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';
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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
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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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CHAPTER X,
RECOIL AND RECOIL BRAKES.

Section 1.—General Considerations,

1001. All modern guns recoil in their mounts when fired. The recoil
movement is introduced to reduce the forees acting on the mount and
ghip's structure.

In the case of a gun having no recoil, the foree aeting on the mount,
due to the firing of the gun, is the product of the area of the bore and
the effective powder chamber pressure. This produet amounts to

geveral million pounds in the case of major caliber guns and is of con-
-.ﬂldﬂ'ﬂhlﬂ magnitude for all ealibers of modern naval guns, From this
it is obvious that, for a gun having no reeoil, the proportions of the
mount woulid be unreasonably large, making it cumbersome to handle
‘and, on aceount of weight, unsuitable for use aboard ship.

By permitting the gun to recoil & limited distance the forces which
‘would otherwise act on the mount are greatly reduced and ean be
regulated to suit the character of the vessel for which the mount is
designed, thus making possible the use of larger caliber guns sboard
ship than would otherwise be praetieable,

The movement of the gun to the rear as a result of the work done
‘upon the gun by the powder gases is known as the reeoil, and the length
of this movement as the length of recel,

The return movement of gun to battery after firing is known as the
‘eounter-recoil, and iz equal in amount to the recoil.

- 1002. Direction of recoil.—Recoil generally takes place in the diree-
“tion of the axis of the gun, as in Fig. 1001. But in special cases where it
g necessary to insure that the breech clear the deck of a vessel or plat-
form of a ear, 85 in some types of railway mounts, the recoil takes place
parallel, or slightly inelined, to the deck or platform, as in Fig. 1002,
" Oeeasionally, as in the ease of anti-aireraft mounts, it is neecssary to
vary the length of recoil to suit the elevation, as in Fig. 1003, in order
o clear the deck at the higher angles of elevation,

The type of mounting and reeoil represented by Fig. 1002 is not
‘adapted to the higher angles of elevation, since the recoil serves only
1o reduce the component of the firing foree in the direetion of the recoil,
As the angle of elevalion mereases, the component of the firing foree
icting in the direction of recoil deercases and approaches zero as a

239
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limit, whereas the component of the firing foree acling normal ¢ the
* direction of reeoil inereases and approaches the full breech pressure as
' a limit, The effect of this is that for angles of elevation approaching 907
* the full effect of the bresch pressure js (runsmitled directly to the
| mount. Mounts of this type are built to meet special conditions where
the maximum angle of elevation does not exceed 40°,

1003, Length of recail.—Usually the length of recoil varies with the

zize of the gun and the type of the mount. Mounts of destroyers and
 zmnall light vessels have a longer recoil than mounta for similar guns on
battleships and battle eruisers, where the deck strueture is more sub-
stantial and eapable of sustaining greater forees.
Where the gun recoils in the mount, the forces acting on the mount
depend on the resistance offcred by the mount lo the recoil of the gun rather
than on the ehamber pressure and the diameter of the bore. For the
same gun and the same powder pressure curve, the forees acting on
ithe mount vary inversely as the length of recoil. For major ealiber guns
of battleships, the length of recoil is limited to about three ealibers on
account of the restrictions offered by the barbette of the turret; for
idestroycrs, where the deck strueture is light and incapable of sustaining
large forces, the length of recoil ix considerably inerensed and is usually
wix ealibers or more in length.

As o rule, it will be found there is some limitation on the length of
recoll imposed by the ship’s structure, and that the determination of
{he proper length is eompromised by other eonditions, Tn the ease of

fion and at maximum recoil.

| 1004. Design of recoil brakes.—The mechanism ineorporated in
the mount for the purpose of ehecking the reeoil and bringing the gun
b0 rest within o limited distance is ealled a recoil brake. The allowable

e energy of reeoil in the most efficient manner within the allowable
fistance. Such design calls into use the sciences of physies, mechanies,
iid mathematics. Stated in a very general way it may be said that
fie designer must know (1) the powder pressure in the bore and the
ftetive ares on which it aets; (2) the weight of the recoiling parts, the
ieation of their center of gravity and the gravity components intro-
fited at various angles of elevation; (3) the friction opposed to recoil;
1) the force exerted against reeoil 'I:-J.f the counter-recoil mechanism;
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(3) the velocity that the recoiling parts would attain if the recoil wers
unopposed. With these items known it is possible to compute, by an
extended process, the value of the resistance’ that the brake mus
offer to recoil, and from this the dimensions and proportions of the
piston® and throttling orifices® of the brake may be caleulated.

1005. Forces acting on the gun during recoil.—It is important thai
the jump of the gun between the time the gun pointer “wills to fire”
and the time the projectile leaves the gun shall be the least possible
amount in order to avoid a change of dircetion of the line in which {he
gun is laid. On this account, it is desirable and necessary thai the
forees acting on the gun, including those due to the powder gases and
the forees resisting recoil, be so disposed that the gun will not be lifted
from its bearing in the.bottom of the slide until after the projectilp
leaves the gun, and that the enly appreciable movement of the un
before this time will be in the direetion of the axis. To insure a steady
mounting and to reduce the jump of the gun in the slide to o minimum,
it is desirable to arrange the recoiling parts around the gun in sueh a
way that their center of gravity is in the axis of the gun,® or as small a
distance as possible below it. Since there are usnally several evlinders
containing the recoiling parts of the recoil and eounter-recoil mecha-
rlismes, it is customary to put some of the eylinders on the upper side of
the slide and some on the lower side. Other considerations of design
may require a departure from this rule.

1006. Iteeoil and counter-recoil systems of new mounts are tosted
with the mounts at the Naval Proving Grounds. The veloeity of recoil
and the pressures developed in the reeoil eylinders are measured, as
mentioned in Arts, 1525 and 1526,

Section II.—Recoil brakes.

1007. In ell service mounts the major portion of the energy of recoil
is abgorbed by the hydraulic brake comprizing the principal part of the
recoil system. The counter-recoil system and the [rietion of the gun in
the slide contribute a small part of the resistanes to recoil, whereas
the gravity eomponent of the recoiling weights exerts a varying effect
as the gun iz clevated,

In all forms of the hydraulic brake, including that of the reeoil sy5
lem of gun mounts, the brake consists of four simple elements, vig.
eylinder, piston, liquid, and some form of orifice connecting the ends

' It is taken ag un axiom that the resistance to recoil offered by the hrake ﬂllﬂ“m
be constant throughout the length of recoil.

 In the ¢ease of n hydraulic brake,

* Late designs have the center of gravity of the recoiling parts in the axis of phe
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of the eylinder on either side of the piston. The eylinder being full of
liquid, the motion of the piston within the eylinder forees the liquid
through the orifice from one side of the piston to the other. The worle
required to foreo the liguid through any given orifiee can be definitely
determined from the laws of hydraulies and depends upon the ares of
the orifiee, the area of the piston, the velocity of the piston, and the
weight of the ligquid.

The work done on the piston is equivalent to the work done on the
liquid. The work done on the piston is utilized to overcome the move-
‘ment of the gun during recoil, whereas the work done on the ligquid
Cduring the same time is indieated by a rise of temperature of the liquid.
It can be shown that the work absorbed by the hydraulie brake ean
be fully accounted for in the rise of temperature of the liquid. Under
rapid fire conditions, the temperature rise is aceumulative from shot to
shot and results in a considerable rise of temperature which must be
itaken into account in designing the recoil system.

. 1008. The liguid used in the dashpots and recoil eylinders of the
Navy is composed of a solution of 80 per eent glyeerine and 20 per cent
‘water, which weighs about 76 pounds per eubie foot. This liguid has
a low freezing point and fairly constant viscosity within the ordinary
temperature ranges, and has given satisfactory results in naval mounts
for a great many years. Certain grades of buffer oil of the same weight
‘give equally good results,

~ 1009. The advantages of the hydraulic brake can be atiributed to
o large amount of energy that exn be absorbed in an unreturnable
form; to its simplicity and reliability; and to the facility with which
‘the resistance offered to the movement of the gun ean be regulated. The
energy absorbed is eonverted into heat and dissipated by the mount
‘into the atmosphere. Springs or compressed air are not suitable for

recoil is returned again to the mount during counter-recoil,

i 1010. The hydraalie brake is so proportioned that the total re-
Eiztance offered by the reeoil system, eounter-recoil system, and frie-
on, with 4 proper ailﬂw.uu..c I::ﬂnu: IHHEIL forg f,mﬂh fnruf-:, i3 EGI’I.ST..EIIT:

S st 1ce. With the reziztance constant, the wim:nt_-,r of the gun tlunng
fecoil will vary from zero at the beginning to a maximum and back
4l to zero af the termination of reeoil, The resistance offered to
fecoll by the liquid at any point of recoil would be proportional to the
¥elocity of the piston at that point if the area of the throltling orifice
¢ consfant, In order to obtain a constant resistance it is necessary
- vary the size of the orifice =0 that it is proportional at any point to
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the velocity of the recoil at that point. For example, the area of the
orifice must be greatest al the point where the velocity of reeoil is
greatest, This is aceomplished in various ways, as illustrated in Figs,
1004, 1005, 1006, and 1007.
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1011. In the application of the hydraulie brake to gun mounts, the
recoil eylinder is usually attached to the slide and the piston to the
gun by means of the piston rod and gun yoke. Figure 1004 shows a
typical installation for turret mounts, and Fig. 1005 the same recoil
eylinder in & larger view,

Figure 1005 illustrates the usual method of varying the orifices in
turret mounts, Two or three rods are passed through apertures in the
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: piston; the rods are attached to the ends of the recoil eylinders as
‘shown. By varying the diameter of the rods, the proper variation in
' the area of the orifice for all points of the recoil may be obtained.
Hydraulie reenil systems require that the eross-seetional area of the
“throttling orifices at each point of reeoil be caleulated and designed
with greal aceuracy (Art. 1004). Onee this orifice has been established
in the form of & groove, as in Fig. 1006, no adjustment: ean be readily
‘made. If the aren is eontrolled by the use of tapered throttling rods,
‘unsalisfactory performance during recoil can readily be eorrected by
‘ihe installation of a new set of rods with a different taper.

1012. Figure 1006 shows the usual method of forming the orifies in

‘recoil cylinders of intermediate and minor caliber gun mounts. A
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Euch grooves are arranged around the inner surfaee of the eylinder in a
symimetrical pattern. In case two or more recoil eylinders are used,
ithe arrangement of grooves in all eylinders is similar and the eylinders
fire inlerconnected to equalize the pressure in all eylinders,

. 1013. A simple form of hydraulic brake is illustrated in Fig, 1007.
Lhis form of brake is used extenzively for checking the motion of
! ,‘I-’:r moving ]'mrt and mrrﬁ[mnd_ to the form of brake usr:rl in

i g HPPEI‘MU:? to the lf-ft is to hf-. N}uauiered. T Ew r!ﬁs.hpul, OT S0me varia-
Hon of it, is always installed, in naval gun mountis, in the end of the
fecoil eylinder toward the muzzle of the gun, As the recoil piston moves
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in the recoil cylinder during the eounter-recoil of the gun, the pling,,
on the head of the piston enters the daskpol near the end of countep
reenil, The plunger having the shape of a frustum of a right cireyly,
cone and the dashpot being cylindrical, the orifice provided for he
eseape of the liquid which fills the dashpot is constantly deercased g¢
the plunger enters farther and farther into the dashpot. Conatungly
inereased resistance is thereby offered to eounter-reeoil and the gyy
is brought to the in baftery position without the shoek or slam {hat
would otherwise oceur.

Tnerensed gun elevation has required increased force to return the
guns 1o battery, The foree provided is far in excess of requirements
when guns are in approximately horizontal position. All turret mounts

=TT

=ﬁfﬂ’?w,ﬁww

Eﬁm\\\\\‘ﬂ&

Fra. 1007,

that have been modified for inercased elevation have therefore had
their counter-recoil plungers in the reeoil eylinders replaced with
eounter-recoil plungers of increased diameter so as to reduce the
clearanee and inerease the braking effect sufficiently to bring the gun
to rest at the end of counter-reeoil without undue shoek, at all angles
of elevation,

In & varistion of this counter-recoil buffer, as used in minor caliber
mounts, there is a stationary plunger of eircular eross section al 1:’“’11‘?_‘1
to the head of the recoil eylinder, inside. The recoil piston rod 1=
hollew and near the end of counter-reeodl, the plunger enters the hollo®
rod. 8mall holes of deereasing diameter are drilled through the rod 10
allow the eseape of the liquid. :

1014. Expansion chambers are used with the recoil eylinders of _the
larger mounts to allow Tor the expansion of the liguid due to lienting:
They consist of small closed tanks, connected to the muzgle f.-nd_
the recoil eylinders by pipes. When filling the cylinders with lgut
it must he ascertained that the eylinders are full but the expansiot
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chambers empty. In minor ealiber mounts no expansion chambers are
provided but after filling the eylinders a small amount (usually ¥ pint)
of the liquid is withdrawn in order to allow thereafter for expansion.

1015, Reeoil installations on naval gun mounts of all sizes are fairly
well standardized, There is usually one recoil evlinder, attached to the
lower side of the slide, the piston moving with the gun. Variations will
be found, however, in that (1} the counter-reecil springs are sometimes
inztalled in the recoil eylinders! (Fig. 1008) in which ease there are
uznally two or more evlinders; (2 the pistons may be attached to the
slide and the eylinders move with the gun.

Variations in recoil mechanizms as used on other than naval mounts
are excmplified by the mechanism of the field mount, Chapter XVI.

=ection III.—Counter-Recoil Mechanisms.

1016. Counter-recoil meehanisms are incorporated in a gun mount
in order to return the gun to the @n ballery position, after the recoil
mechanism has brought the gun to rest at the end of recoil. Energy
Aor thiz purpose iz obtained from the momentum of the gun itself during
recoil and is stored in a switable medium, usually helical springs or
eomnpressed air,

The eounter-recoil mechanism has two other subsidiary duties: (1)
to help eheck the recoil, although the resistance it offers to recoil is
minor as compared with the resiztance exerted by the recoil mech-

anism; (2] to held the gun in batiery at all times execept when it is fired ;
for this reason the springs are installed with an initial eompression,
‘or the air with an initial pressure above atmospherie.

1017. A typical counter-recoil system, asz found installed on naval
gun mounts, congists of a4 counter-reenil rvod earrying a piston or
plunger at one end and attached at the other end to the yoke of the
gun. The piston or plunger slides within a eylinder attached to the
slide, the evlinder containing cither helieal springs or compressed air.
Upon recoil the piston or plunger moves in the eylinder in the same
direction as the gun. The movement is opposed by the springs or air,

which are therefore compressed. Upon the termination of recoil the
energy of Lthe springs or air, pushing back against the piston or plunger,
Teturns the gun to battery through the medium of the counter-reenil
rod,

1018. Counter-reecil systems of the hydraulic, pneumatic (air),
Spring, spring-pnenmatie and pravity types are used for returning
‘Buns to battery. The British Navy uses the hydraulie (liquid pressure)

3 *The 3750 snti-wireraft mount has a single combined recoil and eounter-recoil
eylinder mounted on top of the slide.
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sy=tem in its turrel mounts. In ithe U. 8. Navy, however, only the
gpring, pneumatie, and Epnng—pueumntm .systnmtg are Used.

Formerly all counter-recoil systems were of the spring i ype. However
the introduction of anti-aircraft guns of high elevation and the in-
ercasing of the elevation of heavy turret guns made such inereased
demands on the counter-recoil system that it was found necessary in
many cases to replace the spring svetem with the pneumatie system.
Satisflactory eounter-recoil springs for heavy guns are very difficult to
obtain and if broken while in use they are Hable to put the gun out of
commisgion. Also it requires considernble time and work to replace
the springs. Counter-recoil gprings in anti-aircraft gung are linble to
beeome permanently zet or have their free length shortened if the guns
are normally seewred or stowed in an clevated position. For these
reasons it will be found that the spring svstem s used on minor ealiber
mounts and on intermediate and major caliber mounts of moderate
elevation, whereas on anti-aireraft* mounts and on intermediate and
major caliber mounts of comparatively large elevation the pneumatic
system is used. A few turret mounts use the spring-poeumatic sysiem.

1019. Spring counter-recoil system.—A spring evlinder for a minor
ealiber mount is shown in Fig. 1008, In the example shown there are
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siX springs, three of large diameter and three of small diameter, the
smaller being within the eoils of the larger, The counter-reeoil rod
passcs Lthrough the center of the coils of the smaller springs. The springs
bear against the head of the eylinder at one end and against the piston
at the other, Each pair of springs (one large and one small} is separated
from the adjacent pair by a spring separator, which is simply a dia-
phragm not attached either to the rod or to the eylinder, On recoil and
counter-recoil the separators slide along the eylinder and the rod slides
throngh the separators. At full regoil, the springs are compresscd to
about 50 per cent of the length they have when the gun is in battery-

The eylinder shown is a combined recoil and eounter-recoil eylinder,

e —

F Exeopt the 3 -3 anti-aireraft mount, which uses springs.
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the springs being installed within the reecil eylinder. Such a system
is used on the 6" mounts in the Armory at the Naval Academy.
Where the springs are installed in eylinders {ealled spring tubes)
separate from the reeoil system, the piston need not fit the evlinder as
closely, as no liquid is present, nor is there any neeessity for a gland
at the eylinder end from which the rod emerges. Springs are more
often installed in spring tubes separate from the reeoil system, in
which case there are usually two or more such tubes, depending on the
zgize of the mount. The 4% mounts in the Gun Shed at the Naval Aead-
emy have the separate spring tubes,

EE-ERLf 4% MDED

!
BECCIL o e

Fig. 1000.—Tyrican Serixe Covsten-REcoiL Svsrey For Tonner MorxTs.

Figure 1009 shows the counter-reeoil spring tubes as installed in a
turret mount designed for 153° elevation. There are four such tubes,
two on the upper side and two on the lower side of the slide, the recoil
eylinder bieing mounted below, between the two lower tubes. In ench
of these tubes are installed six pairs of springs.

Spring counter-reeoil systems require that the design be very ne-
curate and that all springs be in accordance with design specifieations.
Cnee the system is installed no adjustment can casily be made.
1020, Spring-pneumatic counter-recoil systems,— The turret mounts
of the California and Maryland elasses of battleships (3) are equipped
With a combined spring and pneumalie type of counter-recoil system,
the 14* mounts using five spring tubes and the 16" mounts six. These
l5pring tubes and the contained springs are essentially the same as those
Ehown in the turret mount of Fig. 1009 but additional ecounter-recoil
foree is provided by keeping all the tubes filled with air af a pressure
Of about 50 pounds per square ineh. This necessitates the use of suitable
Packing both on the piston and in the piston rod gland, to prevent
the leakage of air, On recoil, the air, as well as the springs, is further
Compressed and assists in returning the gun to battery,
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The air is obtained from the gas-cjection system through a perma.
nent line, as the air in the spring tubes must be frequently replenished.
It has been found difficult to pack the pistons =0 as to prevent leakage,
and the air tends also to eseape through the pores of the metal of the
spring tubes. For these reasons, the pneumatie system, to be de.
seribed in the next article, uses in place of the piston a plunger, which
is relatively easy to pack, and a forged steel rather than a east stes|
cylinder. The spring-puneumatie system may be considered an inter
mediate step in the progress from spring to pneumatie counter-reeoi]
syetems.

102]1. Pneumatic counter-recoil system.—Turrel guns with 15°
elevation require four (o five spring tubes for housing the neecssary
gprings. When the clevation of these mounts was increased, additiona)
counter-reeoil foree was required, 8pace was not available for installing
additional spring tubes and it became neeessary to adopt some other
type of eounter-recoil system, The preumatic system was chosen, the
springs being entirely abandoned and the eounter-recoil foree being
supplied by air alone, under comparatively high initinl pressure.
Plungers rather than pistons are used in the counter-reeoil evlinders,
the plungers being packed with special packing kept moist by liquid
under pressure. For this reason the system is frequently ealled the
hydro-pnenmalic system.

The following deseription of 4 hydro-pneumatic counter-recoil sys-
tem refers fo the triple 14" mounts of the Oblahoma, Pennsylvania,
and New Merico classes, but is fundamentally applicable to the 8"
mounts on heavy eruisers, and to 57 anti-aireraft mounts.

In this hydro-pneumatic system there are two evlinders per gun,
seeured to the top of the slide by a bracket and eaps, These eylinders
are large air bottles with the front end housing the elaborate eup
leather eylinder packing upon which the suceess of the system depends.
In the breech end of each eylinder is a head and mandrel that forms a
bearing for the plunger when renewing the eylinder packings, (See
Plate 1.)

A hollow plunger fits in the front end of each nir evlinder. The
rear end of the plunger is surrounded by the eylinder paeking, and
ihe forward end iz seeured to the counter-recoil plunger yoke, The
counter-recoil plunger yoke slides in recoil and counter-recoil on &
guide rail which is secured o the top of the slide. Pull rods eonnect
the counter-recoil plunger yoke to the gun yoke. When the gun recoils,
the counter-recoil plunger yoke is pulled to the rear, forcing the
plungers further into the eylinders. At the end of recoil, the ain
further compressed in the air eylinders, forces the plungers forward
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and relurns the gun to battery. The initial pressure of the air in the
air eylinders is approximately 1,800 pounds per square inch, which is
inercasod shout 50 per cent during reeoil. The general arrangement of
the system, as above deseribed, is shown at the lower right on Plate I,
the sketeh showing the installation for one gun only,

1022, The suceeas of the hydro-pneumatie system depends upon the
relinbility of the packing which retains this air at high pressure. Two
practical difficulties are experieneed in packing air at high pressure.
First, it is diffieult to get castings of sufficient density and homogeneity
Lo prevent leakage of air through the pores of the metal. The second
difficulty is due to the tendeney of cupped packing and other forms of
packing to dry out and pertmnit the cseape of air. The first difficulty ean
be overcome to o great extent by the use of forged steel instead of
eastings for all parts enclosing the air, The second diffieulty is overeome
by introdueing a liquid chamber, called the differential eylinder, which
hoosts the liquid pressure so that it is in excess of the air pressure to
he retained by the packing.

The differential cylinder iz mounted between the two air eylinders
on top of the slide, and contains within it the Aoating d¢fferentiol praton,
whose piston rod protrudes from the cylinder through a gland. The
differential eylinder, in the portion around the piston rod (at the right,
Plate I) is filled with liquid.® On the other side of the piston (at the
left, Plate 1) the eylinder is full of high pressure air, obtained from
both eoanter-recoil eylinders, to which it is connected by pipes. Since
the piston is free to move,” the pressure of the air is transmitted to
the liquid. As the piston area exposed to air pressure is greater than
the piston area exposed to liquid pressure, by an amount equal to the
cross-sectional area of the piston rod, the unit pressure of the liguid
must exeeed the unit pressure of the air in like proportion. By means,
then, of this differential piston the liguid is under a higher unit pres-
sure than the air, and thiz holds true no matter what the air pressure
mayv be nor at what part of reeoil the gun may be,

Whereas great diffieulty is experienced in packing air by the usual
methods, no great difficulty iz experienced in packing liquid at the
game or increased pressures sinee the liquid keeps the packings moist.
The liquid from the differential eylinder iz therefore led by pipes to
both counter-recoil cylinders, where it is distributed through and

around the packing of the eounter-recoil plunger. The liquid tends to
- egeape through the differential piston packing to the air side of the

& The liguid used is the standard recoil liquid—30 parta glycerine, 20 parts water.
T Leakage of liguid from the system is indicated if the differential piston rod is
found to be protruding farther and farther from the end of the eylinder.
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differential cylinder, or through the plunger packing to the air eylinder
rather than permit the ecompressed air to leak through in the opposite
direction,

The packings consist of three leather packing rings of U-shaped
cross seclion seated on flat leather rings. The U-shaped cup leather
packing rings are supported upon a metallic packing expander which
prevents the packing from collapsing even if the pressure is romoved.
Three rings of soft packing are alzo provided to form a bearing for
the plunger. The liquid holds the skirt of the U-shaped leather packing
against the eylinder wall and against the side of the plunger and forms
an excellent air seal, The details of the packing are shown on Plate T,

The differentinl piston and the piston rod gland are provided with
packings similar Lo those around the air plunger.

1023, Secured to the differential evlinder is a safety pauge which
shows the Fguid pressure on the system at all times, As this liguid
pressure is a direcl funetion of the air pressure, the pressure on the
system ean easily be ehecked., The gauge and its connection are filled
with liquid. The liquid in the gauge and the liquid in the differential
eylinder are separated by a flexible diaphragm which will, in case the
gauge or ifs conneetion is broken, collapse against and close the
small pin hole leading to the gauge eonneetion and thus prevent
both the ereape of liquid from the differential eylinder and the tempo-
rary disabling of the gun.

The eounter-reeoil eylinder piping is made of high-pressure eopper
pipe. The pipe leads consist of air and liquid pipes from the differential
cylinder to the air eylinder. Pipe leads are also run from the differential
evlinder to valves on the side of the slide for eharging with both air
and ligquid. The air and liguid valves on the slide are arranged 2o that
they ean be eonnected to Lhe eomprossed air mains or liguid pump by
means of portable pipes.

Sinen the weight of the gun is held in battery =olely by compressed
air, it is eszential that some positive means be provided to prevent
the gun from sliding out of battery when it is being elovated, in ease
the air pressure in the counter-recoil system is less than required. This
is done by a yoke locking device, The gun yoke is connected to &
brackel on the slide by a safety link and pin. This link is of sufficient
strength to support the weight of the gun in battery, but would be
parted without damage to gun or mount if the gun were fired with it
in place. The mechanism is to be disconneeted before fiving, but is to
be kept in place at all other times,




CHAPTER XI.
NAVAL GUN SIGHTS.
Section I.—Preliminary.

1101. The path deseribed by a projeetile fired from a rifled gun is
not & plane eurve; that is, it eannot be wholly ineluded in any one
plane. The curvalure of the path, s seen projected on a vertical plane
through the gun and target, is caused by the influence of gravity on
the projectile. The curvature as seen projected on o horizontal plane
through the gun, is ecaused by the gyroscopic properties imparted to
the projectile by the rotation or spin received from the rifling of the
gun,! In U, 8. naval guns, which are all rifled with right-hand fwist,
the eurvature produced on the hovisontal plane is always to the right
when looking from gun toward target, and this is to be understood in
connection with the diseussions that follow,

It i evident that, except at pointblank ranges, o projectile fired
from a gun whose axis had been pointed (o eoinelde with a straight
line joining gun and target, would not hit the target. It is necossary
both to elevate the axis of the gun at some vertical angle above this
line, and to offset it by some horizontal angle to the left of the line,
in order to eompensate for the curvatures before mentioned. Both
these angles are functions (but nol linear funetions) of the distance to
the targel. 16 is the duty of the fire eontrol party of the ship to deter-
mine the values of these angles but in order to insure that the gun is
actually elevated to and offset laterally Lo the exact angles as received
at the gon, there are installed on the gun mount deviees known as
gun sighis, 1t is with these that thig chapter will deal.

1102, Prior o an explanation of the fundamentals of gun sights,
geveral definitions are given. In Fig. 1101, QT is the horizontal plane
andd the gun is considered to be at (2, the origin, slightly above the
earth's surfaee, as is vsual in the eaze of guns mounted on ships. The
gun's axis is pointed along the line OM at the instant of firing. The
projectile deseribes the path (ST and falls on the earth’s surface at T.
T repreosents o Larpet.

(1) The Wne of position is the straight line conneeting the gun and

' Bee Exterior Buliistics, 1535, by Lisutenant Commander E. E. Herrmann, U. 8,
Navy,

234
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target (0T, Fig. 1101), The same line is also commonly referred to
as the line of sight.

(2) The angle of position, p, is the vertical angle between the hori-
zontal plane and the line of position; it is positive when the target is
higher than the gun and negative when the target is lower than the
gun,

(3} The frajectory is the eurve traced by the projectile from the
origin to the point of impact (OST, Fig. 1101).

(4) The line of departure is the line in which the projeetile is moving
at the instant it leaves the gun; it iz tangent to the trajeclory af the
erigin and praetically coineides with the axis of the bore at the instant
of firing (OM, Fig. 1101).

-
-

Q==
§Tw horizontal p = angle of position
05M=trafectary §'s angle of elevation
OMe line of d{:FFI"‘h-IJ"E 0 = angle of departure
0T= line of position (hnc of sight) T - point of Impact
OTeX"= TEHE-E

Fra, 1101,

(3) The range is the distance from the origin to the point of impaet.

(6) The angle of elevation, ¢, is the verticnl angle between the line
of departure and the line of position.

(7) The angle of departure, ¢, is the vertieal angle between the line
of departure and the horizontal plane. 1t is equal to the algebraic sum
of the angle of elevation and the angle of position.

(8) The jump (not illustrated). Under the shock of firing the axis of
the gun may describe a vertical angle (positive if upward, negative
if downward) between the time the powder charge is ignited and the
time the projectile leaves the muzzle, This angle is very small in any
ease and may be considered an inherent part of the angle of elevation.
Therefore no special symbol is given for the angle between the line of
position and the axis of the bore just prior to firing.

(9) The drift. The lateral curvature of the trajectory eauses the
prajectile to deviate from the verlical plane eontaining the line of
departure, At any range, the linear amount of this deviation, measured
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perpendicularly to the line of fire, is called the drift at thai range
(D, Fig. 1102(b)].

Section 1I.—Fundamental Principles of Gun Sights,

-1103. I our gung were mounted on a |31uifl‘;-|'m ﬂ.‘:'.huﬁ-, we eonld
readily lay them to the desired elevation by the use of a gunner's
quadrant; the quadrant measures angles of elevation with respeet to
the true horizental, and, by means of it, the gun may be laid with
respect to the true horizontal. Many coast artillery guns are laid in
elevation by means of some form of gunner’s quadrant, but at sea
quch a method would be impracticable due to the motion of the ship.

ELEVATION 15
Fiz. 1102(s).

e
&

Frz. 1102(h).

At =ea it is far more eonvenient to aim our guns by directing the line
of sight at the target; we will confine oursclves to this phase of the
problem.

Figures 1102(a) and 1102(b} illustrate whal iz meant by directing
the line of sight at the target. In Fig. 1102{2) we have a gun at 7 and a
target at 7'; the range to the target is X’ and from the range table for
this particular gun we find the angle of elevation ¢ required for this
range. A gun sight, with sighting axiz LL’, is shown pivoted on the
gun; the gun sight is so fitted that its sighting axis LL" may be set
4t any desired angle (within required limits) with the axis of the bore
:GG", in both the vertical and horizontal planes. Now if we depress the
sighting axis of the gun sight so that it makes the angle ¢’ with the
bore, in the vertical plane, and, by elevating the gun while sighting
along the sighting axis, direet the the axis at the target T, it will be
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¢lear that the axis of the bore will be elevated above the line of sight
by the amount of the angle &',

The gun will, however, not be elevated above the horfzonial by this
amount unless the gun and target happen to lie in the same horizontal
plane. In actual practice, guns on board ship are usually mounted
well above the water line, while the targets at which they fire usually
rest on the water's surface, But the height of gun above the water i
always very small in comparison with the range to the target (with o
gun as high as 60 feel and a range as short as 1,000 yards, the angle
of position is only about 1°, while normally it rarcly exeeeds about 109
of are). We may, then, apply the prineiple of rigidity of the trajectory®
under these conditions. Referring to Fig. 1102(a), this means that if
the gun is elevated the angle ¢’ above the line of sight LL'T, it will
give the range X'=G7T, whether & and T are exactly in the same
horizontal plane or not, but provided, of course, that the inclination of
the line of sight to the horizontal remains within reasonable limits.
Reasonable limits will not be exceeded as long as we deal with guns
mounted on ships and firing ol targets resting upon the water,

Figure 1102(b) iz a plan view of Fig. 1102{(a). We know that if the
gun is laid so that the axis of its bore lics in the dircetion GG’ in azimuth
the trajeclory will normally curve off to the right, due to the drift
of the projeetile; we will consider, for the present, that no external
forees are operating to eause lateral deviation other than the normal
drift. Since we may find from the range table what the smount of
the drift D will be at the range X', we may direct the bore of the gun
at the point G which lies D yards to the left of T, and the trajectory
will then terminate at the point T. The most convenient manner in
which to secomplish this result is to set the gun sight so that its sight-
ing axis makes the angle (*GT, or m, with the axis of the bore, and to
the right of it, in the horizontal plane. Then if we Lrain the gun, while
sighting along the sighting axis, until the sighting axis is directed at
the targel, the axis of the bore will be pointed al €' and the trajectory
will terminate at T, as required.

It will be elear that after we have set the sighting axis of the gun
sight at the required angle ¢ with the bore, in the vertieal plane, and
at the required angle m in the horizontal plane, the gun may be laid

* The principle of rigidity of the trajectory states that: Provided the angle of posifion
remaing gmall, & gun which obtaine 4 certain inclined range along a line of position,
whoe elevated o given angle sbove that line of position, will obtain the ssme range
along the horizontal swhen elevatod the same angle above the borizontal. For a mete
extensive explanation, ses Exterior Ballistics, 1535, Chapter 3, by Licutensnt Cot-
mander K. E, Herrmann, U. 8. N.
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in the proper direetion by directing the sighting axis of the gun sight
at the target, regardless of the motion of the platform upon which the
gun is mounted. Figure 1103 illustrates that the clevation of the gun
with respect to the ship may vary greatly, while its elevation above
{he line of sight remains the same. The gun’s elevation with respect
to the ship varies with the roll of the ship, if the sighting axis of the
gun sight is kept pointed at the target, but its elevation above the line
of sight depends only upon the setting of the gun sight.

1104. The siphting axis of the gun sight is determined in several
ways in the various types of sight mechanisms. There follows a deserip-
tion of an open sight, shown on Plate I, which will clearly illustrate
the principles involved in the defermination of the sighting axis and
the setting of this axis st the required angles {vertically and hori-
gontally) with the bore of the gun. The scales, by which these angles
are measured, will be deseribed later.

G

Fra, 1103,

On Plaie 1, the rear sight point iz determined by the bottom of the
Veshaped noteh, 8, and the front sight peini by the apex of the cone 57
If the eve is placed so that the apex of the eone ean just be seen in
the bottom of the noteh, the eye then lies in the sighting axis,

In order that the sighting axis, as determined by S and S, may be
set at various angles with the axis of the bore in the vertieal and
harizontal plancs, the two sight points are set on the pdvol bar B, which
is pivoted to swing in the horizonts] plane about the vertieal siglit
pivot ps’ and in the vertieal plane about the horizontal sight pivot kA’
These pivots are mounted in the pivol block p, whieh i= attached to
the gun glide. The rear end of the pivot bar glides in a circular groove
in the azimuth head b, the center of curvature of the groove being in
the vertical sight pivot w’. The azimuth head is at the top of and is
an integral part of the sight bar i, which slides vertically in the sight
bur bracket ¢, attached to the gun slide. The sight bar is shaped to
the are of a eirele whose center is in the horizontal sight pivot LA

It may be seen that if the rear end of the pivot bar is moved hori-
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zontally in the azimuth head, the sighting axis may be set to any
desired angle with the axis of the bore in the horizontal plane, and ij_‘
the gight bar is raised in the sight-bar bracket, the sighting axis may
be set to any desired angle with the axis of the bore in the verticg]
plane. If we now elevate and train the gun so that the line of sight
is directed at the target, the axis of the bore will be offset horizontally
and elevated vertically by the amount of these angles with reference
to the line of sight.

1108. The axis of trunnions is the axis about which the gun elevates,
The slide’s trunnions and the trunnion bearings are so constracted
that this axis intersects the axis of the bore at right angles. The axis
of training is the axis about which the mount or turret {gun) rotates
in azimuth. The mount is so installed that when the ship is on an even
kesl and even trim, the axis of trunnions is horizontal and the axis of
training vertical. Consider for the moment that these two axes are 20
horizontal and vertieal. The gun sight must be so installed on the slide
that when the sight bar is raised in the sight-bar bracket, the pivot
bar will he moved only through a verfical angle with reference to the
axis of the gun, no lateral (harizontal) component of motion being intro-
dueed: and similarly, when the pivot bar is moved laterally in the
pzimuth head, it will be moved only through a herizontal angle with
reference to the gun’s axis, no verfical component of motion being intro-
dueed, If the sight pivots are so installed that these requirements are
met when the axes of trunnions and training are horizontal and vertieal,
respectively, then they are properly installed for any position which
the mount may take while on a ship in motion.? The positions of the
gight pivots neeessary to fulfill the above two requirements are given
in the following:

(a) The horizontal sight pivot Ak’ (Plate T) must be parallel to the
axi= of the gun trunnions. This is absolutely necessary in order o
insure that the sighting axis makes with the axis of the gun the angles,
in the horizontal and in the vertical plane, indicated by the sight seales.
This is also necessary to prevent a change in sight elevation from
causing an unintentional change in sight deflection,

(b) The vertical sight pivot s’ (Plate 1) must be installed exactly
at tight angles to the horizontal sight pivot k' and to the axis of
the gun trunnions. This is absolutely neeessary in order to insure
that the sighting axis makes with the axis of the gun the angles, it
the horizental and vertieal planes, indieated by the sight seales, This

2 The error in the fall of shot due to "trunnion tilt" will not be disenssed here; such
a diconsgion will be found in Erlerior Ballistics, 1835, Chapter 13.
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CHAPTER XI, PLATE I.
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is also necessary to prevent a change in sight deflection from causing
an unintentional ehange in sight elevation,

Section III.—Methods of Establishing the Sighting Axis.

1106. The sighting axis may be defined as the line determined by
the front and rear sight points. There are three principal arrangements
for establishing these sight points. They are (1) the open sight, ()
the peep sight, and (3) the teleseope sight.

The open sight, already deseribed in connection with the fundsa-
mentals of sights (Plate I), was one of the earliest to be used, and
and the least efficient arrangement (of the three cnumerated) of the
gight points. This sight is not only latiguing to the eve beeause of the
necessity of foeusing the eye for different distances, but is inaceurste
evenr under the most favorable conditions (namely, when both gun
and farget are still, and there is no difficulty in keeping the optical
axis coineident with the line joining the sight points): this iz because
changes in the direction and intensity of the illumination on the front
sight point will make an apparent ehange in its position and a conse-
quent apparent change in the dircetion of the sighting axis. In addition
to the above, there is no magnifieation of the target, and a eonsiderable
portion of its area is obseured by the sight points, This type of sight
is now rarely found in the U. S, Navy except as a stand-hy sight.

A later development of the open sight was the peep sight, familar
to many because used on the serviee .30 ealiber rifle.! The peep sight
15 an improvement on the open sight, for the reason that it is easier
to align the front sight peint in the center of the peep than in the
noteh of the open sight, Figure 1104 shows the essential parts of this
type of sight. The front sight point in & peep sight iz about the same
as in an open gight; but instead of a noteh for the rear sight peint
there is a eireular hole in a diaphragm (o, Fig. 1104). The sighting axis
is defined by the tip of the front sight point and the center of the peep
hole. A disadvantage of this sight is that, whereas the peep should be

ERaNT
p EI«EJ:'JT
- —=SIGHT RADIUS— —;:

VIEW FRON FIGHT SIDE
Fra, 1004,
* Hoth open and peep sights may be eonstructed with the sighi-bar bracket ilted

laterally, so that as the sight bar is raised for incressed elevation the rear sight peint
is oftset laterally to the left, thereby compensating, approximately, for drift.
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" made as large as the human eye pupil in order to admit the greatest
i;mﬂullt- of light (especially for night use), any such enlargement of the
- peep makes it difficult for the eye to alizn itself with the eenter of the
peep.
1107. The telescope iz the most convenient and most efficient means
'~ of establishing the sight points. It may be defined as the combination
iif two systems of lenses on a common axis, spaced so that the second
- focal plane of the first system (the {:b;er:uw equivalent) is coincident
: e;mr,]t the first focal plane of the second system (the eyepiece equivalent),
~which plane contains a pair of interseeting crosswires or etched eross
lines.?
There are three points in the telescope that determine the sighting
:ns namely, the intersection of the eross lines, and the first and second
‘unit points® of the objective equivalent. The stability of the sighting
“axis with reference to the gight mount thercfore depends on the rigidity
ﬂf the point of interseetion of the cross lines and all- optiesl parts in
fmnt. of it. The telescope is so attached to the gun that the sighting
axis ean be sel at any desired angle with the axis of the gun.
Advantages of the telescope sight.—(z) The first point of superiority
n the telescope as a sight is the faet that the eve iz foeused for only
_._m distance, instead of suecessively accommaodating for more than
ﬁl]r.'-, as with the open sight and the peep sight. This is beeause the eye,
when the adjustment of the teleseope is correct and the target is at
long range, sees, through the cyepieee equivalent, the intersection of
M cross lines nnd the image of the target in one plane. Furthermore,
‘under the above conditions the peneils of light that emerge from the
;__Epjew are parallel peneils, and the accommodasion muscles of the
normal eye are at rest when it is receiving such peneils. With the open
'.-'. t and peep sight, if Lhe eye is moved off the sighting axis, errors in
,4' vinting will oceur; but with the telescope, motion of the eye either
A ross or along the sighting axis will not affect the accuracy of pointing,
Provided the teleseope is properly adjusted and the target is ot long
nge; for as long as the eye is in come position where it will receive a
rt of some peneil that emerges from the eyepiece after diverging
mom the intersection of the cross lines, it will see the intersection of
- the cross lines and some part of the field of view. There are limits
~A0ng the axis of the eyepicee and across it within which the eye should

* The entire mechanism by means of which the telescopes are set at the required
B0 with the bore of the gun, s called the gur sight s the telescopes themselves are
EROpErly called gun-sight telescopes.

~ " Unit points are the points of gero eurvature on each face of the lns, i, ¢, the points
8t which the optienl axis pierees the two fyees.
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be placed if it is desired to utilize the full field of view and receive the
maximum amount of light from the target; however, the rubber buffer
fitted on the eye end of the telescope makes it easy for the eve to place
itzelf within the proper limits.

(b) The next point of superiority of the teleseope is its magnifying
power. At modern battle ranges it is necessary to have an apparent
enlurgement of the target in order to point the gun with sufficient ac.
curacy. Where F is the focal length of the objeetive equivalent, and f
is the focal length of the eyepicee equivalent, the magnifying power of

the instrument will be M =— diameters, For instance, if F he 20

inches and f be 2.5 inches, the magnifving power will be 8 diameters,
When using this telescope on a target distant 8,000 yards, we can lay
the gun with as mueh facility as we could lay it on the same target
distant 1,000 yards with a sight that has no magnifying power; bui
the increaze of magnifying power is attended with a corresponding
decrease in the field of view. Roughly, the field of view of any telescope
will be 457 divided by the magnifving power. We are therefore re-
stricted in the application of this peint of advantage by the size of field
of view which is large enough to permit the gun pointer to “piek up”
the target.

(¢} Another point of advantage in the teleseope sizhl is the fact that
the size of the emergent pencils does not affect the aceuracy as does
enlargement of the hole in the peep sight. When M is the magnifying
power and A is the aperture of the teleseope, the diameter of emergent

peneils will he 1; - By making the proper relation between A and M
we can utilize the full area of the dilated eve pupil at night; and =0,
instead of making it more difficult to pick up a target when looking
through the sight than it is when looking with the naked eye, we can,
with the telescopes in servier, piek up and lay on a target that is 50
dimly illuminated a5 to be invisible to the naked eve,

1108. Types of telescopes.—Trelezcopes have almost entirely re-
placed open sights in naval gun sights. There are a number of types
in use, on gun directors as well as in gun sights. These may be classified
roughly as follows:

(a) As to path of light- the straight type, fixed prismatic type, and
rotating prizsm type. The latter changes the sight elevation by rotating
an internal prism, rather than by moving the telescope as a whole.
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(b) As to magnification—the fixed power, the continuously variable
wer (belween two limitz), and the double power.

{¢) As to number of eyepieces—the single eyepicee, and the double
eyopicce (cheeksight ),

(d) As to focusing—practically all telescopes in serviee may be
focused at the eyepiece to suit the individual eye, but some older types
gannot be focused.

The straight telescope is used in most broadside gun sights, but on
gome broadside guns and in all turrets the prismatic tvpe is used. The
I,purpﬂsﬂ of the latter is to bend the incoming light through two right
angles (ordinarily) so that the line reaches the eye parallel to ils
original direction but offset by an amount equal to the distance be-
tween the two prisms. This makes it possible to place the objective
elose to the axis of the gun, while the eyepiees may be placed at a
p-mﬁ.iﬂ_‘:’! more convenient for the user. Anti-aireraft gun sights are
" fitted with a special type of prismatie telescope that allows the user a
eomfortable position of the head even when the gun is elevated at large
- angles.

The checking telescope is fitted with a second eyepicee so that two
gbservers may see through the telescope simultaneously. This is at-
tained by means of a prism inserted in the path of the ravs from the
objective to the primary evepiece, One disadvantage of this scheme i3
that each observer gets only hall the light that he would ordinarily
receive. As this cheeking eyepiece is intended for use in training
pointers, the latest Lelegeopes arve fitted so that the checking eyepices
system can be thrown out at will, Late sight mounts in many cases use
a separate telescope for the checksight observer so az to obviate the
neeessity of installing an additional eyepieee on the peinter's telescope,

In late telescope design, the tendeney has been toward simplification
and ruggedness. Straight telescopes are used in lieu of prismatie tele-
Eﬁﬂpm wherever possible, also the magnification is fixed instead of
being of variable power,

1100. Paraliax, by general definition, is the apparent displacement
ﬂ'f an ohject when viewed from different points. As applied to an error

At may exist in a telescope, the term indicates thai if the eve is
"F]-EG'Ed in geveral positions at the eyepieee, the image of the target will
hﬁ seen in several different positions with respeet to the intersection of
thE eross lines. Such a condition is undesirable since, when the inter-
““Eﬂlﬂﬂ of the cross lines is accurately trained on a point on the target,
;E'mail motion of the eye at the evepiece will apparently cause the
mterﬁﬂﬂllurl to move off of the point. This error iz causzed by the fact
AL mage of the target and the eross lines in the telescope do not lie
1 the same focal plane,
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Parallax is easily detected by laying the telescope on a fixed mark,
keeping it in a fixed position, and then moving the eye up and down
or sideways across the eyepieee, If there is no apparent motion of the
interseetion of the cross lines relative to the image, they are both
in the snme plane; if the intersection of the cross lines appears to move
over the image in an opposite direction to the motion of the eye, the
image lics forward of the eross lines; if it appears to move over the
image in the same direetion as the motion of the eye, the image lies
in rear of the interseetion of the eross lines. The second condition would
be due to inecorreet adjustment of the telescope; the third econdition
would be due to ineorreet adjustment if the mark selected for the test
iz more than a mile distant. When a telescope has an objective equiva-
lent of & moderate foeal length like that in our teleseope sights, and
the telascope i in correet adjustment, the image of an objeet distant
anywhere from infinity to a mile is not pereeptibly in rear of the second
foeal plane of the objective equivalent—the position of the eross lines,

Parallax is ordinarily removed from a telescope by unclamping the
draw fube containing the evepicee and erosswire lens and sliding it
axially until the cross lines lie in the second focal plane of the objective
equivalent. This, however, may disturb the bere-sighting adjustment,
later to be deseribed, When very close targets, such as dotter targets,
are to be observed, an auxiliary telescope called a focusing cop (Tig.
1105 may be clamped to the objeetive end of the main telescope, Dy
adjusting the draw tube of the focusing eap a cloze target may be
seen without parallax through the main telescope. This makes any
adjustment of the main telescope unneeessary.

NOMENCLATUBE |- tusing f2p I

1. Tuba, a3, Lac, E. Adjusing weress 7. Posilsve Loz
o (i Lubi e — L ]IUSTEEG 2T B, Clampies g se— §. Hemtive b

Fre. 1104,
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1110. Care and handling of telescopes.—The objective lens is pro-
vided with a cover which should be kept in place at all times when
the telescope is not in use; otherwise the sun will cause the balsam
cement Lo erystallize.

When possible, telescopes should be stowed in & warm, dry place in
hoxes provided for them.

Telescopes should be wiped off with a dry cloth (nothing else), and
the cloth should never touch the lenses.

Care should be taken that the telescope holders are kept elean and
smooth. Emery should never be used for cleaning them.

Cleaning lenses.—Lenszes should be wiped off only when necessary,
for cleaning destroys the polish, thereby diminishing the amount of
light passing through. If they are very greasy, a few drops of aleohol
applied with a brush and then wiped with clean chamois skin will
usually be sufficient. Dust ean be removed by means of a dry eamel’s-
hair brush.

Each pointer and trainer should have al hand a pieee of lens paper,
g0 that he may be able to wipe off the eyvepieee lens in ease it becomes
covered with moisture, as it does sametimes. A few small holes punched
in the rubber eye guard will tend to correct this trouble. In no case
use waste or ordinary cloth for eleaning a lens, but only chamois skin,
lens paper, or the speeial Selvyt cloth provided.

In cleaning the objeetive lens of a telescope when in place, gpecial
attention must be given that the objective lens does not rotate, as
this will eanse large errors in the oplical axis.

Compound lenses are usually ecemented together with Canadian
balsam, which is soluble in aleohol; hence care must be taken that too
much nleohal is not used in eleaning. In cleaning cross-line lenses, do
not usc aleohol, as it removes the filling-in material of the etehed line,

The above remarks apply to the polished surfaces of prisms as well
as of lenses,

In looking through a teleseope, it iz well to remember that all dirt
that may be geen very clearly defined must lie in or very near to a
foeal plane. For this reason dirt on the eross-line lens is clear and dis-
tinei, while that on the objective and eyepiece lens will appear as a
blur. However, dirt on any lens lessens the amount of light that is
transmitted to the eve,

Section IV.—Sight Scales.

1111. Referring again to Plate I, there are scales installed on the
Bight har and on the azimuth head for the purpose of measuring the
angles in the verlical and horizontal planes at which the pivot bar is



26 Navan ORDNANCE

set with reference to the gun's axis. These seales are called the sighs
seales. The seale which measures the angle in the vertieal plane i=
ealled the range seale, and that which measures the angle in the hori-
zontal plane is ealled the deffection seale,

1112, It will be evident that the range seale must be ealibrated
from data contained in the range table for the particular gun to which
the range seale belongs, A range table is a compilation of data giving
the numerieal value of each element of the trajeetory for each 100-
vard increment in range, ineluding the angle of elevation and the drifi.
The values are ealeulated theoretieally and actually verified by ranging
al the Naval Proving Ground for each particular type of gun.

A direct-reading range seale suitable for the sight mount in Plate ]
is shown in Fig. 1106. The range strip, made of white metal, is normally
engraved with divisions and numbers on both edges, the seale on one
pdge showing the elevation in minutes of are, and the seale on the other
edge showing the range in yards eorresponding to the minutes gradus-
tion on the opposite edge. The seale in yards is the one normally used,
The seale in minutes is sometimes emploved for sight setting when
using director fire. This range strip is dovetailed to it in the sight hor
flush with the outer side face, and is adjustable within the limits of
an clongated hole for a clamp serew. (Shown as screw g in Fig. 1106.)
Lot us assume that a telescope is abttached to the part marked pivd
bar, and that the teleseope is parallel to the bore in the vertical plane.
The sight-bar bracket is rigidly secured to the gun slide and there is a
reference mark K on it. With the teleseope parallel to the bore, the
gun would evidently have zero elevation with reference to the line of
sight if the telescope were directed at a target. (In Fig. 1106 the sight
is depressed to o reading of 600 yards opposite the reference mark A
on the sight-har bracket.) Hence, we may place a zero mark on the
movable sight bar so that it will exactly eoincide with the reference
mark K when the teleseope is in the zero position (i.e., parallel to the
hore in the vertieal plane), The sight bar is in the form of an are, with
its center of curvature at the horizontal pivet of the pivot bar. The
radius of thiz are is called the sight radius. If we know, from range
table data, that a range of 5,000 yards requires an angle of elevation
of 2° 14'.4, and if we lay off this angle from the zero mark on the
sight bar, the point so established may be marked 5,000, Then, il we
move the zight bar so that the point marked 5,000 comes opposite
the reference mark K, the pivot bar and telescope will have been scl
at the required angle in elevation with the hore for a range of 5,000
vards. In a similar manner points for all ranges may be loeated.

The range reading set on the range seale of the sight har, ealled
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gight-bar range, represents only an angle of elevation of the gun. It
does not neeessarily represent the distance to which the gun will throw
the projectile when the line of sight is on the target, The sun, with a
sight bar range of say 10,000 yards set on its sights, will throw the
projectile just 10,0000 yards only if the conditions under which the
shot is fired are all equal {or equivalent) to the standard eonditions on
which the range tables are based and for which the sight seale was
graduated. The range tables assume that the gun and tarmet are mo-
tionless, that there is no wind, ete. When gun and target are moving,

BivaT BAA.
AZIFUTH HEAD

Fig. 1104.

& wind is blowing, and other conditions are nonstandard, the control
party must compute corrections to compensate for these conditions,
add such corrections (algebraically, in yards) to the target distance
i yards, and send to the guns this corroeted sight-bar range to be
st on the sights. Thus, for example, & sight-bar range of 10,500 yards
may be zet (ie, the gun elevated at an angle equivalent to that
amount} in order to eause the projectile to fall just 10,000 yards from
the gun.

1113, An arrangement similar to that of the range seale is provided
for selting the teleseope al an angle with the bore in the horizontal
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plane. As shown in Fig. 1106, the pivot bar is fitted into a dovetailed
groove in the azimuth head, and it may slide in this groove. The azi-
muth head is also in the form of an are with its center of curvature at
the vertical pivot of the pivot bar, and graduations are located on the
azimuth head, and a fixed reference mark on the pivot bar, by means
of which deflection settings can be made,

For setting the sight in the horizontal plane, {.e., in deflection, an
arbitrary scale division is nscd. The arlifrary defleciion zeale 13 one
eraduated in mils, a mil being an angle subtended by an are of length
equal Lo one one-thousandth of the arce's radius (e, a mil equalz (001
radian). This iz equivalent to 3744 or 37 26%. The angle whose tangent
ig 001 2o elosely approximates g mil that for practical purposes the
angle tan ' 001 is often used to represent a mil. This approximation
mayv conveniently be used to determine the angular lateral offset of
the gighting axiz necessary to obtain a given lateral displacement of the
point of fall at & particular range. By dividing the desired lateral dis-
placement of the point of fall in yards by one one-thousandth of the
range in yards, the necessary lateral offsel of the sighling axis is ob-
tained in mils,

Defleetion seales in the U. 8. Navy are marked so that when the
zighting axis is parallel to the bore in a horizontal plane, 7., at the
position of no defleetion, the seale reads 100 (50 on some older seales
and 300 on anti-aircraft scales). This convention makes unnecessary
the use of the words right and left in making settings, Further, seales
are graduated so that the point of fall will be moved to the right if
the seale reading is numerieally inereased (raised) and to the left if
the seale reading is numerically deereased (lowered), provided that the
line of sight is kept pointed at the same object by training the gun.
This leads to the following easily remembered rule: To move the
point of fall to the right, raise the selting (right, raise); to move the
point of fall to the left, lower the setting (left, lower). In using this rule
it should be remembered, however, that we are dealing with the diree-
tion in which the correction is to be made, and not the direction in
which the error is found, For instance, if the projectile falls 38 yards
to the right of the desired point, its error is 38 yards right; but we
must apply a correetion of 38 yards left (in mils) to bring it to the
desired point.

The reading set on the defleetion seale ineludes not only the correc-
tion in mils for drift, as found in the range table for the existing range,
but also corrections in mils for variations from standard conditions,
as mentioned in Art. 1112, If the resulting total eorrection is, say, 10
mils to the right, a reading of 110 {or 60 or 510, according to the type)
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iz set on the scale. The sighting axis is thereby offset 10 mils to the
Jeft of the bore and when the gun is trained to hri ng the line of sight
on the target the bore is pointed, in the horizontal plane, 10 mils {o
the right of the line of sight. The setting on the deflection seale is
palled simply the scale. Thus, in the example above, the seale is 110,
1114, BEome guns use only the direct reading sight =eales similar to
those shown in Fig. 1106, But moszt of our guns are provided with
additional seales which permit the use of larger scale divisions than ean
be used on the direct-reading seale, It will be evident that graduations
on the sight-har seale would have to be very elose together to provide
4 mark for each 50 yards of range; at short ranges it would require
marks at intervals of about one or two minutes of are. In order to
provide easily readable divisions, multiplying seales are used. These
are merely seules attached to the gearing controlling the setting of the
pivot bar in elevation or in azimuih, in such a manner that a small
movement of the pivot bar will be indicated by a greater movement, of
the multiplying zeale, The ratio between the two movements depends
only on the gear ratio between them, and henee the calibration of the
multiplying seale is purely a mechanical problem. (See Plate 11)7

Section V.—5Sight Mounts.

1115. Yoke sight mounts.—The yoke sight mount for broadside
guns is illustrated in prineiple in Fig, 1107, (See Plate II, for full de-
tail.) The two teleseopes, one for the pointer and one for the trainer,
are now carried on one sight mount which is a modification of the type
shown in Plate I.

Inztead of the pivot har we have a yoke ¥ which amounts to a pivot
bar spread out wide enough to carry a telescope on each side of the
gun, The rear end of the yoke works in the azimuth head on the sight
bar in the same manner as the rear end of the pivot bar in Plate 1,
The horizontal sight pivot is formed by a shaft b/, called the saddle
pin, in g casting € called the seddle, and engaging a easting It called
the rocker, The vertical sight pivot is formed by the pin s’ which
centers the yoke in the rocker. The upper and lower side edges of the
rocker, a, b, ¢, d, are machined to arcs of cireles centered in o' o a
Working fit in the yoke; this gives stiffness at the positions H and H'
Where the eastings called telescope holders are connected to the voke,
The telescopes are held in the telescope holders by semi-circular clamps
secured to the teleseope holders. The telescopes may be adjusted in

* The means of imparting motion to the pivat bar are, for the sake of simplicity
in the d.'rawingi, omitted from Plate | and the following illustrations of sight mounts,
EXeent as shown on Plete 11,
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position, independently of the yoke, in various ways as enumerated in
Art. 1121(8).

The sight bar and sight-bar bracket as well as the multiplying scales,
are shown on ’late 11,

When a deflection setting is made on this sight mount, the end of
the yoke moves laterally in the azimuth head, and the yoke rotates
about vertieal pivet so', sliding ab points o, d, ¢, and & on the rocker &
which remains stationary., When range is set, the sight bar, szimuth
head and end of the yoke rise together, and the yoke and rocker, asa
unit, rotate about the horizontal pivot A’
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Fra. 1107 —Yoxe Siont MounT.

1116. Periscopic sights for broadside guns.—With the sight mount
shown in Fig, 1107, the wide distanee between the two lines of sight
makes the opening in the gun shield very large, or the effective areaf
train of the gun is eonsiderably less than the actual are that the gun
covers in moving from one edge of the port to the other; the pointers
line of sight will be masked when the gun is at extreme left train, and
the trainer’s line of sight will be masked when the gun is at extreme’
right train, These two faults may be corrected by using prism IF.'IE'
seapes in which the line of sight, in effeet, is turned through twe right
angles, as shown in Fig. 1108, The sight mount for these teleseopes i
practically the same as the mount shown in Fig. 1107, so it will be



Navarn Gux SIGHTS 271

sufficient in Fig. 1108 to show o portion of the yolke, with the telescope
holders, and the positions of telescopes relative to the gun when the
sight bar iz set at zero. The inherent weakness and other disadvantages
of this type of teleseope and mounting have eaused s reversion to the
earlier type employing straight telescopes (see Fig, 1107 and Plate LI).
Perizcopic sights for broadside guns are still in use on o few of our
oldest battleships, but straight teleseopes are used on all recent
construction

1117. Sight mounts for A.A. guns—The sight for the 3"-50 ealiber
A A pun, shown in Chapler IX; Plate VI, is of the yoke type.

TRANERS LINE OF SIGHT z POINTERS LINE OF SIGHT
VIEW FROM FRONT

Fric. 1104,

The sirht for the 57-25 ecaliber A A. gun, shown in Chapter IX,
Flate ¥ITI, iz not of the usual voke type as two azimuth pivots are
used instead of one. These azimuth pivets are on the eenter line of
the teleseopes and near the eyepieces so that there will be minimum
lateral displacement. of the evepicec, This double azimuth pivot ar-
rangement is desirable as this sight has a large movement in deflection
which, with a yoke sight mount, would cause excessive movement of
the evepieces, The sight-setting handwheels and seales are mounted on
the right side of the pun, and the sight on the right side iz connected
to the gight on the left side by means of two shafts, one for elevation
and one for deflection, by means of which the sights on the two sides
of the gun are always moved the same angle in elevation and deflection,

1118. Late turret sight mounts.—On the latest 14- and 1G-inch
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turret guns, a yvoke sight mount is installed, similar to those used on
hroadside guns, but instead of being pivoted to the top of the slide it
iz pivoted underneath. It is fitted with periscopie (prismatic) tele-
seopes, the line of sight being bent through two right angles, o that
while the user sits at the eyepiece in the gun pit, the line of sight
emerzes from the objeetive in the turret gun port just beneath the gun.
The guns are fitted with shields which give the splinter protection
made necessary by the slightly larger port openings in the face plate
of the turret. Plate ITI illustrates the 14-inch sight mount Mark V
and Plates IV and V the 14-inch sight mount Mark L It will be noted
that the Mark I sight mount is attached to the slide exactly as in the
pase of a broadside yoke sight mount. In the Mark V sight mount it
will be noted that the sight bar itself is attached to ihe slide and the
pivot bar and sight-har hracket move in clevation over the fixed sight
bar. In both sights the trainer’s telescope is free to swing in a vertical
plane, to allow the trainer to keep the target in view during heavy
rolling.

The twin 6-inch mounts on the 7,500-ton eruigers and the twin and
triple 8-inch mounts on the 10,000-ton eruoizers use straight felescopes
in their gun sights, the poinier and trainer being stationed outhoard
of the guns, and the telescopes look through holes cut in the faee plates
of the mounts, Plates VI and VII show such a sight assembled on the
glide of an 8-inch triple mount.

With o zun mount capable of 40° elevation, the sights illustrated in
Plates VI and VII require cxeessively large port openings in the [ront
face plates of the turrets, To avoid this sacrifice of strength and pro-
tection, it is probable that heavy eruisers now building and those
built in the future will be equipped with periscopic teleseopes installed
on & rugged form of parallel motion mechanism actuated from the
trunnions of the slide; the telescopes will be mounted in a horizontal
position, the objective ends to protrude through holes in the side of
the turret.

A parallel motion mechanism may be used in a sight mount to re-
duce the translational movement of the teleseopes when the gun 15
elevated, Where the telescopes are installed about at the axis of trun-
nions such translational movement is small but where they are
mounted on the slide in front of or in the rear of the trunnions, the
eun, 8s it is elevated, imparts to them not only the rotational motion
of elevation but also a translational movement (rise or fall) which
necessitates a large sight port (gun pors) to avoid blocking off the line
of sight. The parallel motion mechanism transmits to the telescopes
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the rotational motion unchanged but removes the translational move-

FUTILE DYER" ATELE DN
Saoe VIEw FRINT Vi
Fia. 1104,

Section VI.—Bore Sighting.

1119. A bore sight® iz a telescope sight which may be mounted in
the breech of o gun, as shown in Fig. 1109, A breech bar, accurately
made so that the center of its threaded hole will lie in the axis of the
hore, is serewed to the face of the breech by two serews. The outside
adjusting tube of the telescope is screwed into the breech bar anil
elamped by the loeking ring. The teleseope tube proper is permanently
mounted within the outside adjusting tube in a spherical bearing,
there being a corresponding spherieal surface (labeled center ball in
Fig. 1109) on the outside of the teleseope tube proper, The center of
both the ball and its hearing must lie in the geometrieal longitudinal
axiz of the telescope tube. By means of the four adjusting serews shown,
the telescope tube can be rotated in the spherical bearing (made 10

& The term bore sight includes all the apparatus used, e, the bresch bar, ﬂl'wz':
digk and telescope. The telescope alone s properly eallad “the hore-sight telescopd.
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- take any direction within limits) and elamped in position. By this
~ means the axis of the telescope i= caused to coincide with the axis of
the bore.

The use to which this teleseope is put requires that its optical and

gnnm:*tri[:u[ nxez coincide. This ig diffiealt to accomplish in manufae-
~ ture. The teleseope tube is therefore provided with four additional
- serews (not shown) by which the position of the eross-line lens can be
" changed so that the intersection of the eross lines lies in the geometrical
* axis. This adjustment is made by the manufacturer and need not be
~ made on board ship unless a derangement oceurs.
.~ The telezeope has a foeusing ring for focusing the eyepiece to the
\ individual eye, and a parallax adjuster ring by means of which the
optical system can be adjusted, so that the teleseope may, without
parallax, view objeets at any distance required in its use. There is
also a rotating ring, by which the teleseope tube may be rotated (about
its axis) within the outzide adjusting tube.

The final part of the hore =sight is the muzzle disk. This is a eircular
casting machined to fit snugly in the muzzle of the gun, the size of the
disk corresponding to the caliber of the gun. Drilled through the disk
in its exact center is & small hole. In addition there are four larger
holes, arranged as shown in Fig, 1109, The larger holes serve as eireles
of light by referenee to which the teleseope may be rotated (by the
rotating ring) until the cross lines are horizontal and vertieal, respec-
tively; they also admit additional necessary light to the bore.

With the muzzle disk properly shipped in the gun’s muzzle the
central hole lies in the axis of the bore. With the teleseope properly
shipped in the breech bar at the breech of the eun, the telescope also
lics in the axiz of the bore. 1If now, by means of the four adjusting
serews, the telescope is ndjusted in its outside adjusting tube zo that
the intersection of its erosswires coineides with the central hole of the
muzzle disk, the optical (and geometrical) axis of the telescope lies in
the grometrical axiz of the bore. The muszzle disk may be removed
and an observer, looking through the telescope, has his line of sight
directed exactly along the axis of the bore. This is the purpesze of the
telescope.

1120. The ohject of bore-sighting iz to cause the sichting nxes of
Pointer’s and trainer's teleseopes and of bore sight (axis of gun) to
converge at a specified range, with all parts of the sight rigidly seeured
I place and the sight secales reading zero range and zero defleciton
{0, 100, or 500 whichever iz used to indieate no deflection). With a
Eun bore-sighted as above it is assured that the angular offsets of the
Sighting axes, as represented by range and deflection seslp seltings,
Will be properly oriented with respect to the axis of the bore,
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The target used in bore-sighting is often an especially prepared
sereen on which are painted vertieal and horizontal lines. This sereen
is mounted on the beach at the proper range or is mounted in a hoat
which is anchored at the desired range. However, any objeet or land-
mark at the proper range may be used as a target for boresighting
and ships are often anchored so as to make such targets available for
bore-sighting at the desired range.

1121. To bore-sight a gun.—(1) Preliminary to bore-sighting a gun
check the following:

(a) Examine the pointer's and trainer’s telescopes to sec that they
are clean, properly focused, free from parallax, and that the eross-
wires are clearly visible and vertieal and horizontal. Unsatisfactory
teleseopes should be replaced with spare telescopes.

(b) Run the sight through its full are in clevation and azimuth to
see that it works frecly, is free [rom exeessive lost motion, and that
parts are properly lubrieated, Set the sight seales at zero range and at
the middle of the deflection seale (i.e., at 30, 100, or 300, depending on
the type of seale).

(2) Open the breceh plug and lash it open, so as to prevent its
swinging and injuring the bore sight.

(3) Seceure the breech bar across the face of the breeeh by means of
the bolts as shown in Fig. 1109,

(4) Enter and serew the teleseope holder in the threaded hole in the
breech bar. Before setting up tight on the locking ring, see that the
two pairs of thumb serews are respectively vertieal and horizontal,
See that the eross lines are in sharp focus.

(5) Ship the muzele disk and see that the lip or a line on its periphery
tonches the muzzle face all the way around.

(6) Adjust the telescope for eondition of no parallax on the image ol
the muzzle disk. Center the eross-line intersection on the central hole
in the muzzle disk by means of the telescope adjusting screws. Grrusp
the rotating ring and rotate the telescope through 360°% At the same
time observe whether or not the eross-line intersection remains cen-
tered on the eentral hole in the muzzle disk for each 90° position. If
it does not shift, the eross-line intersection is truly central, If the ero=s
lines shift while the telescope iz being rotated, unship the teleseope and
use a spare telescope that does not require eross-line adjustment. With
reference to the large holes in the muszle disk, bring the eross lines to
harizontal and vertieal positions, respectively, by tolating the tele-
seope in the outside adjusting tube, using the rotating ring.
t’f‘r:lnsmpes that require cros=line adjustment are adjusted as fol-
lows:
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Center the cross-line intersection on the central hole in the muzzle
disk by means of the telescope adjusting serews, Rotate the teleseope
180°. Move the vertieal eross line half the distance of the error toward
the center by the cross-line adjusting serews and the remaining half
by means of the teleseope adjusting serews. Do likewise with the hori-
zontal eross line. echeck and repeat the operation until the teleseope is
perfectly contered. In conneetion with the above we must differentiate
between the telescope adjusting serews and the cross-lne adjusting
HOPEWS,

(7} Bemove the muzzle disk and foeus the teleseope on a target as
required, readjusting for no parallax on the target,

(8) Man stations at the pointer’s, trainer's, and bore-sight tele-
seopes, Normally the division officers take station at the bhore-sight
telescopes with the regular pointer and trainer al Lheir stations, Pirst
one set of wires (horizontal or veriieal) is made to converge on the
target, then the other set, and as a final check, the interseetions of both
wires are checked on the targel, The officer or man at the bore-sight
telescope ealls out “mark” and the wires in the gun-sight teleseope are
adjusted to agree with those in the bore-sight teleseope. The manner
of making this adjustment depends upon the type of gun sight. A
careful examination of the sight will show the method to he employed.
The following methods of adjustment may be found on the differend
eun sights now in use:

(a} Move entire sight in range and deflection. {This will adjust only
one telescope on any yoke sight.)

(b) Adjust cross-line lens in teleseope,

(e} Adjust telescope holder,

{d) Adjust telescopein tube. {These telescopes are mounted in a tuhe
with ball joint on forward end of teleseope and tfube and adjusting
serews on after end of tube.)

(%) Having made the adjustment to eonverge both telescopes with
‘the bore sight, maintain this eondition and slip the sight seales to read
Zero range and zero defleetion provided they have been moved off zero
by method 2(a) above. While maintaining this condition, seeure the
gight seales. Then make another cheek on the target to verify the bore-
sighting. Having done this, the checking personnel should change sta-
fions, each checking at cach telescope in order to insure that all tele-
stopes are being checked on the eorrect target.

(10) Run the sights up and down, to right and to left, then sel them
Azain on zero range and zero deflection, and recheck the eross lines an
the target.

(11) Test for looseness of parts and lost motion. Shake telescopes,
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telescope holders, ete. See if the adjusting serews and sight seales
are rigidly secured and again check the cross lines.

(12) Put muzzle disk in again and see if the bore-sight line of sight
is still coinecident with the axis of the bore.

1122. To bore-sight a turret, the procedure is the same, in regard
to the pointer's sights, as for a broadside gun; that is, each pointer's
horizontal wire is put on with his respeetive bore sight. All vertieal
wires, however, must converge at a point midway between the points
on which the bores of the two guns are direeted in case of a two-gun
turret, and with the middle gun in the case of a three-gun turrel. For a
two-gun turret, a special target must be used, having two vertical lines
spaced al a distance equal to the distance between the bores. The
respective hore sights are directed at these lines rather than at a single
line.

The detail of bringing the eross lines “on,” shifting the seales, ete.,
are not given since they vary somewhat with each type of turret; the
prineiple, however, is the same in all cases and if this prineiple and the
object of bore-sighting are elearly understood, the details will present
no serious difficultics.

Section VII.—Testing Sight Installations.

1123. Lost motion.—In all sights care must be taken to kecp losi
motion out of the mechanism, since it may cause sightsetling errors in
both range and deflection, Sueh lost motion may be due to exeessive
elearanecs or play between moving parts, or, eonversely, to binding,
which may cause bending or springing of parts that should be rigid.
A simple test will show the presence of lost motion, as follows:

(1} Keep the pun stationary. By setting the seales, direct the tele-
seope at a fixed mark. If the ship is in dry dock, o mark out=ide the ship
may be used, but if afioat, & mark on the ship should be used. The gun
must be stationary with referenee to the mark,

{(2) Note the reading on the sight seales. Set a higher range and de-
flection reading, then return to the original readings. 8ince the seales
have returned to the original readings, the telescopes should have re-
turned to the stationary mark. If they do not there is lost motion in
the range or the defleetion setting mechanism, according to whether
the horizontal or vertical wire fails to return to the mark.

(3) Repeat by setting a lower range and deflection reading, then re-
turning to the original readings.

For a mark on board the ship, some means of removing telescop®
parallax must be used, such as a foeusing eap. If no suitable shipboard
mark iz available, the test can be made afloat by keeping the bore di-
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rected ut an external mark, using the boresight telezcope for this pur-
pose.”

1124. Parallelism of guns and sights.—It was pointed out in Art.
1105 that the horizontal sight pivot should he installed on the slide
parallel to the trunnion axis so that when range is set on the range
seale of the sight, the sighting axis will be moved only through a verti-
cal angle with respeet to the gun’s axis, no horizontal component of
motion being introduced. Another way of saying this is that as the
gun and the sighting axis elevate and depress independently of each
other in separate planes, the gun plane and the sight plane should both
be perpendieular to a third plane. As a speeial case, for example, if the
gun elevates and depresses in o vertical plane the sighting axis should
also elevate and depress in a vertical plane, the two planes both being
perpendicular to the horizontal plane. If the sighting axis is set at the
point of no deflection the two perpendicular planes will also be parallel;
if not, they will interseet. :

With the ship in dry dock, the proper installation of the horizontal
sight pivot may easily be ehecked as follows:

(1} Bet the sightl seales ab zero range and any convenient defleetion
seffing.

(2) Train the gun until the telescope vertieal wire bears on a dis-
tant fixed mark, then take steps to prevent the gun from being trained
during the remainder of the check.

(3) Elevate the gun to maximum elevation.

(4) By setting runge on the sight depress the telescope until the
horizontal wire comes down to the fixed mark. If the vertieal wire is
not on the mark, the horizontal sighl pivot iz not properly installed
parallel to the trunnion axis. The amount of the error for maximum
elevation may be obtained by setting deflection until the vertical wire
comes on the mark and noting the number of mils movement neees-
SATY to bring it on.

Where two or more guns are mounted in one slide, the alignment
of any gun relative to the other guns in the same slide is fixed. Some
of the mounts of this type are equipped with one sight and some are
Equipped with two sights, Twin mounts and turrets of this type have
only one pair of deek lugs and one set of trunnions. Whether cquipped
With one sight or two sights, the manner of checking is identical with

* With modern voke sight installations it is not congidered neceaary to cheek the
ACtlracy of the range senle, 1.6, to chook that, when the sight har is moved through o
EiVen angle as read from the range scole, the sighting axis actunlly is moved through
the samg angle. This ean be done however, when in dry dock, by use of a gunner’s
adrant and o fixed mark.
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that deseribed above for single gun mounts. However, where any of
these Lurrets are equipped with two sights, the sight= should be checked
with each other as well as e¢heeked with the puns,

Where two or more guns, each mounted in its own individual slide,
are installed in a turret, each of these guns has it= own individual sight.
Each sight is checked with its own gun in the same manner as de-
zeribed above for single guns. In turret mounts of this type, it is well
to cheek the guns with each other prior to checking the sights with
each other.

1125, Batten method.—Parallelism of guns and sights may be
checked by a melliod different from that given in Art. 1124, This is
the batien method. Many navy vards have available 1he necessary
battens, which are merely flat boards about 20" high, mounted on a
framework. The [ramework is placed on deck hefore the turrets so that
the plane of the battens is parallel to a vertieal plane through the
" guns’ trunnions.

The turret is seeured in train, the guns aceurately leveled, all bore
sights installed and adjusted, and sight senles set at zero range and no
deflection. Now points are spotted on the battens where the lines of
sight of the bore-sight telescopes and the gun-sighl telescopes inter-
sect the plane of the battens. Next the guns are elevated and points
are spolted near the {op of the battens for the bore sight (zun) axes
only, The upper and lower points for each gun determine the elevation
line of ecach gun, and fine piano wire is run between these pairs of
points to represent the lines. Now sight lines are erceted (with wire)
through each of the lower gun-sight poinis and parallel to the gun lines.
With the guns elevated near the top of the battens, the vertieal wires
of the telescopes should, when range is set on the sights, move along
their respective sight lines on the battens. If they do not, the sights
and gun= do not clevate in parallel planes,



CHAPTER XIV.
AMMUNITION.
Section I.—Types of Ammunition,

1401, In the Navy the term ammunition is applied to all the com-
ponent parts and substances whieh, when asgembled, form a charge
for any type of weapon. The weapon mayv be eannon, small arms, or
any type of projector or releasing device. Ammunition thus includes
warheads, mines, bombs, depth charges, demolition charges, fuzes, de-
tonators, projectiles, explosives, signaling and illuminating pyrotech-
nie materials, and chemieal warfare materials.

1402. Types of ammunition—Ammunition is divided in the Navy
into the following types:

(1) Beparate loading, for puns.
(2) Semifixed, for guna.
{3) Tixed, for guns,

{4) Bmall arms.

{8) Trench warfare.

(6) Chemieal.

{(7) Pyrotechnic.

(%) Bomb.

(97 Impulse,

(10} Blank.

(11} Dummy drill.

It is further divided into three classes depending upon the purpose
for which it is prepared:

(1) Bervice.—Ammunition which is supplied for use in hattle.

(2) Special —Ammunition whieh is supplied for gunnery exercises.
Thiz elass was formerly termed “target.”

(3) Drill—Ammunition which is designated for drill purposes; usu-
ally “dummy.”

1403. Separate loading ammunition.—Separate loading ammunition
ia that in which the primer, propelling charge, and projectile are loaded
into a gun in two or more parts. All major ealiber guns and some broad-
side guns in the Navy use separate loading ammunition. Separate

340
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loading ammunition is of two types: (a) for bag puns, and (b) for case
puns. The latter is also known ag semi-fixed ammunition.

Bag ammunition iz that made up with the powder contained in one
or more silk cloth bags with an ignition charge in the base of cach hag.
The primer iz held in a firing lock seecured on the end of the mushroom
stom, This tvpe is made up in two ways, loose and stacked. In the
former the powder is dumped loosely into the bag and the bag is then
rolled and laced tightly to make a compact unit. In the latter, the
powder praing are stacked in serricd rows, each grain in a layer on end,
each layer placed sucecessively in the bag and the bag sewed up and
laced tightly. Stacked charpes give a more compact, stiffer unit, easy
to handle, oecupyving less spaee and eliminating s serious drawback in
lnosely packed bags, namely the cutting of the cloth by the sharp edges
of the grains. Powder for service weights of eharge for S8-inch guns and
above is always stacked.,

1404. Semi-fixed and fixed ammunition.~—I"ixed ammunition is that
in which the projectile and primer are firmly secured in a cartridge case
containing the propelling charge, so that the gun is loaded in one
operation. Fixed ammunition was formerly termed cose ammunition.

Semi-fixed ammunition is that in which the primer and propelling
charge are firmly fixed in the eartridge case, but in which the projec-
tile is separate or fits loosely in the cartridge case. The projectile and
ease are loaded separately. Bemi-fixed ammunition was formerly called
separile cose,

In both of these types of ammunition the propellent charges and
primers are prepared in eartridge cases, usually of brass. The propel-
lent eharges are generally held firmly in the cartridge eases by means
of wads and distanee pieces. As o rule, the cases are not designed to be
entirely filled with the powder charge, sinee this would result in too
high a density of loading. With fixed ammunition, the wads and dis-
tance pieces are held firmly in place by the projeetiles, which also serve
to form the air-tight seals for the powder charges. Usually the eircum-
ference of the projectiles in rear of the bands are given light coats of
shellac to insure perfect air-tight seals. With semi-fixed ammunition
air-tightness is secured by sealing wads or plugs inserted in the mouths
of the cartridge cases.

All runs of 4-inch ealiber or less and the 3-inch 25 ealiber anti-air-
eraft gun use fixed ammunition, The eartridge of the lattier is praeti-
cally the limit of weight that can be handled readily by onc man. The
5-inch 38-caliber anti-aireraft gun and the latest 6-inch guns use semi-
fixed ammunition.
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Advantages of fixed ammunition —The advantages of using fixed
ammumnition are:

{a) Grealer rapidity of fire.

(b) Easier to handle, to assemble, and to load.

(¢) Safer, both from flarcbaeks and from sparks.

(d) Less ehance of an error in loading.

(e) A better flame seal and gas cheek is provided ot the breech,

The disadvantages are:

{a) Greater weight.

(b) Danger from blow-backs or split eases.

(¢) The space in the vieinity of the gun becomes cluttered with
empty carlridge cases.

(d) In case of misfire in action, if it becomes necessary to unload,
the projectile may pull out of the case and stick in the gun.

(&) A deformed case may cause the ease t¢ jam in the gun before
the eartridge is seated, thus preventing firing snd making ex-
traction diffienlt.

1405. Small-arms ammunition.—All cartridges of caliber less than
one inch are elassified a5 small arms ammunition. Ammunition for the
standard small arms is obtained from the Ordnance Department of the
War Department; but a few speeial types are purchased from commer-
cial firms.

Small-arms ammunition inelude eartridges of the following calibers:
22, .30, .45, and .30, The projeetiles may be ball, armor-piercing,
tracer, blank, or dummy. It also includes 10-and 12-gauge shot gun
shells for use in sporting and riot guns, and blank shells for use in
miniature aireraft praetice hombs and with trench mortar projectiles.

Small-aring ammunition is speeified by eclass, sueh as A-1, B-2,
(-1, depending upon the purpose for which it iz used, namely, rifle,
machine gun, aireraft. It is also graded periodically after ballistic and
surveillance tests into several grades; such as Grade 1, eapable of
storage for several years without deterioration; Grade 2, eomparable to
Grade 1 in ballistic qualities, but surveillanee tests indicate that it will
deteriorate rapidly; Grade 3, unfit for use.

1406, Trench-warfare ammunition.—This type consists of trencl-
mortar ammunition, rifle grenades, and hand grenades. It is issued
only to vessels on special serviee, to the Marine Corps, and sometimes
te naval landing forees.

The 3-inch Stokes trench-maortar' is the only ealiber in the naval serv-
ice, but the Army has developed both a 4-ineh and f-inch. High explo-

! The Sl-mm. Btokes-Brundt mortar has reeently been adopted to replace
the 3-inch mortar.



DUAMETER OF BORE &4.2°

FORE:
TRAVERSING MECHAMSAS
ELEVATING SCREW

Eimw—uh

t-ﬁ\' _-*__# :
," - i .
IR\
- N 1 - ‘ 3 '." .
ENJTe X
_ / SPACING TUBE

CHAPTER XIV, PLATE L

FRONT BARREL CF AMP
REAR BARREL CLAMP

MORTAR, 4.2 INCH CHEMICAL,MT

MOLLINOWWNY

eFE



344 NAvAL ORDNANCE

sive, chemical, and practice projectiles are employed. The shell ca-
pacity of the 3-inch, especially for dispersing chemical agents is de-
ficient, Throughout our participation in the World War, the 4-inch
mortar was used by the Army, but even it was deficient as a smoke
weapon. The 4-ineh Stokes mortar has been modified and will be super-
seded by the 4.2-inch chemical mortar. A diagram of the latter is
shown in Plate L.

The trench or chemical mortar is a smooth bore, muzzle loading,
high angle fire weapon, capable of firing 15-20 rounds per minute. The
range may be varied between about 200 and 1,000 yards.

The trench-mortar projectile differs from other projectiles in that it
contains, when ready for firing, the propelling echarge and a shotgun
shell, in addition to the fuze and burster charge. As shown in Plate 11,
a 12-gauge blank shotgun shell fits into a cartridge container attached
to the projeetile. Outside and around thiz eontainer ballistile rings
may be fitted, the container being perforated to permit ignition of the
rings by the black powder of the shell. The range of the projectile may
be controlled by firing with the shotgun shell alone as a propellant, or
by adding one, two, or three ballistitc 1ings. The projectile, after as-
sembly, is fired by dropping it down the barrel of the treneh-mortar,
at the hottom of which the primer cap of the sholgun shell is cansed to
explode by o striker or firing pin.

The high explosive trench-moriar projectile is usually loaded with
granular TNT, although some projeetiles may be found to contain
explosive D. The practiee projeetile is sand-loaded. The standard fll-
ings for chemical projectiles include white phosphorus, phosgene,
ehloracctophenone, and mustard gas; Lthe use of lethal gas projeetiles,
of course, is prohibited by international agreement by many nations.
Treneh mortar ammunition is obtained from the Army.

Grenades may be used in operations by the landing force and by
the Marine Corps. Their principal application is to clear shelters, to
sereen, or to demoralize. Chemieal grenades are of great value in peace-
time training in simulating gas and smoke siluations, They are ex-
temely effeetive when employed in eonnection with ecivil disturbances.

The riffe grenade is superior to the hand grenade by reason of its
grester range, approximately 250 yards, The grenade consists of five
parts: the body, the fuze, the filling, the rifle rod, and the cartridge.
The grenade is mounted on & rifle rod about 15 inches long, which ix
inserted in the muzszle of the rifle. The propellant is a speeial blank
eartridge. The filling depends upon the elass of grenade: fragmentalion,
chemical, or practice, Fragmentation grenades are loaded with TN
chemical grenades with white phosphorus (for making smoke) or 2
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lachrymalor and a powder bursting charge. When the safety pin and
cover have been removed and the piece has been discharged, the for-
ward movement of the grenade and the inertia of the striker cause the
retaining wire to be sheared and the striker to explode the fulminate of
mereury primer. The flash from the latler ignites a time fuze, which
after about 8 seconds ignites a match-head of black powder. The lat-
ter, in turn, in the chemical grenade, ignites a layer of meal powder.
The eombustion of the semokeless powder ¢harge of the filling mixture
produces & pressure which forees the adhesive tape from the emission
holes and carries off the vapors of the chemical agent.

Hand grenades, depending upon the ability of the individual, have
a maximum range of aboul 35 yards. The operation of a chemical gre-
nade is as follows (Plate III): When the safety pin has been pulled,
‘the lever, held by the palm of the hand, acts as a deterrent to prevent
contact between the striker and primer. As the grenade leaves the
hand, the striker, actuated by its spring, throws the lever clear and
strikes the primer. The primer ignites the powder delay train which in
about two seconds ignites the starting mixture, The latter generates
the heatl required to start the chemical reaetion of the ehemical agent.,
The pressure resulling from the eombustion forees the adhesive tape
from the small emission holes and the agent from the container. Chemi-
cal grenades may have a smoke, tear gas, or irritant gas mixture filling.

1407, Chemical ammunition.—All projectiles, bombs, projectors,
candles, and grenades, containing gas, smoke-making, and incendiary
materials, and all gas, smoke, and incendiary materials employed from
aireraft supply tanks, projectors, and sprayers, are classified as ehemi-
cal ammunition.

Chemical projectiles and grenades have previously been briefly de-
scribed, this article, hence, will be limited to a brief diseussion of chemi-
eal candles, eylinders, projectors, and spraying and sprinkling appara-
s,

Candles were developed as the resull of a demand for & gmall smoke
producer which could be emploved by individuals for sereening pur-
poses. The several smoke candles which were produced during the
World Warwere superseded by others,including both Iachrymatory and
irritant smoke candles. Their suceessful use is dependent upon favor-
able wind, weather, and terrain conditions. In addition to sereening,
they may also he used, for instance, to simulate attacks, to divert fire,
and to eover withdrawals, They, furthermore, are effectively employed
in eivil disturbances and in peace-time training. On board ship they
are extensively employed to simulale the explosion of gas projectiles
and bombs in damage conlrol problems.
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A smoke candle is illustirated in Plate 1V. After removing the ad-
hesive tape, the cover, and the paper shield, the scratch-bloek and
match are withdrawn. The latter is ignited on the serateh-block and
then ig uzed to ignite the starting mixture. A dense, white, non-lethal
smoke of great obseuring value is produced in about ten seconds,

The chemical eylinder is the name given to various tanks for the
handling and transportation of liquefied gas. The evlinder cloud gas
attack was the first significant means employed during the World War
for the projection of warfare gases, and for nearly a year after its in-
ceplion in April, 1915, cloud gas was the most formidable form of
chemiecal attack.

A chemical portable cylinder iz shown in Plate V. The cylinder
operates on a pressure prineiple similar to that of the seltzer botftle.
When the cap is removed from the outlet and the valve is opened, the
pressure above the liquid forces the liquid downward, through the
eduction tube and valve gutlet. The high vapor pressure of the liqu-
fied gas, i.e., the inherent tendency of the liquid to eonvert itself info
a gag, results in the building up of considerable pressure in the void
above the liguid. Upon being projected into the atmosphere, where the
pressure is greatly diminished, the ageni ecan no longer maintain its
liquid state and immediately gasifies. Non-persistent agents only are
used in eyvlinders. Although ehlorine, phosgene, and ehlorpicrin were
employed singly and in combination during the World War, phosgene
is now considered the most effieient.

The Livens projector, designed by a British captain of that name
during the World War, is a crude form of mortar used to throw large
quantities of chemical agents. These projectors are usually installed
in the ground and fired electrically together in batteries. The British
are credited with having installed 6,000 in a single emplacement area.
A Livens projector is shown in Plate VI. The shell consists of a body,
a bursting mechanism, and the filling. The bursting mechanism oper-
ates on the setback principle. After the safety pin has been pulled and
the projector is fired, the setback euts the shear wire and the striker
pin pencirates the fulminate eap. The latter 1ignites the time fuzge, a
30-36 second black powder fuze, which in turn explodes the TNT
bursting charge. The filling usually used is phosgene or a smoke pro-
ducer. The propelling charge is a variable charge of smokeless powder,
which is placed in a ehargpe container. One of the small bags of powder
used in the container is the base or ignition charge; it is red in eolor
and contains a small amount of black powder which surrounds the
electrie squib. An electric squib is a small shell containing black powder
that is fired by means of an eleetric current brought in through wires.
They are also used to ignite wing-tip flarcs on aireraft.
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Aviation chemical weapons.—Chemical agents were not dissemi-
nated by airplane during the World War, exeept the dropping of smoké
bombs for training purposes and the dropping of ineendiary bombs
containing white phosphorus. At the present time the projection meth-
ods from airplanes include (a) sprinkling apparatus of the pressure
type, (b) spraying apparatus of a non-pressure type, and (¢) bombs.

The sprinkiing apperatus consists essentially of a tank containing
the agent and carbon dioxide to furnish the pressure, a discharge line,
and the neeessary valves. The apparatus is suspended from the bomb
racks and the agent iz diseharged beneath the plane. The carbon
dioxide gives sufficient pressure to expel the agent aft in large drops
approximately at the airspeed of the plane. As the tanks necessarily
are of heavy eonstruetion, this type is limited to being carried only
by heavy bombers.

The spraging apparatus congists of a streamlined tank, a discharge
valve, a4 discharge line, an air vent, and the necessary connections.
When the valve is opened the agent flows down through the discharge
line and into the air. It is subjected to the natural shearing cifect of
the air-blast, and is broken up inte very fine particles which drift
with the wind. Due to the tendeney of the minute droplets to remain
in the air and to travel as a fine mist with the wind, the spray normally
must he operated at very low altitudes. This type of apparatus, there-
fore, is more suited to fast, low fying planes. Mustard, tear, and smoke
producers are the normal agents used with both sprinkling and spraying
apparafus.

Chemical bombs have the same general appearance as demolition
bombe and are released from the same type of bomb racks. As an ex-
ample of this type of bomb a brief description of & 30-pound chemical
bomb will be given. The bomb is streamlined and consists of a body,
filling, booster, fin assembly, and fuze. It may earry a filling of either
mustard or white phogphorus. When the safety pin is pulled, the bomb
iz released and falls away from the safety pin attached to the rack,
thereby permitting the arming vanes in the nose to rotate. After several
turns the arming vanes and eup drop off, permitting the arming of
the impact fuze. On impact, a shear wire is cut, which allows the firing
pin to be driven into the primer.

For low altitudes satisfactory results have been obtained by using
tin eans filled with an agent but without a burster charge. The force
of the impact bursts the can and disperses the contents.

Another type of chemical bomb, especially designed for naval use,
is the floating smoke bomb. It has an aluminum head, a wooden rear
body, and is equipped with four steel stahilizers. It earries a water-



AMMUNITION 353

impact percussion fuze in the nose, and a cheek valve in the tail. The
filling is of hexachlorethane, a smoke mixture, The filled bomb weighs
50 pounds. Upen striking the water, the fuze ignites a starter mixture
which kindles the components of the smoke mixture. The bomb, after
the initial plunge, returns to the surface and floats tail up. A pure white,
dense, non-irritant smoke of great obseuring power is released through
the cheek valve. The bomb continues to burn for 5 minutes.

1408. Pyrotechnic Ammunition.—FPyrotechnic ammunition consists
of fireworks (mixtures) adapted to military purposes. It is divided into
four classes: Signaling, illuminating, screening, and ineendiary. It is
further divided into pyrotechnics for ship or ground use and for air-
craft use, The difference between chemical and pyrotechnic ammuni-
tion in many eases is not sharply defined; the classification depends
principally upon usare.

Pyrotechnies are mixtures of oxidizing apents and eombustibles
(powdered metals and non-metals; reducing agents) to which is fre-
quently added materials for a particular purpose, sueh as to give eolors.

The following are some of the types of pyrotechnic ammunition
issued to the service: illuminating elements of projectiles, tracers, Very-
star cartridges, rockets (signaling, illuminating, and smoke) with or
without parachutes, rifle-grenade lights and smokes, hand lights, posi-
tion lighls, distress signals, aireraft wing-tip flares, aireraft parachute
llares, float lights, smoke bombs, stnoke boxes, and recognition signals.

1409. Bomb-type ammunition includes aircraft bombs, submarine
mines, depth eharges, torpedo warheads, and wrecking mines, usually
thin-walled containers which are loaded with relatively large bursting
charges and which depend upon the destruetive blast effect of the ex-
plosive rather than on the penetrative effect of the container. Bomb-
type ammunition in which the main charge consists of gas, smoke,
imcendiary, and pyrotechnic materials are classed as cither chemical
or pyrotechnic smmunition. Bomb-type ammunition is usually loaded
with a bursting charge of east TNT.2

Aireraft bombs in general are of the following types:

(a) Fragmentation.—These are of relatively small size, and are
designed to give s maximum of fragmentation on detonation. They are
for use against exposed personnel.

(b) Demolition —These may be of any size from 100 to 3,000
pounds. They have eomparatively large bursting charges for producing
great blast effect. They are used aguinst ships, fortifications , and
enemy works of all deseriptions.

* As torpedoss, mines, and depth charges are deseribed in another texthook at the
Naval Aeademy, no dizeusszion of them or their parts will be given in this hogk,
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(e) Armor-piereing.—These are heavy-case bombe for use against
heavy armored vessels,

{(d) Chemieal.

(e} Practice.—These are designed for instructional and training
purposes. They vsually correspond to serviee types, but are either
fully or partially loaded with sand or water.

(fY Miniature practice.—These are fitted with 10-page blank shot-
gun shells or special shells for producing a smoke puff on impact,

(g) Dummy.—These are empty bombs or bombs loaded with énert
materials for instruetional and drill purposes,

A light ease aero bomb is shown in Plate VII. The bomb proper
consists of a nose pieee, body, and tail piece. The conical nose is of
east steel and is surrounded by s nose bucket. Between the nose
pieee and the body is a sheet-metal strengthening diaphragm, which
is perforated to permit the cast TNT charge to run into the nose. The
eylindrieal case steel body, at about its midpoint, has a hanger or
carryving lug. The fail is cone-shaped and affords a means of securing
the four stabilizing vanes. The latter prevent tumbling of the homb in
flight. Bunning through the center of the bomb is a steel tube, which
serves the purpose of strengthening the bomb strueture and of holding
the granular TN'T booster charge. The tail fuze congists of two moving
parts, the firing pin and the propellor vanes. In the unarmed position
the latter are serewed on to the extension of the firing pin and prevent
it from operating. After the bomb is released, the propellor vanes spin
off of the firing pin shank and free the firing pin, which is held away
from the detonator by means of a salety spring. Upon impaet the bomb
i5 retarded, but the firing pin, being free Lo move forward, eompresses
the safely apring and fires the detonator cap, which in turn fires the
hooster charge. Prior to flight a safety pin, which locks the firing pin,
is removed when the bomb iz attached to the bomb gear rack,

1410. Impulse ammunition.—Impulse smmunition ineludes spe-
cially prepared propellent charges, which are contained in cartridge
cases fitted with primers and assembled as blank cartridges, for
launching torpedoes, depth charges, line-throwing projectiles, and for
catapulting aireraft.

Torpedo impulse charges are prepared in torpedo impulse cartridge
cases. The cases are fitted with primer holders, which have been bored
to received the standard lock combination primers, and are loaded
with the proper weight of spherohexagonal black powder for the type
of tube and the size of the torpedo.

Y-gun charges are used to launch depth charges. They are prepared
in cartridge cases fitted with cannon primers with a spherchexagonal
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black powder charge. Several weights of charge are supplied in order
to control the range.

Line-throwing projectiles are of three types: 6-pounder, 3-pounder,
and .45-caliber. The former two are designed for discharge from
saluting puns. The charges for these are prepared similarly to saluting
charges, with two different weights of black eannon powder. The
heavier charge gpives a maximum range of about 300-350 yards and
the lighter charge, 250-300 yards. The 45-caliber line throwing gun
requires a special blank cartridge.

Powder catapult impulse charges are prepared in brass cartridge
cases similarly to semi-fixed ammunition. The propelling charge gon-
sista of smokeless powder and a specinl ignition charge of black
powder. A special ease percussion primer is assembled in the eartridge
case. The weight of charge depends upon the type of eatapult and gun,
the type of plane, and other factors.

Section II.—Primers and Fuzes,
PEIMEERS,

1411. General—A primer is an ezpecially construcied deviee, the
flame from which, when it is exploded by the direet action of the firing
mechanism, ignites the powder charge in the chamber of the gun,
and eauses the explosion, either directly, as in fixed or semi-fixed
ammunition, or indirectly through the ageney of the ignition charge,
a5 in bag ammunition. This action iz called the ignition, Smokeless
powder is diffieult to ignite with the application of a small flame. This
is well shown by the ignition of a powder grain in air with a match,
whereby it will be scen that the grain ignites slowly, burns relatively
glowly, and is easily extinguished. T'o provide a rapid and eertain in-
flammation of the charge, an amount of black powder is used com-
mensurate with the weight of charge and size of the smokeless-powder
grain. Black powder has been found to be the substance best adapted
for this purpose, due to the rapidity and ease with which it is ignited
and the intense flame it gives off. As the function of the primer is to
initiale the explozion, the design depends on the amount of ignition
powder required and the form in whieh it is provided.

1412. Types.—There are two general types of primers, one contain-
ing in itself the necessary amount of ignition powder, called the “ease
primer,” and the other containing only sufficient black powder to
direct a flame on to the ignition charge contained in the powder bag,
called the “lock primer.” Where it is necessary to increase the amount
of ignition in & ““case primer,” the stoek is lengthened to hold the addi-
tional black powder. The primer is then termed an “ignition case”
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primer to differentiate it from the short ease primer. Primers may be
divided in another way according to the method in which the ignition
is initiated, ag simple “perenssion primers” where the flame is enuged
by the action of 8 hammer on a fulminate cap; simple “electrie primers”
where the flame is caused by the heating of a high-resistance wire
igniting & wisp of guncotton; or a “ecombination primer” combining
both the above features. Formerly many Lypes were izsued to the
serviee but they have been narrowed down now to three types for ease
guns and one for bag guns. They are (1) the perewssion case primer,
(2) the pereussion cose ignition primer, (3) the combination case ignition
primer, (4) the combination lock primer,

Pereussion fire only is provided for ammunition for 3-inch guns and
below and combination fire is provided for all aboye 3-ineh. This di-
vision is made on aecount of the requivements for assembly and loading
the ammunitien and the handling of the gun. The pereussion element,
is required for the larger guns in casze of failure to fire electrically.

1413. Primer caps.—The percussion or primer cap usually consists
of & mixture with fulminate of mereury as a base. The composition of
the mixture varies with the degree of sensitiveness desired. One or more
of the following materials will be found in the ordinary mixtures:
sulphide of antimony (which increases the length of the flame), sulphur,
chlorate of potash (which inereases the heat by its oxidizing sction),
and ground glass (which inereases the sensitivencss),

1414, Powder trains.—In addition to the pereussion and electrie
elements of primers there is a powder train consisting of fine black
powder. This powder must be of suitable design and quantity for its
purpose, namely, the ereation of a flame sufficient to inflame the pro-
pellent eharge within a proper time interval. If too much black powder
15 used, errntic pressures and velocitivs may result: this has been
demonstrated by the performance of s primer designed for a 4-inch
gun when fired in a 3-inch gun, Three different types of primers are
used in easc ammunition, while one type has been found to be suitable
for all calibers of bag gpuns.

1415, Percussion primers.—A simple case percussion primer is
shown in Plate VIII, Fig. 1. When the firing pin of the gun strikes the
cup, the latter is indented and the compesition pellet or primer eap is
exploded. The fame of this explosion passes through a hole in the
anvil and ignites the black powder ignition charge in the brass ignition
tube, which in furn ignites the propelling charge in the cartridge case.
The primer is assembled by foreing it into the primer aperture of the
caze by & hand press.

A cose percussion ignition primer, as used in 8 3-inch 50-caliber gun
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eartridge, is illustrated in Plate VIII, Fig. 2. The fizure clearly shows
the firing plug resting on the pellet, the aperture in the plunger cup,
the 23-grain train of fine powder loosely loaded in the interior ignition
iube, and the ignition charge of slightly eoarser black powder. The
flame of the powder is dirceted first through the holes in the ignition
tube, and then through those of the extension tube into the hody of
the propellent charge.

1416. Combination primers.—A case combination ignition primer,
as used in 4-inch fived ammunition, iz shown in Plate VIII, Fig. 3,
while Fig. 4 illustrates a combination lock primer. The electrie ole-
ment, consisting of & platinum bridege with asmall wisp of dry gun-
cotton wrapped around it, is grounded at one end to a plunger cup and
at the other end to the primer stock. The element is surrounded with
a mixture of pulverized guncotton and fine black powder in an igni-
tion chamber, The illustrations clearly show the construction details;
however, attention iz especially directed to the insulation, electrically
separating the plunger and plunger cup from the ignition cup and stock.

FUZES

1417. General.—A fuze is a deviee which, when exploded by the
aetion of its mechanism, ignites or detonates the burster charge of the
projectile cither on or after impaet, or in flight. A fuze funetioning on
. impaet is a “pereussion™ fuze; one funclioning by ifs own inlernal
action after a definite time in flizht is a *time" fuze. Certain types com-
bine the features of both these and are called “combination® fuzes,

A fuze must (a) be safe in assembling, handling, transporting,
loading, and firing, (b) not funetion prematurely, {¢) be positive in its
action, {d) not be subject to deterioration in storage.

A fuze iz said 1o be armed when, by the action of its mechanism, the
firing point is in & position to impinge on the cap with any forward
motion of the plunger.

The “setback’ is the action which oceurs when the projectile starts
to move. That is, the incrtis in & movable part will cause it to lag
behind the fuze stock which is rigidly attached to the projectile by the
fuze threads.

The “creep” is the action of a movable part inside the fuze, due to
the retardation of the projeetile in flight from air resistanece; that is,
the part will tend to move forward, as the air resistance does nof
affect it.

1418, Brief history of development.—The oldest form of time fuze
Was a piece of “fnzee’ or “slow mateh.” This was followed by a wooden
fuze forced into the opening in the shot. The wooden fuze contained a
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compressed black-powder charge, which was ignited by the hlast of the
gun, and, when burned down to the end, spit through an opening into
the burster charge and exploded the projectile. The wooden fuze was
cut off or pierced along its length to fix the time of burning. In later
developments, metal cases were substituted but the prineiples involved
were the same. In a concussion fuze, an inflammable eomposition was
ignited on diseharge of the gun and, on impaet, by some contrivanes,
the flame was admitted to the burster charge. The contrivances used
were glass tubes, zine tubes, which when heated by the burning powder
inside would break off on impact, or by plaster of Paris tubes. Due to
the fact that a spherieal projectile would strike on any point of its sur-
face, pereussion fuzes did not operate satisfnetorily, though tried in
many forms. In one type three distinet double-ended plungers were
used with their axes perpendieular to cach other. The plunger, whose
axis was in line of fire on impact, was arranged to strike a fulminate
composition. The plungers were held in place during flight by eopper
shear wires.

On the intreduetion of rifled guns and elongated projectiles, the
troubles with pereussion fuzes were largely eliminated, and as the
projeetile always struek peint first, the use of the motion of a plunger
striking a cap on impact was made poszible. The adaptation of the rota-
tion of the projectile to additional safety features marked a further
advanee in the design of fuzes. With the modern use of high explosives
a further change was required in providing & detonsting element and
in producing a delay aclion feature.

1419, Percussion fuzes act by the forward motion of a plunger in
the fuze body, caused by the sudden arresting of the motion of the
projectile. The plunger carrying the firing point strikes a primer cap;
or else, carrying the primer cap, causes it to impinge on the firing point
which is held rigidly in place in the fuze body.

A "percussion Tuze” may be either an fgnition fuze for exploding a
black-powder charge or a defonating fuze for detonating a high-explosive
charge. A percussion fuze may be designed to fit into the base or to fit
the nose of the projectile.

In the simpler and older types of percussion fuzes, the plunger was
held in a safe position by split rings or by shear pins. The action of
sethack on discharge caused the plunger to shear the pin or to ride
over the split rings and then be in a position to move forward on im-
pact. This was the first form of safety deviee. It proved insufficient for
complete safety az one blow would arm the fuze. To obviate this
difficulty advantage was taken of the rotation of the projectile to
provide centrifugal safety locls on the plunger to keep the firing point
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away from the primer eap until the projectile had altained suffivient
rutahuu.ﬂ speed in its paszage down the bore. Reflinements were then
added to prevent complete arming until the projectile had left the
mugzle. A premature discharge in the bore would cause 8 tremendous
amount of damage.

The Semple centrifugal plunger illustrates the zafety features as
now found in fuzes. This mechanism is used by many fuze makers for
a number of governments, It is patented in many countries. As certain
other features of our fuzes are confidential the plunger action only will
be explained. The mechanizm, Plate IX, consists of the firing pin 2,
plunger body 1, safety pins 3, safety-pin springs 4, firing-pin axis 5,
and the erecp spring 6. In the safety position, Fig. 1, the small safety-
pin springs foree the two safety pins inboard effectively to lock the
firing pin in the safe position. A side blow would dizlodge only one
of them so that the fuze is zafe from side impact. The fuze is also safe
from drop for the firing point is housed in the plunger. When the pro-
jectile is rotated the safety pins are forced out against the action of
their springs and the firing pin for the same reagon rotates on its axis,
bringing the firing point into the armed position. The inertia in the
firing pin will esuse it to lag during the aceeleration of the projectile
until the projectile leaves the gun, at which time the firing pin assumes
the position shown in Figs. 2 and 3. Before assembling the plungers of
the fuzes they are tested in a clutch driven by a motor and must arm
at a predelermined number of revolutions, varying from 1,300 to 3,000
r.p.m. There is a tendency for the plunger to ereep during the flight, as
it is not subject to the same retardation due to air resistance as is the
projectile, This will permit the plunger to move forward bringing the
firing pin in contact with the primer eap. A light spring installed for-
ward and outboard of the plunger obviales this difficulty,

The econditions for safety may be summarized as follows:

{a) Fuze must not he armed when dropped or jogeled.

{b) Fuze must not function on sethack.

(c) Fuze must not funetion in bore.

(d) Fuze must not funetion prematurely in AQight.

Certain detonating percussion fuzes are provided with a delay-action
element so as to permit the projectile to pierce and detonate behind
armor, while some ignition fuzes are so designed az lo funetion on
graze for land work or on water impaect. The delay action element may
be a pellet which burnzs a predetermined time before exploding the
detonator.

1420. Time fuzes are of two types, those with a percussion element
and those without n percussion element. Those with percussion ele-
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ments are designated as combination fazes, while those without are
desipnated simply as time fuzes, Instead of combining beth time and
percuszion elements in one fuze, the time fuze may be installed in the
nose, and a zeparate perceussion fuze may be installed in the base of the
same projectile.

The time fuze depends upon the burning interval of an especially
prepared slow-burning powder eompressed into a groove or ring. This
composition is carefully mixed to render it as uniform as possible, in
order that equal lengths will be consumed in equal time intervals,
When the powder has burned to the end of its train, the flame ignites
the fuze magazine charge and then the burster charge, exploding the
projectile instantly. The setting of the fuze determines the length of
powder train which will burn, henee the time interval to the burst.
The powder train is ignited by the fame from a primer eap which is
struck by the action of the plunger moved ecither by sethack on dis-
charge of the gun or by the rotation of the projectile.

The following econditions affeet the uniformity of aection in time
fuzes with powder trains:

{2) Age of fuze.

{h) Hygroscopic condition due to storage.

{e) Barometrie pressure,

Old eompositions burn more slowly than new ones, due to chemical
changes in the constituents of the composition.

Black powder i very hygroscopie. Fuzes stored in a damp at-
mosphere will permit the composition to take up moisture and cause
it to burn slowly. If they are stored in 2 warm atmosphere the com-
position will dry out and burn faster.

Inereased atmospherie pressure causes the powder train to burn
faster, while deereased pressure causes it to burn slower. This change
in rate of burning has become a matter of prime importance in anti-
aicraft firings. There are two reasons given for the change in rate of
burning with change in atmospherie pressure. Fach layer in the train
is ignited by having its temperature raized by the gases of combustion
of the layers ahove it. With decreased atmospherie pressure the gases
expand more freely and consequently are not in such close contaet
and, furthermore, by the increased expansion, cool more rapidly,
eausing a decreased rate of burning. On account of these disndvantages,
mechanieal or elockwork time fuzes are now frequently used in lieu
of time fuzes. One such type has a meehanism driven by a steel watch
spring which is started by the shock of discharge of the gsun and
which eauses the fuze to funetion at the time set.

1421. Frankford Arsenal 21-second combination fuze.—This fuze
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is shown in Plate X. Most of the parts are made of bronze. There are
two time-train rings, ¢ and 4, and an annular horseshoe-shaped groove
is milled in the lower face of cach ring. Meal powder is compressed into
these grooves under a pressure of 70,000 pounds per square ineh, form-
ing a time train, the total length of which is 7 inches.

The time element of this fuze is composzed principally of the following
parts: the fime plunger e, the split-ring spring e, the firtng pin f, the
vent g leading to the upper fime frain 4, the compressed powder pellef ki,
the vent j, the lower time irain k, the compressed powder pellet m, and
the vent o leading fo the powder magazine p.

The upper ring ¢ is prevented from rotating by the pins x.

The vent g is drilled through the walls of the time-plunger chamber,
and is exactly opposite a hole in the inner surface of the upper time
train leading to the end of the train from which the direction of the
burning is anti-elockwise, The hole 7 is drilled through the upper face
of the lower time train 4, to the end of the lower time-train groove
from whieh the direction of burning is elockwise.

The lower time-train ring is movable, and is graduated on its outer
edge in a elockwise direction from 0 to 21, each [ull division eorrespond-
ing to one second of time of burning in flight ; these divisions are sub-
divided into five one-fifth second parts. A radial hole is provided in the
lower ring for a pin to be used in setting the fuze. An arrow on the
lower Aange of the fuze stock i1s the datum line for settings.

The vent ¢ iz drilled through the flange of the fuze stock to the
powder magazine p, and leads to the same end of the lower time
train as the veni j—that end from which the direction of burning is
clockwise—when the fuze is at itz “zero’ setiing.

The action of the fuze ag a time fuze iz as follows: Assume first the
zero setting as shown in the fipure. The shock of firing eauses the
plunger ¢, due to inertia, to act through its conical surface in contact
with the split ring ¢" and to expand the latter so that the plunger can
pass through the split ring and earry the pereussion primer to the firing
pin. The flame from the primer passes out through the vent g, igniting
the pellet &, to the end of the upper time train ¢, and down through
the vent 7, to the end of the lower time train &, and thence through
the vent o, to the magazine p.

It will be seen that for the zero seiling of the fuze the origins of
both upper and lower train are in juxtaposition. Assume any other
setting, for instanee 12 seconds. The vent j has now been changed in
its position with respect to the vent g, leading to the beginning of the
upper time train, and the vent o, leading to the powder magazine p,
hoth of which points are fixed, by the angle subtended between the
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zero and the 12-second settings. The flame now passes out through
the vent g and burns along the upper time train in an anti-clockwise
direetion until the vent j is reached, when it passes down to the begin-
ning of the lower train and burns back in a elockwise direction to the
position of the vent o, whenee it is transmitted by the pellet m o the
magazine p.

For the 21-seeond setting the flame burns the length of both trains.
A= the trains do not extend all around the fuze, the solid part between
the ends of the trains is utilized to obtain a safety setting. When this
point, marked S, is brought opposite the arrow on the lower flange of
the fuze, the vent 7 is eovered by the solid metal between the ends of
the upper train, and the vent o is covered in a similar manner by the
lower or movable ring.

The percussion element consists of the primer v and the cenfrifugal
plunger 7. The plunger is in two parts held together by the bolf (1),
and spring (2). When the fuze attains 2,500 revolutions, the plunger
opens out and the cross pin (4) pulls the point (3) to an uprighl posi-
tion, o that upon impaet the plunger will iy forward and the point
will strike and explode the primer.

The Frankford Amsenal combination fuze is also made with a 45-
second fime element for use in 4-ineh and 5-inch high explosive shells.
In Frankford Arsenal combination fuzes now being procured by the
Navy, zero time settings are still possible, but such settings will result
in “duds.” Time explosions will not be possible below 1.8 seconds
approximately, as the vents in the powder time trains will be blank ed
off at all settings from zero to 1.8 as well as at 8 (safety).

Time fuzes are covered with thin brass covers held on by soldered
strips. These are removed by tearing the strip preparatory to setfing
the fuze. Rubber eovers are provided and in ease the round is not
fired the eover is taped in place. It is of the greatest importance to
keep powder [uzes dry.

Section I1T.—Ammunition Details.

1422. Each of the eomponent parts that form a part of assembled
ammunition is designated as an ammunition detail. Ammunition de-
tails, in addition to primers and fuzes, include:

Detonators Ammunition tanks and boxes
Boosters Fowder bags

Adapters Mouth plugs

Tracors [istance pieces and wads
Projeetiles Powder tanks

Cartridge cases  Hxplosives
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1423, Detonators are designed to initiate high order detonations of
high explosives. A typical detonator eonsists of a copper tube, about
2 inches long and about one quarter inch in diameter, closed at one end
and partially filled with fulminate of mereury or a mixture of the latter.
They are fired in a manner similar fo primers.

1424, Boosters and adapters.—Poosters or primer charges are small
high explosive charges, usually of refined explosives, as pranular or
recrystallized TINT or tetryl, dezigned to produce proper detonations
of the main high explosive bursting charge. Booster charges are usually
loaded in a metal tube which iz serewed into an adapter and extending
into the explosive charge, An adapter is a threaded eollar or bushing
which ndapts, for instance, o fuse to fit o shell,

1425, A tracer iz a deviee fitted on a projectile Lo make it possible
for the eye to follow it in flight. There are two kinds, the day tracer
for anti-aireraft work and the night tracer., A tracer may be ineor-
porated in the same stock as the base fuze, in which case it is called a
tracer fuze; however, both are distinet and independent of each other in
action.

In a day tracer, a trail of black fluid or smoke iz left by allowing the
fluid to be thrown out by centrifugal foree or by the produets of com-
bustion of the tracer eompound,

In the night tracer, the illumination is acecomplished by means of
a highly compressed slow burning composition ignited by a frietion
clement or by a percussion cap.

The action of the frietion tracer iz as follows (Plate X1): On ex-
plosion of the smokeless-powder charge of the gun, the gas of the charge
enters the tracer ehamber through the pas port; and, while the pro-
jectile remaing in the bore of the pun, the gas in the tracer chamber is
under high pressure. After the projectile leaves the gun, the pressure
on the tracer cover disk being released, the cover of the tracer is blown
to the rear by means of the expansion of the gas in the chamber. The
foreing of the eover to the rear draws the central rod to the rear and
ignites the frietion element, which, in turn, ignites the slow-hurmning
compozition of the tracer. This eomposition burps from 12 to 15
seconds, depending upon the design of the tracer.

Percussion cap tracers are ignited by the pressure of the propellent
gazes or by setback causing s firing pin to strike a primer cap.

1426. Projectiles.—As an ammunition detail, loading and fuzing of
projectiles is the principal consideration. The explosives used are high
explogives or black powder. The eavity of a projectile must be espe-
cially prepared to receive the burster charge by treating it with a coat
of non-acid paint, in order that no sensitive combinations may be



CHAPTER. XIV, PLATE XL

LR ]
T

Hlifii

TRACER CHAMBER
Fiz, 1.—Target Trm;er for Minor-Caliber Projectiles.
o

T ._s..._
F3

e
L
%q

& g

Fii. 2—Tracer Fuze for Minor-Caliber Projectiles.

1
&
i BASE OF SHELL
o =
W 8
GRAMS —
B =1 i
WT. TWO
TRACERS = WT.TwO
83 GRANS TRACERS

i

WLAA GAAMS

Fig. 3.—Traces (3, 4 6, T, 9 and 10) and Tracer Fuzea (b and §).

TRACERS AND TRACER FUZES.

(GE CHAMS



AMMUNITION 360

formed with the explosive used. The burster charge may be of pieric
seid or one of its ecompounds, TN'T, ammonium nitrate, tetryl, black
powder, or & combination of any of these. In U. 8. Navy projectiles
explogive “I),"” TNT, or black powder is used, all of which are stable
under ordinary conditions of storage.

The purpose for which a projectile iz to be used fixes the kind of
burster charge and the type of fuze. The degree of fragmentation is
fixed by the eharaeter of the burster charge. In armor-piercing pro-
jectiles, a high explosive is required. In common projeetiles, the proper
frapmentation i obtained by mixing a hizgh explosive with black
powder, The high explosive in this case is not detonated but gives a
low-order detonation, that is, the high explosive is consumed by burn-
g rather than by changing instantanecusly into the gascous staie.
The present tendeney is to substitute a high-order explogive for black
powder in all ecommon and bombardment shells. In shrapnel and il-
luminating projectiles, where the object is to discharge the contents of
the projectiles, small black-powder charges are used. Flatnose pro-
jectiles are loaded similarly to hombardment projectiles.

The following table shows the assembly of projeetiles:

Projectils Designntion Burater chnrge Fuzn
Armgr piercing. ... AP, Explosive “D." Delay setion detonating.
Comrmon. ........ o Black powder with  Ignition percussion.

TNT or “D."

Shropmel.......... Bhrap. Bleck powder. Combination.
Hiuminating. . ... .. 5.8, Black powder Tirne.
Bombardment. . . .. Bom. THNT. Combination.
Flat nose..,...... F.N, TNT. Hensitive perewssion detoneting.

Anti-aireraft. ..... A.A. THT. aor "I Clomhbination.

“Nistinctive eolara iltdinutiﬁg aar”

Armor piercing hlack
Common slate solor
Bombardment dark green
Shrapnel while
Target unpainted
IMuminating light. blue with white atar
Anti-aireraft unpainted
“Iod of explosive of projectile Gler'
Llack powdar slate color
Explozive “D'* vellow
TINT dark green
Blind Ipaded unpainted.
LT red [with geometrical figure),

Any of the above fuzes may have a tracer element, or o tracer fitted
in the basc.
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Az issued to ships, the ogivals of projectiles for o distance of 1 ealiber
from the point toward the hourrelet are painted with distinetive eolors
bo indieate the bind of projectile jifler, the remainder of the exteriors
(except the bourrelet, band, and base), are painted with distinetive
colors to indicate the type of the projectile.

1427, Cartridge cases.—DBrass cartridge esses are hollow eylinders
with flat bases, shoped to fit the chamber, those for late guns being
bottle necked. The base has a rim for the extractor and a central aper-
ture for the primer. The cages are drawn from solid dizsks in suceessive
passes in hydraulic presses equipped with suitable dies. The disks, 70
per cent copper and 30 zine, when east are very malleable and duetile
and roll easily. The metal is bright yellow in color, Each ease is care-
fully gauged, after machining, to aseertain that all dimensions may be
within the folerances allowed. It is of the greatest importance that
each case should be interchangeable, that the extractor fits the rim,
the primer fits the seat, the projectile fits the mouth, and that the
length be correet so that the assembled eharpe will fit the gun,

Cartridge cases are reloadable when they have been cleancd and
reformed after firing. They are required to stand six service rounds
without deterioration before acceptanee from the manufacturer. This
fact is established by firing a number from each lot at the Proving
Ground. It frequently happens that eases will stand from 30 to 40
rounds before beeoming useless.

The base of the case has an internal boss in the center which is
drilled oul and, when designed to take an ignition primer, the hole is
tapped. It is of the greatest importance to have this aperture exactly
concentrie in order that the primer will be aligned with the firing pin.
The depth of scating must be exact in order that the primer will be
inset the required amount. If the primer is inset too much a misfire
will oeeur, and if it is not inset o sufficient amount it is & source of
danger in the event it is struck against a sharp object. Plate XIII
illustrates the steps in drawing a finished case from the solid disk or
blank. Plate XIV illustrates different cartridge cases.

1428. Case ammunition tanks and boxes.—Case ammunition, after
it is prepared, is packed in tanks or boxes for issue to the service. This
I8 necessary for its safe transportation and stowage, Standard con-
taners are used, varying in size and capacity with the caliber.

d-inch andabove. ... ................00F per box or tank
S-inch, 50-cad. .. .o L0 Four S R i
i b P T ] e e e S AP e clpven % #
J-pounder, . T e e L e e et RS
L-pounder .J.:|11:L-mrc.m:l't. civeve oo ome hundred per box

I-pounder. .-_._________,.......six't.:,r|:f:r|mx
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As the ammunition is stowed in a magagine remote from the guns,
the containers must be strong enough to sland considerable handling,
egpecially that which they undergo in passage up the ammunition
hoists. The boxes are made of soft pine with one or more rope grom-
mets for ease in handling, The tops are either loose and held in place
with marline, or hinged and elamped.

Suitable racks or nests are provided in each box with wooden bloeks
io protect the ends of the cartridges and to hold them rigidly in place.
Ammunition boxes, being of wood, are subject to easy destruetion and
are not water-tight. In econsequenee, the tendeney in recent years has
heen to replace them with metal tanks. As leaks may occur around the
projectile or the primer, the cartridge ease cannot always be relied
upon to remain air-tight. Therefore, the present praetice is to make the
tanks air-tight. This gives the additional advantage of pood stowage in
“ready serviee' racks on deek, where the ammunition containers are
exposed to the weather, The tope are fitted with rubber gaskets and
are seeured by a lug and butterfly nut. The tanks are usually circular
in eross section, thereby changing the stowage arrangements from
hoxes, which are all rectangular in shape., The tanks are made from
sheet metal with brass top and bottom rings. The body is galvanized
after completion. The top and bottom rings are made strong enough
to permit of stacking without the use of racks. Metal tanks, for in-
stanee, are uged for 5-ineh 25-ealiber and for 4-inch 50-ealiber ammuni-
tion, and 3-inch 50-caliber and 3-inch 23-caliber for submarines.

The latest type of cartridge tanks are made of aluminum with sup-
porting rings ai the top and bottom. The top ring is also a locking
ring, Before aceeptanee, the tanks are required to stand an air-pres-
sure test. Before issue to serviee containers are painted and tagged to
show their contents,

Plates XV and X VI illustrate different types of hoxes.

Plates XVII, XVIII and XIX illustrate different types of ammuni-
tion fanks,

1429, Powder bags.—The charpes for bag guns ave prepared by plac-
ing the powder in bags made of special silk eloth, sewed with silk
thread and laced with a =ilk ecord. The ohjeet in using silk instead of a
less costly material is to reduee the danger from unconsumed smolder-
ing residue. There are two weights, light and heavy. The body of the
bag is made from the heavy in order to withstand better the necessary
handling, permit of tight lacing, hold the required weight and reduee
the tearing due to cutting by the edges of the grains, The light weight
is uged for the ipnition ends where it is required to hold no weight
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and where it is desired to have the flame from the primer burn through
readily. Plate XX illustrates the details of powder bags.

The following eonditions must be fulfilled by powder bag cloth:

(1) Btrong enough to stand handling and transportation, especially
the wear and tear of movement in tanks due to the motion of the ship.

(2) Of close weave to contain the powder, especially if dusty.

(3] Permeable to flash for combustion.

{4) Able to withstand chemical ehanges in case of reactions in the
powder.

{5) Entirely consumed,

(6) Free from acids which may react on the powder.

On one end the ignition charge is attached, made by enclosing in a
circular bag of thin gilk cloth the required amount of black powder,
then quilting the sides together to form the ignition pad. The face
of this ignition pad, which is to be on the outside, is made from silk
cloth previously dyed red. The pad is then sewed to the bottom of
the bag. The other end of the bag is fitted with a strap for handling,
sewed to the front end with extensions down the side. The straps are
strongly made to withstand the required handling in withdrawing the
bag from the tank and in the successive sleps in loading the gun, In
order to make a compaet package, two flaps with eyeholes at intervals
are sewed down the side at such a distanee apart that when laced to-
gether by a silk eord enough space will remain to permit of taking up
any slack which may result from further shaking down of the charge
in gerviee or from any streteh in the material.

1430. Distance pieces and wads.—Formerly powder bags were used
with case ammunition, the bags, fitted with an ignition pad, then were
loaded with the powder charge and assembled in the eartridge case,
The space between the bag and the projectile was filled with excelsior,
With the advent of the ignilion primer the interior hag has been
omitted, and eardboard disks and distance pieces are now uesed in place
of excelsior. Disks are eut slightly larger than the diameter of the case
and slit down from the edee to the center. Distance pieces are made by
crossing and locking four pieces of eardboard in 8 manner similar to
that used in commercial practice for erates. The distance picces are
eut to the desired lenpth depending on the amount of powder used.
Felt wads, cut to the size of the case, are used in place of distance
pieees when the charge fits the case snugly, or when saluting charges are
prepared.

1431, Mouth plugs.—With separate case ammunition, it was formerly
the practice to scal the case with a brass mouth cup, This was in the
form of a brass bowl, the sides of which fitted inside of the case. The
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objeet in its use was twofold, first to form a gas geal in the ease to
prevent eseape of the gases past the rotating band, also to keep gases
from breaking cascs by outside pressure on the case, before the pro-
jeetile started to engrave the band in the grooves, and, second, 1o make
the ease an air-tight container for the powder charge. It has been
shown that the gas eseape is insufficient to require this form of seal,
and as the brass mouih cup had a tendency {o break up and boomerang
back, endangering personnel, cork plugs have been substituted,

1432, Powder tanks.—Dowder charges for bag guns are stowed in
cheot steel, aluminum, or copper tanks. The considerations in the
design of a powder tank are:

(a) Adr-tighlness. (e) Btowage facilities.

{h) Birength. (f) Handling facilitics.

(e} Lightness, () Capaeiiy.

() Quick opening,. (h) Non-acid surface ingide,

As smokeless powder changes its ballistie properlies when exposed
to air, it is essential that the eontainers remain air-tight while in use
for storage of powder, To effeet this, the tank closure is fitted with a
mibber gasket onto which the cover is foreed by various systems of
doge sand nuts or cams, either fitted on the outside of the tank or
contained in the cover itself. Self-contained closures, with the neeessary
dogs not projeeting beyond the contour of the body of the tank, are
considered more desivable as there is less likelihood of loosening the
cover, thereby eansing a leak. The standard test for air-tightness is to
hold a H-pound pressure for three minutes. Plate XXI, Figs. 3 and 5,
shows dogs fitted on the ouiside; Tigs. 2 and 4 show a self-contained
closure,

Powder tanks must be strong enough to stand the necessary han-
dling in stowing below and, in case of broadside guns, in handling in
the ammunition hoists, They are designed with suffieient atrenglh to
withstand normal stresses but should never be subjeeted to knocks
which may result in leaks. The main strength is placed in the Lop
and bottom rings in order to permit stacking, Copper tanks are
strengthened by wooden battens on the sides, Handles riveted Lo the
sides are a source of weakness, due to the pulling loose of the rivels
when handling the tanks loaded.

The design of all tanks is such as to contain the charge will the
least amount of waste space; hence, the eylindrieal form has been
adopted, as requiring the least amount of metal, the smallest elosure,
and, excepl in ease of rack stowage, the least stowage spaee. The
inside dimensions of o powder fank should be sueh that it will be a
gauge for the charge, o that charges which fit the tank will fic the
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guns. To provide for uniformity in loading, it is eonsidered desirable
Lo have the total length of charge bear a fixed relation to the length
of chamber. The lengih of the several sections when placed end to
end, s they would be in the gun, should be aboul two inehes less than
the distanee from the mushroom face to the base of the projeetile
when seated. This condition is nol obtained for all guns in serviee,
due to the design of old tanks.

In order to sustain a good rate of fire it is necessary to have the
tanks so designed that the covers ean be quickly and easily removed,
as it is forbidden by regulations to open more than one charge per gun
atl a time in a magazine or gun compartment during fiving, or to loosen
A cover 5o that more than one charge is exposed during firing, Tt is
desirable 1o have the least number of men employed in keeping the
rale of supply equal to the rate of fire. Special wrenclies are provided
for the removal of the tank eovers,

Special handling faeilities are provided for lifting and transporting
powder tanks, either as a bail fitted to the cover, or as handles on the
sides, The handling arrangements ghould be sueh that no injury will
result in developing leaks, and in all eases the bail or handles should
be fitted 1o the strong part of the tank. Handles fitted to the sides do
nol fulfill this condition, and will not be provided in the fulure: in-
stead, slings around the top ring will be used.

On board ship, powder tanks and eartridge tanks are normally
stowed horizontally in tiers. Bulk stowage may be used for all tanks
that are to be sent up the hoists (o the guns, henee requiring no pro-
vision [ur removing the tank eovers while in storage. Powder that is
to be removed from the tanks and sent up the hoists to the guns in
bags must be stowed so that all tank tops are aceessible and also so
that tank eovers and the powder in the tanks may be readily removed.
It was formerly the practiee on some ships to stow powder tanks for
large-ealiber guns in racks so that each tank had to support only its
own weight. The present practice is to it all tanks (powder and eart-
ridge) with supporting rings of the same diznmeter al top and bottom,
and pile the tanks on each other, tier upon tier. The supporting rings
take the compression load, The top ring on each tank is also a locking
ring. These rings lock each tank with all adjaeent tanks to prevent all
longitudinal movement of the tanks, The lower tier of tanks i loeked
to lugs sceured to the deck. Some of the older tanks for large-caliber
gmns were designed for storage in racks only, These tanks are not
fitted with supporting rings and are suitable only for raek stowage,

The size of the individual tank should be such that it will contain
the largest fraction of the charge and still not be too cumbersome for
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casy handling., Below 8-inch the entire eharge is contained in one
tank, from 8S-inch to l4-inch inclusive two tanks are required per
charge; for 16-ineh, 45-cal. two and one-half tanks are reguired, and
for 16-inch, H0-cal. three tanks are required. A tank weighing loaded
300 pounds is econsidered to be a maximum for eaze in handling. The
fewer tanks to be used means the fewer elosures and the fewer oppor-
tunities for leaks and chances for deterioration of the powder,

As a protection for the powder, the interior of a tank must be neutral,
clean, dry, and free from dirt. Sheet-steel tanks are painted on the
inside with non-acid paint. Tanks constructed by soldering or sweating
are treated with alkali water and thoronghly eleaned with fresh water,
As a protection to the ignition pad, a sheet of clean manila paper is
placed in the bottom of the tank.

Flate X X1 shows the general features of powder tanks. As there are
many types in service no attempt will be made to deseribe any in
particular,

1433. Assembly of ammunifion.—Ammunition deiails are received
at ammunition depots from the manufacturers, after proof, and stored
until required for assembly for issue to the serviee, When orders are
received for the preparation of ammunition, the projeetiles are loaded
and fuzed, the powder charges assembled, the ammunition packed and
marked and prepared for delivery to the ship in such a condition
that no further work is required on it.

Projectiles are loaded as a separate operation. Hach one is cleaned,
eauged, inspected, and then loaded with the proper explosive. Black
powder or the mixed filler iz loaded in loosely, explosive "D iz loaded
under pressure in hydraulie presses, and TNT is loaded either loosely,
under pressure, or in the east form. After the explosive is loaded the
projeetiles are removed to a separate room where the fuzes are eare-
fully assembled and the projectiles are then painted to show the typs
of explosive.

Projectiles for bag guns, when issued to the serviee, have special
grommets fitted over their rotating bands. Thess are supplied to
prevent burring of the band, knoeling it loose, ete. Formerly, they were
made of fiber, but the recent design is a canvaz belt with a rope grom-
met abaft the band, the whele being held in place by a marline lashing.

In sssembling ease ammunition the eases are inspected, eleaned,
gauged, and then the primer is inserted. Case pereussion primers are
foreed into place by hand or machine presses and case ignition primers
are screwed into place. Care is taken to see that the primer has the
proper seating, neither projecting nor inset too far, The predefermined
weight of powder is then weighed out on cavefully checked seales and
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poured into the ease, A wad is then foreed ini to keep the powder in
position around the primer, a distanee picec is then placed on top of
the wad aml another wad iz placed on top of the distanee piceo. The
ease is then placed in a press, the base of the loaded and fuzed pro-
jeetile is entered in the mouth of the ease and foreed in until the rear
of the rotating hand takes up against the moulh of the ease. The
cartridges are then packed in containers with great care to obviate
any movements in fransit or possibility of damage to the nose fuze,
if of thal {ype.

In preparing bag ammunition the ignition ends are prepared fivst
and guilted in special sewing machines using bronze needles, The
bags are manulactured for each index of powder as required, ag the
weights of charge vary wilth the different indexes. The powder is
weighed out, dumped loosely in the bag and the lacing passed. The bag
i then rolled a number of times, the lneing tightened and seeured and
the bag gauged for size, then placed ignition end down on a elean sheet
of paper in the powder tank. The tanks, when marked to show the
contents, are then ready for delivery.

For preparing stacked charges there are several forms of stacking
machines in use, all, however, working on the prineiple of upending
the grains and passing them through apertures and standing them on
end on a plate. The grains are then elamped togeiber in a hoop in one
Inyer, s moved over o eylinder which is covered by a brass plate,
When the layer iz in position the plate is pulled out, the layer drops
down onto the one below it and is then foreed down the eylinder until
there ia space for the next layer, When the eylinder has the required
number of layers a bag is pulled over it, the eylinder withdrawn and
the bag laced and sewed up, Plate XXI1 shows a stacked eharge,

1434, Marking of ammunition.—All nmmunition is earefully marked
or tagged o idenlify it Tags are placed in the powder eharge, the
powder bags are steneiled, projeetiles are painted in colors: ammuni-
tion boxes and powder tanks are bolh painted in colors and steneiled,

These markings are self-explanatory, exeept the colorings used, By
means of the marking information is given as Lo the ealiber of gun for
which made, weight of total charge, weights of individual fractions of
charge, weight of ignition charge, index number of powder, depot from
which shipped, initials of weighers, gaugers, checkers, and inspeetors,
date put up, standard 1. V., and other information of value,

Boxes eontaining fixed ammunition are painted in colors similar to
those on the ogives (see Art. 1426) to indicate the character of the
projectiles, The tops of the boxes, however, are painted to indieate the
character of the bursting charges. If the ammunition is fitted with
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tracers, & white band 2 inches wide is pninted, encireling the middle
of the box and paraliel to the ends. This band is painted black in
the ease of shrapnel.

Galvanized steel eartridge tanks are not painted, but the bottoms of
aluminum tanks are painted to indieate the characier of the pro-
jectile while the covers indieale the kind of bursting charge, Tracer
bandds, if required, are painted on both the eover and bottom, Powder
tanks containing bag ammunition are not marked with distinetive
eolors but are marked with acireular white band around the edge of the
cover upon which is printed in black letters the ealiber of the gun,
index of the powder, sod the proportion of the charge in the tank.

Section [V.—Ammunilion Stowage and Supply

1435. Ammunition stowage. (Plates XXITII and XXIV.)—De-
tonalors are stowed in approved places below the waler line or protec-
tive deck in large surface eraft and in submarines, and above the
wenther deck or in the mazts in most small surface eraft. Pyrotechnics
are stowed in eool dey magazines below deeks, preferably above the
waterline, or in speeinl pyrotechnie loekers located on the weather
decks of surface vessels, With the exeeptions mentioned above, all
ammunition is stowed in ezpecinlly construeted stowape spaces or
rocmsE set aparl for thal purpose alone. These spaces are ealled maga-
sines, Ready serviee lockers are provided near the guns for emorgency
use, Projectiles for broadside guns may be stowed in bins in the com-
pariments or puszageways near the foot of the broadside hoists. Turrets
may have projectiles stowed outside of the projectile rooms either in
the turrek or below the turret floor. In the more recent designs, few
turrel projeetile rooms are required, as the projectiles are stowed in
the barbetie,

In the older batlleships, the magazines were placed in groups, for-
ward and aft, conneeted by wing pas=ages and ammunition passages,
which were useful in transporting ammunition from one group io
the othor in ease o turret should beeome disabled. In the recent
designs of all big-gun ships, the location is more complieated. Where
there are more than four turrets, the magazines are in three groups
and, where there are four turrets, they are in two groups, one forward
and one aft, without direct communication,

The simplest arrangement would be to install 2 magazine and a
projectile room direetly under the guns it serves with the hoists lead-
ing dircetly up to the guns. This would usually involve placing o line of
magazines along each side of the ship, adjacent to machinery spaces.
Thiz arrangement is not genernlly feazible as the rooms would be too
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near sourees of heat, and also the spaee is required for other purpozes.
Thiz result is obtained for turret guns, however, as the handling of large
charges and projeectiles must be reduced to the minimum, Also, the
space below turrets iz available for division into ammunition spaces.

With broadside and anti-aireraft guns, however, the magazines and
projectile rooms are normally grouped forward, some being on the same
level as the furret magazines and zome being dircetly under these
magazines on the next platform level, but some ships have magazines
for broadside and anti-aireraft ammunition aft as well as forward. This
requires transportation of these less weighty eharges o the base of
the various broadside or anti-aireraflt ammunition hoists below decks
or from the tops of the hoists Lo the adjacent guns above decks,

The magazine spaces are on the upper and lower platform decks,
which plaeces them below hoth protective decks and also below the
water line for security. They are placed inboard as a further proteetion,
in ease the skin of the ship is pierced, to reduee the chaneces of an
internal explosion. Outhoard of each magazine is a series of from three
Lo five void spaees and fuel tanks to afford proteetion from torpedoes
and mines, Below cach magazine is construcied atb least one level of
storerooms and below the storerooms either & waler or fuel tank or a
double bottom. The projectiles for main battery guns for the first all
big-pun ships and part of the powder are stored on the upper platform
deck in ammunition rooms leading off the handling rooms, and the
remainder of the powder in compartments, dircetly below the handling
room on the lower platform deck, In later designs, turret projectile
rooms are largely dispensed with as noted above. The ammunition for
broadside guns is stowed on the lower platform deck, with magazines
communicating with handling rooms in which are loeated the lower
ends of the ammunition hoists, In the latest batileship designs it has,
in many ecazes, been necessary to handle the broadside ammunition
in two stages, bringing it up from the forward (and after) group to
the third deck and transporting it along the third deck on electrie
conveyors to the bottom of other hoists which take shell or powder
from the third deek to the individual gun on the upper decks. Bome
hoists lead direetly from handling rooms to gun eompartments,

Adjacent turrets have their handling rooms connected for the inter-
change of ammunition. To get ammunition from a forward to an after
handling room it is neeessary 1o use the passages on the third deck
by hoisting ammunition up special hatches and transporting it along
the deck suspended from overhead trolleys.

Special rooms are arranged for torpedo war heads, saluting charges,
and small-arms ammunition.
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Plate X X111 shows the arrangement of the forward group of maga-
zines of our latest battleships. The arrangement of the after group is
egzentially the same, exeept that it containg only main battery am-
munition.

The ammunition rooms of other types of ships are arranged in two
groups, one forward and one aft with hoists or whips adjacent, thus
requiring, in many cases, considerable transportation of ammunition
on deek. Submarines have special stowage arrangementz due to lack
of zpace and amall quantities carried.

1436, Flooding.—The property of an explosive of resisting for a
certain time, withoui deeomposition, the action of humidity, heat,
and other clements which tend to eause it {o decompose, is called its
chemieal stability. To prevent damage from an explosion due to this
logs of chemieal stability, especially in the event of fire, flooding ar-
rangements are provided aboard ship. In order to conform to the re-
quircments for water-tight integrity, and to provide against the ne-
cessily of flooding, all magazines are water-tight compartments. Ar-
rangements are made for admitting flooding water to each room or
compartment where ammunition s stowed. Powder magazines are
fooded by a connection from Lhe fire main, (Formerly it was the prac-
tiee to install flooding eonnections through sea valves direcily to the
sea where the loention of magazines relative to the water line of the
ship afforded a sufficient head of pressure to accomplish Hooding. Such
installations may still be found on a few of the oldest zhips.) For this
reason it iz absolutely essential that pressure be maintained on the
fire main at all times, Torpedo war-head loekers, due to their loeation,
ean usguslly be flooded through local sea valves as well as through the
fire main, Where the pipe connection to the fire main haz one large
opening, it is called a fload pipe. Where the pipe has many small open-
ings on the upper side and is suspended across the top of the powder or
projectile stowage racks, it is called a sprinkler pipe. In recent designs,
ammunition compartments are fitted with both types. Sprinkler pipes
are also fitted over gun-loading positiong in turrets, over powder-
loading positions in handling rooms, and over projectile bins localed in
passageways. Sprinkler holes ave not over 2 inch in diameter, and the
ageregale areq equals 150 per ecnl of the area of the group control
valve. When using both flood and sprinkler pipes, sufficient water must
flow to fll the compartmend in twenty minutes, Where sprinkler pipe
alone iz used, it must be capable of filling the compartment in one hour.
When in dry doek, arrangements for sprinkling and flooding must be
meintained by connections to water mains ashore,

On baitleships, from the pumps the fire main extends forward and
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CHAPTER. XIV, PLATE XXIV.
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aft on cach zide of the =hip in the form of a =alt-water pressure loop
helow armor. Abreast of each magazine group, an athwartship line
conncets the starboard and port branehes of the fire main, Cut-out
valves at each end of the athwartship cross-connection are habitually
kept open. From a group control valve in this cross-connpection, a
flood pipe with branches leads to each magazine within the group. In
the various branches of the group flood pipe, are located individual
eut-out valves at each magazine within the group. The group control
valve is habitlually kept clozcd and locked. The individual magazine
cut-out valves are habitually kept open and locked. Thus, to flood all
magazines in a group quickly it is enly necessary to open the one group
control valve, To flood a =single magazine in a group, it is necessary to
cloze the individual eut-out valves for each of the other magazines in
the group and then open the group control valve. A spindle from cach
group control valve permits operation of the valve loeally or from the
third deck above, Where the spindle passes through the third deck it
ie fitted with a water-tight stuffing box. At the group control valve
there i= an operating wheel and on the third deck the valve operating
spindle terminates in another valve wheel or other meehanical means
for operating the group control valve through the operating spindle.
Both at the group control valve and on the third deck, the valve wheel
or other mechanieal deviee for operating the group eontrol valve is en-
closed in a loeked metal box ftted with a glass top or front. The keys
for these boxes are kept with the magazine keys in the captain's
eabin. In an emergency, of course, the glass is broken in order to have
access to the operating gear, Cut-out valves at each individual maga-
zine can only be operated locally,

As indicated in Plate XXIV, the forward group of main battery
magazines may be divided into three small Hooding groups, while the
black powder, small arms, broadside, and anti-nireraft magazines, as

_:_hhnwn may be divided either into separate groups or included in one
‘of the main battery groups. The flooding arrangements of ernisers,
: ﬂﬂﬁtmrers and other ships are fundamentally the same as those for
H:-' hal;tim-:hxpg

i I Ta ingure that the flooding and sprinkling systems are maintained
- in efficient condition, a weekly test of group control valves and their
\ﬁpﬂmhllﬁ; gear iz conducted. A test cap is fitted in each magnzine which
~ tloses off the flooding lines; the group control valve is then opened,
,r'l'l'm'mﬁ ting the water from th{- fire main to pass through it as far as the
g =5t eap, The group control valve is again closed, locked, and the
ater between the valve and the cap is drained into a bueket through

tock in the magazine cut-out valve.
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A diagram similar to Plate XXTV is mounted in the vieinity of each
flooding station to give the number and location of each magazine
flooded by each valve, In addition, especially shaped plates, =imilar to
Tig. 1401, are secured nearby to give the same information.

‘As the fire main pressure would be eommunicated to the bulkheads
if & magazine became filled, it is necessary to provide a relief. This is
usually in the form of an exhaust ventilator of such diameter that the
flow of water will not permit the pressure in the flooded eompartment
to rise above that due to the head of water within the compartment,
for which pressure the eompartment is periodieally tested.

Magazines are not directly conneeted to the ship's drainage system,
If flooded for any reason, they are ordinarily drained by eracking the
magazine door to permit the water to escape to the adjacent handling
room {rom whenee the water can be pumped by a portable pump, or
it may be permitted to drain to the bilge or o another eompartment
having a connection to the main or secondary drainage system,

1427, Cooling and ventilating.— The property of imparting on firing,
after a length of time in storage, the velovity and pressure found on
acceptanee test is called the “ballistic stability™ of a propellent powder.
In order that this property be not impaired, speeial lagging and
ventilation equipment are inztalled in magazines to provide storage
conditions as uniform and favorable as possible. It has been found that
s temperature of 707 to 80° IV, is suitable for the storage of standard
Navy smokeless powder, while its life is rapidly shortened by tem-
peratures over 90, F. To provide a uniform cool atmosphere in the
magagines, various systems of refrigeration have, in the past, been-
tried with varying suecess. However, at the present time, due Lo in-
ereased stability of our powders, and to improved methods of ventila-
tion, and hecause of the dificulties in refrigeration systems, refrigera-
tion iz no longer rezorted fo.

The following considerations povern the installation of ventilation
systems Tor magazines;

(a) Ventilating pipes must be so installed that no magazine ¢an be
flooded from another through the ventilating pipes.

(b) Ventilating pipes, water-tight below the lowest armored deck
(third deck).
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(¢) Intakes, so located as to minimize the possibility of drawing in
gas from firez in action.

(d) Natural exhansts, fitted to a fixed height above the water line,
behind armor,

(e) Natural exhausis, loeated inside turret barbettes, where prac-
ticable.

(f) Lower ends of exhausts, fitted with check valves to permit egress
of water or air, but not to permit ingress of either.

(g) Lower ends of supply duects, ftted with water-tight eovers for
sealing in action.

(h} When duets pass through a deck or bulkhead, construction must
be water-tight and fitted with a slip joint and water-tight cover for
sealing,

(i) Intakes, fitted to prevent foreizn matter entering,

An exhaust duct is fitted with a non-return flapper valve and leads
up through the deek inside a barbette, where practicable, where it
ends in a goosc-neck ecovered with wire mesh. When a2 magazine is
fully flooded, the water eseapes in the same way, preventing pressure
being brought on the bulkheads. The height of the duct iz fixed above
the water line by the hydrostatic pressure which Lthe compartment is
degigned to withstand, Magazines are not venlilated in aetion, so
the blowers are stopped and the supply duets sealed with hinged
COVErs.

Muagazines are insulated with cork composition in order to reduce
changes in temperature to the minimum. When the outside tempera-
ture is above 90° F. in the day time, magazines may be kept cocl by
running the blowers only at night, when the magazines may be filled
with air at the minimum temperature.

1438. Magazine lighting.—In the older {ype ships, light boxes are
inset in the bulkheads, g0 ns to throw light through round double lens
ports in three directions, The boxes are water-tight and open only
from the outside of the compartment they illuminate. Each one con-
taing ineandeseent lamps and a fitting for a eandle in ease the lamp fails.
They arc arranged so that the bottom may be eovered with water in
case the candles are uzed. Modern ships are provided with two separate
and independent lighting svstems—standard and auxiliary. The stand-
ard lighting system iz operated from the ship’s service generators. The
auxiliary lighting system is operated from a storage-battery supply.
The gystems are interconneeted and eontrolled through relays designed
g0 that the line contactors to the ship’s serviee busses shall remain
cloged and feed the lights from the generators’ service as long as the
ship’s service voltage is above 103 volis, but in case the ship’s serviee
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voltage drops to the foregoing value or below, the relays operate to
open the contactors to the ship’s service busses and close the con-
tactors to the auxiliary storage-battery supply. As soon as the ship's
service voltage rises to 108 volts, the foregoing operation of contactors
is reversed and the feed to lights changed to normal generator supply.

As a gecond means of auxilisry lighting, it iz the present praetiee to
equip all magazines with portable hand eleetrie dry-hattery lanterns,
They are hung on brackets attached to the bulkheads.

In general the following requirements for magazines are met: The
light, fixtures are steam- and water-tight, and are connected Lo separate
fesders on the magazine circuits, which are distinet from other eirenits,
The control switches are removed from the paths of ammunition
handling and are grouped at [eeding centers in llame-proof lockers. No
fuse boxes, switches, nor electrie eonnection boxes are loeated in
magazines., All eleetrie cables arc protected in conduits built up [rom
light channel bars. No steam lines arve loeated in magazines,

Turrets are lighted in the same manner as magazines.

1439. Supply.—The efficient supply of ammunition to the guns is of
prime importanes, and must be so arranged as to permit o sustained
fire without eausing a delay at the gun for lack of it, or an exeess ac-
cumulation with the attendant danger of an explosion initiated by a
shot from the cnemy,

The problem varies with each individual installation. The design
is the best that can be worked out for the individual ship for it must
be eo-ordinated with the other factors. The suceess will depend on the
proper utilization of the equipment provided, so that many losses in
time attributed to the equipment may be eliminated with the proper
stationing and training of the personnel.

The supply in turrets iz very simple. Ammunition hoists for turrets
are deseribed in Chapter 1X, The broadside and anti-aireraft guns are
served by motor-driven, endless-ehain hoists that deliver approxi-
mately 20 pieces of ammunition per minute. The broadside G-ineh,
63-caliber guns on the 7,500-ton eruisers, however, have hoists of Lthe
pusher type instead of endless-chain hoists. On battleships the broad-
side gunz usually have the equivalenl of & hoist for cach gun, Anti-
aireraft guns fire so rapidly that it is absolutely necessary to have am-
munition up in advance. No attempt iz made to ingtall suffieient hoists
to supply anti-aireraft ammunition as fast as it can be fired. The lower
end of the endless-chain hoist is usually situated in a broadside or an
anti-gsireraft magazine handling room, or in an ammunition passage-
way. At top and at bottom the openings, for inserting powder into
and removing powder from the hoist, are coversd by flame-proof doors,
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Plate XXV shows such a broadside endless-chain hoist without flame-
proof doors, In the newer designs of battleships where fore-and-aft
communication is impossible below the third deck, it is neeessary to
have two sels of hoists with fore-and-aft electric conveyors on the third

WOTE= 33 =iV
FECGHTIDHS OF A PO ErE
LECTIOHN IR FRIMACT FEom,
Tl HACAYSE T8 Frdl
s, RS

RRLC OF SORTALY A8 muiT BT

BRAAATER TrAN PR ang -
IH CLOSED POTITION SHS &N &7

2, DPEUATIRL HEWHLE 15 IH
SENLN-PELOLE FERITION AND
GAN eMLY 38 THANED
COUHYER -~ CLOCH WIS .,

MR CEwiHg Tany

ik

i N RgF e e
m S8 LN |
|
Fic. 1402, —Frave-reooF POWDER-PASSING SCUTTLE.

deck to distribute the ammunition from the top of one set of hoists to
the bottom of the second set of hoists, The ammunition is sent from
its own magazine and handling room, up to the third deck by one set
of hoists, then distributed along the third deck by conveyors to the
foot of the second set of hoists, which take the ammunition from the
third deck and deliver it {o the guns loeated on the upper decks. Some
few puns, loeated vertically above the magazines, may be served by
a single hoist from handling room to gun direct.
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Five-ineh broadside ammunition hoisis are not suitable for hoisting
S-inch anti-airerafl smmunition beeause of the difference in length of
the two different eontainers, but 5-<inech broadside ammunition can
he hoisted in the hoists for H-inch anti-aireraft ammunition.

To supply a turret aft from a furret forward, or viee versa, the
same procedure is necessary as in the ease of broadside ammunition
supply: i.e., from the turret handling room on the upper platform deck,
ammunition is hoisted to the third deck by a small portable electric
hoist or by whip, then along the third deck on an overhead trolley,
and finally lowered by hoist or whip to the turret handling room. Re-
distribution of turret ammunition is an extremely slow process and
would be done only during a lull in an engagement,

1440. Powder paths.—When powder has been removed from tanks,
specisl precaulions must be taken to prevent the exposure of the
powder to flames. Also special precautions must be taken to guard
apainst the spread of Hames in all compartments in whieh explosives
are handled or stowed. Ammunition trains are designed with the
maximum number of Hame-proof compartments compatible with the
eficient handling of the ammunition. These various compartments
are fitted with flame-proof seuttles or other form of flame-proof seals.
Water tanks are also arranged at intervals to permit the immediate
immeraion of powder bags in the vicinity in ease of fire or explosion.
The older type of magazine powder seuttle consisted of a swinging
brass flap fitted over the opening in a door or bulkhead and swinging
outward from the magazine. Such a flap is open and is not an cfficient
flame geal during the time that ammunition is being passed through it.
Figure 1402 shows a late type of rotating Hame-proofl scuttle for trans-
ferring powder bags from one flame-proof compartment to another.
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