CHAPTER IV.
GUNS.
Section I.—Types, Classes, and Component Parts.

401. Types of guns.—A gun is a mechanieal deviee, consisting of a
tube elosed at one end at the moment of firing, eapable of containing
a projeetile and a propelling charge, and of so controlling the explosion
of the ¢harge as 1o discharge the projectile with a high veloeity.

A rifle is & gun whose bore has cut in its surface a number of spiral
grooves, into which the soft metal of the rotating band on the projectile
is foreed, thus imparting to the projectile a motion of rotation. The
raised portions between Lhe grooves are ealled lands. (See Plate 1)

A mortar is a shorl gun with a large bore and low velovity, eapable
of high angles of fire. T'welve-ineh mortar carriages in the eoast defenses
permit firing only at angles of elevation between 45° and 65°,

A howitzer is a short heavy esun for high angle fire. The L6-ineh
howiteer carviage, U, 8, Army 1920 model, permits & maximum eleya-
tion angle of 657,

A cast gun is one made by cagting metal in a mold in the form of o
gun, or approximately the form. Iron, bronse, and steel have been thus
uged. Cast gung are used in the Navy for drill guns only,

A built-up gun is any gun made up of different parts, the idea being
to gel an assemblage of parts best able to resist the pressures of the
powder gas. The gun may be built up of different metals. The most
usual forms are: (1) The built-up gun with initial bore eompression
obtained by shrinkage, the exterior parts being heated to go over the
interior parts; and (2) the “wire-wound” gun.

A radial-expansion monoblock gun is a gun composed of a single
forging. In this gun the initial bore compression is ebiained by the ap-
plication of hydraulie pressure (o the interior of the gun tube, It Iy
be construeted with or withoul a sepaswie liner. Larger radially ex-
panded guns, however, are not. necessarily monobloek (one piece).

A low-power gun is any gun having a low muazzle veloeity and a low
pressure,

A high-power gun is any gun having s high muzale velocity and a
high pressure. As the terms “low-power” and “high-power” are
relative, no fixed velocity and pressure can be stated to distinguish be-
tween the two,

1
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Breech-loading rifles and rapid-fire guns were terms previously used
to designate different types of guns, However, all modern naval guns
are }}l'ﬂ{'tﬁl-llil-:.'tf.ﬂl]f_rj all arve rifled, and all are more or less rapid-firing:
henee the terms have been abandoned, Tnstead the terims bag guses and
case guns have been adopted,

Bag guns are guns that do not use metallie eases for the powder, A
mushroom and gas-check pad are therefore required to provent the
powder gases, under the high pressures of explosion, from esecaping to
the rear around the plug,

Case guns are those in which a metallic powder case is used, this case
preventing eseape of gas to the rear, o thal no mushroom and gas-
check pad are required,

Field guns are those used with fielld carriages on shore, eld guns in
the Navy are commonly ealled lending puns. The Navy manufactures
at present a d-ineh landing gun, During the World War 2 number of
7-inch naval guns were used on field enrviages, ns well ag several 14-
inch naval guns on railiwey carrisges, Army field guns vary in siage from
the 73-mm. gun to the 240-mm. howitzer.

Boat guns are supplied with mounts for vse in small hoats.

Automatic guns are those in which the force of explosion is used to
eject the fircd eavtridge cose and lowd another cartridge. When am-
munition is properly supplied, no foree but pressure on the trigger s
required for continuous fire,

Semi-automatic guns arve those in which the foree of explosion ejects
the fired eartridge case and leaves the breeeh so that it closes auto-
matically when another carividge is properly inserted.

Machine guns are autcmatie rifles.

Small arms are guns of less than one inch caliber, They include rifles
that are fived from the shoulder and pistols thatl are fired from the hand.

Sub-caliber guns.—A gun ig ealled a sub-caliber gun when it is used
mounted inside or outside o larger gun, for shortsrange gunnery prae-
tice, and for firing blanks in drills, One-pounders and small-urms rifles
wre used for this purpose,

Saluting guns are guns used for saluting purposes,

Depth charge projectors are guns used for projecting depth eharges,
The ¥Y-gun wasatyvpe employed during the World War.

402. Classification of guns aboard ship.—(iuns aboard ship are classi-
fied as (a) turret, (b) broadside, {¢) anti-aiveraft, and (d} anti-aireraft
machine guns. In addition, () double purpose guns are designed for
use both against surface and npireraft targets,

403. Classification of batteries aboard ship.—{n) The main battery
ineludes those guns of the largest caliber on board,



SNk br AHOD S5 WElaM VG
RIARIRI N WA o0 HLTeg - PSR HADRE

“ERA wE

o

u...:n__ﬂ_l

W

RISl W

Vs

— e e

m.l
1

"I

o0l 40 W31 Iia
@ e WO

T T RN

[ Tz

T F1¥1d “Al H1LAYHD



"TUNLYIININON NND _

“THET 1 AD HTEEE - .1I_

g [l - A —— - —

SAO0INYTIIDSIN SNND

- —

RICE BHOEINE I TIE Y Caatric LMoL MRV

e e 2 _— “ oo S0 HABHT — = e mpr——— A TR THD
1

HAITEY= TR0
18 LAl

e " FEWHA— : _ ._
@N. — - — _..._q__,.:._h_:“_ = “. =Tl \T- ,ﬂ_ _IH ﬁu@“li
1 ..__m.u:uh waand ____.__,_..._..m“.m.."_..“__ e —= E....“___
_ S g DN uz_xuﬂm _.-|._u...u.t_.F = m _ _

T el IS

ST NS TVLINM
[

- _1
, &
M1 k] WL 41 SR .__._ _ _
1
e — _ E 1= — e AR — - E

_ | |

] i —

|

—=d
RO THETLNE I T - f .n..__...__h..n IHTHA MR

e - . FETHY =—— . "TEHEHIRMLAD IS |_ f HRIHMLS vl
[}
e W iy e e L | T muH—

EAAITY D -
FHOD A0 HALINLG

= 16
s T L VA PSRt S o) B
3 o 1L g oy ; et B a0 .
17§ 1T I A e f y L R R R

ARINM

1

33

..11.1..1| | ]
i e ] | |

“HmUHrAd .-.u..-.__.u.:mn_..__.“

.._.J.uﬂ.n_:...n.ulu IO = |.n| e —— T i TWIBMYHD ~ — 1 emm—

|| i e

e o I e N i

unﬂﬁhﬁwﬁuﬂ |.”.uﬂn ._.u.. S e rrarno - i SSRGS unm_n._mq:u.v_nu_.u_w”!ﬁ_...mlﬂ )

|

— e —— —— JTPRY —————  — - - - —- e e S e — WIENTAD SR Fre HIGHIAD vl CTi

— 3308 & MIBNIT — - — - ; s
i

EET T Ll

'§ aooH = g LT -
T deror] T S a=oR T é 1
P Ao DHIAT0 .-..uw_lh o NI |

L
%3 =raH u_..._:_._...__u.._l___




Guns 093

(b} Secondary battery.—Only turrct ships are considered Lo have a
secondary battery; the secondary battery ineludes all exeept the tur-
reh. guns and those guns specifieally designated for use against air-
crafl, In ghips having no broadside guns other than double purpose
guns this battery moay be designated as the secondary battery.

(¢) The anti-aircraft battery includes all guns earricd for primary
use against airerafl,

404, Designation of guns.—CGuns are usually named or designated
either by (1) ealiber in inches, followed by the length of gun in calibers
and the mark of the gun; or by (2) weight of projcetile expressed in
pounds for small-culiber gung (L-pounders to Gepounders), followed
by the mark of the guns, Thus: 14-inch, 45-caliber, Mark T, Maod. 1.

All guns of the same ealiber, but of a different design, are distin-
guished from one another by being given different marks. The first
design built of a caliber 1= called Mark I, If a new design is built with
cither new exterior or new interior dimensions, giving different ballis-
ties from the previous design, this design is given a new mark, as, for
ingtance, Mark 11, If, however, a finished gun is modified, it retains
the same mark, followed by a modifieation number, Thus the 14-inch,
Mark I, gun, on being relined, would be designated as 14-inch, Mark I,
Maod, 1 pun. This system of designating by marks and modifieations is
applied to all ordnanee units, sueh as mounts, breech mechanizms, fir-
ing locks, powder tanks, sights, telescopes,

405. Component parts.—{1) A budi-up gun is composed of a liner,
fube, and hoops. The general scheme of naming hoops is to letter them
from the bore outwardsazs A, B, C, D, ete. Their numbered designation is
from the breech forward as C1, C2, C3, ete. The tube is designated as
tube AL (Sce Plate L)

The Bl hoop, usually called the jecket, is immedintely over the rear
el of the tube and extends well forward of the powder ¢hamber. Hoops
over Lhe jacket are called jacket hoops. The present tendeney is Lo omit
the term “jacket,” using simply the term “hoops” with the proper
designation,

Hoops over the forward or mugzie part of the tube are called chase
oo ps,

Locking hoops are those which hold two abutting hoops fogether and
prevent their moving forward or aft in the finished gun. Inner locking
hoops are gplit or made in =emicircular halves and are fitted over
shoulders on the two elements to be locked together, They are held in
plaee by setserews and an outer hoop is shrunk over them. Outer loek-
ing hoops are serewed on,

(2) A wire-wound gun iz assembled by wrapping wire under tension
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on a central tube. An ouler cylinder, or jacket, is generally shrunk on
over the wire,

(3 A heavy radiolly-expanded gun, such a8 the S-inch, 55-caliber gun,
is composed of a fube and a shrunk-on jockef that extends a little more
than half way from breech to muzzle, When the rifling is worn out (he
entire Lube may be renewed. SBome radially expanded puns are con-
structed with liners,

406. Exterior parts (See Plate 1).—A gun as viewed from the out-
side has the following parle: Breeck, rear eylinder, slide eylindor, chase,
neck, mugzle.

The breech is the rear end of the gun, while the mussle is the frond
end, whenee the projectile issues.

The rear cylinder, at the breeeh end of the gun, is that part over
the chamber where the metal is thickest.

The slide cylinder is that part of a gun forward of the rear eylinder
which fits in the slide and moves through it in reecil, It is fitted with a
key that is econtained in a keyway in the slide which prevents the gun
from turning in the slide, restrieling it to longitudinal motion only.
This part of the gun is made truly cylindrical to fit snugly in the slide.

The chase is the sloping portion forward of the slide evlinder ex-
tending to the muzzle, whether in one taper or in stepped tapers eansed
by hoops.

The neck is just in rear of the muszle, where the chase reaches its
smallest diametor,

The muzzle. The end of the chase forms o curve at the mugzle of
inereased diameter, forming what is known as the “bell muzzle,” The
melal is ineressed at that point to give greater strength and to prevent
enlargement of the bore due to high muzsle [IORSUTES.

The trunnions are two horizontal cylindrical projections at right
angles to the axis of the bore of the gun, the purpose of which is to
support Lhe gun on the carvdage. They are loeated nt or near the center
of gravily of the gun, and form the axis around whieh it moves in ele-
vation. In the United States Navy it is customary to have the trun-
nions slightly townrds the breeeh, thus making the gun “muzzle hoavy”
when empty, but balaneed when loaded.

In cast guns the trunnions are in one with the gun. Built-up guns are
made lrunniomless, the gun being supporied by the “slide” or “sleeve™
within and through which the gun moves in veesil, the trunnions in this
case being east with the slide.

The trunnions rest in “seats™ on the gun earriage.

407, Interior parts.—The bore of a gun is that parl of the interior
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of the tube that is of uniform diameter from the powder ehamber {origin
of rifling) to the muzzle,

The caliber of a gun is the diameter of its bore in inches, measuring
to the tops of the lands.

The caliber of a gun, as defined above, is used as a unit in expressing
itz length, For instanee, a Td-ingh, S0-caliber gun is a gun whose cali-
ber is 14 inches and whose lengih is 50 calibers measured from muzzle
face to the forward face of the breech plug when elosed, that is, 50
units of 14 inches each, The expression “*14-inch, 50-caliber in this
case would indieate that the A-tube of the gun, containing the powder
chamber and rifled bore, is 700 inches in length, The over-all length of
the gun would be 700 inches plus the length of the serew box,

The chamber of a gun iz the space allotted to the powder charge,
and is that part of the interior of the tube between the bore and the
face of the breech plug when elosed. The chamber is made larger
in dismeter than the bore in order to reduee its length, and =0 give
o greater length of travel for the projectile in the hore. The ratio of
the diameter of the chamber to the diameter of the bore is ealled
chambrage.

The chamber cylinder is the eylindrical portion of the chumber, ex-
lending from the end of the chomber rear slope to the beginning of the
chamber front slope.

The after end of bag gun chambers are built with a choke, a narrow
eylindrieal band of lesser diameter than the chamber cylinder (Plate 1),
The purpose of the choke is to keep the ares of the mushroom faeo as
small as possible Lo reduee Lhe load earried by the serew threads on the
breeeh mechanizm, while at the same time permitting a proper cham-
ber volume which is not too long. lxtending from the chole to the
chamber eylinder iz the chamber rear slope. In rear of the choke is the
girs check sexdf, which is reamed to form a perfeet fit with the split vings
and mushroom pad to prevent blowbacks, Case guns, of courze, do not
have a choke.

The chamiber frond slope is the slope from the forward end of the
cheember eylinder to the shell centering sfope, which extends to the rotat-
ing baned slopes, <.e., to the end of the chamber. The purpose of the shell
centering slope is to guide and center the projectile into the hore,

The forms of chambers may vary, for instanee, in some chambers
there may be but one band slope, while in others the band slope may be
composed of ag many as three parts, na the band rear slove, the band
eylinder, and the band front slope. Obviously the eonstruetion of these
slopes depends upon the type of projectile rotating hand, whieh must
fit into corresponding seats.
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Section II.—Principles Underlying Gun Design.

408. Modern requirements for gun power.—DPresent reguirements
for guns demand muzzle veloeities of from 2,500 (o 3,150 fect per
second, Lower veloeities give less striking energy, and, morve important
still, & projectile fired at low velocity would deseribe a curve so high in
the air, for long ranges, that hits eould not be made unless the range
were known with preat peeurney, Binee the aceurate determination of
range is & most difficult problem in naval gunnery, the high-power
wun is a necessity, High veloeity of projectile is produced, of course, by
high pressure upon it while traveling through the bore,

A gun may be considered as a tube designed to withstand o given
pressure from within., In construcling such a tube, we must first con-
sider what pressures it will have to withstand at the various points of
its length, and then make it strong enough to insure perfeet safety,
The bore should also be of such material a5 to stand the wear and tear
of firing a large number of ronmds without being o damaged by ex-
pansion or abrasion as to interfere with the shooting,

409, Stresses.—Looking =imply Lo the construclion of a gun as a
eylinder, we find that the two principal stresses to which such o eylin-
der is subjected upon the explosion of a charge are, first, a circum-
ferential or feagentiol slress or tension, coupled with o radial stress,
tending to split the gun open longitudinally : second, a longitudinal
stress tending (o pull the gun apart in the direction of its length. (See
Fig. 401.) It has been ascertained as the resull of experiment that the

(ANY POINT IN wALL)

== TANGENTIAL STRESS

FRADIAL PRESSURE

Fra, 4070,
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preatest stress experieneed by the metal of the gun is the tensile stress
set up in the direction of its eircumicrence by pressure of the powder
gases; in addition, it also experiences o longitudinal stress, which is
relatively of small value, 17 this longitudinal stress may be eonsidered
constant (and it may be s0 considered in the ense of guns, without
greab error) we may lay down the firet of “Lamé’z laws,” as follows:
At any poteld whatecer tn o cylinder wnder ffutd pressuve, the sum of the
tangentiol lension and the radind pressurve varies inversely as the sqguarve
il e rodiue,

Thiz law savs, in effect, that in a simple hollow evlinder under in-
ternal pressure, points in the metal elose to the bore experienee a large
proportion of the stress, whereas those remote from the bore, t.e., at a
ereat rading, experience anly a small proportion. This means that in a
simple hollow eylinder composed thronghout of metal of homogeneous
physical properties, we soon reach o limit beyond which any thickness
of weall aids but litle in enabling the cylinder to withstand pressure.
Bupposing the metal to be incompressible, this limit is taken at about
half  ealiber, so that—for example in the eylinder of a hydraulie press

if the thickness of the walls be equal 1o one-hall the dinmeter of the
pislon which works inside, then the evlinder will be nearly as strong as
if it were Len Limes as thicl.

410, The considerntions of the two preeeding articles, that is, meod-
ern pun pressures and the strength of simple hollow evlinders, bring
out the fact that @ modern pun would not be sulficiently strong to with-
stand the required pressure if made of a single simple hollow eylinder,
however thick, and that the gun must be buill on a prineiple which
will enable it Lo withstand more internal pressure than eould be with-
stood by the simple eylinder type of eonstruetion. The problem is to
make the outer layvers take a proper proportion of the stress. Two prin-
ciples of eonstruction present themselves in this conneetion, The first
pringiple eonstruets the gun of layers of metal, the laver nearest the
bore having the greatest elasticity and the sueeeeding lavers outward
having sueeessively decreasing elastivity, so that when the gun is fired
the inner layers, while resisting the pressure, expand sufficiently to
transmil to the outer layers their due proportion of the stress. The
seeond principle eonstroets the gun of layers of metal, the layers
nearer tie bore being held under an initial compression by the tension
of the outer luyers, so that when the gun is fired the inner Inyers must
first bBe expanded sufficiently to remove the initial compression be-
fore they begin to experience o positive tension or streteb, the expansion
being continuously resisted by the tension of the outer layers. These
two prineiples may be stated as follows:
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{1) The principle of varying elasticities.—This consists of placing
that meial which streiches most within ifs elesiic imd around the sur-
faee of the bore, so that by its enlargement 1he explosive siress is trans-
mitted to the other parts exterior to it. Thiz method is exemplified in
cuns which have a steel tube surrounded by wrought-iron coils, and
i the Palliser system, in which a wronght-iron or stesl tube s sur-
rounded by east ivon, With different prades of steel—high and low steel,
for example—the steel which shows the greater elongation within the
elastic limit iz the more suitable to be placed next 1o the bore, Carrying
out this theory in praetiee is another matter, because in the case of
very long tubes there is more difliculty and uneertainty of manufacture
with the higher prades of steel than with the lower, and the difficulty
inereases with the size, For this reazon, in o buili-up gun, the principle
wf verrying elusticdtes 15 only applicable where the diferent parfs of @ gun
are made of different melals,

(21 The principle of initial tensions.—This consists in giving to the
exterior portions of the gun a certain initial tension, gradually de-
ereasing toward the interior, and giving to the interior parts a eertain
normal state of eompression by the grip of the outer evlinders and
coils.

The exaet amount of tension and compression for all parts of the
gun when at rest, or when resisting the explosion of the charge, so that
all parts shall be strained fo a point not exeeeding their elastic limit, is
a matter for mathematical ealeulation, and is treated af length in works
on the theory of gun construction.!

411. Guns built on the prineiple of varyving elasticities, where coms-
posed of separate layers of different metals, are not used by the U, 5.
Navy and will not be diseussed. Guns built on the prineiple of initial
tensions are exemplified by the buill-up gue and the wire-wound gun.
BMost puns now in use in the Navy are of the built-up type, and none
iw of the wire-wound type, although the Army uses this type, Of late
vears Lthe redial-erponsion process has been nsed to eonstruel guns for
naval use up to a ealiber of eight inches. This proeess embodies both the
principles of initial tensions and of varying elasticities while employing
only a single piece of metal (mecessarily) in the construction. The prin-
ciples embodied in the construction of the built-up gun, the wire-
wound gun, and the radial-expansion gun are hereafter disenszed.

P This section aime to present only an elementary dizsenssion of the prineiples
underlving gun construction. For a more complete treatment of construction on the
pringiples of initial tensiome, 2ee " Elastic Strength of Gung,”” Newal Ordnonce, 1058,
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THE BUILT-UP GUN.

412. Gun steel, as well as other metals, is elastic in that, when a
comparatively large stress is applied, the steel will receive a gfrain,®
and upon the stress being removed, the steel will return to its former
shape or dimensions. In such a ease the steel i3 said to have been
strained within its elastie limit, On the other hand, if the steel is
stressed up Lo its elustie limit of strain, and the stress is then increased,
it will take up o permanent strain and will not return to its former
shape or dimensions upon release of the stress. It is then said to have
been strained beyond its clastie limit, Application of continually in-
ereaging stress in sueh ease will eventually result in fracture of the
steel, at a stress whose value will depend upon the strength and apuali-
tics of the particular steel being eonsidered.

The above statements apply to steel in which the only strains pres-
ent are those caused by the applied stress. In the simplest built-np gun
we lake an inner steel tube of swler diameter d, and place around it a
eylindrieal jacket of fnner dismeter d-s, # being small, on the order
of 0.701; & is ealled the shrinkage. The usual method of doing this is to
heat the jacket, thereby expanding it, and to slip it over the eold tube,
allowing it to cool and shrink in place. The result is that the tube re-
eeives @ strain in compression (negative extension), beeause of the
shrinkage of the jacket upon it, and the jackel receives a strain in ox-
tension, being unable to shrink to its former sizge. These strains are
well within the elastie limit of strain of the steel, We have here, then,
not an initially unstrained steel, but a compound evlinder of two mem-
bers, the inner of which has an initial strain in compression (negative)
and the outer an initial strain in extension (positive).

When powder pressure (stress) is applied in the bore of sueh a com-
pound exlinder, the pressure must first expand the tube enough to re-
move the initinl strain of compression before 16 can continue the ex-
pansion toward the elastie limit of extension of the tube. Such ex-
pansion iz continuously opposed by the jacket, which is pressing in-
ward. This action may be stated in the following prineiple: If any
pressure be applied to o compound cylinder, the strain al ench point
will be the algebraic sum of the strain of the peind before the pressure was
epplied and the stroin which the same pressure could cause af the corre-
spording potnd @ @ stmple cylinder of the some dimenstons as the com-
powad one. In o compound eylinder, aceording to this rule, the inner
layer receives less strain in firing than would be received by the eoree-
sponding layer in a simple eylinder, for the original compression must

#Eynonyms Tor strain: Delormstion, compression or oxtension.
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first be overcome before any positive strain (extension) can be intro-
dueed. Corregpondingly, the outer layver reecives more strain than it
would in a simple evlinder, for it receives the strain it would receive
in the simple cylinder plus the original strain in extension that it re-
eeives in eonstruetion. In this way the disadvantage of the simple eylin-
der, as stated in Lamé's law, Arl. 409, is obviated, the stress felt by the
different layers of the pun being no longer inversely propertional to the
squure of the radius, but instead, more evenly apportioned among the
layers of metal, The following axiomatie and fundamental law must
alwiys be observed, however, both as to strains set up by shrinkage and
as to strains set up by firing:

Basic law of built=up gun construction.— No fiber of any eylinder of
a buili-up gun must be strained beyond the cdastie it of the metal of thal
eylinder,

413. In a built-up run the outer eylinder, in cooling and contracting,
eompresses the inner one, making the dinmeter of the latter o little
smaller than before, The amount by which the exterior diameter is
decreased iz ealled the compression. The outer eylinder itself is stretehed
omn aceount of the registanee of the inner one, and its interior diameter
is slightly inereased. This inerease is called the exienston. The shrinkoge
is always equal to the compression plus the extension, and the exael
amount must be previously ealeulafed by the known extension and
compression of various metals under eertain stresses and given eireum-
stances. Tt is neeessary Lo compute the slresses which the parts undergo
in the state of rest Lo determine that the tube will not he erushed by
the shrinkage,

414. Lavers and thicknesses.—The principle of initial lenzions, ear-
ried to an extreme limit, would be exemplified in the case of a gun com-
poged of an infinite number of infinitely thin hoops properly shrunk
together. When so assembled, the tension in a gun, when the powder
pressure acts, would be uniform throughout the thickness. The greater
the number of hoops the nearer this theory is approached in practice,
but there are practieal difficulties in manvfacturing, such as the ae-
curate machine work neeessary, the diffieulty of obtaining sound
forgings of large diameter and length, and the greatly increased cost;
for these reasons it is not considered practicable to use more than four
layers in the ease of guns now designed, Neither may all of these layers
extend all the way Lo the muszle, beeause of weight and forging con-
siderntions. It is not, in fact, necessary to have them that long, The
inner member, the tube, extends in one picce from breeeh to muzele,
and in =ome guns the next layer (B layer) does also, but in Lwo or more
pieces. The € and I lavers extend from the breech only a part of the
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way toward the muzzle. TJ.liH:iﬂ possible beeause of the following
congiderations:

shortly after the projectile beging to move, the pressure ingide the
gun deereases, and continues to deerease as the projectile approaches
the muzzle, By the prineiples and formulas of “Tnterior Ballisties,”
Chapter 111, we can find the pressure of the powder gases at any point
of travel of the projectile through the bore, By solving for 2 number of
points and plotting them on the axis of the gun, with the pressures as
ordinates and the travel of the projeetile as abscissas a curve of pres-
sures ean be constructed for a given powder thal will approximate
the truth for practieal purposes; o good margin of salety is always al-
loweed, and the various thicknesses of metal Lo withstand the pressures
at different points of the length of the bore follow al once, the caliber
and length of the gun having previously been fixed by the amount of
work the gun is expected to perform, An example of a pressure curve
plotted with o strength of gun eurve is shown in Chapter ITI, Plate 11,

THE WIRE-WOUND GUN.

415, The wire-wound gun is an example of the initial-lension sys-
temt, The wire is wound in lavers around an inner tube of steel. Bach
layer is wound with o uniform tension of the wire, and each exerts o
compression on the Inyers whieh are inside of it. The wire is of square
cross seclion, perhiaps 071 on a side, or of vibhon shape. The wire having
been wound in ploce, the gun is finished with an ouler layer of steel,
shrunk on over the wire, The result is I_.]ml_,, wher vl}:mq]lulf[*.r.iF the outer
layers are in extension, gradually diminishing to the inner layers,
which are in eompression—all within the elastic limit. As wire can be
made of enermous strength (as much as 200,000 pounds per square
inch tensile strength), this type of gun is the strongest for the same
weight of any yet developed. The Navy does not use this system be-
gause of the droop in sueh guns.

THE RADIAL-EXPANSION GUN,

416. Defore considering the principle of construction of the radial-
expansion gun, it will be necessary to examine some of the properties
of gun steel which have not yet been considered. In the disecussion of
built-up gun construction, it was stated that gun steel is elastie within
limits, in that if a stress is applied so as to set up a strain not exceeding
the elastie limit of strain of the steel, then the steel will return to its
original shape and dimensions when the stress is removed. 1t is then
said to have been worked within its elastic range. If, however, when
the elastie limit of strain has been reached, the stress is fnereased, the
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steel will yvield rather suddenly and suffer a eomparatively large strain
without further inerease in stress, Therealter inerease in stress will still
further incrense the strain. The steel is now being worked in its semi-
plastic range.? The important point is that the steel has now received
a permanent gel or deformation, bl nevertheless, will altempt {o refurn
to tts former dimensions when the stress {8 removed. In other words, it has
suffered o deformation that is permanent but elastic.
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Fra, 402,

The above properties of gun steel are plotted in Fig. 402, in which
the ordinates, measured aleng 07, represent the stresses applied to a
test piece, and the abscissas, measured along OX, represent the cor-
responding straing set up. The curve is drawn only to show tension
stresses eausing extension strain in the steel, but it could be shown that
the steel behaves gimilarly under compression stregses eausing eom-
pressive strains, Tt is seen that as the stress is raised from O to A,
the steel is strained by the amount O If the load is inereased slightly,

4 I[ the stress is =till further inereased the strain will go beyond the semi-plastic
rapge and the steel will give repidly and fracture, even with deercase of load.
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the steel is seen to yield suddenly and suffer the additional strain OF
at practically constant load. A further inerease in the load to K eanses
an additional strain EG. The behavior of the steel thus far is repre-
sented by the curve OBDF, 1 the load is now removed, the curve is
goen to return, not bo the origin but 4o the point &, the line FH being
about parallel to OB, The steel has token the permanent deformation,
or strain, OH but still has elastic properties, as is shown by the de-
grease in strain from 6 to I upon removal of the load. HéF ig some-
what larger than OC. If the same test piece is again stressed, a stress
equal to OK will be required to strain it by the amount  H{r; for pur-
poses of sueh a sccond stress, I may be considered to be at the origin.

From the above, it may be seen that the steel has acquired two im-
portant new propertics:

(1) It has reeeived a permancni deformation, or strain, and will re-
sist a compression slress tending to compress it Lo its former dimengion
{(Curve MM shows this action).

(23 It has changed its physical qualities in that the applieation of a
stress beyond its original elastic limit, has given it a new clastic limig
practieally equal to the stress it has sustained,

417. The foregoing properties of gun steel are made use of in con-
gtrueting a monoblock (one-piece) gun by the radinl-expansion process,
In this proecess the gun forging is bored to a diameter somewhat less
than the finished dimension and turned down on the outside to some-
thing greater than its finished diameter. Hydraulie pressure is then
applied to the bore. By Lamé's law, as given in Art. 404, the metal
at various points through the wall of the gun will expericnee stresses
which are inversely proportional to the square of their radii. The
pressure in the bore is inereased in steps, until a thin, indefinite layer
of metal nearest the bore is brought to its elastie limit of strain, At this
time all the other (maginary) layers of metal in the forging are also
strained, but all within their elastie limit, and the amount of strain
decreases regularly as we consider layers of the metal more and more
remnote from the bore.

The pressure iz now inereased so that the bore layer is strained be-
vond its elastie limit, the layer next outside the bore layer is brought
just to its elastie limit, and the tension in all the other layers is in-
eressed. Still further inerease of pressure inerenses the permanent strain
in the bore layer (which iz now being worked in the portion of the
curve BDF, Fig. 402), strains the second layer beyond its elastic
limit, brings a third layer up to its elastie limit, and inerenzes the ten-
gion in all the other layvers, The inerease in pressure is eontinued until
the outside layer of metal just reaches its elastie limit of strain, and this
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pressure is held for a time, This pressure is conziderably greater than
the pressure which the gun will be called upon to withstand when fired.
When the pressure is removed and the metal allowed to return to a
state of rest, the physieal condition of the forging is as follows: The
bore laver, having experienced the greatest stress and therefore re-
ceived the greates! permanend sivain, is pressing outward upon the second
layer, for it tends to be larger than the second layer, Having received
the preatest stress, it has o greater permanent-and-elagtie limit than
the seeond layer and g greater elasticity. Conversely, the second layer,
having received slichtly less stress, is strained slightly less, has less
~\eeiieidrs o nild s presing,. inword upon the frst layer, Continuing out-
ward, the third layer bears the same relation to the second layer as the
second does to the first, and =0 on. The result is that the inner layers
are being pressed upon by the outer layers and reecive o strain in com-
pression, as in the envve A A, Fig 402; bt they resist this pressing
inward by pressing ontward, and thereby place the outer layers in o
abate of tension. We then have a gun construeied by a process of self-
hooping {swiofrettoge is the Freneh torm), made as if composed of an
infinite number of infinitely thin hoops shrunk together and therefore
demonstrating the prineiple of initial tensions. And beenuse in this
cold-working process, the suceessive layers have received suceessively
decressing elasticity, the bore layer having the greatesi, the gun may be
sid to demonstrate the prineiple of varying elasticities,

418. The radinl-expansion proeess produees o gun whieh, like the
built-up gun, distributes the internal pressure (stress) more or less
evenly throughout the lavers of metal of the gun walls, rather than to
require the inner lavers to withstand the major portions of the stress,
as in the case of a simple single hollow ceylinder. The radially ex-
panded gun distributes the stresses much more uniformly, however,
than does the built-up gun, When considering two guns of equal
strength manufaciured by these two processes, the radinlly-cxpanded
sun will be much the lighter, or, if of equal weight, the radially ex-
panded gun will be mueh the stronger.

Although to date most radially expanded guns are of monoblock
comstruetion, this proeess is net confined to the use of a single forging,
Where the size of the gun would require o single forging so large as (o
throw doubt on its soundness, the gun may be made of a radially ex-
panded jacket shrunk upon a radially expanded tube, thus combining
the built-up and radial-expansion processes, Fight-ineh guns are now
heing construeted in this way. The details of manufaciure of radially
expanded guns are given in Chapter VI, Seetion 11,
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section I1I.—Practical Gun Design.

419. In making up the design of & new gun, three major considera-
tions must be kept in mind. They are: :

(1} The ballistic conditions.—The gun must produee a given hallis-
tie result, <., must deliver a eertain muzzle velocity to a projectile of
piven weight, within the procticable maximum pressures derived from
cxpericnee in gun desien,

{2) The mechanical conditions.—I[is construction must be such as to
withstand the pressures produeed by the burning of the propelling
charge, i.e., it must be strong enough, but not unneeeszarily strong or
heavy, and with proper sbrenglh distribution.

i) The service conditions.—The gun must fultill the nesessilios of
the serviee relating {o mount installations, working of the hreech,
loading, training and elevating.

420. S0 many variables enter inlo gpun desipn that experienee, based
on a sound understanding of the prineiples of gun construetion, can be
the only safe guide, The consequences of Lhe bursting of & gun in zervice
are =0 grave that all poessibility of such an accident must be avoided,
anl yet the gun must not be made exeessively heavy nor of a form that
eannol be mounted in turrels or mounts that have proved the most
satislactory. Experience has shown the general form a gun must take
to give the best resulis with the powders in use at present, and no
radieal changes in thiz form ean be made without inviting dizsaster,
With any new degign it ia atiempled Lo retain the sdvantages of pre-
vions types and to eliminate any defeelz that have shown up in serviee
or may seem fo be indieated by earefully tested theories. Theres
iore, in laying down a gun the previous designs are closely followed
as regards the general outline, thickness and length of ele-
ments, mode of attachment of the various parts to each other, man-
ner of assembly and approved practiee in general where it appears to
answer the purpose. The radieal ehange of foo many variables being in-
admissible, it follows that progress is necessarily slow, and that at one
strolke all previous defeetz may not be eliminated and o gun produced
that will be perfect for all future time.

With these considerations in mind the outline of the new gun will
follow closely the outline of a previous gun that seems hest adapted to
the purpose; changes in the outer dimensions will be made where i
seetns necessary and thus the form of the gun will be arbitrarily fixed.
It may be that a gun of the same caliber will not be chosen as a pattern,
but one of o zmaller or larger ealiber tyvpe that seems to have fulfilled
certain of the requirements for the new type.
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The following brief diseussion of the manner in which a design is
made up applies to a built-up gun, but most of the principles are
applicable to the design of other types of guns.

421. General considerations.—The built-up, high-powered gun is
cesentially a compound eylinder designed to withstand rapidly varying
but not instantaneous internal pressures, The object of the subdivision
of the gun into various elements iz twofold: 1=t, to inerease the range
through which the metal of the gun may be worked and thus inerease
the magnitude of the resisting elastic forees by assembling the elements
with shrinkage: and 2d, to insure the homogeneity of the metal and
thus the safety of the gun by its subdivision into sufliciently small ele-
ments. It is a prineiple of metollurgy, in the present state of the art,
that there is o practical limit to the size of castesteel ingots. If this
gize, which may be determined solely by experience for each kind if
steel, is exeeeded, the ingot will have unsound areas which no snbee-
quent forging can entirely eure. This unsound metal, in the forms com-
monly known as segregations, sand splits, streaks, and blowholes,
must be carefully avoided during manufacture if the guns are to merit
a proper degree of eonfidence, Manufacturing proeesses are undergoing
eonstant improvement, but at the present time two prineiples must be
invariahly considered in pun construetion: 1st, that in high-powered
runs there should be al least two elements resisting stresses whose
charaeter is definitely known: and 2d, that a sound forging cannot be
obtained if its wall thickness, its length, and its diameter are all very
rreat, Turthermore, the weight of 1 gun has an important bearing on
its mounting on board ship, and sinee the weight inereases nearly pro-
portionally to the cube of the caliber, this faet and the above two con-
siderations tend to limit the ealiber and power of naval puns.

If & pressure eurve is drawn from the formulas of interior ballistics,
it iz =een that the whole gun in rear of the base of the projeetile is sub-
jeeted to the pressure represented by the sueeessive ordinates passed
by the projectile during its travel down the bore. When the base is
opposite the maximum ordinate the whole gun in rear of thiz ordinate
is subjected to the maximum pressure and should thereiore be exlindri-
eal from the hreech to this point. The forward portion of the gun, how-
pver, is subjected to continuously decreasing pressures and may there-
fore continuously deerense in Chickness. This deerease in thickness may
be theoretically proportional to the decrease in height of the pressure
ordinates. For this reason the gun is made smaller at the muzzle
than at the breceh and thus an ceonomy in weight and eost is effeeted.
The muzzle itself is flared out in the form of a bell beeause the metal at
that point is not supported on the forward side and it is thought that
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the absenee of slightly extra strength might induee aplitting, We know
that the resistanee formulas do not tell the whole truih, sinee they
lake into consideration neither the supporting nor the shearing effect
due to the continuation of the metal beyond the partieular seetion
considered, but experience has shown that the formulas in use give the
best approximate mathematieal measure of the strength of the gun as
a whole, atl least relatively to gung of proved worth,

For two ressens the breech exlinder over the powder ehamber is
usnally larger than the slide eylinder, The first reason is that the eham-
ber dinmeter under the breceh eylinder is larger than the bore dismeter
under the slide eylinder, and there must therefore be an inercased oul-
side dismeter for strength, The seeond reagon is that if the gun is
heavier at the breech its conter of gravity will be farther from ihe
muzzle and & smaller length need be put inside the Lureet or mount,
barbette dimensions and weights will be correspondingly redueed, and
higher angles of elevation made pogsible, The gun usually has an ap-
proximately eonstant slope from the slide evlinder to the neek evlinder
just in rear of the muzzle,

422, Gun projects.—The preliminary design of a gun is called o proj-
ect, Tt includes tentative sketches and rough eompuiation as to maxi-
mum strength, muzale veloeity, and chamber capaeily, When a new
man-of-war is deeided upon, the Navy General Board fixes the offen-
BlVEe Armament: vi:-:-, the ealibers of the Euns, | fies 1.5'1*.ij__r_|:1L. of the pro-
jectile, and the muzzle velocity, or else the calibers of the guns and the
desired ranges, from which latter dala the muzzle velocity enn be
derived.® Progress being usually along lines of greater power, reduction
of erosion, ease of operation, rapidity of fire, or inerease in striking
energy, it is probable that as many improvements as possible along
each of these lines will be incorporated in the new gun. The ealiber
is firzt settled upon, and then the approximate length in ealibers.
In the ease of samall guns the muzzle velocity is tentatively fixed, hut
sinec erosion is proporiionately larger for large puns it nsually seems
more desirable in the case of large calibers to fix the limit of pressure
and with Lhat pressure to get as high s velocity as possihle.

With the three elements of ealiber, length, and powder pressure
geveral ehamber capacities are ehosen and ealeulations made as (o the
effeets of several powders in them. From previous experienee as to the
limits of allowable densities of loading, the weight of powder to be
used iz approximated and then the various elements varied until sev-

! The weight of the projectile is, with fow exceptiona, constant for each ealiber of
gun in the United States Navy, w=d4/2, For example, all 14" puns uze 1400-1b.
projectiles and all 47 puns 53-1b. projectiles.
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eral reasonable combinations of chamber capacity, weight of charge,
muzzale velocity, and maximum pressure have been obtained.* The
fixed data are now: weight of projectile, muzzle velocity, travel of
projectile, and chamber volume. From these data o final adjustment of
charge, maximum powder pressure, and density of loading is made. In
computing the interior ballisties of the gun, the deduetions by Le Due
of the principles of nitrocellulose powder are adhered to, Tt iz empha-
sized thal a number of solutioms are made, and that the one which is
comsidered most suitable for the purpoese is seleeted,

For seversl years the allowable densities of loading have risen in
value, due to the use of more progressive powders and the tendeney
toward a reduetion in the size of chambers for a given powder. It is
desirable to have a short chamber 20 a8 to lose as little of the travel of
the projectile as possible and also to gel more uniform ignition, and
to have a small chambrage in order that the oulside dimensions of the
gun need not be too great, As a general rale, though a rule that is de-
parted from without hesitation, it may be stated that the length of
the chamber iz usually between 6 and 7 calibers, and the chambrage
18 about 120, At least the ratio of chamber length to chambrage is
kept near these approximate proportions.

423. When the interior dimensions of the gun have bheen decided
upon, the powder pressure curve, showing the pressure at all points in
the travel of the projectile, is computed, The partz of the gun must
now be designed in sueh a manner that the elastic strength of the gun
at any point is greater than 14 times the greatest powder pressurse
which will be exerted at that point, when firing o serviee charge.

The question next arises os to the number of loyers of metal 1o use,
Generally larpe ealibers have cither four or five layers: four if the tube
is later to be bored for the insertion of a liner and five if the lner is o
be ineluded in the pun az originally built, This rule i= by no means rigid,
however, as witness the Id-inch Mark IV gun with four layers, liner
included. The practice most in favor al the present time is to baild five-
laver puns with a liner tapered from breeeh to muzzsle for easy removal.

The problem, then, is to apportion the metal among four layers, the
inner and outer radii being given, For the greatest theoretieal trans-
verse strength the law of thickness requires that if Ky, r, &, B and &y
are the regpective radii from the bore oulward, they must be conneefed
together by the following relations:

& The firet requirement of the powder iz that the individual grains ore completely
burned before the projectile resches the muzsle. Powders of dilferent quickness ean
be vsed and, in general, o guicker powder will mive the desired muzzle velocits to tha
progectile with & amaller eharge and higher prezsure than o slower povder,
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These ratios may not be rigidly adhered to for the following reasons:

(1} Tor large-caliber guns the breech diameter of the liner must be
ereat enough to allow for at least three shoulders having = height of
from 0.2 to 07,25 and the proper taper and yet leave sufficient metal
at the muszle for rigidity and for the prevention of creep due Lo the
mandreling effect of the projeetile,

(2) It is desirable to have a heavy tube o as to provide rigidity for
the gun and so prevent droop of the muzzle,

(3} The layer earrving the serew-hox liner must have enough addi-
tional thickness to provide for taking the longitudinal stresses without
impairing the transverse resistance of the gun, The usual rule is fo
compute this layer for longitudinal strength and then make it from 2.5
to 3 times as thick as necessary to earry the longitudinal stress. The
extra thickness i= taken about equally from the contiguous layers on
both sides,

(4} The thiekness of the outside layers must not be o great that if
will be impossible to get good forgings,

(53 Sudden and great changes in the dinmeter of the gun or its eom-
ponent parls must be avoided.

It is apparent that in the case of o large gun with a large number of
elements, as, Tor instance, the Mark VIT 12-inch 30-caliber gun, which
has 12 parts, considerable jugeling will he neeessary before the above
eonditions ean be satisfied and yet obiain sufficient transverse strength.

424, Having deeided upon the various diameters near the breech, ut
the forward end of the slide evlinder, and at the neek, the related
questions of the manner of assembly and the charaeier of the joints and
shoulders are taken up. The following principles in this eonnection
musk be rigidly ohserved

(1} Joints must be of such a eharacter as to allow the elements Lo be
easily assembled.

(2 The tube and liner must be locked to prevent erawl, and all other
clements must be locked both ways to prevent movement in either
direction.

The tube and liner are so long that ordinarily the shrinkage frietion
will prevent rearward motion, but shoulders must be provided to keep
them from going out at the muzsle.

Locking is accomplished by means of locking rings, loeking hoops,
and shoulders. Locking rings are relatively short and thin rings either
hooked or serewed to the elements of the gun; they are not azsemhbled
with shrinkage and do net eontribute to the gun strength., Locking
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hoops ordinarily attach to the other elements by hook joints and are
assembled with shrinkage; they are longer and heavier than the rings,

Shoulders are turned on an element to prevent relative longitudinal
movement between it and the clement shrunk over it. The distanee
between shoulders varies as experience dietates, Their height may be
from 072 to 1°.0), the usual height being about 08,5 where possible, As
a general rule two shoulders are not put in the same transverse plane,
beeause a plane of rupture is most likely to form at a shoulder, and it is
best to seatter the weakest parts so that one plane will not include the
weak points of several layers, The same rule is followed with joints,

Butt joints are avoided when it is possible to wse a lap joint. The
Iatter are preferable because they disivibute the weakness over a
greater length, they assist locking and contribute to the stiffness. Joints
ab the outside of the gun in particular must be designed so as to prevent
droop, as droop is due partly 1o streteh of the metal and partly to worle-
ing at the joints.

The general design and method of attachment of the serew-box liner
are selected. 1ts length has vsually been fixed at aboul one caliber, but
the tendeney at pregent zecing Lo be toward an inerease in this dimen-
sion. An attempt iz made to eliminate defeets that may have appeared
in previous designs,

425, Beveral drawings are worked up to embody the various ideas
that have been expressed.® IT there are three drawings, for example,
one may show o heavy gun, one o light gun, and one a gun of medium
weight, and in each the arrangement will be slightly different. Possibly
one drawing will be of a four-layer unlined gun, one of a four-layer
lined gun, and one of a five-layer lined gun. Or, in one the joints and
lavers may be arranged zecording to previous designs and in one they
muy be laid down on a new plan. During their constroetion the draw-
ings are subjected to continuous eriticiams and change and new ideas
are included as they may oceur 1o those in eharge of the project.

£ The deawings include:
(1) Shrinkages, atrength, velocity, snd pressure eurves,
(21 General areangement,
() Details,
(41 Chamber and breech,
(7) Hough forgings,
{(6) Shrinkage sheot.
(7) Center of gravity for shrinkage pit.
(81 Rifling.
Other drawings may somelimes bo recquired, but these drawings ave alwavs made,
{heugh not slwayd in the above onder,
The breech-mechanism drawings and computations constitute a separate sct.
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Finally, after several weeks' work, when the various projects seem
to answer the requirements determined upon, the total weight, loeation
of the center of gravity, and an approximate strength curve are eom-
puted for each. They ave then submitied for final eriticism and decision,

Usually one of the projects is decided upon, though it may be de-
sirable to make a few minor changes in it. T'he exact chamber is defi-
nitely seleeted and, ns a rule, the maximum bore pressure and the muzsle
velocily are fixed, together with the desired weight of charee, Orders
are then issued for the definite working up of the design, and a decision
is made a5 to whether the batteries of one or more ships are to be built
ab onee or a type gun only. Tt is the usual practice to build a type gun
when a new ealiber is in question or when the changes have been
numerous and radieal as compared with existing guns,

A mark iz then azsigned to the design selected.

Section IV.—Rifling of Guns.

426. Rifling.—It is casential that the oblong projectile should keep
point, foremost in flight in order to secure range, accursey, and pene-
tration. This ia accomplished by giving the projeetile a high rotary
veloeity about its axis whieh results in seeuring steadiness of flight by
keeping its geomelrical axis in the tangent to the trajectory,

The rifling eut in the bore of a gun consists of spiral rrooves whose
funetion is to engrave the rotating band immediatlely afier the projee-
tile begins its motion and then to eause rotation as the motion con-
tinues. Por engraving the band the rifling is slightly coned at the origin,
to fit the conical part of the band, and this is ealled the band =lope.

Most U. 5. naval guns now in serviee contain rifling in which the
grooves oceupy, at the muzele, about half the circumierence, or, in
other words, landz and grooves are of about equal width, Thiz practice
i by no means universal, and there are frequent instanees where the
grooves are as much as twice the width of the lands. It will be noted
that the ratio between width of lands and grooves has been gqualified
by specifying af the muzzle. The reason iz that grooves are generally
tapered in width, being wider at the origin of rifling than at the muzzle,
In other words, the land is wider at the muszzle than at the origin of
rifling; this widening iz ealled the “inercased loreing” of the projectile.
Thiz iz done to assist in maintaining the gas seal, 1t is casily appreci-
ated that the maximum wear of band cecurs against the driving edge
of the land. If the Iand widens as the projectile moves down the bore,
the inerease in width may compensate for the wear, This question is
intimately conneeted with the guestion of “inereasing’ and “uniform”
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twist, which iz discussed later. It will be apparent that if the twist i
variable, or increasing, the chonge of angularity of the land with re
apeet to the band may have about the same effect on the gas seal a
will the widening of the land. Many guns in service of 5-ineh ealibe
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and above, with hoth uniform and inereasing twist, have lands of in-
ereaging width, Thiz inerease has pone as high as 0,40 inch in 1,000
inches of length, At present it is Lhe practice to maintain a constant
ratio between widih of land and groove in inereasing twist guns, and
to widen the land at the rate of 0,08 ineh per 1,000 inehes in uniform
twist guns.

Where the bottoms of the grooves are concentric with the bore and
their edges are approximately radial, the rifling is said to be plain-
seclion and iz usually spoken of as “ribbed” rifling. ook-section
or "hooked" rifling is the same as “ribbed” rifling except that the non-
driving edge of the land iz not radial but is joined to the beltom of the
groove by a fillet of large radius. Ribbed rifling has been adopted for all
large caliber guns awd most small ealiber guns in the U, 8. Navy,
(Plate T and Fig, 404.)

Sharp eorners at the bottoms of grooves are eonsidered injurious,
the theory being that they facilitate the formation of heat eracks and
aceelerate erosion. Liberal fillets arve, therefore, provided at the bot-
torms of grooves, Sharp corners at the corners of the lands are also elim-
inaled bul with fillets of amaller radius,

427. The depth of the groove depends on several factors; the muzzle
veloeity, pressure, width of band, type of rifling, sectional density of
projectile, and ealiber of the gun, all require due consideration. Tn a
egun designed for high pressures, or high rotation of projeetile, the
driving arca must be large and this ean only be seeured by deepening
the groove or widening the band, Very deep grooves are injurious as
sueh o form is considered to be conducive to the formation of heat
cracks and the aceeleration of erogion. No simple rle ean be given,
therefore, to govern the depth of grooves, although, speaking generally,
the depth will lie hetween 3 and 1 per cent of the ealiber,

428. As is the case with the depth of grooves, no fixed rule can be
given for their number, The number of grooves is generally expressed
iz o funetion of the ealiber in inches; thus 7.5 grooves per caliber would
give 30 grooves for a 4-inch gun, There are certain guns of almost every
caliber in the U, 8. Navy where the grooves number six Limes the cali-
ber and that number not only expresses the average past practiee, bud
18 also e present prociice. In small guns the faetor is inereased and has
wone as high as 10, Many old guns in our servies from S-ineh to 13-inch
melusive, were, however, as low as four grooves per inch of caliber.
some of the most successful ordnanes engineers in Europe are now us-
ing ahout 7.5 grooves per inch of ealiber,

429. The amount of "twist' iz generally expressed in America by
the number of ecalibers traveled during one revolution of the projectile,
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as, for instance, one fuwrn in 25 calibers, In eomtinental Iurope, the
twist is frequently expressed by the angle hetween the groove and a
plane passing through the axis of the bore, The relation belween these
two quantitics may be expressed as Tollows:
an
tan §=——————————  where d=angle of twist.
calibers for | turn

As the tangent of small angles i= approximately equal to the angle
in radiang, this relation ean be approximated by the thumb rule of
dividing 180 by the number of ealibers reguired for ene turn Lo secure
the angularity. Thus a twist of L in 25 is approximately 7% The twisl
of rifling is also frequently called “pilek.”

430. The rotation of a projectile is seldom expressed in ropom,, buat
we ean compare it with that of other rotating machinery, as follows:

(muzzle vplnut'g. in [. = }{f‘E{];

ST " (twist in cal. per Tev.) Xealiber in inches

Thug, a G-inch gun, at 2,800 {s., rifled 1 in 30, gives ite projectile
11,200 r.p.m.

431. Twist can be either wniform or increasing. In uniform st
the grooves follow a uniferm spiral, or, in other words, are inclined at
a constant angle to the axis of the bore. In increasing fwist the
grooves possess little or no twisl at the origin, bt gradually inerease
the twist toward the muzzle. When the rifling begins with zero twist
and wniformly fnereases, the developed curve is a parabola, and such
a twist is generally ealled “parabolic twist.” Inercasing twist may be
o ecombination of various uniform twists, eonnected by parabolie or
casy curves, All inerensing Lwists in U, 8. Navy guns are semi-cubic
parabolas, Figure 404 shows the developed eurves of three forms of
rifling—., being uniform twist; £, a parabolic twist; and €, & combina-
tiom, 1in 50 to 1in 32 twist, the final twist in all three heing the same.

432. When rifling was first applied to cannon design it was, without
exception, made uniform. At that time slow-burning powders, a5 we
now know them, were unknown, and in uniform piteh the instant at
which maximum torque iz applied to the projectile coineides with the
instant of maximum ehamber pressure. These two factors imposed a
very sudden and large torque early in the travel. 1t is quite evident,
therefore, that under these conditions a reduetion in the initial twist
effected a reduetion in the maximum florque, Also, a delay in the
instant of maximum torque results in a slight slowing down of the pow-
der. These influences led to the introduction and development of in-
ereasing twisl, and combinations of inereasing and uniform twist.
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433, Progress in gun and ammunition design is, however, gradually
diminishing, if it has not alveady eliminated, the advantages of in-
ereazing twist over uniform twist. Guns are longer, pressures higher,
power greater, and muszle veloeity higher; while powder is being made
to burn slower and inercase the muzzle pressuve. As applied to s
modern high-powered gun, the relative merits of the two systems may
be summarized as follows:

IxcreasinGg Twisr.

1. Reduees the maximum torque on the projeetile.

2. Is eonsidered to reduce erosion, by reducing the work on the lands
where the erosion is greatest, that is, near the origin of rifling.

3. Neeegsitates as narrow a band az possible, and eensequently one
band.

4. Results in eonsiderable shearing of the band, espeeially in long
high-powered guns, with wide bands on the projeetile,

5. Probably canses additional copper deposit in the middle third of
the bore.

TUnirory PrreH.

1. Permits o band of any width or az muny bands as desived.

2. Teduces the torsional strain on the muzele of the gun,

3. Gives a elean-eut engraving to the rotating hand,

434, The riflings of most American, and many European, cannon
were tabulasted by M. C. F, Jeansen, of the Buresu of Ordnanee, who
deduced therefrom the following empirieal formula:

g I
¢ f IR kA,
o SR R 1
Where T =twist in calibers at muzzle,

p=muzzle veloeity in . s,

d=dinmeter of bore in feet.

w=weight of projectile in pounds.

A =aren of bore in &g, in. (including grooves),
K=foctor of reduetion.

The application of thiz formula to the tabulation of gons gives an
average value for K of 640, Such guns as have shown the most satis-
factory aceursey and life give a value very elose to this figure, and it
has been suggested therefore that the value of (640 £150) be given for
future design.

This formula, while useful, is not eapable of mathematieal demon-
stration, Applying it to a G-ineh 2,800 1. s, gun, with a 105-pound pro-
jeetile, we would get a final twist of about 1 in 33.5 culibers,



CHAPTER VI.
CONSTRUCTION OF NAVAL GUNS.
Section I.—Manufacture of Gun Forgings.

601. Furnace practice—Nickel steel and gun steel for gun forgings
are made in aeid open-hearth furnaees and in electrie furnaces, beeause
of the inereased probability of blowholes and gas bubbles in steel
eonverted by the basie open-hearth process, due undoubtedly 1o the
fact that such steel is likely to be more highly charged with oxygen. The
furnace charge is made up of about one-third pig iron low in phos-
phorus and shout fwo-thicds plain or nickel-steel gerap, such serap be-
ing parts of old ingots, enttings, and turnings. The exael proportions
of pig and zerap depend on the quality and quantity of the serap ob-
tainable, and alzo on the analysis of the pig iron (particularly its silicon
content): but the pig iron generally constitutes from 20 to 30 per cent
of the charge, The serap, if the produet is to he nickel steel, contains
from 2 to 24 per cent niclel.

From 6 to 8 hours are required to break down and thoroughly melt
the charge, and as soon as this oceurs samples are Laken, A fracture
test enables an experienced person to elogely estimate the pereentage
of carbon in the charge. Other samples are sent to the chemieal labori-
tory, where analysis is made for carbon, manganese, silicon, sulphur,
phosphorus, and nickel. The nickel is not oxidized, and remaing con-
stant, and the amount to be added, if any, is determined from the
analysis and introduced in the form of pure nickel bloeks or “plagques.”

Fvery half-hour after the charge is melted a carbon test is made,
until the earbon has heen redueed to the desived percentoage by oreing
down. This eonsists of adding iron ore from time to time, Lake Superior
hematite heing generally used, the renction being FesOy+30 =2Fe

300, For nickel-stee] tubes and liners the carbon is reduced to be-
Lween .35 per cent and 42 per cent, but for “gun steel” the amount of
carbon will run between 42 per eent and .50 per eent. From the results
of the analyses the various necessary additions are made to bring the
manganese and chromium up to the required amount, Ferroman-
eanese or spicgeleisen is added to increase the earbon and manganese,
the former being used when a smaller increase of carbon is desived,
Terrochrome iz added if necessary, Loam is put in to increase the slag,
limestone to thin the sl

118
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From 10 to 20 hours after the bath is melted, it is tapped into ladles.
Fervosilicon is added to the ladle to bring the silicon up to the required
amount, The mollen metal iz allowed 1o run into o large refractory-
lined ladle, and as the tap hole of the furnace is below the slag line,
only a small amount of slag goes into the ladle, and this remains at the
top; by using bottom-pouring ladles the amount of slag is still further
reduced,

The following table gives the average chemieal composition of gun
forgings:

Giun Steel. Mickel freel

L T R R e et S R |- A0S,
IEADIRRBRE . e etk e wo ey B b i | B
el R R AT L bl
Phosmhaen s i sl ni e Hg 03
= F ] b A o o R LR | Ll 03 ¢
3 e T e 3,000

602, Ingots,—Two kinds of ingots are used—the corrugated ingot
for gun forgings and the fluid-compressed ingot. The ingol molds are
tapered from top to bottom, the top being smaller. The size of the ingot,
is its diameter ot the middle of its height. The ingots are top- or bot-
tom-poured indifferently; some manufacturers top-pour all ingots,
others boltom-pour, and some one-half bottom-pour and one-half top-
pour, A tong hold is left at the top of ingots to assist in handling, which
also serves as a sink head to take eure of most of the slag, segregation,
and piping.

603. The Whitworth process of fluid compression frees the eylindri-
cal ingot of mueh of its gas content and thus reduces the amount of
blowholes and piping. The liquid metal is subjected to slowly ineress-
ing pressure until about 2,300 pounds per souare ineh is reached. This
pressure is held for four or five hours, or until the metal has entirely
solidified.

The last samples, three in number, are taken during the pouring
of the ingot; two are analyzed for carbon, manganese, silicon, phos-
phorus, sulphur, and niekel, and the result of the analyses is send to the
forge, where it iz used in determining the forging heat. The third
sarnple is taken to a small forge and, without treatment, is forped into
test bars to aseertain the approximate physieal qualities: this, known as
the “heat test,” gives an idea as to what ean be expeeted of the metal,

Az soon as the ingot is cold enough, it is stripped from the mold
and & number is placed on it; this number remains with it for identifi-
cation until it has passed through all of the processes and forme a part of
i finished gun, The ingot is immediately taken to an annealing furnace,
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where it 15 =lowly and uniformly heated. Soft coal is used for heating,
and the furnaces: are provided with baffle walls for proteeting the ingot
from the direct action of the Aame. The ingot enters the furnace at a
temperature of about 1400°F. and is kept at this temperature for
ahont five hours, after which time the fires are allowed to die down and
the ingol cools slowly with the furnace. From three to four days are
required for the cooling of a large ingot.

I'he ingot is now sent to o machine shop, where it is slung on a large
lnthe, and the specificd amounts of top and bottom diseard are re-
moved. If the ingot is to be used for hollow forging, il iz put in & boring
mill and rough-bored to the required dismeter. After the discard has
heen removed, and after boring (if this operation is required), the ingot,
if not to be forged in one pieee, is eut into blocks of the required sizes,
This is done in the lathe used in eutting off the diseards.

A separate number is stamped on each block made from an ingot,
using Lhe ingol number as the first part, and following it with letters
and numbers to indieate the relative position of the block in the ingot,
These numbers always begin at the brecch or bottom end of the ingot ;
thus, if ingol No. 12345 were ceut into four pieces, the bottom block
would be No, 1234581, the second block from the bottom No, 12345832,
and =0 on. If the whole ingot, after diseards have been removed, is to
be used in wsingle forging, it earries its ingol number and iz designated
Bl. If any of these bloeks are afterwards eul into smaller pieces, the
number given these pieces would be No, 12845B1F1, No. 1234581172,
ete,, numbered from breech end of block. (The “F"7 stands for "forg-
ing.'")

Before leaving the machine shop the block is examined by a sub-
inspector for signs of piping, blowholes, and other defeets, and the
ammount of diseard is cheeked.

604, Forgings.—Torgings for picces whose finished interior dimen-
sions are small are forged =solid; larger pieces are bored before being
forged, For instanee, the tube and jacket and B hoops of a 14-inch
gun would be forged solid; the C and D hoops would be bored before
being forged.

From the machine shop the bloek is taken to the lorge, where it
iz brought to the desired forging temperature in an acid-lined regenera-
tive, producer gas furnace, or other similar furnace. This temperature
1= usually about 2,100% F. If the block 13 o long one, one end is heated
at a time; the other end, projecting {rom the furnace, iz used for
handling the picee during the forging operations, the ends being alter-
nately heated and forged undera hyvdraulie press, Small blocks go en-
lirely in the furnace, and are heated uniformly. The length of time re-
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quired to bring the block to forging heat depends on the size of the
block, and the quality of the steel. Great eare is taken not to heat foo
rapidly, this being particularly important with alloy steels,

The block, having heen brought to forging heat, is balanced by
means of a porter bar, and talken by an overhead erane to the hvdraulie
forging press, There the operation depends upon the kind and shape of
foreings to be made.

If to be forged solid, the block is forged down and drawn out by re-
peated workings, the forging being supporied in a V-shaped anvil
under a slightly eoneave die seeured to the fup or head of the press,
the prossure being applicd pradually for about three seconds, with
aboul one-seeond intervals between pressures. As the forging operation
is penerally diseontinued when the block has eooled to about 1,550° 17,
several heats are necessary for tnbes and liners.

The hollow forgings are forged on & mandrel which snugly fits in
them. The forging is done as above deseribed, hetween the YV-shaped
anvil and concave tup, as in the coze of solid forgings; and in this man-
ner the hole is not enlarged, but the wall thickness is reduced, and the
metal is drawn out along the mandreel, With large forgings about eight
heats are required for this operation, the mandrel being removed each
time before the forging is pul back in the furnace.

Short hoops of large dismeter are foreed on an enlarging bar, the
ends of which are supported on rests, or joeks, on each side of the press,
with the forgine hangine free on the bar between them and under the
tup. By this means the thickness of wall is redueed and the hole en-
larged without an appreciable ehange in the length of the forging, If
it i neeessary to lengthen a hoop thus enlarged, a mandrel is used for
drawing it out as explained above,

Breech bushings, or serew-box liners, are first forged or drawn down
before being bored, Thus, o forging of this kind for a 12-ineh or 14-inch
eun is made from an S4-inch corrugated ingot, forged down to o diam-
eter of 34 inches, snnealed to relieve it of forging strainsg, bored through
the cenler, heated for reforging, pul on an ealarging bar, and the hole
enlarged to the required dimensions. As these bushings are made of
nickel-chrome steel, which is very apt to erack while under the press,
they must be earefully nursed, and two or more reheals are necessary
—one called the shaping heat, and one the finishing heat. Large breech
bushings are always forged in pairs with their breech faces together,
each end of the forging being forged down in steps as required by the
drawings. After forring and subsequent annealing, they are cuf apart
in the lnthe before being zent to the treatment department.

When the forging operation has been completed, the manufacturer
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sends a forging report and sketeh of the rough forging to the inspector.
The report contains the order number, drawing number, deseription of
article, forging number, weight of dizcard, top and boltom, and size of
bore, The sketeh shows the general shape of the forging, with dimen-
sinng, and from this the forging reductions are figured.

I'romm the forge all gun forgings are returned to the annealing furnaee,
and there annealed at a high temperature (about 757 above eritieal)
for a eonsiderable length of time to remove strains and to break up the
previous structure. This annealing is done generally in an oil furnace,
A button is taken and exomined under the microseope to determine
whether the metal is ready for tempering.

605. Machining.—After annealing, the forgings are sent o the ma-
chine shop, where the rough ends are cut off, steady rest besrings
turned, and the seale removed. 1f a solid forging, it is put in a boring
lathe and bored out to about 1 ineh less than finished dimengions.
When Lhese operations are completed, the forging iz examined for
eraeks, signs of piping, or other defects, rom the machine shop the
forging is sent to the treatment department. On shorl pieces suffieient
metal is left on the inside and outside to allow for warping in treatment ;
on larger picees the forgings are machined to the required rough forg-
ing dimensions, and if warped in treatment are stroightened under a
press. Sufficient exeess metal is left on each end of the forging to pro-
vide lest specimens required by the specifications.

606, Treatment—tempering and annealing.—The method of {reat-
ing and annealing the forgings, and a general deseription of the fur-
naees used by one of the larger monufaeturing plants, are here given
withoul any attempt to discuss the theory of heat treatment or gpeeial
procesges or details, Gun liners, tubes, and hoops are lowered vertieally
by means of holding rods and erane into pit furnaces and there brought
to heat for tempering. These pits are of various sizes and depths, the
larzesl, being G0 feet deep and 70 inches in dismeter. They are lined
with fire briek and heated with producer gas supplied through a nume-
ber of nozzles or tuvéres piercing the furnaee in rings equally spaced;
the direetion of these nozzles being tangential to the walle of the fur-
naee, the forging is nol exposed to the divect action of the flame. The
length of time that a forging remains in a furnace depends on the size
of the forging, its earbon eontent, and the temperature of the furnace,
Ten to twelve hours are generally required to thoroughly soak a forging
to the desired temperature.

The oil wells into which the forging is immedistely immersed after
removal from the furnace are about the s=ame size ns the heating pits,
and are also gunk in the ground, Forgings are immersed in the direetion
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of their longitudinal axis. The oil is kept continually in eireulation by
means of & pump which forees it up through the bottom of the well,
the overflow being earried off by a pipe st the top to a tank outside the
building. After about 12 minutes have elapszed, the forging is taken out
and put into the annealing furnnce, where it is supporied, in a hori-
gontal pogition, on narrow uprights, and gradoally brought to the
desired temperature, This takes from six to cight hours. The annealing
furnaees are heated with produecer gas, and the forging is protected
from the direet action of the flame, Seli-recording pyrometers are used
for measuring the lemperature, After being brought to proper heat, the
forging is allowed Lo eool slowly, This is accomplished by a complete
or partial reduetion of the flame, as may be required, depending on
Lhe condition of the furnace, When eooled to about 300° I, the forging
15 removed from the Turnace.

When entively cool, the forging, if a tabe, liner, or long hoop, is
tested for straightness; and il warped enough o make this operation
neees=ary, it is again healed (not over 8507 I.) and straightened. It is
then re-annealad from s temperature glightly above that given it for
straightening. The forging iz now ready for the compangy’s test. T'rial
bars are taken, and if, in the opinion of the eompany, the forging 15 in
proper condition, efficial submisdion is made on a form which gives the
forging number, description, and order number, and on the back of
the form the record of the last trial tests, Upon receipt of this form the
ingpector refers to his records; and if the treatment of the piece is satis-
factory, the official test bars are laid out as preseribed by the specifiea-
tiona, These bars are slotled ouf and machined in a sapecial shop, which
i a branch of the freatment department and wherein only this elass of
work is done. The stamping of test bars and the witnessing of the test
is done by a sub-inspector,

607. Determination of physical properties.—When steel for any of
the above purposes is produced, tests are made to establish itz suitabil-
ity for the particular purpose for which it was intended, These tests
invalve subjeeting specimens of the metal to the aetion of different
siresses in testing machines, and observing, by means of accurate meas-
uring instruments, the deformations produeed by these stresses.

608, Testing machines.—The festing machines are generally a eom-
hination of levers Tor recording the stress, and a system of gearing or
nvdraulie machinery by which the stress is produeed.

600. Test specimens are usually prepared to an adopted shape, In
the case of gun forgings they are eylindrieal, and are tumed to the same
dinmeter for a certain length, usually not less than 2 inches and not
more than 10 inches for tensile fests; and in addition, ends are allowed
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for the purpose of attaching the specimen to the machine. For com-
pressive tests Lhe specimen s also eylindrical, the height being twice
the dinmeter, The capacity of the machine limits the diameter of these
SpECImens.

In making a tensile test, the specimen iz marked at two points as far
apart as the finished length between grips will allow, and the lenglh
is carclully measured between these points. The diameter is also meas-
ured by micrometer ealipers. [t is then placed in the machine and sub-
jected to suecessive tensile stresses, the elongation being noted for
each stress, both when the load is on and after it has been removed.

610. Specifications governing the manulaeture of ordnance material,
which are changed from time to time to keep abreast of the best metal-
Iurgienl practices and results, stale the physieal requirements the ma-
terial must fulfill, and these requirements are carcfully checked by in-
spections, by analysis, in the testing machines, and by various proof
tests atb the Proving Ground.

Section [I.—The Manufacture of Built-up Guns.’!

611, Introduction.—In ihis section there will be given briefly a
peneral deseription of gun shop practiee in the manufacture of built-up
puns from the receipt of the rough fergings to the finished gun, As the
subject of design has been previously diseussed, it will not be again
eonsidered. The deseription given is, in general, that followed at the
Naval Gun Factory, Washinglon, I).C.

612. Places of manufacture.—Cluns for the naval serviee are manu-
factured at the Naval Gun Factory, at private plants, such as the
Bethlehem Steel Company and the Midvale Steel Company, and also
at the United States Army Arsenal, Watervliet, N. Y. The greater
portion of the work, however, is done at the Naval Gun Factory,

613. Summary of the various steps of manufacture of a built-up
gun.—The following is o summary of the steps of manufacture:

(1) Receipt and inspeetion of forgings.
(2% Machining the forgings {o the required dimensions.
(33 Assembling the various parts in the shrinkage pil.
(4} Finishing the gun;
(a) Machining the bore to final diameter,
(b} Machining the chamber,
(e) Machining the outside surfuee to finished ditmensions.
(el) Rifling the bore.

! For additional details of the constrction of built-up guns, reference is made to
Chapter IX, Naval Ordnancs 1933, Many detzils of the latter chapter have been
prmitied in this edition as unmecessery in the courae of instruction for midshipmen,
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(e} Determining the droop.
(f) Culting the serew-box liner thresd.
{gr) Lapping the bore,
{h) Titting the breech mechonism and reaming the gag-check
=00k,
(i3 Milling the keyway and inserting the key.
(5] Installing the yoke.
(lc) Final inspection prior to proof.
(6) Sending lo the Proving Ground for proof. Relurning to Gun
Factory for inspection prior to issue to serviee,

MACHINING THE FORGINGS.

fl4. Receipt and inspection of forgings.—orgings, when reeeived
al the gun factory, are examined for the marks required to he placed
on them by the Naval Inspector of Ordnanee at the place of manu-
incture. They are measured 1o see if they are within the allowed toler-
ance, weighed, and inspected Tor defects. Except for the smaller forg-
inge they are rough bored by the manufocturer,

615, Turning.—After a forging has been centered in the turning
lathe, & light eut is taken just deep enough to remove the seale. The
work is revolved while the tool is fed along in its earringe. This cut is
the only eutstde eut faleen until the partz to be assembled over it have
been bored and star-gauged (see Arl. 619), and the shrinkage sheets
aompleted.,

After the shrinkage sheets have been made out, the turning is con-
tinwed, sometimes a8 many as four tools being employed at the same
bime on two or more earringes, For finishing ents, tools 1 to 2 inches
wide are used. Dimensions are kepl within the toleranece specified on
the shrinkage sheet, usually within 0,001 inch, Snap-gauges, set by
rods of known length, or beam-ealipers, are used to cheek the dinm-
elers,

Plate 11 shows the forging for a 14-ineh tube set for turning.

616, Boring.—I"or boring short hoops a bordng bar with o entting tool
aftached at its end is used, The bar is held and fed along by a earriage
45 the forging is revolved.

For long eylinders, owing to the sur and spring of & boring bar, a
packed Bif is necessary. A packed bit, a3 shown in Plates 111, 1V, and
¥, eongists of o evlinder of oak, aboul 4 ealibers long, built on a steel
ftame, Two culters, diametrically opposite, are set in o frame at its
forward edge to the size of the hole it is intended to bore. The diameter
of the wood packing is maintained a few thousandths greater than the
dismeter of the ecutlers in order, by its foreed fit in the bore, to furnish
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a steady bearing for the eutters. In boring out evlinders which have two
or more internal diameters, the after end of the bit is fitted with picees
of wood lageing turned to the diameter of the larger bore, A condcal or
tapered Bif (see Art. 624) iz used for boring the tube to the required
taper to receive the liner. The shank of the bit is secured to a boring
bar by means of a threaded section. The packed bit boring bar is a
long bar which is supported in severnl bearings and which is driven
longitudinally by a motor drive.

Frequent inspections are made during the boring to see that the
hole is true. Every few inches the bit is withdrawn and the hole is
indicated and tested by star-ganging, Four euts are usually required to
finizh a bore, two rough and two fine,

617. Indicators.—To ascertain whether a bore has been turned true,
it is indicated for cecentricity by the use of a balawnce rod, an tndicalor,
or a dial indicator.

The principle of the balance rod is shown in Fig. 601. The end of the

Fig, 60l.—Bataxce-Ron, or TxpicaTon.

rod in the bore is fitted with a small roller and the other end with a
pointer. An arbitrary zero mark is established for the pointer, and, if
the bore is not eceentrie, the pointer will not move from the zero
mark as the forging is revolved. The bore is indicated every few inches.
V' The indicator operates on the same principle as the balanes rod, but
is more compact. Il is shown in the lower picture of Plate 1T, The long
puinter of the balanee rod is replaced by a shorl arm whose movement
is multiplied by a series of levers. The weight of the long arm in the
bore is eompensated by a counterweight.
F Tor more aceurate indieation a déal indicator (see Plate VI3, which is
mounted on the end of a long telescopie pipe placed in the bore, is used.
As the forging is revolved, the eccentricities of the bore, pressing against
a spring-loaded arm, eause o hand on the face of the dial to rotate in
cither direction, giving plus or minug readings in thousandths of an
ineli. A telescope enables the observer to read the illuminated dial face.
618. Bore searching’—After every cut the bore is inspeeted by
means of a bore searcher for digeoloration, eracks, streaks, or other flaws



STAR GAUGE BROCVE PODINTS

1711

STAR GAUGE LAND POINTS

CIAL GAUGE

SMAF GAUGE

MICKOMETER GAUGE

MICROMETER MEASURING ROD

MEARURMNG [NaTRUMENTS UseEp v Gon CoxsrrucTion.

I

BTEEL POINTS

TA 31¥1d ‘IA 431dVHD

SN TVAVA 40 KOLLOMLENG))

TET



132 Navar ORDNANCE

that may have developed. A bore searcher, as shown in Plate VII, con-
sists of a long handle holding a mirror inelined 45% to the axis of the
handle and ineandeszeent eleetrie lights, which are hooded to throw
their rays out radially, The observer, sighting through a telescope, ob-
serves the side of the bore reflected in the mirror. If any Haws are
noticed, they may be seratehed with a pricker to determine their
depth, A prieker is a sharp steel point mounted on a light wooden rod
and at right angles to it.

619. Star guage.—A slar gauge (Plate VIII) is uszed to measure ac-
curately the inner diameters of any large eylinder. It consists of a head,
at the end of a long tube, with three metal points extending radinlly
through it, 120° apart. Different points of lengths suitable to the bore
to be measured are employed. Springs keep the bases of the points in
contant with a eone inside the head, As the eone is advaneed axially
by means of a rod passing through the lengih of the tube, it forces the
points radially outward, the amount of movement being read on a
vernier on the handle end of the rod. The zero mark of the vernier is
checked by pressing the points into a ring of known diameter, A first
set of readings is taken with the points set thus: @, and a second set
with the points thus:@. The average of the two readings is taken as the
average diameter of the bore at that peint. Three-pointed eentering
rests are clamped to the tube at intervals properly to support it. Bolh
the tube and rod eome in sections to adapt the gauge to any required
length,

After o gun has been rifled (see Art. 628), the grooves and the Jands
are star-gauged. Special points with ends shaped to fit either the
grooves or the surface of the lands, respectively, are employed (sce
Plate V1),

All star-gauge readings are entered on a gun reeord sheet.

620. Shrinkage.—The shrinkages between the various eylinders are
worked out in the design of the gun., Shrinkage between two cylinders
is the difference, before assembly and when both parts are eold, be-
tween Lhe internal diameter of the outer one and the external diameter
of the inner one, The shrinkage between two eylinders is not neeessarily
the same throughout their lengths, but may, and usually does, vary.

ASSEMBLING THE GUN.

621, The modern heavy built-up naval guns are designed and con-
strueted with shrunk-in eonieal liners, This design expedites the recon-
ditioning of the gun by relining after it has been worn out in service.

The steps in building up the gun are as follows:

(a) Assembling the B hoops on the tube AL
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(b) Assembling the C hoops on the B hoops; and then the D hoops, if
any, on the C hoops,

(¢) Cenieal boring of the tube,
(d) Aszembling the econieal liner in the gun.
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622. Shrinkage pit.—The parts of a gun are assembled in a deep
Tectangular shrinkage pil (Fig. 602 and Plate 1X). At the bottom of the
pil is an adjustable platform, capable of being set ut various levels 1o
suit the length of the forgings to be assembled. Above this platform is
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the floor, in the middle of which is loeated a metal pot or centering
mandrel into which the end of the tube or gun is placed. Holes in the
eenter of the pot permit pipes for eooling water to enter the bored
forging. The length of the electric eylindrieal furnace, whieh i built in
sections, may be varied to suit the forging to be heated, Temperatures
as high az 800% I', are used, depending upon the size of the forging and
the shrinlage desired.

One pit at the Naval Gun Factory is sunk to a depth of 100 feet
(Plate 1X) and is divided into ten wells or platform levels, five on a
side, which are served by a stairway and an elevator. A sump tank eol-
leets the drainage water uzed in cooling the assemblies. Electiric pumps
are employed for carrying off this water,

623. Assembling the parts.—The gun is built up around the tube,
which is placed breech end down in a eold pit, its end resting in a pot
which has o short mandrel extending up into the bore of the tube to
steady it. No other support is given the tube, The outer surfaes is
given a coal of a mixture of graphite and light oil. Tn the meantime the
B hoops are placed in furnaces and brought up to heat, The B1 hoop
is then removed from its pit and its internal dinmeter tesied by eross-
points of known lengths, which are mounted on a long handle, Tt is
then lowersd over the tube, To prevent undue absorption of heat in the
tube ag the hot jacket is lowered over i, eirculaiing waier, coming
from and discharging through the pipes extending through the man-
drel, iz eonstantly run through the fube to keep i cool, Were this nol
done, the tube might expand and grip the jacket unevenly, When the
1ncket is in position, s cold water spray from a circular perforated pipe
is turned on the breeeh over the tube shoulder to insure that the jacked
will grip there first. A spray from o eage of cirenlar perforated water
pipes is then turned on, beginning at the breceh end, The spraving
eage is then lifted slowly in accordance with o preseribed water ached-
ule along the lengih of the jacket, gradunlly cooling the hot forging
toward the muzzle, When cool the longitudinal controetion and the
dinmetrieal expanzion are messured and compared with the ealeulated
values, The other hoops are put on in a similar manner.

When the gun is assembled it iz removed from the pit, ploeed in a
lathe, threaded at the joiniug of the I or oulside hoops, and the loek-
g rings serewed on,

624, Lining the gun.—rf'hﬂ Eun 5 now :'I;;ud:_.r Tor eonieal E:m‘i][;{
of the Lube preparatory to azsembling the liner, The boring is accom-
plished in o boving lathe with a series of conieal packed bits, tapering
from the diameter at the breech end of the bore to that at the muzzle
end, Each of these bils i= cquipped with two eutiing iools spaced 150°
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apart and extending throughout the entire length of the bit. After bor-
ing the gun is star-gauged for each inch of itz length and bore-zearched.
The ghrinkage sheet to be used for machining the liner iz then prepared.

The liner is turned, bored, measured, and inspeeted, similarly to the
preparation of other parts, except that the turning lathe is grared s0
that it will taper the liner the required amount.,

The assembly is made by heating the gun in the furnaee, muzzle
end down. When the gun is heated, the liner and itz fittingz are sns-
pended from & crane, and held in a standby position near the furnace
(Plate X). The liner, having previously been fitted with a water-tight
muzzle plug, is then filled with water to prevent undue absorption
of heat and expanszion while being lowered in the tube. Afier a eenter
gection of the furnace top has been removed and the liner has been
centered over the tube hore it is slowly lowered in the gun until it is
seated (Plate X1). The holding down yoke and jack are then positioned
and hydraulic pressure is applied to hold the liner on the tube shoulder
during eooling (Plate X117,

The water is lowered in the liner at a pre-determined time-distanee
water schedule by lowering the overflow pipe. It is thus possible Lo
control the progress of contact between the liner and fube. The upper
goction, [rom which the water is lowered, iz permitted to absorb heat,
expand, and engage the tube progressively.

The gun iz now completely built up and ready for finishing.

FINISHING THE GUN,

625. Machining the bore to final diameter.—~When the gun has
ennled to shop lemperature, it is star-gauged, the compressions due to
shrinkage are recorded, and it is then turned in a turning lathe to within
approximately 0°.2 of the finished diameters. The bore is next finished
to the required diameters, two cuts with packed bits being required.
The allowed toleranee in the finish boring is only 0°.002 oversize and
SOT0 ilIll'.E{’-'I'H'i.?.E.

626. Chambering.—The chamber is next bored to the finished size.
There are two general designs for powder chambers: those for bag
guns and those for eartridge-case guns,

In the former the chamber, during the machining of the bore, is
bored out to the dismeter of the choke (Chapter 1V, Plate 1), Beginning
just forward of the loecation of the chamber rear slope, the diameter
is next enlarged to its full ehamber dismeter for several inches, The
rear slope is then machined by a tool held in the tool carriage. The
chamber eylinder iz then machined out as far as the chamber front
glope. The front slope, the shell centering slope, dand the band slopes
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are then bored by formed cutters. Chambers for eartridge-case guns,
which have no choke, are mueh simpler to bore.

Bag gun chambers are checked by star-gauging and hy length rods,
while eartridge-ease guns are checked by fitting in a gauge made to the
maximum dimensions allowed for the eartridge case.

627. Final turning.—DBefore rifling, the gun is turned down to the
finished dimensions, the bell muzzle is finished, and the gun is faced
off to the correct length. Extra metal during the construetion of the
gun was left on the outside hoop at the muazle for the purpose of
machining the hell muzzle. The purpose of Aaring out the muszzle in
the form of & bell iz to add extra strength to prevent gplitting, as the
metal at the extremity of the gun is not supported on the forward
side. In guns which are hooped to the muszzle, the tube and liner
project about 0.25 inch beyond the end of the hoop.

628. Rifling.—The mechanical process of entting grooves in the
finished bore surface of a gun is known as rifling, They are cut from the
compression slope, which iz known as the origin of rifiing, to the muzale.
(See Chapter IV, Plate 1) Hifling i= done in a machine resembling o
boring lathe, exeept that the rifling bar, which takes the place of the
boring bar, has a spiral slot eut in itz surface, the piteh of which cor-
responds Lo the piteh of the rifling it iz desired Lo cut (Plates XTI and
XIV) A different rifling bar, therefore, is required for each tyvpe of gun,

The method of entting the slot in a rifling bar is shown schematieally
on Plate X1V, An extenzion of the hed plate alongzide the rifling bar
earries & steel spline (Plate X1IT), which iz set to the form of the de-
veloped rilling by =etzscrews. For rilling of uniform twist the develop-
ment is a straight line; for inereasing twist, a eurve, By means of the
gpline, the pinion pearing, and the rack, one end of whieh is kept
pressed against the spline, the rifling bar is revolved at the proper
rate as it iz fed past the stationary cutting tool.

The rifling head, a hollow evlinder lightly smaller than the bore of
the gun, is keyed in a soeket in the end of the rifling bar (Plate XV).
The eutting tools are set in pockeis placed at equal intervals eireum-
ferentially around the forward edge of the head, the number of tools
being half the number of grooves to be eut. A cone, which iz moved
axially inside the head by o serew, iz employed to move the tools out-
ward. The serew, which has a vernier to indicate the position of the
cutting tools, is reached through an opening in the side of the head.
A pin, projeciing through the front face of the head, when pushed in,
cauzes the eutters to collap=e inward, thus enabling the head to be with-
drawn without danger of scoring the bore,

All rifling is done from the muszle end, After the head has been trued
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with the bar, the bar is advaneed for the first eut. A lug in the forward
steady rest bearing engages in the rifling bar slot and rotates the bar
4 the head is fed into the gun, eutting the grooves with the correct
piteh. About 100 to 150 runs of the rifling heai are required to com-
plete one-half the grooves in a 14-inch gun. When the first half of the
rifling iz finished, the head is rotated to bring the eutiers into position
for the second set of grooves. The eutting tools are reset and the rifling
operation begins anew,

After rifling, the lands and grooves are stur-gauged.

629. Determination of droop.—In order that the gun, when finally
mounted, may be in the most advantageous position, it is now tested
to asecriain the point of least droop. It is eentered in a lathe, the

.l breech end is gripped by the jaws of the face plate, and the point where
~ the gun will be supported by the trunnions is held by steady rests,
The gun is now revolved, and by means of a small spring indicator held
against the muzzle, the points of greatest and least comparative droop
are determined. The position of the gun in which it shows least droop
iz noted and marked as the top. The threads for the serew-box liner
are loested from this line g0 thai the zun and the top of the breech
mechanism will eorrespond when assembled,

630. Chasing thread for screw-box liner.—In all guns from 3 to 16
inches, inelusive, the serew-box threads are eut in a separate liner
which serews into the breceh of the gun—in some eases into threads
cut in the jacket: in others, as the l4-inch, into threads eut in the
C1 and D1 hoops,

Assuming that a 14-inch gun is being eonstructed the gun is placed
in the lathe, muzzle end to the face plale. The after ends of the tube
and jacket are faced off as one surface, the C1 hoop faced off an exact
distanee in rear of the tube and jacket, and finally the D1 hoop faced
off an accurately ganged distanee in vear of the C1 hoop.

The C1 and D1 hoops are then bored out to exaet diameters. The
~thread is then chased, starting at the point determined by the droop
- measurements, so that when the serew-box liner is serewed home the
- carrect part of the gun will be up.

The serew-box liner is then fitted to the gun, the liner firmly taking
up against the tube, the jacket, and the hoops. When seated properly,
-z-.t.'tm holes are drilled and threaded for large keeper serews which lock
* the serew-box liner in the gun.

631. Lapping.—The bore is given a final eleaning and polishing
~ known as lapping. The gun is placed in rests, and the lapping head
{I’lnte XVI) is drawn back and forth on a wire eable which auto-
- matically reverses itself at the end of travel. To lap the lands a head
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ix used which has several segments of wood eovered with emery cloth
held out against the bore by springs, To lap the grooves, a head having
segments of lead cut to fit the grooves is used. The groove lapping head
i« firet smeared with fine emery and oil. Finally, a head, such as the
squirrel-cage bore cleaner, covered with burlap and waste is run
through to clean the bore. The squirrel-eage cleaner, construeted of
fexible strips, may be adjusted to fit bores of various sizes by setting
up or slackening a threaded hand-wheel nui.

Though not econnected with the subjeet of gun construction, it is
well to mention here the question of lapping guns aboard ship. Quite
Mrequently the bores of guns in serviee become constricted to such an
extent that a bore gauge of the same dinmeter as the projectiles to be
fired cannot be pulled through the guns. Ordinarily this constrietion is
due to an accumulation of eopper from the projectiles’ roiaiing bands,
and as such Is not considered espeecially harmful or dangerous to the
gun, However a constrietion is sometimes cansed by a shoulder on the
liner over-riding the eorresponding shoulder on the tube, or by the
mandreling offect of the projectile already mentioned, that is, its
tendeney to “squeeze’” before it the metal of the liner, and thus to
elongate the tube. The end of the tube thus elongated is caused to
project from the muzzle, but is not harmful, and the projection may
be faced off when neeessary, The gun liners sometimes eroep to the rear
or breech end. When this oeceurs it will frequently be found impossible
to elose the breech plug. The only remedy then is to face off the rear
ent of the liner and take a light eut off the gas cheelt seat sufficient to
permit plug elosure. If thiz liner should subsequently ereep forward,
in a bag gun, the danger of a blowhaek is greatly inereased. In guns
now in serviee the following methods have been employed to prevent
rearward ereep of gun liners: (a) Some liners are prevented from ereep-
ing to the rear only by the compression of the tube; (b) some liners
are welded at the after end to the tube: (e) some liners are sceured to
the tube at the after end by a loeking ring; (d) some liners are held in
position at the after end by abutment against the serew-box liner so
that the gun liner cannot creep aft except with the tube.

The “seueezing” of the metal is resisted at the shoulders, causing
the metal to “pile up” at these points, thus redueing the diameter of
the bore. A knowledge of the positions of the shoulders in & gun liner,
which may be obtained from the drawing of the gun furnished the ves-
sel, will, therefore, give an indication of the nature of an ebstruetion
digelosed by the bore gauge, that is, whether it is due to eopper fouling
or to econstriction of the liner. In the case of a constrietion of the liner
it becomes necessary to remove the obstruction by lapping the tops of
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the land=. For thiz purpoze it was customary for ships to construet
their own lapping heads, usually of blocks of wood =et outward by
springs against the bore of the gun, the whole head being then covered
with emery cloth. A line was attached to each end of the Japping head
and drawn back and forth by members of the pun's erew, Care had to
be taken not to draw the lapping head beyond the actual limits of the
constriction, as shown by measurement of the points where the bore
gauge stuck, in order to avoid unnecessary wear on the gun. Sueh
lapping heads were more or less erude in construction, and when possi-
ble the work was done at navy vards, The latter are now provided
with the necessary equipment and measures are being taken also to
supply lapping heads afloat.

632. Fitting the breech mechanism.—{1) The necezzary holes for
fitting the breech mechanism are drilled, the hinge lugs are put in
place, and the breech block fitted. Previous to fitting the brecch block,
it is tried in a2 dummy gun so that, when the linal fitting takes place,
the work will not be so difficult, There is always o great deal of hand
work required in fitting every breech meehanizm.

(2) After ithe breech plug is in place, the gas-check zeat is reamed.
This is & most particular operation in the process of fitting the breeeh
mechanism. A perfeet fit of the eplit rings and gas-cheek pad is neces-
sary to prevent blowbacks. A blowbhack is the wire drawing of the hot
gases of firing to the rear over the gas-check system with the conse-
quent. burning of the split rings, pad, and gas-check seat. Sueh a
easually may readily put a gun out of serviee, To test the aceuracy
of the fit, Prussinn blue is smearcd lightly on the sas-check seat, and
the plug closed. A perfeet fit is indicated by the split rings and pad
showing a light even coating of blue when the plug i3 again opened.
Iigh or low spols in an imperfeet fil are, of course, denoted by the
presenee or absence of blue,

633. Milling the keyway.—The keyway on top of the gun iz milled
oul and the key, which keeps the gun from turning in its slide, is in-
serted and held in place by eountersunk serews,

634. Putting on yoke.—The yoke, of forged or east =teel, may be
put on in several wavs. In the smaller guns it is often serewed or
shrunk on, but in most large caliber guns, including the 14-inch, if is
put on over the breech and abuts against a shoulder on the D1 hoop
which prevents its forward movement. Just in rear of the voke an
annular slot is turned in the gun, in which two sections, each about 60°,
of a steel ring are sceured by countersunk serews, one at the top and
one at the bottom of the gun, to prevent backward movement of the
voke. This annular =lot for the backing ring is cut whenever con-
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venient during the finishing processes of the gun. The yoke is now con-
sidered part of the gun.

The rear cylinder and the slide eylinder of late 8-inch guns are of
the same diameter so that these guns may be mounted and dismounted
through the face plate of the turret, leaving the slide in place. These
guns have an annular lot near the breceh for sceuring the gun yoke.
A forged steel ring which projects above the gun rear evlinder and
which iz made up of two 180° sections is seeured in this annular slot.
The voke hag a shoulder on itz forward side which rests against the
after side of this steel ring, The yoke is held in plaee by a bronze loek-
ing ring serewed into the voke from the forward side. The loeking ring
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has a ghoulder on its after side whieh brings up against the forward
sidle of the steel ring set in the slot (see Fig. 603).

635. Center of gravity.—For the first gun of a type the computed
center of gravity iz checked by balancing the gun, with its breech
mechanism, projectile and charge, on knife-edges,

636. Weight.—The gun, without the breech mechanism, is weighed
and the weight stamped on the breech face.

637. Final inspection.—It iz given a final inspection, and il satis-
actory, marked with the place of manufaciure, year, mark, number,
weight, and the initials of the superintendent and ingpecting ofheer.

638. Proof.—It is fitted to its slide, and then sent to the Proving
Ground for proof. If satisfactory on proof, it is returned to the Gun
actory where it is relapped, bore-searched, star-gauged and izsued to
Jervie:,
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639. Relining.—(1} When a gzun has fired a considerable number
of rounds, the actual number depending on the ealiber of the gun and
powder pressures used, the bore becomes eroded to such an extent that
the gun gives undue dispersion. It then becomes necessary to reline
the gun in order to recondition the bore. When relining, the worn liner
is withdrawn from the breech end and a new one inserted in its place.
The procedure for assembling the new liner is the zame as previously
deseribed.,

(2} To withdraw the liner, the breech end of the liner is threaded
and the pulling apparatus is assembled on the gun. The pun is then
heated in the furnace to a temperature of 600° F. and 350° F. at the
muzzle and breech, respectively. When the gun is heated, the liner is
chilled by water civeulating rapidly through the bore, eauging eontrae-
tion of the liner relative to the gun. The liner ig then unseated by
means of hydraulie jacks and lifted elear by & crane.

Section IIL.—The Manufacture of Guns by
Radial Expansion.

640. Preparation of the forging.—After aceeptanee tests the hol-
low steel forming is turned down nearly to the maximum outside eir-
cumfercnee of the finished gun and is accurately bored slightly smaller
than the finished diameter, The breech end is drilled and tapped to
reccive o high pressure pipe conneetion from the pressure intensifier,
and the muzzle end, a connection to a high pressure gauge, Kach end of
the forging is prepared to receive packing and serewed-in plugs.

641. Equipment.—An intensifier is a unit where the pressure of an
hydraulie pump is eonducted into a large evlinder having a piston eon-
nected Lo a plunger of smaller dismeter which works in another cylin-
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der, and is employed to ereate the great pressures necessary for radial
expansion. The liquid, glycerine, from the intensifier passes through a
high pressure pipe connection to an annulus between the arbor or core-
har and the forging. The arbor, several hundredths of an ineh less in
diameter than the bore of the forging, is inserted in the bore, thus re-
ducing the amount of liquid necessary for expansion. Packing, at cach
end of the bore, is held in position by serewed-in plugs to seal the
liguid under pressure.

642. Radial Expansion.—The intensifier sets up & pressure beiween
about 45,000 and 100,000 pounds in the connection, the annulus, the
gauge connection, and the gauge. As the pressure is applied, the dila-
tions of the forging are measured and checked against a theorctical
curve showing the relation between the bore pressure and the dilation
of the outside diameter, When the internal pressure has reached such a
value that the metal of the outer surface of the forging has been brought
toits elastic limit in eireumferential tension, the end of the semi-plastic
period is reached and the pressure is not further inereased. The pumps
are stopped and this pressure is held for several minutes, On release
of the pressure, which is done by lowering the ram of the hydraulie
pump and allowing the plunger of the intensifier to be foreed oul, the
interior wall of the forging eloses in, but is unable to return to its
original dimensions. The bore and the external diameters will have
been slightly enlarged because of the permanent deformations set up
by the liquid pressure, but the release of the pressure leaves the inner
half of the forging under a comprezsive stress, whieh is 0 maximum
at the bore, the outer half under a stress of tension, whieh is a maximinm
at the outside, and at the center of the forging a point of zero stress,

A mild heat treatment is then given to the forging, which has the

effect of making permanent the inereased clastic strength aecquired
by the aulofrettage pressure,
The forging is again set up and the autofreltage pressure is reapplied
several times. The bore, the outside diameter, and the length are meas-
tred to find what alterations in size have Laken place. The surplus ma-
‘terial at each end of the forging is eut off, and the forging is then
finished bored, turned, and rifled similarly to the process deseribed for
built-up guns.

043. Present limits of the radial expansion process.—At present
the radial expansion process, as applied to monobloek (1-picee) guns,
hias been limited in our servies to G-inch guns and those of smaller
Calibers, because of the difficulty in obtaining the required physical
tharaeters (i.¢c., clastic limii and duetility), and homogeneous metal,
in a larger single forging, There are no physical limitations, however,
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to extending the process to the manufacture of guns having more
than one layer. Such guns would still have fewer layers, each of much
greater thickness, than the present built=up guns whose members are
assembled by heating and shrinkage, On thir basis the Navy has built
8-inch, 2-piece guns, composed of a jacket shrunk over a radially ex-
panded tube. The jacket acts as an additional strength member and
serves o stiffen the gun o preven! exeessive droop, The weight of the
jacket also maintains the center of gravity at about the same point as
in the built-up gun. Furthermore, the additional weight i neeessary in
order Lo aveid exeessive recoil forees, for it must be realized that the
foree of recoil of a lighter gun will require & correspondingly heavier
mount structure. The S-inch radially expanded gun weighs roughly
258,000 pounds less than the 8-ineh built-up gun designed for the same
muzzle veloeily, and it i not neeessary (o saerifice all this saving in
weighl for a heavier mount,

644, Advantages of radially expanded guns.—When compared with
a built-up gun of similar caliber, length, muzsle veloeity and rifling,
the radially expanded gun iz stronger, and, henee, will withstand
higher explosive pressures. The lalter permits a smaller chamhber
volume, smaller chambrage, and o slightly smaller charge. A smaller
charge will reduee slightly the erosion rate, The outside of the gun i=
smaller. Most important of all, the weight is considerably less. The
cost and time to build is greaily reduced. Less Isbor is required. Less
machine and other work is necessary, The construetion output may be
gresler.
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CHAPTER VII.
BEREECH MECHANISMES.

701. Definition.—A breech mechanizm iz a mechanieal deviee for
closing the rear end of the chamber or bore of a breeeh-loading gun.
The term includes the breech block or plug, all mechanizm contained
in or with it, and the necessary operating mear,

702. Requirements for a breech mechanism.—The following may
be said to be the principal requirements for a suecessful breech mecha-
nism:

1. Bafety.—To be safe: (a) The gas must be prevented from eseaping
to the rear; this sealing, or obturation, must be automatie, greater
pressure inereasing the sealing or abturation, (b) Fitting of the breech
meehanism should reduce the gun strength by a minimum amount,
never below an adequate factor of safety. (¢) The parts must have
ample strength to prevent any portion from being broken or blown to
the rear. (d) The danger of premature discharge must be minimized,
{#) The breech bloek must be sceurely locked to prevent OpeEning on
firing.

2. Ease and rapidity of working.—Thiz iz neeessary for rapid
continuons fire. Hence, this should include facility of loading, and cer-
tainty of extraction for rapid-fire guns,

3. Not easily put out of order.—It must be able to meet serviee con-
ditions and hard usage. Parts should have a reserve of strongth. All
paris of the mechanism should be so designed as to be protected against
injury.

4. Ease of repair.—Partz most exposed to wear should be so de-
signed as to permit easy veplacement. This should also inelude ac-
eessibility of parts, so that breakage of any part will not disable the
mechanism for any length of time,

2. Interchangeability.—~Not only should individual parts be made
interchangeable by accurate workmanship, but the whole mechanism
should be eapable of being mounted on similar guns.

703. The breech block or plug iz the movable piece closing the
bresch of a gun, In most built-up guns it is earried by the jacket;
In the latest large guns, however, it is carried within a serew-box liner,
or bushing. The above term applies to any shape of piees, or for any
system of elosure, In small arms and certain speeial guns, the term

153
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breech “bolt” is often used, instead of “plug” or “block,”” and “breeeh
action’ iz a better term in thie ease than “breech meehanism.”

704. Systems of breech blocks.—The following are the principal
systems of breech blocks that have been used in the Navy: (1) the
rotating block with interrupted screw, (2) vertical sliding wedge, (3)
horizontal sliding wedge, (4) ecombined sliding and rotary systems, (3)
the sliding bolt system. (Plates T and 11.)

System (1), the rotating block with interrupted serew, is used for all
major and intermediate ealiber guns now in serviee exeept for the 5-
inch anti-gireraft guns. Systems (13, (2), and (3} arc used on the vari-
ous d-inch gung, Seeondary rapid-fire or carfridge-case guns, such as the
various field guns, boat guns, saluting guns, and sub-caliber guns, use
systems (2), (3), and (4), Military rifles, as well as certain automatic
runs and machine guns, generally use the sliding-bolt system.,

Special guns, such as antomatic guns and machine guns, more prop-
erly use a “‘breech aetion,” in which the different steps in elosing the
breech and operating the entire mechanism are very intimately con-
nected, The system in these eases is defined by the name of the gun,

705. An interrupted-serew plug is a plug which has two or more
seetions of the thrend removed in the direetion of the axis. Similar in-
terruptions are made in the female thread of the serew box in the gun,
in order that the plug may be entered or withdrawn in one motion
and only o portion of a turn be given io lock or unlock it in the zerew
hox. The rotating block may be: (a) eccentric for use in gune firing ease
ammunition so that the firing pin will not be in line with the eartridge
ense primer until the block has been eompletely rotated and locked, (b)
concenlrie for use in guns firing bag ammunition, The interrupted-
serew syetem, also ealled “slotted serew,” is divided info three classes:
(1} French interrupted serew; (2) Elswick interrupted serew; and (3)
Wolin interrupted serew.

The French interrupted screw at one time was the most common
syetem of fermeture, The breeeh plug, eylindrieal in shape, has cut on
its circumference a male thread, the eharaeter of which varies aceord-
ing to particular designs, Tt s then divided into a number of Uil
sections in the longitudinal direction (always divisible by two; usually
six, eight, or twelve), and the threads of alternate sections are then
planed or slotted out; a minimum of 50 per cent of the holding strength
of the serew thread is thus sacrificed in the slotted seetions, The fe-
male thread in the serew box is similarly slotted. In elosing the breech,
the threaded seetions of the plug are hrought opposite to the blank
seetions of the serew box; the plug is pushed in either by hand, or by
some mechanism, to the proper distanee; and a fraction of a turn o the
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right or left is given, to interlock the threaded gections, the amount of
turn necessary depending upon the number of sections into which the
circumferenee has been divided, Six seetions (three threaded and
three blank) require 60%; eight sections (four threaded and four blank)
require 45°%, ete. The system is independent of the method of operating
the mechanizm. (Plate 1T, Fig, 1.3

The Elswick interrupted screw differs from the French type, in that
the forward part of the plug is eonical and the rear part eylindrienl.
The threaded sections of the eoned portion and the threaded sections
of the eylindrieal part are staggered. The advantages elaimed for this
arrangement are: (1) The working of the mechanism is facilitated, as
the plug ean be swung clear of the serew box without translation; (2)
areangement of the threaded seetions distribules the strain around the
entire cireumference of the plug; (3) the cone-shaped plug inereases
the eross-seetion of the jacket at the forward end of the plug where
the stresses in the pun are greatest, {Plate I1, Fig. 2.)

The Welin interrupted screw or stepped-thread system has the block
divided cireumferentially into a number of groups of blanks and
threaded seetors of inereasing radius, so disposed that when the plug is
unlocked the smaller threaded sectors of the plug elear the next larger
threaded sectors of the serew box, Bach group of seetors consists of one
blank and two or more threaded seetors, Three or four such groups of
seclors are arranged around the eircumfersnee of the plug. This ar-
rangerent of threads gives a larger percentage of holding strength for a
given length of plug and requires a minimum amount of rotation,
(Plate IT, Fig. 3.3

706. The vertical sliding-wedge system, exemplified in the Hoteh-
kisz and 3-inch semi-automatic pung has o rectangular wedge-shaped
block (eontaining the firing mechanism) that slides up and down in a
vertieal mortise within the square-shaped hreech of the gun, guided by
vertical ribs. [t is moved by means of a crank, journaled in the right
cheek of the mortise; a stud on the other end of the erank moves in a
eann groove in the side of the block. The wedge completely eloses the
mortise when up, and gives only a sliding movement to the cartridge
ease in shoving it home. (Plate [, Tie, 2.)

The horizontal sliding-wedge mechanism is similar to the vertical
sliding-wedge system except the block moves in a horizontal direction.
This form of breech plug is used in 3-inch 23-eal. AA guns. (Plate 1,
g, 2.3

The combined rotary and sliding-wedge syetom is oxemplified in our
serviee in the Novdenfelt G-pounder and d=pounder rapid-five guns only.
The breech bloek may be said to consist of two parts, the block and the
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wedpe, the latier sliding on the front face of the former in the locking
or unloeking movement ; while to eover or uneover the bore, both rolate
about a transverse axis, the top falling to the rear in opening. (Plate 1,
Fig.4.)

The sliding and rotary-block system.—In this system, 1o open the
mechanism the block slides downward and is then rotated on a trans-
verse axis, the upper part falling to the rear. This system is exemplified
in our service by the Driggs-Schrocder guns, It has a reetangular block
with rounded top, working entively within the breeeh housing and is
locked by means of collars on top of the bloek engaging corresponding
grooves in the housing, The grooves are inclined slightly to the front,
50 the final movement in clozing is upward and to the front, pushing
home the cartridge eose, The operation is through o cam within the
block, moving against curved surfaces in the block’s recess; the cam
is moved by a transverse axiz, (Plate I, Fig. 3.)

The sliding-bolt system.—In this system a more or less eylindrieal
piece, containing at least the firing pin and spring or hammer, moves
longitudinally in a “receiver” attached to the gun barrel, and may be
worked either by hand, as for small-arm rifles, or by eertain mecha-
nism, as in the Colt automatie gun. The bolt may have only a direct
movement 1o the rear and front, giving the name “straight pull,” or
have a part attached which is turned for locking or unlocking, giving
the name of “turn bolt.” (Plate I, Fig. 5.)

707. Types of breech mechanism used on intermediate and major
caliber guns.—The Bmith-Asbury svsiem of operation is employed on
breech mechanisms of d-ineh, 3-inch, G-ineh, 1d-inch, and 16-ineh
guns, The 12-inch breech mechanizms now in serviee (and a few of the
original 14-ineh breech mechanisms remaining on the New Yeork and
Teras) employ the Farcot operating mechanism for opening and clos-
ing the Welin-type plug, In the Farcot syslem o worm shaft and gear-
ing rolate the plug, translate the plog axially to the rear until it is re-
eeived upom and latched to the plug tray, Continued rotation of the
erank handle on the worm shaft then unloeks the plug tray from the
breeeh and permits the plug tray to swing the plug elear for loading.

The 8-inch breeeh mechanism installed on the heavy eruizers is of the
carrier 1ype operated by a Bureau of Ordnanes design. A short con-
tinuous swing of the operating lever, by means of a erank and cams,
accomplizhes {he rotation of the plug and withdrawal of the plug from
the serew-box liner,

708. Types of quick-acting breech mechanisms—There are five
principal types: (1) quick-fire; (2) rapid-fire; (3} semi-automatie rapid-
fire; (4) automatie rapid-fire; (3) machine gun.
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A guick-fire breech mechanism is one which ean be easily and
rapidly operated. It is used on bag guns and hence requires a gas check,
gas cjector, and firing lock suitable for bag ammunition,

A& rapid-fire breech mechanism iz one which ean be easily and
rapidly operated and which is fitled to ease guns. It requires an ex-
tractor and special firing mechanism suitable for caze ammunition.

There is, in reality, no distinetion between the rapid fire and the
quick fire, so far as the operating gear is concerned; but the names
are given becanuse of the differences in the breech mechanisms and the
differences in the loading drill which result from differences in as-
sembly of the ammunition. In loading a rapid-fire gun, no bore clear
sipnal is required.

The term "quick fire” is apparently indiseriminately used abroad
for guns having a quick-neting mechanism, whether using metallic
cartridge ease or powder charges in bags, It is well that a diztinetion
should be made, az in the U. 3. Navy, by the use of the terms “ease
ouns'” and “bag runs’

Semi-automatic rapid-fire breech mechanisms are quick acting,
part of the operation being by hand and part automatie. This gives
rise to the name, both as “rapid fire” and as “semi-automatie.”

Automatic rapid-fire breech mechanisms are those in which all
the operations are performed auvtomatically by utilizing the enerpy
of reeoil. The name also defines the gun.

The breech actions of machine guns are essentially quick acting,
and their speeial features are the distinetive features of the gun.

SYSTEMS OF GAS CHECKS.

709. Gas check.—This is a deviee to prevent the escape of the
powder gas to the rear around the breeeh bloek or through the vent.

The following are the principal characteristics governing the design
of a gas cheek:

1. It should Tunetion ai all temperatures that may be eneountered
in serviee due to weather eonditions, that iz, from approximately
2% to 1107 I'., and also be unaffected by the variations in’ tempera-
ture due Lo firing the gun. Temperature inereases as high as 200° T,
have been obszerved when firing a 3-inch rapid-fire sun.

2. In order that the mechanism will function with ease, the deviee
should not adhere too strongly 1o its seal.

3. It should be elastic enough to conform to its seat, but also
rigidd enough so as not to be deformed to such an extent as to prevent
sucecssive Tunclioning,
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4. It should respond equally as well to the lowest as to the highest
pressure developed in the gun.

5. It should exert a pressure on its seat greater than, or at least
equal to, the gas pressure,

To meet the above requircments it s necessary to consider, first,
the type, and second, the applieation of the gas check,

710. There are in general two tvpes of gas cheeks, the plastic and
the elasfic,

The first plastie materials used for gas ehecks were fibrous materials
such as eardboard or papier-miché, Fxperiments were also made
with soap, but the soap liquefied due to the action of the heat. The
materials actually in nse are composed of about 65 per cent of a
mineral fiber such as asbestoz, and 35 per cent of t1allow. The iallow
keeps the gas check plastic and eauses the fiber to flow under the action
of the heat and pressure,

The advantage of the plastic gos check iz that it conforms to any
irregularities of its seat eaused by erosion or accident. The digad-
vantages are the fact that it is apt o adhere to its scal too sirongly,
or to be deformed while the block is open with the result that the
mechanism will not funetion with ease. Plastic materials do not refain
a definite form, bul may easily be deformed and reformed under
pressure, The pressure is (ransmitted equally in all directions, as in a
fMuid, and to a greater degree than in elastic solids.

Plastie gas checks funetion satisfactorily when the gun is not fired
toa rapidly and with proper care a large number of rounds max be fired
without changing the pad. They are used on all bag guns in our Navy,

711. Elastic gas check material may be divided into two classes,
rigid and flexible, depending upon the resistanee they offer to deforma-
tion. Steel is the most rigid and rubber compounds are the most
flexible materials that have been used, Rubber compounds give a good
seal for o few rounds, as they conform easily 1o their seats, but they
are apt to adhere to the gun or block whieh makes it diffieult to operate
ihe breeeh mechanism. They are sensible to variations in temperature,
being too soft at high and too hard at low temperatures. They are also
attacked by the powder gas and oil. Elastic gas checks are made of
copper, bhrass or steel,

An clastie gas eheck conforms Lo its seat under pressure except when
small irregularities exist in the surface of the gas-check seat, henee
the zealing depends upon the condition of the surfaces in contact.
On the other hand, there is less tendency to adhere to its seat as the
deviee returns to its original form as soon as the pressure is relieved,
and it is not =0 easily deformed when the block is open.
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712. Automatic sealing.—Scaling of the breech of the gun against
the passage of the flame and gases of eombustion is effected in the U. 8.
Navy by gas ehecks in whieh the pressure on the szeat is built up
automatically by the pressure of the powder gas, There are two
methods of automatie sealing (a) by expansion and (b} by compression.

(o) Sealing by erpansion iz obtained by the use of 2 metal eartridge
case, Fig. 701, The action of the gas is to expand the cartridge case
againgt the wall of the chamber of the gun. The amount of this ex-
pansion being equal to the elearanee between the ease and ehamber,
plus the deformation of the gun due to the pressure of the powder
ens. The total expansion should not execed the elastic expansion of

Fra. 7001,

- the case, as otherwise the ease may be permanently deformed or
| eracked and offer too much resistance to gjection. For this reason the
. metal should not be too hard or too soft.

When the charge 1s first ignited a small quantity of gas passes he-
tween the ease and the wall of the chamber, but due to the small area,
and great length of the channel, the resistance to its pazsape is high
and the pressure builds up so rapidly in the case that the sealing tales
place very quickly. The surface in contaect is so large that small loeal
irregularities do not affeet the seal.

The ease should be sufficiently thick at the base to prevent the
metal from being foreed into the joint between the breech block and
the gun, but sufficiently thin at the mouth to insure easy expansion,

(b) Sealing by compression is generally obtained by the use of a
plastic gas check as in the De Bange system, Fig. 702, A ring-shaped
pad of plastic material, A, contained in an envelope, B, is held between
the breech bloek, €1, and the “mushroom,” D), by the spindle of the
mushroom which passes through the pad and brecch bloek,
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The action of the gas pressure iz {o foree the head of the mushroom
to the rear, thus building up prezsure in the plastic material which is
Guw
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transmitted in all directions and presses the envelope against the wall
of the gun,

713. The De Bange gas cheek pads
used in the Navy, as shown in Figs. 703
and 706, are made of a plastie material
with & neat-fitting eanvas cover. The
edges are protected by split metal rings
which expand due to the pressure trans-
mitted by the pad. The ehamfered cdges
where the rings are split, have a ten-
deney to wear or eut the covering of the
pad. On guns of G=inch caliber and above,
ihis is prevented by a thin copper pro-
teetor formed to the eontour of the for-
wird face of the pad. The use of this cop-

Fia. 703 —Tue Di Baxgg DT protestor will doubtless be extended
Gaa CueEcE—SHowixa to all h'ﬂ-ﬂ. guns.

Srum-Rives, When the pads are to be used in guns

where high pressures are developed, the

pads are made as above exeept they are compressed in steel dies under

a pressure from 50,000 to 80,000 pounds per square inch. After being

subjected to this pressure they are no longer soft bul possess a certain

amount of elasticity, and may be said to be plastic-elasiie, Due to this
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initial compression the reeoil of the mushroom relative to the hreech
bloek iz very small.

714. A gag check experimented with in Epain iz shown in Fir. T04.
Tt eonsiste of a mushroom, A, which bears against a copper ring, 55,
of triancular eross seetion. The pressure of the powder gas on the mush-
room head eauses the eopper ring to expand and exert 4 pressure on its
seats. [t appears that this system should give good results, but there
i= none of this type in the T, 3. Navy.
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715. Mechanism for breaking the seal of gas checks and extracting
artridge cases: When plastie gas cheeks are used it is necessary that
the breceh mechanism be designed so as to facilitate the hreaking of
the seal of the gas checks, which adhere strongly to their seats after the
gun has been fired, In the first plaee it is neeessary that the breech
block may be rotated independently of the gas cheek, and secondly,
that sufficient force may be exerted to translate the block and gas
check to the rear. A thorough deseription of the action of the breech
mechanism and the e Bange gas check pad will be found in the
deszcription of the Mark VII- 3" breech meehanism (see Art. 728).

When cartridge eases are used it is necessary to provide a mechanism
for extract ing the ease. Thiz mechanizm should be designed, first; to
loosen the ease by extraction, and second to eject the ease when the
Breceh is fully open. In general, it consists of o lever which engages
the rim on the base of the eartridge case, the other end being pivoted
Bear the hinge pin of the breeeh-bloek earvrier, This lever remains sta-
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tionary during the firsl part of the rotation of the bloek; the portion
which engages the ease is then moved slowly to the rear az the out-
board end of the extractor lever is forced forward by a cam surface
on the breech-bloek carrier, This exerts sufficient force on the ease to
starl it from its seat. The lever then becomes practically stationary
until the breech is fully opened. The final movement of opening gives
the outboard end of the lever & very quick motion forward with the
result that the inner end of the lever ejects the ease clear of the gun.
With breech mechanisms of the sliding wedge type, the extraction is
accomplished upon the same principle, but details of its application
vary alightly.
TYPES OF SALVO LATCHES.

716. When a number of guns are fired in salve, the pun eaptain
vometimes fails to observe whether or not his own gun recoils and
counter-reeoils. In other words, after a salvo the gun captain some-
times does not know whether or not his own gun has fired. If the gun
captain, thinking his gun has fired, should open the breceh while a
hangfive was in progress, a disaster would result, To prevent the open-
ing of the breceh of a gun after loading, the operating mechanism is
locked by a salvo lateh until the gun has fired and recoiled.

Breech mechanisms in general eannot be opened by o pressure on
the front face of the breceh block, bui there is & tendeney for the breech
mechanism to rebound from the breeeh in closing, and to open due o
inertia during recoil or counter-recoil, or due to the shock of firine.
In addition to performing its primary function, the salvo lateh pre-
vents the rebounding of the plug and prematlure opening during firing
or recoil.

The design of these latehes varies with the partieular mechanizm,
but usually the lock feature is incorporated in the operating mecha-
nism. As soon as the breech has been closed, the operating handle is
latehed in a closed position by the salvo lateh which unlatehes during
the recoil of the gan. The =alve lateh prevents the mechanism {rom
being opened after the gun has been loaded exeept when this is done
deliberately with full knowledge that the gun is loaded. Most guns
are fitted with salvo latehes which are unloeked by dnertia. Brecch
mechanisms of the sliding-wedge types lend themselves to the attach-
ment of positive type salvo latehes which are unlocked by the full
recoil of the gun past a fixed attachment on the slide, The reeoil
produced by the firing of redueed charges is sufficient to accomplish
the unlocking of the breech. The latest guns developed in the U. 5.
Navy, b-inch 25-caliber and 5-inch 38-caliber guns, are of the sliding-
wedge type breceh mechanism, and these guns as well as the 3-inch
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S0-caliber anti-aireraft guns are Atted with positive type salvo latches.
The positive type iz superior to the inertia type salvo lateh. Guns now
fitted with inertia type salvo latches will gradually be modified by the
installation of positive type salvo latches. New guns of all types will
be fitted with positive type salvo latehes,

3-INCH SEMI-AUTOMATIC BREECH MECHANISM, MARK V.
(Plate II1.)

717. This mechanism is of the vertical sliding-wedge type, which
haz been zometimes designated as the “Dhriggs-Seabury semi-auto-
matie mechanizm.”” Several modifications have been made to remedy
minor defects in the original design,

718, The operation of this mechanism may be readily understood by
following the deseription below and referring to Plate TIL If model
hreech mechanisms or guns are available, as at the Naval Aeade-
my, it is reeommended, however, that the mechanisms be inspected in
conjunction with a study of these pages,

The crank shaft H (Fig. 2) rests in a eradle projeetion under the
gun and is held in place by means of a lock plate L (Figs. 4 and 3),
which iz dovetailed to the hottom of the breech housing and seeured
by the leek plate lock belt. As the erank shaft is rotated the breech
block erank (Fig. 2) moves along a sloping eam surface on the under
zside of the block, raising or lowering it.

Assume that the thrust eam B (Figs. 7 and 8), which is attached
to a bracket secured to the slide, is set for semi-automatic operation.
Then, when the gun reeoils, the tumbler erank on the left end of the
crank shaft H (Fig. 2) strikes and passes over the thrust cam I (Figs.
7 and ), forcing the latter to rotate through 657 to 74°. After the
tumbler erank has passed by the thrust cam, the latter is returned to
its original position by the thrust cam spring (Fig. 5), so that on counter
recoil the tumbler erank apain is brought up against the thrust eam
(Fig. %), This time, however, the thrust cam, being locked, forees the
eronk shaft to rotate, thus eausing the breech block to be dropped.

The rotation of the erank shaft also enuszes the operating spring to
be compressed (Fig. 13, the operating spring arm on the right end of
the crank shaft being engaged to the spring piston through the operat-
ing chain and spring piston rod.

As the bloek drops, the extractor lugs C (Fig. 5) {ollow the extraetor
grooves in the hlock, foreing the lugs forward and the upper nibs of
the extractors aft, accomplishing extraetion. The lugs also, by bearing
on shoulders M (Fig. 4) in the block at the top of the extractor grooves,
hold the breech block down. The extractors are held in this position
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by the extractor springs 1} (Fig. 4) and plungers, one to each ex-
Eractor.

When the cartridge is loaded, the extractor nibs are struek by the
flange on the base of the cartridge case and foreed forward, and the
lugs are disengagped from the shoulders on the bloek, The operating
spring (Fig. 1), which wasr eompressed on eounter-recoil, then eanses
the crank shait H to rotate, raising the bloek and elosing the breech.

The gemi-automatic feature can be eliminated by turning the thrust
camm B (Fig. 7) to the rear and down, thus permitting the tumbler
crank on the crank shaft to pass above the eam as the gun retums
to battery. Ilor this purpose there is o tumbler lateh X (Fig 5) fitted
in the tumbler cover which holds the thrust eam down and to the rear,

716, Operating lever clutch mechanism (Fig. 3).—This mechanism
is for the purpose of disengaging the operating lever, i.e., preventing
its rolation, when Lthe gun iz set for semi-sutomatic operation.

In Figs. 2 and 3 it will be observed that there are three 120° sectors
for engaging the operating lever to the erank shaft, one, an integral
part of the erank shaft (Fig, 2), one, an integral part of the operating
lever (which otherwise is bored out to pass over the erank shaft), and
the third, the eluteh seetor.

When the breech block is elosed and the operating lever is in the
vertical position, the upper face of the crank shaft seetor is also vertieal
as in Fig, 2, and abuts againgt a corresponding face of the operating
lever sector. If the cluteh lock and sector are serewed out, there will
be left a blank sector of 120° Conzequently, for semi-automatic opera-
tion it is evident that rotalion of the shaft will not rotate the operating
lever as the shaft seetor will move in a blank seetor. On the other hand,
if neeeszary, rotalion of Lthe operating lever will rotate the crank shait.

When the gun is nol set for semi-automatie operation, the cluteh
lock iz serewed inward, carrying the cluteh sector in agrinst the com-
pression of its spring and filling the former blank space, The shalt and
operating lever are thus seearely locked together,

720. The firing mechanism {see Art. 750) functions as follows
{Fig. 4):

When the breceh bloek rises the ecocking lever toe H strikes the nib
of the sear I, thus drawing back the firing pin and eompressing its
spring. The sear I fils into the left of the breech housing and is held
in position by a plunger and spring. The sear is rotated by the action
of pull on the trigger, acting through the trigeer lever, trigger rod,
and sear arm. When the trigger is pulled the sear is rotated against
the foree of the sear spring, the cocking lever is released by the sear
nib, and the firing pin flies forward. If the trigger were lushed in the
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elosed position, firing would result antomalically as soon as the breech
is closed. Firing may also be accomplished by an eleetrical firing cir-
cuit, which includes a pointer's firing key and a solenoid. The plunger
of the Iatter strikes the sear arm, tripping the sear,

721. The salvo latch, of the positive type, engages the left end of
the plug-operating shaft. This lateh unlocks when the gun has reeoiled
approximately half the amount of its normal recoil. As the plug, when
operated automatically, does not start to open until after the beginning
of counter-recoil and, if operated by hand, is not opened until after
the completion of eounter-recoil, it is apparent that the salvo latch
unlocks sufficiently in advanee 1o prevent interference with the normal
operation of the plug. With the plug closed and locked, the salvo lateh
may be unlocked by hand,

5-INCH 25-CALIBER ANTI-AIRCRAFT BREECH MECHANISM.

722, The b-inch 25-caliber breech mechanism is of the semi-auto-
matic sliding-wedge type and s essentially the same as that of the
d-inch, A0-caliber anti-aireraft gun. It may be hand operated by o
lever on the right side of the slide. The salvo latch, of the positive
type, engages the left end of the plug-operating shaft, The lateh un-
locks when the gun has reeoiled approximaltely hall the amount of its
normal recoil. As the plug, when operated automatically, does not
start to open until after the beginning of counter-reeoil and, if operated
by hand, is not opened until after the completion of counter-recoeil, it
i apparent that the salve lateh unlocks sofficiently in advance to
prevent interference with the normal eperation of the plug. With
the plug elosed and loeked, the salvo lateh may be unloeked by hand.

5-INCH BREECH MECHANISM, MARK VIIL.
{Plates IV and V, Figs. 705 and 7046.)

723. Introductory.—T'he deseription in detail of the 5-inch Mark
VII breeeh mechanizm follows, Kxeept for minor details, thiz deserip-
tion covers also the G-ineh Mark X, 12-inch Mark 1X, 14-ineh Marks
LI, TIL, and 1TV, and 16-inch Mark I breech mechanisms.

724, General design.—This breech mechanizm is designed to fit the
d-ineh bag pun. The breech mechanism is of the earrier Lype, with
the Welin breeeh plug, De Bange gas check system, and the Smith-
Asbury type of operating mechanism,

725. The carrier {sec Plates 1V, ¥V, and Figs. 705, 706) is journaled
on & vertical hinge pin on the right-hand side of the gun, The carrier
extends aeross the breeeh face of the gun and has o forward projecting
nub on which the breseh plug is journaled. The operating lever is
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attached to a shaft journaled in the carrier. The other end of this shafl
earries an overhung erank, the pin of which engages a erosshead which
works in a crosshead bearing set into the rear face of the breech plug.

726. To open the mechanism, the operating lever is swung to the
rear in a vertieal plane. This rotates the erank shafi, which by means
of the crank and erosshead, rotates and unlocks the plug. The operating
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lever is then swung {o the side in & horizontal plane, which swings the
carrier and plug about the vertical hinge pin and clear of the brecch.
Reverse motions close the breech. A salvo lateh locks the operating
lever in position so that it ean only be unlocked by the reeoil of the
gunt or by hand.

727. Screw-box liner and breech plug.—The rear end of the gun
jacket is threaded to reesive the serew-box liner. The gas-ejector
valve is seeured to the rear flange of the screw-box liner, and is opened
by the rotation of the bresch plug in opening the breech. Air from the
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valve passes to one or more annular channels turmed on the outside
of the serew-box liner, and thenee through tangential duects to the
inner side of the serew-hox liner and to the bore of the gun. The
serew-box liner and the breech plug are slotted to form 12 sectors, 4
blanks and 8 threaded steps, in four groups, the blanks being wider
than the threaded steps to permit the aetion of the rotating eam.

The breech plug is of the Welin or stepped-serew type, having abut-
ment threads with the pressure side the steeper. The center of the
plug iz bored out to provide a bearing for the mushroom stem and to
roceive the threadsed hub of the earrier. This thread has the same pitch
as the external thread on the plug.
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728. The De Bange gas check system (Fig. 706).—The breech-block
carrier has an axial hole through it, through which passes the mush-

room stem. The firing loek is seeured to the after end of the stem. Just
- forward of the firing lock is serewed a collar, and between this eollar
and the carrier is a spiral spring, the compression of which tends at
- all times to keep the mushroom and gas-check pad pulled aft against
the breech block. The mushroom stem is keyed to the earrier so that
‘the mushroom eannot rotate but has free movement in the fore-and-
aft direction. The breech block neceszarily has to rotate a small
“amount, but the mushroom eannot rotate and the gas-cheek pad
Mormally never rotates as it adheres to the mushroom instead of to
‘the breeeh block. The broeeh block is serewed on to the forward hub
of the carricr, this serew having the same pitch as the serew of the
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breech block and serew-box liner, thus the earrier is not tranzlated
during the rotation to the breech block while opening or closing the
hrecch,

On opening the breech, the action of the mechanism and the gas-
check pad is as follows: (a) The breech block is rotated to unlock it.
During this rotation the ecarrier does not move, but the breeeh block
moves aft o small amount due to the piteh of the serew in the serew
box and the piteh of the serew on the earrier. When the breeeh block
moves aft this small amount, the spiral spring around the mushroom
stem, being under compression, tends to draw the mushroom and gas-
check pad aft against the breech block. In some cases Lhis will serve
to break the zeal and in others it will not accomplish the breaking of
the seal. (b) The plug being unlocked, the earrier with the plug is next
swung back, opening the breech, If the seal is not broken at the begin-
ning of this movement, the rotation of the earder through a small are
will put the spiral spring under high compression and thus exert a
strong pull on the mushroom stem. In ease this fails to break the seal, a
glight additional swing of the earrier will compress the spiral spring to
itz solid length or will bring the collar on the mushroom stem up
against the earrier, in which ease it is evident that any further move-
ment of the earrier will necessarily break the seal and that the pressure
exerted by the spiral spring will foree the pad and mushroom back
against the breech block.

729. Operating mechanism (Fig. 705).—The erank shaft, which ex-
tends through the earrier, is provided with two bearings, The inboard
bearing engages the portion of the erank shaft adjacent to the over-
hung erank.

The outhoard bearing for the erank shaft is maehined in the shoulder
of the carrier easting, which is hored out to fit a steel sleeve keved to
the crank shaft. To this sleeve is attached the operating lever and
wedge-operating cam, these parts being keved to the outer portion of
the sleeve and clamped in posilion against o collar on the sleeve by
the cirenlar flange of a nut threaded on the extremity of the erank
shaft and seated in a counterbore in the end of the cam,

In the rear face of the plug, and located near the right-hand edge,
at an angular distanee above the horizontal eenter line (unlocked
position) equal to half the angle of rotation, is a counterbore into
which is rigidly fitted a hollow, eylindrical erosshead bearing. The
erosshead, which is housed in the crosshead bearing, enguges the erank
pin of the overhung crank, the parts being 20 arranged that the eross-
head is capable of both a rotary and a sliding motion with respect to
its bearing and crank pin.
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When the plug is closed and locked, as during firing, the operating
lever extends upward and toward the muzzle, making an angle of 43°
with the vertical. The erosshead and bearing are bhelow the horizontal
eenter line at an angular distance of 16% 42° 30" (equal to half the rota-
tion of the plug) and the erank shaft iz in the dead eenter position,
with the erank pin dircetly in line with the center of the shaft when
viewed in the plane of rotation of the plug. The plug iz thus seeurely
locked against any rotary tendeney produeed by reason of the chamber
pressure and the inelination of the plug threads,

730. To open the breech, the operating lever iz moved to the rear
until it reaches the horizontal position, turning the erank shaft through
an angle of 1337, The corresponding cireular motion of the erank pin
is resolved by the erosshead within its bearings info an npward move-
ment of this bearing, which, being rigidly attached to the plug, causes
a rotation of this member in the direetion required to disengage the
threaded steps. At the beginning of this motion, as the erank pin leaves
the dead center position a large angular movement of the lever and
crank shaft will produce buil a amall rotation of the plug, with a cor-
responding inerease in the foree available to unszeat the gas-check pad.

731. Plug-rotating cam.—The total angular movement of the plug
produced by the rotation of the erank =haft i= 33° 25, of which move-
ment but 26" 42° 57 is required to disengage the threads, the remainder
of the rotation oceurring as the carrier beging to swing away from the
oun, thus affording an easy transition from the rotary motion of un-
locking the plug te the translatory motion of swinging it out of the
breceh, The effeet is accomplished by the plug-rotating ecam, which is
fitted in a dovetail in the blank between the threaded seetions on the
left side of the serew box, and consists of a hardened-steel plate into
which iz cul a enrved eam slot eoinciding in itz forward portion with
the pitch of the serew-box threads, and running out at the hreech face
in the path of the partz swinging about the hinge pin. Thiz cam slot
engages 4 2iud or cam follower projecting from the zide of the breech
plug, and guides it during the latier part of the motion of unlocking,
=0 that, as soon as the threads of the plug are dizsengaged, the rear-
ward motion of the plug and earrier, in swinging ahout the hinge pin,
12 gradually started without the shoek {o the mechanism or to the
operator which would result were the direction of metion changed
suddenly. The advantages derived from the use of the plug-rofating
cam are most marked during the act of closing the breech, when, by
checking gradually the veloeity of the swinging parts, it gerves to
avoid the objectionable slamming and rebounding of the earrier by
utilizing and absorbing the energy of the swinging parts inimparting a
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rotary motion to the plug and operating lever. In all except the largess
rung, it also does away with the necessity for closing bufiers,

Inefficient forms of power transmission, such as gears, racks, and
worms, have been climinated, and bearings with large surfaces have
been introduced instead, In major caliber guns fitted with hreech
mechanisms of this type, ball bearings or roller bearings on the hinge
lug carry the dead weight of all swinging parts. The number of pieces
has been greatly reduced.

732. Operating-lever guide and stop (see Plate V).—The rearward
swing of the carrier about the hinge pin, commenced by the plug-
rotating eam, is continued by the operating lever until the mechanism
has been swung through 90°, when further swing is limited by recessed
stops on either side of the carrier hinge, which eome up against cor-
regponding abutments formed upon the hinge lug forging, While the
mechanism is open, the plug is prevented from rotating and is main-
tained in the unloeked position by the operating-lever guide and stop,
a projection from the hub of the operating lever, which, as the out-
ward movement of the mechanizm about the hinge pin commencoes,
enters & puide slot in the hinge lug forging. This deviee and the rotat-
ing cam prevent the plug from rotating while the threads of the plug
and serew box are dizengaped.

To guard against the failure of the guide on the operating lever hub
to enter the guide slot fairly, which might oceur if lost motion should
develop in the operating gear, an operating lever stop is provided Lo
limit the rotation of the lever and erank shaft. This stop consists of a
pin driven throuzh the hub of the operating lever, and which is pro-
vided with a stud projecting inwardly to engage a slot milled in the
omtthoard end of the carrier (not shown).

733. Features of the operating-lever mechanism.—The movement
of the lever in a vertical plane around the erank shaft for rotating
the plug, and in a horizental plane around the hinge pin for swinging
it, results in several desirable features being obtained, as follows:

(1} It eliminates the use of a earrier lateh or a plug lateh.

(2} The operator stands entirely clear of the recoil.

(3) When the plug is closed, the lever is in such position as to allow
the plugman to eateh it as the gun returns to battery and, by holding
on to it, to have the forward movement of the gun unlock the mecha-
nistm.

(4) It permits of a design of mechanism which does not require right-
or left-hand parts.

734. Operating-lever latch (salvo latch) (Plate IV).—The lever
latch consists of a lateh member journaled on a serew bolt attached
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to the forward edge of the hinge lug in line with the operating lever
guide slot. A loeking plunger is mounted in a recess directly in the
rear of the lateh boss, and in such a position that the plunger is retained
in place by an overlapping portion of the lateh. The upper portion
of the lateh is broad and heavy, and iz machined at its upper extremity
to engage the hook or eatch formed on and projecting from the under
side of the operating lever. The lower part of the lateh is made as
light as possible, and is bored out to provide a bearing for the lateh
spring and plunger, which, by acting against the hinge lug, throw the
lateh into proper position to engage the catch on the operating lever,

During reeoil, the inertia of the upper and heavier parts of the lateh
causes it to rotate on its pivot so that the lower portion moves to the
rear toward the hinge lug, compressing the lateh spring, and the upper
portion moves forward and out of engagement with the eatch on the
operating lever. The lateh iz held in this released position by the lock-
ineg plunger, which, under the impulse of the locking plunger spring,
moves out and engages a noteh in the lateh as soon as it is brought into
line by the rotation of the latch. When the breech is opened the lug
on the operating lever strikes the locking plunger, compressing its
spring, and moves the projecting stud out of engagement with the
noteh in the lateh, whieh thereupon, under the action of the lateh
spring and plunger, is returned to the “set™ position ready to engage
the catch on the operating lever when the hreeeh is eloged. The bottom
part of the lateh serves as a stop which eomes up against the hinge
lug and limits the rotation of the lntch.

Az the latch does not release antomatically except upon the dis-
charge and reeoil of the gun, it gives warning of misfires or hangfires
which might pass unnoticed when a number of guns are being fired

in galvo. In such ease, the breech can only be opened after releasing
the lateh by hand.

6-INCH 53-CALIEER GUN BEREECH MECHANISM.

735. Breech mechanism Mark X, Mods. 2 and 3.—This breech
mechanism 1= essentially the same as the b-inch Mark VII just de-
seribed, except that each breech mechanism is fitted with two cam
rollers diametrically opposite each other to reduce the shoek of closing
and to assist in changing the motion of translation to one of rotation,
These cam rollers perform the same function as the follower pin on
the plug of the 5-inch Mark VII breeeh mechanism. The right-hand
_mEnhn.nimu ia the standard for the type as far as the operating lever
ig concerned, but it was found that when the gun and breech mecha-
Msm were rotated 180° for the left-hand gun for a 6-inch twin mount
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the operation of the lever was not eonvenient, so a modification of the
lever was developed for the left-hand gun eonsisting of two gear seg-
ments and an additional bearing bracket, so as to permit the operating
lever to be mounted on the upper part of the carrier and to swing in a
manner similar to the right-hand breech mechanism (zee Plate VI,

14-INCH BREECH MECHANISMS,

736, Some 1d-ineh two-gun turrets have ©Mark TT breech mecha-
nisms which are practically identical with the 5-inch Mark VII breech
mechanism previously described, except that the earrier frunnions
are provided with roller bearings in the hinge lugs beeause of the greater
welghts involved,

The Id-ineh breech mechanizm, Mark 111 and itz modifieations iz
eezentially similar to the breech mechanism, 5-inch, Mark V11, and
14-inch, Mark 11, exeept that it has heen rotated through 907 to permit
the breech plug to swing in the vertieal plane in opening and closing,
Thiz mechanism is vsed on the 1d-inch 48-caliber guns, mounted in
three-gun turrets,

The Mark IV breech mechanizm is used on the 14-inch H-caliber
guns, mounted in three-gun turrets. This Mark IV breech mechanism
iz essentiallv the same as the Mark 11 {deseribed below) exeept that
the breech plugs of the right-hand and eenter guns swing downward
at an angle of 167 from the vertieal axis, to the right, while the left-
hand gun plug swings downward al an angle of 16% to the left of the
vertical axis, Thi= arrangement permits more space between the plug
and the spanner tray and for handling ammunition.

737. General description of the l4-inch Mark III breech mechan-
ism.—In this deseription of the l4-inch Muark LI breech mechanism
and its madifications, the meehanisms and operations which are identi-
cal in prineiple with those of the S-inch Mark VI1I are omitted, The
breech mechanisms, similar to those of the 5-inch Mark VI, are of
the earrier tvpe with the Welin breech plug, De Bange gas-cheek
system, and the Smith-Asbury type of operating mechanism. The
pperation of opening and elosing the breech mechanizm is facilitated
by using a eounterbalance spring and a closing eylinder operated by
compressed air (see Plate 1X), To reduce frietion the two trunnions
of the carrier are provided with roller hearings.

738. Breech plug and screw-box liner,—The sercw-box liner and
the breceh plug are slotted to form 16 sections, 4 blanks and 12
threaded steps, in four groups,

739. Opening the breech.—To open the breceh, the operating lever
is awung rearward through an angle of 135°. The erank turns through
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the same angle, The total angular movement of the plug preduced by
the rotation of the erank shaft is 27° 30¢, 22° 30° of which is required
to disengage the threads, During the remainder of the rolation, a
rearward motion is given the plug by means of a rofating eam roller.,
The rearwand swing of the earrier about the hinge pins is continued
by means of the plug handle until the plug has sawung downward
through an angle of 90°, when the energy sequired by the heavy plug
and carrier in swinging down is absorbed and ehecked by the counter-
balanee spring which alse supports the mechanism in the open position.

The Mark 111 type of hreech mechanism should never be opened
when the counterbalanee spring is not in place, as the plug will drop
down, wrecking the carrier and hinge lugs,

740. Control arc.—While the mechanizsm is open, the plug is pre-
vented from rotating in the elosing direetion by the control are engae-
ing the adjacent high section of the plug. The sontrol are is o civeular
segment concentrie with the hinge and is bolted (o Lthe serew-hox liner
between the hinge lugs,

741. Counterbalance and closing cylinder for 14-inch breech mech-
anism (Plate X).—This deviee consists of a pneumatie elosing evlinder
with its braclket bushing and pin, a counterbalance spring with adjust-
ing nul, aspring rod, a spring-rod piston with packings rings, a carrier-
cam bracket with spring rod pin, elosing eylinder valve body wilh
valve plug, valve shaft and sleeve, valve handle, and valve-closing rod
with pins and joint. The elosing eylinder is supported by s hracket
pivoeled in o journal under the recoil-eylinder lug of the yoke. The
spring-rod piston at one end of the spring rod works in the elosing
eylincer, At ils upper end the spring rod terminates in a head with an
ofisel hook which bears on a pin in the carrier-cam bracket. The spring
surrounds the spring rod and extends from under the spring-rod head
to the adjusting nut whieh is threaded on the outside of the elosing
eylinder. The body of the valve for admitting compressed air to the
closing eylinder serves as the evlinder head. Compressed air is led to
the valve hy means of a flexible metallic hose from the reducing valve,

The power of the counterbalanee spring and its lever wrm iz 50
designed that during the opening of the hreech mechanizm the weight
of the plug is nearly balaneed until fully opened, when an extension on
the carrvier bracket eomes in contael with the spring-rod head, inoress-
g the lever arm of the spring, which is thus enabled to take the shock
and stop further motion of the breech mochanism,

To cloge the breech mechanism, eare being taken to stand elear of
the moving parts, compressed air is admitted to the closing eylinder ly
operating the elosing valve by hand. The air pressure on the piston is
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transmitted through the spring rod to the carrier-eam braecket and
the garrier and plug are foreed upward, When the mechanism is nearly
closed, the ball on the closing rod takes up against the valve-elosing
rad pin, sutematically revolving the valve shaft, closing the valve, and
at the same Lime opening o by-pass from the closing evlinder to the
ntmosphere (sec Plate X)),

In easc of failure of the air pressure, the mechanism can be closed
ov means of the plug handle bolted to the plug. In elosing by hand,
e st be taken Lo sland elear of the path of the operating lever.
s possible Tor one man o close the plug with the gun elevated Lo an
angle of 207,

feduring valve—The reducing valve is inserted in the air line at the
end of rigid piping and fastened to the gun yoke by two pipe elips.
[t s =et to deliver o constant pressurve to the inlet valve of the eloging
erlinder instead of the varying pressure in the air supply lines,

742. Salvo latch.—As the =zalvo lateh is dizenpgaged automatically
upen Lthe reeoil of the gun, it gives warning of misfires or hangfires
which might pass unnoticed when a number of guns are fired in salvo.
The salvo-lateh bracket and operating-lever buffer are combined in
me casting fagtened to the hinge lug, so thatl the cateh in the end of
§ e operating lever engages the operating-lever lateh when the breech
tlur iz closed (see Plate X1,

During reeoil the ineriia forees the salve lateh forward against its
gpring and the salvo-latch ecateh is released, thus holding the salvo
iek out of the way of the lever lateh, which may now he pushed
ack by the operating-lever cateh when opening the mechanism, As
e operating=lever lateh and cateh are no longer engaged, it is possible
lp ewing the operaling lever and open the mechanizm, For drill pur-
wees the salvo lateh i= held in its forward position by zerewing in a
arking pin not shown.

The hydraulie buffer prevents the operating lever from rebounding,
thereby permitting the lever lateh to engage the lever catch. A raw-
Aide buffer iz also inserted in the salvo-lateh bracket to eushion the
hlow of the operating lever when it awings home.

16-INCH BREECH MECHANISMS, MARK I
AND MARK I, MOD. 1.
(Plates XIT-XX.)

743, The 16-inch Mark | and Mark I, Mod, 1, breeeh mechanisms
were designed for the 16-inch Mark [ (45-caliber) and 16-inch Mark 11
il-ealiber)  puns, respectively. These mechanisme are essentially
wmilar to the S-inch Mark V11 and the ld4=inch breech mechanizms
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previously deseribed. There are, however, some minor variations which
will be mentioned.

744. The serew-box liner and breech plug are slotted to form 15
gections, consisting of 3 blanks and 12 threaded.

745. Similarly Lo the 14-inch, these breech mechanizms are of the
down-swing type but with a vertical lever-operating mechanism. The
operating lever is on the left of the center line of the earrier and is
journaled at its lower end in the earrier. It is offset so a2 to form a
journal for the lower end of Lhe conneeting rod (Plate XV), slightly
above and to the rear of its own bearing. On the upper end of the
connecting rod 15 provided a universal ball joinl, which is set in the
rear face of the breech plug and serves to rotate the plug as the operat-
ing lever is pulled baek.

746. The ecarrier trunnions are provided with roller bearings
mounted in adjustable eccentric bushings,

747. Two rotating cams are holted to the breceh end of the gun.
They make eontaet with eam rollers supported in brackets bolted to
the plug. These enms are so eut that the upper and lower rollers work
in synchronis=m.

748. Tripping device.—A szafety mechanism, known as the holding-
down latch, is located in the carrier below the plug. This consizts of
toggle levers which, when the breech mechanism is open, prevent its
being elosed without first operating the tripping handle. Thiz mecha-
nism iz elearly shown on Plate XVIL

740. Closing mechanizm.—The closing mechanizim eonsists chiefly
of two pneumatie eylinders fitted with piztons and one counterbalanes
spring. The pneumatic closing eylinders are secured in the o=cillating
bearings, which are pivoted in the closing-evlinder brackets. These
brackets in turn are bolted to the lower part of the gun yoke. The
pistons are secured to the forward ends of the spring rods. The rear
ends of these rods are pivoted to the spring-rod brackets, which are
bolted to the earrier. Air is led from the reducing valve through the
closing valve by means of copper pipe and flexible metallie hose to the
forward ends of the closing eylinders. When the closing valve is opened,
air iz admitted againzt the spring-rod pistons, foreing them to the rear
and thus eausing the earrier and plug to swing upward to the closed
position. A eounterbalance spring surrounds one of the spring rods
between the spring-adjusting nut and the oscillating bearing. This
spring, which is under its maximum eompression while the mechanism
is open, assists the spring rods in cloging the mechanism and absorbs
the energy acquired by the plug and earrier when swinging open.

As the carrier reaches the vertical position in swinging home, it
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comes in eontact with the elosing valve handle and closes the valve,
This euts off the air pressure, which iz released by check-valve vents
and allows the air pressare to deerease until the valve spring has
sufficient: foree fo lift the valve from its seal.

When the plug is unloeked, i falls in a downward are, foreing the
spring rods with their pistons into the eylinders and compresses the
counterbalanee spring, A boss east on the carrier comes in contact with
the pizton rod of the breech-opening buffer, forcing it in against the
resistanee formed by liquid in the buffer eylinder; thizs evlinder iz pro-
vidled with ports to by-pass the liguid to the forward side of the
piston as it ig forced down. The alter end of this piston takes up
hard against o boss on the inside of the eylinder, which forms a posi-
tive stop for the mechanizm. The buffer eylinder is bolted to the rear
end of the recoil piston and is tilted at an angle of 5% from the hori-
zontal. The counterbalance spring which encireles the right-hand clos-
ing eylinder iz so designed thot it nssists in balaneing the weight of the
plug, Air is admitled to the elosing eylinder by opening the elosing
valve by hand, thus admitiing air hehind Che spring-rod pistons and
cloging the mechanism, The blow of the operating lever as it nears the
closed position i taken up by means of a hydranlie buffer east infegral
with the salvo lateh, which locks (he operating lever in itz elosed
position, The salve lateh is automatically released by the reeoil of the
cun; it may also be operated by hand. In ease of failure of air pressure,
it is readily possible Tor three men to elose the mechanism by means of
the closing handle bolted to the plug, In elogsing by hand great eare
miust be exercised to stand clear of the path of the operating handle.

FIRING MECHANISMS.

750, Definiion.—The term “firing mechanizm™ iz used to designate
that part of the breech mechanism which directly explodes the primer
and thus fires the gun,

751, Guns are fired by pereussion and by elecireily, Pereussion
primers are used for guns of 3-inch caliber and below, while guns of
larger caliber use combinalion primers whieh may be fired either by
pereussion or by electrie eurrent. Por large suns eleetrie fiving is con-
sidered preferable, pereussion firing being used only as an alternative.

Current for eleetrie firing is Murnished cither by batteries or by
molor generators, conneetions being made so that ecither one may be
used.

752, Definition of percussion and electric firing mechanism.—A
pereussion firing mechanism is one in which the blow of a firing pin
explodes the cap in o primer.
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An eleetrie firing mechanism is one in whieh an insulated firing pin,
suitably eonnected to a firing battery, or other sourer of eleetricity,
trangmits an cleetrie current to the primer grounded in the gun, Blee-
trie current heats a fine wire or bridge in the primer to a sufliciently
high temperature to explode the eharge of the primer,

wenerally speaking, for the pereussion firing mechaniam, the firing
pin, surrounded by a spiral spring, has a reetilinear axial movement
within the plug, the cocking being performed antomatically during
the opening of the breech mechanism.

The eleetrie firing mechanizsm has an eneased insulated firing pin.
The electric eontact is not made until the breech block is entirely
closed.,

753. The firing lock consists essentially of a receiver which serews
on the rear of the mushroom stem (sce Plates [11 and 1¥) and eon-
taing a wedge made so that the primer seat may be either closed or
unmasked for priming. The reeeiver has a suitable eateh for retaining
the primer when priming, and an extractor for ejecting the primer ease
upon opening the breech after firing, For electrie firing, the wedgo
econlains an insulated firing pin which i= in eontact with the insulated
plunger within the primer; the latter is grounded in the gun, For pereus-
giom fire, the wedge carries a hammer, firing spring, and eocking lever
Lo deliver the hlow to the same fiving pin as that used for electrie
firing,

754, Safety iz one of the most important funetions of a firing mech-
anism and speeinl eare must be given to it in design. In general, the
safety features consist of devices which prevent the firing of the gun
until the breech is entively closed ; the details vary with each partieular
mechanism,

755. Definitions of firing attachments.—These are a part neither of
the firing mechanism nor of the breech mechanism, but are ecrdain
applianees used to put in operation the firing mechanism. The firing
lanyard, clectric firing battery, wires, terminals, firing key, ete., are
attachments.

The two terms firing mechanssms and firing aftachments should not
be confused.

DESCRIPTIONS OF FIRING LOCE, MARK XIV
AND MODIFICATIONS.
(Plate XKL}

756, This firing lock, which is the stundard equipment for the latest
=, G-, 8=, 12, 14-, and 16-inch breech mechanisms, consists of o re-
eeiver, wedge, operator bar, extractor, and primer-retaining cateh,
The wedge is aetuated by mesns of o oeam attached to the operating
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lever of the breceh mechanism. This eam withdraws the wedge and
cjeets the primer as the breeeh is opened. Priming is aceomplished by
hand, and in case of misfire, the lock can be reprimed without opening
the breceh mechanism, by rotating the wedge hand-operating lever,
thus lifting the wedge-operating plunger irom the eam; the lock-
operator bar ean then be drawn oul, carrying with it the wedge. The
weilge actuates the extractor and eauses the cjection of the primer.
After the new primer has been inserted, the lock-operalor bar iz pressed
in against its stop; the wedge-operating plunger re-cnters the cam slot
and gun is again ready to be fired, The firing lock is the same for
all mechanisme; operator hars of different lengths, however, are neees-
sary for the various breech mechanisms,

757. The receiver, approximately rectangular in shape, is milled out
to receive the wedge. 14 i secured to the breeceh mechanism by means
of o hayonel joint on the end of the mushroom stem and is prevented
from rotating by the operator bar which is fustened to the wedge. The
receiver is drilled for the extractor pin and necessary elearanecs are
milled for the extroctor. On one side of the receiver is milled a slot
into which a lug on the hammer slides, thus preventing the hammer
irom being pulled back for pereussion firing after the wedge has started
o retract. In the front face of the receiver on the side with the milled
slot is fitted the hammer guide block, This bloek i milled =0 as to
align with the slot and sllows the hammer to be cocked only when the
wedge is fully elosed. It also serves to lift the hammer, thus breaking
the contact with the firing pin and preventing eleetrie firing exeept
when the wedge is fully elosed.

758. The wedge slides in the receiver and iz operated by means of
the operator bar, It is prevented from being withdrawn entirely from
the receiver by means of o wedge-stop serew passing through the side
of the receiver and fitting into & recess milled in the side of the wedge.
The firing pin is mounted in insulating bushings at the inner end of
the wedge, A hardened faee plate is placed in the wedge next to the
mushroom stem o take the thrust of the primer when fired. This
wedge face plate has o striking lug for actuating the extractor as the
wedee 1= reteacled. The inner end of the wedge has a 45° sloping eut
to permit pushing home the extractor, and a circular tapered cut to seat
the primer. The wedge is drilled for the hammer throst pin and the
firing =pring, The thrust pin, when the hammer is drawn back, pro-
trudes through the wedge into a hole drilled in the erosshead bearing
of the breeeh meehanizm, This hole 15 in alignment with the thrust pin
only when the breeeh plug is fully elosed. The thrust pin, due to the
aetion of the firing spring, keeps the hammer in contact with the
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firing pin except when the wedge iz retracted. The wedge is secured
to the lock operator bar by the operator har pin passing through a
hole in the outer end of the wedge. This hole is elongated to provide for
any movement of the mushroom stem to rear at time of firing,

759. The hammer has fitted into its right-hand side a spring catch
which aets in eonjunetion with the eocking lever, This cateh engages

Frg., T07.—A Immiva Loce Movsren ox Exp oFr Musaroos ST,

with the lateh as the eocking lever is pulled back by the lanyard for
pereussion firing until their relative positions are such that the hammer
is released. When the lanyard pull is released, the cocking lever spring
throws the lever forward into its original position and the lateh snaps
over the hammer cateh, The eontaet piece iz housed in an insulated
houging in the forward end of the hammer. The lower cnd rests
upon the firing pin when the loek is eloged; the upper end earries a
terminal to which one side of the cleetrical firing cireuit is connected.

760. The cocking lever turns on the cocking-lever axle, directly
above and in the same vertieal plane as the axis of the hammer. In-
corporated with the cocking-lever bearing is a cocking-lever spring
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which has a torsional petion tending to throw the left end of the cock-
ing lever towards the loek. One end of the spring engages a reeess in
itz housing in the cocking lever; the other engages a hole in the torsional
washer that serves as eover to the spring housing and also as a bearing
for the cocking lever. Adjustment of the spring tension is effected by
turning the torsional washer in the direction of the arrow stamped on
it until the zero mark i= aligned with the index line on the wedge, A
lug on the right-hand zide of the eocking lever extends toward the face
of the wedge and serves as a lateh to engage the harmmer eateh when
the hammer i= to be pulled back for pereussion firing, When the cocking
lever is in it normal position, the under edge of the lateh lug rests on
‘the face of the wedge and transmits 1o the wedge, instead of through
‘the hammer and to the primer, any aceidental blow upon the eocking
Jever. This precludes aceidental firing which might oceur were the
cocking lever struck when the lock is eloged, The hammer, mounted
‘between the wedge and the eoeking lever, is amply protected from ex-
terior blows. The slightest withdrawing of the wedge from the elosed
position removes Lhe firing pin from the pereussion cap of the primer

firing, the loek may be fired pereussively by hand- ar foot-operated
firing mechanizms ineorporated with the various mounts by an exten-
sion which may be attached to the outer end of the eoeking lever,
. 761. The extractor is pivoted in the reeciver and fits between the
forward faee of the wedge and the rear faee of the mushroom stem.
The extractor arms engage the primer shell on two sides, a clesranee
1t being provided in the extractor for the primer seat extension on
e rear end of the mushroom. The extension is added to the end of
e mushroom slem to give better support to the primer. The extractor
actuated by an exfractor com which turns on the same pin as the
tractor. When the wedge is retracted the lug on the wedge face plate
rikes the extractor cam, which, in turn, eauses the extractor to
iing to the rear, lifting the primer retaining eateh out of the way
d ejecting the primer. This extractor cam is also provided with a
ional extractor spring which returns it to the original position as
son as the wedge is sufficiently withdrawn. In priming, the primer is
Mlserted between the arms of the extractor into the primer seat, The
: ad of the primer, seating in 4 recess eut in the rear faee of the ex-
! dctor, pushes the extractor forward until U primer-retaining eateh
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engagos the primer, The extractor and primer are pushed entirely
home by the tapered cut on the inner end of the wedge. >

762, The primer-retaining catch consists of a cateh housing which
iz geeured to the upper end of the reeciver by two serews, a eateh
which slides in and out of the housing, a guide serew which controls
the outward movement of the cateh, and a cateh spring which keeps
the cateh in the eorreet retainine position. This eateh sits in rear of
the primer seat, and when the primer is inserted in the seat the enich
is pushed in until the head of the primer is engaged by the forward
face of the eateh, When the wedge i3 closed and the primer is pushed
home, the end of the wedge pushes the eateh into its housing. When the
primer iz ejected, the arms of the extractor foree the eateh out of the
way of the primer.

763. The lock-operator bar iz secured to the carrier by means of
o T-slot. The movement of the bar is controlled by o wedge operating
plunger, The stop plunger iz houzed in the operating bar, being held
in the housing by means of a stop-plunger key fitted in the forward face
of the operator bar, o stop-plunger spring being used to keep the
plunger against the key. A stop-plunger pull ring is attached to the
end of the plunger to enable the plunger to be litted over the cam sur-
face when withdrawing the bar from the earrier. This plunger works
againgt a machined surface in the carrier and only allows the bar to
be moved the distanee necessary to close the wedge and to align the
firing pin with the primer.

764. The wedge-operating plunger iz houzed in the outer end of the
operator bar, the end of the plunger entering the slot in the operating
eam, Thiz eam being secured to the operating lever of the breeeh mech-
anism eauscs the loek to open and close with the opening and closing
of the breech mechanism. The wedge-operating plunger is secured In
the housing by means of a wedge-operating plunger pin and plunger
pin detent and is kept in the cam slot by means of a wedge-operating
plunger spring. Over the housing for the wedee-operating plinger 18
seeurcd the wedge hand-operating lever. This lever has two helieal
slots dismetrieally opposite, through which it is secured to the housing
by a plunger pin and by which, when the lever is pushed outward, the
wedze-operating plunger is lifted out of the eam slot. The operator bal
can then he moved outward, withdrawing the wedge. The wedge han-
operating lever is used only for repriming or in assembling or iliaas-
setabling the lock, The inmer end of the operator bar is secured Lo the
wodee by means of an operator-bar pin with a spring detent.

765. Safety features of the firing lock may be summarized:

(1) Unless the wedge is fully elosed, () a lng on the hammer, glicing
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in aslot on one side of the reeeiver, prevents the hammer from being
pulled back for pereussion firing; (b) the hammer lug slot in the re-
~geiver eauses the hammer to be lifted, thus breaking the eleetrical firing
girenit.

(2) Unless the breech mechanism is in the fully closed position, (a)
the hammer eannot be drawn back for pereussion firing as the hole in
the erosshead bearing of the breech mechanism iz not in alignment
‘with the hammer thrust pin; (b) the operator bar and the attached
wedpe cannot be placed in the firing position, for the surface of the
Ceam on the outer side of the cam slot is cut down to allow the wedge-
:' 'upgmt.ing, plunger to move over it in withdrawing Lhe operator bar from
the slide, but the surface on the inner side of the cam slot is too high
to permit the plunger to slide over it; (e) a shoulder on the end of the
erosshead bearing of the breech mechanism prevents the wedge [rom
'.’h ing closed.

(3) Unless the wedge is retracted o pin, which is secrewed into the
‘earrier, prevents the rotation of the firing lock to the position for
‘assembly or removal,

(4] When the cocking lever is in its normal position, the under edge
of the cocking-lever latch resis on the face of the wedge, and transmits
'_ the wedge, instead of through the hammer and primer, any acei-
dental blow upon the cocking lever,

760, Briefly, the advantages of the Mark X1V firing lock are:

{1) It ean be reprimed without opening the breech and without
endangering personnel.

{2) By one pull on the cocking lever lanyard it ean be cocked and
fired by pereussion, this eliminates separate cocking and firing opera-

:{3} It has a short, well protecied, insulated firing pin and a short,
J ong contact piece on the hammer,

{4} If the primer is inserted past the primer retaining eatch, the
latter keeps the primer in place and thus prevents the primer from
being jammed or sheared by the wedge.

(8) The design of the lock prevents the possibility of firing the
_'..lmar, either by percussion or by electricity, unless the plug is com-
pletedly elosed.
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FIRING ATTACHMENTS AND GAS-EXPELLING
. DEVICES.

801. In 10. 8. paval gune the term firdng mechanism is used to
designate that part of the breech mechanizm whieh diveetly explodes
the primer and thus fires the pun, The firing attachments comprise
those appliances fitted to the gun and mount, which put the firing
mechanism in operation. "U'he lock lanyard, electric firing battery, wires,
terminals, and fring key are attachments.

802. Electrie firing for large guns is the primary method of fire, per-
cussion firing being vsed only as an alternative. Kleelrie primers
shorten the firing talervel, or the Lime that elapses between the instant
the gun pointer wills to fire and the instant the projectile leaves the
muzzle. This interval, which on the avernge is three-tenths of a seeond,
has two faetors: (1) The personeal fuctor (which is much the greater),
depending on the pointer's quickness of co-ordinating mind and
mugehe, and (2) the time consumed by the travel of the projectile along
the bore and by the mechanical action of the firing deviees.

803. Current for electrie firing is Murnished by motor generators or
by storage batteries, conneelions being made #o that either may be
used. The motor generators for this purpose, usually two in number,
are loeated in an interior communication room of the ship, and fuke
direet eurrent from the ship’s eirenit. Thev deliver alternating enrrent
sl 125 volts to the fire-control switehboard, where the various unils
of the battery are eut in or out in aecordanee with orders from the
firc-control officer. Alternating current has several advantages over
diveet eurrent for gun firing eiveuita, The principal advantage is that
the presence of o translormer in each turret or pun eireuit prevents g
ground or short eircuil in one turret or gun from putting the entire fir-
ing cireuit ont of commis=sion,

804, Firing circuit for turret guns.—'The wiring diangram for the
firing cireuit of turret guns on a battleship is shown on Plate 1. 14 will =
ke seen that direct current for the motor end of the motor gencrnfors
can be taken either from the ship’s mains or from a slorage battery
discharging at the rale of 50 ampere hours, with o voltage of 125,

The motor generalors serve merely to eonvert direet current into
alternuting eurrent at the same voltage. The latter is led to the fires
control switehboard, which is shown to carry four eut-out switches,

196
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one for eaeh of the four turrets. By elosing these switehes to the right,
ewrrent is delivered direetly o the primary eoil of a transformer located
in each turret. There the voltage is stepped down to 20 volis alternat-
ing current at the terminals, which is ample for firing the primers in
the guns,

805, Located in the turret officer’s booth in the (urret is & selector
switeh for either direetor fire or loeal fire; when this switeh is closed for
local fire the current is completed to the primary eoil of the tarred trans-
formaer, There aldo i a seleetor switeh wherebhy eurvent for firing can
be taken cither from the seeondary of the transformer or, in ease of
failure of the motor gencrator, from a loeal storage battery in the
turret, This is o separate battery from that mentioned i Arl. S04,
which may be usied to supply the motor generator. Following the dia-

- gram, it will be seen that the path of the curreni leads from thiz switch
to the pointer’s firing key at cach gun, thenee, individually for each
gun, to the turret officer’s snap switch (which is elosed unless he
| wishes to cut out a gun from firing), then to the gun eaptain's ready
gwitch (which ir closed ns soon as the gun iz loaded and primed),
thenee to the terminals ot the breech of the gun (which make eontaet
.._hﬁ:emm as the breeeh is elosed and locked}, from this point to the primer
__].'.-l'iw‘.lgdat-t and thenee to ground. It is apparent, therefore, that as soon
& the gun is loanded, primed, and ready, the only break in the eireuit
5 the pointer's key which is elosed when the pointer’s sight is on the
sarget and the firing signal is sounding. All guns of the turret may be
Bred from any one of the gun firing keys, the pointer being designated
= the firing pointer
- 806. The portion nf Lhe firing eiveuit deseribed so far is sufficient to
mable the guns to be fired by the pointers. This method or system of
bring, known as “pointer fire,” was the only one in nge until about
1014, Sinee that time, however, “direetor fiee” has been introduced
tder which the guns are lnid to a predetermined angle of elevation,
& the actual sighting and firing is done from a station located usually
aloft, The remainder of the firing cirewit shown on Plate 1 covers this
fircctor feature, und consists of tho necessary switches and leads to
ihe various gun directors installed on the ship.
As will be seen from the diagram, direetors are located in the fire-
witrol tower, the foretop, the maintop, plot, and i high turrets
Vos, 2 und 3. By proper manipulation of switches on the fire-control
itchboard, any one of these directors can be made o control all
a; or the control may be divided between two of them, the fore-
op direetor, for instance, being used for twrrels Nos, | and 2 and,
e mainlop dircetor for turrets Nos, 3 and 4.
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When director fire is being used, the four turret switches on the fire-
control switehboard are thrown to the left. The firing pointers’ keys
in the turrets are closed when the guns are Laid, and held in that posi-
tion, =0 that, as soon as the guns are loaded and ready, the only break
in the eircuit is the firing key at the director. It is eustomary to have a
firing pointer in addition to the elevating pointer in each turret. The
firing pointer, observing an elevation indicator and with a separate
firing key on another lead, keeps the eireuit elosed if the guns are
Joaded and the pointers of the gun elevation indieator remain matched.
The guns in the turrets, all laid to the desired angle of elevation, fire
in zalvo as the director key is closed.

When the turret officer’s selector switeh is thrown either for batiery
or motor generator, it closes at the same time the ready-light circuit,
lighting the ready lights in plotting room and eontrol stations, to indi-
cate that the turret is ready to fire, This is a 110-volt eircuit entirely
independent of the firing eireuit, but the throw of the double-pole
selector ewiteh closes one break in each eireuit.

It will be noted that both the foretop and the maintop are provided
with double leads to the director. This is due to their exposed position.
The extra leads provide a stand-by in ease one eireuit should be cut.

807. Plate I shows also the wiring in the turret for dotfer gear,
sub-caliber, and other drill purposes. For simplieity and elarity these
cireuits have been omitted from the drawing of each turret. No special
deseription of this material iz required, since the diagram indieales
clearly the various eonnecctions.

808, The firing circuit for broadside guns, together with the light-
ing circuit, is shown in Fig. 801, which represents a 5-inch, 51l-caliber
gun and mount with firing attachments.

In order better to follow the various leads, a diagrammatie layout
of the eireunit is shown below the mount. For simplicity the switehing
arrangements of the interior-communication and the secondary-bat-
tery switchboards have been omitted from the diagrammatic sketch.
Plate I shows the connections on the fire-control switehboard for the
lead to the primary windings of the secondary-hattery transformers.
It will be seen that current for firing may be taken either from the
sccondary winding of the transformer or, in ease of failure of the
motor generator, from a local battery, the transfer switeh being thrown
as desired, From this switeh, the path of the current leads to the point-
er's firing key, then to the breech of the gun where a break in the cireuit
oeeurs in the firing loek until the bresch is fully closed and locked, and
thenes through the primer bridge and primer wall to ground. The other
end of the cirenift iz shown grounded at the transformer and baltery-
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809. Branching from the lead from battery is shown the lighting
eirenit, which serves to illuminate the cross wires in the pointer’s and
trainer’s telescopes as well as Lhe sight seales and the training indiecator
in the base of the gun mount. It is apparent from the diagram that
eurrent for lighting is taken only from the batiery. The lampe, which
are small and of low voltage, are grounded on one side in order to
complete the eirenit back to the grounded battery terminal.
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. 810. For director firing of broadside guns, additional leads extend
to the direetor station. There the director is loeated, provided with
& key for firing all guns of a group or broadside. These leads are indi-
tated for convenience in Fig, 801 which shows the firing cirevit of one
n only. Actually the eomplete wiring diagram would rezemble some-
What the diagram for turret guns shown on Plate I, where one director
an be cut in to fire & number of guns,

~ Referring to Fig. 801, by closing dowsaward the switeh shown in the

tead from the motor generator, the director is eut out, and current is
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provicded at the gun for “pointer fire.” Closing the switeh wpward euts
in the direetor and puts the eireuit in readiness for "director fire"
When the Iatter method of firing is used it, of course, beeomes neces-
sary to elose the pointer's firing key at the gun and maintain it in thal
pozition when the gun is in all respects ready to fire, so that the only
break in the eireuit will be at the director firing key.

£11. In all electric firing ehief dependence is placed on the motor
generator. The baltery is used as o stand-by souree of eurrent in case
of failure in the motor-gencrator line. For director fire it is apparent
that the battery eannot be utilized at all, sinee its use is confined solely
to the gun or tuerel, where it is located, whereas director fire involves
the firing of several guns in salvo, all from the same source of eurrent,

812, Firing keys.—In the disenssion of firing eirenits above, refer-
ence has been made to the pointer's fiving key, and to the divector
firing key.

Tigure 1, Plate 11, shows the form of firing handle formerly used on
two-hand drnr w]mch such as were provided for 5-inch, 51-ealiber
gunsg, The firing handle is simply a push button earrying on its lower
end g metal bridge to close the gap between the insulated firing eireuis
terminals. In its normal position, the metal bridge is held clear of the
terminals by means of the spiral spring shown. Pressing the push bution .
serves to eompress Lhis spring and bring the metal bridee into contack
with the terminals. [t will be noted that the mounting of the metal=
bridge at the bottom of the push button iz such as will allow the hrldge' :
to adjust its position to accommodate itself for unequal lengths of the
terminals of the firing cirenit. This type of key has been displaced by
the Mark XVI firing key, but it may be occasionally encountered i
servicee.

Figure 2, Plate L1, shows the handwheel grip firing key now in gt‘lla.-'
eral use for main, hmmlwln, and anti-nirerafl batteries. The same ey
is adapted to the form of the pistol grip for use on the directors, Whest
the trigeer is squecszed, the metal bridge is foreed down by means o
the lever svstemn shown, thus closing the gap between the insulatel
firing cirenit terminals. When pressure on the trigger is released, thes
metal bridge is thrown out, of contact with the terminals and the L'it'clf.
broken by action of the two springs X and &,

813. Care of electric firing attachments.—All batteries, firing et
euits, and firing locks should be frequently tested. Batteries are testas
for voltage and specific gravity of the electrolyte. Firing eireuits 4 ¢
tested for resistanees from the swilehboard to the grounded leg of thi
primary winding of the transformer (both direet and via the directorsis
from the grounded leg of the seeondary of the transformer to the firing
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locks, and from the hinding posts of the latter to the firing pin points,
On all 1ests on open ecireuit, the resistances should not be less than
Cone megohm. On clesed eirenit, they should not exeeed one ohm. Due
' {o the action of grease the insulation material of firing locks has a
“short life and requires frequent renewal. The insulation, if possible,
should be kept free of grease.
It is of the utmost importancee to keep firing locks and firing attach-
ments in efficient eondition, The failure of the firing cireuit of a gun
npairs, Lo a great extent, the offcnsive power of the ship. The faulls
mast frequently found are broken wires and grease or other foreign
n. atter in the conncetions. Plugs should be well seeured to prevent
hem from being jarred loose by gunfire. Wiring should be properly
covered with insulating maierial to prevent the possibility of short
eirenits. Kleetric primer failures are generally due to poor contacts or
‘poor insulation in the firing locks. The primer seals and primers espe-
pially should be kept elean and free of grease. The surest test of eleetric
firing cireuits is the firing of primers,

GAS-EXPELLING APPARATUS.

. 814, Flarebacks.—The smokeless powder used in the United States
 Navy leaves in the bore, after firing, an inflammable gas (earhon mon-
“oxide) which sometimes becomes ignited on opening the breeeh plug,
-:. using what is ealled a Hareback, With bag guns this flareback is very

dangerous, sinee the powder charges may be ignited by it in loading,
Cas happencd with disastrous results in the after 12-ineh turrel of the
IS8, Missouri on April 13, 1904,

B15. Gas-expelling device.—To guard sgainst flarchucks, an air
‘blast dovies is now fitted to all bag puns to blow out through the
zzle the gnses remaining in the gun after firing, Plate [LI shows the
device fitted to a 5-inch gun, and Plate IV shows a similar one for 14-
Snch and 16-inch turret guns,

Itcferrmg to Plate 111, air at about 150 pounds pressure is brought
’._1'« an accumulator through a brass pipe extending up through the
SHount. A swivel joint in the lower part of the mount (furret) permits |
the pun (turret) to be trained without rapturing the air line, Divectly
eath the gun is a stop valve by means of which the air pressure ean
placed on the gun or shut off as dezired, Bevond this valve extends
retion of flexible metal hose, of length sufficient to allow for the re-
of the gun. The after end of this hose is coupled to a seetion of
pper piping, which in turn leads to the ges-ejector vilve located on
8 breech of the gun. Figure 802 shows this valve. Instead of a bight
O flexible tubing, broadside guns are frequently fitted with a tele-
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CHAPTEER VIII, PLATE III.

Gas Emmeron For Broapsme Mousr,
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geoping air line, the pipe seetion attached to the gun telescoping in
and out of the pipe section attached to the slide,

| 816, Operation.—The operation of the gas—cjector valve ecan he
readily understood from the figure. The valve seats downward, heing
held against its seaf by a spiral spring and by the air pressure in the
line, Against the bettom of the valve rests one end of the valve plunger,
the other end being in confact with the eam-shaped valve lrigger.
There is a cam plate on the breech plug, o located that the first motion
of rotation of the plug in opening brings this plate against the valve
trigger, revolving it beyond the dead center and thus pushing the valva
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plunger upward and unseating the valve and leaving it open until
elosed by hand. This allows the air to rush past the valve to an annular
passnge eut between the serew-box liner and the jacket, and thence
throngh equally spaced holes leading to the serew box. As soon, there-
fore, as the breeeh plug has been withdrawn sufficiently to unseat the
gas check, air is foreed through the muzzle of the gun, taking with it
the gases lingering in the bore. When the breech is fully opened, and
the bore is seen to be elear, a member of the gun erew touches a lever
o the valve-trigger shaft, which trips the valve and closes it, thus
shulting off the air. During firing, air pressure iz kept turned on and
maintained on the piping up to the gas-cjector valve,
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817. Below the armored decks, auntomatic elosing valves are installed
in the air lines to the guns mounted in exposed parts of the ship, such
as the upper decks, Should these unprotected {(by armor) lines be
pierced, the resulting eseape of air would diminish quickly the pres-
sure in the accumulators. These valves are 50 adjusted that the fall of
pressure cie to opening the breech of a pun does not affect them, but
an abnormal fall, such as that eaused by o rupture of the air line,
causes them to elose immedintely.

818. The gas-ejector system for turret guns, shown on Plate IV, is
similar (o that desgeribed for broadside guns, Air from the acenmu-
lators is led to o point overhead near the roof of the turret, where an
athwartship pipe disiributes it to the guns. Each gun is fitted with =
teleseaping air line, extending to the brecch where the gas-ejector valve
is loeated. For both broadside and turret gung, the orviginal design for
maintaining the integrily of the air line during recoil was to conneet
the terminal of the air =ystem on the breech with that on the slide by
meang of a seetion of flexible metal hose. The later and more usual
practice for hoth broadside and turret guns i lo fit telescoping air
lines in place of the flexible metal hose. Whichever method is used
between gun and slide to provide the necessary flexibility during recoil,
it iz alen necessary to install a Aexible metal hose or a Mexible ball and
zocketl coupling in the air line between the earriage and the slide to
provide the required flexibility during elevation.

The gas cjector system is shown attachod to the pun in Plates
XII-X'X, Chapler VIL.

819, Air pressure in turrets.—It is customary to close the openings
to tho turret and maintain the turrel chamber under an air pres=ure
above gimospherie from the turret's venlilabing system during firing.
This is done as an auxiliary to the gas-expelling deviee, but never re-
places it.




