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SPECIFICATIONS 
FOR 

Vertical T\Vill-~cre\V Tri~le-Ex~ansion Engines, 
WITH 

BOILERS AND AUXILIARY MACHINERY, 
FOR 

u. s. S. MAINE, 
OF ABOUT 6,600 TONS DISPLACEMENT. 

REFERENCE BEING HAD TO THE DRA.WINGS ACCOMPANYING AYD 

FOR)UNG PART OF THESE SPECIFICA.TIONS. 

GENERAL DESCRIPTION. 

The propelling engines will be rights and lefts, placed in 
water-tight compartments and separated by a fore-and-aft 
bulkhead. These engines will be of the vertical inverted
cylinder direct-acting triple-expansion type, each with a high
pressure cylinder 35! inches, an intermediate cylinder 57 
inches, and a low-pressure cylinder 88 inches in diameter; 
the stroke of all pistons being 36 inches. The collective indi
cated horse-power of propelling, air-pump, and circulating 

2-Maine. 
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pump engines will be 9,000 when the main engines are mak
ing about 132 revolutions per minute. All cylinders will be 
steam-jacketed. The high-pressure cylinder of each engine 
will be aft and the low-pressure cy Hnder forward, the low
pressure cylinders being so arranged as to be disconnected 
when working at low power. The main valves will be of the 
piston type, worked by Stephenson link motions with double
bar links. The piston-valves, valve-liners, and valve-gear 
will be made interchangeable. There will be one piston-valve 
for each high-pressure cylinder, two for each intermediate
pressure cylinder, and three for each low-pressure cylinder. 
Each main piston will have one piston-rod, with a cross-head 
working in slipper guides. The framing of the engines will 
consist of hollow cast-steel columns, trussed by wrought-steel 
stays. The engine bed-plates will be of cast-Eteel, supported 
on wrought-steel keelson-plates built in the vessel. The 
crank-shafts will be made in interchangeable sections. All 
shafting will be hollow. The shafts, piston-rods, connecting
rods, and working parts generally will be forged of mild 
open-hearth steel. 

The condensers will be made entirely of composition and 
sheet-brass. Each condenser will have a cooling surface of 
about 7,010 square feet, measured on the outside of the tubes, 
the water passing through the tubes. For each propelling 
engine there will be a double, horizontal, double-acting air
pump worked by a vertical compound engine. The circulating 
pumps will be of the centrifugal type, one for each condenser, 
worked independently. The propellers will be three-bladed, 
right and left, of manganese or aluminum bronze, or approved 
equivalent metal. 

There will be eight single-ended steel boilers of tlle hori
zontal return fire-tube type, 14 feet 8 inches outside diameter 
and 10 feet long, constructed fora working-pressure of 135 
pounds per square inch. They will be placed in two equal 
g-roups in two water-tight compartments, with one fore-and-aft 
fire-room in each compartment. Each boiler will have three 
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corrugated furnace-flues, 3 ft'et 6 inches internal diameter. 
The total heating surface will be about 18,800 square feet, 
measlll'ed on the outer surface of the tubes, and the grate 
surfilct! 553 square feet.. There will be in each boiler COI11-

partment an approved vertical dnplex main feed-pump and a 
duplex auxiliary feed-pump. Each main and anxiliary feed 
system will be complete ill itself. There will be two smoke
pipes, one for each compartment. 

The forced-draft system ill each compartment will consist 
of two blowers, which will discharge iuto a main air-duct 
under the fire-room floors, from which a branch dnct will lead 
to the ash-pit of eaeh furnace. Means will be provided for 
closing the ash-pits when under forced draft and for prevent
ing leakage of gases out of the furnace -doors. The draft to 
each furnace will be regulated by means of a damper. 

There will he steam reversing-gear, ash-hoists, turning
engines, auxiliary pumps, engine-room ventilating-fims, a 
combined windlass and capstan, steam-winches, a steCl'illg
engine, engine and dynamo for working various small machin
ery and for lighting engine and fire-rooms, hydraulic pnmp
ing plant for varions purposes, turret-turning engines, a dis
tilling appumtlls, and such other auxiliary or supplementary 
machinery, tools, inst.ruments, or apparatus <'\.-; arc described 
in the fi)llowiug detailed specifications or shown in the accom
panying drawings. 

CYLINDERS. 

They will consist of casings of best quality of cast-iron, 
with working linings for cylinders and valve-chests. The 
cylinder ca.-;ings will include the valve-chests, steam ports and 
passages, the lower heads, and the variolls brackets to which 
the cylinder-supports will be attached. The steam and 
exhaust ports will be smoothly eo red to the aimensions shown 
in drawing.;;, the walls of the passages being strongly stayed 
~ri~ . 
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The flanges for securing the cylinders to each other will be 
so faced that when bolted together the centers of' the cylinders 
will be 7 feet 9 inches apart, with the cylinder-axes all in 
one plane and parallel. The cylinder casings will be bolted 
together by Ii-inch body-bound steel bolts j twelve for the 
joint between high-pressure and intermediate cylinder, and 
thirteen for that between the intermediate and low-pressure. 

HIGH-PRESSURE CYLINDER CASINGS. 

The head will be Cilst with double walls and the barrel will 
be 1 inch thick. It will be faced and bored, as shown, for 
the reception of the working cylinder lining and for the valve
chest linings. The brackets at the bottom for attachment of 
the supporting columns will be well ribbed and truly bored 
and faced for the columns, bolts, and nuts. There will be 
flanges for bolting to the intermediate cylinder, these being 
faced to a plane parallel to the axis of the cylinder. The 
walls of the steam passages will be properly stayed. There 
will be facings, flanged and ribbed where necessary, for the 
attachment of' the cylinder and valve-chest covers, stop-valve, 
exhaust-pipe, cross-head guide, piston-rod stuffing-box, reJief
valves, drain-cockR, indicator-pipes, jacket steam and drain
pipes, oil-cups, starting-valve pipes, and starting-valve chest. 

INTERMEDIATE CYLINDER CASINGS. 

They will be fitted similarly to the high-pressure casings, 
except in the following particulars. It will have two piston
valves. It will have faced flanges for bolting to the high and 
low-pressure cylinders. There will be a man-hole in the cyl
inder-head. The barrel of the casing will be 1 i inches thick. 
There will be faced brackets for the supporting columns and 
diagonal brace, also facings for man-hole cover, steam and 
exhaust-pipes, jacket and receiver safety-valves, and receiver 
live stE-am-pipe. There will also be facings for attaching the 
bracket-bearings for the valve-motion rock-shaft, starting-
valve pipes, and for ~tarting-valve chest. . 
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The walls of the steam port':i will be stayed, where ribs 
would offer too much obstruction, by screwed stay-boIts with 
ends riveted over. 

LOW-PRESSURE CYLINDER CASISGS. 

sun' 
parlE'P 
am 
on 

the same mahlnl!l 
similarly fitted, 

will have th ree 

the high-pl'cs
the following 
It will have 
faced flanges 

casing, and 
for the bracket

bearings for valve-motion rock-shaft. The barrel of the casing 
will be 1 J inches thick. There will be faced brackets for the 
supporting columns and diagonal brace, also facings for man
hole cover, two [ow-pressure steam and one cxhaust-pipe, aux
iliary exhaust-pipe, jacket, and receiver safety-valves, receiver 
live~~t£canl atarting-valve Hnd f,t;zrting-valve chest 

CYLINDER 

l'llst-iron as hard 
worked, turned fit the cylinder 

casings. will have a bearing at about the middle 
of its length. 

The linings will have inward flanges at bottom and be secured 
by square-headed countersunk steel collar-screws tapped into 
the cylinder casings. 

The at upper end of each liner will 
bi)r expansion, bd 

ring will be 
and! inch 

the cylind~r liner 
over 3 inches, 

be made tight, 
about ls inch 

II wrought-iron 
ri ngs together 

wrought-iron 

lmddng-ring and make a tight joint 
between the same copper ring and the facing provided on the 
cylinder casing. The facings of lining and casing will be cut 
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away middle of the emd the edges or 
the backing-rings chamfered to of free expansion. 

The lining;;, after being secured in place in the casings, will 
be smoothly and accurately bored to diameters of 35!, 57, 
and 88 inches, and to thicknesses of 1 i, 1 i, and It inches for 
the high, intermediate, amI low-pressure cylinders respectively, 
the buriny to 1fo2 done with the cn Iinfler" in vertical position, 
The be cOllnterbor,d "nds, leaving th" 

inches long. 

CYLINDER 

ef the same quulity as the cyHndee 
casings, and cast with double wall!;, 1 inch thick, well stiffened 
by ribs of the same thickness, each cover with a 17i-inch 
man-hole. They will be so formed as to leave as little clear
ance as practicable. 

Pockets will be cOl'ed for the heads of the piston-follower 
bolte, E"eh C'Jner will be turned and f,eed to fit its cylindel' 

faced ut man 72m44h"d on outside of 
euunh-finished ,g44ide. 

'the high-pressu"" 'II be secured tf, 
f'f"'5fllg by twen ty, Ii m f' steel studs, thu 

COVe, ,ntf'rmediate by th'''£h'44'''' l'inch studs, and 
the low-pressure covers by forty-four 1 I-inch steel studs. 

Holes will be drilled and tapped for jack-bolts and eye
bolts. 

CYLINDER MAN-HOLE COVERS. 

They will he of cast-iron, cored for clearance of piston-rod 
faced to fit finished on th" 

They wiII bu f,inch steel stud"J 
m the drawing", holes drilled 

fated on the tOIJ 
f'f'ntral eye-bolt. 
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CYLINDER CLEARA:SCES. 

Care will be taken that the clearances in the cylinders are 
made 110 larger than absolutely necessary. After the engines 
are set up in place and connected, the volume of the clearance 
at each end of each cylinder will be carefully mea'Sured by 
filling the space with water or oil, and the result plainly 
marked on some conspicuous part of the cylinder's casing. 
Marks will also be made on the cross-head guides showing 
the position of the pistons where the clearances were measured. 

STEAll-JAGKETS. 

The cylinder:'! will be steam-jacketed on top, sides, and 
bottom. 

The space left around the working linings for steam-jackets 
will not be less than I inch in depth. All ribs must be cored 
out so as to allow a free circulation of the jacket-steam and a 
free drainage of the water of condensation. 

Steam for the jackets will be taken from the main steam
pipe in each engine-room, on the boiler side of the engine stop
valve, by a 3-inch pipe. :From this pipe a I-inch branch will 
lead to the high-pressure cylinder-cover jacket and a If-inch 
branch to the barrel-jacket. A 2-inch branch, with a 2-inch 
adjustable-spring reducing-valve, adapted to pressures of from 
20 to 80 pounds, will lead to the intermediate-pressure cylin
der, with branches to head and barrel-jackets of the same size 
as those for the high-pressure cylinders. 

Another 2-inch branch will have an adjustable-spring re
ducing-valve, adapted to pressures of from 0 to 30 pounds, 
and branches to the low-pressure jackets, as in the other cyl
inders. 

Each branch steam-pipe will ha\·e a stop-valve close to 
jacket. 

There will be on the intermediate jacket steam-pipe, on the 
jacket side of the reducing-valve, a 2-inch adjustable-spring 
safety-valve, adapted to the same pressures as the reducing-
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VAJ,VE-CHEST LININGS. 

There will be a working-lining at each end of each valve
chest t;·r each piston-valvfl. They will be of cast-steel or close
grniul: I cast-iron as hard as can be properly worked, accurately 
turned and faced to fit the casings, and accurately bored to an 
infernal diameter of 22 inches, leaving the walls 1 inch thick. 

They will be forced into place, makin~ all joints perfectly 
tight, and securro by screws tapped half into the linings and 
half into the casings. 

The upper linings of all valve-chest~ will be alike anel in
terchangeable, the lower linings also being alike and inter
changeable. 

The steam-port.'5 at each end will be 31 inches wide. 
The bores of the upper linings will extend 7H inches 

beyond the ports on the steam side and 4H illches on the ex
haust side; the bores of the lower linings will extend 6M 
inches beyond' the ports on the steam side and 51 inches Oil 

the exhaust side. 
The steam-ports will have alternating right and left dia

gonal bridges, each not less than i illch widl.', leaving a clear 
port opening of 203 squarc inches in each valve-lining. 

The edges of all ports will be finished to a uniform outline. 

VALVE-CHEST COVERS. 

They will be made of cast-steel, in dished form, excepting 
the high-pressure valve-chest covers, which will be flat. All 
will be ribbed, as shown in drawings. 

The flanges will be turned and faced to fit the openings in 
valve-chests. The covers will be finished on the outside. 
Each lower cover will have a stnffing-box cast ill, with an 
extension, as shown, to form a guard for the valve, to prevent 
the rings from over-riding the seats when disconnected. 
There ,vill be a composition bushing, well secured, at the 
inner end of the stuffing-box, this bushing to be grooved cir
cumferentially. 

~-Ma·De. 

Digitized by Google 



10 

Sufficieut metal will be left at the side of the stuffing-box 
for a i-inch oil-passage, this passage to be drilled from ,the 
outside of the cover and to communicate with the upper cir
cumferential groove of the bushing. 

Each upper cover, except that of the high-pressure valve, 
will have au interior sleeve cast ou, which will be bushed 
with composition, the bushing to be grooved the same as that 
in lower cover, and well secured in place. .A. i-inch oil-pas
sage w:'lllead from the upper part of this bushing to outside 
of the cover. Each upper cover will have a smaller finished 
cast-steel cover, flanged and bolted Oll, over the upper end of 
the valve-stcm. 

The upper cover of each high-pressure valve-chest will 
have a cylinder cast on, bored out to 8 inche.8 in diameter for 
a length of 13l inches. In this cylinder will work the bal
ancing-piston of the high-pressure valve, with the steam on 
the under side of the piston. .A. suitable opening in the cover 
will be made for the escape of any steam that may pass the 
piston. The balancing-piston will be of composition with 
east-iron packing-rings. 

Each valve-chest co\'er will be secured by sixteen 1 i-inch 
steel studl'l, with finished wrought-iron nuts. 

PISTOY-VALVE'3. 

They will be of composition, with a general thickness of 
i-inch, each made in two parts, all interchangeable. Each of 
these parts will consist of a hollow piston, with follower, wear
ing--ring, and two packing-rings. 

The followers will be of composition, secured in place by 
steel through-bolts, with wrought-iron nuts and brass split
pins. The follower-bolts will pass through lugs on the inside 
of the valve-shell and have their heads so formed and fitted 
as to prevent turning. The wearing-rings will be of cast-iron, 
finished to a neat end fit between the valve-body and follower, 
but to a loose side fit. They will be smoothly and accurately 
turnecl and faced for the reception of the packing-rings. The 
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packing-rings will be of the best cast-iron, turned larger than 
the bore of valve-seat, cut obliquely, tongned and sprung into 
place, and set out by springs of approved pattern. 'fhe rings 
will be It inches wide and i .incb thick for the Uppel' part of 
each valve, and Ii inches wide and i inch thick tor the lower 
part, as shown. 

The two parts of each "alve will be separated, when in place 
on their valve-stem, by a cast-steel distance-piece, which will 
be of such lengths as to make the steam and exhaust laps as 
follows: 

Steam lap-top, 2* inches; bottom, 2/4 inches. 
Exhaust lap-top, -fif inch; bottom, i inch. ' 
Distance from steam edge to exhaust edge--top, 6H inches; 

bottom, 6* inches. 
V ALVE-STEl\lS. 

They will be of forged steel, 21 inches in diameter at the 
stuffing-boxes and reduced to 2 inches where they pass through 
the valves. The lower end of each stem will have a 2t-inch 
thread Cllt on-it and be fitted with two steel nuts for securing 
it to the cross-head. A slot will be cut in the thread on each 
stem and fitted to a feather in the cro:,g-head. The nuts will 
ha"e collars recessed in counterbores in the cross-heads and 
secnred by set-screws. The thread on each stem must be 
sufficiently long to allow a reasonable latitude of adjustment. 
The top of' each stem will be finished with a Ii-inch right-hand 
thread and a I-inch left-hand thread. The Ii-inch thread 
will be fitted with a composition nut which will be set up on 
a steel wearing-sleeve which surrounds the valve-stem and 
bears against the top of the valve. The I-inch thread will be 
fitted with a nut to lock the main nut in place. 

CYLINDER RELIEF-VALVES. 

There will be an adjustable spring relief-valve on each end 
of each main cylinder of the following diameters: High
pressure relief-val"es, 31 inches; intermediate relief-valves, 
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3t inches; low-pressure relief-valves, 5 !nches. The valves 
and their casings will be of composition. Pipes will lead 
from the relief-valves to the bilge with easily-broken joints. 

These valves will have nickel seats or their equivalent, and 
the valve-fittings will be so constructed that the valves can be 
easily overhauled without slacking the springs and so that 
steam will not come into contact with the springs. The 
springs will have approved means of adjustment, and will be 
long enough to allow the valves to open to their full extent 
without unduly increasing the load. The valves will be 
guided by loosely-fitting wings. The springs will bear on. 
shoulders on spindles which fit loosely i~l sockets recessed 
in the backs of the valves. These spindles will be so fitted 
that the valves can be moved by the application of a lever. 
The valves will be fitted with casings, which will prevent 
danger of people being scalded by hot water from the 
cylinders. Suitable fulcrums will be on casings for the ap
plication of levers for working the valves; one lever to be 
furnished for each engine-room. All springs must pass a 
satisfactory test. 

The spring-easing of E!ach valve will be fitted with a suit
able lock; all locks to have similar keys. 

CYLINDER-DRAIN COCKS. 

Each cylinder will be fitted with a 2-inch packed drain
cock, placed so as to drain the cylinder thoroughly. The 
cocks must be perfectly tight without undue friction. The 
drain-cock of each cy Hnder of each engine will be worked 
by a single lever at the working-platform. Al1 the drain
cocks of each engine will discharge into a pipe leading to the 
fresh-water side of the condenser, with a branch to the bilge. 
This pipe will have a stop-valve near the condenser, and will 
have a spring non-return valve, without hand-gear, which can 
open to the bilge discharge when the drain to condenser is 
closed, but which will prevent air entering the condenser at 
any time. Small drain-cocks will be fitted to the lowest parts 
of drain-pipes. 
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ENGINE THROTTLE-YALVES. 

Each engine will have a throttle-valve, bolted to the high
pressnre cylinder casing. Each throttle will consist of two 
gridiron slide-valves, one above the othp.r. The slide nearest 
the seat will be worked by·a steam-piston, working in a cyl
inder, whose valve will Le controlled by a floating-lever so 
fitted that the throttle-valve will follow the movement of a 
liand-Iever at the ,forking-platform. This throttle will have 
a locking-gear, worked from the platform, which will hold the 
valve wide open when desired. Steam for the controlling 
cylinder will be taken from the auxiliary steam-pipe, with a 
stop-valvtl easi1y reat.:hed from the working-platform. 

The upper throttle-slide will be ,vorked by a screw-stem, 
the gear operating the stem being worked by an I8-inch hand
wheel at the platform, where it will have an index, divided as 
directed. 

The steam-actuated throttle is intended for use in quick 
working, and the hand-moved valve for fine adjustment. 

The spindles of both valves will be horizontal. The 
valves, stems, and casings will be of composition. The casing 
will be made in two parts, divided near the plane of the 
valve-face. 

STARTING-VALVES. 

There will he a starting-valve for each cylinder of the 
propelling-engines on the inboard side above the working
platform. These will be piston-valves; each complete in 
itself, with both steam and exhaust-ports. The yah'es, 
chests, and covers will be of composition. The valves must 
be securely fastened to their stems. The valve-chests will be 
bolted to the facings provided for them. Steam for the start
ing-valves will be taken from the main steam-pipes outside 
the throttle-valves by a pipe having a branch to each valve. 
There will be a stop-valve in this pipe, to be worked from 
the working-platform; also a stop-valve close to each valve-
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che;;t. E:1ch starting-valve will connect with each end of its 
cylinder by a 2-inch copper pipe. These valves will all 
exhaust into a 2-inch pipe leading to the condenser, the branch 
from each valve having a stop-valve clO3C to the valve-chest. 
Each steam-port of each starting-valve will have an area of 
about 3 square inches. Each starting-val\'e will be worked by 
a lever at the working-platform; these levers to be placed in the 
same order as their respective valves, and arranged to move in 
the same direction as the desired motion of the piston. The 
valves are to be in middle position when their levers are 
vertical. 

PISTON-ROD STUFFING-BOXES. 

They will be made of composition, and fitted with approved 
metallic packing with efficient means of lubrication. The 
packing of each stuffing-box will be made in two independent 
sections, so that in case of injury to one section the other alone 
will make a tight joint; this packing to be in all respects equal 
to 'Vatson's. 

VALVE-8TElII STUFFING-BOXES. 

They will be cast in the lower covers of valve-chests, and 
will be fitted with metallic packing of the same kind as used 
for piston-rod stuffing-boxes. 

PISTONS. 

They will be of composition, with double shells, well ribbed. 
The metal in the shells will be t inch thick and that in the 
bosses around piston-rods If inches. 

The followers, made as shown in the drawings, will be of 
composition, with flanges 1 i inches thick, secured in place by 
II-inch bolts, 8 for each high, 14 for each intermediate, and 
20 for each low-pressure piston. 

The follower-bolts will be steel studs, screwed into the 
pistons; the bodies of the studs to be square, passing through 
square holes in the followers. The follower-bolt nuts will be 
of wrought-iron, finished and case-hardened, each nut to be 
secured in place by a brass split-pin of ample size._ 
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Each piston will have 2 packing-rings, each t inch wide and 
t inch thick, of hard cast-iron, cnt obliquely and tongued. 

The packing-rings will be set out by steel springs of approved 
pattern, all.set to an equal and proper tension. They will bear 
against a flanged east-iron fl~ating ring which will be so fitted 
as to allow an easy play in the piston. There must be suffi
cient clearance at the back of the floating ring to allow of 
proper play, ill addition to clearance to allow of the greater 
expansion of the piston. There will also be sufficient clear
ance between the piston and cylinder to allow for difference 
of expansion. 

Each packing-spring must be so secured in the floating ring 
as to be firmly held in place and easily inserted and removed. 
The springs must be of best spring-steel, properly tempered. 

When completed the pistons mllst be carefully weighed, and 
no excess of weight will be allowed over that due to the dimen
sions shown in the drawings. The cores must be thoroughly 
cleaned out, core-plugs screwed in and locked, and the pistons 
tested for tightness. All core-plugs must be either in periph
eries or ou top of pistons . 

.l'ISTOX-RODS AXD CROSS-HEADS. 

The piston-rods will be of forged steel, 6} inches diam
eter. They will be turned to fit the pistons, with collars, as 
shown, and fitted each with a composition closed nut secured 
by a screwed stop-pin. The parallel parts will be smoothly 
and accurately turned. The lower end of each piston-rod 
will be enlarged to form a cross-head, and will be fitted 
with an adjustable brass, and a composition cap, secured by 
steel bolt'3 with wrought-irollnuts and loose collar-keepers 
with set-screws. The brass and cap will be properly bored 
and faced to suit cross-head pin. 

The bolts for cross-head cap will be of forged steel 
3t inches diameter. 

Each piston-rod will have, at its seating in the piston, a 
collar 8 inches diameter and 2! inches thick, well filleted, 
and recessed in the piston as shown. 
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CROSS-HEAD SLIPPERS. 

A wrought-iron slipper will be dovetailed and shrunk on 
€ach cross-head and further secured by tap-bolts as shown. 
The slipper will be finished all over. A composition guide
gib, 22 inches long by 20 inches wide, in two parts, will be 
fitted to each slipper, secured at lower ends by a flange ,and 
studs and at the upper ends by square-headed bolts in slotted 
holes. Each gib will be finished with white-metal slabs, dove
tailed, hammered in place, and provided with oil-grooves. 

COSNECTING-RODS. 

The connecting-rods, with their caps and bolts, will be of 
forged steel, finished all over. 

They will be 72 inches long between centers, turned 6t 
inchei in diameter at small end and 10 inches at large end, 
the sides being faced off to a uniform thickness of 6t inches. 

The cross-head end of each rod will he forked to span the 
eross-head brasses, and each eye at that end will be" split and 
fitted with a bolt for gripping the cross-head pin, and will be 
bored 8! inches. 

The c"'ross-head pin will be of forged steel, finished to a neat 
fit, inserted in the eyes and securely clamped. 

The crank-pin end of each connecting-rod will be increased 
in thickness to ]0 inches, faced on each side, and bored 17t 
inches in diameter for the brasses. The caps will be 4l
inches thick at the crown, cuch to conform to the shape of the 
eonnecting-rorl end. The bolts will be 3t inches in diameter; 
the heads to be fitted with stop-pins and the upper ends of 
bolts to be provided with split-pins of ample size outside the 
nuts. The lints will be of wrought-iron, each with a collar 
recessed into the connecting-rod head and secured by a set
screw. The cap-bolts will pass partly through the crank-pin 
brasses and will be fitted with set-screws for holding their 
weight when backing off the nuts. 

In each jaw and each cap of each connecting-rod, two li
inch bolts will be fit!~i passing through the metal of the rods 
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and caps and tapped into the corresponding lip of the crank
pin brasses to prevent closing-in when heated, each of these 
bolts b(':n~ secured by a set-screw. 

Composition distance-pieces will be fitted between the con
necting-rods and caps; they will be so fitted as to be remov
able without taking out the cap-bolts, and will be channeled 
so as to be easily reduced when taking up lost motion. 

The cap.3 will each be fitted with two eye-bolts for handling. 

CRANK-PIN BRASSES. 

They will be accurately fitted to the connecting-rods and 
secured as before specified. They will be fitted with approved 
white-metal in strips, accurately fitted to the crank-pins, and 
properly fitted for distribution of oil. They will be I! inches 
thick and faced with sufficient cl;rance between crank-webs 
to prevent nipping when heated. 

EYGINE-FRAlIES. 

Each high and each low-pressure cylinder will be supported 
upon four hollow cast-steel columns 7 inches outside diameter; 
the metal to be 1 inch thick. The intermediate cylinder will 
be supported upon two columns of the same dimensions as 
above, and also upon an inverted Y column as shown in draw
ing. The upper ends of the columns for high-pressure cylin
ders will terminate in collars 10 inches diameter and not less 
than If inches thick, turned, faced, and counrerbored to match 
the bosses on brackets of cylinder-casings. The high-pressure 
columns will be fitted in place with steel screw-bolts 4 inches 
diameter, with collars 6 inches diameter and 1 inch thick, 
accurately fitting the counterbores, with steel recessed nuts as 
shown. The upper ends of the columns for the intermediate 
and low-pressure cylinders will be secured each with four 2-
inch steel t.hrough-bolts, except the upper end of the inverted 
Y column on intermediate cylinder, which will be secured with 

4-Maine. 

Digitized by Google 



18 

four 2!-inch steel bolts. These bolts will be body-bound 
where possible. The lower ends of the columns will be con
structed with ample flanges, faced, not less than 1 t inches thick, 
secured to the bed-plat.es and engine foundations each by four 
2-inch steel body-bound bolts. Each end of each column, 
except the upper ends of inverted Y columns, will befitted with 
a cross-key 2 inches wide by 1 inch thick, as shown. The 
columns will be stayed by horizontal steel brace-rods 2t inches 
diameter, and by athwartship diagonal braces 3 inches diam
eter, as shown in drawings. There will also be fore-and-aft 
diagonal braces as shown. These braces will be passed 
through lugs on the bed-plates, and secured in the lugs on 
cylinders by caps bolted on. The braces will be set up taut 
by nuts on each side of lugs. The columns will have facings 
for carrying-brackets to support lower ends of main cross
heads guides and for the reversing-shaft bearings. 

The two engines will be connected by two athwartship 
horizontal braces passing through the cent1".1l bulkhead between 
the engine-rooms, each brace being in two parts, joined at 
center by sleeve and keys as shown. 'Vhere the braces pass 
through the middle-line bulkhead they will be made water
tight by approved means. 

BED-PLATES. 

They will consist, each, of three steel castings, flanged and 
bolted togeth<.>r, as shown. Each end-casting of each bed
plate will have a lug, the forward one for the diagonal brace 
to intermeiliate-pressnre cylinder, and the after one for the 
diagonal brace to the low-pressnre cylinder of the correspond
ing engine. Each jaw will be stiffened by a web 12t inches 
deep and It inches thick under it, which will extend across the 
casting, as shown. 

The llppel· and lower flanges will be connected, and prop
erly stiffened by ribs, as shown. 

The bed-plates will be secured to the engine-seatings by 
Ii-inch bolts through the lower flange, and by the support-
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jng column bolts which will pa.'lS through both flanges of the 
bed-plate and the flange of the engine-seating, and they will 
be properly finished and faced for crank-shaft brasses and caps 
and for the flanges of the supporting columns. Each jaw will 
be fitted with an adjustable composition chock and wedge for 
the vertical alignment of the shaft. The wedge in each block 
will be adjusted by screws of not less than 1 inch in diameter, 
as shown. The chocks will have flanges, as shown, to prevent 
end motion. The bed-plates will have facings to which the 
reversing engines will be bolted. 

f'RANK-SHAFl' BRASS~ AN]) CAPS. 

The ·bra.'lSeS for each bearing will be cylindrical, in two 
parts, 11 inches thick, lined with approved white metal, fitted 
with ample oil-channels, faced 14 inches long, turned to fit 
Cllp and chock, as shown, and accurately bored to fit the journals 
of shaft. The caps will be of cast-steel, 3t inches thick and 
13 inches wide, with lips to match the jaws. Each cap and 
upper brnss will have an oval hand-hole for the purpose of 
feeling the journal. This hand-hole will have a cover, with 
handle; the lower part of the cover being formed into a per
forated tallow-box, reaching to within a quarter of an inch of 
the journal. 

The cap-bolts will be of forged steel, 31- inches in diameter, 
each provided with Il. collar, as shown. One end of each bolt 
will be threaded and screwed into the engine bed-plate. The 
other end will be threaded and fitte!l with finished wrought
iron collar-nut and set-screw-the part beyond the liuts will 
be squared and cach fitted with a split-pin. 

The caps and brnsscs will be tapped and fitted with eye
bolts for handling. 

The brasses will be prevented from pinching the journals 
by chnnnel-shaped clamping-pieces, the upper ones being ex
tended as shown in drawing to form distance-pieces and to 
prevent the brasses from turning. They will be doweled to 
the raps or chocks to prevent end motion. 
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After the engines are secured in the vessel the brasses will 
be bored out in place to perfect alignment, if required. They 
will also be tried on their shafts and any defects made good 
by scraping to a proper bearing. 

The brasses will be so fitted that the only bearing of the 
journals will be on the surface of the white metal. 

CROSS-HEAD GUIDES. 

They will b .. made of cast-iron, each secured at one end to 
a bracket on cylinder and supported at the other end by a 
beam, which will be secured to the supporting columns as 
shown in the drawings. The sides will be Ii inches thick, 
each with six ribs; the bottom will be 4 inches deep and 
cored, as shown, for the circulation of water. 

The wearing-surface will be 48 inches long and 20 inches 
wide, and the wall forming it will be I-inch thick. 

There will be a composition backing-guide furnished with 
oil-grooves bolted on each side of each cross-head guide by 
five Ii-inch steel studs, and one Ii-inch through holt, as 
shown. 

The guides will be smoothly and accurately finished, and 
will be fitted in place to proper alignment. Brass oil-boxes. 
will be screwed to lower end of each guide. 

VA LVE-GEAR. 

It will be of the Stephenson type, with double bar-links. 
Each high-pre.'lSure valve will be worked direct, and the in

termediate and low-pressure valves by rock-shafts. 
Each rock-shaft will be connected to its link by an equal

izing-bar whose upper end will be carried by a radius-link of 
such length as to minimize the slip of the link-block. 

On each rock-shaft there will be an arm for working each 
valve. Each valve-stem cross-head will be connected to its 
rock-shaft arm by two valve-links. 

The valve-gear will be so adjusted that the mean cut-off 
in full gear for both ends of each cylinder will be at 0.7 stroke. 
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ECCEXTRICS. 

They will be of cast-steel, each in two parts. 
The two parts of each eccentric will be neatly fitted 

together and secured by two Ii-inch bolts. They will be 
bored out to a snug fit on the shafts and turned accurately on 
the outside to an eccentricity of 41 inches. 

They will be 3 inches, 4 inches, and 5! inches wide for 
the high, intermediate, and low-pressure valves respectively; 
and will be recessed at each side I inch wide and t inch deep 
for the flanges of the eccentric-straps. Each backing eccen
tric will be securely keyed on the shaft, and each forward
mot10n eccentric will be secured to the corresponding backing 
eccentric by through-bolts in slotted holes, the hole.1i to be 
filled up after the eccentriC'! are set. 

ECCENTRIC-STRAPS. 

They will b:l of co:nposition, finished nIl ovcr, 2 inches 
thick, made with flanges to fit the recesses of eccentriC'! and 
with lugs for the clamping-bolts and for the eccentric-rods. 
The two parts of each strap will be held together by two 
steel bolts It inches diameter for the high and intermediate, 
and If inches diameter for the low-pressure, with finished 
heads, lock-nuts, and split-pins, and fitted with channeled 
brass distance-pieces. Each I:!trap will be accurately and 
smoothly bored to fit the eccentriC'!, boLh on face and recesses, 
and properly channeled for oil. 

ECCE~'TmC-RODS. 

They will be of forged steel, finished all over. Each rod 
will have aT-head secured to its eccentric-strap by two steel 
stud-bolts 1 t inches diameter for the high and intermediate, 
and If inches for the low-pressure, with nuts locked in place. 

The upper end of each rod will be forked to span the link 
and fitted with brasses, straps, gibs, and keys, as shown in 
drawings, which will be interchangeable for all the rods. 
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The two brasses l't1 the forks of each rod must be fitted 
accurately in liue with each other and smoothly bored to fit 
the link-pins. The distance from c:mtel'8 of eccentrics to 
centers of link-pins will be 72 inches. 

lIAIN-LINKS. 

They will be of double-bar pattern, of forged steel, finished 
allover. The bars wi1J be 11, 1 I, and Ii inches thick for the 
high, intermediate, and low-pressure valves respectively, and 
all 5 inches wide, with the pins for eccentric-rods forged on 
and finished to 3t inches diameter and 2i inches long, the 
pins to be spaced 24 inches from center to center. Each pair 
of bars will be secured together by through bolts and thimbles, 
fitted with finished steel-nuts with 1 i-inch threatl; and will 
be 5l inches from face to face inside for the high and inter
mediat.e-preSRure cylinders, and 6 inches from face to face for 
the ]ow-pl'('ssure cylinders. 

LINK-BLOCKS. 

They will be of forged steel, finished all over. The blocks 
will be forged with link-block pins 31 inches diameter and 
3l inches long for the high and intermediate-pressure valves, 
and 4l inches diameter and 4 inches long for the low-pressure 
valves. 

They will tt'rminate at each end in a pnir of jaws 8 inches 
long, to span the corresponding bar on the link. These jaws 
will be fitted with composition gibs 10 inches long, finished 
to the curve of the links, the u.pper gib in each jaw being fitted 
with a key with screw adjustment. . 

SUSPENSION-LINKS. 

Each Stephenson link will be suspended from the corre
sponding arm of the reversing-shaft by two flat-sided, forged
steel suspension-links; the intermediate and high Pl'('SSUl'e to 
be 3 feet 8 inches .long between centers, and the low PI'('S811l'e 

4 feet 8 inches; all to be 2 x 1 inch section. 
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The ends of these links will be fittcd with composition bush
ings, bored to fit suspension-pins 011 main links and pins on 
reversing-shaft arms. 

EQtTALIZING-BARS. 

The bars connecting the intermediate and low-pressure links 
with the rock-shaft arms will be of cast-steel, each fitted as 
shown, with brasses with wedge adjustment to connect with 
the link-block pin, with brasses with wedge adjustment to con
nect with the pin on the rock-shaft arm, and with composi
tion bushings, to connect with the radius-links. The adjust
able brasses will be bored ;~t inches and faced 3! inches for 
the intermediate-pressure bars, amI bored 4! inches and faced 
4 inches long for the low-pressure bars. The bushings at the 
upper euds will be bored 2! inches diametel' and faced 21-
inches long for the intermediate bars, and bored a inches diam
eter and faced 3f inches long for the low-pressure bars. The 
middle and lower hearings will be 11 and IS! inches from 
center. to center fOl' the intermediate and low-pressure bars 
respectively, and middle and upper beat'iugs 91- inches from 
center to ('entcr for the intermediate aud low-pressure bars. 

RADIUS-LINKS. 

There will be two radius-links to guide the upper end of 
each equalizing-bar. They will be (If forged-steel, finished 
I3~ inches between centers for the low-pressure gear, and 
lOi'6 inches for the intermedillte. Each pair of links will be 
connected at each end by a pin, as shown. These pins will be-
3 inches diameter for the low-pressure gear, and 21- inches 
diameter for the interrilediate. 

The fixed center for the radius-links for the low-pressure 
gear will be cast on the forward bearing-bracket of low-pres
sure vnlve rock-shaft, aud will be hnshed and bored to a diam
eter of 3 inches and faced 3t inches long. 

Thnt for the intermediate gear will he in a separate bracket, 
bolted to facings on the lower head of intermediate cylinder, 
as shown. It will he bushed and bored to a diameter of 21-
inches and faced 2! inches long. 
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VALVE-llOTION RQCK-SHAE'TS. 

They will be of forged-steel, finished all over, the arms to 
be made separately of cast-steel, also finished all over. 

Each low-pressure rock-shaft will be carried in four bearings, 
the journals being 4, 41, 5l, and 7 inches in diameter. 

Each intermediate rock-shaft will be carried in two bear
inp:s, the journals being 41 and 6 inches in diameter. 

Each low-pressure rock-shaft will have four arms, one to 
mnnect with the link-motion and the others connecting with 
the valves. 

Each intermediate rock-shaft will have three arms, one to 
connect with the link-motion and the others connecting with 
the valves. . 

All these arDlS will be 221 inches between centers. 
The arms connecting with the link-motions will each carry 

a pin turned to the following dimensions: Intermediate, 31 x 
3l inches, and low-pre.c;sure, 4! x 4 inches. 

The arms connecting with the valve-stems will each have a 
jaw to span the valve-stem, each side having a pin turned 2 
inches diameter and 2 inches long. 

Eaeh arm will have a boss which will be bored to a snug 
fit on its rock-shaft, to which it will be securely keyed, as 
shown in the drawings. Keys will havc T-heads wherever 
possible. 

VALVE-lIOTION nOCK-SHAFT BEARIXGS. 

The valve-motion rock-shaft bearings will consist of brackets 
bolted to facings on cylinder-heads, as shown in drawings. 
The brackets will be made of cast-steel and fitted with br::sses; 
the caps wiII be of composition, held in place by steel studs 
screwed into brackets and fitted with finished wrought-iron 
nuts. 

The brasses will be accurately bored out to fit the rock
shafts and be adjusted to perfect alignment. The brasses for 
the low-pressure bearings will be bored out to diameters of 
4, 41, 5!, and 7 hwhes, with lengths of 4, 4, 4, and 6 inches 
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respectively, and those for the intermediate-pressnre rock
shafts to diameters of 41 and 6 inchE*1, with lengths of 4 and 
5! inches respectively. 

The forward bracket for the low-pressure rock-shaft wilt 
have a boss cast on it for the fixed center of the low-pressure 
radius-links. This boss will be bushed and bored to a diam
eter of 3 inches and faced 31 inches long. 

VALVE-STEM CROSS-HEADS. 

They will be of cast-steel, finished all over. Those for the 
intermediate-pressure and low-pressure valve-stems will have 
at each end a pin 2 x 2 inches. The boss of each cross-head 
will be bored to fit the lower end of valve-stem, and will 
have a key-way to fit the feather on same. 

Each high-pressure cross-head will be fitted with adjustable 
composition gibs, which will work in cast-steel guides bolted 
to the valve-chest cover, and also with the link-block brasses, 
adjustable by a wedge, at! shown. 

VALVE-LINKS. 

There will be two valve-links of forged steel, finished all 
over, for each valve of intermediate and low-pressure eylin
der. They will be 8 inches long between centers. The end 
connecting with valve-stem will be fitted with a composition 
bushing; the end connecting with the rock-shaft arm will 
have adjustable bra...aes. 

REVERSING GEAR. 

. The reversing gear for each engine will consist of a steam 
cylinder and a hydraulic controlling cylinder placed vertically 
and acting directly on an arm fixed ou the reversing-shaft. 

The steam-cylinder will be 20 inches diameter, and the 
controlling cylinder 9 inches diameter, with a stroke of about 
27 inches. They will be placed on the inboard side of each 
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engine, opopsite the spa(,'e between the iutermcdiute-pl'E'SSUre 
and low-pressure cylinders, and secured to engine-frames and 
bed. The steam piston-rod will be secured to a steel cross
head at lower end, working iu suitable guides and connecting 
with the arm on the reversing-shaft. The piston-rod on the 
upper end will pass through the controlling cylinder with uni
form diameter. The controlling cylinder will be of composi
tion. The valve of the steam cylinder will be of the piston 
pattern, of composition, working in a composition-lined valve
chest. There will be a by-pass valve on the hydraulic cylin
der, which will be worked by a continuation of the stem of 
the steam piston-valve. These valv('s will be worked by a 
system of differential levers, the primary motion being derived 
from the hand-lever on the working-platform and the second
ary motion from a pin on the revPrSing-arm, all parts being 
so adjusted that the revel'sing-engine shall follow the motion of 
the hand-lever, and be firmly held when stopped. Thcre will 
be a stop-cock in the by-pass pipe of' the hydraulic cylinder, 
and a pump for reversing by hand will be connected to the 
hydraulic cylinder, with its lever eonvcnient to the working
platform. The by-pass pipes will pass through the valve-box 
of the band-pump in such a way as to leave the haud arrange
ment always in gear. The piston of the hydranlic cylinder 
will be packed by two cup-leathers. Steam for the reversing
engine will he t'l.ken from the auxiliary steam-pipe. 

REVERSI~G-SHAFTS. 

'..i.'here will be two forged-steel reversing-shafts, one for re
versing thc high-pressure and int('rmcdiate links, and one for 
reversing the low-pressure link. The formcr will have three 
arms, one connecting with the reversing-engine and the other 
two l'OllI1C'cting with the high-pressure and intermediate links. 
The latter shaft will have two arms, one connecting with the 
low-pressure link and the other connected to the reversing
engine arm of the first-mentioned l'haft by a link 8 ~ inches 
long between eenters, as shown ill the drawing. The high and 
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intermediate-pressure shafts will be supported by four bearings, 
and the low-pressure shaft by two bearings. Each reversillg
arm will be made with a slot, fitted with a composition hlock, 
to which the Imspensioll-rods will be attached. Each block 
will be adjustable in the slot of its arm by a screw and hand
wheel with approved locking device, and will be fitted with a 
suitable index. The slots in these arms will be so arranged 
that the links may always be thrown into full backward gear 
irrfSpective of the position of the block in the slot; and the 
length of the slots will be sueh that the cut-off Illay be varied 
from 0.5 to 0.7 of the stroke. All the arms will be nl'atly 
fitted and keyed to the shafts. The reversing-shafts will be 
finished to dimensions as shown in drawings. 

REVERSING-SHAFT BEARINGS. 

They will be made of cast-steel, with bottom brasses and 
composition caps, and will be securely bolted to the support
ing columns with <.'Ollar-bolts, which will also secure the caps 
to the blocks with lock-nuts. They will he bored to fit the 
journals of the shafts as follows: For each high and interme
diate-pressure shaft, one bearing 51 inches diameter and 8 
inches long, and three bearings 3! inches diameter anel 6 
inches long. For each low-pressure shaft there will be two 
baarings 5l inches diameter and 8 inches long. 

EXHAUST-PIPES. 

A l3-inch pipe will lead from the exhaust side of each high
pressure val ve-chest, with a l3-inch branch to each end of the 
valve-chest of the corresponding intermediate cylinder. Each 
intermediate cylinder will be so arranged as to exhaust either 
into the low-pressure eylinders or condensers, at will, as fol
lows: A ~O-inch pipe will lead from the exhaust side of' each 
intermediate valve-chest, with a 20-inch branch to each end of 
the valve-chest of the corresponding low-pre;sure cylinder. 
This pipe will have a 20-inch straightway valve placed be
tween the intermediate val\'e-chest and the branches to the 
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low-pressure valve-chest. There will be also a I6-inch pipe 
with a I6-inch straightway valve leading from the interme
diate exhaust-pipe girect to condenser, as shown. 

E:lCh low-pressure cylinder will have a 28-inch exhaust-pipe 
leading to the condenser, with a straight-way valve. 

All straight-way valves will be of composition and of ap
pro\Ted pattern, each with a serew-stem and hand-wheel. They 
must be so fitted as to be held tightly to their seats when shut 
and easily moved when opening or shutting. 

AU these valves, when open, must leave an unobstructed 
passage for the steam. The valves will be so fitted as to be 
easily drawn from their chests. 

WORKING-PLATFORMS. 

The floors on the inboard side of each main engine, between the 
high and intermediate-pressure cylinders, will be conveniently 
arranged to serve as working-platforms. The counter, revolu
tion-indicators, clock, gauges, telegraph-dials, and other engine
room fittings will be so placed near the working-platforms as 
to be in full view while working the engines. Speaking-tnbe 
mouth-pieces and telegraph-levers will be conveniently placed. 

WORKING-LEVERS AND GEAR. 

There will he at each working-platform the following hand-
gear, viz: 

One reversing-lever; 
Three starting-valve levers; 
Three cylinder drain-cock levers; 
Hand reversing-pump lever; 
Throttle-val ve hand-wheel; 
Hteam throttle-valve lever; 
Bleeder-valve hand-wheel; 
Reversing-engine stop-valve hand-wheel; 
Starting stop-valve hand-wheel. . 
All levers will have spring-latches of "locomotive pattern". 

The latches on reversing levers will be of May's pattern or 
equivalent. 
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~HAFrs. 

All the crank, line, thrnst, anel propeller-shafts will be of 
steel. Each length will be forged solid in one piece, and will 
have a hole drilled axially through it from end to end. 

All shafts will be finished all over. 

CRANK-SHAFTS. 

There will be three sections of crank-shafts for each pro
pelling-engine, all alike and interchangeable. Each section 
will have a crank of 18 inches throw, and will have a coupling
disc 3,t inches thick and 26 inche3 diameter forged on each end. 

The length of each section of shaft will be 7 feet 9 inches 
over all. rr:here will be two journals, one on each side of the 
crank, each 13 inches in diameter. 

The shaft will be increased to 13t inches diameter at the 
eccentric seatings. The crank-pins will be 14 inches diameter 
and 14 inches long. The crank-webs will each be 171 inches 
wide and 9 inches thick; the webs to be rounded, as shown in 
drawing. The crank-pins must be accurately parallel to the 
main journals. All journals are to be smoothly and accurately 
turned, and when finished will he tested and their accuracy 
proved. There will be 1\ hole 4 inches in diameter bored 
axially through each shaft and crank-pin. When bolted to
gether the cranks will be at angles of 1200 to each other; the 
intermediate to follow the high-pressure and the low-pressure 
to follow the intermediate. 

The forward end of the hole in each crank-pin will he dosed 
by a brass plate fastened on with countersunk screws. 

Two radial i-inch holes will be drilled in each crank-pin 
from the outside to the bore. 

The various lengths of the crank-shafts will he coupled to 
each other by at-inch bolts. There will be 6 bolts in each 
coupling, all holes being drilled or reamed to template, so that 
the couplings will match indiscriminately. The bolts will he 
made of forged steel, finished to fit the hole snugly, and each 
fitted with wrought-iron nut and split-pin. 
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Between the after coupling-disc of the crank-shaft and the 
forward disc of the thrust-shaft there will be a worm-wheel 
for turning the shaft. This wheel will be secured to the after 
disc of crank-shaft by six 3t-inch bolts with cylindrical heads 
turned to a diameter of 41 inches, with hexagonal nuts, as shown. 
The thrust-shaft will be 'coupled to the crank-shaft by the 
cylindrical heads of these bolts pa...~ing through the discs on 
the forward ends of thrust-shaft with a neat working fit. 
There will be left between the faces of this wheel and the 
disc of thrust-shaft a space of i inch. 

THRUST-SHAFTS. 

They wiII be 121 inches in diameter, with 6-incll axial 
holes. Each shaft will have eleven thrust-colJars, 1 t inches 
thick, with spares of 2! inches, the collars to be 17 t inches 
outside diameter. 'fhere will be a coupling-disc forged on 
the forward end 3t inches thick and 261 inches in diameter. 
The coupIing-disc at the after end will be forged on and will 
be 3t inches thick and 26 inches in diameter, and the shaft 
will be increased in diameter for a short distance, so that the 
hole in the shaft can be counterbored to accommodate the nut 
on the central stud of the inboard propeller-shaft coupling. 

PROPELLER-SHAFTS. 

The propeller-shafts will each be in two lengths, 13t inches 
diameter. A 6!-inch hole will be bored in the forward sec
tion of each shaft from the after end to within 16 inches from 
the forward end; thence it will be tapered to a diameter of 
6 inches, 131 inches from end; it will be threaded and fitted 
with a steel stud, locked in place. 

The forward section of each shaft will be about 21 feet i 
inch long, cased with composition t inch thick at the bear
ings and i iorh thick elsewhere. The casing will be shrunk 
and pinned on, and must be water-tight. The casings must 
be accurately and smoothly turned to form journals. 
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The forward end of forward section of shaft will be en
larged to a diameter of 14! inch£s for a length of 131 inches 
to receive 0. coupling sleeve. Beyond this, and for a length 
of 1 inch, the shaft will be 14! inches in diameter, to form 
a shoulder for the sleeve. This sleeve will be of cast-steel, 
15 inches long, 27 inches outside diameter, and will be fitted 
and keyed by three feathel'll, each 21- inches wide and 2 inches 
thick. It will be secured to the shaft. by !1. wrought-iron 
washer 15k inches in diameter and 2 inches thick; this 
washer being secured to the shaft by a central steel stud and 
nut to take up the backing thrust. 

The stud will be fitted to a thread in the bore of the shaft 
and reduced to 4! inches diameter at the washer, its nut to be 
fitted with a suitable keeper. Six 3t-inch steel bolts will 
unite this sleeve to the after noupling of the thrust-shaft. 
The coupling-bolts will be fitted snugly in the sleeve for 
3 inches from the face, thc remainder of the bolts being 
turned to clear. 

The after end of forward section will have a coupling-disc 
forged on, 251 incll(,,'8 diameter, 3! inches thick. 

The after section will be about 26 feet to! inches long, 
cased with composition f inch thick where it passes through 
the stern-tube up to the outboar,l-COllpling, IL'I shown. It will 
have forged on the forward end a coupling-disc of 251 inches 
diameter, 3f inches thick. 

The after end will be tapered to fit the bore of the propeller
boss, and will be fitted for two feather-keys ... 

Abaft this the diameter will be reduced to 91 inches, threaded 
and fitted with a nut and keeper, the thread being turned off 
abaft the nut. There will be a water-tight plug in the after 
end. 

The hole in this section of the shaft will be 6! inches 
diameter, except in that part passing through the propeller
hub, where it will be tapered so as not to rednce the thickness 
of the metal around the hole. 
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The two lengths of each propeller-shaft will be coupled to 
each other by six 3t-inch bolts, with heads and nuts made 
perfectly water-tight when set up. The bolts will be fitted 
with nuts locked in place. 

There will be at the forward end of the after section of each 
propeller-shaft a cast-steel casing to form a fair water-line 
from the end of the stern-tube to the shaft, as shown in 
dt·awings. The casing will be finished on the outside and 
bored to fit the shaft and couplings. It will be secured to 
the coupling by six i-inch square-headed countersunk iron 
screws, as shown, tapped into the coupling-disc. 

The shaft, couplings, and casings will be well coated with 
the same composition as the hull. 

LUBRICATION. 

All working parts of the machinery will be fitted with effi
cient lubricators, each with a sufficient oil capacity for four 
hours'running. Each nlain crank-pin will have a centrifugal 
oiling device on the after face of the crank, made of composi
tion and fastened to the crank by countersunk screws. Each 
centrifugal oiler will be fed by a pipe leading from a fixed 
sight-feed cup in an accessible position. Each main crank
pin will also be oiled by cups carried on the cross-head, taking 
oil from wicks overhead; the oil to be carried to the crank
pins by brass pipes secured to the connecting-rods. These 
pipes will have union joints where connected to oil-cups. 

There will be a small oil-tank, with glass gauge, placed in 
a convenient position and connected by pipes with a closed oil
box at each crank-shaft bearing, so that when necessary oil 
('an be supplied to the journals under a head.' From each of 
these boxes four tubes will lead to the bearing, each with valve 
adjustment, and with a sight-feer1 with a well-protected glass 
tube. 

Each main cross-headjollJ'llal will take oil from an overhead 
wick-cup. 
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Each cross-head guide will be oiled by pipes leading to 
about the middle of each forward and each hacking-guide. 

There will be a globe oil-cup for each piston-rod, and one 
for each cnd of each valve-stem; also one for each piston-valve. 
These will be placed sufficiently high to insure the oil running 
where desired without regard to the trim of the vessel. 

Each valve-link will carry a divided oil-cup, one division 
for the upper and one for the lower connection, with proper 
channels; these cups to take oil from fixed cups overhead. 

Each equalizing-bar will carry two oil-cups, one for oiling 
the link-block pin and the other for oiling the pin on rock
shaft arm. These cups to take oil from fixed cups overhead. 
Each end of each radius-link will carry a broad oil-cup fed 
by a drip-pipe from an overhead fixed cup. 

The valve-motion rock-shaft bearings will each be lubri
cated through a pipe leading from an oil-box on the cylinder
casing. 

Each eccentric will have a longoil-cup fed by a drip-pipe, 
so arranged that the eccentric will be lubricated in all 
positions. The upper end of each eccentric-rod will carry a 
wiper oil-cup on each fork, these cups to 'take oil from wicks 
in cups easily adjusted to the various positions of the gear. 
The coupling between the after section of crank-shaft and 
thrust-shaft will be fitted with a centrifugal oiling apparatus 
with a pipe leading to each bolt-head in the thrust-shaft 
coupling-disc. 

There will be fitted to each main steam-pipe, close to valve
chest, a Detroit or equivalent steam sight-teed oil-cup of two 
quarts capacity, with gauge-glass. As far as possible all the 
oil for the moving parts of each engine, except main bearings, 
will be supplied from one oil-box on the cylinder, with sepa
rate valve, sight-feed, and pipe for each part to be oiled. 
There will be steam sight-feed cups on each circulating, blow
ing, main-feed, air-pump, and bilge-pump engine. All steam 
sight-feed cups will have ample condensing surface on their 
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steam-pipes. Each three-cylinder engine will have a con
tinuous automatic lubricator of approved pattern. All work
ing parts for which oil-cups are not specified or shown in 
drawings will have oiling-gear of approved desi~n, such that 
they can be oiled without slowing. All the oiling of each 
auxiliary engine will be done by one oil-box where practica
ble. All fixed oil-cups will have hinged covers, with stops 
to prevent being opened too far. Moving oil-cups, where 
necessary, will have removable covers. The snpply of oil 
to various parts is to be e-asily regulated. All oil-cups 
and their fittings, except such as are cast on bearings, will be 
of finished cast brass, or of sheet brass or copper, as may be 
directed, with all seams brazed. 

OIL-DRIPS. 

All fixed bearings will have drip-cups cast on where possi
ble, otherwise they will be of cast-brass, properly applied. 
All moving parts will have drip-cups or pans cast on engine
frames where directed, otherwise to be substantially made of 
sheet-brass, or copper with brazed seams. All drip-cups will 
have drain-pipes and cocks of at least! inch diameter, which 
can be used while the engines are in operation. 

JOURNAL-BOXES. 

All journals or moving parts of iron or steel will rUI1, un
less otherwise specified, in composition boxes. These boxes 
will be lined with approved anti-friction metal where directed. 
All adjustable bearings will be provided with channeled-brass 
chipping-pieces, securely held in place and easily removable. 

MANDRELS FOR WHITE-METAL BEARINGS. 

Hollow cast-iron mandrels will bc furnished for forming 
the white-metal linings of crank-pin j crank-shaft, line-shaft, 
and thrust-bearings. All these will be smoothly and accu
rately turned to size and packed so as to be perfectly protected. 
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STUFFING-BOXES. 

All iron boxes will be bushed with composition. All 
glands will be of composition and fitted with approved means 
of adjustment while the engines are in operation, and those not 
fitted with pinion-nuts and spur-rings will have lock-nuts and 
split-pins. Metallic packing of approved kind, and equal in 
all respects to Wat'Oon's, will be fitted in stnffing-boxes of all 
piston-rods and valve-stems of main and auxiliary engines 
over If inches diameter. Stuffing-boxes of piston-rods and 
valve-stems between f and If inches diameter will be fitted 
with metallic packing of Katzenstein's pattern, or equivalent. 

BOLTS AND NUTS. 

All bolt-heads and nuts less than 2 inches, except in special 
cases, will conform to the United States Navy standard. 
Screw-threads on bolts and nuts must in all cases conform to 
the above standard. All finished bolts, except as directed, 
will be kept from turning by dowels or other suitable devices. 

The nuts of all bolts on moving parts and on pillow-blocks, 
and elsewhere as 8hown, will be fitted with keepers, and the 
bolts will extend beyond the nuts, without threads, and fitted 
with split-pins. 

THRUST-BEARINGS. 

Each thrust-bearing pedestal, of' cast-iron, will be bored out 
to receive the lower part of bearing, and firmly bolted to the 
seating provided. The bearing will be in two parts, of 
cast-iron, with white-metal linings. The lower part will be 
turned to fit the pedestal. The upper part, or cap, will be 
separated from the bottom by composition distance-pieces, and 
will be fitted in place with ten 1 l-inch wrought-iron dowel
pins, fitting snugly in holes in the lower part of' bearing. The 
cap will be faced to fit longitudinal recesses in the upper 
flanges of pedestal, and will be held down by eight I!.:.i11ch 
wrought-iron bolts, body-bound in pedestal, but with slotted 
holes in cap. Each cap will have a box cast on top, with a 
hinged cover. 
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The end and side walls of the p::destal will form an oil
trough, from which there will lead an oil-hole to each collar 
and each recess, the white metal being properly channeled for 
distribution of oil. Inside this trough, both forward and abaft 
the thrust-collars, will be a composition bearing about 8 inches 
long for taking the weight of the shaft. The cap for this 
bearing will be of cast-iron lined with white metal. These 
bearings will be adjustable vertically by wedges with regula
ting-screws. 

At each end of each thrust-bearing there will be a divided 
stuffing-box and gland to prevent escape of oil. At the bot
tom of each thrust-bearing there will be a fore-and-aft chan
nel connecting all the bearing recesses; a drain-cock to be 
fitted at each end. 

The oil-trough will also be fitted with a cooling coil as 
shown in drawings. There will be four adjusting-screws, of 
3 inches diameter-two at each end of the thrust-bearing 
pedestal for adjusting the bearing fore and aft. The caps 
will be fitted with eye-bolts for convenience of handling. 

JACKS FOR COUPLING-BOLTS. 

A hydraulic jack of approved pattern will be fitted for with
drawing the bolts of the shaft-couplings. 

STERN-TUBE BEARINGS. 

Each stern-tube will be finished as follows: A compo
sition lining, turned to fit the stern-tube, will be inserted from 
the outer end, and will be secured by a water-tight Hange
joint. This lining will be about 19t inches outside diameter 
at the outboard end and 19t inches outside diameter at the 
inboard end, varying between these dimensions i of an inch at 
each bearing in tIle stern-tube, to permit the lining to be 
entered and withdrawn readily. The inside diameter of 
lining will be 17! inches. The full length of the lining from 
the face of the inboard Hange, which will be screwed on, to .... · 
the after end of the lining, will be about 16 feet 4t incheP-
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Fitted to the composition lining at each end will be a com
position bushing, made in halves, the joint to be in a hori
zontal plane when bushing is in place. These bushings will 
be 31 inches long at the inboard end and 32 inches long at 
the outboard end, and fitted with sections of lignum vitre, put 
in so as to wear on end of grain, and smoothly and accurately 
bored in place to suit the shaft-ca8ing. They will be held in 
place in the inboard bushing by a flange at its outer end and 
stuffing-box flange at the inner end; and in the outboard bush
ing by a flange at inner end of bushing and a composition ring, 
made in halves, secnred to the bushing-flange by naval-brass 
tap-bolts at outward end. All the lignum vitre bearings will 
be well water-soaked and bored ont in place to ])erfect align
ment and to a loose fit on the shaft-casing. The inboard 
bushing will be so fitted that, after the stuffing-box is taken 
off, the bushing can be removed while the shaft remains in 
place. 

STERN-TUBE STUFFING-BOXES. 

At the forward end of each stern-tube there will be a com
position stuffing-box, made in hah-es, divided longitudinally. 
It will be bolted to the flange on the forward end of the stern
tube bushing. The two parts will be bolted together along 
the longitudinal division by proper flanges. The follower will 
be of composition, in two parts, with a spacc of 1 t inches 
between the parts on each side. The packing spaces will be 
about 7 inches deep and 1 inch wide. 

The follower-bolts will be of naval brass. To each stuffing
box, abaft the packing, a J i-inch pipe will be attached, lead
ing to the engine-room bilge. It will also be connected with 
the engine-room water-service pipes, and will be provided 
wifh valves, so that the bearin~ can be drained into the bilge, 
or washed out by water from the engine-room pump at will. 

STERN-BRACKET BEARINGS. 

Each stern-bracket bearirg will have a neatly fitting com
position lining, macIe in hn~-f{'s, divided longitudinally, about 
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Ii inches thick ut ends and 1 inch thick in the middle. It 
will have a flange Ii inches thick, by which it will be secured 
to the forward end of the stern-bracket. It will have a lig
num vitre bearing about 4 feet long, fitted as in the stern-tube. 
The lignum vitre will be held in place at the after end by a 
flat ring bolted to the lining. 'A cast-steel sleeve, 1 inch thick, 
will be secured to ('ach stern-bracket by six i-inch screws, to 
form a fair water-line to the propeller-bos.o;:. At the forward 
end of each bearing there will be a composition sleeve, 1- inch 
thick, secured to and supported by an extension of the lining 
before mentioned. This slee"e will be shaped to form a fair 
water-line from the shaft to the stern-bracket boss, and will 
be finished on the outside. 

SCREW-PROPELLERS. 

They· will be of manganese or aluminum-bronze. The 
starboard propeller will be right and the port one left-handed. 
They will be three-bladed, about 15 feet in diameter. Each 
blade will be firmly holted to the boss by tap-bolts of naval 
brass, secured by lock-plates. The recesses for the bolt-heads 
will be covered by composition plates held by countersunk 
screws, and finished to form a smooth surface fair with the 
boss. The details of the blades will conform to such drawings 
as may be hereafter furnished. 

Each boss will be accurately bored to fit the taper on after 
end of shaft and fitted with two feather-keys. Each propeller 
will be held on the shaft by a nut screwed on and locked in 
place. The shaft.-casing will enter about 1 inch into the pro
peller-boss and be fitted water-tight. Each boss will be finished 
at the after end by a composition cap bolted on water-tight. 
The bosses and caps will be finished all over. The blades 
will be cast as smoothly as possible and have any roughness _ 
removed. The flanges of the blades will be turned and faced r ...... 
to fit the recesses in the bosses accurately, and, after being· 
secured in place, must have the edges made fair. 
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CO~DENS:£ns. 

The condenser;; will be cylindrical, 6 feet 51 inches internal 
diameter, each made in three principal sections; the middle 
section of composition and the other:> of composition or sheet
brass not over t inch thick. 

There will be the following openings in the middle section 
of each condenser, each with properly faced fiange.<l, viz: 

One for main exhaust-pipe, 28 inch~ diametel ; 
One for intermediate exhllust-pipe, 16 inches diameter; 
One for auxiliary exhaust-pipe, 6 inches diameter: this 

nozzle to hnve bronches for the air and circulating-pump en
gine exhaust-pi(>l'S, also n branch nozzle for the auxiliary 
xhaust-pipe; 

Two for air-pump suction-pipes, 7i- inches diameter; 
One for salt-feed pipe, 2 inches dillmtter, with a spray in 

lhe exhaust paSS3ge; 
One fOl' steam-pipe for boiling the water in condenser; 
One 15 x 12 inch man-hole nt the side of the main-exhaust 

nozzle; 
Oue 15 x 12 inch man-hole at the bottom. 
Each condenser will have a bracket at each end to secure it 

to the engine-room bulkhead, and one supporting bracket at 
each end; each of tht'Se brackets being secured to extensions of 
the tube-sheet. The condenS('r will be supported at one end 
by the air-pnmp and at the other by the feed-tank. The sup
porting brackets will be of plate iron, stiffened by angles. 

The condenser-tube sheets will be made of composition, 1 
inch thick, with smoothly finished holes for tbe tubes, tapped 
and fitted with screw-glands for packing the tubes. The glands 
will be beaded at outer ends to prevent tubes from crawling, 
and will be slotted to admit a tool for screwing up. Cotton
tape packing will be used. There will be 5,140 seamless-drawn 
brass tubes in each condenser, i inch outside diameter, No. 20 
B. W. G. in thickness. The tubes will be 8 feet 4 inches 
long between tube-sheets and will be spaced H inch between 
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main exhaust-nozzle, above the tubes, will be a deflecting
plate, supported as shown. 

A 2-ilH'h salt.feed pipe, with a spray ill the exhaust-passage, 
will be fitted to each condenser. A copper tank, pipe, and cock 
will be provided for admitting an alkaline solution into the 
condenser-this pipe to connect with the salt-feed spray; the 
tank to be of at lenst 10 gallons capacity and conveniently 
plnced. A Ii-inch branch from the auxiliary steam-pipe will 
lead to the bottom of the condenser for cleaning the tubes by 
boiling. 

Drain-cocks will be provided, with pipes leading to the 
bilge. 

All parts of the condensers, except as otherwise specified, 
will bc made of composition. All bolt.'! to be made of naval 
brass. All bolts for securing flanges of pipes and man-hole 
plates will be standing bolts, and wiIl, wherever possible, be 
screwed into the condenser-plates with heads inside. The 
condensers must be perfectly tight all over and be so proved 
after being secured in place. 

AIR-PUMPS. 

There will be a double double-acting horizontal air.pump, 
driven by a two-cylinder vertical inverted cylinder compound 
engine, for each propelling engine. The engine will drive a 
crank-shaft, carried in four bearings, with cranks at right
angles and with a fly-wheel at each end. The ah'-pump con
necting-rods will be conllected to the same crank-pins as the 
engine connecting-rods-the former having forked ends and 
the latter single ends. 

All parts of the pumps, except as otherwi8C specified, will 
be made of composition. Each air-pnmp will have a piston 
workin~ in a cylinder of 171 inches bore. The stroke will 
be 18 mches. The pump-pistons will be cast hollow, and 
must be tested for perfect tightness. Each piston will have 
a wearing surface of lignum vitro, as shown, bearing on end of 
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grain. The piston packing will be made of hemp, set up by a 
follower with locked nuts. The pump piston-rods and fol
lower-bolts will be made of rolled phosphor-bronze or alu
minum-bronze. There will he twelve foot-valves and twelve 
delivery-valves at each end of each pump, all 4 inches in 
diameter, made of the best hard rubber or of snch other 
material as may be approved. Each valve will be held in 
place by a guard and a spil"<ll spring.of phqsphor-bronze or 
aluminum-bronze. The valves and guards must be easily 
removable, and held firmly in place. The valve-seats will be 
made separately from the pump-casings and will be bolted in 
place. The foot-valve seats will be placed in inclined posi
tions at the sides of the pumps, and the delivery-valves hori
zontallyat the highest parts of the pump-chambers. There 
must be no pockets in the pump-chambers, underneath the 
delivery-valves, where vapor can lodge. The gratings of the 
valve-seats must be so arranged that the clear opening of 
each valve shall be at least 6! square inches. The pump
barrels will be provided with workin~ linings. The pump
casiubrs and bonnets will be well ribbed. The bonnets will 
be provided with jack-bolts and eye-bolts. Each air-pump 
will ha\'e two suction-nozzles, each 7l inches in diameter. 
Each of these nozzles will be connccted by a copper pipe and 

• straightway-vahoe to thc corl'c;;polllling nozzle on the bottom 
of the condenser. 

Eueh hot-well will be formed to act as an air-chamber. 
Each air-pump will have two outlets, each 5 inches in diam
et~r, ('()unected by ~ copper pipe, a prolougation of which 
will lead to the fero-tank. The top of air-chamber will have 
flangrs as showll for one of the supporting brackets of the 
corresponding condenser. 

The engine-cylinders will be lOi and 16! inches bore 
respectively, Each cylinder will he supported at the back 
by 1\ east-iron frame forming the cross-head ~lIide, amI at the 
front by 1\ wrou~ht-iron (.'Olumn. The cylinders and bed
plates will be bolted together as shown. The high-pressure 
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and low-pressure valve-chests of each engine will be connected 
by a copper pipe 3 inches diameter. The pistons and cylinder
covers will be made of cast-steel. The crank-shafts, piston
rods, and connecting-rods will be made of forged steel. The 
pistons will be fitted with cast-iron packing-rings. The 
cross-heads will have cast-steel slippers, lined with white 
metal, working in c:Jst-iron guid~ with composition guards. 
The crank-shafts will be 31 inches diameter, with bearings 41 
inches long. Each crank-pin will be 4 inches diameter and 
6t inches long. Each cylinder will have a slide-valve, 
worked through gear, as shown, by a pin carried on a plate 
so secured to t.he fly-wheel that its position may be varied. 

Each engine will take steam from a branch of the main 
steam-pipe, with a stop-valve having a hand-wheel at the 
working-platfol'm, and will exhaust by a special pipe into the 
condenser. 

The air-pump engines will be connected to the pumps by 
cast-iron frames, which will form the air-pump cross-head 
guides. The engines, pumps, and frames will be securely 
bolted to the seatings provided for them. 

Each air-pump, together with its condenser, must maintain 
a vacuum of within four inches of mercury of the atmos
pheric barometer with the propelling-engines at full power 
under forced dmught. 

CIRCULATING-PUMPS. 

There will be a centrifugal circulating-pump for euch con
denser, driven by an inclosed three-cylinder engine. Each 
pnmp must be capable of discharging 8,000 gallons of water 
per minute from the bilge. The pumps will be made of 
composition, except as otherwise specified. Each pump-casing 
will be made in two parts, divided in a horizontal plane, the 
upper part with convenien~ for handling. The suction-nozzle 
will form a support for the pump and will be securely bolted 
to its seating. This nozzle will have an opening for sea sllction 
110t less than 15 inches diameter, and a I5-iuch opening for bilge 
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suction. The pump-runners will be 42 inches in diameter, 
smoothly cored, finished on the outside, and perfectly balanced. 
The shafts will be of phosphor-bronze or aluminum-bronze. 
The bearings will consist of sections of lignum vitro on end of 
grain, dovetailed into composition split-sleeves; which will be 
well secured against turning. The stuffing-box glands will 
be each in two parts. There will be an air-cock at the top 
of the pump-casing and a drain-cock at the bottom. The 
pump-cac;ings must be made as light as p08Sible consistent 
with strength, and must be smoothly cored, with easy bends 
wherever the direction of the flow of water is changed. 

CIRCULATING-PUMP ENGINES. . 

They will be of the inclosed three-c>:linder single-acting 
type, of approved pattern; each of suffiCIent power to secure 
the results above specified. The engine-valves must be of 
either the slide or piston type. 

CIRCULATING-PUMP CONNECTIONS. 

Each circulating-pump will be fitted with pipes and valves 
to draw from the sea or engine-room bilge, and will deliver 
into the condenser; or direct to the outboard-delivery pipe 
by a pipe connecting inlet and outlet of condenser. This 
pipe and the inlet-pipe to condenser each to have a damper
valve of approved pattern. 

The injection and delivery-pipes for condenser circulation 
will be not less than 15 inches internal diameter. 

There will be damper-valves in the pipes leading from the 
sea and from" the bilge to the circulating pump in each engine 
compartment. These valves will be so connected by levers 
that when one is shut the other is open; and both will be 
worked by a lever well above the floor-plates. 

SEA-INJECTION VALVES. 

There will be a straightway screw main injection-valve of 
not less than 15 inches diameter in each engine compartment. 
It will connect with the sea by a conical steel tube through
the double-bottom. 
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There will be a strainer on each pipe at the ship's side. 
The hand-wheels of these valves must be easily accessible 
above the engine-room floor-plates. 

There will be a ll-inch steam-pipe leading from the auxil
iary steam-pipe to the injection-pipe outside of injection-val ve. 
This pipe to have a valve at each end. 

BILGE-INJECTION VALVES. 

They will be as specified under the head of" Bilge-Suction 
Pipes". 

OUTBOARD-DELIVERY VALVES. 

There will be in each eugine compartment a main outboard
delivery valve of the same size and type as main injection
valves. 

The valve in each compartment will connect with a steel 
pipe about i inch thick passing through the double-bottom. 
The hand-wheels will be accessible from the engine-room. 

FEED-TANKS. 

There will be a feed-tank under each condenser, placed as 
shown in the drawing. Each tank will have a capacity of 
about 65 cubic feet. It will be made of i-inch wrought-iron, 
utilizing the supporting brackets of the condenser for a portion 
of one side. It will be stayed internally as may be directed. 
Each tank will have at least 75 cubic inches of rolled zinc 
plates, ahout ! inch thick, suspended from the braces. The 
straps suspending the zinc plates and the braces where the 
straps come in contact will be filed bright before fitting. The 
parts to be then well painted on the outside, or the joints to be 
made water-tight in other approved manner. The upper por
tion of the tank will be fitted as a filter, into which the water 
from the air-pump will be delivered. The filter will be pro
vided with sponges, amI so arranged that the sponges will be 
readily accessible. Each tank will have a man-hole with 
bolted coyer, and will have a glass water-gauge with suitable 
guards, shut-off cocks, and drain-cocks. 
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E3eh tank and tilter will ha\"e tl~ following pipe l'OlUl\.'\."

tions: A discharge-pipe from eac'h air--pump; an oYertiow-llipe 
leading to bilge, but so arranged that lmy water pa..~illg dl)\rn 
it may be seen; a suction-pipe to feed-pump~, with \":\I\"E'; 
drain-pipes from traps, as elsewhere ~pec'ified; a vnpor--llipt', 
41 inehes diameter, of copper, So. 16 B. W. G. The VtlPlll'

pipe will lead up the engine-room hatch and discharge abo\"e 
the level of the awnings, where it will hm,'e a suitable hood, 
or it may 00 led into the main escape-pipe. E."leh feed-PUllll) 
suction will be pro\"'ided with a balanced-valve operated by l\ 
copper-float in the feed-tank, so arranged that it will allow uo 
air to enter the feed-pipes. All tmp di5Charges and drains 
will enter the feetl-tanks well below the ordinary water level. 

FEED-TANK S{;CTIO~-PIPES. 

From the port feed-tank, a 4-inch suction-pipe will lead to 
the main and auxiliary feed-pumps in the forward fire-room, 
and from the starboard tank, a similar pipe to the after fire
room. These pipes will be connected with eaeb other in the 
engine-rooms with valves, so that either feed-pump can draw 
from either or both tanks. Non-return vah·('s will be fitted 
in these pipes close to auxiliary feed-pumps. 

• SUCTIO~-PIPES FRO}[ BOTTOMS OF CO~DE..'iSF..nS. 
From each air-pump channel-way below the foot-valves a 

2-inch pipe will lead to the corresponding ft.'cd-tank suction
pipe, with a screw-down nOD-returu valve. 

SEA-SUCTION PIPES. 

A pipe will lead from the sea-suction valve in each cnginc
room to the fire and bilge-pump, and to the auxiliary-pullll) in 
its compartment. In each boiler compartment pipes will cad 
from the sea-suction valve to the auxiliary fecd-pumps. A 
pipe will also lead from a special sea-valve, fiUed wher~ 
directed, to the distiller circulating-pump. Each of thcse 
pipes will be of at least the S:lme bore n.'i the nozzlo on tho 
pump with which it connects. Each sea-suction will he COIl-
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"BILGE-SUCTIOX PIPES. 

trolled by a valve which will not permit sea-water to enter 
any of the bilge-suction pipes or feed-tank suction-pipes. 

There will be the following suction-pipes from the bilge 
and from the drainage-pipes to the various pumps: 

A 15-illCh copper pipe will lead inboard from each circu
lating-pump, with a damper-valve close to the pump, as before 
specified. A 12-inch branch from each of these pipes will 
lead into the main drainage-cistern in the starboard engiue
room, with a screw-down non-return valve which can be lifted 
from its seat by means of its stem. Each pipe will also have 
a 12-il1ch branch direct to the bilge in its own compartment, 
with a non-return valve which can be lifted from its seat bl 
means of a sliding stem, but without means of fastening It 
shut except by lashing the lever by which its stem is worked. 
The above-mentioned suction-pipes will not have strainers. 

A 3-inch pipe will lead f!'Om the lowest part of the bilge 
of the compartment abaft the engine-rooms to both of the fire 
and bilgc-pumps. A pipe of the size of the secondary drain
pipe will lead from that pipe to both fire and bilge-pumps. 
A pipe of the full size of the combined fire and bilge-pump 
suctions will lead out of the main drainage-cistern and will 
branch into two pipes, each of the size of one pump-suction, 
and lead to these pumps. The three pipes here specified, which 
supply each fire and bilge-'pump, will lead to a valve-box near 
the pump, which will contain a screw-down non-return valve 
for each suction. Between this valve-box and the pump there 
will be a Macomb, or equivalent, bilge-strainer. There will 
be no other strainer or valves in any of these pipes other than 
these herein specified. 

Each auxiliary feed-pump will have a suction-pipe of the 
full size of its suction-nozzle leading into fire-room drainage 
cistern in the after end of each boiler compartment. Each 
pump will also have a 2-inch suction from the main air-dllct. 
In addition to these the forward auxiliary feed-pump will 

Digitized by Google 



48 . 

}IRve a 3-inch suction from the lowest part of the bilge of the 
first compartment forward of the double-bottom. The suc
tions to each pump will lead to a valve-box and strainer, fitted 
as before specified, for the suctions to the fire and bilge-pumps. 

The lower ends of all bilge-suction pipes will be of galvan
ized iron. Care will be taken that all the copper bilge-pipes 
are led sufficiently high to keep them out of' the bilge water 
under ordinary circumstances. 

FInE AND BILGE-PUMPS. 

There will be in each engine-room a pump of approved 
design, which will be used as a fire and bilge-pump. It will 
have a capacity of 300 gallons per minute, with steam cylin
der of suitable size to work as 3 fire-pump with steam of GO 
Ibs. pressure. Each of these pumps will have suctions from 
thc spa, the bilge of the compartment next abaft the engine
rooms, the sl'COndary drain-pipe, and the drainage cistern; 
and will delh'cr into the fire-main and overboard. 

E~GISE-nOon A UXILIARY-PUMI'S. 

There will be in each engine-room an auxiliary-pump of 
approved pattern, of 150 gallons capacity per minute, and 
with cylinders of proper proportion to be used as 3 fire
pUIllP, with steam of 60 Ibs. pressure. This pump will have 
lSuction ,from the sea only, and will deli,'er into the engine-
1'00111 water-servit·c pipes and the fire-main only. 

EXGISE-ROm[ WATER SERVICE. 

There will be in each engine-room a 3-inch pipe connected 
with 3 special sea-valve allli with a special auxiliary-pump 
deli,'cry, with brunches leading to the different pal'ts of the 
engine, as follows: 

A 1 ~-inch branch connected by a union-joint with a pipe 
screwed into the cap of each crank-shaft bearing, and leading 
through brmlses to top of jonrnal; 

Two 1 !-illeh pi pes to cal'll cmnk-pill; 
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Two I-inch pipes to each cross-head; 
One I i-inch pipe to each cross-head guide; 
One l-iach pipe to each pair of eccentrics; 
One 2-iuch pipe to each thrust-bearing; 
One I-inch pipe to each line-shaft bearing; 
Two I-inch pipes to each air-pump engine and to each cir

culating-pump engine. 
All of the above to have detachable sprays or short lengths 

of hose, a'! directed, and where directed to have pivoted nozzles. 
Each branch will have a separate valve. 
All the water-service pipes and fittings above the floors will 

be of polished brass. The pipes in the two engine-rooms will 
be connected with each other by a 2-inch pipe and valve. 

TURNI:SG-E:SGINES AND GEAR. 

There will be in each engine-room a double engine of suit
able size for turning the main engines with steam of 60 lbs. 
pressure. This engine will drive by worm gearing a second 
worm, which may be made at will to mesh with a worm-wheel 
on the propelli ng-shaft. The worm-wheel of each engine will 
be fitted on the flange-coupling at after end of crank-shaft. 

The turning-engine shaft will be squared at the end and fitted 
with a ratchet-wrench, of approved design, for turning by hand. 

&ch turning-engine will have piston-valvC3, and will be 
made revel'l3ible by means of a change-valve moved by a screw 
and hand-wheel. 

The turning-wheels will be of cast-steel with cut teeth. 

SECURING ENGINES IN V~EL. 

The engines will be adjusted and aligned upon the engine
keelsons, and when accurately in line snugly-fitting wrought
iron washerd will be fitted around aU holding-down bolts. The 
holding-down bolts will be firmly set up and bolts and nuts 
locked in place. 

When finally secured all shafting must be accurately in line 
with the vessel at load-draught and ordinary stowage. 

8-Jrlaine. 
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All parts of machinery and boilers will be secured in an 
approved manner to prevent displacement when the vessel is 
used for ramming. . 

The seatings for engines, boilers, and auxiliaries will be fur
nished by the Navy Department, but will be fitted to the 
machinery by the contractor for the machinery. 

STEAM AND VACUUM*GAUGES. 

There will he the following gauges, in polished brass cases, 
suitably engraved to show to what they are connected; all to 
be of approved pa!tern and equal to "Lane's improved": 

Two on each boIler; 
One connected to each main steam-pipe; 
One connected to each intermediate valvC*chest; 
One connected to each low-pressure valve-chest ; 
One connected to each condenser. 
All the above will have Sl-inch dials; those in engine-room 

to be at the working-platform. 
Also the following with 4!-inch dials: 
One connected to each intermediate cylinder-jacket; 
One connected to each low-pressure cylinder-jacket; 
One on auxiliary steam-pipe in each engine-room and each 

fire.room. . 
The gauges on valve-chests and steam-jackets will be plainly 

marked with the limit of pressure permissible. The gauges on 
intermediate and low-pressure valve-chests will indicate both 
pressure and vacuum. 

A mercurial vacuum-gauge will be connected to each con
denser. 

In addition to the above there will be a 4!-inch steam
gauge at the windlas."I, one at the steering-engine, one at each 
hydraulic pumping-engine, one on each hydraulic main, and 
such as are elsewhere specified. , f 

THERMOMETERS. 

There will be the following thermometers-all to be per
manent fixtures, with their stems and bulbs protected by 
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brass cover3; the c<,\,ing3 and fitting'" to be of polished 
brass: 

One on each hot-well ; 
One oil each feed-tank; 
One on each main feed-pipe in fire-rooms; 
One on each main injection-pipe; 
One on each main outboard-delivery pipe; 
One on each main steam-pipe close to engine. 

II The hot-well and feed thermometers will be so fitted as to waste 
no feed-water. 

There will also be furnished: 
Four spare water-thermometers complete; 
Six spare steam-thermometers complete; 
Two standardized thermometers, graduated on stem and read

ing to T\r degree Fahrenheit; stems to be at least 20 inches 
long; each thermometer to be in a rubber-lined brass case, and 
each case to be suspended b)' springs in a suitable permanent 
locked (',ase in engine-room. These thermometers must be equal 
to those made by H. J. Green, and be accompanied by certifi
cates of standardization. 

REVOLUTIO~-COUNTERS. 

They will be of the continuous rotary type, to register from 
1 to 1,000,000, each worked by positive motion; each to he 
in a polished brass case. There will be fitted: 

One for each main engine; 
One for each air-pump; 
One for each circulating-pump. 

REVOJ,UTION-INDICATORS. 

The,.,. will be of such approved pattern as shall not be 
affected to a perceptible degree by the motion of the ship or by 
changes of temperature. They must be worked off the 
engines by positive motions, and must be so fitted that changes 
of engine speed shall not produce violent fluctuations of the 
indices. There will be two in each engine-room, one to show 
the speed of eadl propeller. 
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Tell-tales will be fitted on the bridge and in the conning
tower, to show the direction of revolution of the main engines. 

ENGINE-ROO~[ TELEGRAPHS. 

A ~~~:!~~~~~~~Ii~t:~i:f~~;~ pattern will be fitted in 

cCfmnected to tranccmlttffCCff ccCfccnning-tower, 
on bridge. are to be 

zccfCnner that the dccccccmgement shall 

Fe lff¥ f%-TUBES. 

They will be made of copper not less than No. 20 B. W. G. 
They will connect each engine-room with each fire-room; 

·the engine-rooms with each other; the fire-rooms with each 
other; each engine-room to the pilot-house, conning-tower, 
bridge, and to the chief engineer's room; each fire-room with 
the upper deck close to the top of the ash-hoist, and elsewhere 

ccequired. Each RCCc Htted at each end 
hiece and npprovmJ ., , the mout?-picCfc'fff¥ 
ffected to short flffffHHcf where reqUIred. 

marked. The 

ENGINE-INDICATORS. 

An indicator connection will be made to each end of each 
cylinder of main engines, and to each end of each steam and 
water-cylinder of each air-pump, as near as possible to the 
bore of the cylinder, and so as to be easily accessible. Each 
indicator on cylinders of main engines, when in placec will be 
ffucmected to but One tculinder. The COe,UkxcKCCC.'CcCmCCCff 
mill be I-inch bore, c The 

engine and air be so fitted that 
its cylinder can the same time. 
Rhe indicator-bfcfz"cclr accurately coincc 

motion of the corresponding pistons, and such as to give a 
motion of not less than 4 inches. The steam-cylinders of 
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all auxiliary engims "ill have holes tapped for indicator
fittings, and then plugged. TheEe engines will have portable 
indicator-motions fitted, then removed and suitably marked 
and stowed. Where auxiliary engines are duplicated but one 
set of indicator-motion fittings need be supplied for all of each 
kind. 

Eight indicators will be furnished for each engine-room: 
two for the high-pressure cylinder, each with a spring of 80 
pounds to the inch, and one of 64 pounds; two for the inter
mediate cylinder, each with a spring of 40 pounds to the inch, 
and one of 32 pounds; two for the low-pressnre cylinder, each 
with a spring of 20 pounds to the inch, and one of 16 pounds; 
and two indicators for auxiliary engines, each with springs 
of 10, 20, 40, and 80 pounds to the inch. 

The indicators will be of approve!l type, with detent-motion 
, and with adjustable tension to the barrel-spring. They will 

be nickel-plated, and will be complete with all attachments. 
One extra cock-attachment will be furnished with each indi
cator. Each indicator will be in a separate locked case; each 
case to be suitably marked on a brass plate, and each case to 
be conveniently stowed. 

ENGINE-ROOl\I DESKS. 

A black-walnut desk of approved pattern, with locked 
d.rawers, and with a locked cabinet of pigeon-holes, will be 
fitted in each engine-room where directed. 

CLOCKS. 

There will be in each engine-room, close to the counter, an 
eight-day clock of approved pattern, with second-hand, in a 
polished brass case, with 8i-inch dial. 

There will be in each fire-room a similar clock, with an 
onter dust-tight case with heavy plate-gla..,s. 

VENTILATING FANS. 

An exhausting fan with a capacity of at least 10,000 cubic 
feet of air pel' minute will be fitted in each engine-room. 
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Air-ducts will be led to these fans with adjustable openings 
so arranged as to throughly ventilate the engine-rooms and 
shaft-alleys; the air to be discharged through ducts leading 
up the engine-room hatch with outlets so arranged that the 
foul air will not be drawn back down the hatch. 

Each fan will be driven by an independent engine of the 
same kind as specified for the fire-room blowers. 

BOILERS. 

There wiil be eight cylindrical, single-ended, horizontal 
return-tube boilers, 14 feet 8 inches greatest diameter and 10 
feet long. Each boiler will have three corrugated furnaces 
42 inches in least diameter. The total grate-surface will be 
553 and the total heating-surface about 18,800 square feet. 
The boilers will be divided into two groups, each in a separate 
water-tight compartment, with a central fore-and-aft fire-room. 

BOILER MATERIAL. 

All plates used ill the construction of the boilers will be 
open-hearth steel. The rivets will be of open-hearth or Clapp
Griffith's steel. The tubes will be of steel equal to that used 
by the Tyler Tube Co. A II material will be tested as elsewhere 
specified. . 

BOILER-SHELLS. 

They will be made of l~-inch plates-the shell of each 
boiler to be made in two rings; each ring of three plates. 

BOILER-HEADS. 

Each head of each boiler ,vill be made of three plates: the 
upper plate of each head In- inch thick; the middle plate of 
the front head! inch thick; the middle plate of back head 
and the lower pla1;{>s of both heads tt inch thick. The heads 
will he flanged outwardly at the furnaces and inwardly at cir
cumference. The upper plate of each head will be curved 
back to a radius of about 2 feet 8 inches to meet the shell of 
boiler. The heads will be stiffened by vertical T-bars, as 
shown in drawings. . 
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BOILER-TUBE SHEETS. 

They will be f inch thick. E:lch pair of tube-sheets must 
be accurately parallel. All tube-holcs will be slightly rounded 
at the edges. The holes for stay-tubes will be tapped in place. 
The holes at combustion-chamber eud will be drilled to suit 
the pr~tection of tubes, as specified below. 

BOILER-TUBES. 

They will be of steel, lap-welded, equal in all respects to 
Tyler's. There will be 11~ stay-tubes and 401 ordinary 
tubes in each boiler, 6 feet 7 inches long between tube-sheets. 
All tubes will be 2t inches external diameter. The ordinary 
tubes will be No. 12 B. W. G. in thickness, and will be 
swelled to 216 inches external diameter at the front ends. 
The back ends will be expanded into recesses in the tube
sheet, or will be protected from the action of the flame in 
other approved manner. The method of protection must be 
such as will not interfere with the use of ferrules, and will 
not cause injury to the tube-sheet when tubes are cut out. 

The stay-tubes will be No. 6 B. W. G. in thickness. 
They will be reinforced at both ends to an external diameter 
of 21 inches, leaving the bore of the tube uniform from end to 
end. They will then be swelled at the front end to 2! inches 
external diameter. rhey will be threaded parallel at com
bustion-chamber ends, and taper at front ends to fit threads 
in tube-sheets. They will be screwed into the tube-sheets to 
a tight joint at the front end, and will be made tight at the 
back ends by expanding and beading. All expanding will be 
done by approved tools. All tubes will be spaced 3t inches 
from center to center vertically and 31 inches horizontally. 

COMBUSTION-CHAMBERS. 

There will be three combustion-chambers in each boiler, 
one for each furnace. They will be made of 1-incp plates 
except the tube-sheet:il, which will be as before specified. The 
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backs of the combustion-chambers will be rounded at the top 
to a radius of about 2 feet 4 inches, as shown in the drawing. 
The plates will be flanged where necessary, and all parts 
joined by single-riveting. The holes for screw stay-bolts in 
plates of combustion-chambers and shells will be drilled and 
tapped together in place. 

BOILER BRACING. 

The bracing of each boiler will be as follows: 
Twenty 2-inch through braces in two horizontal rows, spaced 

14 inches center to center horizontally and vertically. The upper 
row will be just below the beginning of the curve at the upper 
part of the heads. These braces will have their nuts set up on 
washers riveted to the outside of the boiler-heads. 

Seven I,\-inch braces, secured to angle-irons, riveted on 
fronts of combustion-chambers, by means of crow-foot links, 
as shown in drawings. Such of these braces as are run diag
onally will have beveled wrought-iron washers on both sides 
of front head, while the others will have washers on the out
side only. 

Six l/rinch through braces, oonnecting the heads at the 
lower parts between and below the furnaces. Beveled wrought
iron washers will be riveted on both sides of the back head and 
on the inside of front head. The stiffening-rings of the lower 
man-holes will be extended to form seats for the outside nuts 
of these braces in ]>lace of washers. 

The oombustion-charnbers will be stayed to each other and 
to the shell of the boiler by screw-stays, spaced 7 inches hori
zontally and vertically, screwed into both sheets and fitted with 
nuts--the nuts to be set up on beveled washers where stays do 
not come square with the plates. The screw-stays will be In
inches diameter except those in the vertical rows nearest the adja
cent sides of the oombustion-chambers, which will be It inches 
diameter. The holes for screw-stays will be tapped in both 
sheets in place. 
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The tope of the combustion-chambers will be braced to the 
back IWIIII of boiler by gusset-plates and It-inch heel-braces, 
placed directly over the rows of screw-8tays. The gusset-plates 
will be secured to the tops of combustion-chambers by socket
rivets, as shown 011 drawings. 

The bottoms of the combustion-chaptbers will be stiffened 
by angles. 

All screw-stays and all screwed braces will have raised threads. 
All braces will be made without welds. 

RIVETED JOINTS. 

The lon~itudinal joints of boiler-shells will be butted, with 
J-inch straps inside "and f-inch straps outside, and treble-riv
eted. Circumferential joints will be lapped and double-ri veted. 
Joints in furnaces and combustion-chambers will be single
riveted. Rivets will be of steel. Edges of all plates in cyl
indrical shells, and of all Bat plates where not Banged, will be 
planed. Edges of Banges will be faired by chipping or other
wise, as may be approved. Plates in cylindrical shells must 
not be sheared nearer the finished edge than a distance equal 
to the thickness of the plate along the circumferential seams, 
and not nearer than two thicknesses along the longitudinal 
seams. No plate must average less than the specified thick
ness alonf the longitudinal seams. All rivet-holes ill shell
plates wil be drilled in place after bending. Hydraulic rivet-
109 will be used wherever possible. In parts where hydraulic 
riveting cannot be used, the rivet-holes will be coned and con
nical rivets used. Seams will be calked on both sides in an 
approved manner. Longitudinal seams will break joints. All 
joints will be as shown on drawings. 

BOILER MAN-HOLES AND HAND-HOLES. 

There will be four 12 x IS-inch man-holes in the front head 
of each boiler. Each of these man-holes will have a stiffening
ring riveted on the outside of the boiler-head. The plates 

P-MaiDe. 
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will be of cast-steel, in dished form; each plate secured by two 
wrought-iron dogs and two Ii-inch studs with square nuts. 
Each plate will have a convenient handle. 

There will be a 12 x 15-inch man-hole in each boiler-shell 
near the top of the front end; these holes to be right and left 
as regards the smoke-pipe. Each of these man-holes will have 
a raised Cftst-steel frame, Banged and riveted to the shell of 
boiler, and with a cast-steel cover bolted on. 

There will be two 6 x 8-inch hand-holes in each boiler-head, 
with cast-steel plates secured by dogs and bolts. 

All plates, dogs, and nuts will be indelibly marked to show 
to what holes they belong. 

FURNACES. 

Each furnace will be in one piece, I inch thick, and corru
gated; 3 feet 6 inches least internal diameter, and 3 feet 10 
inches greatest external diameter. They must be perfectly 
circular in cross-section at all points. They will be riveted to 
Banges of front heads and will be flanged and riveted to com
bustion-chamber plates. The corrugations of adjacent fur
naces will be made to alternate. 

GRATE-BARS AND BEARERS. 

The grate-bars will be of wrought-iron, of approved revolv
ing or shaking pattern. They will be so fitted that they can 
be readily worked under forced draft without opening the 
furnace or ash-pit doors, and without allowing an escape of 
air or gases. They will also be so fitted as to be readily 
removed and rerlaced without hauling fires. The bars at sides 
of furnaces wiI be made of cast-iron to fit the corrugations. 

The bearers will be made of wrought-iron, supported by 
wrought-iron lugs bolted to the furnace-Bues. 

BRIDGE-WALL,!. 

They will be made of cast-iron, so fitted as to be readily 
removable. They will extend back to the back of comhustion-
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chambers so as to leave no place behind them where dirt can 
accumulate. They will be finished· with fire-brick or other 
approved refractory material. 

FURN ACE-FRONTH. 

They will be made with double walls of wrought-iron, bolted 
to a light frame. The space between the two walls will be 
in communication with the ash-pits and with the space between 
the inner and outer plates of the furnace-doors. Dampers will 
be fitted to regulate the amount of air admitted to this space. 
The upper part of the inner plate of furnace front will be 
perforated as directed. The dead-plates will be made of cast
iron, and fitted so as to be easily removable. The door-open
ings will be as large as practicable. There will be a beading 
on the inside of the door-frame in wake of the inner plate of 
door to make the clearance as small as pos.~ible. 

FURNACE-DOORS. 

They will be made with inner and outer walls of wrought
iron secured together with socket-bolts. The outer plates 
will be flanged back and made a tight joint against the furnace
fronts. Tlie inner plate will have as little clearance as possible 
when closed. It will be perforated as may be directed. The 
space between the inner and outer walls will be in free com
munication with the ash-pit, through the furnace-front, so as 
to pre,-ent gases leaking out around the door. There will be 
three hinges to each door, all of ,vrought-iron. The upper 
hinge will be so made as to support the weight of the free 
end of the door, and so fitted that the sag can be easily taken 
up. The latches will be of wrought-iron. 

AIR-DUm'S. 

From each of the fire-room blowing-funs a wrought-iron 
trunk will lead vertically down to the space underneath the 
fire-room floor-plates, which will be bolted down to form 
an air-tight duct. Or, if preferred, a separate duct may be 
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built umler the floors, leaving the floor-plates loose. Each 
main air-duct will be fitted with a damper which can be closed 
in case its blower is stopped. The ducts will be so arranged 
that either blower-can deliver into the furnaces on both sides 
of fire-room. The wrought-iron sides of ducts will be not 
less than rt inch thick. Plates will be removable where 
necessary to get at boilers for repairs. From the main air
duct, branches will lead to all ash-pits, each fitted with a door 
in front of ash-pit and each fitted with a damper. These 
dampers will be so fitted as to be easily removable for repairs, 
and will each be provided with a lever and catch for opening 
and closing; to be so fitted that the amount of opening can be 
quickly and easily graduated. 

The dampers must be made to work easily, and when closed 
must be practically air-tight. The air-ducts will be so arranged 
that the lower man-holes will be easily a~ible. If necessary 
to make parts of the ducts removable for this purpose, the re
mo\'able sections will be fitted with handles and with beckets 
for hanging them on hooks provided for the purpose. -

The air-ducts below the floors must be water-tight, and so 
proved. All air-ducts will be tested for air-tightness under 
the pressure needed to produce the requisite combustion. 

Man-holes will be arranged in main air-ducts where directed, 
with suitable covers. The covers of man-holes in fire-room 
floor-plates will be sufficiently heavy to be kept down by their 
own weight, and will rest upon suitable packing. A 2-inch 
sllction will lead from the lowest part of each main air-duct to 
the auxiliary feed-pump. Sluice-valves of approved pattern, 
of the same size as those fitted in the water-tight bulkheads of 
the vessel, will be fitted in the walls of the air-ducts, if neces
sary, in order to secure a free fore-and-aft water passage. 

ASH-PIT DOORS. 

They will be made ot' i-inch wrought-iron, stiffened with 
angle or channel-iron. They will be fitted with asbestos or 
other approved material to make an air-tight joint where fast-
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ened to air-ducts; this packing material to be so fitted as to 
be protected from injury, and so as to be readily renewed. 
Each door will be fastened in place by wrought-iron buttons 
bolted to lugs on the walls of the air-duct, each button setting 
up on a wedge riveted to the door. Each door will have two 
wrought-iron handles, two wrought-iron beckets to fit hooks 
on and an eye for Sliilliiilli 

LAZY-HA 

the necessalliS 
Also portal;le 

ASH-PANS. 

be fitted in ths 
for the furnaces~ 

Ash-pans of i-inch wrought-iron, reaching from the front 
of furnace-fiue to bridge-wall, will .he fitted to all furnaces. 
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takes will be a jacket inclosing a 3-inch air-space; this jacket 
will be made of :Yo. 12 B. W. G. iron, and will extend from 
the tops of uptake-doors to e tops of the uptakes. 

The space between the plates of the uptake will be filled 
with an approved incombustible non-oonducting material. 

UPTAKE-DOORS. 

The uptake-doors will be made of double she1Ja of iron of 
the same thickness as uptakes. The space between the shells 
will be filled with the same non-conducting material as in up
takes. 

The hinges and latches will be made of cast-steel or wrought
iron. Each door will have two hooks for hanging the ash-pit 
doors and a hook for a rope for hoisting the same. 

Each door will also have an eye near its top for handling. 

SMOKE-PIPF.8. 

There will be two smoke-pipes, about 60 feet in height above 
the grates of the lower furnaces. The lower parts of the pipes 
will be shaped to connect with the uptakes, and will be built 
of No.7 B. W. G. iron or steel. The upper parts will be oval 
in cross-section, 6 x 8 feet in diameter, built of No.9 B. W. G. 
iron or s~l. The Hat sides of the oval part will be strengthened 
by cross-stays riveted to angles. The pipes will be wellstift'ened 
by angles. 

Each pipe will be finished at the top by an angle-iron to 
which the stay-shackles will be secured, and by a hood cover
ing the casing, to which will be secured shackles for slinging 
painters. Each pipe will be strongly stayed by guys and turn
buckles of approved dimensions and pattern. All joints will 
be butted and strapped. The pipes will be supported in an 
approved manner, so that their weight will not come on the 
uptakes. 

From its junction with the uptakes to about six inches below 
the hood at top each smoke-pipe will be surrounded by a cas
ing, leaving an annular space of 3 inches. The casing will be 
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made of iron, No. 12 B. W. G., and strengthened by angle
irons. It will be butted and strapped, flush-riveted on the out
side and open top and bottom. It will be stayed to the pipe 
and will be finished with a half-round iron at top. There will 
be doors through this casing and through smoke-pipe about on 
a level with the main deck. 

Above the smoke-pipe hatch an oval iron casing, No. 12 B. 
W. G., leaving an annular space of about 6 inches, will extend 
forabout 5 feet, and will befillished by half-round iron. About 
1 foot above this there will be a hood carried by the smoke
pipe casing. 

There will be a ladder on the outside of each pipe, on the 
forward side, reaching to the top; these ladders to be made of 
round iron, hent and riveted to the pipes. 

SMOKE-PIPE roVERS. 

Each smoke-pipe will have a permanently-fixed cover made 
of wrought-iron, No. 11 B. W. G., built on angles in a slightly 
dished form and supported by angles riveted to the smoke-pipe. 
The cover will be placed about 33 inches above the top of the 
smoke-pir so that it will not interfere with the exit of the 
gases, am will overlap the smoke-pipe about 18 inches all 
around. 

BOILER-8ADDLES. 

Each boiler will rest in two saddles, which will be pro
vided by the constructors of the hull. Angle-irons will be 
riveted to the boilers to fit the saddles. They will be bolted 
to the saddles with allowance for expansion. 

BOILER ATl'ACHMENTB. 

Each main boiler will have the following attachments, viz: 
One steam stop-valve; 
One dry-pipe; 
One main feed check-valve with internal pipe; 
One auxiliary feed check-valve with internal pipe; 
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One bottom-blow valve with internal pipe; 
Two safety-valves; 
rrwo steam-gauges; 
Two glass water-gauges; 
Four gauge-cocks; 
One sentinel-valve; 
One salinometer-pot; 
One drain-cock; 
One air-cock; 
One approved circulating apparatus; 
One cock with thread for the attachment of a syringe. 
All external fittings will be of composition unless other

wise directed. All fittings will be flanged and through-bolted 
or attached in other approved manner. All cocks, valves, 
and pipes will have spigots or nipples passing through the 
boiler-plates. All internal pipes will be of brass, No. 14 B. 
W. G., and must touch the plates nowhere except where they 
connect with their external fittings. The internal feed and 
blow-pipes will be expanded in the holes in boiler-shells to 
fit the nipples on their valves, and they will be supported 
where necessary in an approved manner. The stems of all 
valves on boilers are to have ·outside screw-threads. The 
internal feed and blow-pipes are to be arranged to come be
tween the corrugations of furnaces. 

BOILER MAIN STOP-VALVES. 

There will be an 8-inch self-closing stop-valve, with hori
~ntal spindle, on eaeh boiler. The valve will be bolted to 
the front head of each boiler as shown, there being a spigot 
beyond the flange long enough to afford a good fastening for 
the dry-pipe. There will be on the valve-chamber a 7!-inch 
nozzle, placed at right angles to the axis of the valve, to 
which the 7!-inch steam-pipe, connecting the pair of boilers 
011 each side, in each compartment, will be bolted. 

Each stop-valve chamber of the after boilers in after com
partment, and forward boilers in forward compartment., will 
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have, in addition to the 7!-inch nozzle, a 9-inch nozzle placed 
as shown, and the chamber will be enlarged to suit the larger 
nozzle. There will be a bracket cast on each valve-chest, to 
be bolted to the boiler-head for additional stiifn(>8S. A screw
sleeve, with suitable hand-wheel, will be fitted for closing the 
valve; also a spindle and handle for opening the valve. 

BOII,ER AUXILIARY STOP-VALVES. 

There will be on each of the two extreme forward boilers, 
and on each of the two extreme after boilers a 5-inch screw 
stop-valve, bolted to the boiler-shell and placed where directed. 
Each of these valves will connect with an internal dry-pipe, 
similar to the main dry-pipes. 

DRY-PIPES. 

There will be in each boiler, as high as possible and properly 
supported, an 8-inch brass dry-pipe, No. 14 B. W. G., extend
jng nearly the length of the boiler, perforated on its upper 
side with longitudinal slits 3 inches long, t inch wide, t inch 
between slits, in groups as shown. The valve end of the pipe 
will be expanded so as to fit the spigot of the stop-valve nozzle, 
and will be secured to it by 4 pins. The pipe will be closed 
at the inner end and have a i-inch drain-hole in its under 
side near each end. 

The boilers having auxiliary stop-valves will also be pro
vided with smaller dry-pipes connecting with them. 

FEED CHECK-VALVES. 

The main and auxiliary check-valves will each be 2t inches 
in diameter. They will be fixed on the shell at front ends 
of the boilers, but entirely separate from each other, and will 
be fitted with internal pipes, the main feed-pipes leading above 
.the tubes and pointing downward in the water-spaces between 
the nests of the tubes and between one of the wing-nests and 
shell, as shown. The auxiliary internal feed-pipe will lead 
downward to near the bottom of the boiler, as shown. 

100Maine. '\0' 
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The valve-cases will be so made that the bottom of the 
outlet-nozzle shall be at least t inch above the valve-seat. 
The valves will be assisted in closing by phosphor-bronze 
spiral springs. These valves will have polished brass bent 
bar-handles in lieu of hand-wheels. 

SAFETY-VALVES. 

Each boiler will have two 4!-inch spring safety-valves, 
placed as near the front of boiler as possible; the two valves to 
be in one case. Each valve will have a projecting lip and an 
adjustable ring for increasing the pressnre on the valve when 
lifted; or an equivalent device for attaining the same result. 
They will be adjustable for pressure up to the test pressure; 
the adjusting mechanism to have an index to show the pres
snre at which the valve is set, and a lock to prevent tamper
ing with the adjustment. The locks on all safety-valves will 
be alike. The springs will be square in cross-section, of first 
quality of tool-steel, and will be nickel-plated. They will be 
of snch a length as to allow the valves to lift one-eighth of 
their diameters when the valves are set at 135 p6unds pressure. 
They will have spherical bearings at ends, or be connected to the 
compression-plates in such a manner as to insure a proper dis
tribution of pressure. They will be inclosed in cases so 
arranged that steam will not come in contact with the springs. 
The spring-cases will be so fitted that the valves can be 
removed without slacking the springs. The valve-stems will 
fit loosely in valves; to bottom below the level of the seats, 
and to be so secured that the valves may be turned by a wrench 
or cross-bar on top of stem. The valves will be ~uided by 
wings below and in an approved manner above. The valves 
will be fitted with mechanism for lifting by hand from main 
deck and fire-rooms; the mechanism for each pair of valves to 
be such that the valves will be lifted in succession. All joints 
ill the lifting-gear will be composition bushed. The outlet 
nozzle will be in the base casting, so that the joint at the 
escape-pipe will 110t have to be broken when taking the valves 
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out. The casings, valves, and spindles will be made of com
position. The valve-seats will be of nickel, or equivalent 
metal of approved kind. A drain-pipe will be attached to 
each safety-valve casing below the level of the valve-seats, 
leading to the bilge. 

SENTINEL-VALVES. 

Each boiler will have, upon each end, a sentinel-valve of I 
square inch in area. It will have a sliding weight on a 
notched lever graduated to 150 pound8 pressure. 

BOTTOM BLOW-VAI,VES. 

There will be a 2-inch bottom blow-valve on each boiler, 
bolted to the shell near the front, on the side of the boiler 
nearest the smoke-pipe. The valves will close against the 
boiler-pressure. An internal pipe will lead from each valve 
to near the bottom of the boiler. 

BLOW-PIPES. 

A 2-inch pipe will connect with all bottom blow-valves in 
each compartment and with a sea-valve in the same compart
ment. This pipe will have a nozzle for the connection of a 
pipe for pumping out the boilers. There will be a straightway
valve in the blow-pipe as near the sea-valve as possible. An 
joints will be flange-joints. . 

BOII,ER PUMPING-OUT PIPES. 

A 2-inch pipe will connect the bottom blow-pipe in each com
partment with the auxiliary feed-pump in the same compart
ment, with a screw stop-valve above the floor near the pump. 

STEAM-GAUGES. 

There will be two spring steam-gauges, equal to "Lane's 
improved ", on each boiler, with 8!-inch dials, one graduated 
to 160 and the other to 230 pounds. Each gauge will have 
an independent connection with its boiler and be fitted with a 
three-way cock and a coupling for attachment of a test-gauge. 
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BOILER WATER-GAUGES. 

Each boiler will have two glass water-gauges of approved 
pattern. Each gauge will be placed at the side of the boiler 
and will have Ii-inch pipes leading to top and to near bottom 
of boiler, with a valve in each close to boiler. The shut-off 
and blow-out cocks are each to have at least ~ inch clear open
ing, and will be packed cocks, with leyers and rods for working 
from fire-room. The glasses will be about 16 inches in exposed 
length, with the lowest exposed part about one inch above the 
highest heating surface. The glasses will be well protected. A 
brass index-plate, with letters and arrows cast in relief, will be 
fixed close to each gauge-glass to show the height of the top of 
combustion-chamber. The blow-out cocks will have drain
pipes leading to bilge, with union joints. 

GA UGE-COCKB. 

There will be four asbestos-packed gauge-cocks of approved 
pattern on each boiler, with rods and levers for working from 
fire-room. Each cock will have an independent attachment 
to the boiler. They will be spaced about 6 inches vertically, 
the lowest one being about 4 inches below the highest heating 
surface. Each set of cocks will have a drip-pan and a drain
pipe leading to bilge. 

SALINOMETER-POTS. . 

There will be a salinometer-pot of approved pattern con
nected to each boiler. They will be placed in groups in the 
fire-rooms where directed. 

BOILER DRAIN-COCKS. 

Each boiler will have a I-inch drain-cock of approved pat
tern. 

BOILER AIR-COCKS. 

Each main boiler will have a i-inch air-cock at its highest 
part, with a i-inch copper pipe leading to bilge. 
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CIRCULATING APPARATUS. 

There will be fitted to each boiler an approved device for 
drcuillting the water in the boiler while raising steam. Each 
of these will be fitted where directed and have a stop-valve 
close to boiler. They will take steam from the auxiliary 
steam-pipe, with stop valve in fire-room. 

ZINC BOILER PROTECTORS. 

Each boiler will have t.hirty-nine rolled zinc plates 12 x 6 
x ! inch. Each plate will be bolted to a wrought-iron strap, 
which will be clamped to the stays. Each strap will be filed 
bright where in contact with zinc and stay, each stay being 
.also filed bright at contact point. After being bolted in place 
the outside of the joints will be made water-tight by paint or 
approved cement. The zinc plates will be located as shown 
in the drawings. 

)lAIN FEED-PUMPS. 

There will be in each fire-room a vertical duplex pump of 
approved pattern, wit.h packed pistons or packed plungers, for 
a main feed-pump. It will have water-cylinders; 6 inches in 
diameter and 10 inches stroke, or of equivalent commercial 
dimensions. The water-valves will be metallic, of approved 
kind. The pumps will be so arranged that the packing of 
the water-pistons can be got at from the tops of cylinder.s. 
The steam-cylinders must be of sufficient size to work the 
pumps at the required speed to feed the boiler.s under forced 
draft. The exhau3t-cushion must be adjustable. All work
ing parts will be of wrought-iron or steel. 

Each main feed-pump will draw water from the feed-tanks 
~nly and deliver into main feed-pipe only. lfthesteam-valve 
is moved by a supplemental piston the valve must have a pos
itive motion near the end of the main piston stroke to prevent 
piston striking cylinder-head. If a supplemental piston is 
used its motion must be horizontal. 
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AUXILIARY FEED-PUAfPS. 

There will be in each fire-room a vertical duplex pump of 
the same kind and same water capacity as the main feed-pump. 
It will be connected to draw from the sea, feed-tank, bilge, 
air-ducts, or boilers at will, and to deliver either into auxiliary 
feed-pipe, fire-main, or overboard through the Kingston valve 
in its own compartment. 

These pumps will have their steam-cylinders adapted for 
uSe as fire-pumps with steam of 60 pounds pressure. 

In each fire-room there will be a hose connection on fire
main, furnished with a screw stop-valve. 

FEED-PUMP PRESSURE-GAUGES. 

Each main and auxiliary feed-pump will have a spring 
pressure-gauge registering from zero to at least 250 pounds 
per square inch. 

ASH-HOISTS. 

One ventilator in each fire-room will have vertical guide
strips of iron on the inside, and be fitted with all the necessary· 
gear for hoisting ashes. 

An ash-hoisting engine of approved design will be fitted in 
each fire-room hateh or such place as may be directed, of suf
ficient power to hoist 300 pounds from the fire-room floor to 
the deck in five seconds with steam of 60 pounds pressure. 

It will have a reversing-gear, to be worked from the fire
room and from deck, with approved adjustable safety-gear to 
prevent overwinding and to stop the engine when the ash
bucket reaches the fire-room floor. It will also be fitted with 
an approved brake to control the drum. The ash-hoist will 
be fitted with the necessary sheaves, whip, and all appliances 
necessary for handling ash-buckets. 

FIRE-ROOlI BLOWERS. 

There will be two blowers of approved pattern ill each boiler 
compartment. 
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These blowers must be capable of supplying to the fires con
tinuously, with ease, sufficient air to maintain the maximum 
rate of combustion. They will take air from the fire-room in 
such manner as to thoroughly ventilate it, and deliver into the 
air-duets. Light iron screens will be fitted in fire-rooms so 
that all air going to hlowers can be taken from the hatch at 
the farther end of fire-room, and shall pass along the fire-room 
at a sufficiently low level to keep fresh air at the firemen's sta
tions. 

The spindle-bearings must be accessible while the blowers 
are in motion, and will be of anti-friction metal in composition 
box~ and, together with their lubricating apparatus, must be 
thoroughly protected from dust. 

BLowim-EXGISES. 

Each blower will be driven direct by an inclosed three-cylin:
der single-acting engine of an approved design, and of sufficient 
power to run the blower at fnll speed with steam of 100 pounds 
boiler pressure. The engine-valves must be of the slide or -
piston type. 

All working parts must be closed in, but easily accessible 
for overhauling. The lubrication must be automatic and thor
ough. The throttle-valve in the steam-pipe of each blowing
engine will be arranged to be worked from the fire-room floor, 
with suitable index to show how much it may be open. The 
steam-pipe for each blower will connect with auxiliary steam
pipe. 

The shafts of blower-engines will be so fitted that a portable 
revolution-indicator can be quickly and easily applied without 
removing any part of the mechanism. 

AIR-PRESSURE GAUGES. 

An approved gauge, eqnal to those made by the E. P. 
Gleason Manufacturing Company, will be fitted in each fire
room to show the pressure in each main air-duct. 

Digitized by Google 



72 

A portable gauge will also be supplied to each fire-room, 
with conveniences for connecting it to the furnaces, uptakes, 
and wherever desired to measure the air pressure. 

All these gauges will indicate pressures in "inches of water". 

FIRE-TOOL RACKS. 

Racks will be fitted in each fire-room in convenient places 
for holding all necessary fire-tools. 

ASH-DUMPS. 

From each ash-hoist, on the upper deck, permanent over
head rails, s~itably supported, will lead to the nearest ash
chutes on each side of the ship. Each of these will be fitted 
with a traveler of approved design, with all necessary appli
ances for carrying the ash-buckets. At the top of each ash
chute a dumping-hopper uf approved design will be fitted, so 
arranged as to fold up out of the way when not in use. The 
ash-buckets are to be balanced dump-buckets, with all neces
sary gear complete. All the ash-hoisting and dumping-gear 
will be such that the buckets will not have to be lifted by 
hand. 

ASH -SPRINKLERS. 

A valve for wetting down ashes will be fitted in each fire
room where directed, and will be fitted with all necessary hose, 
couplings, and nozzles. 

STEAl[ TUBE-CLEANERS. 

A steam tube-cleaner, of approved design, will be fitted in 
each fire-room. Steam will be taken from the auxiliary 
steam-pipe. Sufficient length of steam-hose will be provided 
to easily reach all the tubes. 

STEAM-CAPSTAN AND WINDLASS. 

There will be fitted, where shown on the plans of the hull, 
n steam-windlass and capstan. The capstan will be so fitted 
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that by means of it the windlass may be worked by hand, or 
the capstRn may be entirely disconnected from the windlass. 
It will al~() be so fitted that it may be worked by the steam-
gear of the windlass. . 

The engine for driving the windlass will be double and 
will be fitted with reversing-gear. It will be arranged to 
exhaust into the condensers, or into the atmosphere by a 
separate exhaust-pipe. 

The windlass will have two wild-cats fitted for 2!-inch 
chain. Eaeh wild-cat will be fitted to be easily thrown into 
or out of gear by a locking device, and will be controlled by 
a friction-broke. The broke and locking device of each wild
cat will be so arranged that both levers will be within reach of 
one person. Each wild-cat will be fitted with an inde.'t to 
show the length of chain which passes over it. There will be 
a rope-drum on each end of the main shaft, of proper diametet. 
and strength to handle a steel-wire hawser Ii inches in 
diameter. The windlass must prove capable of roising both 
bower-anchors at the rote of six fathoms per minute with 
steam of 80 pounds pressure at the boilers, and of exerting an 
aggregate stress of 280,000 pounds 011 both bower-chains with 
steam of 130 pounds pressure at the boilers. If worked by a 
worm, the thrust-bearing must be adjustable for wear. The 
worm will be of bronze, and the worm-wheel will be fitted 
with an automatic lubricating device. 

All gear-wheels will be of cast-steel with cut teeth. All 
working parts will be of forged steel, finished all over. The 
pawls of windlass and capstan will be of wrought-iron or 
steel. The capstan will rest on ball-bearings; its base will 
be so made as to prevent water working down around the 
spindle; its top will be finished by a polished brass plate; 
the capstan-bar sockets will be fitted with polished bmss 
stoppcrs; capstan bars will be supplied. 

All parts not capable of being easily oiled by hand while 
running \vill be fitted with automatic lubricators. 

ll-Maine. 

Digitized by Google 



74 

A drip-pan will be fitted under the \vindlass-ellgine with a 
urain-pipe leading to the bil~ 01' overboard. There will be 
an approved automatic reducmg-valve in the steam-pipe close 
to the engine. The steam-pipe will have an automatic trap
discharge at its lowest point, with a drain-pipe leading to the 
feed-tanks. There will be a steam-gauge between the reducing
valve and the controlling-valve. There will be straightway 
stop-valves in the steam and exhaust-pipes. The cylinders 
and valve-chests of the engines will be completely lagged. 

The windlass and capstan will be fitted in place, complete 
and ready for working. An oiled canvas cover will be sup
plied for the capstan. 

STEAM-WINCHES. 

There will he fitted on the superstructure-<leck, where di
rected, a reversible double-geared steam-winch of approved 
design, of sufficient po\ver to hoist 4 tonI! at a speed of 60 feet 
per minute with steam of 130 pounds pressure at the boilers. 
It will have a rope-drum or gypsy on each E'nd of its main 
shaft; the drums on both ends to be of the same diameter. 

There will also. be a special reversible steam-winch for hoist
ing torpedo-boats, with a grooved drum to suit the wire rope 
used for hoisting. It mllst be capable of hoisting 14 tons 
at a speed of 60 feet per minute with steam of 130 pounds 
pressure at the boilers. 

All parts of both \vinches will be fitted and finished in the 
same manner as similar parts of the windlass aod capstan. 
The engines will exhaust into the maio escape-pipe. The 
smaller winch will also be fitted to exhaust into the condensers. 
Friction-brakes will be fitted to the drums unless \vorked by 
worm-gear. The engines of both winches must be double
cylinder. An oiled canvas cover will be supplied for each 
winch. 

Hydraulic hoists may be fitted, if desired, instead of steam
winches; but must be no heavier than efficient steam-winches, 
nor occupy any more space. Th('y must be of approved 
design. 
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STEAY-8TEERING GEAR. 

A steam steering-engine of approved type will be suppliec.l 
and fitted where shown on the plans of the hull. It must prove 
to be clpable of' putting the helm hard over from amidships in 
five seconds when the vessel is going ahead at or below a speed 
of 17 knots per hour with a boiler-pressure of 130 pounds per 
square inch. It must also be sufficiently powerful to work the 
rudder with the vessel going astern with the full engine power. 
There will be approved means of quickly changing from steam 
to hand-steering and vice versa. 

All gear-wheels will be of cast-steel with cut teeth. Worms, 
if any, will be of bronze. All other working parts of the engine 
will be of forged-steel. A drip-pan will be fitted under the 
entire engine, with .a drain-pipe leading to the bilge. The 
engine will be connected with the auxiliary steam and exhaust
pipes elsewhere specified. The steam-pipe will have an auto
matic trap connected at its lowest part, with a drain-pipe lead
ing to the feed-tauk. There will be an .approved adjustable 
reducing-valve in the steam-pipe close to the engine, so that 
the pressure may be varied to suit the work. There will be a 
steam-gauge connected with the steam-pipe between the redl1-
cing-valveand the controlling-valve. There will be straightway 
stop-valves in steam and exhaust-pipes. All working parts 
will be supplied with automatic lubricators with sufficient oil 
capacity for four hours running. The .cylinders and valve
chests of the engine will be completely lagged. No part of 
the steam-steering gear except the mechanism for working the 
valves from deck will be above the armored deck. 

Hand-wheels for operating the steam-steering gear will be 
fitted in the conning-tower, the pilot-house, and on the after 
sl1perstructure-deck. These wheels will have connections to 
an electric motor, which will work the engine-valves in sllch 
a way that the valves must follow the motion of the hand
wheels. There will be separate connections from each of 
these wheel!! to the steering-engine. There will be three sepa-
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rate wire connections from the conning-tower hand-gear other 
steering-engine, leading in different directioDS, so that there 
will be electric connections when two wires are disabled. The 
current for working the valves will be taken from the dyna
mos elsewhere specified. The hand-wheels will be about 30 
inches in diameter, made of mahogany with locust spokes, 
finished similarly to the hand-steering wheels. Each of these 
hand-wheels will have the same number of spokes as the hand
steering wheels, and will be so fitted that any given number of 
turns of the wheels will give the same helm-angle as the same 
number of turDS of the hand-steering wheels. The gear must 
be so fitted that the force required to be exerted on any hand
wheel at a radius of 16 inches from the center will not exceed 
10 pounds. There will also be a hand-wheel at the engine itself, 
so that the engine may be operated when the deck-gear is dis
connected. All metal work above the main deck will be of 
bronze or bra&;. All parts passing through water-tight bulk
heads will be fitted water-tight. All working parts of engine 
and hand-gear connected to it will be finished all over. 

A direct-acting hydraulic steering-gear ,vill he supplied, if 
directed, instead of a steam-gear. In this case an additional 
hydraulic pump wiII be supplied, of proper size to furnish 
water for the steering-gear; this pump to be, in general, sim
ilar to the main hydraulic pumps. The acceptance of the 
hydraulic-gear will be conditional upon its being no heavier 
than an efficient steam-gear. 

Stops will be fitted to the steering-engine valve-gear so 
that the engine cannot run beyond the position of correspond
ing helm-angle. Stops will also be fitted to each hand-wheel. 

HYDRAULIC PUMPDiG MACHINERY. 

There will be a hydraulic pumping plant for each turret, 
to furnish water for revolving the turret, working the guns, 
etc. Each plant will consist of at least two independent 
pumps of approved design. Other things being equal, the 
lightest pump ,vhich will do the work efficiently will be 

Digitized by Google 

, 



77 

selected. The combined capacity of the pumps for each tur
ret will be 500 gallons per minute at a pressure of 600 pounds 
per square inch. The water ends of the pumps will be 
entirely of composition or bronze. 

All piston-rods, side-rods, cross-heads, valve-stems, links 
and levers of valve-motions, shafts and rock-shafts, will be 
made of forged steel. If supplemental pistons are used for 
the purpose of moving the main valves, the latter will also 
have a positive motion, which will prevent the piston striking 
the cylinder-heads in case of the supplemE'ntal pistons not act
ing quickly. If duplex pumps are used, the yalve-motion 
must be adjustable. If direct-acting pumps are used, they 
must be so adjusted that, when performing the duty above 
specified, each piston shall make a stroke of such length that 
the lineal clearance at each end shall not be more thall ten per 
cent. of the stroke. Straightway stop-valves will be fitted for 
the purpose of shutting off either pump at steam and water 
ends in case of accident. 

An approved automatic pressure-regulator will be fitted; 
also an adjustable relief-valve. Before being put on board the 
plant will be tested, to prove that the requisite duty can be 
performed, and that the regulator will stop and start the 
pumps promptly when required, without allowing the water 
pressure to fall below 550 pounds pressure. The above-speci
fied duty is to be performed with 100 pounds steam-pressure 
at the pump-throttle. The pump-valves will be metallic and 
easily accessible. The steam piston-rods will have metallic 
packing of the same kind as specified for main engines. 

The pumps must either have packed pistons or packed plun
gers; if the packing used is other than ordinary commercial 
packing, spare packing will be supplied. The pumps must 
be proved incapable of getting in any position where they will 
not be started promptly when steam is turned on. They must 
work without pounding when performing light or heavy duty. 

A wrought-iron water-tank for each plant, of 150 gallons 
capacity, will be fitted where directed, and connected with the 

Digitized by Google 



78 

suction-side of the pumps and with the discharges from the 
hydraulic engines. These tanks will have drain-valves with 
pipes leading to the bilge. Each tank will have 8. neat brass 
label, plainly inscribed, "Fresh-water only will be used in 
this tank". Connections will be made to each tank from the 
nearest auxiliary feed-pump for the purpose of filling it with 
fresh water. 

Each tank will have a close top, bolted on, and will be fit
ted with n well-protected glass-gauge and a vent-pipe. 

The hydraulic pumps will be set in water-tight beds with 
drains Imding to the bilge. The drains of the steam-cylinders 
will be piped to the top of the fresh-water tank; also having 
cocks by which the cylinders can be kept-drained when not in 
use. 

All parts of the hydraulic system, except snctions, will be 
tested to 1,200 pounds water-pressure. 

HYDRAULIC PIPING. 

All hydraulic pipe, except where otherwise directed, will be 
lap-welded iron or steel, screwed into wrought-iron or cast
steel flanges, which will be turned male and female so that the 
packing cannot be squeezed out. 

All joints will be made with leather or approved equiva
lent material. The sizes of pipes will be sufficient to allow 
the pumps to perform the prescribed duty when fitted on 
board and doing their regular work. 

All pipes will be testoo when in place to 1,200 pounds pres
sure per square inch. All stop-valves will be straightway, of 
composition. All valves for admitting water to and exhaust
ing from the turret-turning engines, and other hydraulic ~ar 
herein specified, will be balanced-valves, made perfectly tight 
by renewable packing, and working as easily as any that can 
be procured. Air-coc ks will be fitted at the highest parts of 
any loops that may be made in the pipes. A pipe of sufficient 
size to take all the water from either set of pumps will be 
fitted below the armored deck to connect the pumping plants 
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of the two turret"l, so that either plant can be used on either 
turret. A double composition pipe will be so fitted as to 
revolve with the turret, containing passages for the pressure 
and exhaust-water. The lower part of this pipe, below the 
armored deck, will revolve in a composition box fitted with 
cup-leather packing, which will divide it into pressure and 
exhaust-passages. This pipe will be provided with a stuffing
box at the armored deck. The pump-discharge will deliver 
into this box, and from the exhaust side of the box a pipe 
will lead to the water-tank. The upper end of the double 
pipe, within the turret, will have pressure and exhaust-noz
zles from which pipes, of such size as may be required by the 
Bureau of Ordnance, will be led to the valves controlling the 
running in and out and elevating of the gun. There will 
also be nozzles, if directed, for the connection of pipes for 
washing out the guns. Pipes will also lead direct from 
the pump-discharge to the ammunition-lifts and hydraulic 
rammers, and exhaust-pipes from these machines to the 
tank. 

Pipes of sufficient size to utilize the full power of the pump
ing machinery will be fitted direct from the pumps to the tur
ret-turning engine-valves. 

TURRET-TURNING GEAR. 

There will be two gears for revolving each turret. Each 
gear will consist of a three-cylinder hydraulic engine, driving 
by pinion and spur II horizontal shaft, which will carry a 
bevel-wheel meshing into a rack on the under side of and 
revolving with the turret. 

The engines will be of approved type, each of sufficient 
power to turn the turret at the rate of one revolution per 
minute with the guns run out and the vessel on an even keel, 
and both together capable of revolving the turret at the same 
speed with the vessel heeled 100 • The turning-engines and 
JtCIlr will be fitted in water-tight beds, with drain-pipes lead
ing to the bilge. 
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The rack on the bottom of each turret will be made of cast
:steel, in sections, which will be firmly bolted to the turret in 
perfect alignment. There will be two sets of shrouded teeth, 
Qne stepped one-half the pitch in advance of the other. 

The pinions for turning the turrets will be made of com
position, with teeth to correspond to those on the turret
racks. Their shafts will be allowed a slight end-play to 
accommodate any movement of the turret. These pinions will 
rnn with their lower sides in an oil-box, and will have guards 
to prevent the oil being scattered. A copper drip-pan will 
extend around the turret chamber underneath the turret-racks. 

The turning-engines will have stop-valves in their pressure 
and exhaust-pipes, so that either engine can be shut off in case 
of accident. The cylinders will have ample drain-cocks. 

The engines will be started, stopped, and reversed by a valve 
whick will change the pressure and exhanst-ports. There will 
be a hand-lever at cach sighting station for controlling the 
movement of the turret. This lever will move the valve of a 
supplemental hydraulic cylinder through a floating-lever so 
that the piston will follow the motion of the hand-lever. The 
piston of this cylinder will work, through a system of levers, 
the reversing-valve of the turret-engines. The connection to 
the reversing-valve will be by means of a floating-lever, one 
end "'orked by the gear within the turret, and the other end 
so guided that when the turret revolves to its prescribed limit 
the reversing-valve will be automatically closed. The gear 
will also be so made that, in case of any leakage of the valves, 
allowing the turret to run beyond the- prescribed limits, the 
engines will be reversed. The hand-levers in the turrets will 
be fitted with locomotive latchcs and quadrants. Relief-valves 
will be so fitted that, when the water is shut off the turning
engine!l, or the engines reversed, the momentum of the turret 
may be gradually overcome by the action of the valves. The$C 
valves will be adjustable as to the pressure of opening. 

There will be a hydraulic locking device for each turret, 
consisting of' a cylinder, plunger, and locking-bolt, with the 
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necessary valve-gear. The end of the bolt. will be tapered to 
facilitate entering the locking-slot.8, of which there will be two, 
one for ca£h loading position. An efficient inter-locking device 
will he applied, to prevent the locking-bolts being shot while 
pressure is on the turret-tnrlling engines, and to prevent the 
latter being put in motion until the locking-bolts are with
drawn. 

There will be a spring stop-valve in the pipe taking water 
to the hydraulic rammers at each loading station. This stop
valve will be so arranged that it will be kept shut, except 
when t11e locking-bolt, upon being shot into place, presses 
upon its stem and opens it, thns allowing t.he rammers to be 
worked. There will be a valve inside the t.urret, which when 
closed will prevent the withdrawal of the locking-bolt. This 
valve will ordinarily be kept open by a spring, but wiU be 
arranged to be closed by a lever, which will be struck by either 
rammer entering the turret. Upon the rammers being with
drawn the valve will be opened by its spring. The lever for 
working this valve will be placed over the rammers, and will 
be so forme<l and fitted as 110t to interfere with the working 
of the rammers or ammunition. 

There will be an index inside each turret which will give 
indication of the approach to either loading station. This 
index will be turned by the revolution of the turret, and will 
be in plain view of the person stationed at the locking-bolt 
lever. There will be an electric-bell at each sighting station, 
which will be so arranged as to give warning of'the approach 
to either loading station .. 

All cylinders, plungers, valve-boxes, and other parts in con
tact with water, will be made of composition, gearing of cast
steel and composition, and other workmg parts of forged-steel. 
All toothed gearing, except the turret-rack and pinion, will 
be cut. All working parts will be finished all over except 
where otherwise directed. 

12-Maine. 
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DYNAMOS. 

There will be two dynamos, of approved type, which will 
be duplicates of each other, to supply current to work the 
stcering-engine valves, the workshop machinery, and such 
other machinery as it may be found desirable to work by elec
tricity, and to light the engine and fire-rooms when the ship's 
dynamos are not running. Each dynamo will be driven direct 
by an inclosed multi-cylinder engine, and will furnish a cur
rent sufficient for thirty-five 16-candle power incandescent 
lamps, or equivalent, when used for lighting only. The light 
produced must be at least 160-candle power for each brake 
horse-power of the engine. The potential must not be greater 
than 125 volts. The dynamos must be automatically regu
lated. One spare armature will be supplied, to fit; both dyna
mos; also spare brushes and their fittings for both dynamos. 
The bearings of the dynamos will be self-lubricating. 

DYNAMO ENGINES. 

They will be of the single-acting inclosed Illnlti-cylinder 
type, equal to Brotherhood's latest pattern. Each engine will 
be fitted with an approved governor, with a maximum speed 
variation of!! per cent. either side of the standard. The engines 
will be proportioned for fun power with 60 pounds boiler
pressure and atmospheric back-pressure. There will be an 
approved adjustable automatic reducing-valve in the steam
pipe to the dynamo engines. A spare piston, valve, and crank
pin brass will be supplied for each cylinder. The engines 
will be automatically lubricated throughout, with sight-feed 
cups. 

ELECTRIC WIRES AND CONSECTIONS. 

All conductors for electric connections will be of tinned 
copper wire of not less than 96 pel' cent. conductivity. The 
insulation of all fixed conductors will consist of a layer of non
sulphurolls rubber, a layer of black rubber or okenite, a wrap-
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ping of tape soaked in rubber, and an outside covering of pure 
lead piping. A sample of the wire, insulated as above, will 
be subjected to a dry-heat test of 2500 F. for twelve hours 
without the insulation running or showing any signs of dete
rioration. If thought necessary, an insulation test will be 
made by soaking a suitable length of the insulated wire in salt
water for twenty-four hours, which after drying must have an 
insulation of not less than 1 megohm per foot; to be again 
soaked and dried as before, and in testing must show 110 ap
preciable decrease of insulation, nor any signs of deterioration 
or cracking of the insulation. The conductors will be set in 
hard wooden molding and secured with fiber staples. Each 
pair of conductors must be separated by at least one inch. 
The grooves of the molding will be large enough to take the 
wire easily without injuring the lead covering. The mold
ing will be without capping in engine-rooms and fire-rooms; 
elsewhere it will be suitably capped, and must correspond with 
the surrounding wood-work. The molding in coal-bunkers 
will be extra heavy. The area of conductors will be fixed 
according to recognized standard tables of ampere capacity, 
which allow for a heating of 300 F., with a reserve of 50 per 
cent. above this. All joints and connections will be carefully 
soldered and made steam-tight, and wherever a change in size 
of wire is made a water-tight junction-box is to be used, with 
double pole fusing safety-strips. All connections for stationary 
lamps will be made steam-tight by stuffing-boxes or other 
approved means. Flexible conductors will be heavily insu
lated with rubber or okenite to stand 2500 F., and will be 
covered with a heavy braided wire wrapping. Wires passing 
through water-tight bulkheads or decks will be provided with 
stuffing-boxes. Where passing through metal bulkheads or 
beams they will be protected by rubber ferrules. There will 
be a separate circuit for each engine-room and each fire-room, 
and at least two circuits for the coal-bunkers. There will be 
an approved switch near the dynamos for controlling all cir
cuits. Two approved voltameters, with suitable connections, 
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will be supplied. If considered necessary, the completed sys
tem will be tested for insulation, which must not be less than 

- 1,000 ohms for each volt. 
LIGHTING APPARATUS. 

Incandescept electric lights will be fitted for lighting all 
parts of the machinery, boiler, and coal-bunker compartments. 
At least 50 lamps will be fitted in the engine, boiler, and shaft
alley compartments, r.laced where directed. There will be 
one lamp in each (''Oa -bunker compartment and one in each 
store-room. All lamps in engine-rooms will be spring-sup
ported, unless otherwise directed. All lamps except those for 
local lighting, as at water-gauges, etc., will be of 16-candle 
power, the others of 10-candle power. All lamps will be 
inclosed in steam-tight globes and protected by neat brass 
guards. All sockets will be made of porcelain and will be 
steam-tight. Sockets will be made to suit the commercial sizes 
of lamps ordinarily furnished by the maker of the plant. 
Each lamp will have a water-tight switch. Lamps in coal
bunkers will be suspended from overhead, in the corner of the 
bunker where there is the least chance of injury. Switches 
for these lamps will be placed near the entrance to the bunker. 
Lamps at log-desks will have frosted globes and approved 
reflecting shades. All brass work about lamps and fittings 
will be nickel-plated. Four portable lamPCJ of approved pat
tern will be supplied for each engine-room, and two for each 
fire-room. A suitable receptacle will be provided for each 
portable lamp. One connection will be fitted for each port
able lamp with water-tight co\'er. Two spare lamps will be 
supplied for each one fitted. Lamps must be guaranteed for 
an average life of 600 hours. 

WORKSHOP MACHINERY. 

There will be fitted in the engineer's workshop the follow
ing: 

A double-geared engine-lathe of the best make and of 
approved pattern. It will be of nt least 12 inches swing and 
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34 inches between centers. It will be fitted with gears for 
cutting threads from 4 to 40 to the inch, and witl1 four-grade 
cone-pulleys. 

An approved shaping-machine, to work by hand or power, 
of at least 10 inches stroke and 8 inches traverse, with vertical 
adjustment of table, with three-grade cone-pulleys, and with 
chuck It will have all the usual adjustments of first-class 
machines of its size. 

An approved double-geared hand and power drilling-ma
chine, with three-grade cone-pulleys,capable ofdrilling Ii-inch 
holes, with adjustable swinging-table and of at least 18 inches 
swing. 

The tools above specified will be fitted where directed in the 
engineer's workshop. Each machine will be driven from a 
counter-shaft with cone-pulleys to suit the machine. Each 
counter-shaft will be driven direct by an approved reversible 
electric motor, regulated for constant speed. The switch for 
stopping and reversing will be within easy reach of the opera
tors of the machine. Connections for running the motors wiII 
be made to the dynamos elsewhere specified. 

DISTILLING APPARATUS. 

The distilling apparatus, placed where directed, will consist 
of two evaporators and two distillers, with their accessories, 
having a combined capacity of 5,000 gallons of potable water 
per 24 hours at a temperature of not more than 90° F. when 
the cooling water is taken in at a temperature of 60° F. 

The evaporators will be made with shells of plate-steel with 
welded seams. The heads and flanges will be of cast-iron 
and the coils of copper, tinned inside and out. They will be 
felted and lagged, and will each be fitted with a safety-valve, 
steam-gauge, glass water-gauge, gauge-cocks, salinometer-pot, 
and blow-valve. They will take steam from the auxiliary 
steam-pipe, and will be fitted with automatic traps and with 
drain-pipes leading to the feed-tanks. The shells of the evap-
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oratora will be tested to 50 pounds to the square inch and the 
coils and all parts subject to the boiler pressure to 205 pounds 
per square inch. 

The clistillera will be made with shell,; of sheet-brass, flanges 
and heads of composition, and coils of t.'Opper or brass, thor
oughly tinned on both sides. The coils of each distiller will 
be divided into at least three parts, each with a separate inlet 
and outlet-valve. 

A filter of approved design will be fitted to each distiller. 
There will be efficient means for aerating the steam used in 

making distilled water. 
There will be a steam-pump of approved pattern, and of a 

capacity of about 6 gallon;1 per min ute at ordinary speed, 
fitted to draw water from the filters and deliver it into the 
fresh-water tanks. The cylinders of the pump will be of 
"Hght service" proportions, for using steam of 60 pounds pres
sure. The water end of the pump will contain no copper or 
lead, or alloys of these metals. A pipe will lead from the 
atmosphere, above the ship's awnings, to the suction of the 
pump, with a regulating-valve, so that air can be forced into 
the tanks with the water. In the water-suction of the pump 
will be fitted an approved water-meter, made without copper 
or lead. The discharge-pipe..~ to the fresh-water tanks will 
lead to the bottoms of the tanks, so that air forced in will rise 
through the water. 

A pump of approved pattern and size will be fitted forfeed
ing the evaporators; also one to circulate the cooling water 
through the distillers; to draw water from a special sea-valve 
placed where directed. Also a pump, with metal valves, 
which Cllll draw the condensed water from the evaporator and 
deliver it into the auxiliary feed-pipe. This pump will be 
placed below the level of the evaporators and will take the 
condensed water from the traps. 

The water after leaving the distillers will be led forward by 
a proper pipe with connections for flushing the crew's water
closets, with hranehes to the officera' water-closets. A by-pass 
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pipe will be provided so that water may pass to the closets when 
the distillers may be shut off. 

The evaporators and distillers will be so fitted that their coils 
can be easily removed for repairs. There mnst be no internal 
detachable joints in the coils of either evaporators or distillers. 

WASH-WATER TANKS, ETC. 

There will be one or more cylindrical wrought-iron tanks, 
of a combined capacity of 500 gallons, to hold fresh water for 
firemen's use. They will be fitted in the forward boiler com
partment over the boilers. Each tank will have an overflow
pipe, without valve or cock, leading to the bilge, with the end 
in plain view from the fire-room; also a drain-pipe with its 
valve easily reached from the fire-room. Pipes will be led 
direct from the fresh-water outlets of the distillers for filling 
these tanks without passing the water through the filt.ers; 
these pipes to have locked cocks. 

There will be a Blake No. 00, or other approved pump of 
the same capacity, which will be connected as follows: to have 
suction-pipes from the feed-tank suction-pipe and from the 
,tanks above mentioned, and to discharge into these tanks and 
into the tank in the firemen's wash-room; all pipes fitted with 
stop-valves close to pump. The pump will have a dead
weight relief-valve set at just sufficient pressure to allow the 
wash-room tank to be filled. 

A cylindrical copper tank, of about 50 gallons capacity, will 
be fitted ill the firemen's wash-room, and connected with the 
pump above specified. The tank will be supplied with a vent
pipe with a float-valve, which will close the vent when the 
tank is full. There will be a service-pipe from the tank, with 
a branch to each wash-basin, and one for filling buckets. 
Each of these branches will have a self-closing lever-faucet. 
In the service-pipe, close to the tank, will be a locked cock. 

MAIN STEAM-PIPES. 

A 7!-inch pipe will connect the main stop-valves of the 
forward and after boilers on each side of the fire-room in each 
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rompartment. From the stop-valve of each forward boiler in 
the forward compartment a 9-inch pipe will lead inboard and 
ronnect with a 12-inch pipe, which will carry the steam to a 
separator, thence upward and aft to the port engine-room. 
A similar pipe will connect with the stop-valves of the after 
boilers in the after compartment, and will lead to the star
board engine-room. Immediately inside the engine-rooms a • 
stop-valve will be fitted in each main steam-pipe with gear 
for ,vorking from both engine-rooms. These stop-valves will 
be connected by a 12-inch athwartship pipe. From each of 
these valves a 12-inch pipe, with a straightway stop-valve, 
worked from engine-room and from deck, will lead to the 
separator in the same engine-room; thence to the en~ine. There 
will be a straightway valve in each main steam-pIpe between 
the separator and the engine; the auxiliary steam-pipe con
necting with the main steam-pipe between this valve and the 
separator. 

AUXILIARY STEA~[-PIPES. 

There will be an auxiliary steam-pipe extending through 
el)gine and boiler compartments and to thEl windlass, steel'in§, 
dynamo, and ventilating-fan engines, and to the engineer s 
workshop. It will connect with the auxiliary stop-valves on 
boilers and ,vith the main steam-pipe in each engine-room 
abaft the separator. It will have a stop-valve in the after 
part of each fire-room close to the bulkhead, one in each engiue
room close to the bulkhead, and one in each connection with 
the main steam-pipe. Branches will extend to all auxiliary 
machinery herein specified. The pipe will be of sufficient 
size to supply all auxiliary machinery, including dynamos and 
ventilatill~-filDs, when taking steam from abaft the separators. 
The auxihary sLeam-pipe will be arranJtCd, where possible, so 
that steam condensing in it may drain back to the separator. 
Where it is not possible to so arrange it, or \vherever llOCkets 
necessarily occur, the pipe will be drained and trapped. All 
branches from the pipe to pumps or engines on a lower level 
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will have the stop-valve for such machinery close to the main 
pipe, with a spindle for working it from below, so that when 
the pum;1 or engine is standing idle there will be no opportu
nity for wuter to collect in the vertical pipe leading to it, 
which must be blown out before starting. 

AUXILIARY EXHAUST-PIPES. 

An auxiliary exhaust-pipe, of sufficient size for all auxiliary 
machinery herein specified and for such other steam-machinery 
as may be fitted in the vessel, will be fitted and connected to 
all auxiliary machinery herein specified. It will have nozzles 
for all other auxiliary machiuery. It will have valves to 
direct the exhaust-steam into either condenser, into either low
pressure cylinder, or into the atmosphere through the escape
pipe at will. At each connection with condensers and escape
pipe the auxiliary exhaust-pipe will be fitted with two stop
valves so as to minimize the chance of an air-leak. 

The connection with the escape-pipe will be made below the 
armored-deck. All exhaust-pipes from engines above the 
armored-deck leading to the condenser will be fitted with 
valves below the armored-deck. 

BLEEDER-PIPES. 

A 5-inch branch from the main steam-pipe in each engine
room will lead to the condenser, with a stop-valve operated 
from the working-platform. 

INTERlIIEDIATE AND LOW-PRESSURE STEAM-PIPES. 

A 5-inch branch from the main steam-pipe will lead to each 
intermediate, and a similar pipe to each low-pressure valve
chest, each with a stop-valve. 

SEPARATORS. 

There will be in each main steam-pipe in fire-rooms a sep
arator of approved design, with interior diaphram, and in each 
engine-room a centrifugal separator. They will be made 
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entirely of cast-steel and sheet-steel, each fitted with a well
protected glass gauge and an approved automatic steam-trap, 
with drains delivering into feed-tank or overboard at will. 

MAIN FEED-PUMP EXHAUST. 

The exhaust-pipes from the main feed-pumps, in addition 
to the connection with the exhaust-main, will be so arranged 
that the exhaust-steam can be turned into the feed-pump suc
tion instead of into the auxiliary exhaust-pipe-chambers with 
suitable nozzles for this purpose being fitted in the suction
pi pea. 

ESCAPE-PIPES. 

There will be a 10-inch copper escape-pipe abaft each smoke
pipe, extending to top, finished and secured in an approved 
manner. Each pipe wilJ have branches leading to all the 
safety-valves in its boiler compartment. There will also be 
abaft the after smoke-pipe, fitted the same as the others, a 
6-inch copper escape-pipe, connected to the auxiliary exhaust
pipe as above ~pecified. 

MAIN FEED-PIPES. 

A seamless-drawn brass pipe, of the full size of the pump
discharge, will lead from each main feed-pump and discharge 
only into the main check-valves on the boilers in the same 
compartment, through branche.~, each of which will have a 
straightway-valve, with hand-wheel in a convenient position 
for regulating the feed. All parts of the pipes will be above 
the floors in plain view, and all joints made by flanges screwed 
on the pipes and bolted together. 

AUXILIARY FEED-PIPES. 

A similar pipe will lead from each auxiliary feed-pump to 
each auxiliary check-valve on boilers in its compartment. A 
pipe, with a valve in each boiler compartment, will connect 
with the forward and after auxiliary feed-pipes. These pipes 
will be fitted the same as the main feed-pipes. 

, 
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FIRE-MAIN. 

A pipe will extend fore and aft on the main deck, with an 
approved fire-plug of Navy standard size where directed in 
each compartment. This pipe will be connected with the dis
charges of the two engine-room fire-pumps, the two engine
room auxiliary pumps, and the two auxiliary feed-pumps. 
Three branches from this main will lead up to the upper deck 
and be fitted with fire-plugs. A branch from the main will 
lead to each magazine passing-room, one to the compartment 
abaft the engines on the platform-deck, and one to each com-

. partment on the forward platform-deck. Each of these 
branches will be fitted with a fire-plug, and will be so con
nected that all of the fire-pumps can work on it. There will 
be a fire-plug in an approved position in each engine-room and 
each fire-room. Drain-pipes will be fitted to drain all parts 
of the fire-main and branches. A reverse conpling will be 
supplied, with adapters to suit the various sizes and threads 
of fire-hose commonly in usc, for the purpose of filling the 
boilers with fresh water from hose, on shore, or 011 boats along
side. 

PIPES THROUGH WATER-TIGHT BULKHEADS AND DECKS. 

They will be made water-tight by stuffing-boxe'l, flanges, or 
other approved means. 

Pipes must not be led in such manner that the angles or 
tees of bulkheads have to be cut. Holes through wooden 
decks, where pipes pass through, will have brass or copper 
thimbles, made water-tight, extending at least three inches 
above decks. 

PIPES THROUGH COAL-BUNKERS. 

They will- be protected by iron casings, made in sections, 
easily removable for repairs. Pipes must not be led under 
openings of coal-chutes. 

DRAIN-PIPES AND TRAPS. 

All places where condensed steam can accumulate will be 
provided with drain-pipes and cocks or valves of ample size, 
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and with approved automatic traps, which will discharge into 
feed-tanks or condensers, or as directed. All traps will have 
by-pass pipes and valves for convenience of overhauling. 
The lowest parts of all water-pipes and all pump-cylinders 
and channel-ways will have drain-cocb with pipes where 
required. The handles of all drain-cocks will point down
ward when closed. 

THICKNESS OF PIPES. 

The thickness of metal in the principal pipes will be as fol-
lows, by B. W. G.: 

Steam-pipes of 12 inches bore ________________ No. 4 
Steam-pipes of 9 inches bore _________________ No. 5 
Steam-pipes of 71 inches bore ________________ No. 6 
Steam-pipes of 5 inches bore _________________ No. 9 
Steam-pipes of 4 inches bore _________________ No. 10 
Steam-pipes of 3 inches bore ____ . ____________ No. 11 
H. P. exhaust to I. P. cylinder ______________ No. 4 
I. P. exhaust to L. P. cylinder ______________ No. 5 
I. P. exhaust to condenser __________________ No. 10 
L. P. exhaust to condenser __________________ No. 7 
Circulating-pump suction and discharge-pipes ___ No. 7 
Bilge-injection pipes _______________________ No. 11 
Air-pump discharge to feed-tanks ____________ No. 12 
Feed-pump suction-pipes ___________________ No. 13 
Feed-pipes ________________________ , _______ No. 4-
Blow-pipes _______________________________ No. 9 
Auxiliary exhaust-pipes ____________________ No. 13 
Escape-pipes __________________ . __________ No. 13 
Dry-pipes ____________ ----________________ No. 14 
Connections to fire-main ____________________ No. 10 
Galvanized wrought-iron bilge-suction pipes_': __ No. 7 
All pipes of which the thickness is not given in the above 

list will be made of approved thickness. 
AUXILIARY' ENGINE STOP-VALVES. 

Each auxiliary engine will have stop-valves in both steam 
and exhaust-pipes as close to cylinders as possible. Exhaust 
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stop-valves will be straightway where practicable. All pumps, 
except circulating-pumps, will have screw check-valves in both 
suction and delivery-pipes close to pump-cylinders, so arranged 
~hat they may be kept off their seats when dE'llired. 

MATERIAL AND FITTING OF PIPES. 

All pipes, except the lower ends of bilge-suction pipes, will 
be of copper, unless otherwise specified. 

The lower parts of bilge-suction pipes will be of galvanized 
iron. 

All feed and blow-pipes, all bilge-suction pipes except the 
lower parts, and all steam-pipes less than 3 inches in diameter 
will be seamless-drawn. All copper pipes not seamless-drawn 
will he brazed. All copper pipes over 3 inches in diameter 
will have composition flanges riveted on and brazed; all under 
3 inches will have flanges or approved composition couplings 
brazed on. All feed and blow-pipes will have composition 
flanges. All flanges will be faced and grooved, and joints made 
with approved material. All composition flanges below the 
floor-plates will be connected by bolts and nuts of naval brass. 
All bends in brazed copper pipes will be one gauge thicker than 
straight parts. All copper pipe T -pieces and fittings will be of 
composition, except where otherwise directed. Expansion 
joints of approved pattern will be fitted where required. Slip 
joints, if fitted, will have stop-bolts and flanges. All copper 
pipes in bilges will be well painted and covered with water
proof canvas, and must not rest in contact with any of the iron 
or steel work of the vessel. 

PUMP-CYLINDERS. 

All pump-cylinders, together with their valve-boxes and 
fittings, will be made of composition. Air-chambers will be 
fitted on the delivery sides of pumps or in the pipes, as may 
be directed. 

The water-cylinders of all vertical pumps will be so arranged 
that the upper head can be removed without disturbing the 
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framing, and the pistons will be fitted for overhauling from 
that end. All pumps will have either packed pistons or 
packed flanges. 

PU1IP RELIEF-VALYF.8. 

All feed and fire-pumps will have adjustable spring relief
valves of approved design, connecting the delivery and suc
tion passages. 

SEA-VALVES. 

There will be in the various compartment:; sea-vah'es, as 
follows: 

In each engine-room a valve of sufficient size to supply 
water to the fire, bilge, and drainage-pump and to the auxili
ary pump; also with a 3-inch nozzle for connection of the 
water-service pipe. This will be a screw stop-valve, and will 
have an independent connection to the side of the vessel. 
Also in each engine-room a double valve-box with a screw 
non-return valve for the fire and bilge-pump discharge, 
and a non-return valve for trap discharge. This valve
box may, if desired, be connected to the outboard nozzle of 
the main outboard-delivery valve. The main injection and 
outboard-delivery valves will be as elsewhere specified. 

In each boiler compartment there will be a suction-valve 
of proper size to supply the auxiliary feed-pump; also a 
Kin!!'Ston-valve for bottom blow and for pump discharge. 

There will also be a sea-suction valve for the distiller cir
culating-pump, placed where directed .. 

BILGE-STRAINERS. 

Each pipe leading from the bilges or from the drainage 
system of the vessel to the pumps, except to the circulatillg
pumps, will be fitted with a Macomb, or equivalant, strainer, 
above the floors. 

ATTACIDIENT OF VALVES TO HULL. 

Steel strengthening-rings will be riveted to plating of hull 
around the openings for all sea-valves. The valve-flanges 

~ , 
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will bolted to these rings by naval-hra8S sluds, care being 
taken not to drill the holes entirely through the rings. A zinc 
protecting-ring will be fitted in eat'll opening in outer skin in 
such a manner as to be easily renewed. 

All suction-valves will have strainers over their openings 
on the outside of the vessel. These strainers will have i-inch 
hole~ colketive area equal ll~ea of the valve 
openlollo, must be fasts'si n4h44~casings and not 
to thc " the hull. All lhe turn of the 
bilge pipes secllre<l to 4414in of hull and 
passmp eluffing-hoxes in 44144n. 

COCKS AND VALVES. 

All cO<'ks and valves and their fittings, except as otherwise 
specified, will be of composition. All hand-wheels will be of 
finished brass, except as otherwise specified, and will be at least 
one and one-half times as great in diameter as their valves. 
All with va4 will have bottoms 
of have packed 4cks over 1 inch 

have packed 
14pproved pattern wherever 

the various whether herein 
All valves as to be easily 

ground in, and be fitted, where required, with grinding-in 
guides and handles. No conical-faced valve will have a bear
ing on its seat of more than -Ar inch in width. All valve-spin
dles must turn right-handed V to close, and have outside threads 
where practicable. Cocks and valves may have, where ap
proved, in lieu of wheels or permanent handles4 removable box 

marked and e~:mvenient racks. 
underneath will have 

hendles above the in easily acces-
lmless otherwise sizes of valves 

as gh'en specifications diameters of the 
equivalent clear openings. 
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LABEJ..8 ON GEAR AND INSTRUMENTS. 

All cocks will have engraved brass plates to show their 
uses and to indicate whether open or shut. All valves except 
sllch as may be otherwise directed will have similarly engraved 
plates to show their uses, or have the same plainly engraved 
Qn hand-wheels. . 

All hand-levers or their quadrants will be similarly marked. 
Gear for working valves from deck will be marked as else-
where specified. • 

All main steam stop-valves will have indices to show to 
what extent they are opened. 

All gauges, thermometers, counters, telegraph-dials, speak
ing-tube annunciators, and revolution-indicators will be suit
ably engraved to show to what they are connected. 

All engraving will be deep and to be filled in with black 
cement. 

CLOTHING AND LAGGING. 

The main cylinders and valve-chests, after being finally 
secured in place in the v~sel and tested, will be covered with 
approved incombustible non-conducting material and neatly 
lagged with black walnut all over, with polished brass bands 
and round-headed brass screws. The lagging will be made 
in removable sections over each cylinder, valve-chest, and 
man-hole cover, the sections to. be of such size as to be easily 
handled, and all parts plainly marked. The Jagging elsewhere 
be will be so secured as to be-easily removed, replaced, and 
repaired. 

All parts of the condensers except the water-chests at ends 
will be clothed with approved material, put on in sections so 
as to be easily removed and replaced. 

All steam and exhaust-pipes, the separators, and all steam
valves will be clothed in an approved manner with a satisfac
tory non-conducting material, covered with canvas, well 
painted. The main steam and exhaust-pipes in engine-room 
and the main separators will be also covered with black-
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walnut lagging with brass bands. The canvas covering of 
steam-pi pI'S will be secured to bulkheads where the pipes pass 
through t hem. The main steam-pipes from the forward boil
ers to the port engines, where it passes through bunkers, 
will be, in addition to the covering above specified, inclosed in a 
water-tight casing of galvanized iron; likewise both main steam
pipec; where they pass through the magazine compartment. 

The steam-cylinders of all auxiliary engines will be cloth
ed and lagged the same as main cylinders. 

After the boilers are in place and have been tested and 
painted they will be co,'ered all over, except where directed, 
as low as the saddles, with approved incombustible non-con
ducting material at least It inches thick. This clothing will 
be covered on tops, sides, and back heads and on fronts, where 
required, by galvanized wrought-iron plates about No. 18 
B. W. G., lapped not less than 1 inch and bolted together; 
also secured to boiler-plates at bottom- by angle-iron, which 
will be held in place by i-inch bolts tapped pnrt way into 
the boiler-plates, and held off from the boiler-plates elsewhere 
by suitable distance-pieces. 

RA.DIA.TORS. 

Radiators of approved pattern will he furnished, fitted, and 
connec~ed, with areas as follows: 

In the forward superstructure, two of 30 square feet each j 
In the amidship superstructure, four of 25 square feet each; 
In the cabin passage-way, two of 15 square feet each; 
In the Admiral's cabin, one of 25'square feet; 
In the commanding officer's cabin, oue of 25 square feet; 
In the Admiral's bath-room, one of 3 square feet; 
In the commanding officer's bath-room, one of 3 square feet; 
In the after compartment of the after superstructure; one 

of 30 square feet; 
In the crew's water-closets, one of 10 square feet; 

14-Maine. 

• 
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In the forward compartment of berth-deck, two of 20 square 
feet each; 

In the 2d compartment of berth-deck, three of 25 square 
feet each; 

In the 3d compartment of berth-deck, two of 15 square feet 
each; 

In the 4th compartment of berth-deck, four of 20 square 
feet each; 

In the 5th compartment of berth-deck, four of 20 square 
feet each; 

In the sick-bay, two of 15 square feet each; 
In the steerage country, four of 20 square feet each; 
In the steerage, two of 15 square feet each; 
In the forward ward-room, four of 20 square feet p.8ch; 
In the after ward-room, two of 15 square feet each; 
In the dispensary, one of 5 square feet; 
In the paymaster's office, one of 5 square feet; 
In the executive officer's office, one of 5 square feet; 
In warrant officer's mess-room, one of 5 square feet; 
In the chart-house, one of 5 square feet; 
In the pilot-house, one of 5 square feet. 
Each radiator or coil of more than ] 0 square feet will be 

divided into two parts. The radiators in the crew's quarters 
will haye the valve-stems squared and fitted with removable 
keys. 

The steam and drain-pipes will be of seamless-drawn brass, 
of iron-pipe size, suitably connected by composition fittings in 
a manner that will permit them to be easily taken down for 
repairs. 

All union-joints will be coned or have corrugated copper 
washers. 

All holes through decks and bulkheads will be thimbled 
with brass. 

Steam and drain-pipes will be clothed where near wood
work. 
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The !:iteam-pipes will connect with the auxiliary steam-pipes 
where directed, and be fitted with adjustable reducing-valves. 

The drain-pipe of each circuit will have an approved auto
matic steam-trap discharging into feed-tank and elsewhere as 
directed. 

Independent steam-pipes will IE'BCl from engine and fire
rooms to the principal divisions of the officers'. quarters and 
forward parts of the ship. 

WHISTLE. 

An approved polished brass steam-whistle, with bell of 
about 8 inches diameter, will be placed forward of the for
ward smoke-pipe, well above the level of the awnings, and 
connected to the auxiliary steam-pipe by a pipe having a stop
valve at its lower end and a working-valve at the upper end. 
The pipe will have an expansion-joint at lower end. 

SIREN. 

There will be a steam-siren of approved pattern and size, 
placed where directed, and connccted similarly to the whistle. 

HOSE AND HOSE-REELS. 

A sufficient length of hose will be supplied for each engine
room and each fire-room, to lead to the farthest part of the 
adjoining coal-buukers below the armored deck. The hose 
for engine-rooms will be of the best quality rubber-lined linen, 
and that for fire-rooms will be the best quality four-ply rubber 
engine-hoJe; all 21 inches diameter, with standard couplings. 
Each hose will be supplied with a rubber hose-pipe with 
handles. A fair of spanners will be supplied for each hose. 

A hose-ree of approved pattern will be fitted in each fire
room, and a swinging bracket or similar hose receptacle in 
each enginc-room. Hose-pipes and spanners will be fitted in 
beckcts. 

SHAFTS THROUGH BULKHEADS. 

All shaft~ passing through water-tight bulkheads will be 
fitted with stuffing-boxes, each in two parts. 
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FLOORS AND PLATFORMS. 

The engine-rooms, fire-rooms, and connecting passages will 
be :floored with wrought-iron plates t inch thick, with 
neatly matched :flat-topped corrugations running fore and aft. 
The plates will be of convenient size and easily removable, 
except such as form part of air-ducts in fire-rooms. They 
will rest on proper ledges of angle or T -iron, and will have 
drain-holes where necessary. Platforms will be provided for 
getting at all parts of the main and auxiliary engines and 
boilers. These platforms, where placed over moving ma
chinery, will be fitted the same as the lower floors. In other 
places they will be made of iron rods t inch square, placed 
! inch apart. The fire-room :floors will be so -arranged as to 
form troughs for firing the central furnaces; these troughs to 
be of such length as to leave a clear passage about two feet 
wide in the center of the fire-rooms on a level with the main 
:floors. 

LADDER~. 

I.adders will be fitted wherever necessary for reaching the 
engine-rooms and fire-rooms from deck, and for reaching the 
various platforms, passages, and parts of machinery. The 
engine-room ladders will he made with plate-iron sides and 
light cast-iron treads with corrugated tops. The fire-room 
ladders will be made with plate siJes and double square-bar 
treads. 

All ladders will be flO fitted as to be easily removable where 
required, and will be jointed and hinged, with necessary fast
enings and gear, where they have to be moved when closing 
hatches. Light iron ladders will be fitted to and through one 
ventilator in each engine-room as means of egress when the
battle-hatches are closed. 

Gear will be pruvided for quickly opening the battle-hatches 
over the fire-room ladder~, this gelr to be worked from fire
room. 
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HAND-RAIL!'!. 

Hand-rails, easily removable where required, will be fitted 
to all ladders and platforms, around moving parts of machinery, 
and along bulkheads and passage-ways. The hand-rails and 
stanchions will be made of deoxidized bronze, or of approved 
equivalent metal which will not easily tarnish; and will be 
polished all over. The lower ends of stanchions will pass 
through floor-plates with nuts underneath. 

GEAR FOR WORKING VAJNES FROM DECK. 

The safety-valves, boiler stop-valves, and engine-room stop
valves, as elsewhere specified, will have suitable gear for work
ing them from the main deck. 

The rods of the gear wilL be guided and supported on deck 
by cast composition standards, left rough and painted. Each 
rod will have a hand-wheel at least 3 feet above the deck. 
The stop-valve hand-wheels will be 16 inches in diameter, 
each to be fitted with an approved lock and key; all locks and 
keys to be alike. The wheels will be of brass, polished, and 
will have their rims connected with the hubs by plain discs 
without holes in them. Or in lieu of hand-wheels, if directed, 
polished brass bar-handles will be fitted to squares on the 
turning-rods, and will be stowed in beckets on bulkheads. 
The tops of rods will be protected by brass caps. All hand
wheels will be engraved with name; or cast-brass label-plates 
with polished raised letters will be fixed to adjoining bulk
heads. 

LIFTING-GEAR. 

Efficient lifting-gear, consisting of traveler-bars and pulleys, 
deck-beam clamps, turn-buckles, shackles, hooks, eye-bolts, and 
as may be directed, will be fitted wherever required for lifting 
parts of the machinery for overhauling and repairing. 

Holes will be tapped in all the principal movable parts of 
machinery for this purpose. 
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OIJ,-TANKS. 

Oil-tanks, of 1 ,000 gallons total capacity,divided as directed, 
will be fitted where directed, with facilities for filling from 
deck. Thcy will be made of wrought-iron not less than t 
inch thick, and will each have a glass gauge, a man-hole and 
cover near the top, and a locked-cock for drawing oil.' In each 
engine-room there will be fitted two copper oil-tanks of 20 gal
lons each and two of 8 gallons each, and in each boiler com
partment one of 5 gallons, all with lock-cocks. All oil-tanks 
will be fitted with drip-pans. 

Each of the larger oil-tanks will have a hand-pump and pipes 
for fil1ing the smaller tanks. 

Two iron tallow-tanks, with hinged covers, will be fitted 
where directed. 

VEN'rILATORS. 

Ventilators, with cowls well above the awnings, will be 
fitted, three to each fire-room, 24 inches internal diameter. 

The ventilators will be of wrought-iron, No. 11 B. 'V. G., 
butted and single-strapped and flush-riveted. The cowls will 
be movable, of No. 12 B. W. G. copper, not planished, and at 
least 48 inches in greatest diameter. The base-rings of cowls 
will be of composition, finished on working parts but left un
finished on the outside. All cowls will be fitted with gear for 
turning them from engine and fire-rooms, the gear to be of 
composition except the spindles, which wiII be of wrought
iron. Brass hand-wha-ls or T -handles will be fitted to spindles 
in engine and fire-rooms. 

TOOLS. 

The following tools will be furnished in addition to those 
elsewhere specified: 

One set of wrenches complete for each en~ine and each fire
room, to be fitted for all nuts in their respectIve compartment'!, 
plainly marked with sizes, and fitted in iron racks of' approved 
pattern. The wrenches for nuts of bolts less than one inch in 
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diameter will be finished, and for all over two inches in diam
eter will be box-wrenches, where snch can be used. Socket
wrenches will be furnished where req uired. Open-end wrenches 
will be of steel or wrought-iron, with case-hardened jaws, all 
others of wrought-iron or cast steel; 

One pair of taps, on rod, for tapping front and back tube
sheets of main boilers at one operation. This will be a dupli
cate of that used in originally tapping the sheets, and be so 
packed as to be pp,rfectly protected from injury; 

A fixed trammel for setting the main valves without remov
ing the covers, the valve-stems to be properly marked for this 
purpose; 

Fixed trammels or gauges for aligning crank-shafts, bras.q 
pins being let into pillow-blocks and center-marked for this 
purpose; 

Two complete sets of fire-tools for each fire-room; 
Six coal and six nsh-buckets for each fire-room. 
All trammels and gauges will have protecting cases. All 

tools will be conveniently stowed. 

l>UPLICATE PIECES. 

The following duplicate pieces, in addition to others spec
ified, will be furnished, fitted and ready for use; viz: 

One set of valves for each pump; 
One valve-seat, with guards and bolts complete, for air

pumps; 
One-half set of follower-bolts and nuts for eaeh steam-piston, 

and one set for each air-pump piston; 
One-half set of springs for each steam-piston; 
Two bottom brasses and two top brasses for crank-shaft 

bearings; 
Two crown brasses and two butt brasses for crank-pins; 
One cap and two bntt brasses for cross-head journals; 
Two composition shoes complete for cross-heads; 
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One section of crank-shaft, to be fitted ill place, and delivered 
at snch naval station in the United States as may be directed, 
to be left in store; 

Three blades for each propeller, fitted to propeller-bosses. 
These blades will be of such pattern as may be directed after 
the trial of the vessel; 

One complete set of brasses for each main engine valve-gear; 
One complete set of brasses for each circulating-pump engine, 

-each air-pump engine, each main feed-pump, each fire-pump, 
and each blowing-engine; 

Four spare cup-leathers for each one fitted in hydraulic 
gear; 

One piston-rod for each piston of each pump in fire-rooms; 
One feed-check valve complete; 
One bottom-blow valve complete; 
One complete set of metallic packing for each stuffing-box; 
A spare hose and nozzle for each steam tube-cleaner; 
One-eighth of a complete set of grate-bars and bearers for 

~ll furnaces, and one pattern for each casting; 
Four dead-plates for furnaces and one pattern for same; 
Two ash-pit dampers, with gear complete; 
Two ash-pit doors; 
One hundred stay-tubes for main boilers, threaded to fit 

threads in tube-sheets, with ends wrapped in canvas; 
One hundred ordinary boiler-tubes for main boilers, swelled 

at one end and annealed, ready for use; 
Two hundred condenser-tubes, packed in boxes; 
Fifty condenser-tube glands; 
One spare spring for each safety-valve and relief-valve; 
One spare basket for each Macomb bilge-strainer; 
One set of coils for each evaporator. 

. Wherever duplicate pieces are furnished for one of two or 
more pieces of machinery of the same size, they will be made 
strictly interchangeable. 

All duplicate pieces, not of brass, except as otherwise spec
ified, will be painted with three coats of wh.ite lead and oil and 
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Copper 6, tin 1, and zinc 1 parts. 
Naval brass-

Copper 62, tin 1, and zinc 37 per cent. 
For composition not otherwise specified-

Copper 88, tin 10, and zinc 2 per cent. 
Muntz metal will be of the best commercial quality. 
Anti-friction metal will be of' approved kind. 
Ornamental brass fittings will be of good, uniform color. 
All castings will be increased in thickness around core-holes. 

Core-holes will be tapped and core-plugs screwed in and 
locked, except where bolted covers are used, or where it may 
be directed that the holes be left open. 

AU steel forgings will be without welds and free from lam
inatiom. 

All flanges, collars, and off-sets will have well-rounded fillets. 
All boiler-plates, stays, and tubes will be well cleaned of 

mill-scale by pickling or other approved means. 
All flanged parts of boilers will be annealed, after flanging, 

in an approved manner. 
India-rubber valves will be of approved kind, of best com

mercial quality. 
All bolts for securing the boiler attachments will, where pos

sible, be screwed through the boiler-plates, with heads inside. 
All work will be in every respect of the first quality and 

executed in a workmanlike and substantial manner. 
Any portion of the work, whether partially or entirely com

pleted, found defective, must be removed and satisfactorily 
replaced without extra charge. 

TESTS OF MATERIAL. 

All steel used in the construction of the boilers, and all steel 
forgings and castings will be ~ted in accordance with rules 
prescribed by the Navy Department. . . 

All boiler and condenser-tubes will be tested to 300 
pounds pressure per square inch, applied internally before 
being put in place. 
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India-rubber valves, taken at random, mnst stand a dry
heat test of 2700 F. for one hour, and a moist-heat t~t of 
3200 F. for three hours, without injury. 

TESTS OF BOILERS AXD ltfACHINERY. 

Before the boilers are painted or placed in the vessel they 
will be tested under a pressure of 225 pounds to the square 
inch above atmospheric pressure. This pressure will be ob
tained by the application of heat to water within the boilers, 
the water filling the boilers quite full. 

The steam-pipes and valves, the auxiliary engines, and all 
fittings and connections subjected to the boiler pressure will 
be tested by waler pressure to 225 pounds to the square inch. 

The high-pressure cylinders, jackets, and valve-chests will 
be tested by water pressure to 200 pounds to the square inch; 
the intermediate cylinders and connections to 145 pounds, 
and the low-pressure to 100 pounds. The exhaust side of 
the low-pressure valve-chests will be tested to 30 pounds. 
The condensers will be tested to 30 pounds. 

The pumps, valve-boxes, aud air-vessels of the feed, fire, 
and bilge-pumps will be tested to 250 pounds per square inch. 
The cylinders and condensers will be tested before being 
placed on board, and must be so placed that all parts may be 
accessible for examination by the Inspector during the tests. 
All parts will also be tested after being secured on board. 
No lagging or (!Overing is to be on the cylinders or conden
sers during the tests. 

PADi·T1NG. 

After a satisfactory test the boilers will be painted on the 
outside with two coats of brown zinc and oil, and when in place 
the fronts will be painted with one coat of black paint. 

All engine-work, not finished, will be primed with two coats 
of brown zinc and oil, and when placed in position on board 
the vessel will be painted with t-vo coats of paint of approved 
color. The shafting, when in place, will be painted with two 
coat'! of red lead and oil and two coats of black paint. 
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The smoke-pipes will be thoroughly painted before and after 
erection on board. The ventilators and cowls will be painted 
similarly to the smoke-pipes, except the interiors of the cowls, 
which will be paintled vermilion. 

All pipes will be painted in accordance with a schedule to be 
hereafter furnished. 

PRELIMINARY TESTS AND TRIALS. 

Steam will not be raised in the boilers until after the water
test on board, unless desired for drying or teRting joints, for 
which l?urpose the pressure must not exceed 10 pounds per 
square mch. 

After testing, steam will be raised in the boilers whenever 
'requlred, to test the connections and the workings of all parts 
of main and auxiliary engines. All expense of such prelim
inary tests will be borne by the contractor. 

SUPERINTENDING ENGINEER'S OFFICE. 

A suitable office and drafting-room, properly furnished and 
heated, will be furnished by the contractor for the use of the 
superintending naval engineer and his assistants. 

RECORD OF WEIGHTS. 

The actual finished weights of all machinery, boilers: and 
appurtenances thereto, as fitted; also all spare machinery and 
tools herein specified, will be weighed by the contractor in the 
presence of the superintending naval engineer or one of his 
assistants before being placed on board; and no part of the 
material will be placed on board without being so weighed to 
the satisfaction of the superintending naval engineer. 

WORKING DRAWINGS. 

All drawings necessary for the prosecution of the work 
must be prepared by and at the expense of the contractor. 
Those which are developments of the drawings furnished and 
of these specifications will be subject to the approval of the 
superintending naval engineer before the materIal is ordered 
or the work commenced. 
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In the drawings fnrnished, figured dimensions, where given, 
will be followed, and not scale dimensions, unless otherwise 
directed. All discrepancies discovered in drawings, or between 
drawin~ and specifications, wiII be referred to the Bureau of 
Steam Engineering. 

A copy of each working drawing will be furnished to the 
superintending naval engineer before the work shown by the 
drawing is commenced. A copy of each drawing accompany
ing orders for steel castings or forgings will also be supplied 
when the work is ordered. 

Working drawings of all seatings necessary for engines, 
boilers, and appurtenances will be furnished by the contractor 
to the Navy Department, for the use of the Bureau of Con
struction and Repair, within sixty days after the signing of 
the contract. 

DRAWINGS OF COMPLETED MACHINERY. 

The contractor will make and furnish to the superintending 
naval engineer a complete set of drawings of the boilers, ma
chinery, and appurtenances as actually completed, including 
plans of the same as fitted on board the vessel. These draw
ings will include every piece of machinery, both in whole and 
in part, and will be in such detail as would enable the entire 
machinery to be duplicated without additional drawings. No 
sheet will contain drawings of more than one part of the ma
chinery, except those intimately connected with each other. 
The detail drawing of each part of machinery wiII be furnished 
within one month after the completion of the part without wait
ing for its incorporation into the machine as a whole. Detail 
drawings will be made to a scale of not less than one and one
half inches to the foot. General plans of the machinery in 
place in the vessel will be made to a scale of on~quarter of an 
inch to the foot. Pipe plans will be made to a scale of not Jess 
than three-eighths of an inch to the foot. The pipe plans will be 
divided into at least twoparts-one showing steam and exhaust
pipes, and the other showing all other pipes. The pipe plans 
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will be colored, in accordance with a schedule to be furnished t 

to indicate the purpose which the pipes nre intended to serve, 
and accompanied by an explanatory index:. 

All drawings will be made on the best quality of tracing
cloth, all sheets being, as far as possible, multiples or sub-mul
tiples of "double-elephant" size. 

Detail drawings will be hatched, where in section, in accord
ance with a schedule to be furnished, to show the various 
metals employed. 

CHA.NGES IN PLANS AND SPECIFICA.TIONS. 

The contractor will make no changes in the plans or speci
fications without the approval of the Navy Department. In 
case it is thought advisable to make changes, the contractor 
will make application by letter to the Bureau of Steam En
gineering, through the superintending naval engineer, stating 
the nature of the change, accompanied by complete plans and 
specifications of the proposed change; together with a state
ment of his estimate of the amount of increase or decrease in 
cost. 

INSPECTION. 

The work of construction of the boilers, machinery, and ap
purtenances shall be at all times open to inspection by officers 
appointed for such purpose by the Navy Department. Every 
faciIitr will be aftorded such inspectors for the prosecution 
of their work. All handling of material necessary for purposes 
of inspection will be done at the expense of the contractor. 
All test specimens necessary for the determination of the 
strength of material used will be prepared and tested at the ex
pense of the contractor. The contractor will furnish the super
intending naval engineer with a weekly list of the number of 
men of each class employed upon the work, together with 
a statement of the number of hours labor in each class. 

OMISSIONS. 

The engines, boiJers, uptakes, and smoke-pipes, all auxili
aries, piping, and connections, all sea-valves (except the cutting 
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of the holes for the same), and all parts described in these 
specifimtions and in the official drawings are to be fitted com
plete to the vessel by the engine contractors, and any part of 
the machinery, or any article pertaining thereto which may 
have been inadvertently omitted from these specifications or 
from the official drawings, but which is necessary for the 
proper completion of the vessel, is to be supplied by the con
tractor without extra charge. 

o 
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