campania and Omrah, kindly sent me 

by Dr. Elgar, the section is approximately a rectangle 

‘with the corners rounded off. A glance at the dia- 

grams suggests that the differences in the behavior of 

the bilge keels largely. depend on the forms of the 

midship sections, and we are thus led to the following 

proposition: 

The resistance to discontinuous motion due to bilge 

keels is greater in a ship of somewhat angular section 

than in a ship of circular section, provided that the 

keels are attached at the protruding corners of the 

section. 

(5) The angular contour of the midship section in- 

creases the efficacy of the bilge keel in two distinct 
ways: 

(a) The motion of the ship produces currents in 

the water which flow past the bends in the opposite 

direction to that in which the ship is turning, thereby 

producing an increase of pressure on the bilge keels. 

(b) The discontinuous motion past the bilge keels 

alters the distribution of pressure on the sides of the 

ship, and for a rectangular section the differences of 

pressure thus produced have a moment always tend- 

ing to retard the rolling motion. 

Sir William White was evidently alluding to some 

such consideration as these in his remark:—“But, as 
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the matter at present stands, it would appear that the British Armored Cruiser Aboukir. 

Revenge experiments point to a possibility which is A fine example of an armored cruiser of a type now 

also indicated by the results given by Mr. Froude in building for the British Navy is shown in the accom- 

1874. It appears that when bilge keels are added to a _ panying sketch of H. M. S. Aboukir, recently launched 

ship they must become effective, not merely as flat from the Fairfield yard at Govan on the Clyde. This 
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surfaces oscillating with the ship, and experiencing vessel is a first-class steel, sheathed, armored cruiser 
direct resistance, but by indirectly influencing the of these dimensions: Length, 445 ft.; beam, 69 ft. 6 in.; 

stream-line motions which would exist about the os- mean draft, 26 ft. 3 in.; displacement, about 12,000 tons. 

cillating ship if there were no biige keels.” The Aboukir will be fitted with twin screws driven by 



444 

triple expansion engines, with cylinders 36 in., 50) ins 
and (two) 68 in. dia., and 4 ft. stroke, of 21,000 collec- 
tive horse-power. Steam will be furnished by thirty 
Belleville water tube boilers fitted with economizers ar- 

ranged in four groups, each group fitted in a separate 

water-tight compartment. The boiler pressure will be 300 

Ib., reduced at the engines to 250 lb. The estimated speed 

is 21 knots. For protection the Aboukir will have an 

armor belt of 6 in. nickel steel for 230 ft. of her length 

and 11 ft. 6 in. deep. Harveyized steel 12 in. thick will 

be used for the conning tower, and the barbettes will be 

protected with 6 in. armor. Bulkheads will be of 5 in. 

nickel steel, and the protective deck will have a maxi- 

mum thickness of 3 in. The armament will include two 

9.2 in. and twelve 6 in. guns, also fourteen 12-pound- 

ers, besides several boat, field, machine, and atitomatic 

guns. There will be two 18 in. submerged torpedo tubes, 

fitted broadside. The complement is 750 officers and 

men. 

San Francisco Dry Docx.—The proposed new 

graving dock to be built at Hunter’s Point, in San 

Francisco harbor, will be operated by the San Fran- 

cisco Dry Dock Co., which has taken over all the dock 

interests of the old California Dry Dock Co. These 

include an existing graving dock, in dimensions: 

Length, 400 ft.; beam, 125 ft.; depth, 24 ft.: also two 

floating docks of 3,000 tons and 1,200 tons capacity, 

respectively, and a marine railway capable of handling 

any vessel up to 800 tons. The new dock will be ex- 

cavated in the solid rock, which at the Point is green 

serpentine. The plans call for a dock 750 ft. long, 

122 ft. wide at the coping, 74 ft. wide at bottom, 32 1-2 

ft. deep over sill below coping, and with 28 ft. of water 

at high tide. In dimensions, therefore, the dock will 

be one of the largest in existence. Concrete will be 

used for the interior facing of the dock, and granite 

for the approach and seat for the caisson. The keel- 

son and working floor will be of Douglas fir well 

anchored and embedded in a sub-floor of concrete. 

The entrance to the dock will be closed by a steel 

floating caisson, which measures, length, 104 ft.; beam, 

28 ft.; depth, from bottom of keel to underside of 

upper deck, 33 ft. 9 in. Wharf approaches on either 

side of the entrance to the dock will be constructed 

by piling, and will be about 200 ft. long and 60 ft. wide. 
_ The pumping plant will consist of three centrifugal 
pumps, each having a 38 in. discharge. The combined 
capacity of these pumps is 110,000 gal. per minute. 

They will be arranged with double suctions, so that 
they can empty both or either of the dry docks. Two 
hours is the estimated time for emptying the new dock, 
and forty-five minutes the old one. Three Corliss en- 
gines, 24 in. by 48 in., and each of 345 H. P., will 
operate the pumps by the rope drive, the engines 
being located on the surface and the pumps in a pit 
on a level with the bottom of the dock. Steam will 
be supplied by six water tube boilers, and there will 
also be a 75 H. P. donkey boiler for furnishing steam 
to the drainage pumps and power capstans. A brick 
stack 110 ft. high and 7 ft. inside dia. will be put up 
on the boiler house. The officers of the dock com- 
pany are: President, William Babcock; Vice-presi- 
dent, J. H. Meyer; Secretary. W. F. Russell. Howard 
C. Holmes is the engineer in charge of the work. 
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-LAUNCHES—HOME AND FOREIGN. 

S. Y. Lysistrata.—The large full-powered, sea-go- 
ing steam yacht Lysistrata, for James Gordon Bennett, 
owner of the New York Herald, was launched from the 
Denny yard, at Dumbarion, on August 28. This ves- 
sel is of the following dimensions: Length on water- 
line, 285 ft.; length over all, 314.5 ft.; breadth, extreme, 
39.9 ft.; Thames tonnage, 2,082. She has a straight 
stem and long stern, and there is a full poop ait, 
a long shade deck amidships, and a short turtle-back 
forward. Unlike other large yachts, she has only one 
mast, which is placed aft of the funnel, and has a 
short yard for signaling purposes only. On the shade 
deck there are two deckhouses. The after one con- 
tains a large smoking-room with a vestibule, from 
which a stair leads to the main deck. The forward 
one contains a private business-room and state-room 
for the owner, and a chart-room. Above this deck- 
house is the navigating bridge. Under the shade deck 
there is a long range of deckhouses. At the forward 
end of this is the dining-room, a state-room with dress- 
ing-room, bath-room, and a Turkish bath-room. 
From here also a fine stairway leads to the private 
staterooms below. Between the engine and_ boiler 
casings the galley and pantry are situated, and at the 
after end of this deckhouse there are six comfortable 
state-rooms with bath-rooms attached. Under the 
poop deck are crew’s galley, cow-house, officers’ and 
crew’s lavatories and w.c.’s. On the lower or cabin 
deck forward are five large state-rooms (one of them 
20 ft. sq.), with dressing-rooms and bath-rooms ad- 
jeining. Forward of these there are a number of 
rooms for private servants. The officers and crew 
have fine accommodation on the cabin deck aft. Am- 
ple store-rooms and refrigerating-rooms are provided 
for the owner in the forward hold, and similar rooms 
for the officers and crew aft. The machinery of the 
yacht consists of two sets of four-crank triple-expan- 
sion engines, and four single-ended boilers of the 
cylindrical multi-tubular type, with a donkey boiler of 
the same type. She has ample coal bunkers, and it is 
intended she should attain a high speed. She will be 
lit throughout with electric light. 

S. S. City or RockKLanp.—The cargo and passenger 
steamer City of Rockland, for the Boston & Bangor 
Steamship Co., was launched at the McKie shipyard, 
in East Boston, September 11. The new vessel is a 
side-wheel steamer of these dimensions: Length, 300 
ft.; beam, 30 ft. over hull, and 62 ft. over guards; depth 
of hold, 14 1-2 ft. She will be fitted with a beam en- 
gine, constructed by the W. & A. Fletcher Co., of 
Hoboken, N. J. This engine will have a cylinder 63. 
in. dia. and 122 in. stroke, of about 1,700 horse-power. 
The side-wheels will be of the feathering type, 25 ft. 
in dia., and Io ft. face. There will be accommodations 
for a large number of passengers in 200 state-rooms 
and parlors. The vessel is built of oak. It is ex- 
pected she will be on her station next May. 

Sco. THomas S. Drnnison.—The wooden four- 
nmiasted schooner Thomas S. Dennison was launched 
from the Dunn & Elliott yard, at Thomaston, Me., 
on August 25. The vessel is of these dimensions: 
Length, 218 ft. 2 in.: beam, 43 ft. 7 in.; depth, 19 ft. 
7 in. The vessel has a capacity of about 2,000 tons. 
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I. R. C. Nowrx.—At the Schichau yard in Dangzig, 

on August 15, the Russian Cruiser Nowik was 

launched. This cruiser has a length of 347 ft. 8 in., 

a beam of 40 ft., and on a draft of 16 ft. 5 in. will have 

a displacement of about 3,000 tons. The bunker capa- 

city is 500 tons, and will insure a radius of action of 

about 6,000 miles. This vessel has triple screws, and 

three engines of 18,000 collective I.H.P. This is ex- 

pected to give a speed of not less than 25 knots. On 

account of her high speed the Nowik will be chiefly 

used as a scout and dispatch vessel. She will have 

three funnels and a signal mast, with fighting-top and 

signal yard, as well as three large electric searchlight 

projectors. The vessel is fitted with a heavy protec- 

tive deck, and will have the following armament: Six 

I2 cm, and six 4.7 in. quick-fire guns, one Baranow- 

sky gun, and six torpedo tubes, with three 8 mm. 

machine guns in the fighting-top. 

Scu. GENEVA.—The four-masted schooner Geneva 

was launched at the yard of Cobb, Butler & Co., of 

Rockland, Me., on September 20. She is of these 

dimensions: Length, 190 ft. 6 in.; beam, 37 ft. 2 in.; 

depth, 17 ft. 5 in.; net tonnage, 776 tons, carrying capa- 

city, 1,300 tons. The vessel has two full decks and 

poop deck extending forward to the mainmast. Her 

masts are of Oregon pine and are 02 ft. in length 

She is owned by John S. Emery & Co., of Rockland, 

Me., and has been chartered to load a cargo of coal 

at Baltimore, for Pernambuco, Brazil. 

Scu. J. Epwarp Draxe.—The four-masted wooden 
schooner J. Edward Drake was launched at the yard 
of the New England Co., Bath, Me., on September 
11. The vessel measures: Length of keel, 190 {t.; 
beam, 37 ft.; depth, 17 ft.; gross tonnage, gio tons. 
The keel is of oak, the frames of hackmatack and 
other hardwoods, the ceilings of pine, and the plank- 
ing of yellow pine. The vessel is fitted with two dis- 
charging hatches 11 ft. sq. She is also fitted with a 
Hyde windlass outfit. She is owned by James B. 
Drake, of Bath, Me. 

S. S. Canapran.—The S. S. Canadian of the Leyland 
Line, was launched on the Tyne, England, Au- 
gust 11. This vessel is of the following di- 
mensions: Length, 550 ft.; beam, 50.6 ft.: 
depth of hold, 47 ft. She is fitted for general 
cargo and cattle carrying trade, having accommoda- 
tions for 820 live stock. She will also have passenger 
accommodations for about 100 cabin passengers. The 
vessel will be put in service on either the New York 
or Boston route of the company. Her speed will be 
about 15 knots. 

Sco. TuHarttium—The schooner Thallium was 
launched from the yard of McKay & Dix, Bucksport, 
Me., on August 23. She is of the following dimen- 
sions: Length, 164.3 ft.; beam, 36.6 ft.; depth, 16.7 ft.; 
gross tonnage, 729.28. She was built expressly for the 
cryolite carrying trade between the Greenland mines 
and Philadelphia. The vessel is owned by Capt. C. 
B. Dix, of New York. 

Tow BArGE—One of the four lime barges for the 
Rockland, Rockport, Lime and Cement Co., ordered 
from the Harlan & Hollingsworth Co., of Wilming- 
ton, Del., was launched from their yard, August 23. 
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T. S. S. Justo CHErMontT.—This steel twin-screw 

vessel for the Amazon Navigation Co., was launched 

from the yard of Laird Brothers, Birkenhead, August 

25. The vessel is of these dimensions: Length, 230 

ft.; beam, 35 ft. 6 in.; depth, 11 ft. 9 in.; cargo capacity, 

300 tons on 7 ft. 6 in. draft; speed, 13 knots. She is. 

to have two sets of triple-expansion engines, and two 

steel double-ended return tube boilers, built for 175 lb. 

working pressure. A sister vessel, the Campos Salles 

was recently completed by the same builders for the 
same service. 

Tuc Oscar G. Murray.—The steel tug Oscar G. 
Murray, for the Baltimore & Ohio Railroad, was 

launched at the yard of the Spedden Shipbuilding Co., 
‘of Baltimore, September 15. The tug is of these di- 
mensions: Length, 105 {t.; beam, 22 ft.; depth, 12 ft. 6 
in. She will be fitted with a fore and aft compound 
engine, with cylinders 20 in. and 4o in. by 28 in. The 

vessel is named after the first vice-president of the 
Baltimore & Ohio Railroad Co. 

DreEpGE.—The vessel, said to be the largest dipper 

dredge in America, was recently launched at the St. 

Lawrence Marine Railway Co., Ogdensburg, N. Y. 
She is of the following dimensions: Length, 115 ft.; 

beam, 40 ft.; drawing 12.2 ft. at working end and 10 1-2 

ft. at stern. She is to be taken to Massena to cut a 

channel in the proposed canal through from the St. 

Lawrence to the Grasse River. 

Sco. Joon W. Dana.—The three-masted wooden 

schooner John W. Dana was launched from the yard 

of F. S. Bowker, Phippsburg, Me., August 25. The 

vessel was built for the West Indian trade, and is of 

these dimensions: Length of keel, 153 ft.; beam, 34 

ft.; draft, 13 ft.; carrying capacity, about 1,000 tons. 
She is owned by John W. Dana, of Portland, Me. 

Scu. Mreprorp.—The four-masted schooner Medford 
was launched from the yard of Kelly, Spear & Co., 
of Bath, Me., on August 29. She is of the following 
dimensions: Keel, 190 ft.; beam, 4o ft.; depth, 23 ft. 

Freicut LicuTer.—A large freight lighter, the last 

of an order for five for the Baltimore & Ohio Rail- 

road, was launched September 11, at the yard of Wil- 

liam N. Skinner & Sons, of Baltimore. 

BarGE THEODORA PALMER.—The wooden barge 

Theodora Palmer, of 3,000 tons capacity, for the Thames 

Towboat Co., was launched from the Noank ship- 
yard, Noank, Ct., August 25. 

S. S. St. Paut.—On a recent west bound trip, the 

American liner St. Paul made the passage from Cher- 

bourg to New York in 6 days, 7 hours and 6 minutes, 

beating her own record and that of all other liners 

on the route, with the exception of the two new Ger- 

man fliers. On the way across, the St. Paul passed the 

Cunarder Campania, and docked in New York con- 

siderably ahead of that vessel. 

A preliminary trial in the Kennebec River, the U. S. 
torpedo boat Barney, 167 tons displacement, built by 

the Bath Iron Works, is reported to have shown a 
capacity for high speed. The contract speed is 28 
knots. 

On a recent trial the Parsons turbine driven de- 

stroyer Cobra is reported to have attained a speed of 
37.7 knots. 
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Obituary. 

Arthur Sewall, shipbuilder and shipowner, of Bath, 

Me., died at his summer residence at Small Point, near 

that city, September 5. He was a native of Maine, 

haying been born in Bath, in 1835. In that city he 

received his education, and when he left school he 

entered .his father’s shipyard, then one of the largest 

on the coast. In 1854 Mr. Sewall associated himself 

with his brother Edward, in shipbuilding and_ ship- 

owning enterprises, under the firm name of Arthur 

Sewall & Co. To the efforts of this firm are in large 

measure due the existence of the American flag in 

the foreign freight trade. In 1894, the firm built the 

first steel sailing ship constructed in this country, the 

material being specially imported for the purpose. 

Later, other and larger vessels were built from domes- 
tic materials. Deceased was honored by the nomina- 

tion for Vice-President of the United States on the 
Democratic ticket in 1896, a place which he had not 

sought. His death removes one of the strongest sup- 

porters of the American foreign shipping interests 

A widow and two sons, Harold M. and William D. 

Sewall, survive. 

Robert W. Linn, one of the pioneer builders of 

wooden vessels on the Great Lakes, died in Detroi+ 

last month, aged 70 years. He came to this country 

originally from Scotland, and first engaged in the 

shipbuilding business at Gibraltar, Mich. At one 

time deceased had as a partner Mr. Craig, now of 

Toledo, Ohio. No vessels have been built at the 
Gibraltar yard for several years. 

TURBINE DRIVEN VEssELs.—It is not improbable 

that the turbine motor may be applied to passenger 

service in the near future. In the Channel service, be- 

tween England and Ireland and England and the Con- 

tinent, high speed seagoing vessels abound. The 

London, Brighton and South Coast Railway has un- 

der construction plans for a Parson’s turbine driven 

vessel for the Newhaven-Dieppe route. Another large 

corporation, the London & North Western Railway 

Co. is understood to be contemplating the use of the 

turbine motor in the projected steamer Scotia for ex- 

press service between Holyhead and Dublin. In both 

of these cases it is more than likely that the hulls 

would be built at the Denny yard at Dumbarton, on 

the Clyde. The success which has attended the trials 

of the destroyers Viper and Cobra has done much 

toward making the turbine driven vessel a possibility. 

‘The last named vessel built by Armstrong, Whitworth 

& Co. on the Tyne, on speculation, has recently been 

purchased by the British Admiralty. 

Water Tuse BoiLers.—A strong committee has 

been appointed for the purpose of investigating the 

boiler question in the British Navy under the pres)- 

dency of Vice Admiral Sir Captain Domville, R. N. 

The membership includes superintending engineers ot 

large lines of merchant vessels, a scientist and a mem- 

ber of the engineer corps of the Royal Navy. The 

committee will carry out a very exhaustive inquiry into 

the merits and demerits of the Belleville water tube 

boiler for naval purposes as compared with the cylin- 

‘drical tank boiler. Other forms of boiler will be con- 

sidered and also the important question of auxiliaries. 

Practical and experimental trials will be conducted. 
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QUERIES AND ANSWERS. 

(Communications intended for this department will not receive at- 

tention unless accompanied by the fullname and address of 

the sender, which will be considered confidential.) 

Q.—(1) As I understand it, the resistance makes 

the field coil get hot, and in order to avoid the heat- 
ing more wire is added to the field; now, if resistance 

is what heats the coils, how do you account for cool- 

ness of the field after adding more wire, conse- 

quently more resistance? 

(2) What is the cause of the humming in the fields 

and pole pieces of an induction motor, when the 

armature is not revolving, but the current is passing 

through the fields? 

(3) What changes are necessary to reverse the run- 

ning of an induction motor? Crossing the positive 

and negative wires at binding-post will not do it. 

ILy G Sr 

A.—(1) The resistance is not what makes the field coil get hot. What 

heats it is the energy required to force the current through the 

wire against the resistance, and this energy is equal to the resist- 

ance multiplied by the square of the current, the resistance being 

measured in ohmsand the current in amperes. If the resistance is 

increased the current is reduced, and as the square of the latter 

enters into the multiplication the product is reduced To illustrate, 

suppose the resistance is oo ohms and the current is 2 amperes, 

then the energy expended in heating the field coil will be 2 « 2 x 

100 = 400 watts. Now, if the field resistance is increased to 200 

ohms, the current.will be reduced to 1 ampere, and the energy ex- 

pended in the field in developing heat will be 1 % 1 X 200 = 200 

watts 

(2) The cause of the humming, when the armature is not revolv- 

ing, is that under such conditions the iron is subjected to two 

strong magnetizing forces which act in opposite directions, or pull 

against each other, so to speak, and this action produces a very 

rapid vibration of the metal, which results in developing a hum- 

ming noise. 
(3) To reverse a two-phase induction motor, reverse the two 

wires of one circuit, leaving the wires of the other circuit un- 

changed, To reverse a three-phase induction motor, reverse any 

two wires. 

Q.—Will you please answer the following question: 

“If 80 gallons of feed water per minute at 180° pass 

through a coil heater of 3,050 sq. in. heating surface, 

heated to 370°, at what temperature will it enter the 

boiler? A SUBSCRIBER. 

A —No exact answer can be given to this question by any process 

of mere computation. The result will depend on many other con- 

ditions which are not stated, and which cannot be definitely known. 

The chief of these are: (1) The character and condition of the sur- 

faces in the heater, whether clean or coated with scale or grease. 

(2) The arrangement of the coils in the heater with reference to the 

velocity of circulation, recent experiments showing that the effi- 

ciency of a feed heater is toa considerable extent dependent on 
this feature. Making the best estimate possible regarding these 

various points, however, it is not likely, under the conditions 

stated, that 1 square foot of the surface will transfer more than 

about 600 heat units per minute. The heater as a whole has about 

21sq. ft of surface, and this would give 21 600 = 12,600 heat units 

transmitted through to the water. Taking 8 1b. to the gallon, we 

have this amount of heat absorbed by 640 1b. of water. This gives 
a rise of temperature of 12,600 = 640, or about 20 degrees. This esti- 

mate might, however, widely vary under different conditions. 
It will be noted that the heater mentioned is entirely too small 

for this quantity of water, which amounts to about 3§,400 lb. per 

hour. This is enough for a modern 2,500 I.H.P. triple-expansion 

engine, while 21 sq. ft. of heater surface would mean only a little 

vest-pocket heater, say about 12 in. dia. by 24 in. long. 

On the recent trial trip of the U. S. S. Alabama, over 
the Cape Ann course, an average speed of about 17 

knots was maintained. 
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U. S. BATTLESHIP WISCONSIN EXCEEDS 17 
KNOTS SPEED ON OFFICIAL TRIAL. 

On her trial last month the battleship Wisconsin at- 

tained a maximum speed of 18.54 knots, and her aver- 

age rate for 32 knots was 17.9 knots, the average for 

the entire trial figuring out 17.1 knots, subject to tidal 

been successfully run she will doubtless soon be 

added to the list of fighting ships in commission. 

The Wisconson is classed as a sea-going coast line 

battleship, and is of these dimensions: Length on 

load water line, 386 ft.; beam extreme, 72 ft. 2 1-2 in.; 

draft mean, 23 ft. 6 in.; gross tonnage, 6,802 tons, and 

U. S. BATTLESHIP WISCONSIN, BUILT BY THE UNION IRON WORKS, SAN FRANCISCO, CAL. 

corrections. Thus again has the Pacific coast 

demonstrated that it can turn out war vessels which 

are the peers of any constructed elsewhere in the 

world. This fine fighting ship came into being at the 
birthplace of the famous Oregon, the Union Iron 

Works, San Francisco, and now that her trial has 

displacement with two-thirds ammunition and _ stores 

aboard, 11,525 tons. Her designed speed was 16 knots 

with 10,000 I.H.P. Her construction was authorized 

by Congress in the act of June 10, 1896, and the con- 

tract for her construction was signed September 19, 

1896. On February 9, 1807, the keel was laid, and on 

(Copyright, 1900, by Aldrich & Donaldson, New York.) 
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October 11, 1900, the official trial was run. From an 

inspection of the photograph reproduced on our 

frontispiece, the handsome appearance of the vessel 

will be noted. She has a high freeboard forward and 

amidships, and has a pronouncd ram bow, and little 

or no shear. The masts extending upward from the 

fighting tops are for signal purposes only, and the 

two smoke pipes are abreast, differing in this respect 

from most of the other ships in commission. Alto- 

gether she has a very trim and fighting appearance. 
Her chief weapons of offense, the four 13-in. guns, 

are carried in pairs in two turrets, one turret forward 

and one aft, and in addition she has fourteen 6-in. 

rapid-fire guns, sixteen 6 pdrs., and four 1 pdrs., be- 

sides various machine and landing guns. There are 

also four torpedo tubes for the long Whitehead tor- 

pedoes. The armor protection ranges from 16 1-2 in. 

en the sides, 15 in. on the barbettes, 14 in. on the 

turrets down to 23-4 in. on the flat of the protective 
deck. 

Earlier in the month, what might be called an en- 

durance test of the vessel was carried out on a run 

down the coast from Seattle to San Francisco. On 

_this trip she covered 806 knots in 59 hours, making 

an average speed of about 14 knots. During this run 
the machinery worked without the slightest hitch. 

Subsequent to the official trial of the Wisconsin, con- 
gratulatory telegrams, referring to her performance, 
passed between various heads of the Navy Depart- 
ment in Washington, and the builders in San 
Francisco. 
The contract price of the hull and machinery was 

$2,674,955. When in commissioin her complement 
will be 40 officers and 449 men. 

Work at SPARROw’s Potnt.—Work in the marine de- 
partment of the Maryland Steel Co. is very brisk just 
now. There are orders on hand for eleven new vessels, 
and for repairs to four old ones. The displacement of 
the new ships reaches 97,000 gross tons, and the horse 
power is 50,000 I. H. P. The number of engines to be 
built is nineteen, and of boilers fifty-two. Contracts for 
the two new steel freight steamers for Kidder, Peabody 
& Co., of Boston, call for two vessels of the following 

dimensions: Length over all, 505 ft.; between perpen- 

diculars, 490 ft.; beam, 58 ft.; depth, 4o ft. They will 

be built to conform to the British Corporation shelter 

deck class of the highest rating. Each vessel will have 

engines of 4,000 I. H. P., and four boilers fitted with 

Howden draft, built for a working pressure of 20 lb. per 

sq. in. The speed will be 12 knots loaded. The dead 

weight capacity at 27 ft. draft is 11,200 tons, cargo and 

coal. These steamers will be operated by the newly 

organized Boston Steamship Co., of which Alfred 

Windsor is president. 

On a preliminary trial of the U. S. destroyer Bailey 

in the Hudson River the machinery worked very sat- 

isfactorily. This vessel was built by the Gas Engine 

& Power Company & Charles L. Seabury Company, 

Cons., at their Morris Heights yard on the Harlem 

River. She is fitted with triple expansion engines and 

Seabury water tube boilers. This vessel is one of the 

three destroyers authorized by act of Congress of 

March 3, 1897. The others are the Stringham and the 

Goldsborough. ' 
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S. Y. ARROW DESIGNED TO STEAM AT THE 

RATE OF 40 KNOTS. 

The fastest vessel afloat is always an object of 
special interest to the naval architect and marine en- 
gineer, and for this reason, alone, the following de- 
scription of a vessel designed to capture the blue rib- 
bon for speed will claim attention. This vessel is the 
twin-screw yacht Arrow, designed by Naval Architect 
Charles D. Mosher, of New York, for Charles R. 
Flint, also of New York. In commercial circles 
throughout the country Mr. Flint is widely known as a 
member of the South American export firm of Flint, 
Eddy & Co.. in addition to many other financial and 
commercial interests. 

The Arrow is undoubtedly the most notable recent 
example of a boat intended to attain the highest pos- 
sible speed. To achieve such results it has, of course, 
been necessary to make use of the most advanced and 
refined features of engineering practice, in the design 
and construction of both the hull and machinery. In 
this class of work the designer has had unusual ex- 
perience, for it will be recalled that Mr. Mosher was 
responsible for the results attained with the steam 
yachts Yankee Doodle, Norwood, Feiseen, Presto and 
Ellide. 

In the case of the Arrow, the problem which pre- 

sented itself for solution was, first, the design of a 

form of boat suitable for the development of extreme 

speed, and, second, the construction of the boat and 

contained machinery with a minimum of weight of 

materials. While speed was the primary considera- 

tion, however, comfort for those carried was not lost 

sight of, and, indeed, this has been considered and 

worked out to the point of luxury. The accommoda- 

tions are not “crowded” by the space necessary for the 
machinery equipment, as might be supposed, for there 

will be sleeping accommodations on board for twenty- 

five persons. The machinery necessarily occupies a 

considerable amount of space, but by care in design 

this has been reduced to remarkably small compass 

considering the size of the plant—there are, twenty- 

two steam cylinders on the yacht. 

In the accompanying engravings the artist’s idea of 

the boat steaming at top speed at sea is clearly dis- 

played, and in the exact, if less picturesque, drawings 

the construction of the yacht and of her engines and 

boilers can be most clearly understood. 

The chief dimensions of the Arrow are as follows: 

I{SNAIN, GAECIINO, 645 0bc000000009c00900000600 130 ft. 4 in. 

engethvonewaterglinerescescce sn melee 130 ft. o in. 

Beamyextretn Gummmrtertlsiiecisteelreieiscirisieciie 12 ft. 6 in. 

Normal draught of hull.................... 3 ft. 6 in. 

Draught under ScrewS....----........ee0ee 4 ft. 7 in. 

Depthwamidshipsmentcrereelctieliecionate ma g ft. 4in. 

Displacement, normal draught of,, .3 ft. 6 in., 67.66 tons 

Coalibunikeisca pa cityanerniecennticeecernicce 17 tons 

Water tank capacity............cec.sseeeee 1,500 gals. 

This boat is fitted with six transverse water-tight 

bulkheads, dividing the hull into seven compartments, 

as follows: 8 ft. abaft the bow is a collision bulkhead, 

the compartment forward being used for a trimming 

tank, and providing a large storage reservoir for fresh 

water. As shown in the plans the crew’s quarters are 

situated next abaft the collision bulkhead, and extend 

the full width of the vessel for 15 ft. of its length. 
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Ample accommodations and folding berths, lockers, 

toilet, are provided for twelve men. 
Next to the crew space are located the officers’ quar- 

ters, consisting of a double state room, which is 

also the full width of the boat, and 7 ft. 6 in. long. It 

contains a desk, two extra folding berths, two large 

clothes presses, bureau, with ample drawers, and toilet 
equipment. Between the officers’ quarters and the 

bulkhead at the forward end of the boiler space is 

the galley, which occupies the full width of the vessel 

for a length of Io ft. 6 in. This is provided with a 
large range, spacious ice chest, ample closets, sink, 

table, sideboard, fresh water tank, and sufficient space 

for stores for an extended cruise. A stairway leads 

from the galley to the main deck. Next is the boiler- 

room, which extends to the engine-room bulkhead, 

and occupies 30 ft. 6 in. of the vessel’s length. In 
this space are two boilers of the Mosher water-tube 

type, described in detail at a later point. Alongside 
the boilers are the coal bunkers, which extend nearly 

the entire length of the boiler space, and have a 

capacity of about 17 tons, while additional coal stow- 

age space will provide for a total capacity of about 

30 tons, or a sufficient amount to enable the vessel to 

cruise upwards of 3,000 miles. Aft of the boiler space 
is the engine-room, containing two of Mr. Mosher’s 

quadruple expansion engines, in which are embodied 
a number of special features, referred to more par- 
ticularly hereafter. 

Immediately aft of the engine-room is the owner’s 

stateroom, which occupies the full width of the ship, 

and is 7 ft. 6 in. long. This room will be handsomely 

fitted up, and will contain a large double berth, chif- 

fonier, clothes press, wardrobe and private bath and 

toilet. The joiner work is of satin wood. It will be 
lighted by a monitor top and four large port lights, 
and at night by a number of incandescent lamps. 
Next aft, is the saloon, which is 13 ft. 6 in. long, and 
occupies the full width of the boat. It is to be the 
most luxuriously fitted up, and will contain a grand 
piano, library, an octagon buffet in each after corner 

and gun racks, etc., for a full sportsman’s outfit, The 

saloon is arranged to be converted into four state- 

rooms by hanging draperies, and is lighted by numer- 
ous clusters of incandescent lamps of variegated colors. 
These lamps are connected through an ingenious 
switch, by means of which any color of light may be 
had as desired. The joiner work is to be of English 
oak and the ceiling of Hungarian ash. The saloon is 
lighted by eight large port lights, besides being lighted. 
and ventilated by a monitor top through which leads 
the companionway. Aft of the saloon is a double 

state-room, finished in Hungarian ash, and elaborately 

furnished, being fitted with two large berths, dress- 

case, large chiffonier, a wardrobe, folding wash basin, 
etc. This is lighted also by a monitor top, as well as 
by four large port lights. A toilet-room is arranged 
to open conveniently from both the saloon and state- 
room. 

Aft of the state-room is the after-collision bulkhead, 
and aft of this is a fresh water tank holding 3v0 gals., 
and also a store-room of 300 ft. capacity. It 
will be noticed that the deck is particularly 
roomy, being clear of the usual houses. The 
pilot-house, the only deck-house carried, is 15 
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ft. long, and is arranged to be used as a dining- 

room. The after portion is divided off and arranged 

asa pantry, and is provided with silver and china 

closets, and is also fitted with a dumb waiter, which 

connects with the galley below. It is also connected 

with the store-room under the bridge. Aft of the 

pilot-house is the bridge 2 ft. 6 in. above the deck, 

and fitted with steering wheel, compass and binnacle, 

engine-room telegraphs, and a powerful searchlight, 

controlled both from the bridge and within the pilot- 

house. Under the bridge is located a spacious store- 

room. 
The general construction of the boat is composite 

MARINE ENGINEERING. 

ing on the sides and bottom, as well.as between the 

November, 19c0. 

deck plating and beams, a system of diagonal strap- 

pings is fitted, consisting of thin steel plates about 

8 in. in width, tapering at the ends. This diagonal 

bracing or strapping is built in under tension, and 

is intended to give rigidity to the structure, as well 

das to tie the boat together longitudinally, and pro- 

vide the necessary transverse and torsional strength 

and stiffness. 
Two small boats will be carried—a 15 ft. cutter and 

a 13 ft. dinghey. The Arrow is to be fitted with an ex- 

tensive electric plant, capable of supply sixty incan- 

descent lights, and a powerful searchlight. Other 
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INBOARD PROFILE, ACCOMMODATION AND DECK PLANS OF THE S. Y. ARROW, 

in character. The frames are steel below the water 

line and aluminum above, except through the boiler 

and engine spaces, where they are of steel throughout. 

The keelson, all floor plates, reverse frames, bunker 

bulkheads, boiler saddles, engine foundations, and 

many other details are also of steel. The sides are 

double-planked, with mahcgany brought to a smooth, 

fair surface, and high'y finished. The deck is of wood, 

except over the boiler space, where aluminum is used. 

The deck beams are of aluminum bulb angles. Alu- 

minum is also used for many other details, such as 

side and deck stringers, hatch framing, hatch covers, 

breast hooks, etc. The outer keel, stem and stern 

posts, flooring, pilot-house, joiner work and other 

like features are of selected woods to best meet their 

respective purposes. Between the frames and sheath- 

auxiliaries include two powerful blowers for ventila- 

tion and supplying forced draft to the boilers, surface 

condensers, with circulating pump operated by engines 

of special design, bilge pumps, and six powerful ejec- 

tors, having a combined capacity of over 100 tons. 

of water per hour. 

Turning now to the boilers, we have the following 

principal items: 

ANAS .do6p00G054000b00 Mosher patent curved water tube 

INAEENI NSE, 6 06) 49 aodossotiosoadoposaEese 2 

Gratesicsurfacesno eee nee eee eee receee 120 sq. ft. 

Heatinemsuriacessneermerertnctccct 5,540 sq. ft. 

Pressure allowed by U. S. Steamboat 

IIS PEchOn were eee 444 lb. per sq. in. 

Weight of two boilers empty......... 12.86 tons 

Weight of boilers in steaming con- 

GHB, Goo0gHoGuncde9 9600000000000 15.59 tons 
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Weight persq ft. of heating surface 

without water... .........eees-seee 5.2 lb. 

Weight per sq. ft. of heating surface 
Waka WELESE. cooodoangonoa00nceo bad 6.3 1b. 

The usual full working pressure is intended to be 

about 400 lb. to 440 lb. at the boilers, and 350 Ib. to 

400 lb. at the engines. 

There is one fire-room common to both boilers. In’ 

the boiler space are two specially designed blowers, 

two independent duplex feed pumps, two feed water 

regulators, and a hydraulic ash ejector, besides the 

usual gauges and fittings. There are two separate 

hatches for entering the boiler-room, each fitted with 
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the entire thermal equivalent of the work expended 

during the expansion, thus keeping the steam in a 

superheated condition throughout its working cycle. 

The reheaters are intended to aid in the drying of 

the steam, and to effectually prevent cylinder conden- 

sation. The air and feed pumps are just forward of 

the main engine, and are geared directly to the main 

shafts. . 
An important and interesting feature of the design 

of these engines is the arrangement of the columns 

and diagonal braces constituting the supporting frame- 

work of the steam and valve cylinders. This arrange- 

ment is clearly shown in the accompanying drawing, 
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DESIGNED BY CHARLES D. MOSHER FOR CHARLES FLINT. OF NEW YORK. 

a large port light. The fire-room is lighted by four 

large deck lights. 

Passing now to the propelling engines, we have the 

following chief particulars: 

SAVES. vooosond0000 Mosher patent quadruple expansion 

Number ............ cece ence een cneees 2 

Diams. of cylinders..-....... Ir in., 17in., 24in., 32 in. 

SHR cc: copgvood09909G60000G 00000000 15 in. 
Working pressure at cylinders,...... 350 to 400 1b. 

Revolutions per M............eeveeeee 540 to 600. 

Tenor Ge, o0))  panovodedanseb00cc 1,500 ft. 

Calculated power developed under 540 revolutions and 

350 lb., at the engine about 4,000 I. H. P. 

Both engines exhaust into one condenser, which 

has a cooling surface of 2,760 sq. ft. Between the 

steam cylinders of the engines a series of reheaters is 

installed, each one of which is capable of supplying 

and is designed to eliminate the danger of crystalliza- 

tion and fracture, due to rapidly alternating compres- 

sive and tensile strains, to which the framing of ex- 

treme high speed and high-powered engines of this 

class is commonly subjected. It will be observed that 

the diagonal braces are secured together in pairs at 

their centers by means of a bolt and nuts, by the 

adjustment of which the supporting columns can be 

subjected to a compressive, and the diagonal braces 

to a tensile strain, which is intended to be in excess 

of any normal working strains that may come upon 

them. By this arrangement, it is obvious that the 

supporting columns will at all times be practically 

subjected to compressive strains only, varying in in- 

tensity as the working strains of the engine increase 

or relieve the initial stress due to the tension of the 
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diagonal braces. These braces are in turn subjected 

_ to tensile strain only, of varying intensity, but con- 

stant to the extent of taking up and absorbing prac- 

tically all the initial elasticity of the structure. A re- 

markably rigid construction is thus attained, assuring 

a perfect alignment of the engine at all times, and 

greatly eliminating vibration, since the initial or start- 

ing movement, without which there can be no vibra- 

tion, is effectually prevented. 

The feed water, before returning to the boilers, is 

heated in a pair of Mosher patent four-stage or com- 

pound feed water heaters, which are placed near the 

boiler-room bulkhead. This style of heater is formed 

of a cylindrical shell, with hemispherical ends, and a 

series of transverse partitions dividing the internal 
space into four compartments. The compartment at 
one end is provided with a connection for the feed 
inlet, and that at the other end with a like connec- 
tion for the outlet. Series of tubes pass thrcugh the 
several partitions, and connect the two end compart- 
ments to each other, thereby forming a continuous 
conduit for the feed water, which thus transverses 
the several compartments in series. The spaces sur- 
rounding the tubes in the compartments constitute 
independent chambers, separated by the partitions, 

MARINE ENGINEERING. November, 1900. 

and thus adapted to receive steam of different pres- ° 
sures for supplying the heat required. The first cham- 
ber is connected with the main exhaust pipe from the 
L. P. cylinder, and the feed is first heated from this 
source. It then passes on into the second chamber, 
the steam side of which is supplied from the L. P. 
steam-chest, or third receiver. In like manner the 
third chamber is supplied with steam from the second 

intermediate steam-chest, or second receiver, and the 

fourth and last chamber from the first. intermediate 
steam-chest, or first receiver. 

In this manner the feed water is successively heated 
by a series of transfers of heat from the expanding 

or working part of the steam cycle, at a-series of in- 

creasing temperatures until it is finally delivered to the 

boiler at a temperature calculated to be about 350 

degrees. It is only recently that the full thermo- 
dynamic significance of this operation has been real- 

ized. Examination shows, however, that such a series 

of heat transfers aid directly in bettering the efficiency 

of the engine, by reason of the modification which is 

thus introduced into the steam cycle, such modifica- 
tion having the effect of carrying the working cycle 
nearer to the ideal than it otherwise would be. The 

a ntl ages en ee 7 Uorm Sooo oe Of CLE 

” 

EL2ZZLZz 

S. Y. ARROW—LOW PRESSURE ENGINE. 



November, 1900. 

result is, therefore, a closer realization of the con- 

ditions for the cycle of the ideal engine, and hence a 

correspondingly higher efficiency. 

In order to carry this operation to the fullest extent 

and thus to realize substantially the full ideal efficiency, 

it would be necessary to take the feed water and raise 

it by an indefinitely large number of very small steps 

from the lower temperature to that of the boiler, draw- 

ing the steam for each step from the point in the ex- 

pansion stage of the engine having a temperature only 

slightly greater than that of the water itself. In this 

way each increment of heat would be given up from 
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As already stated, the power which is expected from 

the engines of the Arrow, working under the con- 

ditions mentioned, with 350 lb. of steam, is about 4,000 

I. H. P. The following relations will be of interest 

in this connection: 

I. H. P. per sq. ft. of grate surface.........e ses seeeeee 33. 

Heating surface per I. H. P. at 4,000 H. P........... 1.39 

Pounds total machinery, including water, perI.H.P. 17.78 

In connection with the designed power, the points 

which will make for high economy, and hence for a 
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WORKING DRAWING OF THE QUADRUPLE EXPANSION MOSHER TYPE ENGINES OF THE S. 

the steam and received by the water at very nearly 

the same temperature, and by such a series of opera- 

tions the water would be raised to the temperature 

in the boiler. Such would very nearly fulfill the con- 

ditions for the heating of the water, requisite to real- 

ize the highest efficiency so far as this part of the 
- cycle is concerned; and it is readily seen that the four- 

stage heater, as here described, makes a close ap- 

proximation to the practical fulfillment of these con- 

ditions. 

Marine Engineering 

Y. ARROW. 

large return per pound of boiler and per pound of coal 

may be briefly summarized at this point: 

The initial pressure is far beyond that which is 

found in current practice, even with torpedo boats and 

other high speed craft. The increase is from 100 Ib. 

to 150 lb. This pressure corresponds to an elevation 

of the initial temperature of about 30 deg., and this 

would correspond to a gain of about 7 per cent. in 

the ideal efficiency as compared with that for say 250 

Ib. pressure, while if the pressure was increased 150 
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In the engine room, in addition to the two sets of 

quadruple expansion engines for propelling the boat, 

each of which is fitted with a steam reversing engine, 

there are two engines for driving the blowers for sup- 
plying ventilation and forced draft, an electric light 

engine and dynamo, two circulating engines for pump- 

ing the injection water for the condenser, duplex 

bilge and fire pumps, and auxiliary air pump for sup- 

plying a vacuum when the air pumps attached to the 

main engines are not running, a distilling pump, and 

two evaporators and distillers of sufficient capacity to 

supply iresh water for the entire boat service. In ad- 

dition to these are the steam steering engines and 

auxiliary feed pumps for the boiler-room, two feed 

water heaters and condensers. 

The hull has been constructed at the shipyard of 

Samuel Ayers & Son, of Nyack, N. Y., who also 

built the Ellide and other fast boats from Mr. Mosher’s 

designs. It is all ready to receive its machinery, and 
will probably be launched before this reaches our 

readers. The boilers are nearing completion at the 

Crescent Shipyard, Elizabethport, N. J. The main 

engines and all auxiliaries have been constructed by 

the L. Wright Machine Works, Newark, N. J. 

The boat and machinery have been designed in 

every part and detail by Mr. Mosher, and it is ex- 

pected that the perfermance of the Arrow will surpass 

his past achievements in the design of high-speed 

boats. 

On a recent westbound voyage, the White Star S.S. 
Oceanic touched bottom off the Irish coast during a 
dense fog. No serious damage was done, and the 

vessel proceeded up the Channel to Liverpool. 

While trying to come alongside a wharf at Newport, 

R. I., the torpedo boats Dahlgren and Craven came 

together, October 16, and both vessels were badly 

damaged, but remained afloat. There was a heavy 

wind and sea at the time. 

While the new French liner La Lorraine was cross- 

ing the Atlantic on the night of October 7, a fracture 

occurred in the forked end of the low pressure con- 

necting rod of the port engine. The vessel proceeded 

with starboard engine only working, and the engi- 

neer’s staff substituted a spare for the broken rod. 

There was a very heavy sea on ai the time, and as 

the vessel rolled heavily, the work of repairs was neces- 

sarily slow, but after about fifty hours’ hard work, the 

port engine was ready for business again. The re- 

mainder of the voyage to New York was accom- 

plished without incident. 

In a collision off Nantucket shoal, October 1, the 
Lamport & Holt S.S. Biela, 2,182 tons, was sunk by 

the British freighter Eagle Point bound from London 

to New York. The collision occurred about 1 

o’clock in the morning, when most of those on the 

Biela were below asleep. They were awakened by the 

shock of the collision, and promptly got on deck, 

when the boats were lowered and all transferred to the 

Eagle Point, which was kept afloat by her forward 

compariment. The Eagle Point hit the Biela bows on 

about amidships, almost cutting her in two. The 

Biela was an old iron vessel, built on the east coast 

of England thirty years ago. 
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SIX CYLINDER TRIPLE EXPANSION ENGINES 

OF CHILIAN CORVETTE GENERAL 

BAQUEDANO.* 

BY MAGNUS SANDISON. 

The corvette Genera) Paquedano is a training or school 

ship of 2,500 tons displacement. She was built by Sir 

W. G. Armstrong, Whitworth & Co., Ltd., to the order 

of the Chilian Government, and her machinery was 

constructed by Hawthorn, Leslie & Co., Ltd. 

It was desirable that this vessel should be able to 

steam very economically at low speeds, and it was de- 

cided to adopt a six-cylinder engine, which I had sug- 

gested some time previously. 

The steam trials of the vessel have recently been 

completed, and I am enabled, through the courtesy of 

Rear Admiral Castillo, the President of the Chilian 
Naval Commission in Europe, and by the permission 

cf my firm, to lay before the Institution a brief de- 

' scription of her propelling engines. 

The design possesses some novel features, and the 

arrangement forms a combination which solves with a 

considerable measure of success, in a simple manner, 

and at one and the same time, some important prob- 

lems which have of recent years engaged the attention 

of those interested in the design and manufacture of the 

propelling machinery for vessels of war. 

Briefly these are as follows: 

(a) The production of an engine which will work 

with economy when developing a small proportion of 

its full power, and thus ensure in a given ship the max- 

imum radius of action. 

(b) The elimination, as far as possible, of the un- 

balanced forces in the engine. 

(c) The securing, as far as possible, of uniformity 

in the turning effort on the crank shaft. 

(d) The reduction to a minimum of the chance of 

total disablement. 

The machinery consists of a single screw engine 

driving a feathering propeller, steam being supplied 

by four Belleville boilers, having a steam pressure 

of 3co tb. per sq. in. reduced to 250 ib. at the engine. 

The engraving (page 457) illustrates generally the ar- 

rangement of the engine. It will be observed that, 

carried upon one bed-plate, there are two high-pres- 

sure, two intermediate, and two low-pressure cylinders, 

acting on six cranks. The high-pressure cranks are 

opposite and adjacent to one another, the intermediate 

cranks are also opposite and adjacent to one another, 

and 240 deg. in advance of the high-pressure cranks; 

while the low-pressure cranks, also opposite and ad- 

jacent, are 240 deg. in advance of the intermediate 

cranks. 

Each high-pressure cylinder is provided with its steam 

stopvalve. The forward high-pressure cylinder exhausts 

into the forward intermediate-pressure cylinder, which 

in its turn, exhausts into the forward low-pressure cyl- 

inder; the after high-pressure cylinder exhausts into 

the after intermediate pressure cylinder, which, in its 

turn, exhausts into the after low-pressure cylinder. 

Each low-pressure cylinder exhausts into its own con- 

denser, this being provided with its own air and circu- 

lating pumps, the former being worked by levers from 

* A paper read before the Institution of Naval Architects 
London. eS 
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the corresponding low-pressure engine, and the latter 

being the ordinary centrifugal type. 

There are thus acting upon the crank shaft virtually 

two independent three-cylinder triple-expansion en- 

gines of equal size, the cranks of which are alternated 

with one another. 

We will consider shortly some of the leading features 

in the arrangement. 

It is unnecessary to remind members of the unecon- 

omical performance of an engine when doing a small 

proportion only of the full work which it is designed 

to perform, or of the extravagant cost of the last knot, 

or two, in our fast cruisers, or of the comparatively 

rare occasions upon which such vessels are called upon 

to exert their full power. 

This problem of economical propulsion at low 

powers has been dealt with on various occasions and 

in various ways. In H. M. S. Alexandra, built in 1875, 

small auxiliary condensing engines were fitted to turn 

the main shafts by means of gearing when the ship was 

under sail. 

Sir John Durston, in an enteresting paper entitled 

“Some Notes on the History, Progress and Recent 

Practice in Marine Engineering,” read before the In- 

stitution in 1891, makes reference to various arrange- 

ments of propelling engines which have been fitted 

more recently in the Royal Navy, with a view to 

economy at low powers. 

In the General Baquedano it will be seen that, by dis- 

connecting and securing the bottom ends of the con- 

necting and valve rods of one set of engines, the other 

set can still drive the propeller, and do so with an 

economy equal to that which is attained in the best 

Mercantile Marine practice, the cylinders being pro- 

portioned with this object. in view. 

The speed trials of this vessel consisted of: (1) a six 

hours’ run at full power, and (2) a thirty hours’ run 

at three-fifths full power. On the full power trial she 

steamed 13.75 knots per hour with a mean of 154 revo- 

lutions per minute. 

At the conclusion of this trial the turning gear was 

shipped, and within an hour from that time the vessel 

was under weigh again, steaming with one set of cylin- 

ders only, the bottom ends of the disconnected rods 

being secured by means provided for the purpose. 

Comparative trials of the vessel, at the same speed, 

under the «two conditions of working, viz., with three 

cylinders and six cylinders respectively in operation, 

were not made, as the time at our disposal was limited. 

These were postponed until some convenient occasion 

after the commissioning of the vessel, and I regret I 

am therefore unable to place the results before the 

Institution. 

It may be noted in passing that, in the case of the 

vessel under consideration, which is fitted with a 

feathering screw, it is possible, by reducing the pitch, 

to develop half power with one set of cylinders only 

working; but in vessels fitted with ordinary screws, and 

with two engines on one shaft, the proportion of 

power which can be developed under this condition is 

of necessity less. 

I am not aware of any published results of trials car- 

ried out in such vessels, with the view of determining 

the relative economy under the two conditions; but it 
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would appear to be a direction in which experiments 

might with advantage be made. 

This corvette is, it will be observed, of comparatively 

low speed. A cruiser whose maximum speed is, say, 

23 knots, would probably steam about 19 knots with 

half the cylinders in operation, a speed which is as high 

as, or probably a great deal higher than, would be de- 

manded from her under ordinary circumstances. 

I do not, of course, suggest that with this arrange- 

ment the operation of connecting or disconnecting is 

one nominally of a few seconds’ duration, such as 

would be theoretically obtained by the introduction of 

a disconnecting coupling between the crank shafts of 

two engines, one being placed forward of the other; 

or by driving back a set of shaft coupling bolts, both 

of which are usually delicate and may be vexatious 

operations, but it is one which forms a rudimentary 

part of the education of the engine-room artificer or 

seagoing engineer. 

It should be noted in this connection, that, with the 

engines interlaced, as it were, the continuity and ri- 

gidity of the crank shaft are maintained under all con- 

ditions of working, and that the main bearings being 

always in operation, whether one, or other, or both en- 

gines be used, this shaft cannot wear out of truth as 

would be the case were one engine placed forward of 

the other on the shaft, and these bearings are always 

maintained in line and in working order. 

It is obvious that, should it not be desired to discon- 

nect one engine, but to have all the cranks available 

for instant service, steam may still conveniently be 

passed through either engine sufficient to merely lubri- 

cate the internal rubbing surfaces, and in no case would 

it be desirable to have one set of engines uncoupled 

under the service conditions which prevailed, for ex- 
ample, during the battle of Santiago, and which were 

alluded to by Rear-Admiral Melville of the United 

States Navy, in his paper dealing with Triple Screw 

Propulsion, read last year before this Institution by my 

friend Lieut. Norton, U.S.N. 

As regards the balance of the arrangement, Diagram 

I shows, for purposes of comparison, the forces tend- 

ing to produce vibration in three types of engines, the 

designs of which were prepared for a twin-screw 

cruiser of 30,000 J.H.P., the engines in each case run- 

ning at 120 rev. per min. (See page 458.) 
Fig. 1 is for a six-crank engine similar to that de- 

scribed in the paper, with the six cranks in operation, 

the cylinders being two of 31 in. dia., two of 50 in. 

dia., and two of 81 1-2 in. dia., by 48 in. stroke. 
Fig. 2 is a four-cylinder engine balanced on the Yar- 

row, Schlick, and Tweedy system, the cylinders being 

43 I-2 in. dia., 71 in. dia., and two of 81 1-2 in. dia., 

by 48 in. stroke. 

Fig. 3 is for a four-cylinder engine of the ordinary 

type, the cylinders being of the same dimensions as in 

the preceding case. 

The curves for the six-crank engine compare very 

favorably with those of the four-crank engines. 
With regard to the conditions which prevail when 

one set of engines only is working, it may be remarked 

that, under these circumstances, not only are the re- 

ciprocating weights very much smaller than would be 

the case were one engine capable of developing the 

full power used to develop the low power, but the 
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cranks of the disconnected engine act in some measure 

as balance weights for the working engine. 

A similar comparison of the twisting moments on the 

crank shaft for the same engines is given on Diagram 

II, and shows at a glance the very marked superiority 

of the six-crank design in this respect. In Fig. 1, 

1.e., the six-crank design, the loads on the crank pins 

are equal. In Figs. 2 and 3, the loads on the low-pres- 

sure pins are half those on the high-pressure and inter- 

mediate-pressure pins, being the proportion frequently 

adopted in this type of engine. 

The following table gives the total weight of the 

engines, the weight added to produce the balance 

‘shown in the diagram, and the length of engine-room 
in the three types of engines. (Table in next col.) 

The length of the engine-room is the same in each 

case; but we ought not to overlook the fact that, had 
link motion been adopted for working the valves, the 

length of the engine-room in the six-crank design 
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would have been greater than that given in the table, 

unless, indeed, certain of the valves had been arranged 

at the back or front of the engine, and operated by 

means of levers in the manner which has frequently 

been employed both in the Navy and Merchant Ser- 

Total 
: Weight Added | Length | 

Design. in Engine-| Weight jof Engine- 
Room in in Lbs. | Room. 
Tons. 

| 

c ey bal 
Sixicra na yeaeeeteivaeneecic 1,010 5,600 CG © 
Yarrow, Schlick and Tweedy. 975 9,826 67 6 
Ordinary four-crank.,,....... 975 8,800 67 6 

vice. The type of valve gear adopted lends itself very 
readily to the arrangement, the weigh shafts, one on 

each side of the engine, being connected by a link, and 

worked by one reversing engine. 

In order to counteract any possible tendency to set 

SIX CYLINDER TRIPLE EXPANSION ENGINES OF THE CHILIAN SCHOOLSHIP GENERAL BAQUEDANO, 
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fast on the part of the disconnected gear, if discon- as in the case of any ordinary triple-expansion three- 

nected for a lengthened period, the securing gear is so cylinder engine, one or both engines being worked by 
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DIAGRAM II.—COMPARATIVE CURVES OF TWISTING MOMENTS OF TWIN-SCREW CRUISER OF 30,000 I. H. P. 

arranged as to permit of a limited motion being given the same regulator and reversing engine. It has been 

to the various parts. previously stated than an independent steam shut-off 

The handling of the engines, whether three or six valve is attached directly to each high-pressure cylinder. 

cylinders are at work, is performed with the same ease In an arrangement of this nature, the piston rods, 
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connecting rods, &c., and their accessories are dupli- 

cates throughout, unless the two engines are designed 

to develop different powers when working together. 

It is advantageous, although not essential, to have 

a separate condenser and air pump for each low-pres- 

sure cylinder; not only is the independence of each 
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Fig. 1, Diagram III, shows in outline the cylinder tops 

in the case of the General Baquedano, Fig. 2 shows 

another arrangement, and Fig. 3 still another. The 

latter is the arrangement adopted in the case of twin- 

screw engines of 16,500 I.H.P. for the Russian Volun- 

teer Fleet. Messrs. Hawthorn are at present engaged 

Marine Engineering 

DIAGRAM III.—-FIG. 2. 

Marine Engmeering 

DIAGRAM III.—FIG. 3. 

engine thereby more fully maintained, but a greater 

command over the temperature of the feed water is 

secured.. Asa matter of fact, in the General Baquedano 

valves were provided at the request of the Chilian 

Commission, which enabled each condenser and air 

pump to be used for either engine. 
Alternative arrangements of cylinders are obvious. 

in constructing these engines, and we have others in 

contemplation. 

It is manifest that quadruple-expansion engines may 

be dealt with in a similar manner to that described in 

this paper, thus forming eight-crank engines. 

My firm has recently, with a view to economy, pro- 

ceeded on somewhat similar lines in connection with 
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the steering arrangements of some of our large 

cruisers. These are fitted with two steering engines; 

but, instead of making these engines duplicates, we 

have provided different sizes, a large engine for use 

when the vessel is steaming at the higher speeds, and 

a small engine of only sufficient size to do the work 

when the vessel is cruising or steaming with a limited 

boiler power. 

I have endeavored in the foregoing remarks neither 

to magnify the advantages nor to minimize the disad- 

vantages of the arrangement described. 

American Liner Philadelphia. 

We present herewith three original photographs of 

the American liner Philadelphia, originally the City of 

Paris of the Inman line, and in more recent times 

the Paris of the American line. These views show in 

part the present condition of this fine ship, which, 

it will be recalled, is in dry dock at Belfast, Ireland, 

undergoing reconstruction after her experiences 

ashore on the Manacle Rocks off the coast of Cornwall 

in the English Channel. 
It is doubtful if at any previous time any vessel 

even approaching the size of the Philadelphia under- 

went such a complete overhauling. There have been 

cases in which practically a new bottom has been 

worked into a vessel that has had the misfortune to 

have gone ashore—notably in the case of the P. & O. 

liner China. In this instance, however, not only will 

the hull below water be largely renewed, but the old 

machinery will be replaced entirely by engines and 

boilers of more modern design, and the passenger ac- 

commodations will be entirely changed in many in- 

portant essentials. When the Philadelphia resumes her 

trips in the New York-Southampton trade, she will 

be a faster and more comfortable ship than the old 

Paris. 
Up to the present time the work done on the vessel 

has been chiefly in the direction of clearing away the 

damaged and discarded in preparation for the new 

work. Following the experience gained with the S.S. 

Milwaukee and other vessels, high explosives have 
been used almost exclusively in removing the plates 

and structural members which are to be replaced. 

Jn this way tons of material have been cut out in 

mass very expeditiously. While this work has been 

going on the vessel has been stripped of all her 

cabin, deck, and engine and boiler room fittings. As 

the photographs show, the three funnels are gone, and 

so are the boilers and engines, their substance having 

been added to the scrap pile some time ago. The pho- 

tographs do not show the extent of damage which 

the vessel sustained, as, owing to practical limitations, 

it was found impossible to get other views. Looking 

at the vessel from the dock coping, the extent of the 

injuries are not apparent, and even below the after 

part of the bottom is not very seriously damaged. 
Forward of amidships, however, the present condition 

of the ship is very unusual. The entire bottom has 

been blown out from side to side, and the interior 

for a space fore and aft exceeding the beam of the 

vessel has been gutted, leaving only the deck beams 

in place, and giving the interior the appearance of 

an enormous cavern. It was at this point that the 
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vessel suffered most by contact with the rock-bound 

Cornish coast. 
When ready for sea again, the Philadelphia will 

differ from the Paris and her sister, the New York, in 

general appearance, in that she will have two funnels 

instead of the familiar three. Inboard, however, there 

will be many changes. The inconvenient arrangement 

of promenade deck on both the Paris and New York 

by which the large ventilators block the fore and aft 

passage way when the passengers’ deck chairs are 

extended, we understand, is to be rearranged, giving 

a clear, unbroken deck. Changes in construction will 

also permit of movement in a fore and aft direction 
on each deck in the cabin passengers’ department, 

without the necessity of going out of doors. Other 

minor improvements will be made, especially in the 

arrangement and equipment of the saloon suites of 

rooms. . 

In the engineers’ department the changes will be 

greatest. New engines, of the quadruple expansion 

type, to drive the twin screws, are now under con- 

struction in the shops of Harland & Wolff, the con- 

tractors for the reconstruction of the liner. These 

will have cylinders 381-2. in., 76 in. and 106 in. dia. 
and 60 in. stroke. Boilers of the Scotch type will 
be installed, six double-ended 19 ft. 6 in. long and 

four single-ended to ft. 6 in. long, all of 15 ft. 8 in. dia. 

In the hull construction, the only change of im- 

portance will be the encasing of the propeller shafts 
within the hull in the usual Belfast style, instead of 

carrying the shafts outboard with struts, as on the 

Paris and New York. 

In carrying out the work, the contractors have a 

free hand. and it is their intention to give back to 

the owners a ship which will clip the record of the 
Paris in her best days. 

TRANSPORT HARDINGE.—Of late the famous Fairfield 

yard at Govan on the Clyde has been engaged almost 

exclusively on naval work. An interesting vessel, 

however, of the merchant type recently launched at 

the yard is the troopship Hardinge for the government 

of British India. The dimensions of this vessel are: 

Length 423 ft. 6 in.; beam 50 ft.; depth to main deck 

31 ft.; gross tonnage 5,600 tons. She will be fitted with 

twin screws, with triple expansion engines having 

cylinders 29 in., 46 in. and 72 in. dia. and 48 in. stroke. 

There will be five Scotch boilers constructed for a 

working pressure of 180 Ib. per sq. in. Howden drait 

will be fitted. There will be accommodations on this 

transport for about 1,500 persons. The vessel is of the 

spar deck type and has four complete laid decks; cr- 

lop, troop, main and spar deck. This last deck is made 

with an extensive promenade space, giving room for 

exercising soldiers. Very special care has been taken 

in the matter of subdivisions, which, both in the double 

bottom and hull proper, are numesous and water- 

tight. Ventilation has also been well considered and a 

variety of fans installed. There is also an extensive 

refrigerating plant for supplying cool water and ice 

and for preserving the food supplies while the vessel 

is in the tropics. Structural details have been intro- 

duced so that the vessel will be able to mount six 4.7 

in. and six 3 pounder rapid fire guns and four machine 

guns. At sea the speed will be about 18 knots. 



MARINE ENGINEERING, 461 November, 1900. 

V
I
E
W
S
_
S
H
O
W
I
N
G
,
T
H
E
 

P
R
E
S
E
N
T
 

C
O
N
D
I
T
I
O
N
 

O
F
 

T
H
E
 

A
M
E
R
I
C
A
N
 

L
I
N
E
R
 

P
H
I
L
A
D
E
L
P
H
I
A
 

(
F
O
R
M
E
R
L
Y
 

T
H
E
 

P
A
R
I
S
)
,
 
U
N
D
E
R
G
O
I
N
G
 
R
E
C
O
N
S
T
R
U
C
T
I
O
N
 

IN 
D
R
Y
 
D
O
C
K
 

A
T
 
B
E
L
F
A
S
T
,
 

I
R
E
L
A
N
D
.
 



462 MARINE ENGINEERING. 
A YEAR’S EXPERIENCE UNDER THE PRO= 

VISIONS OF THE PERSONNEL BILL.* 

BY ENGINEER-IN-CHIEF GEO. W. MELVILLE, U. S. N. 

In his annual report for 1900 Engineer-in-chietf 

George W. Melville, U. S. N., devotes a special chap- 

ter to the consideration of the personnel question in 

the light of another year’s experience under the pro- 

visions of the Personnel Bill. In plain language he 

calls attention to present conditions which manifestly 

are not helpful to a proper condition of efficiency ot 

our naval vessels. There is, he points out, an entirely 

insufficient number of officers possessed of sufficient 

engineering knowledge to exercise intelligent super- 

vision over the engine room staffs of our war ves- 

sels. This condition of affairs existed prior to the 

passage of the Personnel Bill, when the former corps 

of Naval Engineers performed engineering duties 

only, and from the report of the Engineer-in-chief, 

the Personnel Bill as now enforced not only does not 

afford any relief in this direction, but even intensifies 

the serious condition which its advocates claimed it 

would cause to disappear. On account of the im- 

portance of the subject we here reproduce the state- 
ment of Engineer-in-chief George W. Melville in 

tull: 

PERSONNEL. 

Another year of experience under the pro- 

visions of the “personnel bill” finds the status 

of steam engineering interests in the Navy 

even less fully protected, and the number and 

condition of the force for their control even 

less satisfactory than when I made my last 

annual report. 

The magnitude of the work under this 

Bureau has rapidly increased with the addi- 

tional ships in commission and the new ships 

building, while there has been a further de- 

crease in the number of skilled officers avail- 

able for supervising this work and but few 

signs of speedy replacement. 

I am fully aware of the futility and folly 

of decrying legislation simply because the 

desired results therefrom do not promptly 

materialize, but surely time enough has now 

elapsed since the enactment of the reorganiza- 

tion scheme to make criticism of its effects 

upon the Navy both proper and important. 
To any close observer it is convincingly 

evident that either the scheme was a mistake, 
or that the proper course has not been taken 

to carry out its intent. 

I am free to acknowledge that the events 

of the past year have brought only discour- 

agement to those most deeply interested in a 

successful outcome of this new law, but I am 

equally candid in the belief that the cause of 

this discouragement lies not in the scheme 

itself, but in a lack of full appreciation, on 

the part of the Department, of the urgency 

of the need for haste, not only in providing 

the fullest opportunity for the acquirement of 

practical engineering knowledge on the part 

*From the 1goo report of the Eugineetr-in-Chief of the Navy. 

of the younger officers of the former line, but 

in enforcing their embracement of this oppor- 

tunity in the most effective manner by De- 

partment orders. It will not do to depend 

upon unaided individual enthusiasm or details 

occasioned by the necessities of particular 

ships. Such a course merely temporizes 

with the present needs, fails in any rational 

degree to increase the force of naval engineers 

(even should it suffice to replace the annual 

loss), and is hopelessly ineffective to secure 

the most desirable results in the shape of a 

speedy acquirement of general knowledge 

of engineering on the part of the new line as 

a whole. 

There is an immediate and constantly in- 

creasing demand for more expert engineer 

officers with which to protect the interests 

of the Government efficiently. This demand 

can only be met by assigning at once, both 

ashore and afloat—and in as great numbers 

as possible consistent with absolutely neces- 

sary other duties—the younger line officers as 

understudies and assistants to the experienced 
engineers now in charge of engineering work. 

In no other way can the wished for result be 

quickly obtained. With a full opportunity 

provided, I am confident there will be no lack 

of interest or energetic application on the 

part of the ‘officers detailed. 

In a number of cases former line officers 

have had charge of the machinery of vessels 

during the past year, and while, in some in- 

stances, owing to lack of experience, their 

control-has not been marked by all desirable 

efficiency, in no instance has there been evi- 

denced any carelessness or lack of close atten- 

tion to the work. On the contrary their de- 

votion to the new duty has clearly been 
indicated. 

With steam engineering as a line duty this 

is pleasing to those who formerly had its en- 

tire control, and whose greatest fear might 

naturally be supposed to be that no efficient 

engineer officers would succeed them, and 

that the machinery department of ships would 

eventually be controlled by men of a more 

purely practical education (machinist) incapa- 

ble of maintaining that constant stress toward 

increased etficiency found so needful to ad- 

vance or of retaining the proud position of 

steam engineering of the United States Navy 

at the head of the marine world. 

In my last annual report I endeavored to 

express the unsatisfactory conditions clearly, 

but after the lapse of another year a review of 
. these conditions, with additional experience, 

is necessary. 

First, there are available over one hundred | 

less engineer officers than just prior to the 

personnel act, and at which former time I had 

good cause to ask for an increase in the full 

number then ‘on the list. 

With this great decrease in numbers came 

an increase of work, making it a necessity to 
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curtail the usual and needed allowance of 

engineer officers for ships until the largest 

could have but one, and the colliers and 

smaller ships often none. To the latter were 

assigned, in most cases, former line officers 

as heads of the steam engineering depart- 

ment, these depending principally upon the 

machinists for expert directions. That many 

casualties have not resulted is not, however, 

due to the propriety and efficiency of this ar- 

rangement, nor does it indicate a safe and 

commendable condition, for it has only been 

by dint of the most anxious and continuous 

care on the part of the depleted force that mis- 

haps and breakdowns have been infrequent. In 

other words, a state of tension has existed and 

now exists under which it is neither wise nor 

safe to continue a day, as it is sapping the en- 

ergy of good men. Instead of building up a 

personnel for the day of need, stronger than 

necessary for the time of peace, the engi- 

neer officers and men are kept at the point of 

elastic limit. and a new war to-day could not 

fail to develop a large list of physical incapa- 

bles in the engineering branch the moment 

the additional burden was put upon thém. 

True, we could cail upon the civilian expert 

for help and no doubt secure many good men, 

but how foolish to deliberately lean on this un- 

certainty when it is possible to school our own 

intelligent and devoted officers to a degree 

of satisfactory efficiency. That this schooling 

will eventually be accomplished I still believe; 

but my earnest request is for a greater effort 

to hasten it in order that no day of need 

will find us sadly wanting. I urge you to de- 

cided steps toward this object, pointing again 

to the fact that, at the present rate, new ex- 

pert engineers are not being made in any 

rational proportion whatever to the displace- 

ment of the old ones from the active list, if 

indeed they, are being made at all. 

You are fully cognizant of the intricacy and 

extent of the engineering department of a 

large ship. That of a smaller one bears the 

same importance and carries the same danger 

for the inexperienced. You can, therefore, 

judge how impossible it is to create in a few 

months expert engineers from even the most 

intelligent officers unused theretofore to ma- 

chinery. Experience daily under all condi- 

tions of service alone perfects efficiency, when 

combined with intelligence, and it is this ex- 

perience I ask shall be given to all line offi- 

cers possible, below the grade of lieutenant- 

commander, both at sea and ashore. From 

the many we are sure to gather a fair propor- 

tion particularly adapted to the work and with 

natural proclivities toward mechanics. These 

will be the real additions to the engineering 

branch, and will increase as greater numbers 

come from the Academy. The others, fairly 

well versed in time, will fill the gaps in emer- 

gency or war, and with a universal general 

interest there will be no need to call for vol- 
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unteers to man our ships in this department. 

Regarding the engineering departments of 

ships at sea in times of peace as well as war, 

compare ior a moment the condition of a bat- 

tleship depending for the full and proper 

operations of her motive power upon the 

knowledge of a single officer, the chief engi- 

neer, with that of another ship of the same 

class whereon any one of the line officers 

could, in emergency, take efficient charge of 

the machinery, and several indeed assume and 

completely fill the position of an expert in 

that department. The ideal condition of the 

latter is what we are now striving for, since 

engineering knowledge has been recognized 

as of the most vital importance in the service, 

and it is to the realization of this I still hope- 

fully look, despite the many visible obstacles. 

That I should betray unusual anxiety on this 

question can only be through my intimate 

knowledge of the conditions now existing and 

my earnest interest in the welfare of the serv- 

ice. My views, I can properly say, should 

have more weight upon this point than the 

views of any other naval officer or board, as 

these can not view the situation from as 

comprehensive a standpoint as can the Engi- 

neer-in-chief, unon whose shoulders for years 

has been the special care and protection of 

naval engineering. 

Inattention to my recommendations or 

apathy regarding the immediateness of the 

necessity for more active and decided meas- 

ures toward securing the desired conditions 

can surely result in nothing but rapidly de- 

creasing efficiency, from which it will be con- 

tinually more difficult to recover, and the 

cost of which will be significant in enormous- 

ly larger repair bilis, shorter-lived machinery, 

and a fleet of vessels in doubtful fitness for 

their designed service—a Cervera fleet, with 

limitless men, but lacking the technical ex- 

perts needed to meet the extraordinary and 

ever-new conditions of emergency and war. 

I regret I have failed to impress you to 

the point of action by my former communica- 

tions. Had a series of calamitous events Oc- 

curred during the past year to make graphic 

the insufficiency of the present force of ex- 

pert engineers, I am sure potent remedial 

measures would have been promptly taken by 

the Department. But while glad indeed to 

have disaster averted, I can assure you that 

danger now exists. It lurks in the silence 

of seeming security, but a knowledge of its 

presence should increase the desire to hasten 

its removal. Fortune alone has postponed 

casualty. 

The country can safely count on the valor 

and fidelity of its officers and men, but fidelity 

and valor without knowledge of the use of the 

arms given them with which to do battle .can 

avail little against an efficiently drilled foe, 

and will afford scarcely more than an exhibi- 

tion of heroic sacrifice, as needless as it would 
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be cruel. The arms of a battle-ship are her 

machinery and her guns, “useless each without 

the other,” and strong to victory when work- 

ing well together. No deep thought is neces- 

sary to understand this, in the light of late 

experiences. The very highest degree of ex- 

cellence in both the condition and handling 

of each is the price of successful encounter, or 

at least is the expectation of the country. A 

ship motionless or helpless to maneuver well 

could never make efficient battle, be her guns 

never so good or her crew never so brave. 
To guard against this the head of the steam 

engineering department must be full of re- 

source and armed by experience and engi- 

neering ability only attained by years of in- 

timate association with machinery under all 

conditions of service. Haphazard luck may 

bring a ship through without this, but sane 

judgment would condemn dependence on 

simple fortune, or a failure to use every pos- 

sible effort to insure a most competent man- 

agement in this most important of ships’ de- 
partments. 

Engineering work is as full of interest as 

it is of importance, and the line may well be 

proud to preserve the control of it. The 

most intelligent are eager to become experts, 

and with their superior advantages need no 

primary instruction. They do need much 

experience with and observation of machin- 

ery at work and under repair or construction 

and it is for the Department to decide upon 

the quickest way by which they can obtain 

this, and then to afford them the fullest op- 

portunities for doing so. 

I have already suggested to have incor- 

porated in the regulations the best method 

for the needed training at sea, i. e., by de- 

partmental order to compel all line officers 

below the navigators of ships to alternate in 

duty in the engine room and on deck, and 

efficiency reports to be made quarterly to note 

their progress and class their ability. 

My plea is for the highest efficiency; for 

immediate recognition of its importance as 

well as of its present decadence through de- 

pletion of the number of technical experts 

without full provision for early replacement. 

TI hold up the warning finger and sound the 

note of alarm. 

An official utterance on the subject by one of the 

“old line” officers of equally high rank, from the 

navigation standpoint, would be of more than pass- 

ing interest at this time. In the expressive language 

of the street, it is “up to” the ‘line’ now to make 

reply. 

In a collision off the Delaware Capes, the Old 

Dominion line S. S. Hamilton ran down and sank the 

coasting schooner A. A. Shaw, of Philadelphia, Octo- 
ber 7. The steamer hit the schooner amidships, and 

kept her bow in the opening until the schooner’s crew 

had been hauled up by the ropes. Then the steamer 

backed out and the Shaw went to the bottom. The 
latter was an old wooden vessel carrying coal. 
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New York School Ship St. Mary’s. 

In the photograph of the school ship St. Mary’s, of 

the port of New York, is shown the present appear- 

ance of a famous old ship of the American Navy. 

This vessel has lately undergone an extensive over- 

haul at the New York Navy Yard, and returns to her 

work of education with a new lease of life. Her con- 

struction antedates the Civil War, she having been 

put into the water at Washington, D. C., Navy Yard 

as long ago as 1844. She was named for one of the 

most influential counties in the State of Maryland. 

The St. Mary’s is still carried on the roster of naval 

vessels, being classed as a “wooden sailing vessel.” 

In her day she ranked as a powerful war vessel, her 

dimensions being: length between perpendiculars, 

150 ft.; beam, 37 ft. 6 in.; mean draft, 15 ft. 6in.; gross 

tonnage 766 tons, and displacement 1,025 tons. 

When built she was fitted with a battery of smooth- 

bores containing six 8-in. and sixteen 32-pounders, all 

muzzle loaders. Her first assignment to active duty 

was during the Mexican war, when she was in Vera 

Cruz. Later her work was in the Pacific, where she 

remained throughout the Civil War protecting mer- 

chant vessels from Confederate cruisers. It was 

toward the close of that war that the St. Mary’s, Cap- 

tain Colvocoresses in command, saved the port of 

Valparaiso from bombardment by the Spanish fleet. 

Her commander placed the ship between the prin- 

cipal city buildings and the Spanish squadron aud 

declined to move when requested to do so by the 

Spanish admiral. 

In the present service of this vessel the mistake 

is often made of supposing it to be a reformatory for 

the discipline and moral improvement of bad boys. 

On the contrary, the vessel is a school ship pure and 

simple, and very rigid inquiry is made into the 

character of all applicants for admission. The vessel 

is officially known as the New York Nautical School, 

which is conducted by the Board of Education of the 

City of New York. Candidates must have either a 

parent or guardian residing in New York, and must 

be between the ages of 16 and 20 years, of sound con- 

stitution, and have shown a disposition to follow the 

sea. Every candidate has to pass an educational test, 

and has to provide an outfit, and pay $25 on admission 

to cover the cost of uniform and bedding during the 

course. The course extends over two years, and in- 

cludes two summer cruises. : 

When in port the vessel is tied up to dock in the 

Hudson River, and when on a cruise, the waters of 

Long Island Sound are usually sailed in until the 

pupils can easily handle the ship, and then New Eng- 
land ports are visited. On a foreign cruise, the Si. 
Mary's calls at English, French and Spanish ports, 

and touches at the Madeira Islands. At sea, the time 

of the pupils is given almost entirely to the study and 

practice of professional branches of seamanship, and 

while in port, more time is devoted to theoretical 

work. At the present time many former pupils of the 

school are actively employed in responsible positions 

by our great merchant lines, and indeed this school is. 

doing no small share of the work of upholding the 

American Merchant Marine. Commander W. H.. 

Reeder, U. S. N., is superintendent of the school. 
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SUBMARINE BOATS — FROM THE EARLIEST 
RECORDS DOWN TO THE PRESENT.*—II. 

BY CARL BUSLEY, 

CHAPTER VI. 
McClintock's and Howgate’s David, 1863.—During the 

War of the Rebellion, McClintock and Howgate built 
a submarine boat which was the means of the destruc- 
tion of the Union sloop Housatonic. The shape of 

this boat can be seen in Figs. 14 and 15. It was about 
42 ft. long, and was built of boiler plate. The crew 

consisted of eight men, of which one man was at the 

helm, and the other men turned the two bladed pro- 

peller by means of cranks The boat was supposed 

to have attained a speed of four knots. It has been 
asserted that the boat could dive to any depth, and 
remain there a half hour with the whole crew in quiet 
water, although authentic reports of her trials do not 
seem to agree with this assertion. The idea of the 
boat was to tow a mine close under the keel of an an- 
chored vessel, and to explode the mine through con- 

tact with the bottom of the ship. Lieut. Paine, of the 

Confederate Navy, with eight volunteers, undertook to 
attack the Union vessels. While the boat was being 
prepared the swell of a passing steamboat splashed 
into the manhole, sinking her. The eight volunteers 

were lost, and Lieut. Paine succeeded in getting out, 

as he was standing at the manhole at the time. After 
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danger when it arrived within about “300 fit. They 
immediately slipped their anchor and started their 
engine, and called the crew to the guns, but before 
a shot could be fired—it was about two minutes after 
the boat had been sighted—the explosion occurred, 
and the Housatonic sank immediately. Of her crew 
only five men were killed and the remainder saved 
themselves by climbing into the rigging which pro- 

jected above the water. The submarine boat, how- 

ever, did not succeed as well, as the wave caused by 

the explosion washed into the open manhole, causing 

it to sink, and for the last time its entire crew were 

buried under the waves. The Confederates had lost 

already thirty-two men by this trial, while the Federals 
only lost five men, which would not speak very well 

in favor of the submarine boat. Too much praise, 
however, cannot be bestowed upon the personal cour- 

age and the soldierly spirit of the Confederate volun- 

teers, who were always ready to take the place of the 

unfortunate crew after the boat’s former misfortunes. 
CHAPTER VII. 

Value of the Pioneer Boats=—Al\l the submarine boats 

which were propelled by man power were of radically 

different shapes, and forms, which as a question of 

standard type cannot be considered at all. They were 

all of comparative modest dimensions, and on the 

average did not exceed 50 ft. in length and about 

30 tons displacement. Furthermore, their speed of 

FIGS. 14 AND 15.—MCCLINTOCK’S 

the boat had been raised, Lieut. Paine made another 

attempt with eight other volunteers, but the boat ran 

ashore at Fort Sumter and capsized. On this oc- 
casion there were six men lost of the crew, and only 

the Commander and two men were saved. After the 

boat was raised for the second time and put into 

shape, an engineer named Aunley, who had been busy 

with the reconstruction, attempted a trial trip in 

Cooper River. While totally submerged his appara- 
tus for getting to the surface must have become de- 

ranged as the boat did not rise again, and it was only 

recovered three days later. The entire crew were, of 

course, dead. The next trial was undertaken by Lieut. 

Dixon, of the Twenty-First Volunteer Regiment. He 

left the harbor with eight volunteers on the 17th of 

February, 1864, and succeeded in destroying the Union 

sloop Housatonic, which lay at anchor in the outward 

harbor of Charleston. He had somewhat changed his 

plans as the attack was not made by means of mines, 

but was made with a pole torpedo; also the boat was 

not entirely submerged. During this time the man- 

hole was left open so that the men could breathe 

more easily. Aboard of the Housatonic the boat first 

gave the appearance of a floating block of wood, and 

the crew of that vessel only became aware of their 

*Translated from the Proceedings of the German Society of Naval 
Architects and Marine Engineers, Berlin, Germany. 

AND HOWGATE’S DAVID, 1863. 

four knots was so slow that the crew could only ex- 

pect a successful issue of their attack when those on 

the attacked vessel were perfectly unaware of their 

presence. The diving of these boats (omitting the 
highly problematical Bushnell’s diving propeller), was 

always effected by taking in water ballast, and rising 

to the surface by ejecting this ballast by means of 

hand pumps—a very tedious operation, and requiring 

time. The difficulty in renewing the air supply was 

mostly avoided by remaining under the surface of 

the water only for such a length of time as the con- 

tained air would permit. The weapon of attack was 

first the mine and latterly the pole torpedo. The 

whole arrangement of these boats is of such a nature 

that very little confidence would be now placed in 

them, and it is surprising that it was so easy to find 

crews to operate them in addition to their inventors. 

CHAPTER VIII. 

Submarine Boats Entirely Submerged, Alstitt’s Boat, 

1863.—During the war of the Rebellion the submarine 

boat designed by the American, Alstitt, was a radical 

change from the former styles, and opened a new era 

in the construction of submarine boats. In the first 

place, it was not driven by hand power, but was oper- 

ated by means of steam and electricity, and its con- 

struction, as shown in Fig. 16, was that of a com- 

plete small. boat of about 75 ft. long and to ft. deep. 
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compressed air was stored in cylinders as shown in 

Fig. 19, which occupied the greater part of the ship’s 

body, and were stowed in separate water-tight compart- 

ments. The exhaust of this air was used for breathing 

by the crew while under water. Diving was effected 

by admitting water into the ballast spaces in the double 

bottom, and the depth of the dive was regulated by a 

vertical propeller, a, and a cylinder, b, with a tight-fitting 

piston, which increased or diminished the volume of the 

boat, and in addition the horizontal rudder, f. The bal- 

last water was ejected by means of a pump, c, also 

driven by compressed air. The manhole is indicated by 

d, and e was a life boat, connected to the body of the 

larger boat by means of water-tight doors, and which 

could be readily detached from the ship’s body. Her 

bow was fitted with a pole torpedo. The boat made a 

number of trials in the harbor basin at Rochefort, and 

also at La Pealisse, and it was demonstrated that 

when she was completely submerged, she lost her fore 

and aft stability, owing to her great length, as when 

she was sailing in a submerged condition she was 

either bumping the bottom or coming to the surface. 

For this reason she was placed out of commission in 

1864 and broken up. 

CHAPTER X. 
Vogel's Boat, 1868.—During the years 1867-72, Vogel, 

of Dresden, had worked on the plans of a submarine 

boat, shown in Fig. 20, and did not succeed in getting 
beyond the first trial. The boat was built at the 

former Schlick’s yard, in Dresden, in the year 1868. 

Her dimensions were: Length, about 16 ft.; depth, 
4 ft. Her construction consisted of T iron frames and 
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of the hand pump, m. Vogel intended to use a tor- 

pedo as his. weapon, but did not state how it was to 

be carried or operated. He predicted that his boat 

would be able to remain submerged for three hours. 

According to correspondence which he had with the 

German navy up to the year 1872, it appears that he 

did not make a successful submerged trip in the river 
Elbe, as intended. 

CHAPTER XI. 
Drzewiecki’s Boat, 1884.—The Russian engineer, 

Drzewiecki, in the year 1877, built a small submarine 

boat about 13 ft. long, driven by means of a propeller. 

As the boat had accommodations for only one man, 
this propeller was worked by means of a treadle, com- 

bined with a tooth-wheel gear. Both sides of the 

dome in which the man stood were fitted with leather 
gloves to enable the operator to attach mines to the 

vessels which were to be attacked. In 1879 Drzewiecki 

designed in St. Petersburg a somewhat larger boat, 

about 20 ft. long and of sufficient capacity to hold four 

men and the commander. The diving outfit consisted 

of the usual water bottom, with means for letting in 

the water or pumping out the same. When the boat 

was in motion it was canted by means of two weights, 

to enable it to sail to the surface or to get beneath the 
surface. These weights were attached to chains, so 

that the middle weight would move forward at the 

same time that the after-weight moved towards the 

middle, when it was required to dive to a greater 

depth. When it was required to come up the forward 

weight was moved to the middle, and the other weight 

was moved aft. Drzewiecki attached a tube fitted with 

FIG. 20. 

iron shell. Her propelling power consisted of a three- 

cylinder steam engine, a, which drove the propeller by 

means of belts, b. When floating on the surface the 

engine worked high pressure, and when submerged it 

worked with a condenser. Steam was generated by 

means of oil fuel. Oil was stored in the receptacle, c, 

and ran by gravity into a burner which, as shown in 

‘Fig. 21, consisted of a perforated copper pipe. The 

gases of combustion were discharged into the chim- 

ney, e, when floating on the surface, and when under- 

neath the water were discharged into the receptacle, g, 

in which the temperature was reduced by means of a 

spray of water, which was forced into it by the pump, 

h. For the separation of the soot the coal gases were 

to be ejected clear of the boat by means of two air 
pumps, 7 and i, directly attached to the engine 
through the discharge pipes, k. In order to dive, the 
double bottom was filled by means of a cock, J, and 
to come to the surface the water was ejected by means 

VOGEL’S BOAT, 1868. 

> 
FIG. 2r. OIL BURNER, VOGEL’S BOAT. 

prisms in order to be able to see objects above the 

surface. Finally, in 1884, he designed a submarine 

boat, as shown in Fig. 22, in which the propeller was 
driven by means of dynamos and accumulators. The 
two moving weights of his first boat were replaced 

by a single one, and, as the figure shows, this weight 

could be moved by means of a chain from one end 

of the boat to the other, and it was guided in a tube 
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in the ballast space. It was reported at one time that 

the Russian Navy was going to build fifty-two of these 

boats as equipment for their battleships, but this evi- 

dently must have been only the hope of the inventor, 

as nothing further was heard in the matter. 

CHAPTER XII. 
Tuck's Peacemaker, 1886.—In 1884 an American, Pro- 

fessor Tuck, made experiments with a submarine 
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called the Peacemaker (Figs. 23 and 24), with a length 

of 30 {t.; 81-4 ft. beam, and 51-2 ft. deep. It was 

propelled by a 14 horse-power Westinghouse steam 

engine, and with 350 revolutions, the boat is supposed 

to have attained a speed of 8 knots, not beneath the 

water, as has generally been reported, but floating on 

the surface. In order to stiffen her light construc- 

tion she was fitted with a fin keel on top, with a de- 
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FIG. 22.—DRZEWIECKI’S BOAT, 1884. 

and of 10 tons 
driven by means 

boat, with a length of 30 it. 

displacement. This craft was 

of storage batteries, and- was said to have at- 

tained a speed of 6 _. knots. It was fitted 

with two Fish torpedoes, which were attached to the 

boat by means of electro-magnetic claws. The latter 

could be operated from the inside of the boat in such 
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pression in the middle, the latter being intended to 

give her a better hold under the keel of a vessel. On 

either side of the dome, as well as at both ends, water- 

tight gloves were fitted to facilitate the placing of the 

torpedoes, which, in this case, as well as in the first 

Tuck’s boat, were carried on the sides. It has been 

reported that the Peacemaker remained at a depth of 

FIGS. 23 AND 24.—TUCK’S PEACEMAKER, 1830. 

manner that the torpedoes could be released at any 

moment. The boat had one bad feature; the outfit 

for renewing the air consisted of two pieces of hose, 

each terminating in a float which rested on the sur- 

face of the water. Fulton had tried the same thing, 

and Tuck had the same misfortunes that his predeces- 

sor encountered. In 1886 Tuck built a second boat, 

53 ft. for a period of 7 minutes. Another time she is 

said to have steered a course under water in which she 

sailed under two vessels, and at still another time, to 

have dived under a tugboat without having been ob- 
served by the crew of the tug. In spite of all these 

so-called successful trials, the Peacemaker has never 

been pronounced a permanent success. 
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TORPEDO CRAFT (UNITED STATES AND FOR- 

EIGN) TYPES AND EMPLOYMENT.*—Ill. 

BY LIEUT. R. H. JACKSON, U. S. N. 

In order to have present practice abroad in a readily 

_ available form, the following table has been arranged, 

which is fairly accurate, the conflicting statements of 
\ 
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well to bear in mind that some of the boats do not in 

practice carry both torpedoes and guns; one or the 

other is left ashore. 

A liberal allowance of coal and water must be car- 

ried, remembering that at night the boats must be 

actually cruising. During the day, by running slow 

under one engine, and carefully tending the two large 

the different sources of information upon this subject 

making it very difficult to obtain correct data. 

REQUIREMENTS OF DESTROYERS, 

Speed.—The boat must have sufficient speed to over- 

haul a torpedo boat and disable her. It is well to re- 

member that at night the discovery will be made at 

close range, and but a slight superiority in speed will 

be sufficient to enable the destroyer to close sufficiently 

to prevent the boat from eluding her, and enable the 

gun captain to hit his indistinct and difficult target. 

The flare from the stack of the fleeing boat, when she 

is pressed to her limit of speed, will materially assist 

the destroyer unless the rain, snow, or fog intervenes. 

In daylight the discovery of the torpedo boat is not 

likely to be made at more than five or six miles, so that 

a difference in speed of three knots would give the 

destroyer the necessary superiority. A speed of 28 

knots that can be maintained for six hours is sufficient 

for all purposes, and gives a surer indication of the 

value of the boat than a delusive 32 knots with bottled- 

up steam over the measured mile. To attain this 

result the machinery must not be shaved too light. 

The results of the performance of some of these boats 

abroad during the last years indicate that the factor of 

safety is too small, and that the number of revolutions 

allowed is beyond safe practice, making the strain on 

the moving parts tremendous; anyslight flaw in forging 

or tempering, and the engine-room is a wreck—if there 

is no worse result. Let us not be carried away by the 

desire for the fastest boat in the world. Moderate 

revolutions and steam pressure and staunch machinery, 

and we can challenge the speeds shown in the table, 

and feel that we have the better boat. 

Armament.—Five 6-pdrs., one 12-pdr., two tubes, and 

two torpedoes. 

The argument in favor of this battery is found under 

the head of Criticisms on Ordnance. 

From the table it is seen that our armament is still 

the equal of any nation, and superior to most, except 

in the number of torpedoes carried on board. It is 

*Prize essay read before the U. S. Naval Institute, Annapolis, 
Md., and copyright, 1900, by R. H. Jackson, U.'S. Naval Institute. 

| 

Nation. Type Built. Building. DISD CSEH.| Length. |I. H. P.| Speed. Armament. 
| | 

IDFTAEWNGL 5 Go56 000006 000000000 Destr. 108 | 10 300 | 210 6,000 30 | 112-pdr.,56-pdr. 2T. 
Boats 98 | 00 000 || 3200 I’ Sdo0ds. 6000. b0,,000000996 

PATICE Rerneteescisttceieniierclsite | Destr. 4 8 300 | 185 | 4,800 26 1o-pdr,63-pdr. 27T 
Boats | Dar || 8 152 144 4,200 30 23-pdr. 27. 

RALSS1AE ie Sara steers ororetotalalouwisrete Destr. | || 28 240-350 | 196 | 3,800 27 | 31-pdr 
Boats | 174 17 120 que 5600 50 || cod009000000000R00000000 

German ye qesceen aicnniss Destr I Si) 350 210 | 5,800 28 53-pdr 37. 
Boats IIz | @) | 155 157 2,500 25 WIRG TG 1 SN Babs | 

GFN AinodoanucuEn tC OHOnoOnUOnG Destr 8 320-350 196-208 6,000 30 I 12-pdr., 3-5 6-pdr. 27. 
Boats 142 2 150 | 156 2,700 25 21-pdr. 27. 

JAPAN: fy vee eaters Destr. 8 275-300 220 6,000 30 1i2-pdr.,56-pdr. 27. 
Boats 44 12 130 148 2,000 26 2 3-pdr. 

Wo Sboovos006 cosovadto000n00000 Destr. doou | 16 420 | 245 8.000 29 212-pdr.,56-pdr. 27. | 
Boats | 20. | II 165 | 175 3,000 26 33-pdr. 37. | 

distilling plants that are needed, she can replenish 

her water supply. In case of necessity, coal and water 

can be supplied from the big ships, such as the New 

York, and the distiller ship; but it is best to be self- 

supporting, as weather and unusual circumstances may 

make assistance impossible. 

Displacement.—Before deciding upon the size it is 

well to bear in mind the two distinct rdles in which the 

destroyer appears. 

First.—She is a terror to all torpedo boats; her 

powerful battery, relatively high speed in all weathers, 

and shallow draft, leave them but little hope for escape, 

unless a lucky shot at long range disable her. In this 

role she acts as the night policeman for the fleet, easing 

the nerves of the battleship. 

Secondly—and this is a point that is likely to be for- 

gotten—she is a terror to the enemy’s fleet; for not only 

does she carry the same torpedoes, and will appear 

from more distant points, but she still retains that es- 

sential element to successful attack by surprise, a rela- 

tively small size and consequent invisibility. It is the 

failure to recognize this essential quality that has led 

to the advancement of a type of boat of 600-800 tons 

displacement, which is based on the sound doctrine 

“the bigger the better,’ when coal endurance, stanch- 

ness, comfort, and speed are the qualities desired. The 

“low, long, rakish, craft,” this invisible terror of the 

seas, must be retained, as in the piratical days of old, 

to destroy a few and strike consternation to the hearts 

of all. 

We have reached the happy result, but the outside 

limit, in our 420-ton destroyer. It is well to remember 

that foreign practice tried this 800-ton boat several 

years ago, in their ‘“‘avisos” and scouts, which were 

afterward abandoned, and then developed the torpedo 

boat to its present size. By examination of the table 

it will be seen that even now we lead all other powers 

in the displacement adopted. 

TORPEDO BOATS, CLASS P. 

Requirements.—Only sufficient speed is needed in ves- 

sels of this class to make it possible to overhaul and 

attack a distant fleet cruising at a moderate speed. 
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Twenty knots is thought to be a good sustained speed 

for an all night run in moderate weather. This would 

give a 25-knot speed for the dash to escape after the 

attack. A boat that can be relied upon to do this 

should be able to maintain a speed of 25 knots for six 

hours in smooth water. 

A flotilla of these boats would temporarily accom- 

pany the squadron till the commander-in-chief decided 

upon the point of attack, or received information of 

the enemy which would permit a blow from this mobile 

arm of his fleet. After the attack the flotilla would 

probably return to the nearest base. They are ex- 

pected to join the fleet whenever needed, and to remain 

till the attack has been pressed home. But the admiral 

would leave them resting on a convenient base till the 

time seemed ripe for the blow. 

The armament thought best is three S. A. 6-pdrs., 

two tubes, and two torpedoes. The reason for this 

selection is found under Criticisms on Ordnance. 

Displacement.—The displacement must be kept as 

small as is consistent with sea-going power. These 

boats must be able to keep with the squadron in all 

weather; and have a crew, coal, and water, sufficient to 

be counted on for a week, and still be able to return to 

port. The Porter seems to have been able to fulfill 

these conditions under the test of war; yet no smaller 

boat seemed to be able to come up to this requirement, 

so that 165 tons seems to reach the sea-keeping power 

combined with a size that permits of a successful sur- 

prise in a night attack. Great Britain alone has recog- 

nized that boats of a smaller type than this fail to attain 

this sea-keeping requirement. She reported adversely 

upon her largest torpedo boats in 1896, and since then 

has built nothing smaller than the destroyer. The table 

shows that France and Germany are trying 150-ton 

boats, their first venture in boats of such great displace- 

ment, France, alone, with her desire for the marvel- 

ous, stipulating a speed of thirty knots. Twenty-five 

knots maintained speed answers all requirements. The 

table shows that for our 165-ton boat, the armament 

is superior to that of any boat abroad; but three 6-pdrs. 

would make her a Tartar for destroyers and small gun- 

boats. 

STATION BOATS, CLASS Q. 

There does not seem to be any need for this class in 

the scheme for coast defense, and they are not suffi- 

ciently powerful for offense. So that though the ten 

that we have thus far acquired are quite useful for 

drills and exercises in our home ports, and will make 
good station boats for the West Indies, there seems to 

be no reason for duplicating any of the six types rep- 

resented by the ten boats in this class. 

As for the Manley, no one seems to know for what 

she was designed or why she was bought. Possibly, it 

was to give us wrinkles in design and construction. 

This was a reason that I heard advanced for the pur- 

chase of the Somers. This boat, 150 tons, has but a 

single screw, and when the attempt was made to bring 

her over she leaked so badly as to require her return 

to port. After the war she was brought over in a 

freight steamer. She has the lines typical of all the 

Elbing boats. She carries an underwater bow tube, 

which may have been the cause of her trouble. At any 

rate, Germany has lost three boats by foundering at sea, 
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and it is thought that they were on these lines, though 

smaller. In the latest sea-going German boats there 
is no submerged bow tube and no forward conning 

tower. 

STATION BOAT, CLASS R. 

As already stated, twenty boats of the Talbot type, 

with a I-pdr. forward and a machine gun aft, would 

cover the conditions for the defense of the waterways 

and harbors. 

Having decided upon our general type, let us ex- 

amine the details of construction, equipment, &c., on 

board our boats to see if they have stood the best test 

of their value, viz., satisfactory results on boats in 

commission. This examination will be taken up ac- 

cording to the classification by departments on board 

ship. The writer is encouraged to make this minute 

and detailed examination by the generous desire 

shown by the bureaus concerned to make the changes 

suggested, and remedy the faults where a remedy 

could be pointed out. 

DETAILED CRITICISM AND COMPARISON OF CERTAIN POINTS 

IN CONSTRUCTION. 

In no way is the difference between an experienced 

builder and the novice so evident as in the details of 

hull construction, and its fittings, and in the use of 

some little device learned by experience, which often 

adds materially to the efficiency and comfort of the 

boat. 

Consequently, the writer does not believe that any 

detail is too trifling to criticise, especially if a remedy 

is easily found. A striking example will first be given 

to illustrate the point, before going into an enumera- 

tion of details. 

A large ventilator was placed over a cabin in order 

to give fresh air to the sleeper. The result was a wet 

bunk all the time; at sea it was salt water; in port, 

tain or sweat from the plate on the inside. In prac- 

tice the bottom of this ventilator was kept tightly 

closed by a plate, and the canvas hood placed on the 

outside when going to sea. 
Ventilators—Experience would indicate that all at- 

tempts to ventilate compartments by means of small 

ventilators are failures. The discomforts and damage 

inflicted by salt water and rain more than offset the 

possible advantage of these few small air pipes. The 

only exception to this is for the compartment con- 

taining the closets, where there is usually little to 

spoil by salt water. 

With this exception, there should be no opening 

in the deck from one end of the boat to the other 

except hatches and coal bunker scuttles. The hatches 

should be arranged with some device allowing them to 
remain open and yet keep out rain and spray, even 

though occasional seas sweep on board. 

On one of the boats of the Winslow type, canvas 

hoods were fitted over the hatches of the principal 

compartments (i. e., the living spaces and the engine 

rooms), which were lashed around the hatch coaming 

and carried up about two feet, and the opening left 

on the lee side. These were only put on in bad 

weather. An excellent device is found on some boats. 

The hatch hood is a quadrant of a cylindrical section, 

one side fitting oyer the hatch, and the other open 

to the air, ordinarily looking forward. The upper half 
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of the periphery opens or closes by a sliding shutter. 

Shutters, either sliding or swinging, can also be fitted 

to the side that looks forward. 

The advantages of this arrangement are that: (1) 

In fair weather the sliding top can always remain 

open unless the sea would enter a hatch with 18-in. 

coaming; (2) in falling weather, by hauling over the 

sliding shutter on top, and shifting hood so that the 

side opening looks to leeward, no water will enter. In 

ordinarily good weather, with sliding shutter on top 

hauled back and side shutter open, entry and exit are 

in no wise impeded. With an ordinary cowl the hatch 

can not be used for this purpose. This hood of course 

having a rectangular base, has only four positions, 

abeam, and fore and aft; but its efficiency seemed lit- 

tle reduced thereby; while its usefulness in all weather 

recommends it greatly. They should undoubtedly be 

fitted to each living compartment, and seem to be 

equally adaptable as hoods for blower engines in fire- 

rooms. When fitted over blowers they should have 

light wire screens, say a 2-in. mesh, to prevent signal 

flags and wash clothes from going into the blower. 

Each living space should have two openings, to 

facilitate exit and also to give proper ventilation. 

For the two principal spaces, the cabin and the crew’s 

space, the conning tower can be utilized for one of 

these, and a hatch, as above described, for the other. 

Uf an old-fashioned wind sail is then rigged in the 

hatch or tower, as best serves, a good supply of air 

will be insured in these two compartments in prac- 

tically any weather, a condition that has often been 

denied our boats. A scant supply of air at 115 de- 

grees, and that mixed with salt water, will lay low 

the toughest mariner, and result in a short time in a 

disabled crew and boat. Few of the boats during the 

war, when subject to these conditions, could boast of 

a man who had not been seasick. 

The air ports on the sides abreast the living quarters 

are very convenient, and, when reasonable care is 

taken to renew the gaskets when softened by heat or 

oil, are satisfactory. 

Referring again to the ordinary round top cowl 

or hood, an objection to it was noticed which may 

be new. When a man is feeling his way along the 
deck at night in rough weather and has seized the 

rim of the cowl, instead of getting support from it, 

the cowl, revolving from his weight, has sent him 

stumbling against the rail with the roll of the boat; 

on one occasion the cowl came off and the man was 

with difficulty saved from going overboard. 

Clear Decks.—While on this subject of ventilation 

and deck opening, too much stress can not be laid 

upon the necessity for clear decks. There should be 

nO Openings in the decks except for the blowers, the 

passage of men below, the coal scuttles, and a large 

hatch over each engine. All these, when closed, 

should offer an easy gangway for travel fore and aft. 

Especially should this be true of the coal scuttles and 

engine room hatches. A_ satisfactory scuttle, flush 

with the deck and reasonably tight when cared for, is 

a rectangular brass plate held down by dogs against 

a rubber gasket fitted in a score around scuttle. A 

passage along the decks of some of our boats on a 

dark night is at the imminent risk of going over- 
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board, to say nothing of the condition of shins which 
is sure to exist as a result. 

Deck Covering.—After a good deal of experimenting 

on the suitable covering for the deck, the choice now 

seem to lie between linoleum and grating. The most 

satisfactory result has been obtained by laying gratings 

along the line of traffic fore and aft, and holding them 

down by movable cleats, so that they can be taken 

up without much trouble, and yet will not wash over- 

board in a sea-way. In case of abandoning the boat 

these are useful as life rafts, as they can be loosened 
in a moment. 

The only advantage possessed by linoleum over 

gratings is a reduction in weight, and this is not 

great; its disadvantages are: (1) Lack of durability, 

being easily punched full of holes and torn around 

the edges; (2) difficulty of securing it to the deck, 

as on any other than flat deck boats the first sea will 

catch under a loose edge and rip up a whole sheet. It 
then requires a dry, warm day to stick it down. Also, 

if water lodges under it, the deck will rust badly. 

Then; over the fire room, the different coefficient of 

expansion of the linoleum and steel will always loosen 

those. sheets. 

Linoleum has been satisfactorily used as follows: 
On the Talbot class by holding the strips over boiler- 

room down by 1-4 in. strips of steel along the edge 

secured through the deck by round head stove bolts. 
This system could be applied throughout, using gal- 

vanized iron or brass strips on the edge of each 

sheet of linoleum and holding it down with screws 

through the deck. 

On the Winslow, which type, being turtle-back, have 

given the most trouble, a sort of combination of 

grating and linoleum has been adopted. Wooden 

strips, 3 in. wide and 3 in. apart, run fore and aft, 

held down by screws; under these wooden battens are 

linoleum strips. The arrangement prevents slipping, 

but as the foot finds no complete support either on 
the battens or between them, it would soon become 

disagreeable and tiresome when one moves about the 

deck. Rubber matting, which has been tried on some 

boats, is not only soon broken to pieces but is actual- 

ly heavier than the grating. 

New S.Y. Atvina.—The new steam yacht building at 

the yard of Harlan & Hollingsworth, Wilmington, Del., 

for Charles Fletcher will be christened Alvina. She is 

of these dimensions: Length over all, 255 ft.; length on 

water line, 178 ft.; beam, 26 ft. 8 in.; draft, 11 ft. 6 in. 

The yacht will be schooner-rigged, and will be fitted 

with a long continuous deck-house, with pilot-house and 

captain’s room on top at the forward end. The ma- 

chinery will consist of two sets of triple expansion en- 

gines of about 1,300 collective horse power. Boilers 

will be two in number, of the Scotch type, and there 

will be bunker capacity for 170 tons of coal. Her trial 

speed is placed at 14 knots. 

Upon the representations of several shipbuilders, 

the date for the opening of the contracts for the new 

battleships has been postponed from November 15 
until December 7 next. This will give intending bid- 

ders an opportunity to submit figures on their own 

designs. 
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In 1808 the first large merchant steamship built in 

Japan 

was 

turned 

out 

in 
these 

works, 

This 

was 

the 

FIRST LARGE STEEL MERCHANT VESSEL BUILT IN JAPAN. 

Hitachi Maru, 6,172 gross tons, built for the Nippon Yusen Kaisha (Japan Steamship Co.) and classed 

too 

Ar 

in 

Lloyd’s 

Registry. 

In 

the 

accompanying 

engraving the Hitachi Maru is shown steaming out 

of 

Nagasaki 

harbor 

on 

her 

maiden 

voyage. 

An 

idea 

of 

her 

dimensions 

can 

be 

had 

by 

comparing 

her 

size 

with 

that 

of 

the 

native 

boat 

in 

the 

fore- 

ground. Since that time very great improvements 

have 

been 

made 

in 

fhe 

establishment, 

and 

not 

only 
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has the capacity of the yard been largely increased, but 

by the introduction of new tools and appliances the finest 

erades of work can now be successfully undertaken. 

In the accompanying reproductions of photographs 

on pages 474, 475, the shipyard and engine works 

are shown. The harbor of Nagasaki is of great nat- 

ural beauty, and is well adapted for purposes of ma- 

rine construction, and its position geographically 

makes it a corvenient port of call for ships engaged 

in the trade in the Far East, where workshops are 

few and far apart. The steel vessels built at the yard 

and delivered complete to the owners up to this date 

are enumerated in the table on page 474. 

In addition to this new construction the yard erect- 

ed three torpedo boats for the Japanese Navy and 

three bucket dredges, the materials for which were im- 

ported from Europe. They have also finished a num- 

ber of steam launches and new machinery and boilers 

for various steam vessels. 

In connection with the works there are two stone 

drydocks respectively 523 ft. and 371 ft. long by 99 ft. 

and 66 ft. wide, with 27 ft. 6 in. and 24 ft. 6 in. over the 

sills at springtide. There is also a marine railway 

which will lift up 1,200 tons. In the shipyard there 

are four main building berths as follows: One 600 

ft., one 460 ft., one 350 ft. and one 300 ft. 

Vessels at present under construction in the yard 

include: 

ENGINEERING. November, 19co. 

ited extent. Both the yards and the shops are lighted 

with electric light. In the ship and engine works 

the average number of employees is 3,500, and for 

the benefit of these the management conducts a school 

for apprentices, a hospital, and a water works. Sal 

vage operations are also carried on by the concern. 

A large plant is now available for wrecking work, 

and one of the steam vessels now under construction, 

No. 126, is being built as an addition to the present 

facilities. 

Much of the credit for the forward condition of the 

dock-yard is due to James S. Clark, the resident naval 

architect. Mr. Clark has had a wide experience on 

the Clyde and elsewhere, in both merchant and naval 

work, and has displayed conspicuous ability in an 

administrative capacity in his work in Japan. 

Transatlantic Liner Commonwealth. 

Another fine steamship for the Boston-Liverpool 

trade has just been put into transatlantic service. 

This is the T. S. S. Commonwealth of the Dominion 

Line, shown in the accompanying artist’s sketch. In 

general design the new vessel follows the popular 

New England of the same line, though she is of larger 
dimensions, being nearly 600 ft. long and of 12,000 

tons, gross tonnage. She was built at the yard of 

Harland & Wolff, Belfast, Ireland, and follows their 

Name of Vessel. Hull. Kind of Vessel. Length. Breadth. Depth. Tonnage. I. H.P. 

INO SBI 2 Loeteraiaielsteletstsiecisteleleveleteereieteteterereteeteicts steel steam tw. screw 270 ft. 4o ft. 12 ft. 6in. 2,221 1,800 

Ws WA ooonc00d0cdoo0connsn0000000000000 steel steam s. screw 175 ft. 33 ft. 12 ft. 6 in. 581 400 

INK 1B} ogao00000000000000900000000000000 steel steam tw. screw 445 ft. 49 ft. 2in. 33 ft. 6in. 6,240 5,000 

WO HAS ooondovosocc0c9ag000000qnadoad0a0 steel steam tw. screw 445 ft. 49 ft. 2 in. 33 ft. 6 in. 6,240 5,C0O 

IN, BA. o49000000000000900000000060000000 steel steam s. screw 186 ft. 29 ft. 16 ft. 2in. 710 520 

IN OMS Teceeryetresetertelertel eiedseliersieciisietetsets steel steam s. screw 320 ft. 42 ft. 25 ft. 2,660 1,550 

INfoh uke aGodeoosdadeDddosooobEdoubEboosEG steel steam tw. screw 270 ft. 4o ft. 12 ft. 2,389 1,850 

In addition to the new work a very extensive busi- model for transatlantic vessels of the intermediate 

ness in docking and repairing is carried on. 
In two years 435 vessels were handled, distributed 

thus: 

Japanese Navy. 

From Oct., 1897, to Sept., 1898.........s+eseee 15 

From Oct:, 1898, to Sept,. 1899... 6.0.0... 29 

Among the recent additions to the equipment of the 

works are an overhead traveling hydraulic crane in the 

erecting shop of 30 tons capacity, a tripod shear legs 

of 100 tons capacity on the jetty, and a 105-ton boiler 

tiveting machine. The blacksmith shop has been re- 

constructed and is now able to undertake any neces- 
sary forge work, having several steam hammers, in- 

cluding one of 7 tons. In the foundry the capacity is 

50 tons. This shop has two overhead traveling 

cranes, one of 30 tons capacity and the other of 20 

tons, and there are also five 5-ton swing cranes in the 

wing. 

Recently a decision was reached to substitute the 

electric drive for the present methods in the shops, 

and plans have been made for the installation of two 

powerful generating sets in the engine works, and 

two smaller ones in the shipyard. A pneumatic plant 

will also be installed, though for the present to a lim- 

class. 

Although intended to carry an immense amount of 

freight, the passenger accommodations have not been 

Japanese Merchant Foreign War Foreign Merchant 
Vessels. Vessels. Vessels. Total. 

Oe 31 42 192 

84 32 104 243 

slighted. The saloon is situated in a deckhouse 

erected on the hurricane deck, with seating accommo- 

dation for about 200. and surmounted by a very elabo- 

rate dome skylight in handsome stained glass, with 

decorated panels. On the saloon deck, which has a 

large and spacious promenade, easy seats have been 

arranged for the passengers, and on this deck is the 

deckhouse containing the handsome entrance to the 

saloon, lounge and ladies’ room, and library, tastefully 

decorated in polished woods, with bookcase and 

writing desks. The ladies’ room and lounge, as in 

the New England, is fitted immediately forward of the 

library, and beautifully upholstered in moquette, with 

stained glass windows into the saloon dome and on 

to the deck. The majority of the state rooms are in 

the same house as the saloons, the baths and lava- 

tories being arranged at the after end. On the deck 

below there is a comfortably arranged second-class 
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saloon 
capable 

of 
seating 

over 
100, 

and 
on 

this 
deck 

there 
are 

also 
a 

large 
n
u
m
b
e
r
 

of 
first 

and 
second- 

class 
state 

rooms, 
together 

with 
engineers’ 

quarters, 

lavatories, 
pantries, 

galleys, 
and 

other 
a
c
c
o
m
m
o
d
a
-
 

tion. 
O
n
 
the 

middle 
deck 

there 
are 

also 
state 

rooms 

for 
first-class 

passengers 
forward, 

and 
second-class 

passengers 
aft, 

arranged 
conveniently 

to 
their 

respec- tive 
saloons. 
Aft 
in 
the 
ship 
is 
a well-arranged 

closed 
steerage, 

with 
large 

deck 
a
c
c
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d
a
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ladies’ 
r
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m
 

have 
been 

arranged 
for 

the 
second-class 

passengers 
on 

the 
bridge 

immediately 
above 

their 

saloon. 

All 
m
o
d
e
r
n
 

appliances 
for 

the 
lighting, 

heating 
and ventilation 

of 
the 
ship, 
and 
for 
the 
preservation 
of 

perishable 
cargo 
and 
stores 
have 
been 
installed. 
T
h
e
 

propelling 
m
a
c
h
i
n
e
r
y
 

consists 
of 
two 
sets 
of 
quad- 

ruple 
expansion 

engines 
of 

the 
builders’ 

usual 
de- 

sign. 
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KE here present the programme for the 

eighth general meeting of the Society 

of Naval Architects and Marine Engineers, 

which will be held in Engineering headquarters, 

12 West Thirty-first street, New York city, on 

Thursday and Friday, November 15 and 16. 

THURSDAY, NOVEMBER 15, 1900. 

1. Capacity Test of a Unique Form of Air 

Pump. By F. Meriam Wheeler, Mem- 

ber. 

Interchangeability of Units for Marine 

Work. By W. D. Forbes, Member. 

3. The United States Experimental Model 

Basin. By Naval Constructor D. W. 

Taylor, U. S. N., Member. 

4. The Composition and Classification of 
Paints and Varnishes. By Prof. A. H. 

Sabin. 

5. Tests of the Electric Plants of the Battle- 

ships Kearsarge and Kentucky. By 

Naval Constructor J. J. Woodward, 

U. S. N., Member. 

6. Coaling of the U. S. S. Massachusetts at 

Sea. By Spencer Miller, Associate. 

to 

FRIDAY. NOVEMBER 16, 1900. 
7. Notes on Recent Improvements in Foreign 

Shipbuilding Plants. By Ass’t Naval 

Constructor H. G. Gillmor, U. S. N., 

Member. 
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8. Can the American Shipbuilder under Pres- 

ent Conditions Compete with the 

British and German Shipbuilders in 

the Production of the Largest Class of 

Ocean Passenger and Freight Steam- 

ships. By Geo. W. Dickie, Member 
of the Council. 

9. Classification Rules. 

Member. 

10. Recent Designs of Battleships and Cruisers 

for the U. S. Navy. By Chief Con- 

structor Philip Hichborn, U. S. N., 
Vice-President. 

11. A Comparison of the Contract Prices of 

Our Naval Vessels. By Harrison S. 

Taft, Associate. 

12. Launch of a Cruiser and a Battleship. By 

James Dickie, Member. 

13. The Safety of Torpedo-Boats at Sea and 

in Action Under Various Conditions. 

By Naval Constructor Lloyd Bankson, 

U.S. N., Member. 

Members who intend to propose candidates for 

admission to membership in the society can now 

obtain the necessary forms of application by ad- 

dressing Secretary-Treasurer Francis T- Bowles 

at the headquarters. It is desirable that all ap- 

plications should be in the hands of the secretary 

not later than Tuesday, November 13, for pres- 

By Theodore Lucas, 

entation to the council, which meets on the fol- 

lowing day at 3 o’clock in the afternoon. 

ANNAN ~ 

HAT is the limit to size and speed of an 

ocean liner in the transatlantic trade? 
This is a question that has occasioned much 

theorizing in times past, and will probably con- 

tinue to occupy attention so long as the art of 

steam navigation is practiced. At various times 

in the past many engineers believed that the 

question had been settled practically. It would 

have been settled long ago, had engineering 

science come to a standstill, and had the com- 

mercial possibilities of the age ceased of develop- 

ment. Apparently we are now as far removed 

from finality as when the old Alaska came into 

port under six days, and held the position among 

all merchant fleets that the Deutschland holds to- 
day. However, no sooner have the Kaiser Wil- 

helm der Grosse and the Deutschland broken all 
existing records for ocean going vessels than an 

announcement of a still larger and faster ship is 

made. This vessel has been ordered by the 
North German Lloyd line from the Vulcan 

Works at Stettin, and she is to be named the 

Kron Pring Wilhelm. At the same time the same 
line has ordered from the Vulcan Works, also, 
another marine monster, which, though not in- 
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tended to be in the front rank in speed, will be 
so in point of size and equipment. This vessel, 

the Kaiser Wilhelm der Zweite, will be more than 

700 feet long and of proportionate beam and 

depth, rivaling the now famous Oceanic in dimen- 

sions. Yet another and larger vessel is to be built 

for the Hamburg-American line by Harland & 

Wolff, builders of the Oceanic. The new liner will 

be 750 ft. long and about 76 ft. beam, and wiil 

have, according to authoritative statements, a 

speed of 18 knots. Meanwhile advices from 

abroad report a stirring up in British shipping 

circles and the intention, credited to the Cunard 

line, of making an effort to bring back the speed 

record to the British flag. In the background, 

as an unknown quantity is the steam turbine, 

which may or may not work still greater 

changes in the transatlantic trade than have been 

recorded in the past twenty years. This very 

problem, the application of the turbine to large 

vessels, is at present absorbing the attention of 

persons of skill on both sides of the Atlantic. In 

any event, in this contest for speed, starting from 

a common point, limitations are reached in the 

direction of finance more quickly than in the 

direction of practical engineering. Yet though 

these limitations are opposite, they have a cer- 

tain relationship which complicates the question 

presented to the steamship manager for solution. 

Given an almost wasteful expenditure from an 

engineering standpoint, we get an increase in 

income which, though it may not be proportional 

to the extra expenditure involved, will be vastly 

greater than would result from a more moderate 

investment. Compare the passenger rates of two 

boats like, for example, the City of Rome and the 

Deutschland. One will carry a passenger across 

the Atlantic just as comfortably as the other— 

though of course, less luxuriously in the case of 

the o!der vessel—and the extra ‘ime spent on the 

water in the case of the smaller vessel is not a 

matter of real consequence to the average 

tourist. It is the go-ahead spirit of the 

time that enters here. Passengers who can 

afford it, and many who cannot, believe in 

traveling on the fastest, newest, and most up- 

to-date ship they can find, and are willing to 

back up their belief by paying the enormously 

greater fares. Travelers of this type will always 
exist in sufficient numbers to fill the sailing list 

of the record breaker in season. Each of these 

travelers becomes a missionary for the company, 

if his expectations are realized, and thus helps 

to create that sentiment in favor of a line which 
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managers find profitable. And in the case of 
lines with a reputation to make, it is worth a con- 

siderable expenditure to create such a sentiment. 

There is, to our notion, a more serious limitation 

than cost, and that is safety. As ships, passen- 

ger ships, grow larger, their crews increase in 

number and the passenger list grows to huge | 

proportions. Yet beyond additions to the num- 

ber of boats carried, there is no progress in the 

direction of providing for the safety of those on 

board in case of extreme peril. Below there may 

be induced draft and quadruple expansion in the 

engineer’s department, grand pianos and gym- 

nasiums in the passengers’ department, but 

above deck there are the same old boats and 

davits that hung along the sides in the days 
when the boxboilerwas supreme and every cabin 

passenger was practically his own steward. 

Water-tight compartments are good “talking 

points.” Something besides compartments, how- 
ever, was needed on the Elbe, La Bourgogne, the 

Mohegan, or even on H. M. S. Victoria, and that 

something had no existence in fact. What man 

of experience at sea would care to contemplate 

standing on the deck of a modern liner, which 
was going from under his feet, in company with 

considerably more than a thousand persons, men, 

women, and children, in a majority of whom the 

fierce instinct of self-preservation had taken con- 

trol. It may be said, truthfully, that a small ves- 

sel would sink as quickly as a large one, under 

like conditions, and that therefore there is no 

greater danger on the modern monster than on 

the old liner. It is equally true, however, that 

the larger the crowd to be handled, the more dif. 

ficulty there will be in getting results, even 

though the crew and boats carried are in propor- 

tion. Panic is fed by numbers, and every addi- 

tional passenger is an additional care, not only 

physically but mentally and morally ; an increase 

of the diversity of opinion and interest that is the 

antithesis of discipline and co-operation in time 

of disaster. Disaster cannot be prevented by ig- 

noring its probability. In matters of actual con- 

struction vast sums are spent experimentally, but 

for investigation into the best method of preserv- 

ing the lives of those carried, not one cent is 

available. If transatlantic companies can com- 

bine to maintain rates, surely they could com- 

bine to investigate the subject of the safety of 

those who pay the rates? They cannot perform 

their plain duty by waiting until some inventor 

devises a plan which they can then adopt. 
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IMPROVED APPARATUS. 

Sectional Fire Tube Boiler. 

The Cowley & Cooper boiler is designed for use 
in naval and merchant vessels of large power and un- 

By ref- der continuous steaming for long periods. 
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at their front and back ends by wrought steel necks, 

thus forming a unit, as shown in Fig. 1. Each unit is 

connected at its upper and front end by four 4 in. 

tubes to 2 steam drum, which affords separating sur- 

face and steam space for the rising currents from each 

unit. Neck pieces of wrought steel connect each unit 

at its lower and back end with a.mud drum. Two 10 

Marine Engineering 

FIG. 1.—UNIT OF COWLEY & COOPER FIRE TUBE BOILER. 

erence to the accompanying drawings it will be seen 

that the boiler consists of a number of tubular water 

— - ATT 
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in. downcomers connect the steam drum and the mud 

drum. A casing covers the entire boiler. Nineteen 
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FIG. 2.—SECTIONAL ELEVATIONS OF COWLEY & COOPER FIRE TUBE BOILER. 

shells 18 in. dia. and 8 ft. long placed in staggered 

vertical rows parallel to each other and longitudinally 

in a slightly inclined position over a furnace. The 

three shells in each vertical row are joined together 

2 1-4 in. fire tubes parallel to each other are passed 

longitudinally entirely through each water shell, their 

euds being expanded into tube plates which close the 

corresponding ends of the water shell, as shown in 
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Fig. 2). Examining one water shell and its contained 

fire tubes, as shown in Fig. 2, the method of construc- 
tion is as follows: The back tube plate is small enough 

to pass through the water shell, the joint between 

this tube plate and the end of the water shell, which 

it closes, is made by a round copper gasket. Bolts 

passing through the flanged end of the water shell are 

tapped into this tube plate and extend through into 

the water. By screwing down on these bolts the joint 

is effected on the copper gasket. A light cast iron 

guard is placed over the bolt heads to protect them 

from direct flame and the immersed ends of the bolts 

carry off the heat. The joint betwen the front tube 

plate and the water shell is made by a flexible V- 

shaped meta! gasket placed in a recess similar to a 

stuffing box. A gland of wrought steel is forced down 

on this gasket to hold it and make the joint. When 

it is desired to clean the boiler the bolts in the back 

tube plates are removed and those holding the gland 
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this the gases are passed directly into the stack when 

first starting fires, also leaving the fire tubes free for 
cxamination, plugging, etc., and also reducing the rate 

of steaming. It has been the purpose to design a 

marine type of sectional fire tube boiler to carry very 

high pressures, to contain a sufficient volume of water 

and weight much less than the cylindrical or Scotch 

boilers in use. The fire tube type has been adopted 

because of the mechanical advantages of small tubes 

under external pressure, and because of the practical 

advantages in handling fire tube boilers at sea. The 

boiler consists of numerous small tubular boilers gath- 

ered together in one casing and all connected so as 

to discharge their steam into one steam drum. The 

cluster of fire tubes in each small boiler is made re- 

movable that both may be cleaned. The construction 

is entirely of wrought steel and the boiler can be built 

for high pressures without excessive weight of mate- 

rial. The units, or sections, of which the boiler is 

STURTEVANT ENCLOSED ELECTRIC MOTOR. 

at the front end slackened, and the cluster of fire 

tubes, together with the tube plates into which they 

are expanded, are withdrawn from their position in 

the water shell. By the removal of the fire tubes the 

water shell is rendered accessible. The baffle casings 

at the front and back ends of the water shells are 

made in sections. Room is provided in the design 

to admit a man between the water shells so that the 

exterior surfaces may be swept “and examined. All 

the connecting necks are easily cleaned, also the few 

large water tubes at the upgoing end of the boiler. 

Ample manholes are provided in the steam and mud 

drums for éxamination and cleaning. The heat distri- 

bution is as follows: The products of combustion from 

the furnace pass, as indicated on the drawing by ar- 

rows, up and around the water shells, thence into the 

combustion chamber formed by the casing and steam 
drum, and finally through the fire tubes to the uptake 

and stack. The radiant heat from the furnace is taken 
up by the water shells. An auxiliary draft door is 
provided, as shown at A in Fig, 1, and by ‘opening type. 

composed may be passed through the hatch of a ship 

and erected in place. The address of the designers is 

Everett, Mass. 

Enclosed Electric [lotor. © 

The bi-polar type of enclosed motor, the internal 

construction of which is illustrated in the accompany- 

ing engraving, is manufactured both as a motor di- 

rectly connected, to a propeller fan and as an inde- 

pendent machine. For the former purpose it is used 

on all sizes of fans up to.and including the 54 in. For 

larger sizes the four and eight-pole types are em- 

ployed. The motor is entirely enclosed, and thereby 

protected from dust, an important element in a ma- 

chine used under these conditions. In order to avoid 

the excessive temperature which is incident to the 

operation of many enclosed motors, this type has been 

very carefully designed, so that a low temperature 

rise. can be maintained without greatly increasing the 

size and weight above that of the ordinary open 

This machine is capable of continuous opera- 
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tion for ten hours, with a maximum temperature rise 

not exceeding 60 deg. F. Yokes extending out from 

the field ring support the armature shaft. The end 

casings are entirely independent and can be instantly 

removed to give access to the entire interior. The 
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continuously. At the base of each crosshead there is 

a rack, and between these racks a gear operates. The 

function of the gear is to transmit the power developed 

on the return stroke of the piston to the crosshead 

which is moving forward, thus delivering the power 

SSSSSOOSSSSSSSSS 
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U. & W. PISTON AIR DRILL. 

bearings and brushes can be reached by simply 

removing the caps in the center of the casings. 

The brushes are of hard carbon, in holders of a 

modified reaction type, which allows of easy adjust- 

ment when it becomes necessary to reverse the direc- 

tion of rotation of the motor. The bearings are seli- 

oiling and self-aligning, and fitted with composition 

sleeves, which are removable from the outer ends of 

the boxes. These motors, in sizes from 1-6 to 5 H.P., 

are built by the B. F. Sturtevant Co., Boston, Mass. 

Piston Air Drill. 

Among the late additions to the now long list of 

pneumatic devices is the U. & W. Piston Air Drill, 

manufactured by the Columbus Pneumatic Tool Co., 

Columbus, Ohio, an engraving of which is here pre- 

sented. This driil has been designed with especial 

reference to work in close quarters where considerable 

power. is necessary. The movement or the shaft is se- 

cured by a simple ratchet mechanism, consisting of 

two clutches and two arms. The arms are free to 

move about, but are prevented from moving along the 

shaft. The clutches are free to move along the shaft 

a distance of 3-32 in., but engage lugs on ‘the shaft 

which communicate the rotary motion from the 

clutches to the shaft. The outer end of the 

arm engages the slot in the crosshead, and as the 

piston forces the crosshead back and _ forward, 

the arm moves up and down and about the shaft. 

On the forward stroke, the teeth on the arm 

engage those on the clutch and the shaft is rotated, 

but on the back stroke the clutch is forced out of 

engagement, and, slipping along the shaft, allows 

the arm to move freely about the shaft. It will be 

seen that, there being two arms which move in op- 

posite direction, at the same time, the shaft is rotated 

of both cylinders to the arm that is, at the time, ro- 

tating the shaft. The valve motion consists of a 

shifter and two piston valves, one inside the other. 

The inner or auxiliary valve is employed: to set 

the main valve and derives its motion from the shifter 

which is operated by a pin extending from one of the 

crossheads. A forward movement of the crosshead 
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forces the shifter down, thus raising the valve; an 

opposite movement of the crosshead effecting the 

lowering of the valve. The main valve is set by live 

air properly distributed by the auxiliary. This simple 

shaft mechanism allows of small dimensions, it being 
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only 11-8 in. from the center of the shaft to the 

outer edge of the casing, and since the axis of the 

shaft coincides with the axis of the drill used, holes 

can be drilled, the centers of which are the above 

distance from a corner or flange. Its simplicity makes 

it easily cared for and makes repairs infrequent, and 

its light weight enables it to be easily handled by one 

man. 

Vertical [Marine Engine. 

In the engraving on page 482 there is shown a 

fore and aft engine recently built by the Bell’s Steam 

Engine Works of Buffalo, N. Y., for use in a fast 

steamer on Chautauqua Lake, N. Y. The engine was 

designed and built for a steam pressure of 250 lb. 

The cylinders are 12 in. and 26 in. dia. by 14 in. stroke 

and the bed plate is of the regular box type, with 

facing pieces to receive the front and back columns. 

The crank shaft is of forged steel 6 in. dia. The 

cylinders are supported at the back by cast iron 

columns. The crossheads are of open hearth cast steel 

with brass boxes in the connecting rods. In the 

front the cylinders are supported by wrought iron 

polished columns. The cranks are set at right angles 

to each other and the cylinders are provided with 

receivers in connection with the belt around them, 

which gives an effective steam jacket. The high pres- 

sure has a single piston valve and the low pressure 

cylinder is provided with an ordinary slide valve, both 

valves being operated by a Stephenson link of the 

double bar type. Piston and connecting rods are of 

forged steel, and the throttle is of the balanced type. 

The design of the engines was very carefully worked 

out on a basis of 600-700 ft. piston speed per minute, 

and great care was also taken to have all the recipro- 

cating parts accurately balanced to avoid jar. The en- 

gine is of about 200 horse power. 

Pancoast Marine Ventilator. 

In the accompanying engraving is shown a section 

of a Pancoast ventilator manufactured by the Na- 

tional Pancoast Ventilator Co. of Philadelphia, Pa., 

for use on vessels and for buildings ashore. This 

PANCOAST VENIILATOR. 

ventilator is designed to be storm proof and it is 

especially adapted for use as an exhaust ventilator; 

in many instances on ships this form of ventilator be- 

ing used for exhaust and the ordinary cowl used for 

intake. 
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Auxiliary Hunting Yacht. 

In the accompanying plans there is shown an 

auxiliary yacht built recently by the Gas Engine & 

Power Co. and Charles L. Seabury & Co., Con., for 

the special purpose of cruising in shallow waters on 

BASE LINE 

FRAME 9. LOOKING FORWARD | 
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hunting expeditions. The yacht is 68 ft. long over 

all and 15 ft. beam. The house extends to nearly the 

full length of the cockpit, giving all the inside accom- 

modations possible, and by reason of the extreme 

light draft, which does not exceed 32 in. with full 

load, the freeboard is unusually high. The rig has 

been cut down for easy handling by a small crew, and 

the yacht has plain pole masts. The power plant is 

large in comparison with the equipment of most 

auxiliary craft, and it is the intention of the owner to 

use this quite extensively—probably more than the 

sail. The engine is of the builders’ naphtha type, with 

three cylinders, and is rated at 24 horse power. It 

drives a 28 in. two bladed propeller of high pitch. 

Polished ted mahecgany is used for furnishing the 

{ BASE LINE 
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FRAME 11, LOOKING FORWARD 

saloon, and the two staterooms and adjoining com- 

partments are finished in white mahogany. The 

yacht is fitted with a bronze centerboard, and has 

copper tanks fitted of sufficient capacity to carry fuel 

for a thousand miles continuous run. 
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