CHAPTER 1X.
NAVAL GUN MOUNTS.
Section ].—General.

901. The mount is the entire system inlerposed between the strue-
ture of the ship and the gun, '

The principal funetions that o mount must perform are: (1) support
the gun in sueh a position that it ean readily be used, (2) provide for
clevation and train, (3} provide for reeoil and eounter-recoil,

The prineipal requirements of 4 modern gun mount are: (1) Bafety
under all eonditions, which necessitatea proper design and requisite
srength of materials, so that the mount will perform its funetions with
the least danger 1o the personnel operating it; (2) rapidity, case, and
smoothness of operation ; (3) faeility of adjustment; (4) simplieity and
reliability; (5) gradual absorption of the shoek of recoil and its dis-
tribution over a sufficient area of the ship to prevent injury to the
ship's struecture; (8) acenrate and reliable control of power, vither hand
or motor,

902. Shipboard installations include many types of mounts, some of
whiech are: (1) tureet mounts, in whieh the guns are housed in an
armored strueture capable of rotation, the guns elevating independ-
ently of the strueture.

(2) Pedestal mounts, in which a carriage rotates on a stationary
pedestal or stand bolted to the ship's strueture. Broadside and anti-
sircraflt mounts are usually of this tvpe, as well as most other 3%, 4%,
2" and 6° mounis.

{(3) Rail sockets, for use in mounting light guns at the ship's rail.

(4) Military top mounts, for use in mounting light guns in the
Hops.
~ Mounts sometimes used by the Navy elsewhere than on board ship
“Are:

(1} Boat mounts, for use of one-pounder or other guns in the ships'
boats,

(2) Field mounts, for use of field guns ashore with a landing foree.
(#) Railway mounts, for use of large guns on railway ears ashore,
903. For purposes of introduetion, & brief idea is here given as to
the relation which the component parts of a representative shipboard
“mount bear Lo one another:
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(1) The slide is a cylindrical casting within which the gun slides
axially in reeoil and counter-recoil. In elevation, the slide with its eon-
tained gun, operates independently of the rest of the mount. From
gither side of the slide, in & horizontal plane, projeet the trunnions,
which rest in suitable hearings in

(2) The carriage. This is the part which rotates in train, carryving
with it the slide and gun. In a turret mount the deck lugs and gun
girders are together analogous to the earriage. The carriage rests upon
and rotates on a roller path on o stationary membor ealled

(3) The sfand, This is bolied Lo the ship’s strueture. Ina turret it isa
heavy assemblage of girders buill into the ship’s strueture.

904. Modern naval gun mountings are designed fo have ares of
elevation approximately as follows: S-ineh mounts on heavy cruisers
40% turret mounts on battleships of the California and Maryland
classes 30°; turrela on earlier ¢lasses of battleships were designed for
15 elevation, bul on the Oklahoma, Pennsylvania, and New Mexico
classes, this elevation was, on modernization, increased o 30°; broad-
side guns, 207 elevation, and anti-nircraft gons 90° elevation, Turret
gung have 5° depreszion and broadside and anti-aireraft guns have 10°
depression. The train is usually limited only by the ship's strueture and
the loeation of the mount in the ship.

905. The metals used in naval gun mounts arc east stoel, forged
steel, and speeinl bronzes. Cast iron is not used. Cast steel is used for
the principal strength members, such as the earringe, slide, and stand,
and also for the lnrger eastings of the elevating and training geoar.
Bronze is used for all plain bearings and bushings where moving paris
are of steel. Bronze is also used for the smaller eastings, where the use
of enst steel is impracticable, on aceount of the difficulties of casting,
and for all metal parts eoming in contact with the powder.

006. Stresses in deck structure and mount due to firing.~The bolis
securing the mount to the deck and the deck strueture itself must be
capable of withstanding the weight of ihe gun and mount and the turn-
ing moment produced by the reaction of the slide trunnions in the
trunnion seats of the carriage.

The forees acting on the deek strueture and mount when the gun
is fired are shown in Fig. 901.

R, is the foree of resistance to recoil exerted by the recoil eylinder.
R, is the foree tending to push the breech side of the stand down into
the deck. Ry is the force tending to tear the bolls at the muzzle side
of the gtand out of the deek. I, is Lthe shearing foree, tending to shear
off the belts in a horizontal plane. W is the weight of the entire
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mount, ineluding the gun. These forees, Iy, R., and I, may be deter-
mined as follows:

For equilibrium, the summation of all horizontal forees is equal to
TET0, OF

B.— H, =10 (1}
Taking moments ahout B we get
fh — Wm — Il =0, (2)
5 Rb — Win
Ry = e (3)

r—t—

j—
=T
h—4
Fra. 401,
Taking moments about K, we get
Rk = Wl —m) — Hil = 1) (4)
Or

Bh4Wil—m)

e i (5)

l

i and s are expressed in terms of #,, the other quantities being
- known. K, ean be found by methods outlined in Art. 1004,

Equations (3) and {3) give the value of the reaclions at the beginning
of recoil. The value of the reactions with the gun at extreme recoil may
~ be determined by making the proper allowance for the movement of
~ the weight of the reeoiling parts through the distance of recoil.

When the gun is elevated the foree I, can be resolved into a vertieal
component acting downward with the weight of the gun and a hori-
- #ontal component acting similarly to 12, above, but of less magnitude,
- The computations above ean be used in designing the strength of the
ount, and the strength of the deck structure on which the mount is
placed.

By taking the resultant of (1) K. acting parallel to the axis of the
- Bun and (2) the weight of the parts supporied by the trunnions, acting
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vertieally downward, the pressure on the trunnions during firing may
be computed and the necessary strength of those parts then deter-
mined,

907. In the following pages deseriptions of typical broadside, anti-
aireraft, and turret gun mounts are given. These mounts are the ones
most often encountered aboard ship. Further information as to spoeeial
types of mounts iz given in the chapters on naval landing guns and
maching guns. T'he subjects of sights, and ol recoil and cownter-recoi
mechandsms are not treated in detail in this chapter, being sufficiently
eovered in the ehapters specially devoled Lo those subjects,

Section TI.—A Broadside Gun Mount.

908. The following description of a typical broadside gun mount is
to be studied with frequent reference to Plates I, 1T, 111, and 1V, The
plates being in great detail, the deseription i intended to supplement
a study of the plates, rather than the reverse,

The slide (Plate 1V) is o eylindrieal steel easting fitted with bronze
front and rear liners in which the gun slides in recoil and counter-
reeoil, In the slide liners is eut a keyway into which the gun is keyed to
prevent rotation, Cast solidly with the glide are two trunnions, with
projecting bosses, The trunnions rest in bearings in the earringe arms
and thereby support the slide and gun in the earviage. At the lower for-
ward end of the slide is cast a pad to which iz attached the adjustable
elevating are. The slide may be moved in elevation in a vertical plane
about the trunnion axis, the gun moving with it in elevation. Beneath
the slide and cast integrally with it are circular brackets that support
the iwo recoil and eounter-recoil eylinders, In the type of mount illus-
trated the recoil and eounter-recoil cloments are both eontained iy
each of the two eylinders. Reeoil is ehecked by the combined action of
the raeoil piston and guid and of the counter-recoil springs, the gun
being returned to batiery by (he enorgy stored in the compressed
springs. Lugs are provided on the slide for the sights and other acces
sory apparaius. Pressure grease fitlings on the slide foree grease into
grooves eul in the inner surfaees of the slide liners. In train the slide
(and gun) move with the carriage.

009. The carriage (Plaic 111} consists essentially of a hollow eylin-
driexl base with two upward-projecting arms east integrally with it
These terminate in seats for the trunnion bearings and frictionless
bewrings, The Lrunnions are retsined in their bearings by means of the
cap squares. Flevation of the gun is accomplished through a {wa=hand
drive mounted on the left-hand side of the earringe and funetioning
through bevel gears and a worm to the elevating pinion, which mﬂﬂhﬂﬂ';




Navan Gox MouxTts o200

with the elevating are attached to the slide. Brackets are bolted to
the side of the earriage to support this mechanism. The are of elevation
is from 10° below horizontal to 207 above. The gun earriage is trained by
means of a two-hand mechanizsm earried on brackets on the right-hand
earringe arm, operating through bevel gears to a worm meshing with
the training cirele, which is a worm rack secured to the stand. Plat-
forma for the pointer and trainer nre secured o the base of the carvinge,
A bracket for supporting the hattery box may be seeured to the ear-
ringe bose, The wems of the earviage are now made with extending
shoulders to which may be bolted shields foptee "*mtm-#:nmvE PR,
pinters,

010, The stand (Plaie 1I) projects into the hollow base of the car-
riaze, where it is gnided by upper and lower bushings bearing against
the bearings within the earriage base. The weight of the earringe is
borne by rollers or balls which turn on hardencd steel roller paths,
housed in the earriage base and stand. A flange projecting upward from
the base of the stand supports the training cirele and the azimuth indi-
vator are, Water-tight handholes on opposite sides of the earringe hase
make the bearings readily aceesaible for inspection and give aeoess 1o
the holding-down elips. Holding-down elips are heavy metal lugs bolted
to the stand and projecting over a lange of the earriage or, viee voran,
fur the purpose of holding the carriage on the stand when firing,

911, Frictionless bearings.—The upper surfaces of the earringe
thecks are machined to provide slots into which Gt cap squares secured
with eap-square bolis (zee Fig, 902), Lost motion resulting from wear-
g of the trunnion bushings or seats is eliminaled by tapered eap-
square shoes or adjusting wedges fitting into slots in the eap squares and
- bearing agninst the trunnion bushing, These wedge-shaped shoes are
fored into the slots by means of enp-squure adjusting nuts or knobs
- brning on enpesquare studs and bearving agninst shoulders on the outer
ends of the cap-square shoes,

The knife-edges, upon whieh the oseillating paris rock when the
pun is clevated or depressed, are housed within pockets eut in the ex-
fending lugs on the outer ends of the trunnion bosses. Each knife-edge
slides in the lower end of the recess of the trunnion boss and = wud-
Justed and secured in position by an 1tlju-tlin;: serew which threads
fthmul..h the extending lug and is maintained in the desired position
by a loeking elamp seeured by o loeking-elamp bolt. The dead weight
z;ﬁr the oseillating parts is transferred from the knife-edge to a knifes
lge bearing held by o dreive it in a slol in the upper surfaco of the
'J]}]JH.IL“ bar, The spring bar is supported on two alloy-steel rollers,
Curved reeesses al each end of the spring bar serve as upper roller
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~ paths; similar recesses in the roller bearing function ns lower roller
. paths. The roller bearing rests upon a projeeting shoulder cast on the
[ carringe arm below the trunnion seat. When the gun is at reat, the
~ weight of the oscillating parts is carried by these frietionless hearings
which transfer the weight direetly to the earriage arms; but when the
pressure on these bearings is increased by firing, the spring bars de-
fleet and allow the trunnions to bear against the trunnion seats, pro-
viding ample support for the gun and slide. The [rictionless bearings
are protected by tronnion bearing eovers bolted {o the earriage arms.
912, Adjustment of frictionless bearings.~I{ the gun and slide are
ot properly and aceurately balaineed on the trunnions, the clevating
gear will operate with difficulty, espeeially in one direction. If the ele-
valing gear for a properly balanced gun does not operate properly, the
“cause will normally be found due to the improper adjustment of the
frictionless bearings. If the adjusting serews are not adjusted so as to
transfer the weight of the gun and slide to the spring bars, or if they
dre so adjusted that the trunnions are forced against the upper surfaces
‘of their bearings, then the frictionless bearings will not funetion
“properly and clevation and depression will be difficult. These dis-
“grepancies may oceur in either one or both bearings. Aecurate adjust-
anent of these bearings is casily aceomplizhed by turning the adjusting
serews until thin feelers may be inserted between the trunnions and
heir bearing surfaces, after which the adjusting nuts may be locked
gecurcly with the locking clamps provided.

Section [II.—Anti-aircraft Mounts.

013. General.—In addition to small-caliber machine guns, our
Nuvy now has the 3-inch 50-ealiber, the 5-inch 25-caliber, and the 5-
ch 33-caliber semi-sutomatic guns mounted on board ship for anti-
salrerafi batleries.

Anti-aireraft guns must be mounted on weather decks where they
LA fire at maximum elevation, have minimum interference from ihe
fﬁ_p.'ﬂ strueture, and be reazonably clear of the blast of other guns,
The following ure desirable features for anti-aireraft gun mounts;
(1) High elevation.

{2) Low trunnion height.

(3} Faseand rapidity of elevation and training,

{4) Rapidity of loading and firing.

_ vﬂhx iously some of these features ean be obtained only at the ex-
Bense of others.

['u utilize economically on board ship the available gun positions,
8 tonnage, and the personnel, it is necessary that all anti-aireraft
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guns also be efficient guns for firing at surface largets. The 5-ineh 38-
caliber guns for reeent construetion are two-purpose guns, i.e., for use
against surface and aireraft targels,

914, Plates V and VI show the 3-inch, S0-caliber anti-aircraft gun
and mount.—As will be noted, the trunnion height is considerable—
about 66 inches—and the mount is eut away at the rear to allow for
907 extreme elevation. Loeated on the upper deck, the gun is capable
of training through 360° and, except over small ares where the masts
and stacks may interfere, it cun be fired at all angles of train.

The details of the mount are shown in Plates V and VI It will he
geen that the earriage, which forms the greater part of the mount,
rests over o low eylindrical stand that is bolted to a foundation plate in
the deek. The exrrisge is supported on the stand by twe ball bearings,
an inner and an outer ball bearing. These two bearings are designed to

o=
:.'-:J:; E’
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Fig. 903, —Tug 3-Ixce Carrtaor, Manx X1, Is Scrronteo ox Two Bawy Branrscos
axp Is HELD To TaE STAxp 8y Ax Anustive Rova,

redues friclion to a minimum, The inner bearing takes the compression
load, weight, and vertieal downward thrust of reeoil when the gun is
fired, The outor bearing holds the earriage on the stand and thus takes
the tension lond due to roll of the ship and to upward thrust of reeoil
when the gun is fired at low angles of elevation. This is the funetion of
the holding-down elips in the conventional broadside mount. Figure
%03 shows the stand and a portion of the carriage, in seetion, and
clearly indieates the details of assembly and the means by which the
earringe is retained upon the stand. The bolls for seeuring the flange
of the truining cirele to the flange of the stund have been omitted in the
figure for Lhe sake of clearness,

A training worm, meshing with the training cirele, is connected by 8
suitable shaft and gearing with the trainer’s two-hand drive shown af
the right of the gun.
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O the left side of the carriage is the peinter’s two-hand drive, which
actuates o pinion meshing with the elevating are shown in Plate V.

The truining and elevating gears are of the standard broadside mount
type.

At the top of the earriage are the trunnion seats in which the trun-
niong rest. Tho latter form part of the slide through which the gun
zlides on reeoil and eounter-reeoil.

915. The S-inch, 25-caliber anti-aircraft gun was designed and de-
veloped by the Navy to fill the need for an anti-aiveraft gun of larger
caliber with high rate of fire. This gun is semi-automatic and is in-
varinbly used as sueh when firing at aireraft targets. While designed
primarily ag an anti-pirerafl gun, it may also be used for fring al sur-

- face targets, The following brief deseription is intended to supplement
a study of Plates V11 and VIII.

The slide is u large box-shaped stecl housing with a rear plate bolted
on its after end,

{a) The slide houses the breech of the gun and guides the gun during
reeoil and eounter-recoil.

{b) The forward ends of the two recoil piston rods are secured 1o the
forward end of the glide. The reeoil system is of the hydraulie type.

(¢) The after end of the counter-reeoil plunger is seeured to the after
end of the slide (rear plate}. The counter-recoil system is of the hy-
dranlie-pneumatic type.

(d) The trunnions are on the outboard sides of the slide, and,
through them, the weight of the gun and the foree of recoil are de-
livered to the earringe.

(e} The elevating are is secured to the slide direetly under the for-
ward part,

(f) The breceh mechanism hand-operating lever s mounted on the
right, sicle of the slide.

() The power rmnmer ig mounted on the right side of {the slide and
above it.

The carriage is supported on the stand by two ball bearings, an inner
and an outer hall bearing. The outer bearing takes the compression
load, weight, and vertieal downward thrust of recoil when gun is fired.
The inner bearing holds the carriage on the stand and thus takes the
tension load due to roll of the ship and to upward thrust of recoil when
firing gun at low angles of elevation. It is thus seen that the functions
performed by the inner and outer bearings of this mount are respec-

tively performed by the outer and inner bearings of the 3-inch, 50-cali-
ber mount, illustrated in Fig. 903. The training and clevating gears are
of the standard broadside-mount type,
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The stand is a low heavy steel casting having a square hase. The
stand contains the lower ball race for the outer hall bearing and the
upper ball race for the inner ball bearing,

The fuze setter is mounted to the left and aft of the breceh of the
gun on a platform which is attached to the gun earriage.

This gun can be moved rapidly in both elevation and train. The
Lrunniong are cquipped with roller bearings which =erve both as main
trunnion and frietionless trunnion bearings. These bearings are similar
to those shown in Plate X111,

Section IV.—Turret Mounts.

916. General considerations.—The turret installation on each class
of ship varies, being a gradual development from type to type. In
general, the developments in turret design have progressed from the
use of a single gun in a turrei, to a maximum of four guns in a turret.
1t may be aceepted that this development is based upon sound prinei-
ples and follows a corresponding increase in the size of the navies of
the principal powers.

From the constructor’s point of view, it has been practically demon-
strated that the weight of installation per gun is the least for a three-
gun turret, and inereases in both direetions from this number, due to
the fact that the space occupied by that portion of the three guns con-
tained inside the turret pan is bounded very nearly by a square, which
i the largest rectangle which can be inseribed in a eirele of a given
size. 1t is also true that the least weight is required for designs where
all guns are earried in one slide, but flexibility is thereby lost.

The primary ohjeets to be accomplizhed in the design of o torret are
accuracy and rapidity of gunfive, and effieiency and reliability of all
mechanieal features of the {urred, eombined with the maximum possi-
ble profection against damage by the enemy’s gunfire. The details of
eun and mount should be worked out to eliminate exeessive dispersion
in the fall of shot, and to avoid any inerease in dispersion, caunscd by
any progressive permanent deflection in metal whieh is strained by the
forees resulting from the discharge of the guns, The varions machines
insialled for use in the serviee of the guns should be designed with 2
liberal factor of safely {o insure continuous operation over an ex-
tended period of time, and should be simple in design to facilitate up-
keep, and to avoid the necessity of too much mechanical skifl and ex-
perience on the part of the personnel. Protection 1z gimilar to insure
against aceident and should be the maximum which ean be obtained
without undue sacrifice of accuracy of gunfire and mechanieal relia-
bility.
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017. Historical.—The earlier turret desipns in the 7. 8. Navy were
two-gun turrets with what iz known as a single-slage hogst, That is, the
powier and shell were taken from the magazines and shell rooms and
placed in an open car for each gun, which was hoisted 1o the breech
of the gun, traveling up and down in an open well. The guns were
loaded, using rammers fixed in the rear of the tureet so that the guns
had to be brought {o the horizontal position to be loaded.

When modern target practiee was introdueed in the Navy, about
1903, thers oeeurred several very serions turret aceidents, due to this
apen type of construetion; and all turrels were modified by fitting them
with automatic shutters, to seal the handling reom from the turref
chamber, except at the instant the car was passing the shutter, This
was not entirely satisfactory, and new designs were made on the two-
gtage hoizl principle;that is, the powder and shell were brought up from
the handling room to an intermediate compartment in one set of hoists,
and there transferred io another set which carried them to the guns,
This permitted the introduction of & more positive flame seal between
the iurret chamber and the magazines as this intermediate eompart-
ment was fitted with interlocks which did nol permit doors io be open
at the same time to both turret and handling room. Variable loading
positions were also provided by putiing the rammer on an arm from the
gun slide, thus permitting the gun to be loaded at any angle of cleva-
tion.

T an effort Lo seceure an increazed rate of fire and inereascd reliability
of furret gear, many turrets were converted to “hand Joading.” The
ammunition ears were removed and tube hoists, power-whip operated,
were installed for hoisting shell. The powder was passed up by hand by
men standing on fixed platiorms at different level:. The leleseopie
rammers then in use were taken out and hand rammers nsed. Hand

Noading required larger furret erews and required a larger amount of
strenuous work by these erows.

018, Modern types.—Modern target practice ereated the demand
for, and the Bureau of Ordnance designed, manufactured, and installed
mich faster and more reliable tureel machinery that displaced hand
loading for turrel guns, All powder cars now in use are of the Qame-
proof type. The pusher type of shell hoist has practically dizplaced the
whip type. The chain type of rammer hag digplaced the telescopie type.
Turret machinery iz, in general, both fast and rugeed. In the develop-
ment of furret pnwnl&r Jmi:-:’rﬂ, the maximum number of Bame-proof
compartments, fitted with interlocking flame seals, compatible with an
Adeguate ammunition supply have been installed between the maea-
Zines and the gnns.
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A 14-INCH, 3-GUN TURRET.

The dereription which follows applies generally to all modern tur-
rets, 8-inch to 16-inch inclusive.

019, Major structural subdivisions (See Plates 1X and X).

(1) The barbette.—Thiz iz a eylinder of heavy armor surrounding
the turrel structure from the lowest protective deek up Lo the armored
turret proper, The barbette is stationary and is not joined to the rest
of the turret.

(b} The turret foundation.—This i& o heavy structure of glrders
and beams built into the strueture of the ship. 1t is eylindrical in shape
and extends upward close to the inner surface of the barbette, to a point
near the top of the barbette, At its top il supports the cireular roller
path, earryving the rollers on which the entire revolving portion of the
turret rotates.

(¢} The turret proper.—This is the heavily armored box-like struc-
ture from which the guns protrude, and which may be seen to rotale
from the outside. The eirenlar barbetle armor extends from a poinl
just below the armor secured to the revolving portion of the turret,
down to the lowest proteetive deek of the ship, so that the tureet rool,
front, sl gide plates, together with the barbette and proteetive deck
armor afford proteciion to the gung and machinery within the turret
and to the magazines beneath the turret,

(e} The revolving turret structure.—~"This iz all of the inner strue-
ture forming one assemblage with the turret proper, and extending
downward within the turrct foundation to the deck of the lower powder
handling room. "T'he weight of this strueture and the turret proper rest
and rolate on the rollers on the roller path. All the operating compart-
ment=, machinery, and other gear are in the turret revolving strueture
and turrel proper,

920, Interior subdivisions.—(a) The turret chamber is thal parl of
the turret surronnding the gun positions, It includes the gun ehambers
and the gon pits. The gun breeches are in the gun chambers, as well as
the delivery ends of the shell hoists and powder supply. It is here that
the guns are loaded.

{(b) The turret booth, at the rear of the turret proper, is separated
fram the turret chamber by ‘Aame-prool bulkheads, and is 2o designed
as to give the Lurret officer a direel view of the guns through suitable
dead lights. (Plate XT1.) Aceexs (o the turret chamber is obtained
through doors. Each turret booth has a quick-acting lever ar other de-
viee for operating the sprinkling system in Lhe turret chamber and also
in upper and lower powder-handling rooms and fo drench powder in
the train between lower and upper handling rooms. The turret booth
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iz also Atted with a lever or other device for operating an emergencey
alarm. The turret booth is habitually oceupicd by the turret officor
when the furret is in operation.

(¢} Handling rooms.—The handling rooms are spaces which are
habitually utilized in the ammunition supply train for transferring
powder or shell from the stowage to the supply hoisls, from one hoist
to another, or from one means of supply (o another means of supply.
These may be Marther distinguished as powder-handling rooms and
shell-handling rooms. Bhell stowage is the term uzed (o designate open
apaces where shells are stowed within the turret barbette on the ecircle
decks at various heights and throughout the turret structure.

The magazines and lower powder handling room are adjacent to the
bottom of the turret revolving structurc. They are not in the turret
proper but form an essential part of the ammunition supply facilities.

(dl} Other gpaces arce the storage battery room, training gear room,
hand passing platforms (for powder), tank eompartment for the sprink-
ler water tanks, blower rooms, cte,

021, Special apparatus.—The general requirements regarding Lur-
et eonstruction require that nothing shall be attached to the fureet
armor except fittings required by the structure, or fittings which by
their nature and use eannot otherwise be placed for the efficient opera-
tion of the turret. Means are provided 1o prevent bolts, nuts, rivet
heads, ete, fiving in the lureet a8 the result of shell impaet. In all tur-
retg, exeept single-slide turrety, Hame-proof bulkheads separate the
saveral puns,

A gun spray is installed near the breech of each gun and fitted with
a quick-neting valve controlled from the tureet booth, turret over-
hang, and gun chamber, Another water spray is fitted on the end of &
flexible hose capable of heing uged in the gun breech or any other parl
of the turret gun chamber.

Each gun in the turred iz fitted with a gas expelling device. Blowers
are installed in the turret for ventilating purposes, and during gan firing
the turret is maintained under o slight air pressure.

The intakes of the turret ventilating system are so located as to
minimize the possibility of drawing into the system gases from fires in
caction, Care is taken, g0 far as practicable, to keep water and spray
_hﬁm entering the turrets through the pun ports, and sighting slits,
while the turrets are being operated.

A sprinkling system is installed to drench powder in the gun cham-
bers, upper handling room, lower handling room, and the powder Lrain

- between upper and lower handling rooms where exposed in ease of fire.
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Voice tubes, bells, buzzers, telephone, and fire-control instruments are
installed.

922. The turret mount.—The prineipal parts of a turret mount are
(1) the gun, with breech mechanism and yoke, (2} slide, including re-
coil and eounter-recoil mechanisms, (3) deck lugs and gun girders, (4)
elevating and training gear, including rollers and roller paths, (5) shell
and powder hoists, (6) rammer and spanning trays, (7) sights, (See
Plates TX and X.)

The gun, yvoke, breech mechonism, and gights are deseribed in other
chapters and will not be dealt with |mrz~

023, The gun slide, of which the trunnions are pnrh supports the
gun and the recoil and counter-recoil mechanismz. The slide, cssen-
tially a hollow cylinder, is of cast steel and is lined with I::-rmm*, The
trunnions, about which the guns are moved in clevation, are located
approximately at the eenier of gravity of the oscillating weights which
they support and as close as practicable Lo the turret face plate in order
that the port openings may be reduced to & minimum. On the gun slides
of the Califirnie and Moerypland elagses, the trunnions are semicylin-
drical bossos, the upper forward sectors being ent away to permit in-
stallation closer to the turret face plate, Trunnion and deek Iug of o
moderniged 14-ineh battleship mount are illustrated in Plate X11;
those of an 8-inch gun mount for a heavy eruizer in Plate XTIT.

Tt will be noled that the H-ineh mount, having 30° elevation, ad-
heres to the earlier methed of a small frietionless bearing about which
the gun is moved in elevation and a separate larger main hearing
through which the forees of firing are transmitted to the ship's strue-
ture through the deck lugs and gun givders. The end thrust is taken up
by the key and keyway of the trunnion bushing and deck lug, This
trunnion bushing is cecentric. Rotation of this eeeentric bushing per-
mits adjustment for parallelism of the guns,

In the 8<inch mount, having 40" clevation, the main bearing is ren-
dered as nearly frietionless as possible by the rollers, These roller boar-
ings serve both ag frictionless tronnion bearings and as the main tron-
nion bearings which take the entire load and shoek when the guns are
fired, These roller bearings have no adjustment of any sort. Note that
the axial length of the rollers is divided into two to reduce the possi-
bility of cracking the rollers due to their length or due to their being
slightly eanted. Due to greater roll and piteh of the heavy eruisers, this
mount is fitted with thrust rings to trapsmit the end throst.

To adjust the elearance of the trunnion bearing of the 14-ineh mounl,
(Plate XI1): With all parcts in place and nuts A and £ slacked off,

(1) Serew up nuts C and D until teannion is lifted from its bearing
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sufficienlly to permit ingertion of trunnion feeler gauge on under side
ol Lrunrion.,

(2) Berew up nut A until firmly in contact with boss of deck lug,
ihen serew up one-fourth of a turn additional. Set locknut 8 until in
contact with A.

(3) Readjust nuts € and D by serewing up € until trunnion feeler
gauge can again be inserted on under side of trunnion, set loeknut D
until in contact with €.

With the bearing adjusted as above, the entire weight and friction
of moving Lhe oscillating weights in elevation are borne upon the frie-
tionless roller bearings and transmitied to the deck lug through the
following parts: fulerum arm, fulerum pin, lever, spring rod, Belleville
spring washers, spring rod washer, and spring rod nut. The Belleville
spring washers are heavy saueer-shaped washers, alternate washers
being inverted as shown, When the guns are fired the shock trans-
mitted through the fulerum arm, lever, spring rod, ete., eauses the
paira of Belleville spring washers to dish or fatten, thus permitting the
gpring rod, spring rod washer, and spring rod nut to be lowered suf-
ficiently to permit the lever and fulerum arm to deposit the main trun-
nion in its bearing and so utilize its greater aren to transmit the shock
of firing 1o the deck lugs and to the ships strueture.

924, The recoil mechanism, vonsisting of the reeoil eylinder and
throttling rods, is atlached to the slide. The piston rod is attached to
the gun yolke and recoils with the gun. During recoil, the liquid in the
eylinder is foreed through the orifices formed between the throttling
rods and the apertures in the piston. The method of computing the
proper dirensions of throtiling rods is discussed in Chapter X,

The energy absorbed by the hydraulic brake results in a consider-
able heating of the recoil evlinder liquid, The expansion of the lguid
i compensated for by means of an expension chamber which hasy been
provided for all turrets. This chamber is connected to the forward end
of the recoil exlinder. It functions antomatically, and requires no at-
tention except the excreise of ordinary precaution, during the process
of filling the recoil eylinders, to see that the expanszion chamber re-
mains empty.

The recoil mechanism performs its primary funetion during recoil,
bl it has a limited offcet also on counter-recoil.

925. The counter-recoil mechanism, which i= also attached to the
slide, is provided for the primary purpose of returning the guns to the
battery posilion at all angles of clevation. However, it does have a
limited effect during the recoil,

Until recently, the force for returning the guns to battery was de-
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rived entirely from the compression of the helical springs, but on ac-
count of the large inerease of the recoiling weights and the angles to
which guns are now elevated, springs are impracticable. In battleships
of the Califernia and MWarylond ¢lasses the return of the guns Lo battery
during counter-recoil iz accomplished by a combination of springs and
compressed air. In these mounts there are four counter-recoil spring
tubes per gun, (Six in the ease of 16-ineh puns, | These spring tubes, two
on lop and two on the underneath zide of the slide, wre seeured by
means of straps bolled in plaece.

pecurad to the yoke and running through each spring tube 13 a piston
rod whieh has itz piston at the end farthest removed from the yoke.
Between thisz piston and the head of its tube nearest the yoke are zix
sete of double spiral springs, each two zeis being separated by a disk
that iz supported on the rod. 3

The funetion of these springs is to return the gun to battery after
recoil, and in order {o do this at maximum elevation the springs are
assembled with initial compression of approximately fifty inehes. Air
iz also injected into the tubes from the gas-ejeeting system at an initial
pressure of 50 pounds per square ineh, which is further compressed
along with the springs when the gun reeoils.

Upon eounter-reeoil the foree of impact eaused by the expansion of
the counter-recoil springs and air is resisted by the necessity of re-
turning the liquid in the reeoil eylinder to the after side of the piston,
There is also a eounter-recoil check plunger which, as the sun refurns
to battery, enters a small cylinder provided at the forward end of the
recoil eylinder. The fit of the plunger iz such that a relatively good
cushioning effect is realized. Counter-recoil systems of the modern-
ized battleships are deseribed in Art. 1021 of zeq.

026. The deck lugs, which contain the trunnion seaiz and cap
squares, are heavy steel castings bolled to the pun girders, Their
funetion is the same as thai of the carriage of a broadside mount, The
gun girders form the supports Tor Lthe deck lugs and elevating pear;
and through them the firing forees, at the trunnions, are transmitied
Lo the roller path. (See Plates X1 and XIIL)

027. The elevating gear’ (Plates IX and X).—In the latest turrets
the guns are arranged to elevate independently. Under normal con-
ditions, however, all three elevating gears are locked together by
clutehes so that all guns elevate together. The elevating gear provided

1Al machinery of & modern turret is electrically operated, Speed control of E!]'-'{‘
valion, train, some rammers, and pusher-type ammunition hoists is obtained through
the use of universs] speed gears, Other motors have steaight eloetrieal contral. For a
desaription of Lhe universal speed gear, see Art. 932 o wog,
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for all guns is similar. Bufficient power is provided in each set so that
all three guns may be operated by any single set of eleetrie and hy-
draulic motors. In ease of a easualty which would increase the re-
sistanee imposed upon the clevating gear, the guns may he elevated
- with all three eleetric motors and speed gears operating simultane-
ouzly. The elevating gear for ench gun consists of an electric motor
- driving a universal speed gear. The B-end of the speed gear connects
to the elevating nut which drives the clevating serew atfached to the
alide. The elevating nut is supported by the oseillating hearing which
in turn is supported by the transom easting atlached to the furres
wirneture. Rotation of the elevating nut imparts an upward or down-
ward motion to the clevating serew depending on the direction of rota-
ion of the nut,

The rate and amount of elevation of the guns are controlled through
a two-hand drive conneeting to the control shaft of the A-end of the
hydraunlic speed gear. This iwo-hand drive is loeated in a convenient
:pﬂﬁltlﬂ]ﬁ with reference to the sighl teleseope and gun-pointer’s seat,
* o that the gun peinter may keep his eye on the teleseope for all posi-
tions of the gun in elevation,

 The follow-up type of control is used; one turn of the handwheel
pm-rlucﬁ a definite anele of elevation of the gun; and the direction of
“rotation of the gun about the trunnion axis eorresponds to the direetion
Cof rotation of the handwheel. A definite ratio also exists befween the
raiz—* of rolation of the handwheel and the rate of elevation of the guns,
and when the handwheels come to rest the gun is brought to rest.
With the type of control deseribed the guns ean be operated with the
same facility as o hand-operated mount.

028, The training gear.—The furret-revolving structure is rotated
by the training-gear machinery driven by an electric motor and uni-

.-EI}EL:I;I'Hd directly to the training-pinion shaft, meshes with the train-
£ rack seeured to the turret foundation.

I the latest ships, one worm wheel and one pinion are used, The gear
8 tfriven by one main eleetric motor through o universal speed gear
With o follow-up arrangement as for the elevating gear. The torque
3 tranzmitted from the motor to the training pinion direct without the
s of friction dises, such as were used in the older turrets. In this esse
mﬁn sear is designed with sufficient strength to withstand the forces
L '__lllt.ing from the firing of the guns, and the inertia of the turret due
A0 starting and stopping.
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Auxilisry training gear is provided for use in case the main eleetric
motor or specd gear becomes disabled. This gear consizts of a low-
powered cleciric motor receiving current from storage batieries stowed
in the revolving structure of the turret, The speed of train, as in the
case of the main gear, is controlled through s small universal speed
oear. Hand training is also provided for emergencies when power is
not on the turret, This gear is not efficient, and is inadequate for train-
ing the turret at any satsiactory speed, being provided as a last resort,

As has been mentioned, the turret revolving structure rests on rol-
lers whieh rest on a rofler path supported on the turret foundation.
The rollers, which are frustums of cones, are spaced by a separator
riner floating on the roller axles, The weight and vertical forees resulting
from firing are supported by the conieal surfaee of the roller, and the
horizontal thrust due to firing is transmitted from the revolving strue-
ture to the turret foundation through the roller flanges. The turret is
alzo provided with holding-down elips attached io the revolving tur-
ret. strueture and projecting under the stationary turret roller path
or viee versa, to prevent it from being thrown from its foundation by
foree from any oulside source,

020. Powder supply (Plates I1X and X).-—The powder is stowed in
the powder magazines in air-tight powder tanks. In supplying powder
to the guns the powder iz taken from the tanks and passed through
flame-proof seuitles in the magazine doors to the lower powder-han-
dling room. From this point the powder iz carried by hand to the lower
end of the powder conveyor where the powder bags are fed into the
recciving end of an endless-chain convevor hoist. Two heists of this
tvpe are Used. These hoists deliver the powder bags to the trays lo-
cated in the upper powder-handling room beneath the pan separating
the turret gun chamber from this room. One eharge for cach gun is
azzembled in this room for transmittal to the puns as required.,

In the upper powder-handling room, the powder baps are loaded
into the powder cars which convey the powder from the upper powder-
handling room to the breech of the guns, One powder car is prm-'iflﬁd
for each gun, and each ear is arranged to carry a eomplete charge per
trip. The charge is hoisted while the shell is being rammed into the
riun, The powder car is flame proof so that the charge is completely
protected from Harebacks until the bags are dumped out into spanning
trays prior to being rammed into the gun, The upper powder hoist i
of a reciprocating {ype, hydraulically operated. An A-end of & speed
rear serves as a pump and delivers liquid under pressure. The maotion of
the car is controlled by the movement of the control serew of the speed
eear, Flame-proof doors fitted with interlocks form a seal between the
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upper powder-handling room and the gun chamber of the turret, so
l that there ean be no direct eommunication at any time between the

gun chamber and the lower powder-handling room.

In ease power is not available for heisting powder, the powder bags
may be hoisted from the lower handling room to the upper powder-
" handling room by means of a whip hoist provided. Upon arrival in the
upper powder-handling room the powder bags are passed through
~ hatehes in the upper powder-hoist trunk to the breech of the gun by
hand. Plutforms are provided for the use of the powder-passing crew,
. 030. Shell hoists (Plates IX and X)—The shell hoist, which is o
“standard navy type, extends from the shell-handling room, located
: dunmh below the upper powder-handling room, to the gun chamber,
'::_ a point opposite the breeeh of each outhosrd gun, T'wo hoists are
Cused. Shells are stowed on platforms in the turret foundation space
" and in the shell-handling room. The shells are stowed on their bases in
" such a way that one shell can be removed {rom its fastenings without
* disturbing the adjacent shells. The shell is parbuekled from its stowed
' position to the hoist by means of a manila rope running over & winch
“driven by the shell-hoist motor.

From its position in the lower end of the shell hoist, the shell is raised
b:,v o sevies of short strokes Lo the gun ehamber above, After the hoist
' has onee been filled, a shell arrives at the gun at the termination of
*each upward stroke, A_uuth{:r shell is then loaded into the lower end of
“the tube. The hoist is hydraulically operated by means of an A-end
‘of 1 hydraulic speed gear. The speed gear, which acts as a pump, de-
ivers liguid under pressure to a ram which actuates a rack bar and
pawls which raise the eolumn of shells in the hoist through a distance
‘of one shell height on each upward stroke, During the return stroke
*of the ram the shells are supported by a series of pawls fixed to the shell
‘tube, The motion of the hoist s controlled through the control screw
of the hydraulic speed gear. The shells are dumped out of the upper
“end of the hoist by means of a cradle. From this point the shells are

..i.:- chain purchase using an auxiliary tube.
_"DEI. Rammer and spﬂnﬂ.ing tray (Plate };I\'j.—'ﬁm shell and pow-
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to its position in the gun by means of a chain, After loading the gun
the tray is folded back clear of the reenil position of the run, The ram-
mer head is attached to the end of the ehain that eomes in eontact with
the shell, and i= provided with hydraulie buffers to relieve the rammer
mechanism of shock, The ehain is eontained in o rammer casing and is
driven by a sproeket which in turn is driven by a hvdraulic speed gear
or soime form of clutel. Direetion of motion is econtrolled through the
control shaft of the speed zear or by means of a elutceh.

Section V.—The Waterbury Hydraulic Speed Gear.

032, The Waterlwry hydraulic speed gear (Plates XV and XVI) iz
a machine for transmitting rotary power af variable speeds and in
either direetion without steps or abrupt gradations, while the source of
power rotates contintously in one direction without any necessary
change of specd. This source may be an engine of any kind, an electrie
motor, a shait, or any rotating mechanism from which it is desired to
transmit power. The medium of transmission is oil. Thiz being practi-
cally incompressible, the driving is very positive, exeept to the extent
of the very slight leakage necessary for lubrication.

033. A-end and B-end.—Tunctionally the machine congisis of two
Cseparate mechanizms designated, respeeiively, the A-end and (he
B-end,

The A-end iz an oil pump operated by the driving power, what-
Cever that may he. Tis funelion is to deliver oil to the B-end at any re-
quired rate and pressure and reecive it back again, thus keeping up an
il cireulation, The A-end containg a controlling deviee by whieh the
anantily of vil deliverad to the B-end is regulated exactly to meet the
speed requirermnents of the B-end. The shaft of the A-end iz supposed
o rotate in one direction only, at a constant speed,

The B-end is a hydranlic engine. s rotating paris are almost exactly
i;like those of the A-end. In its eapacily as an engine its shaft rotates
it any speed and in either direction in exaet obedience to the quantity
“and direction of delivery of the oil it receives from the A-end.

934, Arrangement of the ends.—When conditions permii, the two
1-'%!3'-'&&1 are united into one machine, a middle partition, called a valve-
Blute or midplale, separating the two parts. If the two shafts are to
Stand in a straight line, the valveplate is o flat dise with parallel faces,
-:’Ifa however, the shafts are to stand in any other position than a siraight
-Er!iﬂ.?, the shape of the valveplate may be varied to meet the require-
ments,

. The conditions of installation may be such as to require the loeating
08 tho A- and B-ends some distance apart. Fach end will then have its
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own valveplate, which may be appropriately termed an endplafe.
The two endplates will have their two main oil passages connected by
two pipes. Sinee the chief function of the valveplate or endplates is to
furnish passages for the circulation of oil between the two ends of the
gear, it is evident thal Lthe connecting pipes may be so bent as to make
possible an unlimited variely of arrangements.

035. Description.—T'o simplify the deseription let us eonsider only
the unitized or C-type of machine wherein the shafts are in line with
each other, :

The fixed parts, which do nol rotate with the shafts in the transmis-
gion of power, are the cazses, the valveplate, the tilting box, the angle
box, and the control shaft, Tt iz important to remember these non-
rotating paris.

All the working parts of the machine are enclosed within eylindrieal
shells, ealled enses, one for each end of the machine. The open, or large,
ends of the eases are seeurely bolled apainst the opposite faces of the
valveplate by long bolls passing through the eases and the valveplate.
The other ends of the eases are elosed in to form hubs through which
the shafts extend. Legs east on the eases provide means for seeuring
the machine to its support.

Thus eombined the eases form an oil reservoir within which the ae-
tive parts rotate. The greater portion of the oil iz not under pressure,
but is in communication with the air through the ol expansion boz on
top of the ease. The only active oil, which is directly used in trans-
mitting the power, is enelozed within the port possages of the valve-
plate and within the eylinders ahead of the pistona.

036. Valveplate or midplate ix o very important element of the ma-
chine. On ench of ity foces is carcfully prepared o contael surface
ngainst which the face of a eylinder barrel rotates, Passing through the
valveplate are two semi-annular passages, ealled valveplate ports, one
in ench half of the plate, extending from the A-face to the B-face,
through which the oil circulates when transmitting power. Between
the ports, both at the top and the bottom, are flat faces ealled fonds,
into whieh are cut short reduced extensions from the ports. As the
cvlinder barrel rotates, the cylinder ports pass in suecession across
these lands and the contents of each eylinder is for the moment im-
prisonad within the eylinder while being earried aeross from one port
to the other. At the center of the valveplate are bearings for the inner
ends of the shaftz, Several valves are also located in the valveplate,
which will be deseribed further on under the heading minor parts.

037. Tilting box and angle box.—The purpose of the ilitng box in the
A-end is to carry o thrwst roller track against which the sockel ring may
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rotate in a plane at any desived angle to its shaft. In the earlier designs
there were two tilting boxes, one in each end of the machine, but later
the B-tilting box was displaced by a wedge-shaped casting, called the
angle hor, carrying its roller track at an angle of about 20 degrees from
perpendieular, and serewed sceurcly to the end of the inside of the B-
eazr. This substitute for the tilking box iz possible for the B-end, sinee
the angle iz not ehanged after onee being set, But in the A-end the
tilting box must be retained for the reason that the speed and dircetion
of rotation of the B-end are eontrolled by changing the angle of the tili-
ing box. The tilting box iz suspended, and may be oscillated, on two
trunnions, whieh are serewed through from the outside of the case and
enter bronze bushed holes in the tilting box. An elongated hole iz out
through the hottom of the box a0 a8 to give a free passage for the main
shaft even when the box is tilted to it maximum angle.

Projeeting from the botiom of the bex are four fingers or prongs
forming puides or slideways for the guide blocks eonnected with the
control shaft,

038, Control shaft.—The purpose of the control shaft iz to tilt the
tilting box on its trunnions either way from the neutral or perpendicu-
lar position secording to the direetion and speed reguired of the B-shatt,
It 15 a threaded shaft provided with a feewst fonge, or eollar, made
inteeral with the shaft. This flange bears against a fiber thrust ring ad-
justed against the flange of the control-shaft bearing, which is serewed
into the hanger which forms o part of the ease. The control-shaft bear-
ing is locked in the hanger hy the bearing nut. The lower end of the
control shaft bears very freely in o socket in the control-shaft thrust
serew, whieh is serewed into the bottom or lower end of the housing,

The threaded portion of the eontrol shaft earries o trunnioned nut,
whose trunnions earry four guide bloeks, two on each trunnion. The
oifer two of these bloeks glide in guidewavs planed in the sides of the
housing. T'he inner blocks slide between the fingers on the bottom of
the Lilting o,

The turning of the control shaft causes the trunnioned nut to move
up or down, carrving with il the fingers of the box. The angular posi-
tiens of the Lilling box are therefore determined by the rotation of the
eontrol shaft.

The rotating parts of the A- and B-ends are alike except the loeation
of the sockeds in the sockel rings and of the evlinders and ports in the
evlinder bareels. We may, therefore, confine our attention to one end
only. These paris are so assembled upon the shaft as Lo form what may
be called o shaft group, eomprizing the shaft, the eylinder barrel witl
the keys that connect it with the shaft, the socket ring with the uni-
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versal joint that conneeis it with the shaft, and the pistons and eon.
necting rods.

039, Shafts.—The A- and B-shafts are alike. Bushings in the huhs
of the eases form the main bearings, while the inner ends of the shafis
are provided with roller bearings in the valveplate. The ends of the two
shafis are separated in the valve plate hy a fiber dise called the tater.
shaft dize, At the interseetion of the plane of the socket ring the shafr |y
formed into a closed yoke around the universal-joint paris deseribog
under untrersal joint.

Where the shaft passes through the barrel it is flattened on two sides
and perforated to receive the barrel keys and is threaded to receive the
barrel nul.

The barrel nut performs no other funetion than to prevent the bar.
rel from sliding off the shaft when the assembled group of shaft, barre],
and socket ring are being handled. When the gear is fully assembled
and in operation the barrel does not touch the nut.

940. Cylinder barrel.—The exlinder barrel contains nine exlinders,
It is loosely attached to the shaft by two kevs provided with pivats
fitting loosely in a hole through the shaft. The loose fit of the barrel on
the shafl together with the pivoled keys gives it a slight freedom of
motion go that its face ean rest squarely against the face of the valve-
plate. Moreover, it can slide freely endwise along the shaft. This end-
wise motion is aided by a barrel spring backing agzinst a pin in the
shaft. The purpose of the spring is to hold the barrel against the valve-
plate when not in operation. When the oil is under pressure, the barrel
is held ngainst the valveplate automatically by reason of the fact thai
the eylinder ports are smaller than the pistons, giving an cxerss inter
nal pressure, foreing the barrel towards the valveplate.

The evlinder barrel and keys do nol transmit any of the working
torque,

041. Pistons.—~There are nine pistons in each harrel, the pistons and
exlinders being ground and lapped to a smooth working fit without
any packing. Narrow shallow annular grooves arc cut around rhe
pistons, which zerve to interrupt the leakage stream lines and to trap
dirt.

Connecting rods,—FEach pislon is conmected to the socket ring by 4
connecting rod. The rods have perfeetly spherical ball ends of unequal
diamelers. The smaller end ig secured into a socket formed in the s
ton, whieh it fits perfeetly, by a brongze split piston-socket bushing
which is secured in place by a finely threaded piston-socked eap.

The main purpose for having one ball end smaller than the other #
to make it possible to string the ring-socket eap and the piston-socket
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cap over the smaller end; the smaller ball is prevented from heing
«drawn back through the piston-zocket eap by the split bushing.

The large ball end is secured in a socket in the socket ring by the
ring-socket eap.
Through the end of the piston and through the whele length of the
connecting rod is a small hole which feeds oil under pressure from the
‘aelive oil system to lubricate the balls and sockets,
| 942, Socketring.—The socket ring has cul into it nine sockeis fitted
vith bronze ring sockel eaps against which rest the large ball ends of
‘the connecting rods. These sockets are unequally spaced to correet
ertain irregularities of the universal joint.
. The back of the socket ring is provided with a chrome-vanadinom
goller Lrack which has two roller faces, one for the main eonieal thrust
‘rolls and the other for the diagonal thrust, or eylindrical, rolls. (Plates
XV and XVI and models in the Model Room illustrate the use of
epherical rolls instead of cones and cylinders.)

- On the inner body of the socket ring are Tormed the socket ring trun-
nions at right angles to Lthe main shaft and shafi pin.
943, Universal joint conneels the shaft and zocket ring in much the
Eame manner as a compass is mounted in its gimbal rings. This joint
‘consists of a shafi-trunnioned intermediate ring block oseillating with
‘14 main shaft pin in the yoke of the main shaft, and oscillating about
the socket ring trunnions at right angles to the shaft pin,
The entire working torque of the gear is (ransmitted through the
ancket ring, the universal joint trunnions, and the main shaflt pin,

" 044, Minor parts. (a) Replenishing valves.—There is nevessarily a
small amount of leakage of oil from the high pressure active pordion
anto the inactive body of oil encloged in the cases. Provision must be
made to replaee this leaknge as fast as it ocenrs, otherwise there would
& vacuum in the eylinders and port passages. For this reason there
s two cheek valves in the lower part of the valveplate called replon-
ing ralies, One of these is eonnected with cach port passage and
rmits the oil to low freely from the case spaee into the porl passapge,
DUt prevents its flowing in the opposite direction.

The valve itself is a steel ball, The seat is o steel picee serewed in
m the outside, The hole in the valveplate through which the seat is
-';ﬁ iserted is closed by a plug ealled the replenishing-valve cap.

" (b) Relief valves—In the transmitting of power at very low speed
the B-end it is possible that the oil pressure may rige to thousands
Ppounds per square inch should the resistanee Lo be overcome be
spondingly great. 1t is thevefore necessary to provide safety valves
set at any desired maximum pressure, say 1,000 or 1,200 pounds
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per square inch. Should the pressure exceed this amount the oil will
eseape from the high pressure port passage through a relief valve intg
the case space and flow back again through a replenishing valve into
the low pressure port passage.

The relief-valve group consists of a valve, a =pring, a plug, and ad-
justing washers, The plug forms the backing for the spring, compros-
sion of which is adjusted by the use of more or fewer copper washers
under the head of the plug.

(e} Air valves.—At the highest points in the two port passages are
needle valves. The purpoze of these is to allow any air that may be
imprisoned in the passages to escape into the case space whenee it can
rise through the oil expanszion box. It iz only necesszary to open these
valves one or two turns during the filling process, after which they are
ie be closed tight ; they perform no other funetion.

Thimble caps are serewed over the ends of theze valve serews to pre-
vent gil from leaking out or air from being sueked in.

(d) Oil expansion box.—As the proper functioning of the machine
requires that the medium of power transmission be practically incom-
pressible, it is important that no air be allowed to mix with the oil. The
ease must therefore be entirely full of oil. T'o meet this requirement
fully il i= neecssary to have the oil in the machine eonneeted with an
external supply that will always be in communieation with the interior
and yet not permit the entrance of air. The oil expansion hox serves
this purpose. In the illustrations the box is represented as connected
directly with the top of the ease. In practice, however, the box may
be located in any eonvenient place near by and eonnected with the case
by a pipe. The connections should always be such as to allow the casy
eeeape of air from the ease.

In the lid of the box will be notieed n baffle. Immediately above this
are holes in communication with the oulside air, The baflle prevents
the splashing of the oil in the box from stopping the air holes, should
there be a sudden rush of oil from the ease into the box. This is an in-
teregting and important phenomenon. Should the machine beeome
overloaded, the flow of oil through the relief valve is more rapid than
the supply through the replenishing valve for the reason that the reliel
valve is acling under high pressure while the replenishing valve is act-
ing only under atmospheric pressure. A momentary vacuum is pro-
dueed in the active body of oil, which is the same in effect as if the
whole volume of oil had suddenly inerensed,

(¢) Stuffing boxes and packing.—W here the shafts pass through the
eases there are stuffing boxes. These are of the ordinary type and neod
no speclal comment further than to eall attention to the kind and shape
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. of material uzed in packing. Leather cups of U-section are used, the
- U-channel being filled with pure asbestos yarn eontaining no paraffin,
* tallow, or wax filling. Two of these U-rings are used in each stuffing
 box, If they alone do not fill the box a sufficient quantity of asbestos
~ varn may be placed between the leather rings.

In the threaded surface of the control-shalt bearing is a groove whieh
is to be filled with a leather strip called the control bearing thread pack-
ing. When the bearing picee iz serewed into the hanger and the control-
. ghaft bearing nut is serewed down tight, this leather strip is compressed
- into the ehannel between the top of the hanger, the nut, and the bear-
| ing =20 as to preveni any leakage of oil or air.

Where the end of the ease fits againgt the valveplate, only & paper
gasket is used. This iz cut to fit thet part of the face of the valveplate
| that eomes in contact with the ease. It is cemented to the valveplate
with a solution of shellae in alechol.

. {f) Plugs.—The various plugs need only to be mentioned. In the
valveplate are two gauge plugs. These close holes connected with each
pori passage for the attachment of pressure gauges when desired. In
‘the enses are plugs for drainage, eseape of air, equalizing pipes, ete.
045. The pressure of the oil in the valveplate pazsage depends upon
the resistanee offered (o the turning of the B-shaft and not upon the
speed. The pressure rises instantly to meet any resistance up to the
Ceapacity of the driving motor. If the A-soeket ring siands almost per-
pendicular to the shaft, only a very amall quantity of oil is transferred
r rotation, which has the effect of giving o very great leverage, and
even a small motor may produce a pressure of seversl hundred pounds,
and, of course, a corresponding torque or turning eflort on the B-shaft.
' The actually permissible pressure in any particular machine depends
upon the strengih of the parts, bul is limited by the setting of the reliel
valves,

. 946, Operation of the gear,—In order that the functioning of the
various parts of the machine may be understood, let us assume that
the gear is assembled and filled with oil ready for running.

The entire space within the eases and valveplate not actually oe-
cupicd by metal iz filled with oil. No air pockets exist, and in order that
No air may enter the ease, the oil is made to fill the expansion hox about
half full. A definite portion of the oil is enclosed within 1he eylinders
Ahead of the pistons and within the port passages of the valveplate.
This is the really active portion of the oil, and if there were no leakagoe
this is all the oil that would be used in transmitting energy. The inac-
five oil which fills the space within the cases is never under pressure.
At is stmply a supply for lubrieation, into which leakage from the active



236 Navan ORDNANCE

oil may flow and from which this leakage is replenizshed through the
replenishing valves, the total quantity remaining econstant.

With our attention direeted to the A-end of the seetional views, lot
us first assume {hat the A-tilting box with its socket ring is sel at the
neutral position, that is, perpendicular to the shaft. Under these eon-
ditions the shaft in rotating will earry around with it the sockel ring
and the eylinder barrel together with the pistons and connecting rods,
bt the pistons will have no tendeney to reciprooate in the evlinders,
There will, therefore, be no drawing of the oil in nor foreing it out
through the valveplate. The only work done will be the stirring of the
oil in the ease by the revolving parts and the light [riction of the shaft
bearings and the sliding of the faee of the eylinder barrel againgt the
face of the valveplate. The B-end will not be disturbed.

If the control shaft be turned a little so as to move the top of the
tilting box away from the valveplate and if the A-shaft be rotating
over towards the observer, then the shaft will rotate the socket ring,
which is attached to it by the universal joint, and will also rotate Lhe
eylinder barrel, which is keyed to it. The pistons and piston rods will
rotate with these two parts, since they are contained in them. The
tilting box remains stationary and the socket ring rotates within it,
but is constrained by the roller bearings to maintain constantly the
angle at which the tilting box may be tilted. All the pistons, as they
move up on the far side of the machine, will draw in oil through the
port in the far side of the valveplate; all the pistons as they move down
on the near side will slide in towards Lhe valveplate and foree (he oil
through the port in the near side of the valveplate. The near porl will
thus be under pressure while the far port is in suction,

It should be noticed that when a piston reaches the top or higher
position, in its revolution, it for an instant makes no end movement
and the oil in that partieular eylinder i3 earried neross the land, or
gpace between the two valveplate ports, from the suction side o the
pressure side. The same condition exists when a evlinder is passing ils
lowest position, except that the piston is then at the inner end of ils
stroke and is passing from the pressure gide to the suetion side.

The guantily of oil foreed {hrough the valveplate port depends uporn
the angle at which the tilting box stands and eonsequently the lengih
of the piston stroke.

We have gpoken of foreing the oil through the valveplate port, bot
this eannot take place unless there is some means acting to receive the
oil and carry it across to the port that is under suction, This is the fune-
tion of the B-end. The B-socket ring always stands at an angle of
about 70° to the B-shaft, and when the B-shaft rotates the 13-pistous
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will make their full stroke as they pass between the bottom and the
top pusitions. Now, when the A-eylinders are moving down on the near
side, s described above, oil is foreed Lthrough the valveplate port of
this side into the B-eylinders of the near side. Bul they eannot reeeive
the oil unless their pistons move back to give space, This movemen? of
the pistons communicafed fo the inclined socket ring through the connecting
rids covses the socket ring (o votate on it roller thrust bearing, and to
carry the shafl around with it. The shaft in turn rotates the eylinder
barrel keyed Lo it, and the whole group rotates in the opposite direction
10 the rotation of the A-shaft, (Bee Fig, 204.)

T-THRUST OF PISTON ROD

V- VERTICAL COMPOMNENT (NON-USEFUL)

F-COMPONENT ROTATING SOCKET
RING (USEFUL)

Fia. hOd,

" The speed of rotation of the B-shafl depends upon the quantity of
wil it must take eare of, The B-socket ring being always set at its maxi-
mum angle gives the pistons their full stroke. 11 each eylinder has 2
capacity of say 3 cubic inches, the revolving of all nine of the B-oylin-
ders would transfer 27 cuble inches of oil from the near side to the far
side. If now the control shaft of the A-end be turned so as to tilt the
A-socket ring only a little, say enough to reciproeate cach piston to the
exient of displacing 1-100 of a cubic inch, all nine of the A-cylinders
will together transfer 9-100 eubic inches of oil from the far side Lo the
lear side at each rotation of the shaft. Sinee the eapacity of the B-
eylinders per rotation of the B-shaft is 27 cubic inches, 300 rotations of

ring be tilted still farther, the B-shaft must rotate proportionately
ster, The speed of the B-shaft is thus dependent upon the angie
- [!;h which the tilting box has been turned.

| We have thus far spoken of the A-socket ring as tilted in one direc-
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tion only. If it be tilted in the oppaosite direction, that is, with the tap
towards the valveplate, and the A-shaft still rotates in the same diree-
tion as before, the oil will be sucked in from the near port of the valve.
plate and ecarried across the lower land to the far side. This will, of
eourse, cause the B-shaft to rotate opposite to its former direetion,
that is, in the same direction as the A-shaft.
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