Chapter 6

GUN EARRELS AND INTERIOR BALLISTICS

A'

&A1, Scopeof this chapter

The preceding chapter hay already defined a gun
as a tube desizned to discharge 4 projectile at high
velogity by the gas prossure produced by = propelian:
in the tube, Commonly, the term gun applics to the
entire assembly of which the barrel is but one part.

Introduction

In this chapter, pusy, tube, or barrel degigmatne the gun
tube onlv. and net the remainder of the pun aremBly,
which mcludes, in addition, the mountand ather parts
deseribed in the preceding cheaptier.

This clmpteris cencerned with gun Barrel construe.
tion and maintemince, snd with interior hallistics—
what happens mside the gun when it is fired.

B. Elements of Gun Design and Maintenance

6B81. Modermn requirements for gun powar

Present requiremcnts for guns demand muzale ve-
locities of from 2,500 to 3,500 fps. Lower velocities
give less striking energy,. More important still, & pro-
jectile fired at low velocity would describe a curve so
high in the air, for long ranges, that hits could not be
made unless the range were known with great ac-

curary. Since the accurate determination of range is.

a crtical problem in naval gunnery, the high-power
gun is a necessity. High velocity of 2 projectile is
produced, of course, by high pressure upon it while
traveling through the bare.

A gun may be considered as a tube designed to with-
stand a given pressure from within, In construeting
such a tobe, we mugt first congdder whal pressures it
will have to withstand at the varous points of it
length, and then make it strong enough to insure per-
fect safety.  The bore should aleo be of such material
as to stand the wear and tear of firing a farge number
of rounds without being so damaged by expansion or
-abrasion as 1o interfere with the shooting.

682, Strazses in o gun cylindar

Considering a gun only as a cylinder, we find that
the two principal stresses (fig. 6B1) to which such 2
cylinder is subjected upon the explosion of a charge
are:

1. A circumferential or tangential sireis or tengion,
coupled with a radial stress, tending to split the gun
open longitudinally.
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2, A lengitudinal stresetending to pull the gun apart
in 'the directinn of [t lenpth,

Experiments have shown that the greatest stress on
the metal Of the gun is the tensile sireds et up in the
direction of its circumnierence by powder gas pressure,
Toncaddition, the gun alin expérenees & longinadinal
stvess of relatively emall value. 10 thiv longitudinsl
stress gy beconsidered constant (and in puns it miay
he so considered without great error] we may lay down
the first of "Lame's laws,” as follows: '

- {ARY POINT IN WALL)

TAHGENTIAL STRESS

RADIAL PRESSURE

Uopyright ITRES by tha T, .55'. Waoal fnetitute
Figuas 6B] —Forces in s gun cylinder,
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At any point whatever, in a eylinder under fluid
pressure, the rum of the tangential teniion and the
radial pressure varies taversely as the square of the
radius,

This law says; in effect, that in a simple hollow eyl-
inder under internal pressure, points in the metal close
to the bore experience a large proportion of the stress,
whereas those ar a greater radius experienice only a
small propertion.  This means that in a simple hollow
cylinder eomposed throughout of metal of homoge-
neous physical prapertics, we soon reach & limit be-
yond which any thickness of wall aids but little in
enabling the eylinder to withstand pressure,

Henes a modern gun would not be sufficiently strong
to withstand the required pressure if made of a single
simple hollow éylinder, however thick, But the gun
must by built on a prnciple which will enzsble it o
withstand mere internal pressure than could be with-
stood by the simple evlinder 1ype of construrdon. The
problem is to make the cuter layers take a proper pro-
portion of the stress.  In one modern solution to the
probleém, the gun is comstructed of layers of metal.
The layers nearer the bore are held under an inirial
compression by the tension of the euter layers, Thus,
when the gun i fired, the inner layers muet first be
expanded sufficiently to remove the inital compression
before they begin to cxpenicnee 2 positive tension or
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stretch, while the expansion is continuously resisted by
the tension of the outer lavers,

6B3. Properties of gun steel

Before considering the construction of 4 gun accord-
ing to this principle, it will be neeessary 1o examine
sorme of the propertics of gun sieel which have not yet
been considered.  Gun steel is elastic within limits:
thus, if a stress 5 applied 30 28 to wt up a strain {de-
formation or change in dimension) not excecding the
elastic limnt of strain of the stecl, then the stee] will
vetuen o its original shape and dimensions when the
stress i3 remnoved. It is then said ta have been worked
within its elaitic range. However, when the-elastic
limit of strain has been reached, 1 the stress is in-
creased the steel will yield rather suddenly and sufTer
a comparatively large strain without further increase
instress.  Thereafter inerease in stress will still further
increase strain.  The steel is now being worked in its
semiplastic range. (If the stress is sull further in-
creascd the strain will go beyond thesemiplastic range
and the steel will give rapidly and fracture, even with
decrease of load)) The important point is that the
stee] has now received a permanent st or deformation,
Nevertheless, it will attempt to return to itr former
dimensions when the yivers iv remotved. In other
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words, it has sulfered a defprmaton that is permanent
bt elastie.

Thiese propergies of gun steel are ploteed in figure
852, in which the ordinates, measured zlong OY,
represent the eiresses applicd o 3 test piece, and the
abscissal, measured along OX, represent the corre-
s]:lcndjn_g stralng set upe  The rarve is drzwn only to
show tonsion stresses caudng extersion strain in the
ateel, bl it could be shown that the siee] hehaves
eimmilarly wnder compression strissee CHUSE Fompirei-
Sivis struitis,

Az thestresyis raised from O ta A, thesteal iostrained
by the amount OC. 17 the load s mereased sfightly,
the mesl vields suddenly and suffers 1he additionsl
strain OF ay practically constant foad. A further in-
prease in the load to K rauses anaddivonal strain EG.

‘The behavior of the steel thus far sirepresentod hy the:

curve DREDF,

T the load is now removed, the eurve is seen toore-
turn, not to the origin bt to the point H, the line FH
being about parullel o OB, The steel hos taken the
permanent deformation, or strain, O but stll has
clastic propertivs, as s thown by the decrease in strain
from (G 10 H upon removal of the load.  HG is some-
what lnrger than OO, I the same {eat pisce s again
stressnd, & stress coual to OK will be reguired 1o strain
it by the amount HG; for purposes of such a secontd
stress, H may be considered to be at the arigin.

Frorm the:abovie, Tt miy Tie deen thist (he stéel has ac-
quired lwo important nevw properties:

{1} It has received a permanent deformation, or
straing and el redist @ compression steess tending 1o
compress it o its former dimension {curve HM shows
this action],

(2] Tt has cheoged its phyvsieal qualities in that the
application of a stress beyond its original elastic linit,
has given 1t & new olastic imit practically equal o the
stress it has fustained.

Now consider the upplicarion af thiz principle to
gun construction,

684, Built-up guns

In the simplest built-up sum we begin with an inner
stee] tube of outer diameter o, and plice around it a
eylindrical jacket of mner dinmeter d-z. 1 is small—
on the order of .01 in.; ¢ &s called the shrinkaze,

The usnal method of doing this is to heat the jacket,
thereby expanding it, and to slip it over the cold tube,
allowing It to vool and shrink in place. The result is
that the tube receives a straln in compression (neoga-
tive: extension) , because of the shrinkage of the jacket
upon it, while the jacket feceives a strain inextenision,
beinr uriable to shrink to §ts farmey size: These strains
are wall within the elaytic limit of strain of the steel
We have here, then, not an initially unstramed steel,

84

hut a compound eylinder of two members, the inner
of which has an initial strain in compression (nega-
and the outer an initial stmiin in extension
{ poattye )

When powsder gas pressure (stress| s applied in the
bere of such a compound evlinder, the pressure must
first expund the tube ecnough to remuove the initial
strain of pompression befors it can continue the ex-
pannioil toward the elastic limiit of extenson of the
tube. Such expansion B continuously opposed by the
jacket, which is preseine inward. Thie action mav be
stated in the [pllewmg principle:

If any prassure be applied to'a coampound eylinder,
the stramn st vuch point will be the alzebraie sum of
thie straimeal the point before the pressurs was ﬂppli[rd
and the strain which the same pressure could cause at
the corresponding point in asimple cylinder, of the
rame dimenions & the compound one.

In sroompeund cylinder, avcording to thes rule, the
inner layer receives less strain in firing than would be
recoivnd by the corresponding: layer in a simple oyhin-
der, for the origingl compression must first be over
camr pefore any pesiive strain (extensien) can be
introduced, (:i.}m:-p-'mtlmgl}, the auter layer receives
more strain than it woold in a ﬂu'rplf {:j-’hﬂdEI pfu:
the ﬂngm.:'.l strain in extension that it receives in con-
struction. The stress [elt by the different layers of
the gum is theén po longer inversely prdpurﬂ-:rnal to the
sapate of the radivg aecording to Tamds law, but in-
stead is meote evenly apportioned among the layers of
metal.

This principle fs applied in the built-up gun, which
wie biiefly daseribed in the preceding chapeer, and is
illustrated in Aigure 6B3. The principle of prestrissing
by shrinkape has it limits of application, however,
Regardless of whetherstrains are setup by firing or by
prestressing (shrnkage), the following. lmiung prin-
ciple applics;

No: fiber of any cvlinder of a bultup pun must be
thratned Beyond the plagtre ftmit of the metal of thot
exlimder.

In a buili-pp gun, the outer r},hndrrs, or hoaps, are
heated and assembled one at a time on the mbe. As
the heops conl, they shrink, and tightly grip the cylin-
ders within them. The logking rings are then added
to prevent longituding] movement of the hoops, Alter
the hoops and locking rings are assernbled on the tube,
the critire essmbly 1= heated and shrunk on a lingr
The 16-inch gin I an example of this constructon.

The liner, which carmies the rfling s usually thinner
than the tube Tt 38 therelors, nod o be conmdered
a major strength member, sinee all but o small part
of the strain 15 transmitted through the lmer to the
tube and hoops.  The liner can be replaced when the
rifting has worn down. without sserfficing the other

|
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paris of the barrel which have 2 much longer service
Life.

The asenibled harrel forms n oylinder within which
high pressire is developed as the charge explodes,
The efiect of the pressure 15 greatest on the inner
evlinder, and diminishes rapidly s it procesds oul-
ward. T[ the outer hoops were assembled over the
mhbe without shrinksge, they would be subjected to
less strain than the tube and the strength of sun
would be lile greater thin the strength of dhe twle,
However, the shrinkage of the hoops syueezes the tube,
at the same time ‘stretching the hoops. The safe
pressure of cxplosion can then be inéreased, {or it must
overcome the squeese before it can stietch the tube.
The shrinkage is o caloulated that each haop carries
a share of the strain.

6B5. Rodiolly expanded guns

A gun made from a single cvlinder which hat been
subjected to a radial-expansion process is called a
radially exganded monehloc gun. In this proces
the gun forging is bored to & diameter somewhat lesc
than the finished dimension, and turned down on the
outside m something preater than its finished dinmeter.
Hydraulic pressure i& then applied to the bore. By
Lamé's law the metal at various points through the
wall of the gun will experience stresses which are
inversely proportional to the squarc of their radii
The pressure in the bore s increased in steps, untila
thin, indefnite luyer of metal nearcst the bore is
brought to its elastic limit of strain. At this time all
the other (imaginary) layers of metal in the foging
are algo strained, but all within their elastic limit, and
the amount-of strain’ decreasss regularly as we con-
sider luyers of the metal more and more remote from
the hare,

The pressure is now increased 4o that the bore layer
is strained beyond 1ts clastic limit, the layer next out-

Buile-gp major caliber gun.
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MUZZLE BELL —
{Crids seriiog, )

side the bore layer is brought just to its clastic limit,
and the tension in all the othér layers is increased,
Scill Turthtr incrense of pressure Increnses the per-
manent steain in the bore layer (which is now being
worked in the portion of the curve BDF, fig. 6B2),
struing the second Taver beyond its elastic lirrii:, birings
a third layer up to its elastic limit, and increascs the
tension inoall the other favers. The increase in pres-
sure i continued unil the ouwtside laver of metnl just
reaches jts elastic limit of stroin, and this pressure id
held for a time.  This pressure is considerably greater
than the pressure which the gun will be called upon
1o withstand when fired,

When the pressure 5 zemeved and the metal allowéd
to return to a state of rest, the physical condition of
the forging is as fallows:

1. The bore layer, which hasexperienced the great-
eyt stress and thercfore received the greatest perma-
nent strain, i pressing outward upon the second layer,
for it tends © be larger than the second layer, Hay-
ing recudved the greatist etress, it has w greater per-
manent-and-slastic limit than the second Jayer, and &
oreater clasticity,

2, Convereely, the second Jayer, having received
slightly less stress, is srrained slightly less, has less
clasticity, and is pressing inward upon the fisst layer.

3. Contmuing outward, the third layer bearns the
same relation to the second laver ay the stcond does
to the first. and so on

The net result s that the ioner layers are being
pressed upen by the outer layers, and receive a strain
in compression, as in the curve HM, figure 6B2, but
they resist this preesing inward by pressing outward,
snd thereby place the outer layer in a state of tension,
We then have a gun constructed by & process of self-
hooping | aui n,a‘rrttagrr made as il compesed of an
infinite number of infinitely thin hoops shrunk -
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oether and therefore demonstrating the principls of
initial rensions.

The radial-expansinn process results in a cylinder
in which the change from squecse on the inner laver
to streteh of the outer Jayer is uniform.  The changs
in a built-up gun & o steps from hoop to ooy, and
the streneth of the metal s oot fully wtilised,  The
metal in a radially expanded gun 5 used much more
efliciently; therefore, radially expanded suns weigh
less than built-up guns of the sams sirength, The
reduted weight of the barrel makis possible a lighter
gun assermbly.

The radial-expransion process permits {2ster gun prio-
tluction at lower cost. . With (he saving in weight, this
makes radially expanded preferable 1o huilt-up guns.
Hewever, the process is Emited at present 1o moderate-
siee guns becauseof the difficulty of ohtaining o sanele
forming largeencugh [or these of major caliber. Typ-
sl monobloc barrels are found m the 3738 caliber
gunsand the 57/47 caliber guns.

6B&. Combination guns

The built-up and radially sxpanded methods may
alse be incorporated in nosingle gun.  Thus the difli-
culty of obtaining a single forging big enough for the
larger punscan be overcome.  The 8"/53 caliber gun,
tor example, has a jacket shrunk on & radially ox-

panded tubeg,

6B7. Simple one-pieze guns

Many small guns such as the 40- and 20-mm are
made from a single steel forging which reqpzives neither
radinl expansion nor hoops.  The pressures developed
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per square mch it small puns may be higher than
those in large guns, bur this may be compensated by
mcrcasing the size of the forging, which is not exces-
sively targe in any event. This tvpe of ronstruction
is; at the pregent time, limited to guns of S.mch caliber
and smuller; but the devely inent of steels with ereater
metallurgical strength may make it applicable to farge
gunsin the futare

4BB. Rifling

Chapter 5 explained the nature and purpose of
rifiing,  Figure 684 shows in a detailed cross section
the chamber of 2 gun. a seated projectle, and the
arigin of rifling; and figure 685 shows details of mun
rifling. The velocity of projectile rwation when it
leaves the muzzic of a gun depends on the twist of
the nifing and the velezy of the projectile,. A 16750
projectile surms ar about 4,000 rpoy when it leavis the
miizzle, and a 4lmy projectile taome ot about 50,000
ETHTI.

I guns S-inch and smaller, dffing s cut inte the gun
twhe's bore,  Larger guns may be Gted with tubolar
{pane ftners, which ran be replaced sath molatve sase
when the fifling is woin put
tends to increase with caliber

The eate of rifing wear

GBF. Differences in consfruction betwean cose and
beg guns

Nowadnys only lavge puns (8-inch-and up) use bag
smmunition.  Hence bag guns are penerally of the
butlt-up tvpe, while & case pun may be monoblec or
butlt-up, depending onsize.  Other différences incon-
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DIAMETER OF RIFLING (BOTTOM OF GROOVES)

DIAMETER OF BORE [TOP OF LANDS) CALIBER

GROOVE

LAND

Frover, 8B5.—Details of gun rifiing.
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Fioune 6BE —Hausing-to-barrel join: for cae gun.
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struction botween case and bag gons ard concerned
anly with the britedly strtctune

The brecéh end of & eass gon generally termninzies
in an inwrrupted=seraw thread which meshes with a
similar thread in the gun housing,  Figure 6B6 illus-
tratea s typical urrangement, which is casy to recognia
as an application of the Interrupted-serew principle
discussed in the preceding chapter. A kev presents
ptation of the burrel with respect o the housing afier
cngagenanl

The hreech end of a bag gun has a yoke, a masive
metal rine, surrounding it The voke provides a con-
mection beltween the harrel and sther rwooiling parts
and the tecoll and countersecoil systems.  Shoulders
an the gun prevent movement with respect to the voke
The yoke seryes alio 35 2 counterweinht to bring the
gun's center of gravity oward the breech, The aiter
cnd of the gun chambor contains the seren «box limr
or wceew box, a stecl insert whose threaded. inveror
surface meshis with the stepped thead of the breech
plig, The liner is loeked in pesition by keep seovws,
and ¢an be replaced of worn or damaged, [t s illus-
trated in the chapter on turrets.

6810, Core of bore and chamber

Complete mstrurtions for the regular inspection and
cleaning of mun harrels will be found in the Burean of
Crednanes Manual and uther publications of that
bureau. Omly a few of the mord Impottamt aspects
of pun maintenance will be discussed her.

Great heat, great pressre, and complicated chemi-
cal thanges aceompany the burning of the charge.
Semme but not all of the residue of the burning is biown
out of the muezde after the projectile.  That which
rermaing in the gun B in the form of 2 carrosive salt
Standard procedure i to remove this “fouling™ by
washing cut the bare with a hot soda =lution 2ad ap-
plving a thin film of oil before securing untll the next
firing. Since the advent of chremium plating of gun
hores, pewder fouling is much less of 2 problem.

Dirt in a gun boss s not only an invitation 1o cor-
rosion but o source of pesiiive danger hecause, if it
offers sufficient resistance a the passage of the prajec-
tile, excessive pressare may pile up ava point when: the
design of the gun will not withstand . To guard
agninst the agvvideneal admision of dirt, spray, orimois-
ture inte the gun. & solid musele plug. rarher like o
cork. ralled a fompion (pronounced fors-kin), i in-
sartedh.  This s bnly o partial solutdon, becawie under
pertain weather conditions considersble condensation
gccumulites i the bore. This moisture is also a
wurce of corresion danger.. In fair, dry weather,
tampitas art retmoves) touir ous the harrels.

Tompiens cannot be wed under eombat condizions,

a8

hecause of the possihility of one inadvertently remain-
fng in & mun when firing,  Howsyver, dirt and water,
especiaily slt water, must be kept out of the gunise
canvas, or in the cass of small calibers, plastic, muzede
covers are wed.  Inoan emergency, the projectile can
be furced thrugh sueh covers without Bursting the
barrel. This procedure is, of course, subject to, cer-
tain limitatione.  Projectiles with supenensitive nose
fuses conpot be Ared through muzzle covers of any
sort.  In cold-wenthier operations, when canvas covers
may become ice eoated, they thould be removed hefore
firing.

Mo dmmediately dengercus than corvosion of dint
ie metaliic constriction of the bore,  Before and alter
rach firing. barrels are tested for this condition with
a plug gage, which e a steel cylinder aceurarely ma-
vhined to stightly under the diameter of the bore.  1f
at any time it is discovered that the plug gage willnot
pass through the bore without undue forcing, the
nature of the constiiction must be determined.

(e type of constriction 15 coppuring coneisting of
metallic deposits on the bore, left behind by the rotat-
ing hands of projectiles,  Fven an amount of copper
taee slight 1o jmpede the projectile will affcer s
aceuracy,  Meallic lead foil o the powiler charie,
while increazing muzzle Hadh, has bein used in omie
powders to control coppering.  The lead, rivdueed
wither to & molten and thinly ispermsed stute or to a
Easeous e, servieias i lubrcant en top of which
copper 2eposits will not form. Oinee o treated, new
or inareasnd depod of cbpper will not sccur, and the
pxisting deposits will be abraded or swept along by
the passing projecuile.  The firing of the older tvpe of
star shell, which has a lead gasket between its base
and ity fanged base plug. has a similar effeet. The
newest propellants have incarporated into their con-
pusition a trace of lead carbonate, much more readily
reducible than even the finest metallic lead foil.

Copprer fouling may alsa be removed with an-acid
freatment, but this i not authorzed for shipboard
use.  Approved mechanical means for meeting this
condition consist af rubbing away the constriction
with & wire hore brush or with & lipping head such
as shewn in figure 6B7.  The head is coversd with a
fine abrasive matedal and s drawn back and forth
at the location of the constriction uniil the plug gage
can be passed through withour forcing.  Special
seraping or decoppering heads, Btied with stecl blades,
ara sypplied for certain guns.

Fisuns AB7— Plug g2ge and lipping head.
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Steel constrichon alse oecurs in built-up guns. The
friction: of the: prajectile on the bore tendd to drag
the liner along with i, which tendency is resisted by
the shoulders of the liner and the wbhe. With con-
tinued firing, the shoulders of the liner 1end to over-
riele thase of the tube, therely toreing the walls af the

liner inward. As with coppermg, steel constriction
can be removed by lapping and polishing.

Continued firing may also clongate che liner and
cause it to protrude from the muzzle.  This is not &
serioms condition.  When the extension amounts to as:
muek s half an inch, ivissimply cutoff

C. Interior Ballistics

&C1. Ballisties

Balliszics is the science of the mation of projectiles,
It iz divided inta two branches interior and exterior
ballistics, Tnterier ballistics s that branch of the st
vnee which treats of the maton of the prajectile while
in the gun.  The mitial velocity—i. ¢, the speed of the
projectile at the time it Ieaves the muzile of the gun—
is o result of the varous forces which are inveolyed i
the general \krm, inerior ballisoes.  Esterior ballisies
persaing to the projectile after it leaves the gun and
will be considersd in the fire contral problem, des
cussed in Volume 2. Obviosly the initzal velocity s
the ane value tomnion to both interer and extenor
ballislics: '

Gun design i cssentinlly 2 compromise. The gun-
ner naourally desiees 2 masimum velovny for great
range znd flat trajsctory; the dedgner must conader
thestrength of his gun and desires the minlmum wed)
oreresion thereine The vielooiy Gnally dgrced wpon
must take inin consideration both of these require-
ments.  To determine the welocity of the projectile ar
the muzzle of the gun requires a study of (1) the come-
hustios of the powder, (2] the pressures developed
within the gun, {3} the varations in pressares and
velocitics with changess in any of the “ronditions of
loading”, and (4] crosion at the hore, Such i the
field of incerior Hallistics,

6C2. Propellants

Propelling charges arc designed to burn in the cham-
ber of the gun insuch a way that the maximum velocs

A—UNBURNED GRAIN

B— BURNING GRAIN

Fiounk 4C | —Burping wucfecr of porfosated: pawdens

ity may be imparted to the projectile without excessive
heat, pressure, or erosion, To accomplich this the
thrust zgainst the hase of the projectile must be uni-
form,  The most eficient propellant fora gun would
be so alanced thar the charge e entirely consumed:
immediately hefore the projectile leaves the muszle.

A "high explosive” is one capable of inslpntaneous
tvolutien of masee of highly heated guses. A “low
explosice,” cuch as mmtkcless powder, is not detonated,
but is burned in an appreciable length of tme, causing
& comparatively gradual evolution of gewes, with
vonsequently much less shock and wear to the con-
painer. From this may readily be seen’ the imprac-
ticabiliy of wsing high explésives for propelling
charzes in guns, and the suitzbility therefor el smike-
less powder.  Frgure 602 illustrates this fuct.

A propelling charge must be suited 10 the gun in
wihich it is to he usad; that is, the speed of burning of
the charge st within elose limits: be appropriate to
the speeific oun,  Several Tactors arve invclved:; for
example, the size of the grain, the shape, the number
of perforatibns, the web thickness between perlors
tions, the peroentage of niwation, the mosture con-
tent, the emaining volatiles, and the stabilizer uneds
OF these, grain size is the most casily changed, and it
i varied 1o control the mate of burning.  The percent-
age of mitration ie fixed, Thempstute content and the
reraining velatllis vary with grain sies,  Diphenyla-
mine seabilizer abserbs nitrous vagors, (he st prod-

PRESEURE

FROJECTILE TRAVEL B

Tmune GO —{rup prossire curves,
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utts of decomposition, the pressure of which would
ntherwise cause. thy generation of more vapors at a
contitilly increasing rate.

The grain shape of gun propelling charges is nor-
mally cylindrical.  The web ﬂ:arknrss and the number
of perforadtions vary with the size of the gram; For
puns smialler than H0-mm the number of perfarations
i5 1'or none, and for larger guns the number of per-
forations is usually 7. See Agurc 6C1L

A propellant’s potential is defined as the wial work
that could be parformed by the gases of combustion
while cxpanding from the solid state to the space they
would ovcupy when fully expanded (o atmesphenr
pressurs and when cooled to o specihed temperature.
Tt is of interest to note that there 8 lees etored-up
cnergy in smokeless powder than in nost commen
fucls. The chief characteristic of dn esplasive lies in
itsenormous ralsof delivery vather than Loits amount
of delivery, In the average conventional gun, some
0 percent of the potential disappears in muzzle Joss;
30 percent iy mansmitted to the projectile, and all other
losses: such us heating the projectile and gun, causing
the wun to recoil, snd so forth—amount weabout 10
pereeni.

&6C3. Gun strength-pressvre relationship

T'o establish the hasic principles of gun design, m:.d}
figure GC3.  The figure may be taken as typical of
the strength-presure relationship in medern guns.
Note that the high breceh strength s carried well
forward of the point of maxioum pressure.  The gun
strength at every point must exceed the powder pris-
sure At that point by an amount that will provide &
surtable margin of saféty,

The cwrve axit appenrs in figure 5C2 shawws pressure
beginning at a value well aboye 200, This indicates
the pressure build-up that occurs after the propelling

BUM STRENGTH/ PRESSURE

M INTTINL FORCING
PRESSURE

PROJECTILE TRAVEL

Frovis 863 —Typical gun sttoogth and prossune surves,

S0

charge bitgins to burn hut hefore the projectile beging
to move. (The x-axis in the figure represcnts pro-
jectile movemint in the bore, not time or bore length.)
“The projectile begins to move only after the propellent
gas reaches the intiel foreing pressure required 1o ini-
tate movement of the prijectile in spite of projectile
inertia and the engagement of the rotating band in
the rifling,

Note that the gun strength curve is represented as
a straight horzontal line shove the area between the
point of inital forving pressure and the point of maxi-
mum pressure, [t doea not vary in parallel with
pressure curve.  The reason ie that the same pressure
that the éxpanding gases éxert against the base of the
projectile is exerted equally againgt all interior sur-
faces of the gun hehind the projectile. Hence the
breech part of the harel must be designed for the
maximum stress o be imposed.

After the projectile passes the point of maximum
pressure, it continues to be accelerated by gas pres-
sure until it leaves the muzzle.  The tolal arca under
the curve, up to the point where the projectile leaves
the gun, is a rough measure of initial velocity, and the
pressure remaining at the muzle s an indication of
the muzle loss. A high muzle pressare increases

muzzic flash.

&C4. Changes in "conditions of loading”

By “vonditions of loading” are meant the powder
used, the weight of charge, the density of loading, the
volume and form of the powder chambeor, and the
wiaght of the prajectile.

a: Bowder ured and werpht vl elarpe. Powiders are
spoken of as quick and dow powders, these terms being
used only n reference to o particular gun. A slow
powder iz one in which the rate of combustion 1 com-
paratively slow, and a guick powder is one in which the

PRESSURE

PROJECTILE TRAVEL §

Fiourr 604 — Typical gun presmire corvis showing variatinng
dur 0 quicknzes of powder, gane welght of thargy,
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PROIEETIEE THAVEL b

Foure 605 Typical gun presure curves showing metheds
of chtaining Incriased muisle velocity in 2 gun withowt
i]’lc‘lt‘.‘ﬂ]lng I'|||I.N1L|1'LL|'I'I rrl.‘fl-".- 2 i

rate of combustion is comparatively rapid. For in-
stance, a small-prain powdsr & quickss than 2 larger
grain of the same shape, since all the grains would be
comsumed in a shorter time.  Not only will the larger
grain increase the time required for burning the
¢harge, but it will also cause maximum pressure 6 be
Iower and to be reached liter in the mavel of the pio-
jectile. The gun pressure curves shown in figure 604
compare slow powders and guick powdess where the
gamre weight of charge was used. Within limies; che
ruzzle velocity for u particuiar gun may be nereased
without causing excessive pressure by increasing thw
size of the charge and at the same time using 4 powder
that burns more slowly,  See figure 603,

b. Density of lnadine. Density of loading is the ratio
of the weight of the charge of powder to that of the
volume of waler which, at standard tmperatulr,
would fill the powider chamber, It s a2 measure of
the amount of space in which the gases of combustion
may expand belore the projectile beging o move
See hgure HOE.

It foliows that a high density of leading leaves but

FRESSURE

FROIECTILE TRAVEL B

- Typical gun pressure curves showing variatives
tlue m density of loading:

Fuvne 6006,
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little space for initial expansion, and consequently that
the pressure builds up rapidly. Therefore the maxi-
mum pressure behind the projectile is reached early in
the projectile’s mevement through the bore.  With a
lower density of loading, more expansion of the gases
may take place before the projectile starts to move;
the maximum pressure is achieved Luter, and this
naximum is necesiarily lower than that resulting from
high density of londing. Other f(actors remnaining
erjual, inereased density of loading increascs maximum
pressure; muzele velocity, and muzde loss.

The densities of loading at present vary helween 0.4
and 0.7, depending on'the ealiber of the gun and on
whether the charge is rase, stacked bag, or unstacked
bag. Since the specific gravity of smokeless powder is
shout 1.6, the following relationship holds:

Density of Inading=1.6¢,
where
v=the proporton of the: tolal chamber velame
whtich is [illed by thecharge

‘Hence it is apparent that a loadmg density of 04
would reguire a charge (illing 25 percent of the chame-
hier volume, and 2 loading density of (1.7 would require
a charge nlling 45 percent of the chumber volume

When the density of loading drops markedly below
the above figures, irregulinties of muzzle velocity may
be expected. Thie is probably due to nonuniform ig-
nitton, oxecdive physicul displacerment of the powder
grains duming the bumming, wnd an abnormal buming
rate.  Whatever the cause, it s evident thar the pres-
sure builds up irregularly instead of smoothly, and
thicre is real danger that the Ligh point will be reached
ay the wrong time.

A practical examgle of thiz would be o prajectile
ndgrd pare-way dawn the bové of a gun, thus greatly
mereasing the effcctive chanber volume. Nob only
his this the offeer of greatly lowering denyity, therehy
causing pressury waves wiich may build up bevond'a
safe limit, bur it alo extends the aren of maximum
pressure beyond thearea of maxmum barre] thickness:
Should a normal powder charge be used to dislodge u
projectile so positioned, the result would be & Ihurst, o
at least a bulge, innoediately behind the projectile,

Very Righ density of loading, on the other hand,
may canse detonation of the propelling charge, again
resulting in u burstguda.

c. Voluime and jorm of powde: ehamber. The de-
stgners of the gun, Buving established firs the desived
rzle velovity, then the lmiting mssimum pressure
allowable in the gun |detrrmiined from study of gun
construction ), can procecd ta determine the volume
and form of the powder chamber and the weight of the
charge.  Once o partieular pun hag been buile, the
volume and formeef the powder chamber changes enly
because of crosion at the ongin of rifling and improper
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seatmpg of the propotle: This will cause irregular
mitizzle welooity.  Prajectiles difforing in weight—for
example, high-capaatyand armpor-pieroing iypes—aan
befiret from agiven gun.  High-eapagity projectiles;
being lghter, will have a slightly higher muzmle
velority,

&6C5. Summary
The [ollowing conclusions may be' 'drawn from the

propellant  préssure  curves and  the  forspoing
disinesgion:

. High' explosives dre: not suitable for uee ae
propellants.

2. Using the same weight of charge, 2 slow pewder
produces a smaller maximum pressure than a fast

601, Couses of erosion

The deterioration and wraring away of the bore sur-
face by use is known & erosion.  This effect i not
the direct result of friction causad by the projectile In
its movement down the bore. Therc is some uncer-
taimty about the exact process by which the nterieor
of a gun wears away; but it i generlly agreed thar
the following are the principal causés: '

1. The inner surface becomes fnensely heaed in
firing, and the rush of hot gases peros this het metal
has & scouring effect.

2. The hot powdsr gesés redet with the fmefal,
changing the carbon content on the surface of the bore.
Since this surface 15 desizned: with an optlfmum carbon
eontent, any change results in @ waakening of the
metal.

3. The aleernation 'of infense hedt and rapid cool-
g affects the temper of the metal.

4. The'exolosion gases ore {orced into und o of
the paras in the metal surface as thev apan and close
during the expandcn and eontraction which zerome-
panies such draspe tompernture changes:

% Heat cracks miny develop,

b, Crasegsscaping armynd (e projeciile 42t o high-
velooity, jets; seounng the bord and causing damace,
especially where there are hicat eracks,

602, Effects of erasian

Tty Tundamentd] fncts of vroslon aei: ['1) that Ivds
always greatest at the arigin of illing, and (2] thi
the taps of the lands wewr tway faster than do the bat-
torns of the groavis,

Enlargement at the arvigiel of rilling, in bag guns
and guans wang seinifived ammunition,  tendd o
‘permit the prajoctile to seat farthor und farther toward
thee mitele.  This reduces the density of loading and

o2

powder, and arming thiz rmaximaim pressure fater 1n
thetravel of the projectile

4. Imcreasing the weight of & charge of powdernof
& given grain size ncreases- the maxinam pressare
pttamed ‘and esuede this’ masunum (o odcar earliee
in thetravielof the projectile,

4. Betause of muzzle loss and irregularity of muzzld
wviloelty, slow powders are lest cfdicnt than TRt
powders,

3. ‘e muzsle velecity of & given gun may be in-
crvased within lirmits by using larger charees of Sower
propellants,

6, In gencral, powders desiened for different clssses
ofpunyarenot interchangeable.

Erosion

therefore the munezle velodty, Lo avoid this, there is
a lip of sightly greater diameter at the hase of the
rotatmg band which tends 1o engage the forcing cone
more nearly at the sume peint at every loading, re-
gardle= of gun wear. Naturally, this applies anly to
bag and semifixed ammunition, where the projectile
iz not posidensd by the case.  Tn all guns, however,
eroeion At the erein of dfling permits gas to sscape
around the projectile, and this In tum Increases
erisloh;

As the lagds wear, not only docs mere gas escaps
ground the projectle but the nfling engraved the band
less deeply, reducing matetially both the initml fore-
ing pressure and the resistance of the projectile (o the
gay pressure.  The effect s a matenal drop In muzzle
velociny.

&D3. Contrel of sresion

All seominn factors are related to (1) the tempera-
sare of the expanding gases wne [2) the duratonof
their confinemient i the bore. S0, layrer guns; with:
thieir slower powders: and longer barmels, sofTor more
proson per round flred than sanler @uns, but the
higher fifdmer rate of the Jessor puns offsetn this
Benase |1 permits fess onnling time hetween roumds.

Chrovmium plating of gun bores has peduced the
effcets of cepgon, und it may be possthle that in the
future the use of molybdenumn in this fastion will moke
for esrn ljr:t teT CTOSIOT n-.»'.':ﬂ:!_tlnjl'.

Some smaller guna ame cocled by water jackets
around the barrds, and experimonis are under way
on intrutlueing a coolant between the tubies and the
Hrers of larger gunms, Alsp under development are
conler propellants, Any development that reduces the
hiat of explosion will ald i erogion’ control and,
inasmuch 2y exdesEive erdwing i[:ipl:t!t'.s much ol the
srearns Hinltation upon muesle velotite, tempamitire
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reduction appears 1o be a most practical appreach to
trinre effeedve gunnery.

604, Gun life

Erosion, hawever careflully: contralled, eventually
terminates gun life.  Though, with the exespition of
the larzer turrct inssallations, regunning is relaavely
simple, it .cannot be dope under combat conditions.
"l‘l:].r.‘.r:{!r:.rl;, the duration of the efectiviness of 4 gun
it of paramount irmportance:

Symptony of the #nd of serviceabiiity are: (1) Joss
of accuracy, (2) loss of velority, and (5] ermtic fuse
actione  Naturally, a gun that does not hit i tareets
& no' longer useful; neither is one of inadegquate
range and armer-piercing capacity, both of which
tesull [rom velocity loty,  Erratie fuzé action not only
undermines ¢ffeétivencss but can endanger fricndly
personnel.

Any of these conditions can take place when the
rifling oo longer imparts ddequate rotational velocity
to szabilize the projectile in fighe.  In small anms,
this cffect can be zeen whee tracers @ used, and a
barrel should bLe replaced when erratic fight is
nhserved,  With larger guns, however, it is important
that replacements be made before the effectivencs s
seriously reduced.

Up o the present, relining guns bas been @ =aval
shipyard operation, but recent experiments indicite
that it may scon be possible to wse a loose liner with
as arweh as 0,010 mch between it and the tube. This
will make it possible to regun aboard ship under ac-

EXTEMEION COMMECTION GURRORT

PROTECTING NUT (FOR HEAD|

VEOMIER LEVER o

Fioves &5,

EXTEME N EONNECTHON

tive service comditions.  With expendable liners, much
higher musele velocities with their increased crosiem
wiatild beécome acceptahle.

&D5, Erosion measurement

There are, [or ach class of gun, curves Turnished
to ships showing relationship between the enlasge-
ment of the bore and the mizal velocity 1o be expeoted
fram’ the gun, Thue if the actual dinmeter s fre-
guently chécked, velocity loss bieomes predicahle,
proper allowance for it can be made in aiming, and,
of at least cqual importance, burrels or liners may
bie peplaced before their perlormance becones notiee-
ably srratic.

I some mmnor-caliber guns; measarement of bore
enlargernent ¢ made atthe origin'of nling only. This
is deme with acwear page, which'fe o truncieed conpe
that can be mserted dirdetly in the breech.  In larger
guns, erosion i@ measuved 5t several points in (he boir
with & spar sape. '

This is a simple device, consisting basically of a
hollow staff with a head at one end and a handle 2t
the ather, By means of the staff, the head can be in-
scrted in the hore 1o the desitvd peint. Theee re-
muovahle faints, the length of which varies with the
caliber of the pun o be measured, are carmed dn
sockatn spaced radilly 1207 apare in e lwad. The
sockets are pressed inward upon a eone by spiral
springs-and rhove Imward or outward, at right anehes

“to the staf, as the ceme, activated by a threaded rod

WERMIER LEWER

THUMS SeREW

ALJUBYIRG SLEEVE

WERMIER SCALE

CONMNECTING BAR:

YERMIER COMMECTIMNG STEM

The ztar ghge.
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which the hollow stafi’ contains, ie advanced or re-
tracted. A vernier on the handle end of the siaff

mramn*a this inpward and outward movement of the

points i thowsandrhs of an inch.

Before use, the star gage is calibrated by inserting
the points inly & standand ting, accurately machined
to the designed hore diameter of the gun, and setiing
the vemnier at =ro. Then, upon inserdon intoe the
hare, vernier readings dircetly micasure bore enlarge-
ment,  Asa rule, twe readings, 180% apart, are taken
atieacll point of the hore 1o be messered.

OF these measutbrments, thal taken immediately
[orward of the orirn of rdfling i the most important
It had been found (hat muzele velucity lossiz 2 function
of bore enlargement at this point, and tables or graphs,
such ad those Ulustrated in volome 2, are oredicated
Lpen it

Specimen curves {for 57738 guns Mk 12 and mods)
sed 10 figuring dguivalent service rounds and velacity
lose are llustratad in appendix B, One curve shenws
wguivalent service rounds plated aeaint measured
bore enlatgement (m thobsandths of an inch) qt the
origin of rifling. The other curve shows direetly
vetoeity Joss [from the nemuinal sandard service value
nf 2600 fps} @ plotted agamst bore enlargement &t
the same point. Thus; from the measurenient of bore
enlargement, ic s possible with these vurves 1o deter-

ming pruivalent service ponnds fived; and velocite loss:

in feet per second.

&D6. Velocity loss esiimation

Star gages are not carried on corbatant shipe, and
sty paging 15 done only when shore—or wender-biseid
tacilities ave asaitable, howovor desivable 10 mizht be
it theory te:do it before-and afrer every firme. After
each firing, when a star zage 15 not available, 1he addi-
ticmal here enlirgement must be approximatad,

Estimates depend upon the fact that! under mermal
conditions, each round Oied causst =
of erotion, experimentally  detgrmnined for varions
peniods Inothe il of the barrel.  The standard uii
ol measirement is equivalen? seroice rounds (B S R
Reduved charges, which are used Lot such purposee as
gunnery pritttice, hiave lem afifeot than service charges
Inereased chargls, wsed for praving guns, have e
effect on bore enltirzement. When such chasges ape
fred, their efect must be reduced to B, S, B hefore

E.

6E1. Attcinment of high muzzle velocity

CIrtEin Bmmont

Defersy ngaimst mndayn  highespeed  atreeaft ie
langely a fire chntinl [,r!‘n:_ﬂ'_lll_'m Fiving i at'a predicted

w4

the curves ean be used, For instznoe; it has been de-
termined that a reduced 1 200 i charee will cause only
nre-sixth the crosion of a full 2,600 f3 charge.  Conse-
cuently, forommputation purposes, six sech rounds
wanld be regarded as one E. S, R,

The legend accompanying the graphs gives the
proper method of usmg them, [ See 1ppl=nd1'i: E}
Other oo rrcctinns are reguired when firing certain in-
dexey of powder, but such information is included in
the <ame Buray of Ordoance pﬁl‘rllmﬂrnﬂt as the
LIETVES

Without periodic star gazing. the equivalent-rounds
procegure would ot be abcarare, mainly because the
wpical curvis take me advount of the rate of fre,
Rounde fired with very shor cooling mtervals hetween

cagse much greatde svosion than the same number of
reunds fired dt normal intervals. For practical gun-
nery, however, the curvss s#ne comsidered sufficiently
relighle for use. if no beter data can be ohtained

607, Impioved methods of measuring 1. V,

At prisving grounds gun projectlle veloedty i meas-
ured by'a device galled a chronsgraph. Tn one (older)
type the projectile cuts wires when it sasses through
two successives sereens located it the trajectory at
known ranges, snd the exact time of each passage i3
reporded.  Thisyields the projectile velocite between
the: screens, and from this:I. . can be reclened. In
amare recent type, the projectile passes through two
magnetic qoils in succession, and the indaoed impulses,
amplified, canse sparks to pass throveh o mpidly moss
ing mpe. From rhis the slapged) time and then the
17V car be worked gut.,

Finth of these methods require speciul setups of coils
ur sereens, careful gun placement and aim; much aux-
ihary cquipment, ‘i[‘-L“L‘Hl]j skilled tu:_hmr..mna.. and A
gond deat of ime. Thev are comsequantly not prac-
tical for shipboard we.  But beesuse arosion and 1. V.
are significant factors in Tie conteol, the Navy has
developed chromographs on oy difitrent prnciples
which can actually fsedsure seivice tounds fied on
shipboard. One such design incérporates the velocity-
measuring dvicd in o Rré control swstem In the
cther, the chronogizph device | which works on a
differvnt principle from these already mentioned. sinee
it rmasunes prajectile velocity. in the gun bere] is
monntEd 1o the baveel and nn the rarroge as znoande-
pendent unit.

New Developments in Gun Design

future position of the tureet, and the les tme the pro-
jretile sprads in the air between the muzele and the
ohjrctive, the les tme hostile aircmit have {or des
lensive mancuvering.  Highar muzzle velocities are
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not the whole onswer, bur do contfibute wothe sim- fromy 90-mnn antiaireealt gusis. Thiy oo has disad-
plification of the prahlem. vantagrs for sen use, ms the discarded sabot i danger-
Of the several means of schisving higher pisede ong o nearby [nendly shipe.
velocities, the [ollowing either were wsed in action in Clanwentional prnjectilog Gred [vom high-strength or
World War 11 or wers expermmented with,  See fiz- vxtra long guns can sttain-a velocity imited only by the
ure 6. ammount of pressure that the gun can withstand and
Lightweight projeciiles fived from conventional gans by the ameunt of pressure that can be developed with
attained muzzle velpoor of about 40100 feat per seconid availuble types of powder, Such guns would be heay-
as comparrd with 2700 for the stundurd: projectiles ier a2nd reruire considerably more space aboard ship
Air resistuncy, however, so quickly retarded this type than guns which impart conventional veloutics to
of projectile that it was of slight use at the longer  stapdard projeciiies
rihges prevailing monaval warfare Tt was used with Tapered-bore guns firing “skired” projectiles have
giral effect ashore In sntitenk warfare, whers ranges many of the pdvantuges of the sabot withouy the
wire sharter, danger to friendly prsonnel.  This subealiber projec-

Subcaliher projectiles fired trom conventipnal guns tile s cauipped with Fanges which Tumish a gas spal
lightened the projeetile and, at the same tme, pre- and which are squeezed imward by 2 topiTed reduction

fented less surface for air reslmance,  This is & more in the size of the hore towaerd the muzle.  There je
slender projectile fitted with 2 Lghtweight bushing  some Jos of atcuraey and & smaller projectile is fired,
called a sabst which fits the gun bore and drops away hut thess elfecte aremore than compenmeed for by the
alter the projictile leaves the mussle, The German  réduced time of fight. The Gesmans used such
army achieved muzzle velocitivs above 5000 f3 with gryesge-bore” guns in sizes from 20- t¢ 75-mm and

guns as lorge as | l-inchrand also fired sabot projectiles sitained 700 muse vélocities with thesn
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BULGBE PRODUCES HIGH STRESS IN GUN
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Figvng AEZ—E=aggerated shetch slowing how the grajessln esuses high stredios in the gun harrel

Rosket-arfisted priojectile: were wed by the Ger-
mians in large guns, the rocket action |:151=‘:1z initiated
during flight, The range af this pr Lllj ctile was gredtly
mncreased, but the space in the projectils -mn,u]:i.r‘d b
the:rocker propellant reduced the pev-losd of high ax-
plosive that the projecule could carmyy Tt apprears
doubttul that rocket-usssted projectles could consist-
ently provide the apouracy ebrainable from other pros
jectiles, but they are worthy of consideration for fir-
ing at vary Jong ranges.

6E2. Design aspects of high-performance gun
barrels

Ordinary-performance guns have always been made
with a high safety margin, but the deue!npn.en‘ nf
the high-pesformance barrel, with its concommitant
bulk wnd other eomplications, reguired a re-study of
cun g, Yo ous o cut safety margin to A minimam
[L was with spme surprise, during this study, that
ordnance cnmneers learted that the projectile set up
higher stresses within the gun than the powder pres-
sure, The liner is obliged to stretch to allow the
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projertile W puss through, and o resume its normal
dinmeter after the projeciiie has I.mau:i rather |ike an
estrich willoving an orange.  See hgure GEZ. Fne
tirely new methodé of strese analysis had to be devel-
uped to evaluate the influence of this previously un-
rergnieed [actorn

6E3. Disadvantages of high-velocity guns.

Redured time of flight inorcasne a gun's offictive.
ness, but, espeedally for shipboard use, thers are other
eomsiderations.  Such guns must necessarily be larges
end heavier than Comvmtional puns, so much sy that
the installation of vne high-velocity gus onh 3 present
cay mavil craft might mean sacrificing several quns of
ordinary velGdity, Mordover, because of the Addi-
tional powder required, anmunition handling would
be complivated and it would Lie harder to maintaina
high sate of fire.  Further, these guniwear owt more
quickly than those destienied for ordinars-velocity pro-
jeetiles A careful evehuation of ]l advantages and
dhsadvantages of various tvpes of guns is necessary In
determining cpumpmearmament of a ship,



Chapter 7

TURRET INSTALLATIONS

Al

7A1. General

The type of gun emplacement called a turret is, in
general, that in which several heavy guns of at least
6-inch caliber are mounted in an armored structure
which is revolved on rollers by suitable machinery, the
guns being elevated independently of the structure.

The Bureau of Ordnance designates ordnance equip-
ment as gun mounts or as gun turrcts according to the
division of cognizance between that burcau and the
Burcau of Ships. Tn general, if the equipment is mas-
sive enough to rcqulrr assembly of parts on the ship
as it is being built, it is called a turret. If the assembly
it made in a gun shop and then hoisted aboard as a
complete unit, it is called a gun mount,

Turret installations on present United States Navy
ships are equipped with guns of 6-inch caliber or
larger.  All turrcts have cither 2 or 3 guns. They
are the primary offensive armament or main battery
of cruisers and battleships.

7A2. Turret arrangement

Turrets are located fore and aft on the centerline
of the ship, 5o that they are able to fire on either beam.
Some turrets are built higher than the adjacent ones,
so that they can shoot over them.  This arrangement
provides the maximum arc of fire, usually about 300
degrees per turret.

FA3. Turret armor

All wrret structures are protected by armor plate.
The gun house is protected by heavy armor plate on
the lace, sides, roof, and rear.  Surrounding the rotat-
ing structure below the gun house and extending to
the armored decks of the ship, is a fixed cylinder of
heavy armor called the barbette. The lower spaces
of the turrets are protected by the side armor belt of
the ship, and by the armored decks of the ship. All
the turret structures, thercfore, including the powder
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Introduction

stowage magazines, arc completely surrounded by
heavy armor protection.

7A4. Description of a typical bag-gun turret

All turrets equipped with bag guns are cssentially
similar. The major portion of this chapter is devoted
to a detailed description of the 16-inch 50-caliber 3-gun
turret as installed on the Jowa class battleships.

Other modern major-caliber turrets such as the
16" /45 caliber, 12/50 caliber, and 87/55 caliber
{ Baltimore class) differ from the wrrel described in
many mechanical details, but in general the installa-
tions and equipment perform the same basic functions.
Thercfore, if the opcration of one of these assemblies
is thoroughly understood it is a relatively simple matter
to learn the details of the others from appropriate
ordnance publications.

The 16-inch 50-caliber turrct has its equipment
located on six separate levels, These are (1) the
gun house, (2) the pan floor, (3) the machinery floor,
(4) and (3) the upper and lower projectile flars and
(6) the powder-handling room. See figure 7Al

The first (upper) level, or pun house, contains the
turret officer’s control booth, the gun compartments,
and the right and left sight stations. Sce figure 7AZ.
All of these compartments are separated by fametight
bulkheads. The after part of the gun house contains
the only cntrance hatch to the turret from the
weather deck. The hatch opens into the turret
officer’s booth.  Located in the booth are the range-
finder, the local control computer, the fire control and
communications circuits necessary for turret control,
and the power equipment {or the rammer mecha-
nisms. The three scparate gun compartments, or gun
rooms as they are commonly called, have the controls
and equipment necessary for servicing the guns. The
two sight stations contain duplicate equipment for the
operation of the turret optical sights by the pointers,
trainers, and sight setters,

The second level, counting downward, s called the
pan floor. It contains the pockets or open pits into
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which the breeches of the guns are depressed as the
guns arc clevated. It also contains operating ma-
chinery as shown in figure 7A3,

The third level (downward) is the machinery
floor on which are located the stations for the three
gun layers and the rurret trainer. They operate the
machinery which moves the guns in elevation and
the turret in train in response to fire control orders.
This level is a maze of electric-hydraulic machinery
necessary for turret operation.  See figure TA4,

The next two levels down are the upper and lower

OF FICER'S
: BOOTH
[
2 RAMMER
b
5
3
N
& HOOD
&
GENTERING PIN HOOD SHUTTER

Plan view of turret gun housc,

projectile stowage and handling rooms, shown in figure
7A5. Here the projectiles are taken from the stow-
agus, loaded into hoists, and lifted up into the gun
FOOTNS.

The lowest level is the powwder-handling room.  Sur-
rounding the handling room are the fixed powder-
stowage magazines. The bags of powder are passed
from the magazines through flameproof openings
called powder scuttles into the handling room, Here
the bags are loaded into elevator-type hoists which
deliver them to the gun rooms.

B. Gun and Breech Assembly

7B1. The gun

The 16”/50 caliber gun is a built-up gun consisting
of a liner, a tube, a jacket, three hoops, and a yoke
nng. It has an overall length of 68 fect, and a maxi-
mum outside diameter of 46 inches at the slide

evlinder. The total weight is approximately 120 tons,
The rifling has a uniform twist of 1 turn in 25 cali-
bers. The bore is chromium plated to retard erosion.
The powder chamber is slightly less than 18.3 inches in
diameter and about 9 feet long.
‘The serew-box {iner is screwed into the brecch, and
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PROJECTILE RING
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o TRUNK
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Fiaure TA3—Projectile stowage and handling floor, plan view, 16"/50 caliber gun turrei.

its inner surface provides the stepped threads which  plug, (2) 2 mushroom and gas-check pad, {3) a car-
engage those on the Welin-type plug.  Ducts between tier, (4) counterbalance springs and closing cylinder,

the gun and the liner, and holes through the latter, (3) rotating cams, (6) an operating lever and con-
provide the air leads of the gas-e jector system. necting rod, and (7} a salvo latch,

The yoke is mounted around the breech end of the Welin plug and gas seal. The plug rotates 99° 1o
gun to provide the means for securing the recoil pis-  lock to the screw-box liner.  The design of the blank

ton rod and the two counterrecoil cylinder yoke rods  sectors permits the two plug-rotating cams to rotate
to the gun. Sec figurcs 701 and 7C2.  The voke also the plug slightly over 6 degrees before the threads en-
helps to counterbalance the gun.  The yoke is secured  gage while the breech iz closing.  The cam action

to the gun by a key, a fixed ring, and a locking ring.  assists in obtaining & smooth transition between plug
A shoulder on the yoke butts against the rear face or translation and rotation.

breech end of the fixed ring secured to the gun in an The mushroom and gar-check pad are the conven-
anoular groove. The locking ring screws into the tional De Bange tvpe deseribed in artiele 5B4. An
yoke and holds it in place against the fixed ring.  The  indication of the mushroom size is that its weight is
key prevents rotation about the gun axis. over 220 pounds,

The plug is mounted on the carrier asshown in Rrure

782. Breech mechanism 7B3. The threads on the carvier journal and in the
The breech mechanism is shown in figures 7B1 and  plug recess have a pitch of 0.9 inch.  This means that
7BL. lIts principal parts include: (1) a Welin-type  the plug will move aft 0.9 inch per counterclockwise
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Frevae 7B2.—16-inch beeech mechanism, hreech ciosed,

revolution,  Since the plug is unlocked by a rotation
of 237, 1t is cvident that it will move aft on the carrier
journal about 0.1 inch when the breech is. opened.
If the gas-check pad is stuck to the seating surface, the
Plug will pull away from the back of the pad and the
compressed spring around the mushroom stem will
tend to force the mushroom nut, and hence the pad,
aft. This force ordinarily breaks the seal; but if it
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does not, the continued rcarward movement of the
plug separates the pad from its seat,

Carrier and associated equipment, The plig and
carrier, which have a combined weight of aboutl 2,000
pounds, swing ahout & pivor supported by the finge
fieg secured to the gun. The plug is locked in the open
position by a Aodding-down latch until it s released
by a foot crank near the loading plarform.

The opening bufer functions 1o bring the downward
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Ficvzr TBS —Breech plug and carmier.

movement of the carrier to & stop without shock, In
construction and operation it is similar to a grooved-
wall tvpe of recol brake. The counterbalance and
closing eylinders are 2 combinartion of spring and pneu-
matic mechansms which function to balance and
check the weight of the breech assembly in opesing
and to furnish assistance in closing the hreech.  The
cylinders receive their air supply from the gas-ejector
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systern after the presure has been reduced from 200
tor about 40 pst.  The counter-balance springs are so
adjusted that the broech mechanizm will swing dewn
and Tateh withour a jarring stop or rebound.  The air
pressure i the cylinders is set o that, when the air
valve is opened by the gun captain, the breech will
tlose and swing the operating lever nearly home. The
swing of the lever s always completed by hand.
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Operating lever and salva latch, The operating
lever is pivoted on the carrder and 1s connected to the
plug by means of the connecting rod which extends
fromn a pivot on the lever to a pin on the breech-pleg
rear face, Motion of the operating lever about its
fulcrum as it is pulled aft causes the connecting rod
le rotate the plug and unlock it from the screw-hox
liner. A beveled, spring-loaded plunger in the end of
the lever engages the operating-lever latch when the
breech is fully closed. | See fig. TB2.) The swing of

LATCH LOCKING PIN

SALYOD LATCH
ERACKET (LOWER)

LATCH SLEEYE

the operating lever is stopped by the operating-lever
buffer, which is similar to the opening buffer.

The salve latch is an automatic latching device of
the positive action type. It functions 1o prevent lifting
of the operating-lever latch when the breech is closed
until afrer the gon has fired, Tt releases the lever
latch as the gun recoils, so that it may be lifted subse-
quently.  Figure 7B4 shows the assemnbled arrange-
ment.

The roller support bracket and roller are mounted

COUNTERRECOIL CYLINDER

ROLLER SUPPORT BRACKET

SALYO LATCH LEYER
(CAMMED BY ROLLER)

SALYO LATCH BRACKET
(UPPER)

SALYO LATCH
LOCKING ARM

OPERATING
LEYER LATCH

Fuzume 7B4 —Szlva lzich for 16<inch gun,
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on the counterrecoil cylinder. They are the only parts
of the sabvo latch assembly which do not vecoil, As
the pun recoils, the salvo-lateh [ever moves past the
roller, and is rotated by it. This turns the shaft and the
safve-latch lecking arm, The locking anm is caught
znd held in its displaced position by a latch carch
(mot shown in the figure). This action alsa holds
the salvo-latch lever in its displaced position, The
locking arm is thus held out of the way of the lug
on the letch sdeeve. The operating-lever latch, being
integral with the latch sleeve, can now be raised against
spring pressure to releaze the breech-operating lever.

After the gun has returned to battery, the plugman
opens the breech, His action of raising the operating-
lever latch rotates the sleeve and depresses the lawch
catch, so that the locking arm springs back to its
locking position. Then, when the bresch is closed,
the operating lever slides under the operating-lever
latch, where itis caught and held,

For drills the salvo latch is secured in its unlocked
position, so that the habit of manually unlocking the
salvo latwch will not be formed. This is accomplished
by screwing the latch locking pin in hole B.  The pin
holds the salve-latch locking arm in its displaced posi-
tion. At all other times, it must be kept in the turret
officer’s booth.

TB3. Firing machanizm

The firing mechanism consisis of a Mark 14 Mad
5 firing lock and the associated operating devices which
synchronize its action with that of the aperating lever.
The firing lock, shown in figure 7B5, consists of a
reaeiver which is attached to the end of the mushroom
stem and a wedge which slides back and forth in the
reeeiver, to open and close the primer chamber in the
mushroom sterm. The primer-retaining cateh helps
to hold the primer in place until the wedge closes;
the extractor ejects the primer case as the wedge opens,
The wedge contains an insulated firing pin which
carries the current to the primer bridge for electrical
firing. For percussion firing, a hammer, a contact
Jriece, and a cocking lever attached to the wedge func-
tion to deliver 4 Blow 1o the firing pin.  This is
aceomplished by drawing back the cocking lever, which
pulls the hammer with it until a catch on the lever
rebeases the hammer.  As the hammer is drawn back,
the hamener spring is compressed. When the hammer
is released, this spring drives the hammer forward,
making the contact picee strike the fring pin, which
tranamits the blow @ the primer.

Safety features incorporated in the lock prevent
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firingg until the gun breech and the firing lock are

completely closed.  These include:

1, A lug on the hammer slides in a groove in the
receiver and lifts the hammer enough o break
clectrical contart between the firing pin and
primer unti] the wedge is in the closed position.

. The same lug also prevents the hammer from
being drawn back for percussion firing until the
wedge iz in the closed position.

. The hammer thrust pin must line up with a hole
in the carricr before the cocking lever can be
pulled back for percussion firng, This align-
ment accurs only when the wedge is Tully closed.

. The cocking lever is so constructed that it trans-
mits any accidental blow directly to the wedge
instead of to the hammer and firing pin, The
hammer placed between the cocking lever and
the wedge iz amply protected from exterior
blows.

The wedge is connected with the breech-plug oper-
ating lever by means of a lock-operating bar (fig. TB2)
and a mechanical linkage, The metien is such that
the wedge is withdrawn and the primer extracted when
the operating lever is pulled aft and down in opening
the breech,  To reprime in case of a misfire the wedge
can be retracted, without opening the breech, by un-
latching the retracting lever lawch (Rg. 7B2) and ro-
tating the retracting lever. This permits downward
movermnent of the lock operating bar without moving
the breech operating lever.  But the wedee cannot be
fully closed unless the breech i closed and locked.

The wedge is secured to the operating bar by means
of a pin. ‘The hole in the wedge through which the
pin passes is slotted 1o permit movernent of the mush-
room stem during fire. The firing lock can be re-
moved by taking out the pin and turning the receiver
90 degrees o unfasten it from the mushroom stem.

7B4. Gas-ejector system

The system includes a series of storage tanks, piping
with the necessary swivel and cxpansion joints, the
gas-ejector valve (fig. TB2), the pasejector tip plate,
passages through the screw-box liner, and nozeles
which direct the air inte the bore.  Air at 150 10 200
psi [rom the ship’s compressors is brought into the
turret through the central column for the main gas
cjectors, the auxiliary gas ejectors, and the pneurmnatic
bmchaclﬂsing f?'ﬁn‘dl'l'!

From the tank the air is piped to the shde and
thence through an expansion joint to the breech.
The gas-ejector valve controls the flow of air in the
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A: Assermbled wiow, wedge elowed
B: Electrical :E:ri.ng pm[t:im.

ejector svstem. It 18 automatically opened by the
gas-¢jector (ip plate when the pheg is wurmed for opens.
ing the hreech, and iz closed manually when the hore
is clewr. When the valve is opened, air is admitted
to an annular space between the screw-box liner and
the gun. Three equally spaced holes extend through
the liner from this space, and nozzles are recessed into
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(: Percussion firing position.
I: Ejectine primer aiter fring

their ends.  The air jets divect thieir streams forward
toward the bore center,

An auxiliary gas ejector consisting of a hose with a
quick-acting valve and nozzle is stowed overhead near
the breech. This is a standby device which can be
direeted into the gun to clear the bore in caze normal
grad ejection by the primary means [ails.
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C. Slide Assembly

7C1. Genaral

Mlhwgh in m:n.f'm! the En"lm:iplﬁ -qrf gun erount
comstruction as discussed in chapler 5 apply to the
gun, slide, and deck lug structures of bag-type turrct
guns, there are important differences in some details,
particularly with respect to the relationship of recoil-
ing and nonrecoiling parts, and the locations of com-
poncnts of the recoil and counterrcooil systems.
Therefore, in additon to figure 7C2, which shows in
an exterior view the gun and slide of a 18-inch turre
gun, figure 7C1 shows, in simplified exploded sche-
matic form, the relationship of recolling and nonre-
coiling parts, and the locations of important parts
of the recoil and counterrecoil systems.

Each gun has a scparate slide which is individually
mounted in trunnion brarings and s arranged for in-
dependent clevating movement.  ‘The main elermemt
is a steel forging, shown in figere 7C2, with atached
parts which include: (1) the trunnions, (2) the rear
end brackets, (3} the loaders' platform bracker, (4)
the hydraulic recoil system, (3} the counterrecnil re-
cupcrator system, (B) the slide-scouring device, (7}
the yoke-locking device, (8) upper and lower shield
plates, and (9} a eylindrical gun eover. The com-
plete assembly s over 5355 feet long, 79 inches across
the trunnions and 116.3 inches high.  The total weight

Fiouse 7C1—IGinch gun auembly,

Shnplificd aded
s matie. e

ie 515 tons,  All 3 guns in the turrer are identical,
except that a few components, found on 1 side of the
right and center guns, are on the opposite side of the
leftgun.  Figure 7C2 shows a lelt gun.

The gun-slide bore of the steel forging is fitted with
6 hronze liners, each 10 inches wide.  The liners are
provided with oil grooves and are the bearing surfaces
om which the gun slides during recosl and connter.
recoil.
7C3. The trunnions

Integral with the dide are the 185-inch diamcter
trunnion journals. Each of these journals ress in a
specially designed roller-bearing assembly fitted into
a deck lug (fig. TA1) which is supported by the gun
girder.  Each bearing includes 24 cvlinder mollers 2.5
inches in diamerer and 3.5 inches long.  These bear-
ings carry the weight of the entire gun and take the
shock of firing.

FC4. The reor end brackets

These brackets are halted 1o the Ioft and right side
of theslide.  One rear end bracket, as shown in fgure
7C2, provides meunting attachments for the loaders'
platform bracker and the slide-seeuring pin is seated
it an aligned secket in an adjacent gun girder when
the gun is at sero degrees clevation.  The pin is forced
into the socket by mcans of a handwheel.operated
screw.  This armangement serves to relieve the elevat-
ing serew and drive gear from the offeets of roll, pitch,
and vibration when the gun i not being used.  An-
other socket permits locking the gun at 20° elevation
while the recuperator air eylinders are being charged.
The other rear bracket on the slide {not shown in
fig. 7C2) mounts the large pivor pin to which the
elevating screw is attached.  (See article 7D1.)

7C5. Recoil mechanism

The recoil mechanism is the conventional hydranlic
type and has a single cylinder of 26-inch bore diam-
eter and an over-all length of about 3 fert, Tt ds
similar to the one shown in chapter 5. Three equally
spaced throttling rods contrel recoil Auid flow, The
recoll, limited o 48 inches (3 calibers), oocurs in
approximaicly one-third second,

Counterrcecil buffing action is provided by a
plunger-dashpot arrangement al the forward end of
the eylinder, Liguid displacement from the dashpot
cecurs through four grooves of variable depth and
through the small clearance between the plunger and
the dashpot cntrance. Buffing acton takes place
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Ficuae 702 —16-inch gun assenbly, side view (loft Eut),

during the last 16 inches of counterrecail.  Two ex-

pansion tunks are mounted forward of the recoil
cvlinders.

7C6. Recuperator

The hydropnsumatic  countertecoil  mechanism
consists of two air cylinders mounted cn top of the
shide and a differential eylinder berween them, Tis
operaling principles are discussed i chapter 5. The
counterrecoil cylinders, shown in fgure TC2, are about
11 feet long and have an inside dizmeter of 14 inches,
‘The plungers are hollow cylinders closed at the for-
ward end, and arc about 6 fect long and 11 inches in
autside diameter. They are connected to the gun
yoke by means of a plunger yoke and two yoke rods
which are covered by the plunger cover | fig. TC2),

7C7. Yoke-locking device

This device, which holds the gun in battery when
it ia not in use, even though prossure in the recuperator
is Just, is on top of the slide. at the rear, hetween the
counterrecoil cylinders. A safety link, in the form
of an cycholt, is pinned to the slide.  When locked, the

safety link rests in a motched bracket on top of the
voke, and a nut on the link i tight againgt the
bracket, hﬁ]ding the yoke and gun mrr]*:l 1 the
slide.  The link is stowed by looscning the nut, swing.
ing the pin up and forward, and damping it our of
the way. 17 the Iink is inadvertently Telt in place
when the gun is fired, it will part without damage 10
the gun, but it must be replaced without delay,

TCE. The shield plates and gun cover

The wpper and lower shicld plates are located just
meide the gun port at the face plate of the et
They form 2 weather and splinter shicld for the slide.
The gun cover 1= a Vi-inch thick cylinder whose
ingide diameter i slightly larger than the gun's shde
eylinder. Tt extends through the gun port about seven
feet. Ar fus forward end there is a wiping-ring as-
semmbly which serves s an ol and weather scal for
the gun. A neoprene cover (gun buckler) clamps on
the outer end of the gun cover and is attached on the
doping front face of the armor plate, completely
enclogsing the gun port.

D. Elevating, Training, and Sight Gear

7D1. Elevating goear

The three elevating-gear installations of each turret
are independem asternblies,  Each assembly consists
of an clectric-hydraulic power drive, an oscillating

bewring assernbly, and comtrol mechanisms, shown
schematically in figure V1M, The greater part of
these assemblies are located below the respective guns,
forward and below the gun pockets in the pan and
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TRUNNION

ELEVATING SCREW

T——— B-END

ELEVATING NUT

LUBRICATING PUMP
FOR ELEVATING SCREW

GUN ELEVATION

ORDER INPUT
GUN LAYER'S SIGHT ANGLE INPUT
HANDWHEELS
TRAIN ANGLE INPUT
‘__,..JF!ESPGHSE SHAFT
RESPOMSE SHAFT
ELEVATION
INDIGATOR
NOTE-
ARROWS INDICATE RESPONSE TO REGULATOR

DIRECTION OF
ROTATION TO
ELEVATE GUN

AUTOMATIC CONTROL

A-END \\\
REDUCTION GEAR -\"k," ELEGTRIGC MOTOR
Ficure 713 .—Ele:-.-'a.u'n.g wear for [h-inch Fun.
machinery floor spaces.  The arrangements on these Gun-elevating movement i controlled automatically
levels are shown in figures 7AS and TA4, by means of 2 receiver-reguiator or by rotation of the

The electric-hydraulic power drive has a 60-horse- gun layer’s handwheels on the machinery floor.  In the
power electric motor driving a variable-displacement  |aster method the gun-laying persormel {onc gun layer
hydraulic pump {A-cnd) “'hj"-'h. supplics oil presure for each guni control the power drive in accordatice
toa fixed-displacement hydraulic motor (B-end), a5 5 giglindicated gun-clovation orders emanating
clecrsher] i rempbetely in chapter ml.' e B'l,md from either the director system or one of the tweo sight-
output shait s connected o the clevating-nut drive. g .tun‘t:!. Biisvaition s wrs

See hg, TD1.)  The elevating nut is threaded around : e g i
I!:h.r :IErn.tim:; screw and is mlfuntl.'d in the cscillating fsballee Fo Kot ehecativyland:eprastn i 17 anc

bearing (not shown in fig. 7D, which allows the mines 2%, respectively.  The maamum  clevating
. complete assembly to tilt. The elevating screw s 3peed & approximately 12° of arc per sccond.  After
sceured to the pivot pin on the rear end bracket of the  firing the gun = automatically lowered to “‘"I’- loading
gun slide, and is moved up or down as the clevating  angle of five degrees clevation by operation of a
nut rotates. control lever,
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7D2. Training gear

The training gear and its contrel cquipment, shown
shematically in figure 712, also consists of an electric-
hydraulic power drive which can be automatically or
manually controfled, The electric motor (300 hp,
with an overload rating of 540 hp) drives the A.end
of the hydraulic transmission unit through a reduction
grar. Two Bend units arc driven by the single A-end.

The B-cnds drive the training pinions, which mesh
with the training circle secured to the turret founda-
tion, The brakes between the B-ends and the pinions
function o prevent the wrret from turning when the
training power is off. The brakes are set by springs
and released by hydraulic cylinders.  When power is
off, no pressure is in the hydraulic cylinders, and the
springs set the brakes. During training, a piston in
cach eylinder is forced upward by oil under pressure,
releasing the brakes.

Training may be automatically controlled from the
director system through a receiver-regulator, or locally
controlled from either the gun deck or the machinery
floor by handwheels, In indicator gun laying, either
the train operator on the machinery foor rrains the
tureet in accordance with dial-indicated train-order
signals, received from the director system or turret
sighting stations, or one of the sight trainers controls
the drive by keeping his telescope on the target.

7E1. Projectile stowage

Projectile stowage in each turret is arranged in two
circular compartments, called upper and lower pro-
jectile flats. Figures FAS and TE1 show the arrange-
ment of these flats. The projectile stowage spaces are
between the murret foundation bulkhead and an inner
concenteic circular bulkhead. The latter bulkhead
surrounds machinery compartments at the center of
each flat and scparaves them from the stowage and
handling compartment. In each stowage compart-
ment the Hoor i subdivided into three concentric
ring-shaped platforms.  The outer ring is a fixed shelf
attached to the turret oundation and provides the
“hxed” projectile stowage. The intermediate ring is
part of the rotane struetere and is the shell-handling
plattorm. The three projectile hoists have loading
aperatures in this intermediate ring. . The inner ring
is a rollersmounted platform supported by the turret
rotating structure and has a power drive which can
rotate the ring in cither direction with respect to the
intcrmediate ring, This inner ring provides the ro-
tating” projectile stowage,

Projectiles are brought to these stowages as follows:
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7D3. Sighting gear

Each 16-inch turret has duplicate sighe stations in
enclosed compartments located outboard [rom the
wing guns and approximately on the transverse centers
line of the turret. Each station trunsmits gun eleva-
tion or gun train erders to the indicators and control
gear on the machinery floor from which the power &
actually applied to the wrret and guns.  The pointer's
and the trainer's telescopes are so mounted that they
have parallel motions when the sight settings are
made,

Cerresponding elements of the two aations are inter-
vonnected so that either station can take over sighting
operations.  When this is done, the guns are indirectly
positioned from a sight station by first setting the sight,
The pointer and trainer then turn their handwheels to
keep the crosslines of the telescopes on the target. The
pointer’s handwheel operates indicators at the gun
layer's station. By keeping a dial pointer matched
with these indications, the gun layer positions the gun
in elevation. The troiner’s handwheel can accom-
plish the same result in train, In addition, it is pos-
sible, by use of appropriate selector, for the trainer
in the gun house to bypass the trainer at the machinery
level and move the turret directly in train, as he rotates
his handwheel in keeping his vertical crosslines on the
targst.

Ammunition Handling

first, they land on the main deck in a horizbntal posi-
tion and a shell carrier {on the left in fig. 7E2) is
fitted around them. An electric drum-type hoist then
lowers them in vertical position {center item in fig
7EZ) through hatches alongside the turret to the
second platform level, Here they are transferred to
an overhead trolley, from which they hang in hori-
zontal position (on the right in fig. 7E2). The trolley
takes them under a hatch in the projectile Hat, where
they are transgferred to an clectric whip heist which
hauls them (in vertical position) up to the projectile
flat to Be stowed, The projectiles are lowered and
hoisted one at a time ; when each projectile reaches the
flat, its carrier is removed and sent up to the main deck
tobe used again. The projectiles are stowed standing
on their bases, and each is separutely loshed o the
bulkhead.

With the projectile rings loaded and ready for use,
the inner rotating projectile ring mowves projectiles to
positions near the hoists.  All 3 hoists can be served
sitnultaricously from 1 ring. Loading into the hoists
is performed by parbuckling—pussing a line around
the projectile, leading the line tn a power-operated
capstan, and sliding the projectile along on its base.
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Figuae TEL—Frojeetile fans in 16-inch turret.

See figures 7AL and 7E1, The parbuckling gear can
also deliver the projectiles from fixed stow ages to the
rotating ring.  Manual controls with automaric stop
arrangements operate the rotating ring through ares
of 30 degrees fo [acilitate continuous delivery to the
hoists, Three projectiles per minute per hoist can
bLe delivered,

7E2, Projectile hois!

Each gun has a projectile hoist which raises the
projectiles from the stowage compartments in the
turret rotating structure w the breech end of the gun
The heist (sve fig, TE3) consists of  tube through
which the projectile pases (base downward) s
hydraulicram-type Lift, and a power drive with it
asociated control. The three tubes pass through the
middle rings of the projectile flare and are slmost
vertical up to the pan floor. From this paint the
two outboard lubes slope rearward at an angle
o the cradles at the upper ends of the tubes, The
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center tube continues its vertical course, so that at
the guns all cradles are cquidistant from the breech,

The hydraulic lift consists of a hydraulic cylinder
vertically mounted between the decks of the projectile
fats, a piston, and a piston rod which connects to a
rack in the tube casing,  The piston diameter is about
6 inches, and the piston stroke is approximately 8 feet,
The hydraulic ift raises or lowers the projectiles ene
stage. per stroke, The distance to the cradle is 4
stages from the lower projecile flar and 3 from the
UPPLT.

The hoist contains 2 sets of spring.loaded pawls, 1
set on the rack connected to the hydraulic piston, and
the other on the inner wall of the heist tube, The
pawls in vach set arc spaced one stage apart. The
principles of operation of pawl-type hoists were ex-
plained in chapter 5. As the piston and rack move
up, the Jowest rack pawl picks up the projectile base
and pushes it upwand past the tube pawl at the next

stage. Then the rack moves downward with the
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ENGAGES PROJECTILE
BASE

ENGAGES
1 |PROJECTILE
% |BoDY

Froume TEZ.—Shell carrier for 16<nch projectiles.

piston down stroke, but the tube paw! engases and
supports the projectile’s base, The projectile bodv
farces the rack pawl for the next stage to retract as
the rack descends. At the end of the stroke, this pawl
is under the projectile, ready to Lft it when the mek
moves up again.  The process repeats until the pro-
jectile is at the top of the hoist.

The pawls can be hydraulically retracted as re-
quired, s that the hoist can ake be used for lowering.

The power drive for each hoist i3 located on the
machinery floor and consists of an electric motor (75
hp), a reduction gear, and the A-cnd of o hydraulic
apeed pear.  The A-end is directly conneeted to the
hoist cylinder and develops the 700 psi pressure re-
quired to lift o full load of 4 projectiles. A solencid

Left: The carrier
Right: Carrying projectile in horizontal position,
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Center: Carmying projectilc o wertical position.

brake on the electric-motor shaft operates to prevent
mation of the hoist when there is a power failure,

The main heist-control system inchodes duplicate
mstallations of control handles at stations near the
hoist-loading apertures in the upper and lower pro-
jectile flats, mechanical and electrical interlocks, and
audible and visual signals at these stations.

Mechanical and electrical interlocks prevent opera-
tion of control handles when projectiles are being
loaded in the hoist, when there is a projectile in the
cradic, or during the ramming cvele.

7E3. Cradle

The cradle assembly shown in figures 7TES, 7E5, and
TEG includes the cradle fulerum, cradle, and spanring
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tray. Dunng hoisting the rammer chain 3 In its re-
tracted position, the cradle iz upright so that its axis
lines up with that of the holst tube, and the spanning
tray is folded againse the cradle. A projectile hoisted
into the cradie is supported there by 2 projectile Gatch
within.

The cradle and spanning tray are operated by a
hydraulic cylinder not shown in the fizures,  The con-
trol dever for this unit is located a2 the after end of
the gun compartment at the side of the rammer and
cradle, When the cantrol lever is operated, the cradle
tips forward and the spanning tray moves forward
and down, forming & smooth path from the hoist to
the chamber. (Fig. 7E5.) The gun must be cle-
vated to 3 degrees for loading, o that the tray lines
up with the gun bore,

TE4. Rammar

The rammer consists esscatially of a special roller-
type chain which meshes with a power-driven sprocket.
The arrangement of parts it shown in figure 7E6.
The rammer assembly is located in the wrret officer’s
booth just abaft the pun compartment.

The pewer drive includes an electric motor (60 hp
with an overload rating of 108 hp) and a conventional
hydraulic speed gear whose Beend drives the sprocket
wheel, The control arrangement provides full-power
projectile ramming 1o 4 jammed stop.  This is neces.
sary, sinee the rotating band must be forced into the
rifling so that the projectile will not move to the rear
wher the gun is elevated. The maximum velocity
during the ramming cycle i slightly less than 14 feeta
second, and the time required for ramming s L7
seconds,  The powder bags are rammed inte the
charmber at a slower speed.

The rammer chain forms a rigid column when it is
extended. The chain assembly, including the head
link buffer, i about 23 [eet long.  When in the “ready
to rain” position the ramming head is about 8 inches
behind the projectile base and 9 feer from the hreech
face.  The projectile travel o [ull seat during ram-
ming is about 19 fect,

TES. Powder hoiat

The powder magazines are outside the turret foun-
dation om the platform deck beneath the lower pro-
jectile fAat. The powder is passed manually through
self-closing scuttles in the powder-handling room bulk-
heads and in the lower foundation, into the hoist-
loading space around the lower end of the turret
revelving structure, and delivered by hoists to the guns,

An electric-hydraulic powered hoist 1 provided for
each gun. Each hotst contains a powder car (fig.
TE4] which rides up and down like an clevator in a
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tlozed, inclined trunk which extends through the
turret structure from the hoist-leading space o the
turret roof, The car 5 a large box-shaped structure
closed on three sides. Four guide wheels, mounted
on the rear corners, ride along the alter side of the
trunk. The bags are carriced on two vertically spaced
trays which can be separately tilied by means of hand
levers on one side of the ear. A loaded car delivers
& full-service charge of six bags to the gun without
intermediate handling.

| FOWER TRUNK |
Puusnmu

Fuoyuse TE4 —Powder car and trunk for 16-Ilnch turret

The car is loaded in the hoist-loading space hencath
the projectile Aats, through an aperture in the tunk.
This opening is sealed by a manvally operated, verti-
cally shiding door which must be closed before the car
can be hoisted or lowered. It cannot be opened unless
the car is in its loading position.

Powder is delivered to the gun through a door
focated just abaft and to one side of the breech
mechanism.  The door swings outward and down,
providing a shell across which the powder bags roll
from the car 10 the loading tray. (Fig. TE3.) The
door 1s operated by a hydrauwlic power device. When
the delivery door is open, the car can be lowered, but
not raised.  The interlocking features make it im-
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Fuoure TES. —|Cononued.

Stavay Assmnments, Tumaer Crew (Con,)

Sration Lecation
Sight trainer, nght. ...
Highl pn':ml'r__ ﬁ!.:]ll.
Sight setter, right_________

+ Right sight station.

Sight tramer, lefto - __.__

Bight pointer, left_________} Lefr sighe station.
Sight setter, left_______ ---|

Plugmon (gun eaptaing) (5]
Cradle aperators {3 oo
Rommer operators (39___
Primermen [3faaa

Gun rooms.
Powder-hoist operators (3

Gun layers (3)___ .
Cun train operator

- Top, powder trunks,

l[ Machinery Moor

416917 —BT——n

| FOWDER HOIST booR [
ILOWERED TO GPEN
FOSITION]

E. Fowder hoist door open, rammer withdraoen.

Siallon Location
Projectile-hoist operators)
| '.l'
Projectile-ring eperator. .| Projectile-handling floor
Shellmen (9) ... l {each level].

Blpckrdean e o e
Shell-deck P O_ ... ___|
Powder-door operators (3}
Powder passers (9)--——-—-| Powder-handling  floor.,
Handhing-room P. O______ |

In addition, there arc & powder passers in the
annular space between the powder-hamdiing room
and the magazines, and 12 powder passers in the
magarines.

With the turret in all respects ready to fire and the
power machinery in operation, the first command is:
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Freung TES — [ Continus

“Fill the powder teain; Rl the projectile hoises ™ Ar
this command the necessary powder tanks in the mag-
azines are opencd; powder v passed through the
seuttles to the lower handling room; the powder ean
are filled and raised 10 the wp of the hoists,  BuOrd
safety precautions require that in each Nametight stage

of the ammunition train, not more than cne charge
per gun, for the guns being supplied through that
slage, shall be l.‘.\!!'lnlf"d or allpwed to aceumulace
Simullaneously the projectile-handling room crews
are loading the profocdle haists with the required tpe
of projectiles,

This comemiand furcher implies that wherever an
empty powder car s returncd to the lower hanr]'li|,g
room, or that whenever A 4*||||_:t\' stame in the pro-
jectile hobst appears, the crew must reload immediately
urtil otherwise ondered

The first command to the sunroom crew 15 “Load ™
The gun captain, on the lvading plationm, unlatches

NAWAL ORDNANCE AND GUNMNERY, YOL. 1
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C. Loading the powder

the breech-operating lever and pushes it down. The
prirmerman, under the breech, assists the gun captain
in locking the breech down, The gun captain wipes
the mushronm and intpects 1o see that the bore is clear.
s zoon as the “Hore clear” sigmal i given, the gun
captain shuts off the gas ejector valve and signals the
cradle operator to span the tray (lower it to loading
position}

At the same time the primerman inscrts a primer
into the open firing lock,  The monmer operutor TAms
the projectile (fig. TES3) untl it is ssated and with-
draws the rammer as he opens the powder hoist deor.
The powder-car operator ilts 1 of the powderaar
trays, and 3 bags of powder mll across 1the door onto
the spanning tray. The gun captain and cradle opera-
oy guide the powder hags werns the door and space
them out on the spanning tray. The powder car
lowers about 23 inches and stops automatically, and
the remaining three bags of powder are rolled onto
the spanning teay, {Fig, VES.)
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Frsvae TEB —Rammer mechanisem {16-inch turret)

The rammerman closes the powder-car door and and opens 1he air valve 1w the closing cylinder, He
carefully rams the six powder bags 1o place the rear- thest Tatches the operating lever as the plug rotats
most bag siot more than 4 inches from the mushroom to the closed position,  The frun captain steps ofl the
when the breech s closed,  The cradle operator folds loading platform and operates the “ready” swirch to
the spanning tray as soon as the rammer is withdrawn, signial that the gun & foaded and to bring the pun
The gun captain releases the breech hold-down lawch 1o gun order position,

F. Turrets Equipped With Case Guns

TF1. General is-a turret which, upon sgnal from a remote station,
Propedling charges in metal cartrides cases have a will T.rai.n and elevate its guas to @ desived pesition,
number of advaniages over charges in fabric bags, toad its guns, commence firing when the target comes

Metal cases are mechanically much sturdisr than fab. within range, and I:;LF"I'I.I:im:II.'I: ‘ﬁl'il'lg until the 1-31::.;I:1 is
ric bags: they don™ bumn & expesed to a spark op  destroved or éll the ammunition sepended, all witheut

mumeneary. lame; they're much les likely 1w mupture assistance from opcrating pf?rwnnr_']. ) i
and spill powder; and the complete propelling charge At the present time the }-.?n.'s has &-inch and ﬁ-m_rl::
in its case, including powder, igniter, and primer, can v2sc-gun turmees. The carlier feinch turrcts P uire
be loaded into the gun in one operation, as compared 1% general al:mm as much manhandling of ammumition
with the multiple bags and separate primer required 85 does p 57/38 twin mount. The later wypes of
for bag-type ammuniton. Consequently a turret for  O-inch turrsts have eliminated m“"‘hﬂ“d]'“gl of pro-
case guns can he designed 1o have & minimum of com-  Pelling charges after they have been loaded into the
partmentation as comparced with & bag-gun tureer;  Boit projectiles still are transferred manually from
manhandling of powder can be redieced to 2 mini- homt uppre r._rut ifte gun s]u!_r'. In the newest B-inch
mute—which means that automatic handling by power turrets there is no “'dnh'-%“d]’“ﬁ of ammuniion at all
gear can be increased 1o a maximum; extra handling after it has Ifﬂ"-"f-‘l'-' loaded mio the _hﬂml:s, :
necessary because of the requirements of Asmetight The remainder of this section will be concerned with
mlegiity can be radically reduced, It fallows that the -&nr‘h:_-r t'!-'ll?': '-"'F_‘J"H’-'E'-l Cascopun turret.  The nexe
guns and furrcts using case-type propelling charges w0 scrtions in this chapter will take up the newest

can he detigned 1o develop much bigher rates of fire,  ¥pes of feinch and 8-inch tures. Emphasis in these
and with smaller crews, than can those using hag-type discussions 1.-uittl be upon the novel featurrs of the
Ammunition. ordnance design.

Henee there has been a trend to substitate turrets

and guns wsing case ammunition for those using bag- PR Sla-incl 47-collbir Inpiv-joe surely

lype ammunition, and at the same tme firing rates Light cruisers of the frooklya, Cleveland, and Farpo
have increased, the size of crews has deereased, and classes are equipped with single-purpose Binch tur-
miore and more operations arc completely mechanized mis af similar designs. The gun has 2 monchoe,

and made automatic. The ultimate design cbjeetive  radially expanded barrsf with housing arul wedge-type
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sliding breachblock:  Ammunition is supplicd to the
gun room thiough | projectile hoist and 1 powder
hodse for each gun, and & transferred by the gun crew
[rvm the top of the hoist into a loading tray in the
gun slide.  Altheugh the maximum slevation of the
guns is 607, leading must be accomplished at an cle
vation of 22° or less because of the limitations of the
ammunition-loading mechanisms and the empiyv-case
l'_ir‘{lil!!rl systemmn, Gun entmpartment features EEner-
ally resemble the smaller scmiautomatic guns, such
as the 5748 caliber which s described 0 the next
chapter

The gun compartment is not divided into separate
gun rooms, because the inherently greater safety of
case wmmunition renders such minute fmetighy sub-
division unnecessary.  The vear part of the gun house,
a5 in major-caliber turrets, includes the tarren officer’s

G.

7G1, General

The main batzery of light cruisers of the CL-14H
| Worgesder) class comprises the newest design now in
service of Geinch guns and twrrem. There are 12
guns in six Z-pun turrets, all of them capable of rapid
fire against cicher air or surface targets

7G2. Turret strochure

Tn goneral scructure these turmets are similar o the
G-inch triple-gun turrets discussed in the preceding
s lion though there are minor variations (fig. TG1Y.
The turrer foundation i built into the ship and sup-
ports the roller path, above which are the gun hause
and pan floar. Tmmediately below the pan fleor are
two projectile-handling levels, then the cleetric deck,
and at the battom is the powder flat. The barhetee
cxtends from just below the gun house 10 the armor
deck. Tnterior compartmentition is not severe! there
are no Ha rI'|H|5F;1 bulkheads iul:.l;li\'jd':ng the gun howse,
whose space i divided principally by the placcment
of it equipmoent and the arcangement of the guns.
The gun slides themsclves are supported by deck lugs,
and these in turn by gun pirders amd the rematnder
of the turret structure, as in the other wrees aken
up so far.

7G3. Arangement of turret persennel and equip-
ment

Figure TG2 shows the arrangement of ordmance
equipment and ¢rew stations in the gun house of the
A" 4T turret

All units of hoth guns, except the forward portions
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booth with rangefinder and equipment for laeal con-
trd of fire,  The pointer’s and dght checker's stations
are located outhoard of the left gun, the trainer's and
sight sceter’s stations outboard of the right gun, neither
station being separated from the gun compariment by
bubicheads

Levels of the turret below the gun compartment
surve the same purposes as in the 16¥/50 turnct
described above: They are, as is cleardy shown in
figure TF1, somewhat simplified as appropriate o the
stoaller size and lighter welight of the whole ascmbly
and each of it components. One major simplilication
is in powder hoist design, the charges for the 67 /47
gun being handled by an endless-chain conveyor-type
hedst with open fights instrad of powder cars. Elevat-
ing and traiming gear are of clectric-hydraulic type
and permit a selection of remote or local contral.

6'/47 Dual-Purpose Gun and Turret

of the barrels and the power plantz for the slide power
eguipment, are located in the gun house. [ The dide
eouipment motor-pump units ar located on the next
level, the pan plate.]  Also located in the gun house
are the upper cnds of the b ammunition hoists, 2 fuee
serting indicator-regulators, all components of the 2
clevating-gear drives and their indicatororepulater
contmals, and the 2 gun captain’s contrel pancls,

Oreher major units in the gen house are the compo-
nents of the fire control couwipment. “These are
grouped into three stations: the vight and beft wing
stations (aleo called sight stations) and the turrct
officer’s booth.  The right wing station includes exmn-
trols for the furrct trainer and for the right gun poiner
and sight s=teer; the left seation includes contrals for
the checker (standbew turren teainer) and for the left
gun pointer and sight sctter. 'The turret officer’s
booth includes the contrals for the turret officer, fur.
ret eaptain, radar control operators, and computer
operator,  Almest all of the equipment s mownted
cithrr on the forward bulkhead or on the after wall
of the booth.

Twemy-one members of the crew are located on
the shelf plate of the turvet; 10 in the turret officer's
kooth and 11 in the gun howse.  These comprise 11
turret controlmen, 3 gun-laying operatcrs, § fun
aperators, 2 hot.case men, and 2 projectile loaders,

The 11 tureer contealtnen are: the turnet officer,
the wurret captain, the talkers, the radar OPCTET,
computer  aperator, and twe sight scteers  The
checker, a member of the crew in training operations
anly, does not man his station in battle action,

The three gun-laying aperators are the right and
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NAVAL ORDMAMNCE AND GUNNERY, WOL. 1

left pointers, and the wainer. The 3 pun operators
are the 2 gun captains, | for each i..n::n, and the
gunner’s mate repairman, stationed in the turret of-
ficer's booth for general maintenanes of the gun control
equipment.  His principal responsibilisy iz trouble
rvarrection; he alo aids in preparing the guns for
firing, in maintaining continunus opsration of the guns,
and in stowing the guns.

The 2 projectile loaders are located [ at the loading
tray of each gun.  They operate the fuze seting indi.
cator-regudator when the fuze setdng system 13 in
manual contral.  The 2 hot-case rmen are locatad 1 on
the ourhoard side of earh gun near the case ejector.

The pan plate {not Hustrated ) contains most of the
companents of training gear deive and the hydranlic
power supply for the slide power equipment. os well
as sorme of the equiprmnt for the hoist power drives

The projectile-handling flone & divided into wpper
and lower projectile stownage flacs.  Much of the space
al this lewel &5 taken up by hydmube gear [or
the hoists and the train drive suspended from the over-
head.  Most of the rest is taken up by stowed projec-
tiles and projectile hoists.  Figure 7G3 shows the

LEFT AFT
PROJECTILE PASSER
LEFT

FROJECTILE LOADER

LEFT FOWOER
HEusT

ROTATIMG RING
STOWAGE

FETTY OFFICER
1N THARGE
RIGHT FOWHER
HOIST

Fioure 765 —0" /47 duaf—p'ur'pmr [LTIRT

upper fat.  The lower flat is generally similar, cocept
that irs diagram would thow only 4 hoitts (2 powder
and 2 projectile] instead of the 6 visible in figure 7G5,
Oinly two of the hoists shown open into the upper flat;
the powder hoists and the prajectile hoists Trom the
lower flac are enclosed tubes passing through. This
turret has but 1 projectile nng assembly, but the ring
has 2 ters, | for each flat. Each tier is sel up 10 stow
288 projectiles;.  The projectile ring power drive has
4 eontrol stations, 1 near each projectile hoist.  The
controls are operated in paira; at each level, the hoist
loaders on both sides must cooperate to start the ring,

Fixed stowape capacity is 106 projoctiles at the
upper level, and 124 at the lower.  Some aerctions of
the upper flat are hinped so that they can be swung
out of the way when the lower flat 18 in wse,

The samne crew of 7 operates on either the upper
or the lower flat, It consists of a petty offiver in
charge and | projectile loader and 2 passers for cach
host being served.  The loaders merely shove projec-
tiles into the hoists, which start automatically when
loaded. The passers kecp the loaders supplied: they
also opcrate the projectilc ning as roguired.

LEFT FORNWARD
PROJECTILE PASSER
HINGED FLATFORM
LEFT UPPER
PROJECTILE HOHST
LEFT LOWER
FROJECTILE HOIST

RIGHT LOWES
PROJECTILE HOGIST
PROJECTILE HEIST

:

PROJECTILE P

Plan virw of uppre projectile flat, showing ammunition stowsge, cquipment, and

Crew stations.
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L :gl'“i?rf" PASSER FIRST pnwnﬁn PASSER SECOND POMDER PASSER
ILEFT HoE

FOWDER PASSING ST, {LEFT HOIST]

SCUTTLE {1 OF 4)

LEFT POWDERMAM
POWDER HOISTS

PETTY | |
GFFICER /| FORWARD
| ————

1N CHARGE
|

RIGHT POMDERMAH \ " FIXED STRUCTURE

THIRD POWDER PASSER FIRST POWDER PASSER SECOND POWDER PASSER
(RIGHT HOIST) (RIGHT HOIST) {RIGHT HDIST)

Fiovhy TG4 —=6"/47 dusl-purgoss turret.  Plan view of powelerhandling fat, showing equipment and crow stotions.

At the powder-handling room level, four powder- hand, The two gua asemblies are symmetsic ally ar-
passing seutthes admit powder cases from the magazine ranged abour the turret centerdine.
A crew of @ operates in the powder-handling room— The 6747 gun weed in these twsets 5 5 monohloe

B powder passers faking the charges lrom the scuttles  madially expanded type, designed for semifined amnmo.
to the powder hoists, 2 powdermen operating the  nition, whose bore Has 48 rifling grooves with nght-
scutthes at the foot of the hoists, and 2 petty officer hand uniform ewist, 1 tim in 25 calibers.
in charge (hg. TG4) The gun howsing has a vertically sliding breech-
block operated by a hydroulic cylinder, and a single
7G4. Gun ausambly spade extractor, ako hyﬁau]im]!?npem;ed {fig. ?E:Eﬁ.
The right- and left-hand gun assemblies are func- The firing mechanism is designed primarily for elec-
tionally identical, though some parts are of oppesite  tric primers, but it provides for percussion firing of
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i'7/47 dusal-purpose gun end housing (boft rear view of Irft gun}

7G5. Slide, rammer, and case ejector

In Many wikys, these assernblies are stinilae o these
of the Clevoland class turren.  This article will cone
centrate on the novel featunes.  These ire the mecks-
rustris for loading the gun, fuze setting, and dispesal
of the empry case.
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Figure 7066 shows the slide of the left gun
Mounted atop the slide s an accumulator from which
is distributed e hydravlic Muid that operates the casc
extractor and hreechblock in the gun housing and the
projectile tray, cae stop, traverse carriage, and am.
mumtion rAMMer-cmpty case epctor in the slide.
Mesr of these slide ammunition-handling units are at
least partly vimble in this view; the main exception
is the cmpty-case tray ac the left side of the slide.
The purnp that through the accumulitor supplics the
hydraulic fluid under pressure that drives all these
units is on the floor, and the Auid Aows to and
from the slide through the three jointed pipes under
the slide.

The prajectile is manually loaded inte the prajectile
troy, and the powder case is mechanically loaded into
the powder-case loading trav. The projectile tray
drive wunit then drives the projectile tray and fuze
setter head aft.  The powder-case crosshead, which i5
micchanically hnked 1o the casc-stop drive, engages the
bage of the case in the powder-case loading trav. The
cate stop drive for most of this operation i set to
function a: & braking unit; thus the projectile may
drive unit during most of its stroke aft drives the pro-
jectile and powder case against the braking cfforr,
excrted through the powder-case crosshead, of the
care-stap drive unit, This keeps the projectile’s nose
firmly insido the fuze-setter pot, The fuze is set dur-
ing thit operation.

At the end of this siroke the complete round is in
the traverse carriage loading tray in the traverse car-
riage, which moves transversely across the slide.  Tris
driven by the traverse carrage drive unit near the rear
of the slide, Tt has ven trays. The traverse carriage
Ioading trny in visible in figure 7G6; the ather, the
traverie earriage cmply.case tray, & now  The car-
ringe has two pesitions.  Figure 7G6 shows it in Fme
position, with the cmpry.case tray lieed up with the
gun hore to receive the cmpty case upon exteaction |
in maM position the carringe moves o that the leading
iray is lined up with the bore und the traverse carmiage
emptyecase tray i lined up with the cmpty-casc tray
o the shde.

The functioning of these units will be further dis
eussed when turret operation is taken op.

7G6. Ammunitien haists

Each gun i3 served by three amvnunition holss:
one powder hoist, and two projectile hoists (one pro-
jectile hoist from each of the two projectile fats).
The powder hoist delivers the powder cartridge
direetly to the gun slide completely automatically,
regardless of the moverment of the gun in alevation,
without manhandling of the case, and without requir-
ing that the gun be browght 1o 4 specific loading posi-
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tiom, The projectile hoists bring the projectiles 1w0-a
point adjacent to the dide, from which they are manu-
ally transferred to the gun slide. Projectiles can be
Inaded at any pun clevation.

All six ammunition hoists are generaily similar. Al
are of the continuous type in which an endless-chain
oonveyor, operating  intcrmittently,  automatically
starts hoisting every time the hoist bower end is loaded,
until the hoist is full. Each hoisting cyele lifts the
projectile or powder case one stage.  The hoists can
also be reversed for Jowering ammunition.

The powder hoist lower end is fitted with a Aame-
proof scurte for extra safety.  The upper end wermi-
nates in & power-driven cradle which automarically
loads the propeliing changes into the gun dide.

7G7. Fire control and power drive eguipment

The &*/47 dual-purpese turret i detigned to deal
with air as well as surface targets, It is capable of a
miaximum surface range of over 25,000 yards, and can
reach targets at an altivede of over 51,000 feet when
at its mamimum elevation of T8°.  There is no optical
rangefinder in these turrets, but they are equipped
with telescopic prismanc sights, periscopes, and sight-
setting oquipment, 28 well as radar and computer
equipment.

The turret is driven in train and the guns in cleva-
tion by eleerrichydranlic power drives controlled by
receiver-regulators. The fuze setters on the gun slides
are also operated by receiver.regulators.  There are
six designated vypes of turret control:

1. Primary surfece confrel. The gun and turrer
drives are controlled by an aloft radar antenna mount
of by an aloft main-battery gun director, operating in
conjunction with main-battery plotting room cguip-
ment. Thes control has two vardaton: “suvrosamc”
and “NocaTING”

2. Primary A4 control.  The gun and tarret diives
are controlled by an aloft main-battery gun dircetor
aperating in conjundtion with main-batters plotting-
room ecquipment.  This control has two variations:
“arrroMaTic” and “monpcaTinG.”

3. Secondary surface or Ad control, The gun and
turret drives are controlbed by a 3-inch battery direcoor.

4. Local radar conirel.  The drives arc controlled
by the radar equipment within the weret.  In this
method of control, the pomters control gun laying with
their sighis and handwheel controls: Turret train is
controdled by the radar operators usng the traim trans-
miteer | turvet order) 1o send gun train onders to the
receiversregulater and to the gun train indicators.

3. MHand comtrel. The gun.laving and craining
drives are controlled by the pointers and selected
trainer using their sights and handwheel controls:
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RAMMER CROSSHEAD

Frzume TGF—G67/47 dual-purpose gun.,

In primary surface or AA control, the turrets and
their guns are controlled, in autematic control, by
signals received [rom the controlling plotting room.
Or they may be controlled and positioned in the fol-
lovwe-the-pointer operation, called indicating control,
Either selection can be controlled from the forward
or after plotting room, wsing any one of the aloft radar
antenna mounts or main-battery directors for surface
control, or using any one of the mamn-battery directors
for AA control.

In secondary surface or AA control, the turrct drive
may be controlled by similar automatic and follow-
the-painter (indicating) eontrol variations from a sc-
lected secondary [ 3-inch bawery) director.

Turret local control methods include local radar
control, hand (target-sighting) control, periscope
control, and combinations of these. All of these meth-
nds use the local computer for solution of the firing
problem for the proper sight angle and sight deflection
for hitting the target. The computer operator gives
the computed values of sight angle and sight deflec-
tion to the sight setters. The sight sctters crank these
guantitics inte their indicators w set the sights to the
ardered values of sight angle and deflection

HRadar control arrangements are one of the feature
innovations of the turret.  The installation includes
one complete radar control set in the turret officer's
booth, a radar antenna, and antenna traln dove. This
installation enables the turret to ascertain target direc-
tion, distance, course, and speed. It is a range-finding
system that completely displaces the optical range-

|

CASE STOP
GROSSHEADS

Slide leading equipmme nt in secured position,
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FROJECTILE TRAY

POWDER CRADLE

TRAVERSE CARRIAGE

Powder eradle regiseered with hodst.

finder of carlier turret design, and provides new alter-
native methods for local control.  The radar signal
beam to the target ean be employed to yield line-of-
sight and range data.

Unlike other 6-inch turrets, the clevating gear is of
the are and pinion type (same principle as the 57 /38
mount} instead of the serew and nut type (like that in
the 16" /50 warret).

7G8. Other facilities

The 6"/47 dual-purpose turret is fined with the
usual electrical illumination, power, data-transmis-
sion, alarm, signal, and communications circuits. [t
is equipped with 2 compressed-air pipe systems—one a
123.put system for supplying air to the gas ejector and
sprinkling systems, and the other a 3,000-ps supply for
the counterrecoil air-replenishing system for replen.
ishing accwmulator air, and for charging the emer-
gency air Masks.

The turret also has 2 self-contained exhaust systems
for the empty-case cjectors ard 2 ventilating systems
which supply air under forced draft to all turret levels.
It iz equipped with an elaborate sprinkling system
which can spray water at all ammunition stowage
points as well as in the ammunition hiists and ag the
gun breeches. “The sprinklers are supplied with water
under pressure, and function either automatically in
caze of fire, by remote control from several stations,
or manually. The turret also contains drainage, hy-
drautic fiuid filling and clarifying, and heating systems.
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EMFTY CASE
[FPREVIOUS ROUND)

Frovee 7G11.

769, Turrel operation
This article will e concerned with ammunitivn
supply, leading, gun firing, and extizciion operations.
Operations concerned with fire control, casting loose,
and soouring the turree will not be taken up.  The
student is referred to OF 760 for this information, pnd
for further detail: on all aspeers of this type of Lurred
When the ammunition heists are filled, a powder
cast goes into the cradle and a projectile goes ine the
projectile hoist upper &l When the powder cradle
receives a powder rase from the hoist, it autcmatically

647 dual-gurpose gun

FUZE SETTER HEAD

e TRAVERSE CARRIAGE

Ammunition in frave e vtan-'la-gt.
rises, latches to the dide, and ejects the case inle Lthe
sl }l:.‘l.{]i.“.g iriv 'F'Jg. L

I'he projectile loader then manually oasfers the
projectile from the hoist to the slide,  With both the
powder case gnd the projectile in the slide, the pro-
jectile loader pulls down the projectile-tray control
lever to start the projectile tray and Tuze-setter head
maving aft,

The trav and fuze setier force the projectile snd case
tor thee rear of the slide against the braking action of the
case stop (fige. 7G9, TG10, and 7G1E),  The forwind
crosshead of the case stop holds the projectile nose

- TUZE SETTER
Y HEAD

" PROJECTILE TRAY

TRAVERSE CARFIAGE

Teaverss carriage moving co ram position.  Fuze setter head and projectile tray

movaine fu:rwa.rﬂ.
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Figupe 7G12.—6" /47 dual-purpac gun,
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ROUHD OM
TRAVERSE CARRIAGE

POWDER CRADLE

—— CASE 3TOP POWDER CASE
CROSSHEADS FOR NEW ROUMD

TRAVERIE CARRIAGE
HOYING TO RAM POSITION

Froueg TG 13— /47 dual-purpese gun,  Traverse carriage and case stop movement,

seated in the fuze-setter head, and the fuze setter func- heads which were pushed to the rear by the rearward
tlons to st the fuze as the projectile travels afL movement of the anmununition. The i-_:-ur\-\rdl_'r cradle,

After the ammunition has moved all the way aft dunng the previous ammunition movernents, has re-
into the traverse carriage (fig. 7G11), the fugc-sctter ceived another case, raised it, and latched to the shde
head remains in contact with the projectile fuze wntil ready for the next cyvcle,

the empty case from the previous round has been ex- As the traverse carriage reaches ram position, the
tracted and is Jatched in the cmpty-case tmy, projectile tray is forward and the case stop is nr.a.uing

The projectile tray and fuze setter head then move  its forward position, (Fig. 7G14.) The projectile,
forward, clearing the traverse carriage (fig. 7G12), being manually loaded, may or may not be in the tray
This allows the traverse carriage to start toward ram  at this instant. The rear vase-stop crosshead, upon
Position. reaching its forward pesition, initiates the powder-

The traverse carriage continues toward ram posi-  case ejection from the ceadle to the sdide loading tray.
tion and clears the return path of the case-stop cross- {Fig. 7G314.) )

HEW ROUND
B
CARTRIDGE CASE &

OF PREVIOUS ROUND

Tt =7 REAR CASE

N # STOP CROSSHEAD POWDER CRADLE
< TRAYERSE CARRIAGE

ROUND TO BE

RAMKED

Frioves 7014 —6"/47 dual-purpose gun,  Traverse carriage at ram position.
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RAMMER EMPTY CASE ..-:‘_F

CROSSHEAD }%,
EMPTY Ca3 2
EJECTOR C -

SLIDE EMPTY—
CASE TRAY

E
ROSSHEAD

SLIDE LOADING TRAY

CHAMBER

Sl

RAMMER CROISHEAD

< ]ea

hﬁﬂ_J T

N

=g

PROJECTILE 3 REE

|}
BREECHBLOCK ] N e | ?"'
=

ol

BREECH OFERATING
CYLINDER

= e

B

Fiouge 7G15.—6"/47 dual-purpose gun,  Ramming.
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Fioves 7G1E—B" /47

dual-purpase

gun. Brecchblock

chodes; Temnmer relracts; fraverse careiage shifis w firg

pumition,

Next, the rammer deives the round inte the chamber
AL the same time, the empty.case ejector crosshead
pushes the empty case from the preceding round from
the traverse carriage emptyv-case tray into the slhide
emphecase teay, Dy this time the next round s on
the slide loading tray.  Figure 7GI5 (A shows the
aperation of dide units in ramming
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Figure 7G15 (B) shows the ramming action from a
sdightly different point of view.  This v 2 cros-section
view of the round being rammed past the hrecchblock
into the chamber,

When the rammer crosshead reaches the end of the
ram stroke, the traverss carriage shifts back to fire
position.  See figure TGI16 (A). At the smne tme,
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the brecchblock starts closing. When the block has
moved up far enoagh to hold che ammunition in the
chamber, the rammer retracts.  See figure 70316 (B
As the breschblock rises, the slope of the ways and
giides im which it moves wedges the case securely in
the chamber. When the breechblock has riscn to s
fully closcd position, it is locked by the breech bali
(e illustrated), and the firing pin of the cocked
finng mechamism contacts the primer of the powder
CAse,

The gun ordinanly fires efectric-primed  ammunz-
tion: the only percussion primers used arc those in
short cases for clearing the pun.  When the sun fres,
it menves 1o recodl and countermecml (the two strokes
reqquire about 0.5 second altogether ! under the control
of the recodl brake and recuperator mechanism, which
are generally similar in principle to those described
clsewhere in this course.  During the counterreeni
strake 1the breechblock i mechanically unlocked; a
vilve ports hydraulic fluid w the bresch operating
cylinder to lower the block shortly before the end of
the counterreeoil stroke.

When the breechblock i hauled devwn to it fully
open pasition by the breech operating cylmdes, it cams
apen & valve that activates the exractor cvlinder; the
fired case & extracted [rom the chamber (Hg. 7617
and is thrown aft into the traverse carriage smpty-case
trav. AL (the same time the ms-cjector valve is
cammed open.  The breechblock then rises shiehtly o
the pesition it had ac the time of loading, camming
the extractor eylinder valve to permit the oxtractor to
return to ity seated position,  The gas-ejector valve is
automatically closed by a timing arrangement as the
breechblock vises to beading poation,  The same link-
age alao actuates 2o interlock o permit repetition of
the cyele just described.

7H1. Ganeral

At the present time the closest approach o the com-
pletely automatic tureed described carlier in this chap-
ter is the 8«inch B3-caliber rapid-fire gun and et
These are the largest United States naval weapons now
in serviee using ease ammunitdon.  Three such tur-
rets arg installed on Salem class heavy cruisers,

In this type of B-inch wrret, siroctural and space
arrangement plans differ substantially from those of
bag-gun turrers like the 16-inch norres aken up
carlier in this chapter, ‘They are egually diffcrent
from Be-inch bag-gun turrets on erwiders of similar
type | for cxample, Baftimore class),  This difference
is due in part 1o the use of case-type srnmunition, and
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EXTRACTOR

BREECH BLOCK

Fiorae 7617 —6" /47 dual-purpose gun.  Case extraction.

The fired case remains n the traverse carriage
emply-case tray until the next round s rammed,  See
figures 7614 and TG15 (A). Then it is pushed for-
wiard by the casc-ejoctor crosshead into the slide cropty-
cast tray.  Then comes the last manual operation in
the gun’s operating cyele: The hot-cose man picks up
the case [rom the slide empty-case tray and drops it
ints a power-driven conveyor (not Mlustrated) called
the emnpty=case vjector, which sends the empty owe
through a door in the rearof the turret,

£”/55 Rapid-Fire Gun and Turret

in peart to the design types and details of the pans and
amirunition-handling equipament. The amimunition
and rguipment desipns do not require Hameproob
bulkheads separating the guns, the control statons,
and the powder service

The foundation: structure, barbette, and magazine
designs are quite smilar to those of earlier heavy
cruisers, differing principally in the magazine stooage
provisions and pewder-passing scuttles for powder
cases instead of powder bags.

In their ordoance feature, bwever, the turrets are
entirely new,  The gpurs operate automatically, and
reguite o attendants in the gun compartment. They
fire at three tiunes the rate of the compamable 8-inch
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threc-gun turrets of the Baltimores. Chher featurcs
Aare: 1'1’|||1|;|.u'.|.1:.'|.-1'|:.' Fast gun 1.-.'.-;!'-{'_’ and turret train
drives: loading at all angles, while gun laying; sub-
stitution of radar range-taking equipmment for optical
rangefinder; automaric fuze setting; local radar con-
trol: and other flexible fire control arrangements for

local and rermote control.  HBecause it uses case-type
propelling charges. many of the fameproof integnty
construction features are climnated—unhke the Baftz-
more class bag-gun wrret of the same caliher, the
powder hoigt systern is single-stage and the gun deck is
not comparonented, though scuttles separate the han-

! CEMTER PROJECTILE

e

CEHTER FOWDER

Fuzvee THI—B" /35 rapid-fre turret

CIRGUL &R
{ BULEFEA

PRLIECTILE |
HAREL PG
FLooas |

FOSLER
1 HANDL NG
e r IR ]

Cross s=crion.,
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FIGHT TR .'1;]

GIFDER

| SHELF PLATE
| RlGH T l'I*l"L‘:.-:R_":E
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i
FPAN PLATE

LC'I-'Tl'\-.i.i'-“'.'ﬂ'._ﬁ_f"IF-"'- PLATE

| WIGHT GUK PIT
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AND HA DL ENG
5P ACE £MD
MACHIHER Y

| COMPARTHMEKRT

QUTER STOYALE .q.rm_‘!

I HAMDLIMG SFACE
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J CQUTER STOWAGE ARD

1 HANMDLING SPACE

[ LOWER FROJECTILE FLAT

POWODER MANDLING

{ BLAT, FIZED

VER HA DL NG Aioe 1
——

—_—

FPOWSER HANDLING FLATFGR B, FOTA

A ST r |
TROMARNCFE STORE ROO0 I

Fioues PH2 —8" /35 rapid-fire turret. - Rotating stirustune [simplified ).
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"REFERENCE MARKS | [RIFLING GROOVE |

[RIFLING LAND|  |TUBE | LINER LUG

Ficvrs TH-—8" 735 RF gun and verret.  Muzele, showing rifling and lugs.
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dling rocmi from the magesine.  Because the guns use
case ammunition, there is a case-cjection mechanism

a continuwous-chain  conveyor ugit below the slide
which pushes the cases our an emprvecass fube under
the gun.

The training mechanism of this turree is of the nsual
type, but it has an arc-and-pinion type of clevating
gear instead of the clevating.seeew type.

As o ammurstion-handhng facilities, the projectile
fiats cach have Two projectile rings, plus an improved
type of parbuckling mechanism, Morsover, the guns
incorporate completely mechanical ammunition-han-
dling arrangements that make it unneoesary for the
crew to bandle or even touch the ammunition, once
it has been loaded mto the hoists.

TH2, Structure and spoce arrangement

As with carlier designs, the lixed-turret stnacture
includes a foundation which supports a roller path,
and an armor barbetie which proteeis all levels af the
turret between the armor deck and the gun house.
The rotating structure is topped by a gun houwse; under
this, the levels are the pan plate {which forms the
hottom of the gun piss), twe projectile flan, and a
powdes-handling room.  There is no separaie electris
deck: the rquipment that wsually ocoupies such a deck
is mustly inside the circular bulkheads that enclose the
central prart of the turret at the projectile-fat Tovels
[fige. THI and THZ2Y,

FH3. Gun

The pun is 3 combination type, 2-piece, B-inch
58-caliber denign consisting of a tube and rifled liner.
Tt iz “loowe™ assemblv. The liner & fitted for con-
venient eeroval and replacement on boand :{h'i]_l Itis
disigned 1w withstand u pressure of nineteen lomg tons
per sguare inch.  Tis rifling {2 of uniform right-hand
twist with 64 grooves and 1 tumn in 25 calibers. The
powder chamber and broech are designed for semi-
Frxred amenuniticon.

Figure TH3 shows the muzele dewails, including the
three ugs which anchor the jacks that are used to
haul ol the liner for replacement.

7H4. Gun supporting elemenis

The gun supporting structures are of the usual tor-
et type—gun girders (fig. TH2) which suppert the
deck lngs (fig. TH4) into which the sun dlide trunnions
fit. The slide runnions pivot in roller hearings in the
deck lugs (fig, TH4).

I'he trunnion arraneements of the slide include
Journals for mounting two cradle units
the upper ends of the ammunition hoists.

Iluhl"'\-{‘ Are
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(Sumsupporting

Fiouse THH—8"/55 RF gun ar!l;' et

Construdivn

TH5. Gun housing and broech mechanism

Figures THS and YHE illusirare the anatomy of the
houwsing amd breech mechantsm with the brecch open
and closed. The gun housing 35 a rectangular alloy
steed forging. Tt s atiached to the gun shoulder and
rear cylinder by a havonet-tvpe joint.  The housing
bias wertical guide ways for the breeehblock.  The
guides have a shight forward slope to make the breech-
block seat the projectile as it rises.

The breech mechanism consists of a vertically slid-
ing power-operated breechblock, an electric firing
mechanism, a power-operated mechanical case ex-
tractar, hvdranlic cplinders amd valves to drive these
companents in noemal breech operation, and man-
vally operated mechaniams to supplement the power
svstem

The breechblock i3 a roctangular steel forging simi-
]:1r i -gr'::.l'l.'|| I.El.":i!;n i other '.'|:'||]r.:1] .1|i1.|ir:g |1:|'|::r_'|;h-
blocks, Its top surfzee has a longitudinal concave
arcs that {ormms an extension of the rasng tray | e
THG A horizontal Tore-and-aft hoee th mugh iz
middle howses the firing pin aseembly,  The breech-
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Fuarne THAE—8"/55 RF zun and ruoreer

binck i moved vertically in the howsing wavs by 2
hvdrautic cylinder. When closed . (top position, as
in figure TH3), it is locked by @ !,'Pri!'.g:-]ﬂm'_'td rec-
tangular bar—the brecch bolt.

The broech bale s released from this positlon by a
rack-and-pinion gear artangernent (fig THY ] actuated
by an inner telease bar during the autematic cvele,
{ It can wlso be released manually,) The breech bolt
and bolt cam {fig. TEL b, together perform this locking
nperation, plus that of ietracting and holding the hring
pinn when the eechbleck is not closed, and that of

Gun housing anl brecch mechanisn.
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Cross section, breech closed.

tripping one of the brecchblock bydeadlic spstem
opaerating valves

The spring-loaded case-retaining pawl in the top of
the brecehblock Tulfills it function 25 the rammer re-
Tt halds the case in the chamber until the
beeechblock rises.

The ﬁ[in:z |Ji|‘| iH'iP'i".'."l.hI'!.' !'!.IE{ i--'.H'.T:l extends I.l.l'rlgi'
tudinally thraugh the hreechblock, It is for electrical
firing only, though it can he rigeed for peroussion
firing in crergency,  The spring-loaded firing pin i
retracted by the cocking lever (fig. 7HE) until the

rats,
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hrevch fs closed and locked,  1is spring then pushes
the pin forward through 2 hole in the fromt face of the
block =0 that it contacts the powder-case primer.

Ie case-esiracion has ¥ extractor
spades, aperated by 2 hydraolic cyvlinder uois bolied
on top of the gun housing (fig. TH6).  Suspended in
the hreechway, the lower end or toe af each fits into

ol

___:.._-, ] ]

Hunmsine and breech mechanizn: .
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| BIRiNG PN
] FLEERELY

Llul-away view, hreech open,

a recess of the cartridee rim seat of the gun,  The
back of each spade is curved so thar the spade rocks
to move the toc aft when the celimder hauls the upper
vnd forward during extraction,  The extrtor-operst-
ing michanisms are spring loaded to tetnm the spades
t the carndge mm seat alter extraction.  In normal
aperation, the extractor lusctioning s controllsd by
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AFTER END OF
FIRING MECHANISM

BREECH-
BLOCK

[BREECH BOLT|

BREECH
BOLT CAM

|
BOLT SPRING

VALVE
CPERATING

|INNER RELEASE BAR|  [RELEASE BAR PINION| LEVER

H"'.-":-IG_RF pun and twrrel,  Broech boelt and bolt release mechanism.
(Cut-pway view.  Cocking bever sminted.)

| OUTER RELEASE BAR|

Fizuze THY.

144



electrical switches and solenoids actuneed by the
broechblock o5 it nears the bottom of its downward
moveImeni,

The hydraulic systern for raising and lowering the
breechblock eonsists principaily of a brecch-operating
cvlinder, piston, and piston rod attached to the bottom
of the breechblock (fig. 7TH3). Valves in & valve
bleck under the breschway contral hydraufic Buid
flow inte the evlinder.  The valves arc pesitioned me-
chanicaliv by a valve-operating lever; this, in turmn,
is acmuated by the movements of the breech bolc
[ Part of this inkage is shown in figures THE and 7HT.)
The breechblock has 2 open positions—1 for ramming
{bop of block aligned with bottom of chamber), and
a lewer one for extracting.

Manual brecch-operating devices provide for auxil-
tary or emergency operition of the breech mechanism.
Unlecking and locking the breech, resetting the breoch
contiol valves, contralling extractor functioning, and
opening and closing the breech can be done mianually.

7Hb. Slide ond slide power equipment

The gun slide (fig. THB) supports the gun in a
cylindrical bearing and two parallel rails, The side
is fited with a hydraolic recoll brake and hydro-
prcumatic recuperator of types already discussed olse-
where in this bock.  The slide trunnions it into hear-
ings in the deek Jug. The tide alio contains power-
operited units whivh accept ammunition from the
halsts, ram it into the chamber, and dispose of ex-
tracted cartridge cases,

Phe slide power equipment includes the breech-
operating mechanisin, the ammunition transfer rays,
and the mmmer and case-ejector hydmulic operating
unity, all of which reeeive hydraulic fluid from a hy-
dropneumatic accumulator,  This unit comsists of a
large vertical cylinder and two air flasks mounted a
the side of the shide.  An extensive system of hydraulic
pipes connects it to all sperating units and o a pump
mounted with its electric mator on the upper projectile
fiar. “This system continuously delivers powar through-
cut ]l gun-loading and gun-firing operations.

Hydraulic power opcrations of the gun units arc
controlled by Emit amd interdock switches and valve-
operating selenoids on the brecch, rammer, tray, hodsts,
and rase-ejector mechanims, and control switches of
the gun captain’s control pancl in the turret officer’s
booth, This gl.l!":l-;l.lﬂ.di-lts control EyRIem rnables all
loading and firing actions to be performed without
atteridants in the gun ¢ompariment and during gun-
laying movement.

FH?. Ammunition heists

Each of the three guns of the turret has a projectile
huist on it right and a powder hoist on s left. Both

Chopter 7T—TURRET INSTALLATIONS

kinds of hoist are of the electric-hydraulically deiven
cndbess-chain and sprocket type, and in principle re-
wemble the dredger hoist used in S-inch mounts.  Sinee
the projectile and powder boists are similar in gencral
construction and principle, only the projectile hoist
is shown in the figures (Gg THI).

The upper end of cach hoist terminaes in a
eradle—a tubular unit suspended [rom a journal on
the slide trunnion and armanged to swing between the
top of the hoist and the side of the slide. Tn this
swinging movement the cradle lower end s guided
b o curved rail {not shown in the figuret] mounted
on the gun girder. When the cradle swings up to
the shde, it latches there and moves with gun-laying
artion until the projectile or powder case s ejected.
Then it moves 1o the hoist, and letches in alignment
with the heist tube, permitting the hotst to fred it
another projeciie or powder cas.

Fach eradle has & pawl at fts open end and 2 large
spring-ram. device at the trunnion end.  When the
hoist lifts a projectile into the cradle, the spring ram
s rompressed and o paw] latclies the projectile sa
that it cannot meve out unless the pawl is depresed
A remmotely controlled fuze settir @ located in the
projectile cradle.

The powder hotst has, at its lower ind. a flameprool
sturtle consisting of a revalving evlinder with tw
compartments 180% apart. When one compartment
faces into the hoist tube, the other faces outward,
An electric drive rontrolled by & erewenan rtates the
cvlinder 180° when a powder cuse has been leadied
into the outer compartment, to transfer the case in-
ward to be hoisted.

THE. Ammunition-handling eperations

Each 140-pound metal powder case contains the
complere propelling charge for an 8inch gun.  The
cases are moved in small trucks, rather than by hand
carrying.

The powder-handling ronm is not dividid by Barme
tight bulkheads, but forms one large enclosure.  Pro-
pelling charges arc transferred from the magazine
threugh the powder-handiing room bulkhcad by rotary
wtles.  Crewmen load the charges into hand trucks,
push them to the hoists, and ynload them min the
rotary scuttles (described in a proviews paragraph)
at the powder-hoist lower ends,

The projectile hoist can be loaded at either projec-
tile-fut bevel. Projectile hoist operation s normally
completely automatic.  Loading the hoist automati-
vally starts io hvdraulic drive to mise the ammuricon
ane light (i the cmpry eradle 2 waiting ar the upper
end). The hoists arc alin capuble of emergency
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Frovge THI0—8"/55 RF pun and furrct.

manual contrel and can be used for lowering
annunition.

Figure THI( iljustrates the projectile ring and par-
buckling grar lavour in the Salem class turret,  Much
af the gear crowding the interior of this tureet is not
shown in the illustration.  Inside the turret foundation
bulkhead are:

1. The outer profectile ring (capable of independ-
ent rotation and powersd by an electric-hydraulic
drve),

The outer projectile-handling flatform (part of
the turret rotating structure) on which are
mourted the right and left projectle hoists, and
the 3 gypsy heads and 2 steady arm mechanisms
[ 1 Tor each projectile hoist) used in parbuckling.
The frner projectile ring (independently driven
by an electric-hydraulic power drive ).

The central part of the turret rotating structure,
with the center projectile hoist and s steady
arm, the poower hoists, the ceneral column, and
various other goar,

Only the two projectile rings are vsed for peajectile
SLOWAET.

7HY?. Gun-loading equipmaent

Most of the loading machinery that serves ammu-
nibion o the B-inch BRF zun is shown in figure 7T,
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Parbuckling gear and projectile mngs.

The projectile-hoist cradle, which reccives the pro-
jectile from the projoectile howst, can swing up and
down (armow A ) between its hoist or receiving pesition
ialigned with the haist), shown in the figure, and its
discharge position, aligned with the tubular projectile
transfer tray. The projectile-hoist cradle is rotated
on a journal bearing surrounding the trunnion by a
hydraulic cylinder (shewn m fg, 7H9), The coadle
locks in either pesition, regardless of gun elevation
angle, and regardiess of whether or not the gun is
moving in clevation,  There s a simalar powder-heist
cradle {not shown i the fguare) om the left trunnion,
which has similar positions with respeet w the powder
hoist and the powdcr trans{er tray.

The powder transler tray and projectile (ranster
teay, when swung outhoard as in figure THLL, are in
firing position,  These trays can swing (arrows B, )
inboard, under the thrust of hydraulic cylinders. [the
eylinder for the projectile tray is visible in figure THE)
to ramming position, in which they are aligned with
rach other, with the gun lweech, and with the rammer.

When in firing position, the trays allow clearance
for the gun to recoil and for the ejected cartridge cass
o mpve along the spanning tray into the empty
powder-case tray.  Note that the spanning tray, which
is structurally a part of the housing, moves in recoil
with the housing under the empty powdir-case tray,
which remains stationary,
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SLIDE

GLUM
BARREL

SPANNING
TRAY

POWDER
TRANSFER

PROJECTILE
HOIST CRADLE

RAMMER HEAD
LINK

: PROJECTILE TRANSFER POWDER HOIST PROJECTILE HOIST
| TRAY UFFER END UPPER END

Fioume 7H11.—8"/55 RF gun and turrct. Loading ecquipment.

When the powder transfer tray swings inward  thing happens in both cradies, only the projectile
farrow C), the vmpty powder-case tray, which 15 cradle is thown in the figure The fuze setter s ot
linked to the transfer tray and moves with it, gocs  shown.) Spring-loaded pawls hold the projectile and
downward to the cascecjection mechamisme, Thas case inthe eradles,

mechanism i a hydraulically driven chain-conveyar 2. Cradle movement to discharge ponition, Next,
unit which thrusts the empty eases outside through 2 cach cradle swings upward to discharge position, auto-
tuhe under the gun barrel to fall to the ship's deck matically latching in alignment with the transfer tray

i{fg. TH13). {Only the projectile side 1s shown, )
4. Tranifer to transfer trav,  When the powder
Following is the sequence of operations in normal cradle reaches this position, interlock switches close a
awtomatic operation, beginning with the hoists full, carcuit which cavses immediate hydraulic retraction of
and with pun-leading equipment in the positions the retaining pawl The compressed cofl spring in

TH1Q. Operating cycle

shonen in fgure THILLL the cradle thercupon throws the powder case into
1. Hoists load cradles. First of all, the projectile the transfer tray.

and powder hoists lift a projectile and powder case Operations on the projectils side are similar, except

inta their respective cradles, compressing a heavy coil that retaining pawl retraction is synchronieed 1o ococur

spring in each (fig. 7H12). (Since about the same only when the breech is open (fig. TH14).  Thiz de-
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layed delivery of the projectile keeps the projectile  retaining lach keeps it from slipping forward foo
{uze in contact with the fuee setter untdl the last s, Orther eam and stopy devices similarly keep the
possible moment, and so reduces fuze dead ime, T pewvder case in place within its tray, and, at the right
also simpliftes operations in case of misfire or other time, positon the projectile and ease properly for
malfunctions.

When the projectile has been thrawn into its trans.
fer tray, a bulfer brings it to a controlled stop. and a

-

Fioume THIEY 87735 RF gun and wrret.  Cradle proving
to discharge position.

Fisvme THI14—B" 35 RF gun and turret, Prajectile in
transfer tray, ersdle siill in discharge position

s I UPPER END

Fougx 7H12 —E'"/55% RF gun and turret,  Projectile loaded
into hotst cradles

Fiovas THIS, - -87/3% RF pun and turret.  Troys moving
toward ramming posttion.
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EXTRACTOR

BEREECHBLOOSK
Ficvre TH16.—8" /55 BF gun and tarnee,

ramming,  Meamwhile, the cradles  automatically
swing down to receiving position, ready 1o be reloaded
by their hoists.

4. Transfer trays to ramming position. At the same
time, of when other J'.tl.ti.'rl-:.s-ckit'.g clemienits pl:h:u'l. thi
twi trave are hydraulically sswung inte ramming posi-
tion, and the powder casc and projectile arc properly
positioned for ramming, Figure 7115 shows how the
EYyE rrmme toweard FATNIANGE Posibne,

3. Rarming.  When the trays are lined up with
the oprn breceh and the rammer (hg. THIG6), the
vammer rams the projectile and powder case into the
gun chamber, then automatically reverses and retracts,
The spring-loaded pawl at the top of the breechblock
engages 1the cartridge-case rim (o prevent the case
from sliding rearward into the path of hreechhlock
closing meovement [fe, VHLT)

6. Brecch closmg.  (Fig. THIB.) When the ram.
mer chain has cleared the brecohblock, the block rises,
Breechblock movement wedges the powder case into
the chamber

T Breech locking.

(Fig. TH19.) Positive stops

lrmit breeckblock closing movement at a position thar
synchronizes with the end of bolt trave]l on the bole

=
i

CASE BETAINING PAWL
il |

P —— — - S e

Fuzuwe TH1T.—87/3) K¥ gun and turrer.  Rammer recract-
ing | case-retaining pawl functioaing.

L1811 DT —11 151

PROJECTILE THRAY

FPOWDER TRAY

RAMMER HEAD LINK

Keart of raumming action

cam,  The spring-Toaded bolt moves Torward acros
the top of the cam w0 breech-locked position, and the
cocking lever and firing mechanism move to firing
positicn,

& (Fun fGrimg.  In its firing pesition, the pin is in
Ag the
firing circuit is closcd, the current ignites the primar
and the powder charge,

contact with the primer of the powder case,

% Gun reco, pun cownderrecoid, and breech ofen-
mg. Duning counterrecoil a cam in the slide causes

BREECH=T] e BREECH |
BOL BoLT !
CAM | |

T |
- ==

Fisves 7H18.—8" /55 RF gun and maeret.

Breech chosing ;
e heing wedged,
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Frouar TH19.—87/55 BF gun and turrce.  Breech closed
andd locked : firing pin contacting primer.

two push bars to rotate the gear in the block and
retract the brecch balt (g, TH20). This retracts
the firing pin, unlocks the hlock, and causes the
breechblock cylinder valves to port hydmulic fluid
into the cylinder to lower the block.

10, Case extractor operation. As it nears full open
position, the breechblock actuates a valve that admits
hydeaulic fimid to the extractor hydraulic cylinder.
In full open position, the top of the brecchblock is
below the path of the empty powder case when it is
extracted (fig. YH21). Both cxtractors move to ex-
tract the case and eject it to the rear (fg, 7HI2),
Then they retract.

L1, (ras ejector operation.  When the case extrace
tors arc actuated, a mechanical linkage (not illus-
trated) opens the blow vadve of the gas ejector.  This
ports air eia the pilot valve to three orifices in the
breechway,  The air automatically shuts off,

12. Breschblock to leading position. The breech-
block moves upward approximately 0.75 inch 10 gun.
leading pesition,

I}
COUNMTERRECOIL

>HD'I' EMENT

Frever TH20 —8/507 RF gun and turrei.  Hreechblock
unloecking in counterreooil movement.

i A
e
o 1-.
| —
]/h“ tET!|N‘|F1$ FAWL
Friswrr 7H2I1.—a"/33 RF gun and turret.  Hreech open

[in case-eXtraction pocition ),
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Ficrre TH22.—8" /%% RF gun and turrct.  Extractor aetiomn.

13. Emply-case iray operation.  As the empty case
comes out of the chamber (fg. TH23), the guide keeps
it from being thrown out of the slide.  The hydraulic

buffer takes the impact of the caze, and the two retain-
ing latches (one i shown in the figurs) hold it in
place in the empty-case tray,

By now the powder and projectile trays have been
reloaded.  Arrival of the empty case in its tray actu-

| E—_JI J

8433 RF gun and marret
receives extracied case,

Frwoune TH23,

Empry-cass way

Fiovae 7THZ4.—8"/55 BF gun and turect,
meving downward.

Empty-case tray

Fuwwvee TH23.—B"/55 RF gun and turret,
¢jrriar

Empty rase m

ates 1 of a series of interlocked electric swilches, and
the 2 reloaded trave move toward ramming position
onee more, ready for the next shot.  As the powder-
case tray swings downward, so docs the cmpty-case
tray (Bg. TH2%), The case-rctaming latches are
cammed open, and the empty ease iy dumped into
the case-ejection mechanism under the gun slide,

14. Case ejector action, The case ejceior consists
principally of a sprocket-driven endless chain with
1wo equally spaced pawls, and a tube leading outside
the turret under the gun, with a spring-loaded door
atitsend. When the empty case lands on the ejector,
it depresses a pawl which eloses a switch; this causes
the case-ejector drive to move the chain forward one
fight (one-half the length of the chain) (fig. TH25]).
Asx the chain moves forward, | of its 2 pawls pushes
the powder casc into the wbe. Since the capacity
of the cmpty-case tube iz only five cases, cwentually
the rases at the front cnd ame ejected past the door
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nut Lo the ship's deck (fig. TH26). A special drain
disposes of sea water that may be shipped in heavy
weather while the door is open,

Figure TH2G,-87/55 RT gun and lurret
breing expelled from sjector b,

Empiy case

FH11. Training and elevating gear

The guns of this turret are laid by arc-and-pinion
type elevating gear.  The training gear is similar to
that of other turrct installations.

The training units include the taining gear electric.
hydraulic drive equipment, o train receiver-regulator,
and control station equipment for the turret training
syslem,  There are 3 elevating gear assemblies, 3 gun
elevation indicator-regulators and pewer drives, and
1 pointer's control station equipment for the gun cle-
vating system

Tueret training and gun laving are controlliad much
as in the 6/47 dual-purpose turret described earlier
in this chapter.. The pointer’s and trainer's control
equipment provides for three methods of control
eutomabic, local, and hend.  In sutemaric, the elec-
ic-hydraulic train and clevation power doves zre
nnder the immediate contral of the fire control di-
reelrs, or some other source of gun order signalk.
In local, the power drives are controlied through the
receiver-regulater  or indicator-regulators: by the
wainer's and pointer’s handwheels, Tn hand contol,
the receiver-regulator and indicator-regulators are by-
passed, and the trainer's and pointer’s handwhesls di-
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rectly control Acend tilt 1o regulare the functioning of
the elevating and training power drives,

7H12. Fire control

In gemeral, fire control arrangements are quite simi-
far 1 those possible with the Warcestsr clage 6747
turrets deseribed in thie proceding section,  The turret
battery can be controlled by main-banrery directors
through forward or after plot, o by the scoondary-
battery directors.  Turrets IT and [T have their own
radar equipment for. determining targct location, in-
cluding range. Turrel 1T can function to aim the
guns of turret 1. (Thas is called “hi-tureet™ cortrol,
becasse turret 11 75 several feet higher than turret 1.)
Each turrel can alsn funetion in local contral.

7H13. Crew stalions and operations

Forty-four men are required 10 man the battbe stu-
vons of this tueer insiallation.  Twentv-seven men
of this complement, located in the levels below the
gun house, operate the anmunition service t the guns;
siv. others, stationed in the gpun hovse, control and
misintain gun operstions, thess 33 men arc identically
employved in all methads of turrct conrol.

The balance of the organization consistes of 2 gui-
laving operators and 10 wreet cosvrolmen, all sta-
tivned in the gan house.  These 12 men have varying
dulies, depending on the methed of contral,  In this
installation, in fully awtematic eperation, the OpLr-
ations of the puns arc controlled from the toroet
officer’s booth in the rear of the treel from control
panels and switchboards:

Eightcen members of the erew are Jocated in the
gun house, (fig. VH2T).  There are 10 turret control-
men, 2 gun-laying operators and 6 gun aperators,

The 10 turret conteolown arc the wirret officer,
Lurrel captain, computer operator, 2 vadar aperasors,
¥ talkers, sight setter, and checker. The checker s
& member of (he crew in training operations only; his
station is not manned n battle action.

The two gun-laving oprrators are the pointer and
trainer,

The 6 gun aperators are the 5 gun captains, theis
agsistants, and the clectrician.  Thas clectrician i sta-
toned in the gun howse for general maintenance of
vontrol and communications circuits.  His principal
responsibility is trouble corvection and aid n main-
@ining sontinuous operation of the guns.
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[ PEzHCOPE
iYarn
O

Feoung TH27.—8&" /35 KF gun and turrel. Gun house crew SEations,
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'Fﬁ'.;u.:-._n.'n?j [eveev ] [FeoiecTe |
HEAD A
liors | B

PaRpUCELER

Ak
rowm HinG
F R RATOR
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PROJOCTILE HAK

EEWTRAL
Iﬂl LLlun

CENTER
PRAGIELTILE
HOET

PFARBUCKR ER

[k Riwe oFERaTOq ] [FRoiecTILE Wan |

Fagunr THZE,

Eight members of the turret organization arc sta-
tioned in the upper projectile #at—3 in the inner
compartment, 2 at the rear vight and 3 an the rear lefr
of the outer compartment (fig. TH28). They are all
engaged m supplying projectiles to the haists, with the
ring operators maintaining sapply to all

The lower Mat is set up similarly, except for an addi-

FROJECTILE
HOKT

8"/35 RF gun and turret

priie s . i =
STEALY hiw | Fierr :u‘.r'mr-"r.fn

| Boiepden FROJECTIL RS

| LT HOIST

i
FLECTRIC
BOTOR aMi
FUNF LINITS
PO SLiDE
PasER
EOUIFWE T,
AMD HZIITS

—

BUTER FEOJECTILE
L]

POWEER
HOBT

INHER FROJECTILE RIFd

Upper projeciile fat crew stations,

tonal crewman—a roving clectrician with mainte-
nance duties.  Figure TH29 shows the station arrange-
memis of the remminder of the turret orpanization.
Ten men conduct the powder transfer service; three
men swrve cach hoist under supervision of a perty

office
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SECOND POWDERMAN, LEFT

SCUTTLE
M orF&

EFT
P

CEMTER
| ravpER
il HoisT
FIRST -
PONDERMAN,
CEMTER

FETTY OFFICER
I CHARGE

CENMTRAL
COLUMHN

SECOND
POWDERMAN,
CEMTER

i

& | RIGHT POWDER
o HOIST

MAGATZIME SCUTTLE

= T .':_

[ FIRAT POWDERMAMN, RIGHT

: THIRD FOWDERMAM, RIGHT
ITEC".‘IH'D POWDERMAN, RIGHT MAGAZIME SCUTTLE

Frevew TH29,  B7/55 RF gun and e, Powder-handbing room crew stations,
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Chapter 8

SEMIAUTOMATIC WEAPONS

A. General

BAl. Intreduction

Semiautomatic guns are case guns in which energy
stored during recoil is used on counterrecoil to operate
the breech mechanism, cject the empty case, and later
to close the breech and (i required) cock the firing
mechanism.  Power for loading, ramming. and firing
is supplied separately and requires independent control
by members of the gun crew,

The cycle of operation is as follows: (1) the gun
recoils after firing, and energy is stored in the counter-
recoil swstern; [2) during counterrecoil the breech-
block is automatically lowered and the cmpty case is
extracted; (3) after the next case is rammed into the
chamber, Lthe block is automatically raised to close the
breech; and (4] the firing mechanism is cocked, vither
when the block is lowered or when it is rassed, depend-
ing on the design of the gun, and the gun is then ready
for another operating cyele.  The fring rate of semi-
autcmmatic guns depends largely upon the time required
to load.

All semiautomatic guns use fixed or semifixed am-
munition, depending upon their size. These guns
utilize a sliding-wedege breechblock, A firing mecha-
nismn 15 fitted in the brecchblock to fire the primer
electrically or by percussion,

Semiautomatic guns are used extensively by the
United States Navy on all types of combatant and
auxiliary vessels.  Examples of this type of gun are the

37758 (all wypes) and 3"/54 { Mark 39 only) designed
for semifixed ammunition, and the 3/50 and 5/25
which use fixed ammunition. Although these guns
differ in mechanical details, they all use the vertical
sliding-wedge semiautomatic breech mechanism.

The 3 /50 caliber semiautomatic gun is a pedestal-
mounted, hand-loaded weapon which is not capable of
firing at a rate comparable to the newer 37 /50 caliber
rapid-fire gun, which iz covered in chapter 9. The
former is sull in use on certain types of small patrol
craft and on auxiliary vessels,

The 3"/25 caliber gun is also used on an open-
pedestal type single mount.  The dual-purpose 57/25
caliber is mow mounted only on a few of the older
heavy cruisers in the reserve flect,

During World War 11 a special wat-type 57/25
caliber pedestal mount was developed for use on eel
submarines. This is a single-purpose mount with
maximum clevation of 40°. It is not equipped with
a power drive. The ammunition is fixed, consisting
of a projectile weighing 5+ pounds and a rcartridec
with a loaded wt“.ighf of 21 puumls,

The 5 /38 caliber and the 5" /54 caliber assemblies
are 1 more general use than any of the above and will
be described in more detasl, The 57/38 caliber s
particularly well adapted to use for the purpose of
demonstrating the operating principles generally ap-
plicable to all seminutomatic guns,

B. Five-Inch 38-Caliber Assemblies

8B1. General

The 5"3'":58 cahber mun i"j a sr"miautumalif;, duﬂl-
purpose, pedestal- or base-ring-mounted gun which
uses semifixed arnmunition. The principal fearures
of 3" 738 caliber gun asseimblics are as [ollows:

L. Vertical shiding-wedge breech mechantsm,

2. Hydraulic reenil and hvdropneumatic counters
recoil systems,

. Power-operated elcvating and training gear.

¥ Mf"\'-’l}lll""]'}rihnt 1{'!1"5{'”]1{_‘.‘5.

6. Power-operated fuze-setting projectile hoist [ ex-
cept on mounts of type 4 listed in article 8B27)

7. Power-operited powder hoist on all twin mounts
'.r!l'lﬂ,! sOITIE Sil’tg!l'ﬁ.

The operating principle of the 57 /58 raliber gun is
the same for all of the installadons found on naval

3. Power-operated ramemer,
i
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ARREL A o

EREECHBLOCK RECOIL CYLINDER ASSEMBLY

HOUSING

PUSH ROD (INNER)

OPERATING SPRING

DIFFERENTIAL CYLINDER ASSEMBLY COUNTERRECOIL CYLINDER ASSEMBLY

Ficuge 8B1.—5" /38 howting and gon removed from mount.

vessels,  Mimer variations in mechanical features re-  of the older cruisers and destrovers, as well as on
Nect either immprovement in design or the special re- various types of minecrafll, landing craft, patrol eraft,
quirements of certain installagons. The majunity of and auxiliaries
these variations are in mount design The main purposc of this scction is 1o describe the
The gun, slide, and housing asscmblics, the breech basic features, the function, and the mechanical opera-
mechanism, and their aseciared parts ave almost iden- tion of the 3 538 caliber twin mount assembly. In-
tical in all mounts. ‘The greatest variaton in these asmuch as the twe gun asscmblies are identical in
parts occurs in the twin mount, in which the gun em- operating principles, only the right assembly will be
Ijlaj_‘f[ueﬂ“ form left and J|E]"'l gun asarmblies alike Elni‘{‘l.i:u.r‘d unless otherwise stated.  Other Lypes oof
in all respects except for the reversed left and right A48 mounts are discussed bricfly ut the end of the
arrangements of the two gun, slide, and housing seCtion.

assernblics, the breech mechanism, and their com-

poment parts.  Fach assembly is mounted separatcly §B2. Ammunition

in carriages on a large rectangular platform.  This The gun uses semifixed ammunition consisting of a
dilference changes the appearance of the gun assem- Y4-potind p]'u:r-._:i]i_', and a case asseimbly weizhing
bly but does not affect the mechanical operating about 28 pounds, which includes a 15-pound powder
pxmlzlplu. charge, The projectiles used are antiaircralt common,

Twin mount asseenblies are installed on battleships, common, iluminating, and WP smoke. The kal-
cruisers, carriers, and destrovers.  Single mounts are listic performance obtained with a 15-pound service
found on carriers and destrover cscorts and on many charge i as follows: initial veloeity, 2600 feer per
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second; maximum horizontal range, 18000 yards;
maximum wvertical range, 37,300 feet. The gun is
capable of sustained firing at a rate well in excess of
any which can be attained by the loading crew. An
experienced crew ean load about 13 rounds per min.
ute for long periods, and may attain a short-perind rate
of 22 rounds per minute,

8B3. Gun

The gun is a radially expanded monobloc barrel
which weighs about 2 tons.  The rifling has a uniform
twist of | turn in 30 calibers. The bore is chromium-
plated from the forward portion of the powder cham.
ber to the muzele. ‘The barrel is connected to the
housing by means of a hayonet-type joint and locked
by a key and key-bolt seated in a keyway in the barrel.
This design facilitates regunning the mount without
disrnantling the breech mechanism or other parts.

8B4. Housing

The housing is a rectangular block-shaped forging
about 3 feet long and less than 2 feet wide botween its
parallel side faces.  Its forward portion is machined o
receive the barrel. In the center is a vertical well ac-
commodating the breechblock ; and o the rear of this,
aligned with the barrel bore, is a trough-like ammuni-
tion-loading tray. Three hores in the after end of the
housing and parallel to the gun bore axis provide twin
recoll cylinders and a single counterrecoil cyvlinder,

|

ELECTRIC RYRALLIC
RAMMER ASSEMDLY

Each side [ace of the housing has a fore-and-alt slot
forming the bearing surface for the slide guide rails.
The housing asscmbly supports the gun in the slide,
prevents the pun from rotatng, and moves on the shide
muides during recoil and counterrecoil.
Other housing artachments and their operations are
discussed later in this section.

8B5. Slide

The slide, shown in figure 8B2 is a large box-shaped
structure within which the housing moves in recoil and
countercoil. Tt is open at the top and bottom, and
closed at the rear by a removable plate.  The rear
plate forms a seat for the support-bar housing of the
countercoil mechanism. 'The top center of the rear
plate provides a mounting surfare for the case tray
and guide plate.  The front plate has a dircular open-
ing for the gun, a gun support bearing, and openings
for the piston rods. The gun housing is supported and
guided by two guide rails holted to the inner side
plates. The clevating arc, pun-port shield. and ram-
mer mechanism are scoured o the slide. The slide
assembly is supported in the carriage by integral trun-
nions on roller bearings.

The slide cocloses and supports the housing and its
assemblies during recoil and counterrecoil, and pro-
vides a method of elevating and depressing the gun.

Except for the rammer, the single mount slide illus-
trated in figure BB2 is similar o the right-hand pun
slide in the twin mount,

TRUNKION
BEARNG

Furs 8B —5" /28 slide (single mounl type),
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Froovee 8B3—353" /38 recoil mechanism.

8B6. Recoil system

The recoil system (fig. BB3) utilizey pistons working
in twin hydraulic eylinders te absorb the major shock
of recoil, and to provide a buffer for counterrecoil,
cushioning its rerurn to batery,

The piston rods, which are integral with their pis-
tons, extend forwand [rom the hvdrau]ic cylinders
through the housing (through a scries of bronze sleeves
and packing glands), and are secured to the gun shde
by piston rod yokes and nuts.  Therefore, the pistons
and rods remain stationary in recoil and counterrecnil
while the cylinders move. The alter ends of the pis-
toms are open and hollow to admit the buffer plungers.

The twin recoil cylinders are formed by 1w longi.
tudinal bores in the housing parallel to the gun axis.
Into these bores are ficted hronge sleeves or liners about
18 inches long, having in their inner surfaces three
vgually spaced grooves of wvariable depth. As ex-
plained in chapter &, these grooves control and throtele
the amount of hydraulic fluid passing from one side
of the piston o the other, and so insure the proper
rate of recoil brake action. Pressure in both cylinders
is kept equal by a pressure equalizing line,

The cylinder heads closing the after end of the cylin.

Abhowr:
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In battery. Below: In recoil positivn,

der serve as combination cylinder heads, buifer plung-
ere, and seats for adjusting valves.  As the gun s ve-
turned to hattery in counterrecoil, the buffer plungers
enter the open pistons and produrce a dashpot eflect
FEacape of Auid through cach plucger during this ac-
tion is controlled by a needle valve (adjusting valve)
which alters the size of the opening in the plunger
through which the Auid is passing.  Thus the valves
contro] the rate at which the gun returns to bateery at
the 2nd of counterrecoil, and the smoothness with
which its forward motion stops.  “T'hese valves ave usu-
ally set before the gun is installed on a ship.

8B7. Counterrecoll system

The counterrecoil system is a hydropneumatic type
of recuperater, The evlinder s formed by a bore in
the .'lll_trr part of I:Iu.' }lr.rusing, below t]':u: ].wding tray
and paraliel o the gun axis. The counterrecoil
plunzer, a highly polished, hollow cylinder about 2
feet long and 345 inches in diameter, extends out of
the after end of the air cylinder through a chevion
packing and packing gland. It is coupled to the rear
]':Iaif- of the shde h}' the support block, support bar,
and support bar housing. See figure BB4. 'This
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| AIR CYLINDER

o

RECOIL CYLINDER
LINER

COUNTERRECOIL
PLUKGER s
s .

CHEVROMN ¥

PACKING i h e
- TG DIFFERENTIAL
PACKING FOLLOWER 7 SISTON
-

Fiovrr 8B4—-3"/38 counterrecoil svstens,  Run in full seced position

coupling arrangement is not rigid, but is designed o recoil pistons and piston rods are held slationary by

permit enough freedom of motion so that the counter-  the slide while the recoil cylinders move with the

recoil plunger can align itself with the packing gland,  housing Recoil fluid is forced past the pistons

thus preventing distortion of the packing and con- thrczn.gh the variable depth grooves, and the move-

sequent air leakage through the packing gland, ment of the recoiling parts is retarded and finally
When the gun is in battery, normal pressure in the stopped

air cylinder is kept at 1,450-1,550 psi. Recoil com- Assisting this brake action of the recoil system s the

presscs the air further and the presure rises to action of the recuperator. As the air eylinder moves

approximately 2,250 psi. aft over the stationary counterrecoil plunger, the air
Fluid wnder pressure is forced to the chevron pack- pressure in the cvlinder is increased

ing from the differential eylinder through drillings in When the rearward action of the recoiling parts

Lhe air cvlinder forging.  See figure 884 . has been stopped, the highly compressed air within
As the barrel and housing move aft in recoil, the  the recuperator main evlinder drives the cylinder and
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gun housing forward. The first 6 inches of this
counlerrocoil motion s retarded only by the recoil
fluid a5 it is displaced past the recoil piston, Then
the plungers of the recoil cylinder heads enter the apen
ends of the recoil pistons and produce their dashpot
effect (as explained in chapter 5), as contrelled by
the needle valves,

When the gun & not in use, the housing is secured
to the slide by a metal safery Iink. (It should always
be ditconnected before firing, but neither gun ner
mount will be damaged if this is not done. )

8B8. Breechblock

The breechblock (fg. BB3) is a wertical sliding
wedge which fite into a rectangular well eut through
the center of the housing from top 10 bottom.  Ribs
on the left and right sides of the block match grooves
in the breechblock guides of the housing and guide the
block us it moves up and down to close or open the
breech. They ako function to transmit the recoil
shock from the breechblock to the housing. The
upper portion of the forward face of the block is
beveled, and the breechblock guides slant forward
shightly from bottom 10 top. The result is twofold.
Ac the block rises it also moves dightly forward to
wedge the carridge case home, while the beveled for-
ward face assists the wedging action. A hore pene-
trating the block from rear to face conmins the firing
mechanism,  Additional bores house the sear, scar
safety latch, rewacting lever bearing blocks, and
operating shalt central arm.  Slots or grooves ma-
chinied In the right and lefr sides of the block serve as
camways for the extractor inner lugs.  These slots are
fitted at the upper end with pallets—shoulders against
which the inoer lugs bear when the bloek has been

dropped,
BB9, Extractars

Extraction of the ampty cartridge ease is & mechan.
ical operation accomplished by the extractors as the
breschblock is lowered during counterrecoil  The
two extractors are rocker arms, each with inner and
outer lugs projecting irom the opposing flat surfaces
atits hase. The outer lugs ride in kidney-shaped slots
in the breechblock guides of the housing. In these
slots the lugs can move in a fore-and-afs dircerion,
but not up and down.

The exteactors also have eceentric inner lugs which
fit into slots machined in each side of the breechblock.
As the block draps, these imner lugs ride in their slots
and are forced forward by the curved portion.  Sinee
the extractors are rocker arms rocking on the breech-
face, the upper portion of each extractor is forced aft
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when the inner lugs are forced forward. The lips on
the extractors engage the rim of the cartridge case.
The quick forward motion of the lower end of the
extractors causes an accelerated flip of the extractor
lips to the rear, thus extracting the case (fig. BR3),
Spring-loaded extractor plungers (fig. 8B6) push for.
ward against the outer lugs and assist in extraction,

The hreechblock is held down against the action of
the operating spring by the inner lugs bearing on the
pallets. (See fg. 8B5.) When the block i in its
lowest position, the extractor inner lugs are in the
curved portion of their slots and are held there by the
extractor plungers, which are pushing forward on the
outer fugs. The lower surfaces of the lugs and the
upper surfaces of the pallets are fattened o provide
good bearing surfaces.,

The breech cannot be closed as long as the lugs bear
on the pallets.  However, when the gun is lnaded, the
rim of the case strikes the extractor lips and forees
them forward. (Serfig. BR3.) The extractor rocker
action moves the inner lugs aft against the action of
the extractor plunger springs. until they clear the
pallets and are in the vertical portion of the slots
The operating spring can then force the breechblock
upward to close the breech.

8810. Operating shaft

The vertical motion of the breechblock is contralled
by the operating shaft (fig. 8B7), which rotates in
bearing eaps on the bottom of the housing.  The op-
erating shaft is rotated automatically by cam action
during the firing cycle, or manually by movement of
the hand.operating lever.

The operating shaft has cranks on both ends, A
lug extends out from the operating-shaft crank at the
left end to engage the operating-shaft eam plate for
semiautomatic operation of the breech mechanism.
The erank at the vight end (hand-operuting crank)
has a projecting lug which engages a crank of the
hand-operating mechanism for manual operation.
Near the left end of the shaft is a curved, cam-like
arm to which the operating-spring chain is attached.
In the center is the operating-shaft central anm, made
up of two parallel arms, with a pin passing through
both arms.  The pin aleo passes through the curved
slot of the retracting lever which operates bevween the
arms during shaft rotation.  The ends of the pin pre-
ject beyond the sides of the central arm and carry
the bearing blocks. These bearing blocks slide in the
inclined bearing-hlock ways (fig. 8B5) within the bot-
tom of the breechblock. Thus rowation of the shaft
causes vertical movement of the breechblock.
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BB11. Salve latch tery, the lawh is engaged with the latching lug on
the operatingshaft crank.  Engaged, it prevents the
: opening of the breceh of an unfired gun by preventing
type latch, mounted o the left operating-shaft bear- rolation of the operating shaft unless the latch i
mg,  With the brecehblock rased and the gun w Dat- tripped by hand. During gun recoil mnovernent, Lhe

The salve latch, shown m figure 8B, 15 a positive-

<.

-

L5

B

CENTRAL ARM
COUPLED TO BLOGH)

Fluvre BBY.-—Parts ansd [uncooens of 3 /38 breech mechanism.
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latch-operating lug projecting from the salve latch
passcs beneath the salvo-lateh cam plate. This [orces
the sabve latch down, permitting the spring-loaded
pawl to snap forward and retain the latch in its dis-
engaged position by bearing against the lower surlace
of the latching lug. The operating-shaft erank js now
frvw to rotate to pormit opening of the breech,  When
the breechbleck is closed again, rotation of the operat-
ing shaft rauses the latching lug to rotate aft and force
the salvo-latch pawl aft. This permits the salvo latch
to vise under spring pressure and engage the latch og,
so that the breech is locked.

BB12. Operating-spring assembly

This assembly consists of an operating chain, con-
necting rod, coil spring, adjusting nut, and cylindrical
housing for the spring,

Ome end of the operating chain 1% attached to the
operating shaft (fig. 887). while the other cnd iz
sccurcd  to the connecting rod. This rod passes
theaugh the coil spring and is attached to the after end
of it by the adjusting nut.  The housing which enecloses

NAVAL ORDNANCE AND GUNNERY, VOL. 1

the spring is bolted to the lower part of the gun housing
(fig. BB7). Opening the breech compresses the spring,
because the rotation of the operating shaft winds up
the chain connection on the shaft, pulling on the ad-
justing nut on the other end of the spring.  In this
way the spring stores up the energy for closing the
breech. The adjusting nut provides a means for vary-
ing the spring tension, which in rn regulates the
forve of the breech closing.

8B13. Cam plate

A piwu.-d cam pl.ull:, mounted in the inner left Tace
of the shide, as shown in fipure 8B9. controls the rota-
tion of the um‘::.iting shall 1'.:}' means of a crank arm
at the left end of the shalt. During recoil, the crank
pushes the cam plate outward toward the slide about
the pivet pin. This movement compresses a spring
placed between the cam plate and the slide.  The
ﬁ;m‘:'ﬂting shalt docs not rotate at this time. At the
instant the crank moves abafl the cam plate, the spring
snaps the cam plate hack into position.

Frover BBD.—5" /58 operating-shaft cam plate.
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During counterrecoil, the lug on the operating-shaft
crank strikes the curved portion of the cam plate and
i3 forced downward by it.  ‘This motion of the crank
rotates the operating shaft and lowers the breechhlock

The central inboard section of the cam plate tapers
down to o wedges-shaped sroove which is opposite the
position of the Tug on the ¢rank when the gun is in
battery and the brecchblock is open.  This groove per-
mits the crank to rise as the brecchblock closes,

A movable cam-plate retractor, has a cam surface
which positions the cam plate against the slide so that
the cam plate will be inoperative. The breechblock
must then be lowered by 5 handerank.  The cam-plate
retractor can be moved forward to the position desig-
nated by symbal 8 {single} for manual operation or
pulled rearward to the position designated by symbol
A {automatic) for semi-automatic operation, in which
the cam plate will open the breech during counter-
recoil.

BB14. Hand operating lever

Since the hand operating lever on the 5/38 caliber
pun is not & recoiling part, it B necesaty to provide
a mechanical linkage which acts o engage the operat-
ing shaft when the gun is in battery and still permits
the shaft to move frecly in recoil.  The linkage 1s
mounted and pivoted on the right outside face of the
slide, a3 shown in igure 8BL0.

The hand operating lever is linked to a lawch bell
crank which projects in from the side of the slide.
With the gun in battery, the lateh bell crank contacts
the hand-operating crank at the right end of the
breech-operating shaft in such 4 way that rotation of
the latch hell crank (in a coumterclockwise direction
by the hand-operating lever) will cause rotation of
the breech-operating shaft and the lowering of the
brecchblock.

The hand-closing latch is provided to permit manual
closing of the breech during action in case there s a
failure in the brecch-operating spring or connecting

tod.
8B15. Firing mechanism

The firing mechaniem provides for percussion and
clectrical firing.  Electrical fiving requires that the
firing pin be insulated from the gun, but be in contact
with the primer when the breechblock is closed.  Per-
cussion firing with the pin resting on the primer i
obtained by siriking the pin with a plunger.  The
arrangement of the liring mechanism in the cocked
position 15 shown in figure 8B11, part A.

The retracting lever is pivoted in the breschblock
extenstons.  ‘The vertical arm of the retracting lever
ergages a flange on the firing-pin umit. A pin carried
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in the operating-shaft contral nrm passes through the
slot in the lower arm of the retracting lever. When
the brecchblock crunk rotates to lower the hreech-
bluck, the pin rides in the slot and [orces the reteacting
lever to rotate and cock the firing-pin unit. Tt s to
be noted that rocking s accomplished when the block
drogs,

The firing-pin unit, shown in figure 8B11, part A,
is held in the breschblock by the mechanism lock
In the fired (uncocked) position, the firing plunger
rests against the shoulder on the firfng fin.  During
eocking, the retracting lever pulls the cocking handle
and firing pin aft, thereby drawing the firmg plunger
to the rear and compressing the firing spring.  The
cocking seeve, attached to the plunger, moves aft
until the cocking.sdeeve lug just passes the rear
shoulder, At the same time, the contact spring is
commpressed,

As the breechblock closes, the retracting lever allows
the contact spring to move the firing pin forward until
1t gently but firmly contacts the primer after the block
is fully closed. During the movement of the firing pin,
the svar shoulder engages the cocking-sleeve Tug, hedd-
ing the cocking slecve and firing plunger in the cocked
position.  As the breechblock finishes closing, the cen-
tral anm of the operating shaft raises the sear safety
latch, disengaging its lug from the groove in the sear,
The pin is then in pesition to pass the current for
electrical firing, and ready to transmit the blow of the
fiting plunger for percussion firing (part A of fig,
aRi).

Peroussion firing is mitiated by the pointer, whe
presses a foot treadle,  Through a system of linkages
and push rods {discussed in the next article}, the sear
is pushed inward against its springr.  This releases the
cockingesleeve lug through the sear notch.  The firing
spring drives the cocking sleeve and firing plunger
forward, and the blew of the plunger drives the firing
pin into the primer, thus firing the gun.

The gun cannot be fired until the breech is fully
closed, because until then, (1) the fring pin docs not
touch the primer, [2) the scar is locked by the seqr
safely latch, and (3) the sear is out of alignment with

the inner prush rod of the foot firing linkagre.

8B16. Foot-firing linkage and firing stop mecha-
nism

The foor-firing mechanisms of both guns are oper-
ated by a foor treadle mounted on the outhoard side
of the left carriage.  They are controllud by the point-
er's right foot when it i desired o fiee the guns by per-
cussion.  As the pointer depresses the treadle, its action
is transmitbed through a system of eranks and levers to
the outer push rod located in the slide.  Sec part B of
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figure 8B11. Movement of this push rod pivots the

trip plate inward, This moves the inner push rod (in
thP‘ ]'H"ItJ-BI- ”5: .ITI'“"EIT".]. TI}IL' I'.'r!'.'.! f.'lt- th'iE TU‘I j.! ;:I. Lo =
tact with the sear when the hreech iz fully elosed.
Movement of the inner push rod displaces the sear,
and the gun fires.

To ensure thar the firing rod can be rotated only
when the gun is not pointed into own ship, a firng stop
mechaniom is used,  The principles of this mechanism
were explained in chapter 5, and the mechanism as it is
installedd om S-inch mounts s shown in figure 8811,
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part B. Tt functions 1o internapt fire both by percus-
sion and electrically, whenever the axis of the bore is
a|;gnud with some part aof the "ill'-ll'l’i slruchure.

A spring-loaded plunger that bears against a circular
camn plate permite fire when it 1= in contact with a
recessed part of the cam plate surface, and stops fire
when in eontact with a raised part of the cam plate
surface. The pattern to which the cam is cut 1s plotted
individuallv for cach gun mount.

As the gun is elevated, the plunger is positioned
vertically by the elevation input rod and rack.  As the
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maint is trained, the profile cam i rotated by the bevel
gean and pinion to corraspond with the position of the
mount. Thus the position at which the plunger
strikes the profilc cam will be determined by the eleva-
tion and train of the gun.

If the plunger rides on a portion of the cam which
is not recessed. the cluteh throw-out lever and clutch
lkever do not contact each other.  The pointer pressing
the trcadle does not move the firing rod, and he cannot
fire the gun, 11, on the other hand, the plunger rides
on 8 reces®d portion of the profile cam, the bell crank
will move the linkage sorthat the clutch throw-gut lever
and clutch lever are in comact, and motion of the
pointer’s foot on the treadle will be transmitted to the
firing rod, and thus the gun will be fired. The profile
cam st be so cut that when it s positioned by an
angle of clevation and train of the gun which would
damage own ship, the plunger will strike 3 nonrecessed
surface of the cam.

The movement of the plunger is alw tranumined w

1M

A Firing mechsnism. B, Foot-firing Snkage and fning viop mochasism

a switch in the electric firing circuit when the plunger
rides out of the yeoessed surface of the profile cam.

B8B817. Gas ejecior system

Gas e jectors funetion to prevent the entry of powder
gases into gun mounts, to salcguard against the danger
of Marchacks, and to assist in maintaining a rapid rate
of firc by cicaring the bore of gases.  Air under pres-
sure of approximately 75 psi is piped to the gun mount
from the ship's supply. It moves through tubing and
air passages bored in the gun housing 10 nozzles located
in the breechblock guideways and pointed toward the
gun bore. During counterreeoil of the gun, a gns
cjector valve, located in the forward and top of the
housing is cammed open and the gas cjection action
begins.  The valve is tripped and cloacd by action of
the rammer operating shaft as the next round is
rammed. A hand lever permits manual opening and
closing of the valve.




NAVAL ORDNANCE AND GUNNERY, VOL. 1

BB18. Gun operating cycle

When the gun 15 fired, the following cycle of opera-
tion takes pluce.

The feree of the expanding gases causes the barrel
and housing assermibblies to move rearward in recoil
within the slide. During the first part of recoil. the
salvo lateh i discogaged and the operating shaft is
then free to rotate,  The hraking or retarding action
of the recoil and connterrecoil systems stops the rear-
ward action, and the recuperator moves the recoiling
parts forward again. This forward movement, in
turn, 1§ checked and smoothed by the dashpot and
huffing action within the recoil cylinder.

During counterrecoil the operating shaft is rotated
upon contact with its cam plate,  This rotation drops
the breechblock, retracls the firing pin, sets the sear,
and compresses the operating spring.  As the breech
opens, the outer lugs of the extractors are thrust for-
ward by their plungers while the inner lugs are moved
forward by theie slotted eamnways in the breechblock.
The lips of the extractors snap to the rear, extracting
the cropty case; and the inncr Jugs come to rest on
the pallets, holding the breechblock down against the
pressure of the operating spring.  Puring the initial
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movement in counterrecoil, the gas ejector valve is
tripprd 1o open position.

When the next round is rammed, the cartridge case
trips the extractors, rocking the inner lups off the
pallers.  ‘T'he gas-cjector valve is tripped to cLose by
rotation of the rammer-operating shaft. The block
rises, wedging the cartridge case, moving the retrace-
ing lever to pertnit the firing pin to contact the pAmer,
and bringing the sear in line with the inner push rod
of the foot firing mechanism.  Simultaneously, as the
operating shalt rotates, the latching lug on the shaft
picks up the salvo-lateh pawl and cnables the salvo
latch to lock the breech, The gun is pow ready to
fire: the next mound,

8B19. Rommer mechanism

The rammer asserbly i a semiautomatic, eleetric-
hyvdraulic unit mounted at one side of the loading tray
on the upper rear portion of the dide. Tt is designed
to function properly at any gun clevation.

The power unit consists of a T4%-hp eleetric motor
which doves a hydraulic pump mounted in the ol
supply tank.

The ramimer ftsclf (Ag. 8B12) includes:

LATGH PN

CROSSHEAD GUIDE AND GAM. FLATE

SHELL- Glhal
LATUH - LEVER

SHELL
AR
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37738 rammer, assembled arrangeient
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Froure 8B13.—5" /38 ramemer pinion and rack Afringement,

l. a hydraulic cylinder padded with rubber and backed with canvas o prevent
2. a piston and piston rod damage to the basc of the case during the ramming
3. a pinion secured to the after end of the piston operation, The spade is mounted on the crosshead
rod by a yoke in such a manner that it can be moved upward about
4. a fixed rack (fig. 8B13) secured 1o the inner face 5 inches against the action of a vertical spring placed
of the slide between  spade and  crosshead. A spring-loaded

J a crosshead, consisting of a crosshead detail plunger (plunger lawch) projects from the inbourd
I movable rack}, a crosshend arm, and 2 shell guard or side of the spade,
spade The crasshead guide and cam plate is mounted alang
6. control valves and operating levers ctie side of the loading tray. 115 purpose is 1o guide
In open mounts the rack-and-pinion arrangement  and suppert the crosshead, and to provide cam sur-
No. 3} is omitted.  The crosshead drives the spade  faces upon which the plunger latch rides and hence

direct. controls the vertical motion of the spade.  Alter o
The hydraulic pump introduces oil under pressure  Pound is rammed, the breechblock rises and forees the
into the eylinder to drive the piston forward [or ram- spade upward about 3 inches,  After the gun is fired.

ming and aft for retracting. This motion is trans as the spade und crosshead move aflt in retraction, the
mitted to the crosshead through the pinion which is Plunger latch rides up an mclined cam surface on the
meshed with hoth the fixed pack and the crosshead de- vam plate and the spade is raised an additional 2
il (movable rack), The rammer piston pulls the  inches. The upward movement of the spade, totaling
pinion forward about 26} inches, forcing it to rotate about 5 inches, i sufficient to permit the ejected casc
between the two racks so that the crosshead s trans- to pass under the spade,
lated u distance equal to twice the linear travel of the A projection on the forward left side of the: cross-
pinion. This pinion arrangement permits the use of  head engages with a2 rammer interlock mechanism at
a shorter cvlinder which can be completely enclosed the end of the ram stroke, latching the crosshead o
within the shicld. the housing. The interlock mechanism is a spring-
The spade rams the projectile and case into the  loaded catch partly enclosed in the safety-link bracket,
chamber at the same time. The face of the spade is  The crosshead is unlatched by relative motion between
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housing and slide during the first part of recoil as the
rammer interlock is forced o the left by the unlarch-
ing cam on the ram plate. A lever s attached to
pernit manual release,

Control valves, operated partly by hand and parnly
autpmatically through a control shaft and linkage,
mounted a5 inAgure 8B14, control the motion of the
piston.  Movement of the control shaft and linkage
positions hydraulic valves which cause the piston to
ram, rctract, or remain at neutral.  An operator can
control the rarnmer al any poist in the cyels by mov-
ing the control lever.

Near the end of the retract stroke, the crosshead
enmares a retract-control rod connected 1o the control
valies by a linkage. When the rammer forces the
retract-control rogd a short distanee aft, the linkage and
valves are returned to neatral position and retraction
is :tuppud.

When a round 15 rammed and the breechblock riscs,
forcing the spade upward, the spade plunger lawch
actuates the latch-pin lever. 'The lawch-pin lever is

eonnected to the control mechanism so that upward
miavement of the lever pﬂsi!inru the control valve Lo
nentral, releasing the ram pressure:

LEGEND

| = QFERATING LEVER

2= OPERATING SHAFT

3- SAFETY LINK BRACKET

4- RETRAGTION CAM

5= RETRACTION CAM FOLLOWER
&= SHELL GUARD STOP

T- AUTOMATIC PILOT VALVE ROD
8- QPERATING VALVE PUSH ROD
S- REMOVABLE CAM PLATE

10 - LATCH PIN. LEVER

W - RAMMER INTERLOGK CAM SURFACE

12 — RAMMER INTERLOCK

13- GAS EJECTOR INTERMEDIATE LEVER

4 - RAMMER INTERLOCK mANUAL
RELEASE LEVER

15 - GAS EJECTOR HAMD LEVER

16 - GAS EJECTOR TRIP PLATE

IT = BAFETY LINK {STOWED POSITION]

Fmvre B8B14.—5" /38 mount ragumer conbrals,



Automatic retraction of the rammer is accomplished
by means of a cam follower attached to the control
shaft which rides over the cam mounted on the upper
part of the housing. The retraction cam moves rear-
ward during recoil of the gun, operating the cam fol-
loswer which rotates the control shaft to the retrace
oSt

8B20. Ramming cycle

Assume that the cartridge case and projectile have
been placed in the loading tray and that the spade
is behind the case in position for ramming. The pro-
juctile man throws the hand control lever into the
RAM position; the spade moves forward, forcing the
ammurnition into the gun; and the crosshead is locked
to the housing by the crosshead interlock latch. (Fig,
8Bl4.) When the rim of the cariridge case strikes
the extractors, the breechblock rises and forces the
spade upward. As the spade rises, the plunger latch
forces the latch-pin lever upward. This action re-
turns the control valve to the neutral position.

After the gun is fired, the following actions take
place during the first part of recoil: (1) The crosshead
riddes buck with the recoiling gun and housing: {2) the
crosshead unlacching cam pushes against the cross-
head interiock, latch, releasing the crosshead: and (3)
the rammer control shaft is positioned for retraction by
the retraction cam, and the rammer continues to re-
tract under its own power.

During retraction. the plunger latch rides on the
inclined cam surface on the cam plate, and the spade
is raised to provide the necessary clearance for the
tjected case. Near the end of the retract stroke, the
crosshead engages the retract-control rod.  When the
rummer forces the retract-control rod a short distance
alt, the control valves are returned to the neutral posi-
tion and rerraction is stopped. The spade is held in
its upper position by a latch which must be releassd
manually by means of the spade.release lever hefore
the spade can drop into pesition to start another ram-
ming eycle.

There are two inclined cam surfaces on the forward
part of the crosshead guide and cam plate which are
not wsed in ordinary operation. The plunger latch is
raised above these surfaces by the rsing breechblock,
and rides past them during recoil, directly to the cross-
head guide and cam plate. The lower of the two cam
surfaces is used when exercising the rammer with the
breech mechanism idle and the breech open.  Then
the spade is not raised by the breechblock. but is raised
by the latch riding the lower cam surface. The upper
cam surface is included in the design as a precaution-
ary measure. If the ram stroke is started with the
spade in its up position, the spade plunger lazch will
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ride the upper cam surface. This prevents damage,
should the hreechblock be closed.

8B21. Loading operalion

Assume that the gun crew has been firing.  After the
cjected case has cleared the loading tray, the gun cap-
tain depresses the spade release lever to drop the
spade,

The powder man takes a powder case out of the
powder hoist, removes the primer-protecting cap, and
places the case on the loading tray. The projectile
man removes a projectile from the projectile hoist and
places it on the loading tray just forward of the case,
The projectile man then pulls the rammer lever (o
RAM, and the charge is rammed home, After the
gun fires, the hot case is ejected through the case ¢jec-
tion chute for angles of fire up to 40°. For higher
angles of fire, the hot case must be removed manually
by the hot-case man,

B8B22. Carriage, stand, and roller path

The general arrangement of these parts is shown in
figure BB13.

The carriage is an assembly of the basering type.
The right and left gun carriages are secured to the
four fore-and-aft girders which are supported by the
base ring. The hasc ring supports the twin guns, their
elevating and training drives, heists, sights, shield, and
other parts of the rotating assembly,  The upper roller
prath is fitted into the base ring.

The stand is a large, circular steel casting with a
flange at the bottom around the outer circumference
for boltng to the gun foundation. T1 is designed to
accommodate the training cirde and lower roller
path,

The upper roller path furnishes a bearing surface
for the horizontal rollers and the radial rollers. A
radial bearing surface secured to the inner vertical
surface of the stand serves ae the other bearing sur-
[ave of the radial bearings. The horizontal rollers
bear on the lower path, permitting the mount to rotate,
DBronze separators support and separate the rollers.

Secured to the base ring are four halding-down clips,
designed to fit under the training circle with a small
amount ol clearance.  They serve to steady the mount
during rotation and firing, and to hold the mount to
the roller path.

8B23. Training and elevating gear

These assemblics, illustrated in figure 8BL6, are
electrie-hydraulic power drives of smilar type in ar-
rungernent, operation, and control, buc different in
size and capacity. “The training gear 15 drven by a
40-horsepower motor and the elevating gear by a 10-
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E'I-I-"ITSF"FGWL‘I motor., Fach has its own Ely‘d[uuli{: trans-
mission unit.

Each transmission unit consists of a hydraulic pump
vonnected by presure lines to a hydraulic motor.
The cutput of the pump to the metor is controlled by
an indicator-regulator or by a control unit. Through
cach transmission unit, the constant-speed, unidivee-
tional input from the electric motor = converted inta
& reversible, variable-speed ourput to the respective
elevating arcs or training rack, Further discussion of
automatic control cquipment is found in chapier 10,

Both pointer and trainer have two shift levers avail-
able. Ome of these is a speed selector, which permits
a selection of cither high speed or low specd operation.
The other lever provides a choice of 4 methods of
gun movenent cortrel, 3 of which employ power drive
while the fourth s a manual operation. The 4
methods of gun movement control are as follows:

L. Automatic. This is remote director control of
the hydraulic pump by electrical signals transmited
to the indicator-regulators of the elevating or Lraining
assemblies.  The speed selector lever must be in the
umi sPeEn position if automatic contrel is eelecoed.
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2. Local. In this mode, rotation of the pointer’s or
mainer's handwheel positions a servo device which in
turn positions an A-end tilt box of the appropriate
drive, 'This type of control, then, is similar 1o auro-
matic, except that rotation of the handwheels takes
the place of the electrical signals from the remote
point.  Either high or low speed may be selected.

3. Hand. This is power drive control using the
handwheels with their shafts and gears to position the
A-end tilt box without the intermediate use of the
servo mechanism.  Either high or low speed may be
sclected.

4 Manual, This iz manual drive of the gun
movernent, with the handwheels geared direcily to the
Trnining rack or PIFt'ﬁting arc. LThe ]’:I}'ijI.!.lL]:i.:' Erae.
mission and the power drive are bypassed and henee
inoperative.  Normally, enly low speed is employed
in manual,

The selector levers of the pointer and trainer oper-
are independently, so that a different gun mowement
control or speed may be emploved in train from the
control or speed in use in elevation.
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8B24, Projectile hoists side of the power chain arc fuze-retting drize chains,
These will be discussed later.

Two projectile Mights (fuze sockets) nre attached
to the power chain of cach hoist.  The flights are so
placed that 1 is at the upper end of | tube when the
other is at the lower end of the opposite tube. The
upper and lower position of the flights are the limirine
points of chain movement.

I'he control gear shown in figure 8B19 consists of a
system of linkages from the top and the bottom of the
hoist to the hydraulic control unit, At the bottom of
the hoist, a control cam protrudes into each hoisting
tube, A projectile placed in one of these tubes de-
presscs the cam and causes its clutch 10 engage the
shaft to the starting lever. Then, when the hoiu
door is closed on that projectile, the shaft is turned,
actuating the starting valve.

The twin mount is equipped with right and lefy
hoists of similar design. They are semi-automaric
endless-chain, enclosed, dual-tube hoists with electric.
hydraulic drive. An auxiliary manual drive is pro.
vided for emergency usc. Figurc 8B17 shows the
upper end of the heists in the gun mount and the
lower end in the handling room. Fach hoist is sep.
arately driven and controlied, but an indicator-regu-
lator simultancously adjusts fuze settings for both hoists
through <hafts and gears,

The hoist drive consists of a 10-hp electric motor, a
hydraulic pump enclosed in a tank, 2 motor unit. and
a control unit, The hydraulic pump is connected 10
the hydraulic motor by pressurc lines.

The hydraulic motor is geared 1o a chain-driving

sprocket in the upper end of the hoist. A lower idler At the top of the hoist, a projectilesinterlock cam
sprocket is enclosed in the lower sprocket housing.  An protrudes into each whe, If a-pmiprii]u is at the
endless power chain or heist chain is held between the wp of the hoist, the cam will be depressed, position-
two sprockets as shown in figure 8B18. On either ing the interlock valve in neutral, so that the power
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drive cannot hoist  The doors at the top of the haist
are also equipped with interlock cams.  When cither
door is open, its cam acts to prevent hoisting.

The control cam and interlock cams thus provide
safety features which will prevent the power drive
from funetioning:

1. When the projectile is being placed in the hoist

2. When the loaded flight reaches the top position.

3. While the projectile is heing removed from the

hoist,
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Assume that a projectile is in its flight at the top of
the hoist and that the other flight is empty and at the
bottom of the heist. With the projectile-interlock
cam at the top depressed, the hydraulic unit is main-
tained in newtral Now a projectile is mamally
loaded in the other tube and the lower door is elosed.
The depressed control cam and the closed door actu-
ate the stirting valve, but the interlock valve pre-
vents a hoisting cyele.  The projectile at the 1op is
then manually removed,  This removal of the projec-
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tile frees the interlock cam and forces the upper door
apen.  As long as the door i open, the deor interlock
cam prevents hoisting. When the projectile clears
the door, the door snaps clesed under spring pressure,
and the door imterlock is released. The hydraulic
motor drives, the projectile rises, and the empty Right
goes down.,  As the prajectile reaches the top of the
hoist, the interlock cam 1s depressed, placing the hy-
draulic controls in neutral,  The above cycle will con-
linue as long as shells are loaded and removed. A
handwheel, grared to the power-drive output shaft
through a clutch, provides an auxiliary manual drive
to be used in case of power failure

Projectiles are manually lnaded and removed from
the hoist.  Manually operated upper and lower pro-
jectile-ejector mechanisms facilitate remmoval,  This
type of hoist furnishes the gun mount with a rapid,
continwous supply of projectiles,

The [uze-sctting mechanism consists of (1) a fuze-
sceting indicator-regulator, {(2) fuze-sctter chains, and
{3) projectile flights. These three components,
shown schematically in Agure BB1E, arc called regula-
tor, fuze chaing, and fights in the following discussion.

The regulator iz a device which sets the fuze by
controlling the pesition of the fuze chains. Tt is
ingunted at an angle on the carrisge inboard of the
right gun. The regulator can be set for cither man-
uzl or automatic control by means of a sclector lever.

In manual control, the gun-crew fuze setier turns

¥V SLOT

HOIST CHAIN

FUZE-SETTER
CHAIN

Fisime BHE20. —Fure-setting. uwe hanism,

59458 caliber gum,
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SOCKET

the manual kandwheel to actuate the chainesetting
drive, and the time setting is effected by one of the
following methods:

L By matching pointers, in which case the fuee
selter matches pointers on 2 sets of egulator dials,
one set of which is actuated by electrical signals from
the computer in the director system, and the other
sel by rotation of the manual handwheel.

2. By setting the desired fuze time on the regulator
chials, in which case the manual handwheel is turned
until the dials indicate the fuzc time opposite fixed
index marks. This methed is used when the com-
puter is disconnected from the :ru;.gu].atnr.

In auiematic control, the manual handwheel is dis-
engaged, and the [uze chains are automatically posi-
tioned by an electric power drive in the regulator.
The power drive is controlled by dectrical signals from
the TOmpuier. The gun-crew fuze sctter hus no rone
trol over the rerulator in automatic conteol,

A flight consists essentially of an oufer socket at-
tached to the hoist chain, and an inner sockel so
mounted on ball bearings that it can rotate within
the outer socket.  (Fig, 8B20, left.)  The inner socket
is gearcd to a sprocket which engages the fuze chain.
The [uzc chains are endless chains mounted on the
outhnard sides of the hoist chain.

A fuze is set by rotating the fime-ring lug (fig
8B20, right]. The projectile must be placed on the
heist with the fuze fived lug in the V-slot 10 obtain
correct settings.  The initial fuse setting is sarn, and

TIME RING
LuG

FIXED LUG

INNER

B Furr.

A. Fropectile fhight,
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during the fuze-sctting operation the time ring is ro-
tated from the maximum time setting down 10 the
setting required.

The pawls on the inner socket will engage the time.
ring lug when these parts are in alignment.  Further
rotation of the socket, after engagement, sets the fuze,
During hoisting, the point in the flight travel at which
engagement does take place depends upon the [uwe
setting desired.

The sprocket transmits fuze-setting adjustment from
the fuze chain to the time fuze in the following ways:

L. By movement of the flight with respect to the
fuze chain when the projectile is hoisted. The gear-
ing is 5o arranged that movement of the flight from
the lower to the upper position causes the inner socket
to rotate almost exactly one revolution i a direction
to reducs the time setling on the fuze, A rotation of
FI57 is equizalent to 45 seconds fuze-setting time.

2. By movement of the fuze chain, ‘This is con
trolled by the regulator,

From the above discussion it is apparent thay if 2
high fuze sctting is desired, the regulator must so
position the fuze chain that the pawls will engage
the time-ring lug late in the hoisting eyele.  The time
ring will then be turned a small amount during the
remainder of the flight vavel and the setting will be
high. On the other hand, the pawls are positioned
for carly engagement in making low fuze settings.
Thus, in obtaining a given fuze setting, it is only necess
sary 1o make the etting on the regulator which posi-
tions the fuze chain, and then hoist the projectile.

Changes in fuze setting may be introduced at afry
time while the projectile is in the hoist by changing
the setting on the regulator.  The fuze will be set for
the time indicated by the regulator when the projectile
is lifted out of the flight, even thoush it has remained
at the delivery end of the haist for some time,

Projectiles without mechanical time fuzes such as
VT-fuzed or target projectiles, can be hoisted by this
equipment.  Such projectiles may even be hoisted in-
terspaced with mechanical time fuzc ammunition, if s
desired, for, having no fuze lugs, the VT-fuzed or
target projectiles are unaffected by the fuze-setting
mechanism of the hoist, Such a situation occurs in
AA firing when mechanical time fuzes are fired inter
spaced with VT fuzes 1o aid in spotting the burst anta
the targer,

BB25. Powder haist

The wwin mount is cquipped with right and left
hoists of similur design (fig. 8B21), They ane semi-
gutomatic endless-chain, enclosad, single-tube hoists
with electric-hydraulic drive. A manual drive e pro-

418117 O=47 1&
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vided for emergency use,  Figure 8B21 shows the
upper hoist location,

Each holst is driven and controlled by an electrice
hydraulic drive. This drve consists of an electric
motor, pump, and tank unit connceted by piping to a
hydraulic motor and control unit.

The hydraulic moter is geared to a chain-driving
sprocket in the upper cnd of the hoist. An idler
sprocker is mounted in the Jower end. A comveyor
chain, provided with five flishts unilormly spaced, s
held between the sprockets. It is reversible, for hoist-
ing or lowering powder cases. A HosT-sTOP-TOWER
hand-operated control lever, connected fo the hy-
draulie contrel unit, repulates the direction of motdon,

The control gear {fig. 8B22), linked to the hydraulic
conlrol unit, is stimilar to that of the projecrile hoist,
This control equipment regulates the haisting and low-
ering limit of each fight supporting a powder case, and
prevents hoisting or lowering when it 15 unsafe. A
handwheel, geared o the power-drive output shaft
through a clstch, provides an auxiliary drive to be
used in case of power [ailure.

Cases are maneally loaded and removed [rom the
hoist, and the hoist furnishes the gun mount with a
rapicl, continunus supply of powder cases,

8B26. Sights and sight assembly

Movable prismetype telescopes are mounted at the
peinter's, checker’s, and traine’s stations,  Figure
BR23 shows the location of the telescopes and the sight
setter’s indicator.  The relescopes are located within
hooded sight ports which project through the side
shicld plates,

The elevating prisis m the three telescopus are all
moved simultancously by a systern of interconnecting
shafts and gears in response to rotation of the aight.
angie handerank.  Similarly, all the deflection prisms
are pesitioned by the deflection handerank.  Since
the telescopes are mounted on the carrage instead of
the slide, the elevating prisms muse be rotated by the
clevating gear, as the gun elevates, to maintain the
vertical angle which has been set berween the LOS
and axiz of the bare,  In defisction seiling, however,
since hoth the sight and guns move together as the
mount is trained, the lateral angle between the tele-
seope and axis of the bore is maintained, once it has
been set. Adjustable couplings in the shafting pro-
vide for independent sdjustment of any onc of the
telrscapes or the indicator dials.

The sight setter's indicator has 2 sight-angle diuls
[ highspeed and 1 lowsspeed), 2 deflection dials
(1 high-speed and 1 low-speed), and a range dial as
shown in figure 8B24, The sight-angle and de-
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Froune 8B2%—Sighs in 57/38 twin mount.

Aection dials consst of two dials each; an inner dial
is clectrically operated from the eomputer. The
inncr dials have & patition index mark, but no grad-
uated scale, The sight-angle high-speed outer-ring
dial & graduated in minutes of arc, and the low-speed
outer dial in 100 minutes of are.  The deflection high-
speed outer-ring dial is graduated every mil, and the
low.speed outer dial every 100 mils.  The outcr sight-
angle and deflection ring dials are operated by the
sight-angle and the deflection handeranks.  The range
dial is geared to the sight-angle handerank and has
spiral graduations every 100 yards; with readings in-
creasing inwards radially in a clockwise direction,
When the dials are at zero position in deflection and
clevation, the index of each of the dials matches a
fixed index, Sights are set by the sight setier in one
of two ways,  If the computer is furnishing sight angle
and deflection electrically, the proper setting is ob-
tained by turning the handwheels until index marks
on the outer ring dials match with the index marks
on the inner dials which are positionsd by the com-
puter.  If sight angle and deflection are received by
voice tramsmission, the handwheels are wrned until
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the ring diale show the desired scttings opposite the
fixed pointers, In the latter method, the sight-angle
settings desired might be expressed in vards, and this
setting would then be made on the range dial,

Since the telescopes are mounted on the carriage
instead of the slide, the elevating prisms arc rotated s
the gun elevates as well as by changing sight-angle in-
puts.  The two variable quantites, gun clevation order
and sight angle, are combined in a differential to pro-
duce this effect. 'The net result keeps the vertical
angle between the line of sight and the axic of the bore
in agreement with the angle set on the sight-angle
dlials for any position of the gun in clevation.

BB27. Types of mounts and shields

There are four main types of 37/38 mount
assemblies:

1. Enclosed twin mount with ammunition-handling
room beneath the mount. The tyvpe of mount is the
standard installation on battleships, crigsers, and de-
stroyers. It is also uscd on the island {starboard) side
of Essex class aircraft carricrs.  This is the type with
which this chapter has been concerned up to now
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2, Enclosed  single mount with  ammunition-
handling room beneath the mount. The enclosed
single mount s the old standard destroyer-type mount,
It 15 now found on the many minecraft and auxiliares
which have bean developed from the older classes of
destrayers, as well as on most of the destrover escorts
in the Fleet and many large auxiliaries | repair ships,
destroyer tanders, eic, ),

4. Open single mount with ammunition-handling
room beneath the mount.  This mount was specially
developed for installation in the walkways on the port
side of aircraft carrders. It is also occasionally found
on auxihary vessels,

4. Open  single mount without ammumnition-
handling room.  Mounts of this type can be installed
on ships without extensive reconstruction.  For that
teason it is 4 type of installation [requently used on
converted vessels originally of merchant types.  There
are mo ammunition hoists associated with this mount

8B28. Other characteristics of 57/38 caliber twin
mounis

All twin mounts are enclosed in a shicld of armar
plate which varies in thickness from 34 inch on destroy.
crs to 214 inches an bauleships. The shield is 2 box-
like structure about 154G feet long, 15 feet wide, and
10%4 feet high. It provides weather, blast, and
splinter protection for the crew.

There are doors on both right and left sides near
the after end, through which the operating personnel
enter or leave the gun room.  Other doors and access
cover plates are provided to make the operating
mechanisms more accessible for inspection and repair.
Two identical openings in the front plates provide gun
parts. The case-cjector chutes lead to doors in the
rear plate of the shield. A roof hatch is located near
the after end of the gun mount, Where mount loca-
tion renders it necessary, this hatch is equipped with a
blast hond or shield.  Sight hoods tmounted on the side
shield plates provide protective covering for the three
telescopes.  The hoods are fitted with hinged shutiers
and handcranks, so that they can be opencd and closed
Irom the inside, A vemtilation system installed in the
gun room supplics air to varous pares of the mount
and handling room.

All twin mounts are equipped with various types of
electrical power installations.

All power motors have associated controllers and
push-button arrangements to start and siop them.
The power equipment slo includes electric heaters
for warming the gun room and the hydraulic
equipanent.
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TMumination in the gun and handling room is sup-
plicd by the ship's general illurination civeuit,  This
circuit also includes outlets for { 1) battle lanterns, {2)
window-wiper motors altached to each telescope, and
(3) the batle lumination transformer.

The baule iMumination system provides illumination
by small Tampe at all ingtramenis.and contrels, such as
telescopes, dials, each pun breeeh, and the bottoms of
the projectile hoists.

The mount is provided with two sources of electricity
for firing the guns: (1) a motor-generator (ship's
power supply}, and (2] a G-volt battery located in the
mount handling room. A selector switch mounted
near the pointer’s station comtrols the source. “The
firing circuit provides for electrical firing cither Iocally
or from a remote station.

Gun-clevation, gun-train, fure-sciting, and sight-
setting electrical signals are supplied w the indicator-
reguiators and the sight setter's indicator in the mount
by fire control cireuits from the computer.

The communications [acilities for the twin mount
include {1} a voice tube benween un room and upper
handling room, (2] an avtomatic telephone which is
part of the ship’s general communications svstem, {3)
a battle telephone system’ {sound-powered telephone
circuits] botween mount und fire control stations, (4)
an auxiliary sound-powered telephone cireuit with call
Bell between the mount and the lower ammunition-
handling room, and (3) a powerful loud-speaker which
is connected to the director and plotting room,

Approximately 27 men are required (o man all sta-
tiens in the mount and the upper handling room.
Additional personnel in the lower handling room and
magazines are required when fire is to be sustained for
considerable periods.

8B29. 5"/38 caliber single mounls

Azide from the number of puns insealled, there
are four significant differences between the various
5"/38 caliber single mount assemblics and the 57/38
caliber twin mount asembly. These differences are
in (1} the rammer, (2} the sight mechanism, (3) the
power drive; and (4] the ammunition-handling
arrangemrnlns.

The rammer on the 5”738 coliber single mount s
not eyuipped with the 2 1o 1 geur rato arangement
described in article BBI9. The runmer piston travels
the same distanee in 015 eylinder that the crosshead
and spade move during the ramming stroke,

Although final results are the same, sights on single
mouns are dilferent in design from those on the twins,
There 1= no differeniial Tor adding gun elevation and



NAVAL ORDNANCE AND GUNNERY, VOL. 1

Frovne BC1.— 5" /54 caliber sinpgle mount Mark 39 gz installed in Midnay elazs.
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sight angle. Instead, the linkages to the sight prisms
on enclosed single mounts are driven by a large sight
driving gear inside the large circular housing next to
the slide. Ths gear in tum is driven by a banjo-
shaped asscmbly which moves in elevation with the
slide. In the banjo are a worm and worm gear me-
chanically ronnected o the sight angle crank. Tum-
ng the crank causes this gear train to rotate a pinion
meshed with the sight driving gear, which in turmn
positions the sight prisms,

Sights on single open mounts are in general similar
to thosc on single enclosed mounts, éxcept on open
mounts not equipped with movable-prism telescopes,
On such mounts, the mechanical linkage briefly de-
scribed above positions the pads on which the sight
telescopes are mounted.

Several different types of power drive are used with
single mounty, depending upon the type of mount and
the ship upon which insalled. On ships which are
equipped with fire control installations the drives amre
such as to provide for amteratic control, local con-
trol, and manual control.  On many converted mer-
chant ships only local and manual contmols are
available.

The 3*/38 caliber single mounts of the handling-
room type are equipped with projectile hosts of the
same type as used in twin mounts. There are, how-
ever, no powder hoists.  Powder is passed from the
upper handling room to the gun room through a
scuttle. Mounts of other than the handling-room
type are not equipped with heists, but do have a fuze
setter located outboard of the projectile man’s station,

C. Five-Inch 34-Caliber Assembly

BC1. General

The 37 /5% mount Mark 32 is an enclosed, dual-pur-
post, semniautomatic, rapid-fire, tray-loading, base-
ring type single gun mount, It is 2 mount resembling
the 5”/38 caliber single enclosed mount. Tt differs,
however, from that basic tvpe in its elevation and {rain
power drives, and it ammunition service, And ity
sights are Like those of 57 /38 twin mounts.

BC2. Design development

The 5*'/5% ealiber meunt, shown in feure 8C), isa
design developed primanly for the USS Midway class
carriers. It will also be installed on cortain other new-
construction vessels. Installations on each Midway
class ship consist of 2 port and 9 starboard mounts,
placed cuthoard below the level of the flight deck,

The mounts are supported on cylindrical foundation
bulkheads similar to turret [oundations, These foun-
dations are :.I:mrlural]:.- mpl‘mr‘tcd on sponsons x-
tending from the ship's hull, with sponsen platforims
mounted flush with the main deck. The foundation
bulkhead forms the upper ammunition-handling room
enclosure,

8C3. Mount arrangement

The general design (sec figs. 8C2 and 8C3) and
[unctional arrangement of the 37 /5¢ caliber pun and
tuount are patterned after the 5 /38 caliber single and
win enclosed mournts,

This mount has an enclosed gun room arrangement
with shicld, gun,_ slide, and hoists mounted on a base-
ring type carriage above an ammunition-handling
room.  The carriage is supported and rotates on bear-
ings on a conventional stand.  Carriage and gun are
arranged for emptyv-case cjection from the gun
through chute and doors in the carriage overhang to
the main deck level of the sponson. Cun room and
handling room arc weather-sealed and power-yen-
tilated.

8C4. Elevating and training gears

The power drives for clevating the gun and training
the mount are scparate high-speed all-electric ampli-
dyne units {chapter 10 discusses the operation of
amplidyne unirs) controlled by eleetric sionals either
from a remote computer [when in automatic) or
from the local handwheel stations, The elevating
and training gears are equipped for auxiliary manual
drive. The clevating and training powersdrive gen-
crating equipment is ranotely located in the ship at
the second platform. The limits of gun laying motion
ure from 107 depression 1o 83° elevation, with a maxi-
mum train of 190°,

BC5. Ammunition
This gun ves semifived ammuniton consisting of

a l-pound projectile and a case assembly weighing
32 pounds. The powder charge itsell weighs 18
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Ficure B03.—3" /34 caliber mount—plan view.

pounds. The gun and its crew arc capable of a
sustained] firing rate of about 15 o 18 rounds per
rinuate,

8C&. Ballistic data

The mount is designed for uge against surface and
airhorne targets.  The gun has a horizontal range of
about 26,000 yards and a maximum vertical range of

11

49.000 feer. Initial velocity of service rounds is 2,650
feer per second.

BCT. Parsonnel

A minimum crew of |6 men, 10 for the gun room
and 6 for the handling room, i required for ammun-
tion service, gun loading, gun laying, and sight

opcrations.



Chapter 9

AUTOMATIC WEAPONS

A.

2A1. General

Automatic guns are case guns in which part of the
energy of explosion is used to cject the empty cases
and to activate a device which reloads and continues
to fire the gun as long as the trigger is operated and
the ammunition supply it maintained. All short-range
{3.000 vards) AA guns aboard ship are automatic
‘i-'.-'EEPﬂﬂE.

The short-range automatic weapons used by the
Navy include 20-mm and 40-mum guns, both of which
were used in destroying the cnemy's air power in Warld
War IT.

9B1. The general problem of aviation gunnery

Because aircraft speeds are high and constantly tend
to become higher, actual firing time in any attack is
limited to scconds.  For this reason it is essential that
rate of firé be rapid, so that there is reasonable prob-
ahility of scoring enough hits to do effective damage.
Hiph projectile velocity is also desirable, to reduce
time of flight and thereby minimize the effect of many
viriables which tend to detract from accuracy, It
must also be remembered that performance of the
airplane itself is a factor in the effective employment
of the planc’s guns.

Recognition of targets is one of the most critical
items in air combat, because it is the key to making ini-
tial estimates of range, speed, and mission. A common
error in aerial gunnery is to open fire before the target
comes within range, and to continue fire when the tar-
get is beyond effective range.

In fact, the general problems of aircraft gunnery
can be reduced to questions of who, where, and when.
“Who" refers to the problem of whether a potential
target is friend or foe, and if foe, what the type of plane
may be, “Where” is the problem of target location
relative to the gun, which in modern installations may
be solved or largely solved by automatic means.
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Introduction

The United States Navy's medium-range (8,000
vards) AA weapon is the semiautomatic 3”/50 gun,
with a separately powered automatic loader making
it in effect an automatic gun. This weapon has been
developed from the old semiautomatic 3-inch gun
which was still used in World War II.

This chapter takes up the 20-mm aircralt gun, the
40-mm AA gun, and the new 37/30 gun, as repre-
sentative of present aircraft and AA machine guns.
Tt does not take up the 20-mm AA gun or the old
3"/30 without automatic loader.

20-mm Aircraft Gun

“When" is the problem of when to open and cease
fire to provide maximum probability of obtaining hits,
yet maintain necessary conservation of a limited am-
munition supply.

9B2, Types of aircraft guns and installations

Aijrcraft guns incorporate certain modifications of
conventional gun structures to reduce weight and
length, and generally to make them adaptable to air-
craft installation. Gune as =mall as caliber 30 machine
guns, and as large as 73-mm guns, have been installed
in military planes. The aviation gun in current Navy
usc is the 20-mm automatic gun, but the caliber 50
machine gun was the onc most extensively used in
Navy planes throughout World War II. However, the
latter weapon scems destined to hawve little potential
significance in future aircraft installations.

Aireraft guns may be installed on either fixed or
free mounts. Fixed guns are rigidly attached in the
forward part of the plane, including keading wing
edges, and may be trained or eclevated only by
mancuvering the planc.  They are, of course, forward-
firing guns, Free mounts, on the other hand, provide
for train and elevation in limited arcs.

The British first used airplane furrets mounting
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flexible guns in battle during World War II. The Operating with the gun i3 a fesd mechanism

medern aireraft turret is a self-contained mechanized  mounted on top of the gun proper.  Rounds of ammu-
unit, consisting of an enclosure housing the gunner, nition are fed into the gun from a disintegrating link
guns, ammunition, power drives in train and clevation, belt. A charger retracts the breechblock initially and
armor plate, and other accessories.  Such an installa-  cocks the gun, or can remove a round from the cham-
tion provides many advantages: the angle of fire is  ber. Firing is done by an electric trigger, which fires
increased; movemnent of guns in elevation and train the 20-mm Automatic Gun M3 by remote control.
against the force of the slipstream is facilitated;  Each of these units will be discussed below.

larger guns can be utilized more readily; the gunner

is protected ; and, in general, a more adequate defense 783 Principles of functioning

can be realized in the case of larger, slower aircraft. Power to keep the gun operating automatically
In addition, a fire control system may be installed to comes from the energy released cach time a round is
provide local and remote controd. fired. This energy is utilized in three ways:

I. When the round is fired, some of the ammunition
983. Development of the 20-mm Gun M3 propellent gas gocs through a small hole drilled in the
During the interim between World War [ and Warld gun barrel to act on the gun components and unlock
War II, both the Germans and the Japanese developed  thebrecchblock.  This is called gas operation.
20-mm guns for aircraft installation, and during 2. The expanding gas remaining in the gun barrel
World War II the Germans installed as many as six ~ pushes the breech locking and closing components to
of these guns in some planes.  Our own development therear. This is called blowback.

of a 2(-mm gun was initiated in 1937, and speeded up 3. Firing the gun causes some of the gun compo-
when the European conflict began. nents to recoil.  The energy of recoil compresses springs

Since its inception this gun has undergone two  of some of the gun components. The expansion of
major changes, each incorporating some improvement these springs causes these components ta counterre-

n design and operating characteristics. The end  coil and return the gun to battery.  Recoil and coun-
product of this technological advance is the 20.mm terrecoil activate the feed mechanism which supplics
Aircraft Gun M3. Figurcs 9B1 and 9B2 show this  ammunition o the gun.

gun, Since the 20-mm M3 gun utilizes all these sources of
power, it is classified as a combination gas-operated,
984, General description blowhack, and recoil weapon.

The 20-mm Aircralt Automatic Gun M3 is an air- The functioning of the main parts of the gun in the
cooled weapon weighing approximately 100 pounds,  cRUre automatic action is described under the follow-
and is capable of firing up to 800 rounds of ammuni- ing heads:
tion per minute at an initial veloeity of 2,730 feet per 1. Recoil mechanism.
sccond. 2. Receiver,
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Fryvae 9B2.—Subasscmblies of the 20-nim Automatic Gup M1,

193



NAVAL ORDNANCE AND GUNNERY, VOL. 1

3. Breechhlock.
4. Driving-spring assembly.
5. Gas mechanism.

9B4. Recoil machanism

The function of the recoil mechanism is to cushion
the impart of recoil and return the gun to battery,

The recoil mechanism eonsists of a recoil spring and
a recoil housing assembly.

Recoil spring.  The recoil spring i a heavy, flat,
helical [or coil) spring which surrounds a portion of
the gun barrel slightly forward of the chamber, The
front end of the recoil spring seats against a bracket
which is directly attached to the gun barrel and recoils
withit. The after end of the recoil spring rests against
the recoil housing assembly, a nonrecoiling part.

Recotl kousing assembly. The recail housing as-
scnbly consists of two main parts: a hollow tube, or
sleeve, and a scparate spring called the ring spring.
which fits inside the sleeve.  The sleeve is a cylindrical
steel tube that surrounds the gun barrel abaft the re-
coil spring. It is secured to the stationary mounting
assembly of the gun and does not recoil,

As the gun recoils, the gun barrel moves rearward,
attempting to carry the recoil spring with it. The
recoil spring bears against the ring spring inside the
sleeve of the recoil housing assembly, The stationary
slecve forces both springs to compress, stopping the
recoil movement. Recovery of the springs initiates
counterrecoll and returns the gun to the battery
position,

987. Receiver

The receiver is the component of the gun assembly
that mounts the barrel and houses the breechblock and
driving-spring assembly. It consists of three main
components: the receiver body, the breechblock-lock-
ing key, and the receiver slides.

Receiver body. The receiver body is a hollow rec-
tangle, partially open at the top and bottom and fully
open at the rear. A large opening in the front end of
the receiver body is threaded to receive the gun barrel.
Since the gun barrel is directly attached to the re-
ceiver, the receiver is a recoiling part,

Breechblock-locking key. In approximately the
midpoint of the receiver, near the bottom, a solid
rectangular hreechblock-locking key passes through
slots on the sides of the receiver body.,  This key Ir.r.e-p.r.
the breechblock, which slides back and forth in the
receiver, locked up tight against the chamber during
firing. Its action will be described later in more
detail.

Recetver slides.  The two receiver slides are metal
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strips bolted inside the front of the receiver body, one
on cach side.  They support the breechblock when it
i5 in the front of the receiver body, and aid in locking
the breechblock in firing position, Cam surfaces at
the rear of the slides cngage corresponding cam sur-
faces on the breechblock lock (a hinged arm) of the
breechblock mechanism as it moves forward in the
receiver.  The resulting action forces the lock down-
ward inte a notch in the breschblock-locking key and
locks the breechblock in firing position.

9B8. Breechklock

The breechblock moves forward and backward in-
side the receiver body. On the forward movemnent it
takes the ammunition cartridge from the mouth of the
feed mechanism, carries it into the chamber, and fires
the round. On ite return stroke, the breechblock
carrics the empty cartridge case to the ejector.  Figure
9B3 is a sectional view of the breechblock.

The breechblock consists of the bolt, the breech-
block lork, two breechblock shides, a firing pin, and an
extractor. See figure 9R3.

Bolt. The bolt is the main component of the breech-
block. It helps carry the cartdge to the gun-barrel
chamber and closes the breech end of the harrel. It
also houses the firing pin and supports the breech-
block slides, the extractor, and the breechblock lock.

The firing pin and driving spring arc inside the
longitudinal tunncl of the bolt. The tip of the firing
pin protrudes through a small tapered hole in the
front of the bolt. The bolt's front facc is recessed to
accommodate the base of the cartridge casc.

Flanges along the lower edges of the bolt guide the
breechblock slides.  The bottom of the bolt is recessed
at the rear to receive the breechblock lock, and at the
front to accommodate the extractor. The extractor
is attached to the bolt by the extractor pin and a
cylindrical strut-type spring which forces the forward
end of the extractor toward the face of the bolt,

Breechblock lock. The breechblock lock seats on
the breechblock-locking key. It locks the breechblock
in battery while the round is fired,

The breechblock lock is a flat plate with cams pro-
jecting [rom each side of its top surface, When the
breechblock moves forward, these cams engage the
receiver slides and force the breechblock lock down-
ward against the breechblock-locking key, The
rounded forward edge of the breechblock lock fits mto
a mating recess in the breechblock bolr. "This arrange-
ment provides a hinge action between the lock and
the balt.  The protruding shoulders on top of the lock
move up into the notched section of the hreechblock
slides when the slides are retracted,

Breeckblock slides. Two breechblock shides serve
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Fraume 2B3.—20-mm Automatic Gun M3

to guide and support the bolt in the receiver. These
slides are shorter than the bolt, and slide lorward and
hackward on the flanges along the lower edge of the
bolt.

The 2 slides, 1 on each side of the holt, are keyed
together by the slide key, a flat, rectangular picce of
metal with rounded edees, which extends through a
slot in the bolt, This slot is elongated to allow the
slide key to move forward and backward during the
locking and unlocking action of the breechblock. The
slide key also mates with a recess in the firing pin, so
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that the breechblock slides and Bring pin operate
together.

The hotom edges, near the rear of the breechblock
slides, have notched recesses cut in them o accommo-
date the raised shoulders of the breechblock lock when
the breechblock is unlocked. Tt will be remembered
that the breechblock lock, hinged to the bolt, is cam-
med down by the recciver slides and engapges with the
brecchblock-locking key as the breechblock moves for-
ward just prior to firing. At this time the breechblock
is in 1ts full forward position in the receiver, and the
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Froume B4 —20-mm Automatic Gun M3, Breech unlocking artion: slides being forced rearward by push rods,

breech end of the gun barrel is closed and locked. Firing pin. The firing pin strikes the round in the
This 1s the firing position. chamber of the gun barrel and fires the round. The

The breechblock lock cannot move back up into firing pin is evlindrical, with a tapered tip in front
the notched recesses in the breechblock slides, because and a machined slot approximately in the center of
the slides continue to travel forward slightly after the  the body. The slot allows the firing pin to ride on the
lock is cammed down.  The rear ends of the breech- slide key which extends between the two breechblock

block slides, abaft the notched recess, rest on tap of  slides.  As the breechblock moves to battery position,
the raised shoulders of the breechblock lock and pre-  the breechblock slides and slide key carry the firing
vent it [rom rising. pin forward, causing its tip to protrude from the

When the breechblock is unlocked by the gas meche- breechblock beolt and fire the round.  After firing, the
anism after firing, the brecchblock shides are pushed  breechblock slides and slide key move rearward and
backward by push rods, which also compress springs  retract the firing pin.

inside the shides,  Sce figure 9B4.  The forward inner Extractor. The extractor grips the round as @t
notched surface of the slides catches the raised shoul-  enters the chamber, holds the round during firing,
ders of the brecchblock lock and [orces it up and free and draws the empty case rearward as the breechblock
from the breechblock-locking kev. The breechblock i blown back by the expanding gases after firing.
lock moves back up into the recess in the slides and Ejector prongs {astened to a nonrecoiling part of the
prevents the slides from moving with respect to the  gun assembly strike the top of the cartidge case as it
bolt. The slides, however, have stored energy in the moves rearward. The extractor and empty casc are
compressed springs located inside them. When the pivoted downward, and the case drops through a hole
breechblock lock is cammed down, frecing the slides  in the bottom of the receiver and out of the gun.  The
to move, the springs expand and push the slides extractor sprng forces the extractor upward to the
forward. pﬁ.‘-il]ﬁﬂ whers 1t gi‘ips the next round,
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9B, Driving-spring assembly

When initial recoil movemnent begins, the barrel,
receiver, and breechblock all move rearward together.
Shortly after recoil begins, howewver, the breechblock is
unlocked from the receiver. The expanding gases in
the chamber, acting against the face of the breech-
hlock, blow it back faster than the receiver and barrel
are recoiling.  The recoil mechamsm, discussed earlier,
absorhs the force of recoil and inftiates counterrecoil.

The receiver will not carry the brecchblock forward
with it In counterrecoil, since the two are not locked
together as at the moment of firing. Tt is the function
of the driving-spring asscmbly to make the breechblock
rounterrecoil and return to battery position.

The main parts of the drving-spring assembly are
the driving=spring plunger and the driving spring.

Diriving-spring plunger. The forward end of the
drving-spring plunger 15 attached to the base of the
firing pin. The after end is attached to the rearmost
component of the gun assembly, the rear buffer, which
in turn s attached to the mar of the receiver. The
Plunger teleseopes as the breechblock is blown back.

Dvizing spring.  The driving spring surrounds the
plunger and is compressed as the breechblock moves 1o
the rear. Tt is the recovery af the doving spring that
drives the breechblock forward to stripa round out of
the leed mechanism and chamber it ready to be fired
by the firing pin.

9B10. Gas mechanism

The gas mechanism unlocks the brecchblock and re.
tracts the firing pin when the gun has fired. The gas
mechanism consists of a cylinder which mounts on top
of the gun, covering a small hole drilled in the top
of the barrel; a piston and rod which move rearward
in the cylinder against spring pressure; and two push
resels which are forced rearward by an extension of the
piston rod, called the yoke [Re, 9B4).

As the gun is fired, the projectile moves forward,
uncovering the small hole, or port, in the top of the
barrel. Some of the expanding propellent gas escapes
through the port into the eylinder, where it excrts
pressure on a piston and rod, foraing the rod rearward
against spring pressure.  The yoke on the piston rod
pushes the two push rods, which are free to move back
and forth in longitudinal holes dolled in the front of
the receiver body.  In turn, the two push rods, when
forced rearward by the yoke, force the breechblock
slides back, retracting the firing pin and unlocking
the breechblock.

The propellent gases, still inside the barrel, foree the
breechblock rapidly to the rear.  (This is blowback.)
As the gas pressure lessens in the gun barrel and the
gas cylinder, spring pressure in the cyvlinder gradually
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forces the piston rod and voke forward to the position
where they are ready for another cyele.  The push
rods slide forward freely when struck by the counter-
recoiling breechblock slides.

9B11. Cyclic action

In an automatic gun lke the 20-mim Adrcraft Auto-
matic Gun M3, the firing of a round furnishes the
energy to carey on the evelic functioning of the gun
o fire succeeding rounds. The sequence of cyelie
actions is:

1. Gun fires and recoils.
. Breechblock unlocks.
- Breech opens and fired casc is cjected.
. Gun counterrecoils and driving spring  drives
breechblock forward {picking up a new round},
Breechblock locks.
Cun fircs and recoils,

B3

-

5
B.
9B12, Gun fires and recoils

When the round is fired, the sun barrel, receiver,
and breechblock recoil,.  The gun barrel carries rear-
ward the recail spring which surrounds it. The re-
coil spring contacts the ring spring inside the starion.
ary sleeve of the recoil housing assembly, cormpressing
both springs and stopping recoil movement.

2813, Breechblock unlocks

At the moment of firing, the breechblock is held
against the breech of the gun barrel by the breechblock
lack resting against the brecchblock-locking kev, The
breechblock lock slides prevent the breechblock lock
from disengaging until alter firing,

The action of the gas mechanism unlocks the breech
as shown in figure 984, Propellent gases enter the
gas cylinder through the small hole in the gun barrel,
(zas pressure forces the piston red and yoke aft. The
voke, through the two push rods, forces the breech-
block slides rearward. The breechblock slides are
connected by the breechblock-slide key, which actuates
the fiving pin. The firing pin is hotched to fit over
the breechblock-slide key, Therefore, as the breech-
block slides move rearward, the breechblock-dide key
retracts the firng pin. The notched sections at the
rear of the hreechblock shides engage the protruding
shoulders: of the hreechblock lock, forcing the lock
clear of the breechblock-locking kev, and unlocking
the breechblock,

9B14. Breech opens and fired cuse is ejected

Alter unlocking, blowback starts the breechblock to
the rear. As gas pressure in the gun barrel drops,
spring action in the gas cylinder returns the gas mech-
anism components 10 their original pesitipn. The
brecchblock and extractor move backward wntil the
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tipof the fired case strikes the stationary ejector prongs,
pivoting the empty case out of a hole in the bottom of

the receiver and out of the gun.

9B15. Gun counterrecails and driving spring drives
breechblock forward

The reeoil spring and ring spring, which were com-
pressed during recoil, now expand and start the re-
ceiver and gun barrel forward in counterrecoil.

The breechblock, when it was blown back in the
receiver, compressed the driving spring in the holt,
Recovery of the driving spring sends the breechblock
forward toward firing position, where it picks up a
new round of ammunition from the feed mechanism.,

9B16. Breechblock locks

Ag the breechblock moves forward in the receiver,
projecting cams on the breechblock lock engage
camming sutfaces on the receiver shdes, forcing the
lock to rotate downward.  The breechblock lock scats
against the brecehiblock-locking key in the receiver,
and is held by the rear lower surface of the breech-
block slides.  Simultaneously, the hreechblock bole
reaches the end of its forward metion and chambers
the cartridge. The slide springs, combined with the
momentutn of the driving spring, cause the brecch-
block slides and breechblocks slide key to continue for-
warnd afler the bolt has stopped,

9B17. Gun fires and recoils

The firing pin iz carried forward by the breech-
block-slide key, and by the expanding driving spring.
The firing pin strikes the cartridge primer and fires
the round. This cycle repeats until the trigger is re-
lrased or the ammunition is expended,

9B18. Feed mechanism

The feed mechanism used with the 20-mm Aircraft
Automatic Gun M3 is designated the AN-M2 feed
mechanism. It is designed to feed up to BOOD rounds

of ammunition per minute into the gun. The linear
movement of gun components in recoil and counter-
receil is transformed to rotary motion by mechanieal
means in the feed mechanism. This rotary motion
winds coil springs which drive a set of starwhecls.
The starwheels are 9-toothed sprockets contoured 1o fit
between the cartridge cases in the ammunition belt.
As the starwhecl housing rotates, the two starwheels
engage the incoming rounds, drawing themn into the
feed mechanism. Once inside, stripper cams strip
off the detachable links which hold the rounds to-
gether in belts.  The cartridge is then aligned with
the mouth of the feed mechanism, The extractor
grips it and rams it into the mun chamhber,

9819. Charger

A charger is used to retract the breechblock and cock
the gun, or to remove a round from the chamber. A
lug on the breechblock slide extends through a long
slot in the receiver. This lug is engaged by the
charger, which draws the entirc hreechblock assembly
te the rear until it reaches the cocked position. The
hreechblock is held in this position by the trigger
mechanism, Charges may be either manually, hy-
draulically, ar pneumatically operated.

@B20. Electric krigger

The trigger in the pilot’s compartment and the
mechanism which actuates firng at the gun are con-
nected electrically.  The mechanism that holds the
hreechblock in the rear of the receiver and provents
firing is the sear. The sear mechanism is fastened 1o
the underside of the receiver. The scar itself is a
hooked arm which engages with 2 recess in the bottom
of the breechblock lock. preventing it from moving
forward. The other main part of the sear mechanism
is a solenoid assembly.  Pressing the trigger causes the
solenoid assembly to draw the sear out of the path of
the breechblock,  When the circuit is opened, a spring
forces the sear upward again, where it engages the
breechblock lock.

C. 40-mm Guns and Mounts

9C1. General

The 40-10m gun is a recoil-operated, heavy machine
gun desipned primarily for AA fire. Its distinctive
features include (1) a vertical sliding-wedge breech
mechanism, {2) a hand-fed qutomatic loader, (3} a
spring-operated rammer, and (4] a trigaer mechanim
that controls the rarnmer operation only.

Onece put in operation and the ramming cyele
started, this gun loads and fires without further at-
tention. It can be operated in either fully avtomatic
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or single fire. The maximum cvclic rate of automatic
hre 15 about 160 rounds per minute,

For naval use, these guns are usually water-cooled
and asscmbled in pairs, 1 pair making up a twin
mount, 2 pairs a quad mount, The individual gun
mechanisms are alike except for the changes necessary
to make them right and left quns. Both twin and quad
mounts are used on destrover cscorts, destroyers, and
many classes of larger naval ships. Air-cooled single
guns are used on some small crafc

The conventional mounts for twins and quads have
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power-operated elevating and wraining gear 1o position
the puns as a unii. Power drives may be controlled
at the mount by the pointer and trainer, or from the
director through an electrical control system.  The
mounts can alse be trained and the guns elevated
manually by handwheels.

Amrnunition is of the fixed type, loaded into clips
containing [our rounds cach. The usual AA pro-
jectile is provided with a tracer and a nosc-type
impact fuze armed by the rotation of the projecrile
in Aight. A complete round weighs abour 5 pounds,
the projectile about 2. The tracer is effective for
from 7% to 8 scconds, after which it destrovs the
projectile by detonating the burster charge. Non-
self-destructive AA and AP projectiles are also avail-
able. The service charge produces an initial velocity
of about 2,800 feet per second. The maximum heri-
zontal range obitained before scli-destructive action,
iy abour 5000 vards; without seli-destructive action,
the range is increased to about 11,000 vards.

See figure 9C1 for the general arrangement of
dltmm quad assermblies,

The gun mechanism consists of the following five
mMajor components ;

1. Barrel assombly, This consists of the gun bar-
rel, its water jacket, the recoil spring, and the flash
hider. The barrel is a single-picce forging 56 cali-
bers long. [t is rifled with 16 grooves having a right-
hand increasing twist of 1 wirn in 45 calibers at the
origin to 1 turn in 30 calibers at the muzzle. The bar-
rel passes through the cylindrical fore part of the slide
and i3 attached tw the housing within by means of a
bayonet-type joint.

2, §lide. assembly. This has a box-shaped rear
section and a cylindrical forward section, which serve
o support and provide working surfaces for the other
parts of the gun mechanism.

3. Breech-mechanism assembly.  This consists of a
housing assemnbly, a breechblock assembly, and asso-
ciated operating parts. It is a rvecoiling part of the
gun mechanism.

+. Loader assembly.  The loader feeds cartridges 1o
the rammer trav and catapults them inte the Aring
chamber. The main operating parts are the loader,
ramiger tray, and rammer.

3. Recoif-counterrecoil system. Each gun has its
own recoil-counterrccoil assembly, which consists of a
recoil spring fitted over the afier end of the barrel as-
sembly and a hydraulic recoil unit secured to the
under-side of the slide, with the piston red atrached to
the housing. The spring is compressed during recoil
and rcturns the gun to battery as the recoil piston
moves back and forth in the hyvdraulic cvlinder. At
the same time a fluid mixture of glycerin and water is
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forced through a series of orificcs.  Both recoil braking
and counterrecoil buffing are accomplished in this
sngle cylinder unit. A needle valve adjusts orifice
size., and its setting determines the time required for
counterrecoil.  The length of recoil is governed by the
guantity, specific gravity, and temperature of the re-
coil fluid, and to a slight extent by the elevation of the
gun. The setting of the ncedle valve in the recoil
eylinder has no appreciable effect on the length of
recoil, but does control the velocity of counterrecnil
and, as a result, the rate of fire.

9C2. Mount

The 40-mm twin and quad gun assemblics have open
base-ring mounts. The training circle is secured to
the stand, and the carriage is supported on radial and
thrust roller bearings. A platform on the after end of
the carriage is used by the loaders when the gun is in
operation. The cooling-system tanks and electrically
driven circulating pumps are mounted on the after
end of the platlorm. The firing mechanism s
mounted on the forward face of the carriage. The
slide trunnions are supported on roller bearings,

Individual power drives, electric-hydraulic o
amplidyne, are used for the clevating and training
gear. Sce chapter 10. With late models of twin
mounts and with all quads, in local power control the
pointer controls both train and elevation. With the
electric-hvdraulic svstem, he uses a single control lever
ar “jov stick™ ; with the amplidyne system as installed
on quad mounts, he uses a pair of handles on 2 control
box.  For manual contral, the pointer's and trainer's
handwheels are geared directly to the elevating and
training racks.

The mount can be trained 360° in either direction
from the locked position. A training stop is pro-
vided to prevent training bevond these limits. A
power-drive cut-off switch operates, when the limit
is approached, to shut off the driving motor. The
elevation limits, unless restricted for specific shipboard
installations, are 15% dcpn:ksin-n and 90° elevation,
Elevation and train contering pine lock the pun and
mount in place when the gun s secured.

Open pecp and ring sights are provided for the
pointer and trainer. On some mounts, especially
singles, lead-computing sights are also provided; but
the normal method of contreol is by director.

9C3. Personnel

The basic pun crew for the twin or guad mount
includes the following: a mount captain, a pointer, a
trainer, 1 loader for cach gun, and at least 1 ammu-
nition passer for cach gun, More handlers will be
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needed if the ready ammunition is stored at some dis-
tance fram the mount.

The mount captain is in charge of the gun and erew.
In local contrel, he designates targets and gives orders
for firing. In addition to his regular duty of training
the mount, the trainer releases the train centering pin
and starts the circulating pumps in the cooling system,
The pointer releases the clevation centering pin, starts
the firing motor, elevates the gun with the handwheels,

D. 37/50 Rapid-Fire

9D1. General

The 3"/50 rapid-firc guns are semiautomatic guns
with automatic power-driven loaders, installed in
dual-purpose open twin or single mounts. They are
weapons primarily intended for defense against air-
craft, bur are so equipped that they may be used
against surface targets. They were planned during
World War IT when a need developed for a rapid-fire
guti with a larger explosive projectile. The 40-mm
mount, the best rapid-fire gun at that time, was often
making hits that were not stopping suicide planes or
dive bombers short of their targets.  The 3"/30 mount
was not completed in time to be used in combat in
World War II, but it has proved iteelf in practice
firings to be very effective.

This mount is now replacing 40-mm on all types
of combat ships. The twin mount shown in figure
S0 is dimensionally interchangeable with the $0-mm
quad mount, The single 3”/50 rapid-firc mount,
which is similar in most respects to the twin, is de-
signed to be substiteted for the 40-mm twin mount.

The barrel of the 3”/50 is a one-piece, rifled, cham-
bered mbe, with its breech end locked to the houzing
by a bayonet-type joint.

The housing contains the breech mechanism and is
supported in the slide. The breech mechanism is a
vertieal sliding-wedse breechblock rype with several
additional [eatures,

The breechblock has two mechanisms for lowering
it against the action of a breech-closing spring.  Ohne
it g hand-operating lever empleved only for initial
round loading or [or servicing or unloading the gun,
The nther bresch-opening arrangement is an auto-
matic recoil-operated cam-and-lever device,

When the breech is open, two mechanisms func-
tion, alternately, o hold the block against the action
of the cloting spring.  One & a stifl-leg type of breech
hold-down mechanisn which serves as a positive lock,
holding the block and locking it until the gun is
loaded. Tt prevents breech clming until it 1 first re-
leased and then displaced from its holding position.

2t

and operates the foot firing pedal. | Joy-stick control
in both elevation and train may be given to the pointer
when desirable.) The loaders set the firing-selector
lever av the desired position [sror Fme, auto, or
sinGLE ), operate the hand operating lever, and place
the ammmunition in the loader. The ammunition
passers bring the clipped cartridges from the ready
stiowage or magazines and hand them te the leaders on
the gun platform.

Guns and Mounts

The other holding mechanism is similar to that used
in the 5"/38 gun, in which the two extractors hold
the breechblock down by engaging its pallets. How-
ever, their arrangement in the 37/50 iz such that, when
they complete their empty-case cxtracting action, the
cxtractors are poised above the pallets in the lowered
breechblock, and function to hold the hreechblock
down only if the other device fails.  This arrangement
reduces the effort required to trip the extractors when
a rammed round of ammunition engages them.

The gun barrel and housing are supported by the
slide. When the pun is fired, they move backward
and forward on bearings in the slide. A hydraulic
recoil eylinder brakes rearward motion. A large coun-
terrecoil spring drives the gun forward into battery.

The slide, gun, and housing are supported by the
carriage, 'The trunnions, which are integral with the
slide, rest in roller bearings at the top of the carriage.

A large elevating arc attached to the bottom of the
slide is concentric with the trunnions. Tt meshes with
the elevating pinion of the mount elevation power
drive system.

The 3/50 gun assembly stand is a deck-flange ring-
chaped design with dimensions identical to those of
the 40-mm stand. It includes the training circle and
the stationary roller path. The mount is driven in
train by a power motor which drives the training
pinion and pulls the gun, slide, and rarriage around
the training circle on the stand.

(;'fnfra! characteristics. The 3"/50) gumn has the

following meneral characteristics:

&

Bomeoeste e one e oo By

Length s e e 50 calibers

Muzle velotity-cmeme——- 2,700 fect per second
Bange, horwontal . ____ 13,100 yards

LTI — 27,300 feet

Rate of fire (design}.._... 43 rounds per minute
Ammunition type- - - fixed, electric primed
U P e i VT, PDF, BDF

Weight complete weapon. -~ 6,230 pounds
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Ammunition
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Dimensions, over-all;

Muzele to rearend - 16 feer
Wt i aana caunes 35 inches
Height o oo 56.8 inches

In many features of design the 3*/30 rapid-fire gun
differs markedly from conventional automatic guns.
These differences azre chiefly in the automatic loader
and the breech mechanism modifications to accommo-
date the automatic loader. It will be mainly these
differences that will be taken up in this chapter.

9D2. Auvtomatic loader

The loader is an independent, clectric power-driven
machine meunted on the after part of the slide. Tt
mechanically loads cach gun at the rate of 45 rounds
per minute as long as amrmunition is served, as shown
n figure 3D2, and the firing control s operated to fire.

Fravag 903.—3" /50 rapid-firé gun.
mumnition into the feed mechaniam of the autamatic loader,

Sprockets drawing am-

The major loader components that will be discussed
are as follows:
. Loader drive unit.
. Hopper.
- Transfer tray and shell carrage.
. Control system,
. Left side platc.
Right side plate.

DL W L s =

The loader drive unit consists of & 3-horsepower
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motor and various chain and gear drives.  Most of the
latter are located in the main housing, which iz a large,
sguare, box-like structure mounted on top of the gun
slide. The drive moter is flange-mounted to the for-
ward face of this housing. The drive motor drives
the gearing and chains which in turn cause all the
mechanical parts of the loader to function at the
proper time and in the proper sequence,

The hopper, into which the ammunition is manually
fed by the two shellmen, is located directly abaft the
main housing and is secured to the left and right side
plates,

The heart of the hopper is the hopper feed mecha-
nism, which consists of right, center, and left shaft.
and-sprocket units and right and left round-alisning
attachments.  The aligning attachments ensure that
the ammunition &= correctly loaded by the shellmen,

The right and left sprockets revolve intermiteently
in one direction to move ammunition to the center.
The center sprocket revolves in alternate directions to
accept rounds from right and left sprockets, After
five rounds have been loaded, the first round will be
indexed (loaded into the transfer tray for catapulting)
by the center sprocket.  See figure 9D3.

The transfer tray and shell carriage unit is the loader
component that moves each round of ammunition
from its index position down into line with the gun
bore, and catapults it into the breech chamber. See
figure 9D4. The tray is a rectangular box structure
with 2 sprockets, | in each end of the tray, about
which the endless ramming chain is looped.

The tray is supported and positioned by four arms
pivoted in the right and left side plates. The two left
tray arms, hence the whole tray assembly, are driven
by the transfer-tray drive gears mounted in the left
side plate. Drive for the rammer chain comes from
concentric shalting through the lelt forward tray arm
to the forward chain sprocket.

Secured to the rammer chain on the upper part of
the tray is the shell carriage, a small L-shaped casting,
to support, transpert, and release the round on the tray
during the ramming eyele, The cyele of operation of
the transfer tray assembly begins when an indexed
round from the hopper scats in the shell carriage. The
four arms then begin 1o rotate about their pivots,
translating the tray downward,

When the tray s almost in line with the breech
opening, it begins to swing forward woward the
breech, At this point the rammer chain begins mov-
ing the shell carriage and round rapidly forward.

When the tray is at its forwardmost point, the car-
riage is all the way forward, relative to the tray, and is
releasing the round, which travels on into the breech
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Froune 804 —3"/30 rapid-fre pun.  Tray of autematic loader swinging down into alignment with open breech.
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ag shown In Asure 901050 The tray then reverses its
direction and moves alt and up to pick up another
round. During this time the ramming chain moves
aft to reposicion the shell carriage on the tray.

The right and left side plates of the loader arc
similar steel forgings—roughly 4 fect long, 2 feet deep,
and 6 inches thick—securcd to the nght and left sides
of the gun slide respectively, They suppaort all the
loader subassernblies except the drive gear.  In addi-
tiun, cach meludes ITATY loader ¢|}Fm!iﬁg and con-
trol devices and clements of the breech mechanism.

The loader control system synchronizes and inter-
tocks the components of the loader with the breech
mechanism and with each other.
trical eircuits, solencids, selector switches, automarie
switches, firing kevs, electrical interlocks, and other
The mount captain's contral panel is a com-
bination control and indicator station for the loader
control system. (Tt will be described in more detail
in a later paragraph.)

Tt comsists of elec-

itemms.

9D3. Breech mechanism

The brecchbleck iz a vertical sliding-wedge wpe,
similar in principle to that of the 3 /38. The breech-
block mowver as the operating shaft rotates. Much asin
the 5 /38 design, in automatic operation the breech-
block i lowercd and the operating spring is coms-
pressed on counterrecoil when the operating-shaft
crank 15 rotated by the operating-shaft cam plate.
The brecch is closed by the operating spring. A
manual breech-opening mechanism s provided. A
conventional, positive-type salvo latch on one end of
the operating shafe prevents unintentional opening
af the loaded breech belore the gun has fred. The
breschblock is fitted with a firing mechanism, which
will be discuszed later. Some of the new design fea-
tures of the breech mechanism are as follows:

1. A breechblock hold-dewn mechanism holds the
breech open until the loader completes delivery of a
round,

2. A breech interlock mechanism prevents repeti-
tion of the leading cyele until the round has been fired
and the brecchblock dropped.

3. A shell lock prevents the rebounding of a rammed
cartridge

4. A novel extractor arraneement eliminates resist-
ance to ammunition-ramming action.

9D4. Breech hold-down mechanism

Ohther guns of similar design usually make use of the
extractors to hold the breechblock down uneil a round
is rammed.  Howewver, the 3% /50 rapid-fire gun makes
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use of the breech hold-down mechaniom instead.  See
figure 9D6. The hold-down lever is a vertically posi-
tioned lever pivoted near its center. When the gun is
in battery and the hreechblock is in its held-down posi-
tion, the hold-down lever bears on the hold-down arm
of the breech operating shaft, preventing rotation of
the: shaft and closing of the breech.

The hold-down latch lever is the positive Tatch that
secures the hold-dewn lover in place when the later
is holding the block down, The latch lever is dis-
engaged in normal operation by a cam pin on the front
right arm of the transfer tray,

The hold-down lever is released from the hold-down
armn of the operating shaft in normal automatic Inad-
ing by movement of the right extractor. When the
extractor s carried forward by the rammed ammu-
nition, the cxmractor push rod is thrust rearward,  This
acluates the transfer lever, and the thrust is trans-
mitted through another push rod to the hold-down
lever, moving it clear of the operating shaft hold-down
armn and allowing the block to rise.

9D5, Extractors

The cextrocters are very similar to those in the
5" /38, except that the inner lugs do net normally bear
on the block pallets but are posed above the pallets
in a free pasition.  In this free position, the extractors
do not impose any appreciable resistance to the ammu-
nition-ramming action, an impoertant {actor in rapid
autormatic loading.  While the breech is apened, the
extractors are held in their correct position by ex-
tractor push rods, which also aid in extracting the
empty case.  The right extractor push rod is longer
than the left and extends through the rear of the
breechblock, where it engages the transfer lever for
use in the hold-down mechanism as previously
described,

In the event of a failure of the breech hold-down
mechanism, the breechblock will be held down by the
inner lugs bearing on the palles.

oD6. Shell lock

The hreech shell lock (fig, 907} functions to pre-
vent a rammied curtridge from rebounding or backing
out of the breech to foul the rigsing brecchblock, Tt is
a vertically sliding laich that nodes in a slot in the
shell-Inck carrier on the face of the breech.  The latch
is moved upward during ramming and allows the
round to pass into the bore, Tt is then moved down
by action of the lock spring w trap the seated round.
The rising breechblock pushes the shell-lock latch clear.
It remains ¢lear alter firing until the extractors have
moved the lip of the empty case past the shell lock,
allowing extraction,
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Fiovre $D7,—3" /50 rapid-fire gun. Breoch mechanism.

9D7. Breech interlock of the breech opening. When either a round is
The breech interlock mechanism (fg. 908) is a ramemed or the block i raiscd; the latch lever & v

syvalern of mechanical linkages which funetion auto- aside, acumtmg. through l.mka‘r{ts’ Hhip taader lconteal

marically to stop the loader from defivering another lever and stopping the loading cycle.

round to the breech whenever there is a round in the 9DB8. Firing mechanism

bore or the breechblock is up. The breech interlock

The firing mechanism (fg. 9D7) congists of the
laich lever, the first mechanism in the chain of link-

[ollewwing :
ages from the breech face to the loader control lever, 15 |. Breechblock firing-pin insulation.
[.ﬁvut-:d in the shell-lock carter next 1o the shell Tock 2, Firing-pin assembly,
and extends down the beeech face, parrially in frone 3. Firing-pin cocking mechanism and sear.
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Fisugs 908 —3" /50 rapid-fire gun

The fiving pin 15 a stecl rod with a conical head that
cutends through the breechblock. Tt is similar to the
3/38 firing pin. It provides an electrical path for
clectrical firing and hammer action for percussion
firing. By action of the cocking mechanism, the firing
pim is cocked for percussion finng and positioned for
electrical firing with each cycle of the breechblock,

The cocking mechanism consists of the retracting
lever and the cocking lever. The retracting lever

210

COMTROL LEVER

BREECH INTERLOCK LEVER

Funetioning of breech interlock.

moves the firing pin aft to keep it [rom shearing or
fouling as the block lowers, and moves it forward into
contact with the case electric primer when the block
rises.  The cocking lever holds the cocking sleeve aft
against spring pressure during this up stroke {unless
it is released by the sear if percussion-type firing is
used .

It shiould be understood that electrical firlng is the
normal firing method,  Percussion firing, using a spe-
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cial short case with p-l:rr:unsicn-l:}'p-r p.rim::r_. is rme
ploved for clearing-round action only. This short case
is used only if a projectile has separated from the case
and remains lodged in the gun while an attempt is
being made to unlead a round through the breech,

Sclection for percussion firing s made by setting
an RLECTRIC-FERCLSSION lever near the left side plate
of the gumn.

The firing circuit of this gun cannot be closed by the
firing keys alone. The various electrical interlock
switches of the loader control system, such as the
Ay UP switch, must also be ¢losed to energize the
firing circuit. Thus any dangerows mallunction of
the loading cycle will cause the firing circuit a2 well as
the loader control cireuit to open,

9D9. Mount centrol stations

The mount's amplidynie electric power drives may
be controlled in automatic from a director or in local
at the mount. There is no manual control as such,
only an auxiliary handerank for sccuring or servicing

the mount, These mounts featurc 2 unique local

. TELESCOPE OPEN SIGHT

TELESCOPE ILLUMINATION
CONTROL RHEOSTAT

GUN LAYING M—Mﬂ* CONTROL UMIT
LOCAL SURFACE STATIOM

TRAIN CABLE
TWEST INDICATOR

Frousg 909, —3"" /50 rapid-fire gun mount.
iman's station.

Surface contrel-
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control arrangement in that there are two [yped of
local control, local A4 and local surface. Each has a
separate control station.  Local surface is the right
gun-laying station (fig. 901). Local AA is the Jeft
gun-laying station. When the gun-laying drive selec-
tion 15 local AA, the left gun layer controls the mount
in bath train and elevation, and fires the pun. The
left gun layer's controls consist of a ring sight, a one-
man gun-laving control unit with gun firing key in
J'ighl: hand gri]l, a fire cutout indicator, and a gun-
laving emergency stop control. There = no sight-
setling provision at this station.

The right gun layer is responsible for starting the
elevation and train drive, selectimg the control station,
laying and firing the guns when the drive selection is
local surface, and cbserving correspondence betwenn
gun position and gun order signals,  The nght gun
layer's controls consist of a telescope and open sight,
& one-man ng-la}ri::Lg control pancl, and a train cahble-
twist indicator (fig. 9D9). The gun-laying control
panel, for a twin mouwnt, contains a control-station
selector switch, gun-firing cutout lights, power-on
lights, correspondence-indicator meters b0 indicate
correspondence between pun and mount position and
the order signal, and power sTarT and sTor butions.

Used in comjunction with the local surface station
but requiring an additional operator, is the sight
setter’s station (fg. 9D10). It is located directly be-
hind the rght gun layer. The sight setter operator
receives sight-setting orders wie telephone from the
director or other fire control station and sets them into
the sig!'lt' setter's unit b}' handwheel D]:u:rﬁtiun. This
action offsets the right gun laver's sight the required
amount. The sight setter is used only with local
surfuce gun laying.

The mount captain’s station on a twin mount is
located between the guns. Tt iz to the right of the
gun on a single mount. The mount captain is the
supervising gunner and crew captain,  Iis operations
are directed tda telephone by the control officer. He
controls and directs the performance of both guns by
hizs use of the mount captain's controls. In emer-
geney he stops the firing of either or both guns.  His
panel of switches allows him 1o select the control sta-
tion, switch to single or automatic fire, and sclect the
gun or guns to fire,

Orther elements of his control panel are master push
buttons for stopping either one or both of the Inaders,
power-drive emergency stop buttons, and various illu-
minating indicators to indicate the occurrenee and
location of malfunctions. The gun captain's firing
key must be closed before the loader's will function.
The key has a lateh to hold it in closed position when
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SIGHT WNGLE AND RARGE DIAL DRAL COWER
SIGHT SERECTION 0L -

SIGHT DERECTION HAKDWHEEL ELEVATION FOINTER

SIGHT RO

SUGHT HOUSING (OVH TELESCOPE M

% MOD. @

SIGHT- ANGLE KAMDWFEEL

OFIN SIGHT BRALKET

TELESCOPE SHAFT

ELEVATION SCELE

IRSPECTION FLUE TELESCOPE BRALKE

Fuivee 9010, 3"/50 rapid-fire gun mount. Sight sctter’s contrels and surface controlman's st

control of fire is to be ar gither left or right control
station or at the director,

9D10. Ammunitien

The 3/30 sun fres fixed ammunition. A com-
plete round is 34.74 inches long and weighs 24 pounds
{the projeciile, with fuze, weighs 13 pounds). Since
neither the mount installation nor the associated fire
contral system includes provision for fuze setting, only
VT-fuzed projectiles are used in AA fire.  Base.fuzed
and point-detonating fuzed projectiles for surface fire
are also available,

2D11. Personnal

The personnel arrangement of a 37,/50 rapid-fire
twin mount is shown in fizure 9D11. The normal
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crew is composed of 11 men, as follows: a mount
captain, 2 control-station men, 4 shellmen, and 4
shell passers.  [One control-station man controls the
mount in local surface, the other in local AA.) An
additional crew member, a sight setter, is required
in local surface control.  The shellmen transfer am-
inunition from the gun carnage racks to the right and
left sides of the hopper of cach gun.  The shell passers
keep the carriage racks, called magazines, supplied
with ammunition from a ready-service locker or hand-
passing scuttles leading up from the handling reams.
The handling rooms are supplied by dredger hoist
from the ship's magazines. The number of passers
may vary, depending upon the arrangement of ready-
service lockers and passing scuttles.
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Chapter 10

AUTOMATIC CONTROL EQUIPMENT

A. Introduction

10A1. General

Automatic control equipment, alse referred to as
remaote-control power-drive equipment, is provided
o position the various elements of the hattery in corre-
spendence with an clectrical order, called the signal,
received from some other station, generally a com-
puter. The elements commonly using this equipment
arc turrets, mounis, and directors.

The advantages of automatic control equipment are
the speed and accuracy with which guns may be laid
and fired. The training and elevating of guns by man-
ual control of power equipment, either by matching
indicating dials or by using telescopes, is relatively
difficult and inaccurate, Fluctuations in the incom-
ing gun order, the inertia of heavy turrets or mounts,
rolling and pitching of the gun platform, and the per-
sonal reaction time of the pointers and trainers in
observing and responding to a variation in the order—
all these tend to cause inaccuracy in the gun laying,
with resulting large patterns,

"The design of automatic control equipment depends
upon the nature and source of the signal, the load to
be moved, and the nature of the damping required to
climinate random movernents and to ensure accuracy
and rapidity of response.

The principle of automatic control is applicd in
ordnance equipment both where loads are light (as in
computers and indicarors) and where they are heavy
(as in driving gun mounts, turrets, or fire control di-
rectors).  Light loads are wsually driven by small
electric motors. For heavy loads, either of two general
types of power drive is used: (1) electric-hydraulic
or (2) amplidyne.

Electric-hydraulic drives are powerful, reliable, and
accurate,  They are used principally where loads are
heavy, as in the training and elevating gear of mounts
and turrets, or when large starting and stopping forces
are mvolved, as on ammunition hoists and rammer
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mechanisms.  Their principal disadvantage i the con-
stant maintenance effort required,

Amplidyne drives are also reliable and accurate, and
reguire less maintenance.  They are superior to clec-
trichydraulic drives for lighter loads and are used on
mounts, dircctors, and searchlights. T'o daie, the
largest size in use is the train unit on the 5*/34 Single
Mount Mark 39,

10A2. The basic problem

The basic technical problem incurred in doving a
mount or director in response to a remote signal s
divided into four general phases, as illustrated in figure
10AL.

RECEIVER
{COMP ARISON
BEVICE)
ERROR POWER
ORDER BEIVE = LOAD
RESFOMSE +

Ficurg 10A ] —Bazic automatic control system.

. An order signal is received from a remote station
It iz compared with the responie or position of
the load {meunt). The result of this compari-
som isan error signal,

2. The error signal is amplified to operate the con-

trols of the power drive unit.

The power drive unit drives the load in such a

manner as to reduce the croor signal to zeno.

4, In the driving of the load a response is sent back
to be compared with the order signal.

L¥x)



1081. Intreduction

The most important unit in 3 modem transmission
gystern iy the synchro. Swynchros of different types
transnit, reecive, or combine signals among stations
which may be widely scparated; for example, they
transmit gun order signals [rom a computer 1o the
automatic control sguipment, at 2 gun mount.

The simplest types of synchro units are the snchro
tranrmitter (sometimes called synchro generator) and
the wuchro recoiver (sometitmes called synchro
metor). The cansmitter is a device that transmnits an
electrical sighal corresponding to the angle of rotation
of its shaft. The recciver is a device that, when it
reesives such a ii.l;u.;]. cliudes its own shafe (if noe ape
preciably loaded) o rotate 10 an angle corresponding
to the signal.  Thus, as figure 1081 shows, when the
transmitter shaft is rotated, the recciver shaft rotates
through exactly the same angle.

10B2, How @ synchro system waorks

From the outside, a avnchro tansmitter or recuiver
looks much like an ordinary small motor or genertor
(fig. I0B1). So does the ingide. See figure 10B2 (B).
It has a bobbin-wound ball-bearing mounted rowor
surrounded by a wound stator,  The stator consists of
three iron-core coils conncered as in figare 1OB2 (A ),
and terminating in three stator leads (5,5, 5. ). The
two rotor leads (B, and R,) shown in igure 1082 (A)
are counected to the rotor.  Sec figure 10B2 (B).

EOTOA
LiKES
s wa

— } STATON LiWEs

Fiours 10B] —Elemeniary ssmchro mysiem.

Ihe transmitter and yecciver are identical in con-
struction except that the motor has o damper (not
illustrated} —a device that keeps it from “running
away” when there are violent changes in its electrical
mput

To understand how a synchro functions, think of it
for the moment as a transformer in which the primary
and secondary are wound on scparate cores (fig
10B3]. When a current Aows in the primary, it forms
a magnetic fBeld in s core.  As the carrent changss
and reverses (which 1t does constantly, leing an
alteynating current) so dees the magnetic field. The
changes in the field induce current in the seeondary
{whose circuit s closed through a Joad)., The cur-
rents in the secondary produce their own magnetic
field. At any instany, the induced or secondary ficld

Bl ARinG

ROTOR SHAFET

UPFER END CAP

FTATOR COILE
MOUWTING FLANOE
FTATOR FHFLL ®OTOR COILE
COiL f ||
nar3 ROTOR
WEARING
LOWER END CaF SLvP BleCE
ROTON LEADS

STATOR LEADS

Futirng 10B2.— Inside a synchro tranrniticr,

AT =87 —=13

A, Schematie representation

B. Cormiruction.
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Freree |0B1. [nstantancous magnetie felds in & translormer.

opposes in direction that produced by the primary,
Figurc 1083 shows the field at a selected instant, At
some other instant the fields might be of opposite
polarity, but the primary and secondary fields are
always opposed, whatever the instantaneous polarity.

Now consider what happens in a synchro trans-
mitter. Let 1153-volt AC flow through the rotor,  As
shown in figure 10B4 (A), the rotor will produce a
changing magnetic field. Its direction at some selected
imstant 15 shown by the black arrow. At that instant,
the rotor ficld induces currents in the three swator
ficlds, which are connected to a load. Thiz trans-
former action produces in the three stator windings

A

AnTas v 8t T LB
. STATOX RELULTANT
ROTOR FEELE ety a P
: — FIELD
v f = o B
= e t AOTOR
ah iy ROTOR
RRLE T §! FIELD
1 FIELD
¥a LBan L
BOTEE HAS TURWED #1 CLOCKWISE
" ovas T LDas RESULTANY
ATATOR ATATOR
ﬁm FIELDS FEELD
= |
8 - g =2
‘ ;} Q:' ROTORE
FEELD
RETOR
= P LBs0 EHLD

Frovar 10B4, Translormer action in o synchro (ransmittes,

three fields [white arrows) which, when added o
produce 2 resultant (symbolized by a large white
arrow), exactly oppose the ficld in the (primary)
rotor winding.

If the rotor is now turned, say, 60 degrees clockwise,
as in Agure 10B4 (B), the rotor ficld, shown by the
black arrow, will produce in the 3 stator coils 3 fields
which will again add up to a resultant directly opposed
to the rotor field.

In each of the cases illustrated in fizure 10B4, the
rotor will induce in the stator coils currents correspond-
ing to that position of the rotor, and to that one only.
This is true for all positions of the rotor,

Now consider a synchro transmitter connected to a
receiver as in figure 10B3 (A}, so that the rotors are
fed by the same AC line and the stator coils of the
receiver load the corresponding coils of the transmiter,
The currents induced in the transmitter stator fow
also in the receiver, and produce the resultant stator
ficlds shown by the white arrows,  Thus the receiver
rotor, which produces a magnetic field similar to that
of the transmitter rotor (because it is excited by the
same AC line) always, because it is {ree to rotate, as-

Iy

STATER
FIgLe

Fisure 10B5 —Synchro svstem [transmitier conmected to a
receiver ),
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sumes exactly the same angular position (relative to
the stator) as does the transmitter rotor,

When the transmitter rotor &= tumed—say 30°, as
in figure 10B5 (B)—the resultant feld produced by
the stator turns too, as it did in fizure 10B4; so does
the receiver stator field. And the transmitter rotor,
heing free to follow, does.  See figure 10B5 (C).

NOTE: In this explanation, in the interest of sim.
plicity, the effects of the voltages induced by the re-
ceiver rotor in its stator have not been explored.
However, since the transmitter does not rotate except
in response to whatever drives it, the net action is
substantially as described above.

10B3. Other types of synchros

The transnitter and receiver synchros deseribed in
the preceding section are only part of the synchro
family, The other memhers are:

1. Synchro control transformer (CT). Thisdevice,
like the synchro transmitter, has a wound rotor coil
and three stator coils, but the internal construction
is different,  See fizure 10B6 (A).  The rotor is round
instrad of bobbin-shaped (to keep it from tending to
line up with a magnetic field as a receiver rotor does)
and is wound with finer wire to increase electrical
impedance and limit the amount of current it will
CATTY.

The synchro control transformer has 2 inputs, 1
mechanical (its votor is driven by the mechanism or
load whose position it regulates) and the other elec-
trical (the synchro signal from the transmitter which
is to control the load). See figure 10B6 (B). The
eleetrical (synchro] 3-wire input goss into the control
transformer’s stator. The stator’s field acts as the

Chapter 10—AUTOMATIC CONTROL EQUIPMENT

primary of the transformer; the rotor is its secondary.
The output thus comes from the rotor and varies with
its position with respect to the stator.  This output is
not a synchro signal; it is a voltage whose value and
polarity with respect to the AC supply depend on the
pesition of the control transformer’s rotor with respect
to the stator.

This is how the rotor output varies with rotor posi-
tion. Assume an unchanging field set up by the stator
windings of a synchro control transformer, and let
the rotor be turned through a full revolution. When
the rotor winding is at right angles—dark arrow in
figure 10B6 (A)—to the stater field—white arrow in
figure 10B6 {A)—the induced voltage in the rotor
will be at a minmum. This is called zero or nufl
position.  (Actually there will be small residual velt-
ages, which can be neglected.)

As the rotor turns, the output voltage increases and
reaches a maximum when the rotor winding is paral-
lel to the stator field. As the rotor continues to turn,
the output falls. At 180 degrees the output is again
zero, then increases and decreases as the rotor turns,
much as in the first 180 degrees of revolution.  PBut if
in the first half revolution the instantaneous polarity
of rotor output was in phase with that of the stator
field currents, in the second it was opposed—180 de-
grees out of phase.

Thus any position of the rotor with respect to the
stator ficld will yield a characteristic output {consid-
erng hoth voltage and phasc).

Now consider the synchro contral transformer as
part of a systemn set up to control a power unit that
postitions a load. Suppose that the transmitter in
figure 10B6 (B) is cranked from 10 degrees position to
zero. This changes the direction of the transmitter's

YNCH? MECHANICAL
e INFUT TURNS
SYNCHRO 10
Ty TRANSMITTER  _ao LT ROTOR
Sz —i - "\ = s
— QUTPUT e 10 LOAD
AoTeR T— lAC VOLTAGE) - y i
‘ \\-——ll/l L Q
1 == \
L= -
1 I
R CONTROL MOTOR
% i. , TRANSFORMER
hen S~ o
AMPLIFIER
5 ROTOR ELECTRICAL OUTBUT L
B YCT ELECTRICAL (SYNCHRO) INPUT FROM ROTOR (AC VOLTAGE)
T

A

Froune 10B6.—Synchro control transfarmer

A, Circuit dizsgram {null position). B, How it iz used,
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stator field. Since the control mransformer’s statar is
connected to the transmitter's stator, the control trans-
farmer's stator ficld rotates similarly. This changes
the value of the output of the control transformer's
rolor from zero.  Since the control transformer’s out-
put is too small te drive a motor, it is amplified. The
amplifice’s output drives a motor which pesitions the
Inad. But the control transformer’s shaft is so geared
to the load that, a5 the motor drives the load, the con-
trol transformer’s input to the amplificr falls, When
the control transformer’s output is zero again, the
amplifier’s output has also fallen to zero, and the motor
stops. At this point, the load is in the position required
by the transmitter operator

The main advantace of a transmitter-control trans-
[ormer system over a transmitter-receiver system is
that friction and load weight arc unimportant with a
synchro control transformer, while they limit the accu-
racy of a synchro receiver.  Any appreciable load
inercases o receiver’s angular error; sensitivity rather
than load limits and a control transformer.

MECHANICAL
SIGNAL INPUT

II.I=
ELECTRICAL RESULTANT
SIGNAL ELECTRICAL
INPUT SIGNAL QUTPUT

Fiouns 10BF. -Synchro differential transmitter,

RESULTANT
MECHANICAL
OUTPUT

.--3}"

45° lll' Q-nw

ELECTRICAL ELECTRICAL
INPUT NO.1 INPUT NO.2

Fioure 10B8.—Synchro differential roceiver,

The application of a synchro control transformer
to a gun mount power drive is described in section 1000,

2. Synchro differentiol  tranimitter  (someltmes
called differential generator). The differential trams-
mitter is a device which yiclds the sum or difference
of two signals.

The differential transmitter’s rotor and stator each
have three windings. Onc mput to the differential
transmitier is a synchro signal to the stator winding.
The other input is mechanical —that is, the rotor i
driven mechanically to some angle. The output from
the rotor of the differential transmitter is an clectrical
synchro signal that represents (depending on how
the system is connected) either the sum or the differ-
ence of the mechanical and electrical signal inputs,
See figure 10B7. The differential transmitter is not
connected to the 115-valt AC line.

3. Synchro differential receiver (somelimes called
differential motor). Like the diffcrential transmitter,
the synchro differential motor yiclds the sum or differ-
ence of two inputs. Both inputs {fig. 10B8) are elcc-
trical synchro signals. The receiver gives the sum or
difference mechanically—generally by rotating a dial.
The construction of the differential receiver resembles
that of the differential transmitter, except that, like the
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synchro receiver taken up above, it is fitted with a
damper. It does not have any dircet connection to
the 115-volt AC line,

10B4. Summary of synchro fypes

The present functional classification of synchros, as
described in OP 1303 (first revision in preparation at
this writing), classifies all synchros inte seven cate-
gorics, cach described by 2 group of letters.  The clas-
sification recognizes not only the categories described
in the 2 articles preceding, but also 2 broader cate-
gories —synchros designed primarnly for systems pro-
ducing an eleciricnl control vollage signal, and
synchros designed primardly for svstemns producing a
mechanical movenient (torque) or dial indication,

As a convenicnce for the student in learning about
the inputs, outputs, and functions of all the types of
synchros, the table below and figure 10B9 show in sum-
mary form the types of synchros discussed above.  For
a fully detailed description of all standard Navy types
of synchros, and for complete details of the nonens
clature and symbol svstcm that alsn shows the size and

mark and mod of standard Nawy symchros, see OF 1303
ang OP 1755

10B5. Synchro dicl mechanisms

A synchro receiver can be set up very simply (as
shown in several figures earlier in this article) with a
calibrated dial on its shaft to display information in
terms of shaft rotation. It can also be set up so that
it can display in addition the response of another
mechanism (such as a gun mount) to the informa-
oon.  For example, such a set-up can show the move-
ment of a gun mount in elevation (or train] in re-
sponse 1o elevation (or train) gun order.

A common get-up to display such information is the
fellow-the-pointer mechanism, illustrated in fgurc
I0BI0. Here the synchre recelver, to which is fed a
svnchro sigmal representing gun order, drives a dial.
Surrounding this dial is 4 ring dial geared to the mech-
anism (in this case, a gun mount) which is supposed to
follow the transmitted signal (gun clevator or train
order), A third fixed calibrawed dial {not illustrated )
may surround these twe,

Fumetianal revmenelalire Letter-gronp Stgnal supur or s Chud it
symbal

Torqgue (ransmitter. TX I input—rotor positioned me- | Elecirieal,  3-wire synchro signal
chanically or manually. IE(IJ:Z;I% starter to TDX, TR, or

TDR.
Central transnitcer CX | Sameas TX.. S“(T{f}:}{u TX, but fed w CT or
Torgue differential trans TDX 2 inpurs —a. 3-wire synchro signal | Electrical.  3-wire svnchro ourput
sitter, from TX to TDX stator. {representing sum or difference
b. Rotor positioned mechani- of inputs) fram rotar o TR,
cally or manualiv, TDX, or TDR.
Central differential trans- | CDX Same as TDX.  but synchro | Same as TDX, bur supplisd only
THILECT. | input usually from (CX. 10 CT or ODX.

Torgue receiver . TR 1 impui—synchro signal [rom | Meckanical. Rotor asumes posi-
TX or TDX 10 TR staior, tion  corresponding (0 inpa

synchro signal,

Torque differential recedver TDR 2 synchro inpute—one 0 rotor, | Mechanical. Rotor assumes pogi-
one 10 stator; each inpul from tion corresponding (0 sum or
a TDX aor TX. difference of inputs,

Conwrol cransformer., .. T 2 inputs—a. Synchrosignal from | Electrical. AC  voltage (2-wire
CXor CDX tostator, b, Ro- signal} from rolor, proportional
tor positioned mechanically or to sinc of difference between

| manually. rotor pusition and stator inpul

Nore

Transmitters called generators, symbol

Differential

ransmitters  called. diferemiial

peneralors,

The letter-group symbol: and functional nomenclature
represent current BuOred practice.  Older nomenclature and
symbols will often be seen in BuShips and BuCrd publications
ssued in the past But still in current use, as follows:

Receivers called metors, symbol M.

symboel DG,
Differential receivers called diferential melors, ssmbol DL
Older namenclatare angd svmbaly da pot ditinpuish be-

tweeen torque-typr and control-type umits,
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Frovre [IB9. —Summary of synchro types.

When a change in gun order occurs, the synchro
rotor turns the dial. When the mount power drive
or the gun pointer or trainer responds by moving the
gun in accordance with the indicated order, this move-
ment drives the response gearing, which turns the ring
dial to follow the inner [synchro-driven) dial, When
the two index marks match again, the gun mount 15 1n
gun order position,

Synchros are often mounted, as in the above ex-
ample, so that their stators remain fixed; however,
they may also be bearing-mountod so that their stators
can he mechanically rotated.

A rommon example of such a mounting is the zero-
reader mechantsm, This mechanism is used to oper-
ate g dial which displays response of a gun mount or
other load to a synchro signal. The example illus-
trated in figure 10B11 shows a synchro receiver to
which is fed a synchro signal representing gun eleva-
tion (or train) order. This turns the rotor, which
turns the zero-reader dial off the Axed index mark,
As the gun mount is moved automatically (by the
power drive) or manually (by the gun pointer or
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trainer), it drives the synchro stator through gearing
so that the whole synchro (including the dinl) rotates
towird the fixed index mark. (The rotor and stator
are clectrically locked together by their magnetic
fields.) The zero-reader dial shows the difference be-
twaen the signal and the response.  'When the two are
cqual, therr diffcronce is zero, of course. ' When the
indexes are matched, and the dial indicates “zero ™
the gun mount position coresponds to gun order posis
tion. “T'he process of matching the indexes is called
malc hmg Lera reader)

POWER SUPPLY~=

ARM

cew
GONTAGTS

SYNCHRO ROTOR SHAFT

&

When accurate values of quantities are required,
synchros are used in pairs geared to each other so that
one transmits roarse readings, the other fine readings.
For example, onc might be used 1o transmit 360 de-
grees per revolution, the other 10 degrees per revolu-
tion. This materially increases the sensitivity and
accuracy of automatic transmision. In addition, it
is evident that the graduations on the fine dial can be
mare easily read. These wre called double-speed
svitoms.

It is possible to conncet several synchro receivers 1o

FIXED INDEX

SERVO MOTOR
ROTOR SHAFT

O GW WINDING

SERVO MOTOR
STATOR

Frovre 10B12.— An clectrical follow-up
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a single transmitter so that the transmitted quantity
can be sent to several stations at the same time, and
the values received will be synchronized at all stations,

10B6. Synchros and servos

Omne of the imitations of synchros 1s their small out-
put torgue; bence, their use s limited to positioning
dials and apening and closing contacts.  But often the
response to the indications must be made automatic,
Mechanisins which provide automatic response are
called follow-ups or serve mechanisms.  An clectrical
follow-up emplovs an electric servo motor to provide
the additional power required.

One such follow-up, using a synchro control trans.
former, is shown in figure 0BG, As later articles in
this chapter will show, this principle can he alwo used
to position massive gun mounts and turrets,  However,
a synchro receiver can also be used for controlling a
small motor in an instrument serve mechanism with-
out requiring an amplifier,  Such a set-up, in a fire
control compurer, is illustrated schematically in figure
10812,

Fhe servo motor slator has two windingy, cither of
which may be connected in serics with a phase-shifting
capacitor. When one winding is in series with the
capacitor, the serve motor shaft turns clockwise ; when
the other winding is in scries with the capacitor, the
rotation is counterclockwise.  The serve motor is en-
ergized through the follow-up control, which consists
of two sets of sensitive contacts mounted on 2 fixed
block. A light contact arm on the synchro rotor shaft
operates one or the other set of contacts, depending on
which way the synchro rotor turns.  The counterclock-
wise contacts are connected to the servo motor wind-

ing which produces counterclockwise rotation |indi-
cated by the arrows en the end of the motor), and the
clockwise contacts are connected to the other winding,

Assume that the remote synchro transmitter s
sending a zero signal, and that zern bearing is set into
the computer.  The contact arms is in the neutral po-
sition; both sets of contacts are open; and the servo
motor 15 motionless.  As the director trains to 30°,
the transmitter sends a signal to the synchro receiver
which rotates the contact arm clockwise far enough
to close the counterclockwise contacts,  This encrgives
the serve motor counterclockwise winding; the motor
then turns the drive shaft counterclockwise, and the
synchro stator rotates counterclockwise until the syn-
chro rotor puts the contact anm in neutral position.
The servo then stops, and the input to the computer
is 30°, If the signal then changus to 20°, the contact
arms closes the clockwise contacts, and the scrvo
drives the synchro stater 107 to make the remaining
input 207,

Usually dials indicatc the scttings made by the
servos. The diaks may be zero readers or angle
readers,

Actual follow-up mechanisms, cspecially in equip-
ment of recent design, have refinements omitted in
this presentation. For example, servos in which the
speed or power of response is proportional to the
amount of error have many advantages, such as re-
ducing oscillation or “hunting” around the signal.

When coarse and fine synchros are used in a system,
the servo mechanisms are often so constructed as to
respond to a coarse crror with high-speed response
unti! it becomes a fine error. when the response is
scaled down o the accuracy required for accurate
synchronization with the signal.

C. Electric-Hydraulic Systems

10C1, Principles of hydroulic mechanisms

Electric-hydraulic power drives are used with all
calibers of naval gun mounts from 40-mm mounzs 1o
16-inch turrets. Their great advuntage is that they
provide positive control at all speeds, and n both accel-
eravon and decelerution, of the most massive moving
units—ineluding rotating lurret structures weighing
mullions of pounds.  Complete systems are unavoid-
ably complex, especially in the more highly automatic
types of installation; but their principles of function-
ing can be presented relatively simply, once certain
elementary facts about the behavior of liquids are
known, and once cortuin basic hydraulic mechanisms
are understood.

This urticle presents this fundamental background
m simplifid, somewhat foreshortened, form,  Suc-
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veeding articles in this section explain a tvpical electric-
hydraulic svsterm—that for the 5 /58 twin mount.

Strictly speaking, hydraulics as 1 scicnce hus to do
with the behavior of liquids in motion; hydrostatics
has to do with the behavior of liquids at rest.  This
discussion will not emphasize the distinction,

Whether at rest or in motion, all liquids are nearly
incompressible, at least within the pressure ranges that
are encountered in ordnance hydraulic systems, The
liquid in any system s always under the pressure,
valled pressure head, imposed by i3 own weight, and
this inceeases in proportion to depth. It varies, of
course, with the specific gravity of the liquid, In
water, this pressure head is 8 pai at 222 inches helow
the surface; in a typical oil with a leser specific
gravity, a depth of 252 inches is required to attain this
pressure head.



Other pressure imposed on an enclosed hydraulie
system ([or cxample, pressure imposed by a piston on
liquid in a closed cylinder) . are distributed equally in
all directions throughout the entire velume of the
liquid. Thus a pressure imposed at one end of a long
liquid-filled tube is communicated undiminished to
the other end.  ('This applics strictly to liquids at rest;
other factors modify this behavior when the liquids are
in motion,

Although, with regard to pressure transmission, all
liquids are about the same, they differ radically in
their resictance te flow (otherwise known as viscosity) |
in their lubricant affect, and in their general suitability
for use in hydraulic systems, Ilydraulic fluids for
ordnance hydraulic systems are petroleumn-based ails
selected for superior lubricant quality (but they are
not lubricants}, low viscosity throughout a wide range
of temperatures, low valatility, high stability, and com-
patibility with the metals of which such systems are
constructed,

Hydraulic systems include some or all of the follow-
ing main lypes of components:

Flovas UG —Pressure head v o function of: A, Liguid specific gravity,
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e

B. Depth

of lguid,

Pipe or tube lines, 10 conduct the fluid between come-
ponents of the systems, and fittings to mate these com-
poncnts.

Palves, to direet and contrel the flow of luid, and
to control fluid pressure.  Some valves are hand oper-
ated, but most are automatic, Many, like cheek
valves, pressure-regulating valves, and dumping valves,
are hydraulically operated; others are operated by
electric motors, solenoids, or synchros,  Some of the
more complex gutomatic types are described later in
this section,

Cages, o measure pressure, velocity, and volume of
hydraulic fluid,  (Ordnance hydraulic systems use
maostly pressure gages.)

Pumps, to drive the hydraulic fluid through the
systern. There are many types, ranging from simple
rotary and reciprocating units to relatively complex
axial-piston pumps whose rale and direetion of out-
put can be almoest instantly varied from zero to full
in cither direction without varying their speed of rota-
tion.  All pumps in ordnance hydraulic systems are
driven by clectric motors,
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Hydraulic motors and waork eyfinders, whose func-
tion it is to convert the energy delivered through the
hydraulic fluid two mechanical motion. Most hy-
draulic motors are actually somewhat modified pumps
of one type or another, working in reverse.

Preisure chambers, 1o protect the hydraulic system
against sudden shocks and surges, and accumulafors,
which store a certain amount of fluid under air pres-
sure to equalize fluid flow under sudden heavy demand
in excess of the capacity of the pumps, or to complcte
an operating cycle in casc of power failurc.

Reservoirs and tanks, to storc fluid and provide for
ils expansion with heat.

Gasketi to seal joints, and packing to scal openings
arcund moving parls against leakage of fuid.

10C2. Intraduction to 5''/38

power drive

The system described in this article 15 a saimplified
version of the train drive for the 5 /38 twin mount.
See figure 10C2. Refinements omitted are needed for
smeath operation but do not contribute to an under-
standing of the principles of the system.

The main equipment consists of a variable-speed
drive, an indicator-receiver-regulator, and asociated
auxiliary equipment.

10C€3. Methods of conirol

This system has four methods of contrel: avTo,
1.ocAL, 17axD, ind manval, Selection of the type in
use is made by the control-selector lever at the trainer’s
station. Also located at the station is a speed-selector
lever having two positions, 16w and Low. Tt has no
function in automatic contrel but determines the
ratio between handwheel movement and follow-up
operation in the other contral methods,

In at:To gun laying, the remote signal is received by
a synchro receiver, & amplified hydraulically, and
causcs the training systermi to follow the signal at a
maximum rate of 25 degreey per second.  Figure 10C3
is a block diagram representation of this system in
automatic control.

In Locar power control for indicator gun layving,
movernent of the handwheels takes the place of the
remote signal entering the indicator-regulator, See
figure 10C+.

In saxo control, movement of the handwheels goes
directly to the A-end control unit, bypassing the in-
dicator-regulator.  See figure 10C5.

In manuaL control, the handwheels are geared di-
rectly to the training rack, bypassing the entire power-
drive unit.

twin mount Irain
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10C4. Varlable-speed drive (hydraulic speed gearl

The specd gear consisty of a variable-displacement
hydraulic pump, the output of which drives a hy-
draulic motor. The pump is called the A-cnd, and
the hydraulic motor s called the B-end. The hy-
draulic svstem through the two units and the two large

4
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Ficure 1003, —Power drive operation in automatic control
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intcreonnecting  pipes s referred to as the active
Mytem.

The A-end is driven at constant speed by an clectric
power motor through a set of ]J-EdIll_hﬂ‘\ reduction
gears.  The B-end, ac already mentioned, is driven by
the hydraulic output of the A-end, and the mount itself
is driven by the mechanical output of the B-end. Ser
figure 10C6. By contolling the variable output of

MOVEMENT CONTROLLED BY
MAaIN CYLINDER WHEMN IN
AUTOMATIC OR LOCAL POWER

o

CYLINDER BARREL

MNOTE. VALVE PLATE NOT SHOWN
Froves 1007,

NAVAL ORDNANCE AND GUNNERY, VOL. 1

QUTPUT SHAFT

ACTIVE SYSTEM
PIPES

The hydraulic specd gear.

the A-end, the direction and specd of rotation of the
B-end can be controlled ! therefore, the direction and
speed of the motion of the mount can be controlled.
The hvdraulic output of the A-end is controlled by
viarying the angle between the socket ring und cylinder
barrel of the rotating group of the A-end.  See higures
10C:7, 10C8, and 10C9. This angle is called the angle
of tilt and is controlled by the A-end control unit

‘"‘"--....,_H.GHI'EMENT CONTROLLED BY A-END
CONTROL UNIT WHEM IN HAND

OPERATION

VARIABLE PLANE

SOCKET RING

Varving tilt angle in A-end
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CYLIMDER BARREL ANGLE (THRUST AND
OoF RADIAL BEARINGS

NOT SHOWN)

UNIVERSAL
JOINT

KEY—1 SHAFT FROM

REDUCTION GEARS

SOCKET RING

Fiovre 1008 —Tilt-box arrangement,

when the equipment is in Hanp control. In avuro
and Locar power control, the angle of tilt is controlled
by the position of the main piston. The position of
the main piston is in turn controlled by the hydraulic
follow-up system,

The cylinder barrel rotates in a fixed plane, while
the sockel ring rotates in a plane whose angle to the
fixed plane of rotation of the cylinder barre]l may be

varicd, The angle berween these two planes is the
angle of tilt.  See fgures ICT and 1I0CE.

The socket ring is mounted inside a large, steel, cup-
like casting. This yoke is called the tili box and docs
not wotate with the socket ring.  "Therefore, suitable
thrust and radial roller bearings are provided to sup-
port the socket ring inside the tilt box, The tilt box
is trunnion-mounted in large ball bearings so thal
the tilt box and the socket ring may be tilted anywhere
within a limit of +20 degrees from the zero tilt posi-
tinn. A universal joint is provided so that the socket
ring may be rotated by the drive shalt as the angle of
tilt varies between its limits of 220 degrees. The
same drive shalt that rotates the socket ring rotates
the cylinder barrel. The cylinder barrel is keyed to
the drive shaft. See fmure 10CH, '

To Tollow piston A through a complete revohution,
refer to figure 10C10.  Note that the numbers are ar-
ranged as arc the numbers on the dial of a clack,
Then consider piston A to be at a positon equivalent
w 4 o'clack and the rotation clockwise as indicated by
the arrows

As rotation progresses, piston A will begin to move
outward in relation to the evlinder in which it operates.
The relative motion of the piston is outward until the

TILT BOX TRUNNION

YALYE PLATE

MOVEMENT CONTROLLED
BY MAIN PISTON WHEN

IN AUTOMATIC OR 3
LOCAL POWER

OPERATION \

FROM B-END

CYLINDER BARREL

MOVYEMENT CONTROLLED
g BY A-END CONTROL UNIT

WHEN IN HAND OPERATION
TILT BOX

RADIAL BEARING
(THRUST BEARING
NOT SHOWN)

PISTON
(ONE OF 9)

SOCKET RING

TILT BOX TRUNNION

Frouee 1008 — Phantem view of A-cnd.
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FETHAR ARSI YA PRt T piston is at the 9 o'clock piston. The piston me-
tion up to this point has been such as to draw oil into
the cylinder in which the piston operates.  The oil has
entered the cylinder through valve port T and active-
systen pipe 1. Continuing the rotadon from 9
o'clock to 3 o'clock it must be noted that the relative
motion of the piston in its cylinder is now reversed
and is inward, forcing oil out of the cylinder through
valve port 1T and active-system pipe 11

At 9 o'clock and at 3 o'clock, where the relative
metion of the piston in its cylinder reverses and where
the relative motion is zero, lands are provided in the
valve plate to scparate port I from port II. These
two points are points of commutation where the pistan
motion réverses from that of drawing in oil to that of
pumping out oil under pressure.  The two lands sep-
VA BRI { arate the high-pressure discharge port from the low-
) pressure intake port. | The width of these lands must
be at Jeast as great as the diameter of the opening at

DRIVL SATT AN URIVERS AL —

| SOINT MOT S the end of the cylinder.  This is necessary in order to

l_ prevent a hydraulic short cirewit between the low-
ACTIWE EYS10M CYLIMDER BARREL i ¥

FIFE | pressure port and the high-prussure port as any one of

Froukg 10C10,—A-end bjieraton. the nine pistons of the rotating group passes over one

of the lands.

SOCKET RING FIXED TILT

VALVE PLATE
OUTPUT
SHAFT

CYLINDER BARREL
PISTON

(ONE OF 9)

NOTE: SOCKET RING,
UNIVERSAL JOINT,
THRUST AND RADIAL
BEARINGS NOT SHOWN

Froume [0C11 ‘—‘Ph:l.lll.l.'.’:lt“ view of B-end.
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The cylinder barrels bears against the valve plate at
all times, and the construction of the two parts is such
that leakage is reduced to 2 minimum.

The tilt-box trunnions are adjacent o the points
designated as 6 o'clock and 12 o'clock.  See figure
10C9. The tilt box rotates within limits about an
axis through these two points.

It sheuld he evident at this point that, with the tilt
shown, the pumping action is such as to force oil out
through port 11 and w0 draw oil in through pon L
That i3, the oil drawn in through port T al low pres-
sure is pumped out through port 11 at high pressure.
It should also be noted that if the angle of tilt is re-
versed the direction of flow is reversed, and that the
volumetric rate of pumping depends upon the value
of the angle of il

The active-system piping leading from the two valve-
plate ports of the A-cnd provides [or flow of oil through
to the B-end.

The B-cnd is similar in construction to the A-end,
cxcept that the tilt of the socket ring is fixed. ‘The
angle of tilt of the B-cnd is built inte the unit and can-
not be changed.  See ligure 10C1 L.

The flow of oil under pressure to the B-cnd will
exert forces normal {at right angles) to the faces of
the pistons open to the valve port receiving the oil
under pressure.  See figure 10C12. These forces on
the piston faces will resulcin:

1. A thrust component along the axis of rotation of
the socker ing.  This component does no useful
work and is neueralized by a suitable thruse reller
bearing.

- A turning component which will rotate the socket
ring. This force component is at right angles 10
that described in 1. The cvlinder barrel will
rotate, driven by the rotation of the socket ring,
through the drive shaft and universal joint
This, of course, will cause the B-end to rotate.
and thereby provide the power required to drive
the guns,

10C5. The A-end contral unit

Control of the speed-gear output for driving the
guns when the equipment is in raxn control is accom-
plished by action of the A-end control unit,  In naxo
control (see figure 10C3), the sional to the A-end
coritrol unit s transmitted mechanically through
shafling and gearing from the pointer's or trainer’s
handwhecls. Mechanical response is also transmitted
to this unit through shafts and gears.

Within the unit is a special type of mechanical dif-
ferential, Any difference between the signal and re-
sponse will cause axial movement of a shaft which
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Fiovke 10012 —R-rnd operation.

introduces @ change in the value of the angle of 1l of
the A-end tilt box.

The action of the A-end control unit is to change
the angle of tlt until mechanical response and there-
fore gun movernent is synchronized with the hand-
wheel motion.

10C6. The indicator-receiver-regulator

The indicator-receiver-regulator {commonly called
the indicator-regulator) containg all the equipment
necessary for (1) recciving the order signal and the
response, (2) comparing them to obtain the error
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signal, (3) amplifying the error signal, and (4} trans-
mitting it to the A-end properly. Tt is cquipped with
dials which indicate the order signal and the response.
The indicator-regulator is in use only when auto or
LocaL power gun laying is employed. (See figures
10C3 and 10:C4.)

Figure 1013 shows only the major parts of the
{train) indicator-regulator. Tt demonstrates the con-
trol of the principal valves by movement of the fine
synchro receiver.  Rotation of the synchro rotor causes
the fine pilot piston o move up or down. The ampli-
frer valve piston [ollows the movement of the fine pilot
piston.  This pesitions the main valve, and the main
valve controls the main piston, which is attached to the
A-end tile box.  Ag the B-end drives the mount, re-
sponse gearing rotates the respona gear, which reposi-
tions the finc pilot piston to bring the system to rest.

In automatic control, the synchro receiver rotor re-
ceives a gun-train order from the synchro transmitter
in the computer. As the rotor moves, it turns the
rotating fork through the relisf-cam assernbly. The
ends of the fork fit in slots in the differentialcam fol-
fower (spider). Bince the spider is constrained to
move in helical grooves in the differential cam s it i
rotated, it moves up or down, Attached to the lower
end of the spider is the fine pilot piston which moves
with it.

Now, as the mount moves in train as a result of the
above signal, gearing from the B-end output shaft
turns the responce gear of the differential cam, The
helical grooves of the differential cam are moved while
the rotating fork is preventing the spider from rotating.
Thus, the spider and the fine pilot piston are raised or
lewered in accordance with the signal.

On figure 10C13, we will trace one cycle of opera-
tion of the hydraulic valves shown. Assume that a
signal has caused the fine piston tomove up:

1. ¥l in chamber PR2 (at the top of the amplifer

D. Ampilidyne

1001, General

An amplidyne follow-up system in its simplest form
consists of the four units shown in figure 10D1:

l. The synchro control transformer.,

2. The amplificr.

3. The amplidyne motor-generator,

4. The follow-up DC motor,

The synchro control transformer receives the order
signal which indicates electrically what the position
of the load should be. The rotor of the synchro con-
trol transformer is turned by the response shaft, which

418117 O—357 18
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valve) escapes through the pont {opened by the fine
pilot piston movement) to the PX (exhaust) line.
As the pressures on the top and bottom of the amplifier
valve piston are no longer in balance, PR pressure on
its bottom will cause the amplifier valve piston to
move up, closing the port from PR2 to PX. The
amplifier valve piston moves exactly the same dircction
and amount as the fine pilot piston, and it follows the
fine pilot piston almost instantaneoushy.

2. The main valve had been in balance, with the
pressures 'l and PX working against PR, Now with
the loss of volume from the PR side resulting from the
rising of the amplifier valve piston, the piston of the
main valve will move to the right.  The THP line o
the center of the main valve is then open to the exhaust
PX.

3. The main piston had been in balance, with PR
and IHP working against pressure HPC. With IHP
opened to the exhaust, the resulting unbalance permits
HPC to force the main piston to the left,

+. The main piston is directly connected to the tln
hox, so that its movement produces an angle of dle.

5. Now the B-end drives the mount until response
gearing hrings the svstem 1o rest,

It must be realized that the preceding paragraphs
deal with the problem in the simplest terms.  Actually,
two synchro receivers are used to initiate the move-
ment of the pilot piston. One is a coarse synchro; the
other a fine at the ratio of 1:36.  If the sipnal differs
from the existing position of the mount by an angle
equal to 3.8 degrees, the coarse synchro will take con-
trol to move the line pilot piston to its maximum posi-
tion and keep it there until this difference hecomes lrss
than 3.8 degrees.  ‘Then the fine synchro, throush the
cam, will again perfonm its funetion as described above,
Also there are other valves in the system such as the
aceeleration, offset control, and synchronizing valves.

Follow=-up System
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is geared to the load and so indicates what the position
of the load actually is. The synchro compares the
actual load position with the ordered position; and, if
the two do not agree, it generates an alternating-cur-
rent signal which is transmitted to the amplifier, The
angular difference between the two positions is called
the errer, and the signal to the amplifier is the error
signal, “Uhe crror signal indicates by its clectrical
characteristics the size and direction of the error,  If
no error exists, the system is said 1o be in correspond-
ence and the error signal is zero.
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The amplifier receives the alternating-current error
signal, amplifies it, and converss it into dircet current
suitable to energize the field windings of the amplidyne
Ernerator.

The amplidyne gencrator supplies direct current to
operate the Tollow-up moter.  The direction of rota-
tion of the motor depends on the polarity of the output
of the amplidyne generator, which in turn depends
on the dircerion of the error as indicated by the error
signal.  As a result, the motor moves the load in the
proper direction to reduce the error.

The amplidyne generator is a power amplifier on
a large scale. Its power ourpul depends on the
strength of its contral-field current but is several thou-
sand times greater.  The additional power s supplied
by the motor which drives the amplidyne gencrator.
The sirength of the conrol-ficld current from the
amplificr depends on the size of the error as indicated
by the crror signal.  The power applicd to the follow-
up motor, therefore, is greater for a large evror than
for a small one,

In the normal operation of following an order sig-
nal, an increased error indicates that the order signal
has suddenly picked up speed and that increased
power 1s required to bring the load quickly to the
higher speed.  Tn responsc to an increased error, the
amplidyne generator prompily supplies the necessary
added power. If the arder signal suddenly slows
down, the load may overrun the signal and reverse the
direction of the error.  As a result. the polarity of the
amplidyne output iz reversed; the motor tries to run
in the reverse direction, and so applies a retarding
foree to the Toad.

When the order signzl moves at 2 uniform speed,
the motor must supply only enough power to over
come the [riction in the systemn,  The power output of
the amplidyne is then much less than when the speed
is increasing or decreasing, and the error will be corre-
spondingly smaller,

Because of the immense power amplification avail-
able in the amplidyne gencrator and amplifier, an
cxtremely small error signal supplies enough power
o control the mount.  In following the usual gun-
train ar gun-clevation order, the errore should net be
more than a few minutes of are under the most adverse
conditions.

1002, Synchro confrol transformer

T'he functioning of a synchro control transformer
wits described carlier in this chapter.  As in the system
described in article 10B3, the synchro control trans-
former’s output in an amplidyne system produces an
AC output signal which depends on the position of
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the rofor with respect to the stator's magnetic field.
The stator receives a gun-order synchro signal from a
synchro transmitter, and the synchro control trans-
former's rotor is driven by the gun mount.  As the gun
meunt is driven toward gun-order position by the
amplidyne power drive, the control transfarmer’s rotor
approaches the null position. At null, the gun mount
i in gun-order positon.

Because of the sensitivity of the system, the synchro
control transfermer’s output very closcly controls the
operation of the power dnve, increasing acccleration
ol the mount's movement as the rotor signal increases,
and minimizing overshooting,

As with other types of synchro units, synchro con-
trol transformers can be used in pairs in a double.
speed arrangement.  Identical synchros are used, but
they are geared at 36:1. Both synchros are connected
to the input of an electronic amplificr, but a relay,
switching circuit, or clectrical network automatically
selects the output of either the coarse or the fine syn-
chro.  The coarse synchro control transformer’s signal
is switched 10 the wnplificr input when the gun mount
i5 more than about 3° out of synchronism.  As the gun
mount approaches synchronism with the gun-order
signal, the fine synchro signal automatically switches
into the cireuit 1o furnish the controlling input to the
amplilier and continue gun moeunt movement until 1t
1s fully matched with gun order.

10D3. Amplifier

The function of the amplifier 5 to supply two
control-field currents for the amplidvne generator.
In following an order sigmal in automatic control,
these currents must be vared in accordance with
changes in the error signil. When the ceror signal is
ze1o, the two control currents should be equal. When
the error signal calls for movement of the mount in
one direclion, one control current rmust incrcase and
the other must decrease. When the mount is to move
in the opposite direction, the unbalance in the control
currents must be reversed,

The amplifier has two stages. The first stage is
primarly a rectificr stage in which twa divect cur-
rents are produced whese magnitudes are controlled
by the error signal, These currents are amplified in
the second stage 1o provide the conteol-lield currents
for the amplidvne generator.

1004. Amplidyne generator

The construction and operation of the amplidyne
generator can best be understood by following through
the sirps necessary to conwert an ordinary  direct-
current gencrator into an amplidvne gencrator,



When a coil of wire is rotated in a magnete ficld,
voltage are induced in the coil, and, if the ends of the
coil are connected toarcther, these voltages cause elec-
tric currents to flow in the eoil. This 15 the basic
principle of a generator,

The principal parts of a gencrator arc the stafor,
or stationary part, and the armature, or rotating part.
T a common form of gencerator, a coil of wire is wound
on a part of the stator and is supplicd with a small
exciting gurrent which magnetizes the iron in the
stator and armature to provide the necessary magnetic
fields. The armature carries other coils which are ro-
tated in the magnetic field as the armature is turned.
As a result, voltages are mduced in the armature coils,

The ends of the armature coils ina 1VC generator
arc connected to copper bars on & commutater which
rolates with the armature. The voltages induced in
the coilz are taken off by stationary carbon hrushes en.
gaging the commutator as it turns. I the brushes are
connected together through an cxternal circuit, cur-
rent will flow in the circuit and through the armature
coils,

The connections to the commutators arc such that
the maximum voltage appears across bwo poinis on
opposite sides of the commutator. The positions of
these points depend on the direction of the magnetic
ficld and do not change as the commutator rotates,
The brushes are located at or near these points (o lake
advantage of the muximum voliage.

Tni figure 1002, the upper view represents an ordi-
nary direct-current generator such as the one just
deseribed.  The inner cirele is the commutator, with
brrughes at wop and hottom,  The next circle represents
the armature, and the outer structure 1s the stator with
a coil carrying the exciting current wound on its pole
piece.  Other conditions being equal, the power out-
put of the senerator will be praporiional to the power
input to the excitation winding, within the Emite of
nortnal operation.  This generator is assumed to be a
[0-kw rmachine [ 10,000 watts output) , and the excita-
tion required is about 100 watts. The amplification,
therefore, is 100 o 1.

The excitation current produces a magnetic field
whose direction is indicated by the arrow FC Tt s
this magnetic field which induces the 100 volrs which
appears across the brushes. At che same rime. the 100-
amp load current Aowing in the armature coils creates
another magnetic ficld FS at right angles o FC. It
has ‘about the same strength as the field FC. Ths
second magnetic ficld, called armature reaction, dovs
no wseful work in the ordinary generator and is, in
I’HI‘I, oSO TTC I,li "r'i'l'l,].l'?]"l':‘.

If now the brushes are short-circuited, as shown in
the srcomd view, an immense armature current will
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flow unless the excitation is reduced. If the excita-
tion is cut down to about 1 watt, FC is reduced accord-
ingly, and the normal full-load current of 100 amperes
flows through the shorl-circuit path, This current
produces the same armature reaction FS as before.

The armature reaction FS induces a voltage in the
armature in the same manner as flux FC but this vole
age appears on the commutator at 90 degrees from the
vollage induced by FC. A voltmeter connceted to
points on the commutator, asshown in the second view,
will indicate approximately full-load voltage.

In the next view, new brushes have been added to
points 90 degrees from the original brushes, and the
original Ioad of 1 chm has been connecied between
them. ‘The high vollage formerly existing between
these points has almost disappeared.  The reason for
this is that current flowing in the armature coils be-
tween these brushes has created a second armature
reaction FA which opposes the exciting field FC and
reduces its effect,  The decrease in the effect of FO
reduces FS and consequently reduces the voltage across
the new hrushes.

The lower view shows the last modification neces-
sary to produce an amplidyne generator, The arma-
ture current from the new brushes has been taken
through a compensating field winding and creates
magnetic field FB opposed to FA.  This ficld may be
adjusted to balance out FA and thus restore the full
effect of the exciting ficld FC.  FS is restored to nor-
mal, and full-load current may be drawn from the
new brushes.  Since both FA and FB depend on arma-
ture current, they will always be approximately hal-
anced and the output voltage is nearly independent
of the armature current.  Full-load output has been
obtained with only l-watl excitation instead of 100,
The amplification is 10,000 to 1 instead of 100 to 1.

Other refimements are necessary to produce the fast,
stable operation necessary in a follow-up system, but
the machine shown in the lower view of figure 10D2
is the basic form of all amplidvne gencrators. T the

E.

10E1. Thyratron system

Thyratron systems are [ound on stable elements and
stable verticals which require a simple and accurate
low-power automatic control system. In this system
the electrical (AC) signal is amplified by electronic
tubes, The amplified signal is then changed w DC
by 1 of 2 half-wave rectifier tubes. A signal in 1
direction utilizes 1 rectifier tube, while a signal in the
other direction utilizes the other rectifier whe, The
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equipment now in use, excitation is supplied to two
control windings which are oppositely wound. The
dircction of the magnetic field FC and the polarity of
the sutput of the gencrator depend upon which wind-
ing receives the stronger current.  Thus, the dircction
of rotation of the follow-up motor, which receives its
power supply from the amplidyne generator, ean he
controlled at will by supplying the stronger current to
one or the other of the control ficlds. By balancing
the control currents, the amplidyne output is brought
to zero and the motor stands stilll,  'The diference
between the two control currents determines the
amount of pewer supplied to the motor.

10D5. 5/54 amplidyne train drive

An cxample of amplidyne power drives in the Navy
is the Train Power Dhirive Mark 14 on the 5 /54 single
mount.

The main units in this system at the mount are
(1} gun train indicator-regulator, (2) 10-hp train
motor, (3) brake unit. (4] train-sclector switch, (5}
master switch, and (6) shifting clutch; those located
in the amplidyne control room below deck are (7)
train amplidyne motorigenerator and (8) amyilifier
unit. See figure 10D3,

The indicator-regulator contains the synchro con.
trol transformer and the indicator dials. The hrake
unit is a safety mechanisn which locks the drive and
holds the mount stationary if power supply fails during
power operation,  The master switch is a start-stop
push button used 1o start and stop the amplidyne
motor-generator.

The shifting Tever has two main positions, MANuUAL
and power. A middle position of sTor acts as a
safety featurc in shifting the mount between power
and manual,

The selector switch has four positions: airro, LocaL
HIGH, LOGAL MEDRIUM, and Local Low, It is used to
select any of these four means of power operation of
the mount.

Other Types

DG output of the rectifier tubes is led to a DC motor,
the direction of rotation of which depends upen which
ol the rectifier tubes fumishes the voltage.  'This DO
motor furnishes the working power for the system.

10E2. York Safe and Lock Company drive

This drive, used extensively as the train and eleva-
tion units on $0-mm meunts, is an clectric-hvdraulic
drive using hoth clectronic and hydraulic amplifica-
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tion, Figure 10F1 is a simplified schematic drawing
of the drive.

The main parns of this system consist ol an clectric
power moter, a hydraulic A-end pump and B-end
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motor, and a receiver-regulator control system,  The
electric motor drives the A-end pump. Fluid from the
A-ervd drives the B-end in the proper divection and
amount. The R-end i directly geared 10 the mount
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to drive it in train {elevation). The receiver-regu-
lator controls the pesition of the tilt box of the A-end
in the following manner:

The recciver-regulator has a control transformer
which sends an electrical error signal 1o an electronic
amplifier. The amplified signal drives a stroke motor
which controls a hydraulic pilot valve. This pilot
valve positions the booster piston directly conmected to
the A-end tilt box, thereby providing the necessary
control of the mount.  As the stroke motor rotates, it
drives the stroke generator, which sends s pre-response
signal back to the amplifier, thus smoothing out the
operation of the system,

This mount is equipped with a three-position selec-
tor lever whose settings are: MANUAL, LOGAL, and
AUTO.  In sanUAL control the pointer's and trainer’s
handwheels drive the mount and the power motors are
not encrgized ; however, the lag meter may be used to
match a signal from the director. The lag meter is a
voltmeter indication of the error signal. In Locan
power control, the peinter controls the mount in train
and clevation through use of the handle contrel {joy
stick}. Tnauto, the mount is positioned by the power
drives using remote signals from a director.

10E3. 16''/50 turret train drive

The automatic control equipment used to train the
16"/50 calibar twirret is an electric-hydraulic drive de-
signed by the General Electric Company,  See figure
10E2.

The main units of this system are the electric drive
motor, the variable-speed gear consisting of 1 A-end
and 2 B-ends, a servo stroking system, and a recelver-
regulator,

Turret train movement is controlled by positioning
the A-end tilt box. Such tilt-box movement is per-
formed by a servo stroking cylinder and piston under
hydraulic pressure from a contral pressure pump.
Opening of servo pressure to the stroking cylinder is
controlled by two methods: wanp and avto.

In manD control, movement of the trainer’s hand-
wheels rotates a nut on the control serew, causing the
screw to move axially within the nut.  This move-
ment of the serew through linkages and valves controls
the flow of fluid into the servo cylinder, moving the
servo piston.  The servo piston, being directly con-
nected to the A-end tilt box, tlts it the amount or-
dered.  As the turrct trains, response turns the control
screw, moving it axially and thereby repositioning the
tilt box back to its neutral position. Handwheel mo-
tion, as can be seen from figure 10E32, may come from
the train layer's station or from either the left or the
right sight trainer’s stations, depending on the positions
of the elutches,

In avre eontrol, the remote signal is received at the
recciver-regulator by a synchro.  The rotor of the
synchro positions a small hydraulic valve. This sipnal
is amplified hydraulically and controls the flow of fluid
inta the servo cylinder,  This positions the servo piston
and, henee, the A-end tilt box. Response, ae the (urret
trains, rotates the stator of the synchro and returns the
synchro rotor and the A-end tilt box to neutral.

10E4. Fuze-setting drives

An all-electric type of drive is used on automatic
fuee setters.  This drve mav be considered nothing
mose than a twe-stage servo-motor drive.  Movemeni
of the synchro receiver rotor, in response o the remote
signal, closes contacts to a 115valt AC pilot motor,
Rotation of this pilot motor shaft closes silver contacts
which sends 115-volt alternating current to the power
motor, and causes it to drive the load in the proper
direction.  Reration of this pilot-motor shaft also ro-
tates the synchro receiver stator, returning it to neutral
and opening the first set of contacis. Response from
the load drives back to the power-control head of the
pilot motor, opening the sceond set of slver contacts
and stopping the power motor when the load is posi-
tioned in response to the original senal.

F. Shipboard Tests of Automatic Control Equipment

10F1. General

Frequently, errors made by automatic control equip-
ment in following a reinote signal are obvious and may
he readily determined without special apparatus. A
mount matching a fixed signal may be in error by a
constant amount such as 100 or 120 degrees.  This type
of error may be only a mistake in wiring, which is

casily corrected.  In certain types of drives, such as
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40-mm, matching 180 depgrees out may occur because
the error voltage for 180 degrees error is zer, since the
coarse synchro s 2speed (4 2, | revolution of the
synchro canses 180° revolution of the mount). Ex-
cessive oscillation of the mount or sluggishness in fol-
lowing a signal indicates that the drive needs adjust-
ment.  In order o determine whuthrr 1 driw: in [uI-
lowing a signal accurately, instruments such as the
dummy dircctor with its secompanying error recorder
are used.  See the next article.
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Frouvre 10F [ —Dummy director and error recorder:

10F2, Dummy-director tasts

Using a dummy dircctor and ermmor recorder, the
dynamie accuraey (error in [ollowing a remote signal )
of amomatic control equipment may be determined.

'I'he dummy director is an instrument which trans-
mits an electnical order signal o the control equipment
af the unit under 1e51.  The motion intraduced may
be either constant or simple harmonic,

The ervor recorder (spark recorder) measures and
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seern 1o be funciioning properly; as well as periodically
each quarter and during shipyard overhaul,

line



Chapter 10—AUTOMATIC CONTROL EQUIPMENT

SR A S SRR AR e R R SRR RS R SR AT SR SRS e SRS e s B SRSt Rty bt e s a g R AR peannitanna

i, el l...l
H-"'l" 3 * "'.-Hu-uot
s

...'-'. u_.._ ;
- .I, -
o Tt one

CURVE OBTAINED FOR 25.DEGREE ROLL FOR 9.SECOND PERIOD

fT"ll!- curve represents an ermor of 9 minutes of ﬂll:.]

- e,
ragtatn [ L bl

oy H"'H" -:."

TRANSPARENT SCALE FOR COMPARISON OF CURVE

§E
w 2 -
'gn
e ‘_m'm"" =
28 = S =
0 05 (o 15 2D £.5 30 55 40 435 30 53 &0 &3 70 7.5 6.0 8.8 5.0 0.5 10.0 105

!Lﬂ IS 120 28 30 145 4.0
Sﬂﬂhds CII Tlrl're

The Fma from peok to peak is recd en the horizontel scale, The error in menates of arg is read on the ver-
ficgl scole, and i than divided by 2. Hers the reoding of 1822 represents on srror of ¥ mingtes, which
is within the moximum allowonce errar of 10 minutes for e roll of 25 degrees. A similor curve, if obtained
for o moll of 20 degrees or less however, would indicate sucemive errod.

Froure 10F 2 —Sample errorsrecorder strip.

241



Chapter 11

ROCKETS AND GUIDED MISSILES

A. Rockets and the Rocket Principle

11A1. Definitions

A rocket it a missile propelled by the escape of
gases produced from the burning of solid, liquid, or
gasvous propellants completely contained within it-
sell. A true rocket by definition does not, for example,
wse atmospheric oxygen to burn its fucl.

Figure 11A1 shows the external appearance of one
type of rocket. The head of this rocket contains a
high-explosive charge and a nose fuze 1o initiate
detonation. The motor contains the combustion
chamber, and houses the propellant charge. Hot
gases [rom the combustion chamber issuc from a noz-
zlr at the after end of the assembly.

Rockers exhibit two characteristics unique in the
field of propulsion: (1) the propulsive force delivered
is independent of atmospheric air, and thus the rocket
muy be propelled through empty space, and (2) the
propulsive force is unaffected by the velocity, One
of the challenging problems in rocket design is to
develop an acceptable degree of stabilization in flight.
The rocket shown in figure 11A1 represents a spin-
itabilized rocket.

11A2. History of rockets

Rockets were used in the Far East as early as the
13th century.  In the first decades of the 1%h century
several western armies employed rocket projectiles with
groater or |rsser success, a notable incident in the his-
tory of our own country being the use of rockets by the
British during the attack on Washington in the War
of 1812,

But the military use of rockets languished after the
middle of the 19th century, attention being diverted
from them by improvement in guns and gunnery.
Projectiles fired from guns proved to be superior to
rockets in both range and accuracy. 8o for many
years the employment of rockets was largely associated
with pyrotechnic displays. During World War 1T,
however, the development of military rockets under-
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went a considerable revival in the United States, Great
Britain, Germany, and the USSR. Short-range
rockets were developed for use against shore installa-
tiong, thips, tanks, airplanes, and personnel.  The Ger-
mans produced a long-range rocket missile known as
the V-2.

11A3. Principles of rockets

A rocket motor is a metal tube that serves as a com-
hustion chamber. The burning propellant gencrates
hot gas, and the gas pressure within the combustion
chamber rises quickly to some value determined by the
amount znd characteristics of the propellant and the
size of the nozzle or nozeles. The gas exerts approxi-
mutely the same outward pressure on each square inch
of surface within the combustion chamber; however,
the gas rushes out of the nozle without exerting any
force upon the area of the opening, but with exertion
of full force upon the corresponding area at the for-
ward end of the combustion chamber. Thus a net
force or thrust acts in the forward dircetion. The
magnitude of this force is roughly the area of the orifice
in square inches multiplied by the internal pressure ia
pounds per square inch.

Fundamental to rocket propulsion, then, is the con-
version of heat encrgy into kinetic energy by an adia-
batic cxpansion. This poscs two basic problems: (1)
to generate gas under high pressure and at a constant
rate—a problem of chemical reaction; and (2} w0
direct the high-pressure gases into a high-velocity
stream-—a problem of nozle design. Pressure in a
rocket motor depends largely upen the burning rate
and escape rate.  In the case of solid-fue] rockets, for
example, the compesition of powder, shape of grain,
and rate of burning, which have important relation-
ships to performance us discussed in chapters 2 and 3,
are abso important factors in rocket design.

a. Rocket motors, The thrust of a rocket motor
is un equal and opposite reaction to the cxpansion of
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gases discharged at the nozzle ; and since the expansion
of these guses is maximum in a vacuum, rockets func-
tion most efficiently in such a medium. Rocket mo-
tors contain all the essentiaks for [unctioning, and do
not require atmospheric oxygen for combustion.

Consider the noazle in a little more detail.

The funciion of the nozzle is to permit the hot gas
produced by the burning ballistite propellant o flow
out of the rocket motor, pushing the rocket along as
it gous.

The shape of the nozzle determines the charucter-
istics of gas flow, and hence has much to do with how
cificiently the gas flow propels the rocket. Gas flow
must be smooth {nonturbulent). For a smooth, con-
trolled trajectory, it must produce thrust along the
long axis of the rocket. And the nozzle must be de-
signed to develop cvery possible bit of thrust from the
flow.

By tapering the rear of the chamber so that it nar-
rows smoothly toward the nozzle aperture, a smooth,
nonturbulent flow of escaping gas is created, This
tapered section forms the forward half of the nowle,
The tapered extension, forming the after end of the
nozzle, which leads outward from the nozzle aperture,
forces the escaping gas, as it expands to furnish addi-
tional {about 33 percent! forward thrust [Fig.
11A2.)
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Many rockets have a number of nozzles, rather than
just one.  The same principles apply there.

The rocket moTor TUBE contains the propellan:
charge and igniter. Tt is a combustion chamber in
which the propellant is burned o provide the motive
power (hot gases) for the rocket. 1t oenerally threads
to the rocket or an adapter in the hase of the head.
and is usually shipped separate from the head. The
diameter of the motor is less than that of the head in
some rockets! in others its dizmeter is abour the same
as the head's.

The wxNiTER contains black pewder loosely packed,
and an clectric sguis with a low-resistance hridge wire
running through a match composition.

All present types of rocket motors are initiated elee-
trically. As figure 11A3 shows, the firing impulses
may be transmitted cither (in aireraft rockets) by a
pigtail lead from the rocket plugged into a source of
firing current. or (in surface-launched rockets) by
contact surfuce on the shroud surrounding the rocket's
tail.

Most Navy rockets use either (fig. 11A4) a solid
cruciform grain or a cylindrical grain with an axial
hole and radial perforations. The later, often used
in Navy ground or shipboard mounted rockets, is char-
acterized by three ridges spaced 1207 apart and run-
ning longitudinally along the grain. The cruciform
grain, usnally found in Navy aircraft rockets, in section
is a symmetrical cross.  If all of the exterior surface
of this grain were permitted to burn, there would be a
gradual decrease of area, and the burning rate would
be regressive—that is, the rate of gas production would
decrease as the grain continued to burn.  Since a uni-
form burning rate i desived, a number of slower
burning plustic strips or inBrrors are bonded to cer-
tain parts of the area exposed on the outer curved
ends of the arms.  These slow the initial burning rate,
and gas production rate is approximately uniform as
long as the grain burns.

Hollow cylindrical grains have inherently uniform
burning rutes and usually require no inhibitors.

(irain sives vary according to the motor in which
they are to be used.  Most use only a single grain, but
some may use up to four,

The grid is a mctal piece near the nozzde which
supports the propellent grain so that sufficient clear-
ance is allowed between the grain and the nozzle to
permit a [roe flow of gas throurh the nozele, With-
out the grid, the grain will move aft, hlocking the
nozzle and causing excessive pressures to build up in
the motor.

Tail fins provide stability in fight. prevent tum-
bling, and ensure head-on impact. During burning.
the action of the air against the fins tends to resist
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side orces ol the nozzle and to improve the accuracy
of ire.  When there iz a 1ail shroud around the fins,
it supports the rear end of the rocket in the Jauncher,

Most newer shipboard-fired rockets are sPIN-sTa-
BILIED; that is, their nozzles are canted to exert torque
as well as forward thrust.  The result is that the rocket
sping like a gun projectile in fight.  Such enekets, of
course, have no fins. Since spin beging as soon as
the propellant starts 10 burn, the stabilizing effect be-
gins as soon as sufficicnt thrust is developed to launch
the rocker.

Aircraft rockets are lin-stabilized designs.  {To save
space, folding fins that open on launching are ofien
used.] Fin stabilization iz poor when a rockel is
launched atr zero or low air speed (us iy the case on
surface craft) ) in aireraft, however, the plane’s air
speedd ensures good stabilization at the instant of
launching.

Rockets have been designed with canted fins, to pro-
duce spin,  This kind of design is, however, subject
to the drawbacks comnmon to other finned rockets.

h. Rocket heads.  As previously noted, the head of
a conventional rocker contains a high-explosive charge
capable of being detonated by action of a fuse or fuscs.
Use of centrifugal foree nnd setback to arm fuzes, as
in gun projectiles, is not universally applicable to
rocket fuzes. In part, this is because rockets acceler-
ate at a lower rate than do gun projectiles; moreover,
with fin-stabilized rockets no centrifugal forces are
available. For these reasons various other devices
are emploved to arm rocket fuzes. The fuzes of some
antisubmarine rockets, for example, are anmed either
by hydrostatic pressure or by rotation of a propeller
alter travel of 15 t0 20 feet in the water. When armed,
such rockets detonate upon impact with any solid
object.  Scveral methods have been utilized to arnm
the fuzes of barrage or bombardment rockets so that
they will detonate upon impact or aflter a predeter.
mined delav. In one lype of nose Tuge, arning de-
pends upon rotation imparted to a small propeller as
the rocket moves through the air, A basc-detonat-
ing type i armed by a mechanism thut is actuated
by pressure in the rocket motor during burning.

On the other hand, fuzes used on spin-stabilized
rockets may be similar to the fuzes of gun projectiles,
since centrifugal foree is present.

c. Rocket launchers. Modern rockets are launched
from various types of launchers, which in essence are
mechanisms designed to point the rocket in the oght
dircction and to actuate or ignite the motor,  One sig-
nificant fact about launching is that there is little or
no recoil. The forward momentum given to the
rocket 15 balanced by the rearward escape of propellant
gases, Therefore, a very large total weight of “pay
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POWER REMAINS UNIFORM AS GRAIN BURNS

QUTSIDE AREA
DECREASES WITH
BURNING

INSIDE AREA
INCREASES WITH
BURNING

RIBS KEEP GRAIN OFF SIDES OF MOTOR TUBE
UNIFORM BURNING TO ALLOW GASES TO PASS THROUGH

GRAIN MAINTAINS THE SAME
TOTAL BURNING AREA AND
UNIFORM GAS PRESSURE

HOLES ON ALL SIDES KEEP PRESSURE
EQUAL INSIDE AND OUT, ALSO INCREASE

HOLE THROUGHOUT AREA WITH BURNING
LENGTH OF GRAIN

FIRE RESISTING
I;L:éSH'EIE SUPPORT PLASTIC INHIBITORS

Ficure 11A4.—Rocket motor grains. A, Cylindrical. B. Cruciform.
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load” may be fired from boats, airplanes, or other
conveyances which could not possibly withstand the
recoil shock incident to firing equivalent projectiles
from traditional types of larger guns. This is why
the development of aircraft rockets, o cite one ex-
ample, has heen so significant. Inability of aircrafe
structure to stand up under the recoil shock of con-
ventional-type guns had long becn a limiting factor
in aircraft armament. Untl the rebirth of military
rockets occurred, the largest projectile fired by most
aircraft puns weighed only 2 or 3 pounds.  The mod-
crn rocket-fliring plane, however, is capable of launch-
ing rockets which weigh over 1,000 pounds.

It also is noteworthy that many rocket launchers are
relatively light in weight, simple, inexpensive, and
more readily replaceable than comparable guns. On
the other hand, much more propellant is required 1o
bring a rocket up to & given velocity than is the case
with a gun projectile, Moreover, rocket fire (with
conventional short-range rockets) launched from the
ground or from the deck of a ship compares unfavor-
ably in accuracy with gunfire.

Shipboard rocket launching devices always have a
tube or rail which supports the rocket until firing, and
guides it during the critical initial portion of its trajec-
tory. This is neccssary because, especially with fin-
stabilized rockets, the stability of the rocket is relatively
poor until it attains a fairly high air speed.

On fixed-wing aircraft, as has alrcady been ex-
plained, fin stabilization of rockets is effective at the
instant of launching because of the plane’s air speed.
Rocket launchers in aircraft are therefore merely sup-
ports which hold the rocket until launching, and then
rcleasc it as the propellant is ignited.  These are called
“rero length™ launchers.

Shipboard launchers may be of “repeater” design to
fire rockets successively at short intervals from a maga-
zine or loading device. Electrical contact to the
rocket’s squib in such launchers is made through a set
of contactors which rub against insulated metal con-
tacts on the rocket. In aireraft launchers, only one
rocket is fired per launcher per flight. The electrical
connection from plane firing system to rocket is made
through pigtail leads and plugs, which part upon
finng.

11A4. Rocket trajectory and stabilization

Mention has been made of the fact that conven-
tional rockets are less accurate than gun projectiles.
One reason [or this is that gun projectiles are guided
by the gun bore during the entire period in which the
propellant is burning and maximum velocity is being
attained. A rocket, on the other hand, is guided by
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its launcher, if at all, during only a very small portion
of the tirne that its propellant burns; in all cases, maxi-
mum velocity of the rocket is attained after it has left
the launcher, and in some cases alter the rocket has
passed through hundreds of feet of free flight.  In ad-
dition, the center of gravity of a gun projectile re-
mains fixed in position in relation to the projectile
while the latter is in flight, whereas the center of
gravity of the rocket necessarily shifts in relation to the
rocket as the fuel in the motor is consumed.

After a rocket has attained maximum veloeity, it
may traverse a trajectory similar to the path traversed
by a gun projectile. On the other hand, it is posible
to place lifting surfaces (wings) on the rocket head,
which will cause the missile to follow a plide path
rather than a purely ballistic path, once aceeleration is
completed.

The older type of rockets which came into wide-
spread use during World War IT were fin stahilized.
Such rockets have the advantage of being relatively
sinple to manufacture, but are likely to prove some-
what cumbersome in handling, launching, and stow-
ing. It may be pointed out, however, that fin
stabilization is the type associated with a glide path of
Hight, and that stabilizing fins, with proper adaptation,
may be used as rudders and elevators in controlling the
path of flight. These facts take on special significance
when we consider the potentialities of guided missile.

Spin stabilization has also been used extensively in
the case of rockets, A spin-stabilized rocket, like a
gun projectile, tends to maintain a relatively stable
course beeause of the gyroscopic effect resulting from
ite rotating motion, which in part counteracts forces
that otherwise would produce deviation in line of
flight. As a case in point, one type of 5.0-inch spin-
stabilized rocket developed during World War I1 had
a nearly flat trajectory at short ranges, and rotated at
about the samc or even higher spced than 5"/38
caliber projectile.

In a gun projectile, rotary motion or “spin” is im-
parted by rifling of the gun barrel.  Spin-stabilized
rockets, however, achieve a spinning motion because
they have several noweles, dlightly canted in position.
Since fins arc absent, such rockets can be relatively
compact, which makes for greater convenience in
handling, launching, and stowing. The degree of
stabilization may also be considerably greater than that
of fin-stabilized rockets. The old fin-stabilized 4.5-
inch barrage rockets, for example, had a dispersion of
from 20 to 40 mils, whereas the comparable figure
for spin-stabilized rockets is about 20 mils. When
fired forward from airplanes, fin-stabilized rockets
achieve a much better performance.

Fired from aircralt, dispersion of fin-stabilized



rockets miy be no more than 6 to 8 mils. Comparable
dispersion of gun projectiles would be a single mil or
less.

It therefore is cvident that the accuracy of cor-
ventional-type rocket fire is not on a par with the
accuracy of gunhire. Rockets, however, have proved
to be extremely valuable weapons for special pur-
poses.  Exumples include the employment of rockets
in antsubmarine attacks, and the saturation of encmy-
held beach positions by rocket fire launched both from
airplancs and from the decks of landing ships. Figurc
11AS shows barrage rockets being launched from an
LSI which is moving in toward a beach.

11A5. Rocket fuels

From the standpoint of fuels there are two general
types of rockets: those incorporating liquid-fuel units
as typified by the German V-2, and those incorporat-
ing solid-fuel units as represented by various barrage
rockets.

In liquid-fuel rockets, the fuel and the oxidizer are
earried in separate containers {rom which they are
cjected into a relatively small combustion chamber
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where the propelling reaction tnkes place, A com-
paratively elaborate mechanism was used in the V-2
rocket o control this use of fuel and oxidizer: how-
ever, simple designs have been developed subse-
quently which permit the use of liquid propcllants in
high-performance antiaircraft rockets, less than 4-inch
dinmeter, capable of developing high thrust for a short
period of tme. Abo the fuel tanks of liguid-furl
rockets for guided missile propulsion can be w0 located
that change in center of gravity is reduced to a mini-
mum as fuel consumption proceeds.

Among the advantages of solid-fuel rockets is sim-
plicity of design and operation. A single chamber
serves as a container for the propellant and as a com.
bustion chamber. Rate of gus production is con-
trolled by the chemical composition of the propellant
(especially by the ratio of the oxidizing agent to the
fuel), by the operating pressure and trmperature, and
by the shape of the propellent charge and combustion
chamber.  Tn some cases inhibitors, consisting of dow-
burning material attuched to certain surfaces of the
powder grain to delay combustion, are wsed. A dis-
advantage of solid-fuel rockets is the relatively great
weight of the motor housing.

Frune | IAS—Racket being launched from an 151,
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11A6. Naval vses of solid-fuel rockets

Rockets (but not guided missiles) fired by naval
ships and aircraft are designated by head diameter in
inches:  (This is analogous to the caliber of gun pro-
jectiles.)  The motor may be the same siee as, or
sinaller than, the head, but never larger,

Several types of rocket of 3-inch and smaller calibe
are used for practice firing, for targets at which other
weapons can fire, or for signaling,  Subcaliber rockets
which fic into the launchers of larger types and are
used as inexpensive substitutes for training purposes
are also in this range of sives.

Aircrafr rockets intended far use against enemy tar-
gets or for other combat use are made in 3.5-inch,
H.0-inch, and 11.75-inch sizes. [Other sizes may be
under development. ) Rockets fired from surface crafi
are the obsolescent 4.5-inch  An-stabilized barrage
rocket. several types of 5.0-inch spin-stahilized rockets,
a 7.2-inch rocket designed for antisubmarine use, and
the antisubmarine 12.75-inch rocket.

11A7. General safety precautions in handling and
firing rockets

|. Revienw of ordnance mslructions, Freguent re-
view of ordnance pamphlets and the latest ordnance
instructions pertaining to cach picec of equipment
should be made mandatory by all suthorities in com-
mand of units afloat and ashore, wherever rockets are
stowed, assermbled, or fired.

2. Nozzle Baa. Tt should be remembered that
nozzle blast from a rocket motor is intensely hot.  Small
pieces of burming powder frequently are blown out of
the nozzles and may be hard to extinguish,  Stecl
sheathing is therefore wsed to protect decks and su-

1181,

As the previous article stated, the most important
operational Navy rockets fired from surface cralt are
the spin-stabilized 5.0-inch (of which there is an entire
family, with matching heads and motors), and two fin-
stabilized A /S rockets, one 7 2-inch and one 12.75-inch.
The 4.5anch barrage rocket is now considered quite
ohsolete, and therefore 35 not taken up in this text

The 7.2-inch and 12.75-inch rockels are designed
to serve prmarily as launching devices for A /S charges
{althoush the 7.2-inch type can be used against sur-
face targets when equipped with the proper type of
fuzel. They are therelore discussed elsewhers in this
course, along with other A/S weapons. The re-
mainder of this section is deveted to the 5.0-inch spin-
stabilized surface-fred rocke:,

General
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prrstruciure areas around launchers.  Some launchers
have blast deflectors for protection of the immediate
area, while others are mounted slightly outhoard, so
that blast is directed into the water. Tt is obviously
unsafe [or any one to be directly in front of or behind a
Ioaded launcher, or one that is being loaded. Person-
nel loading a launcher should always stand to one side
of the path that would be taken by rocket or blast in
the event of accidentul or intendonal firing,  All per-
sonncl m the vicinity of a launcher should wear long
trousers, and long shirt sleeves buttoncd about the
wrists.

3. Firing frrecautiony. The firing circuit must be
open at all times until the launcher is ready to fre,
All extra rockets must be kept at a safe distance from
loaded deck-mounted launchers. No personnel may
approach a loaded launcher until the safety plug or
firing key has been removed from the firing circuit.
The fuze safcty wire must be reinserted as soon as
the safety plug or firing kev has been removed, bul not
before.  No test of the firing circuit may be conducted
until all rockets have been removed fromn the launcher
and placed at a safe distance.  Naked lights, matches,
or other flame-producing apparatus musé mever be
allowed in the vicinily of rocket ammunition.

4. Fuzes. At no time are any personnel permitted
to attempt disassernbly of an armed fuze.  Such a fuze
must be disposed of.

3. Propellent grains,  Under no circumstances may
a propellent grain be removed from a motor. No
surveillance tests are made of rocket propellants.

Other salety precautions are detailed in appropriate
ordnance publications, in appendis A of this volume,
and in the next section, on shipboard-fired rockets.

Rockets Fired From Surface Craft

11B2. 5.0-inch spin-stabilized rockets

These rockets may be divided into three types, with
respective  maximum  ranges of 2500, 5000, and
10,0000 yards. All three have the same over-all length,
=0 that they may be fred interchangeably [rom the
same launchers.  The shorter-range rockets, requiring
smaller motors, are therefore provided with larger
heads. For example, the 2500-vard rocket has a
swall motor, and o large head that contains about 12
pounds of explosive.  The 5.000-vard rocket is about
half motor and half head ; it carries a 8.6-pound burst-
ing charge. The head of the 10,000-yvard rocket con-
tains enly about 2.8 pounds of explosive.

The bursting charges, heads, fuzes, and motor desip-
nations of 3.0-inch spin-stabilized rockets Marks 12,
10, 7, and 8 are compared in the table on page 250.
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5.0-IncH Sp-STasiLizep RockeTs

Meark 72 (2,500 yards) Mark 10 (5,000 yards)

Head: Mark 12 (Gen- Head: Mark 10 (High-

eral-Purpose). Capacity).
Fuze: Nose Mark 30 Fuze: Mark 30 PD,
PD. Mark 173 VT,
Filler: 12 pounds TNT. | Filler: 9.6 pounds TNT.
Motor: Mark 5. Motor: Mark 4.

Raockets of this type are designed for shipboard use,
to which end several launchers or launcher assemblies
have been developed. Spin-stabilized rockets have
proved very effective for beach neutralization and
shore bombardment when fired by LSMR or other
Inshore Fire Support type vesscls. Their relative
neutralization effect, as compared to 57/38 AA Com-
mon projectiles, is as follows: 1 Mark 12 (at 2,500
vards) equalzs 2 AA Common projectiles; 1T Mark 10
[at 5,000 yards) equals 1.7 AA Commen projectiles:
1 Mark 8 (at 10,000 vards) ecguals | AA Common
projectle,

Since an LEMR-IFS vessel has a fining rate of 230-
350 rounds per minute, these rockets pive these rela-
tively small ships a fire power almost equal 10 that of a
light cruiser in weight of projectiles per minute. The
general-purpose and common rounds are particularly
well adapted to PT-boat attacks at ranges up to
10,000 vards.

11B3. 5.0-inch rocket motor

The 5.0-inch Rocket Motor Mark 3 is used to propel
common and general-purpose 5.0-inch spin-stabilized
rockets. Tt is shown in figure 11B1.  The motor tube
is about 22 inches long. It houses the propellant and
serves as a combustion chamber. The motor tube
has internal threads and an external bourrelet ring at
cach end. A shipping cap is screwed into the front
end of the motor tube during shipment. The front
closure is a sheet-metal disc pressed in position near
the front end of the motor tube.  This front closure

Mark T (10,0000 pards) Mark & (100K vardi)

Head: Mark 7 ((Gen-
| Fuze: Mark 100 PD,

Filler: 2.8 pounds TNT.
Motor: Mark 3.

Fwcure 11Bl.—3.0-inch Rocket Motar Mark 5 Mod 1.
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Head: Mark & (Com-
mon).

Fuze: Mark 31 hase,

Filler: 1.7 pounds Ex-
plosive “I".

Motor: Mark 3,

cral-Purpose).
Delay.

seals the forward end of the motor tube and holds the
tgmiter and propellant in place. There is a light,
metal blow-out dire in the center of the front closure:
on its inner surface a thin felt pad is cemented.  Just
inboard of this pad is the igniter, which is a flat, tinned
case containing 35 grams of hlack powder and an
clectric squib. Two wires pass from the squib to the
rear of the motor wbe, where one wire is connected
with the contael ring and the other wire is grounded to
the motor tube at the nozzle-ring plate. A l-inch
thick felt washer is placed forward of the propellent
grain to protect against accidental shock.

The propellent used in this motor 15 an inhibited,
cruciform extruded grain of Ballistite weighing about
I} pounds. A plastic inhibitor is cemented to both
ends of the grain, and plastic inhibitor strips are ce-
mented on the webs.  These inhibitors: control the
burning arca of the grain and thus regulate the pres-
sure developed within the combustion chamber during
the burning period. The nezzle-plate assembly con-
sists of eight nozzles and a grid mounted on a noszle
plate. The nozles have a 12-degree cant, which
produces clockwise rotation when the rocket is fired.
At the after end of the motor is an assembly consisting
of a nozzle-plate ring and an insulated contact ring.
The nozzle-plate ring has cxternal threads which en-
gage internal threads of the motor tube.  The contact
ring is riveted to the nozele-plate ring, but electrically
insulated from the lawer. 'U'he nozzle-plate ring and
the contact ring act as terminals of the igniter electri-
val circuit. A short-circuiting band creates a short
circuit between the nozzle-plate ring and the contact
ring; it is removed when the rocket is prepured for
firing. The after end of the motor tube is scaled by a
thin metal disc cemented in place within the rear of
the nozzle-plate ring. Front and rear closures of the
motor tube should remain in place at all times; if a
rlosure has been hroken, the motor should be turned
over to an ammunition depot or disposed of by
lowering into deep water.



11B4. 5.0-inch spin-stabilized Rocket Head Mark
7 and fuzes

Rocket Head Mark 7 and Mods is used for general-
purpose rounds in the case of the 5.0-inch spin-
stabilized rockets. This head, with nose fuze in place,
is shown in figure 11B2. When shipped, the head is
protected by a nose shipping plug and a base shipping
cap. The head is closed at the after end, where it is
threaded externally for assembly to the Motor Mark 3.
The forward end of the rocket head is internally
threaded to receive the adapter, on which the Auxil-
iary Dietonating Fuze Mark 44 Mod 2 iz mounted.
When the adapter is screwed Into the forward end of
the body, the auxiliary fuze 1= properly positioned
within the hody. The Nose Fuze Mark 100 Mod 2
i5 then screwed imto the adapter. The rocket head
contains a 2.8-pound charge of TNT.

The Nose Fuze Mark 100 is a selective-action type
which is urmed by rotation during flight. A selector
in the side of the fuze body may be turned to pELAY
or 8. Q. (superquick). The amount of delay incorpo-
rated is 0,025 second.

11B5. 5.0-inch spin-stabilized Rocket Head Mark B
and fure

The Rocket Head Mark 8 and Mods is also used for
assembly with the Mark 3 motor. The Mark 8 head,
designated for common rounds. is a hollow steel shell
with a solid nose, containing a 1.7-pound charge of
Explosive 13, It is shown in figure 11B3. Tts after
end bears cxternal threads for assembly to the motor;
it also is threaded internally to receive an adapter.
The Base Fuze Mark 31 is screwed into this adapter.
The head is shipped with the base fuze in place, and
protected by a base shipping cap. The latter is re-
moved when the head is assembled to the motor.
Personnel must not attempt to remove the base fuze
from the head at any time. This fuze is armed by
rotation during flight, and functions upon impact.

11B&. Stowing and assembly of 5.0-inch spin-
stabilized rockets

The motors of 5.0-inch spin-stabilized rockets should
be stowed in the shipping boxes or tanks in which
issued, in smokeless-powder magazines where tem-
peratures are maintained below 90° F. Prolonged
stowage at or about 1007 F, 15 considered to be haz-
ardous, Where magazine stowage in shipping boxes
is not practicable, the Burcau of Ordnance prescribes
special stowage conditions,  Motors should not be
stowed in the same compartment with or near elec-
tronic apparatus or antenna leads.

At the discretion of the Commanding Oficer, ready-
service vounds may be stowed with the rounds pointing
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NOSE FUZE

AUX. DETONATING FUZE

50 ROGKET HEAD
BASE SHIPPING CAP

Fuwsvre 11B2 —Rocket Hrad Mark 7, with fuze.

outhoard if practicable. Fuzing of general-purpose
and high-capacity rounds should be delayed as much
as is commensurate with the tactical situation, The
rockets should be kept in the shade, and should not be
fired if motors have been exposed for morce than an
hour to temperatures outside the safe temperature
limits specified on the motor tubes.

In assembling the rocket, the gasket and shipping
cap are first removed from the motor tube.  Forward
and after closures of the motor tube must remain in
position.  The base shipping cap is now removed from
the hrad. A Mark B head must be examined 1o assure
that the base fuze is in place; if not, the rocket head
must be disposed of.  If such a rocket head were as-
sembled to a motor, the main charge would detonate
when the motor was fired.  Strap wrenches and bench
clamps are now used to engage the threads of the motor
and head until the seating surfaces meet firmly. In
the case of the Mark 7 rocket head, a further step is
to remove the nose plug and make sure that the auxil-
iary detonating fuze is present and serewed in the nose
fuze.

In disassembling 5.0-inch spin-stabilized rockets
which have Mark 7 heads, the nose fuze is first removed
and replaced by the nose plug. It is nocessary to be
sure at this stage that the short-circuiting band remains
on the motor, or has been replaced thereon. Strap
wrenches and bench clamps are then emploved to dis-
cngage the motor and rocket head. The base shipping
cap is replaced on the head, and the gasket and ship-

g 1

P

‘xrn : =
BASE FUZE

5"0 ROCKET HEAD
BASE SHIPPING CAP

Ficure 11B3.—Rocket Head Mark 8, with [uze,
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ping cap arr replaced on the motor. The bourrelet
rings arc greasud lightly to prevent rusting, and the
rocket head and motor replaced in the shipping box.

11B7. 5.0-inch Rocket Launcher Mark 50

One of the launchers used to fire 5.0-inch spin-
stabilized rockets is the Mark 50, shown in figure
1184, This is an 8-tube launcher designed for usc on
PT boats. Two launchers are mounted on cach boat;
they may be swung inboard for loading and outhoard
for firing. The barrels are arranged in 2 rows of 4
each, 1 row above and the other below a homezontal
supporting shafl. Elevation is adjustable, and train
1z effected by turning the P1 boat.  When a firing but-
ton is depressed {on the bridge), one rocket is fired
from cach launcher. Current to fire a motor is fed o
a rocket by means of the contact ring,  The electrical
impulse passes from the contact ring to the squib. caus-
ing the latter to sct off the black powder in the
igniter,

WP ORRANNG CHINDED — —4

Tl — DA R

Ficure 11B4.—Rocket Launcher Mark 50.

__ HmET LAMDAA TUADED
TRADNE FOUON]

Fioune 11B3.—The Mark 102 rocker launcher assembly,
B. Loading position.

A. Finng position,
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11R8. 5.0-inch Rocket Launcher Mark 102

Anocher launcher for 3.0-inch  spin-stabilized
rockets, the Mark 102, is designed for use on LSMR's,
This launcher is a mechanism [or the autoimatie firing
of rockets at 2 sustained rate of 30 rounds per minute.
The assernbly  includes the deck-mounted  rocket-
launcher components, and a rocket-launcher ammuni-
tion hoist below decks, both of which are mounted on
a carriage, power-driven in train.  Elevation is ac-
complished by movement of the rocket-launcher
guides. Remote control is possible in both clevation
and train.  The assembly is shown in figure 1185,

The five principal components of the Mark 102
Mod 0 rocker-launcher are:

a. The rocket-launcher guides, a pair of tubular
guides mounted in a guide housing which is hydrauli-
cally moved from a vertical position for reloading,
Mounted forward on the guides is a blast shield.

b. The second component is the cradle, which sup-
ports the launcher guides. The eradle includes the

AND GUIDED MISSILES

clevating shoulder, a support for holding the launcher
guides at the proper elevation for firing.

¢, The third component is the carriage assembly,
which supports the cradle and the train and clevating
powerdrives above decks.  The carriage assembly alsn
supports the hoist below decks.

d. The [ourth component is the stand, which is fixed
10 the deck and supports a roller path that provides
for train of the rocket-launcher assembly,

. The final component s the foist, which consists
of 2 tubes and hydraulic lifting devices provided for
sinultancous lifting of 2 rockets from a below-decks
handling room into the rocket launcher guides. ‘The
hoist rotates in train with the rest of the rocket-
launcher assembly.

The carriage of this assembly represents an unusoal
adaptation of equipment designed for a very different
purpose, in that it is really a modificd 40-mm Carriage
Mark 1 Mod 2. This cartiage, described in chapter 3,
has heen modified by removal of the guns, firing mech-
anism, cooling svetem, loader’s platform, and other

Fcuae [TB6& —Mark 105 rocket launcher installation on IFS-1.
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normal components, Various additions have been
made, of which the principal items are the rocker-
launcher cradle and ammunition hoist. Train and
Elevation Power Drives Mark 4 Mod 3 are the same as
those used with the 40-mm carriage, except that a
train and elevation emergency start push button and a
train emergency stop switch have been added. The
stand is the Hl-mm Stand Mark 1.

Rocket-Launcher Assembly Mark 102 Mod 0 is
subject to remote control by a director fire control sys-
tem, A firing stop mechanism prevents firing into
ship’s own structures. In automatic firing the load-
ing of twa rockets inte the hoist tubes in the handling
room below decks initiates the cyele of hoisting the
rockets, transferring the rockets to the launcher guides,
moving the guides to the firing position, firing the
rockets, and rrtummg the |:u1dl: and hoist lifter to
the loading position.  Each step in this automatic cycle
is controlled in proper phase by mechanically actuated
switches. The intercalomeier, a device in the firing
circuit, introduces a 0L.66-second delay between the
firing of two rockets, to avoid blast interference. A
safety interlock prevents the rocket-launcher guides
from returning to reloading position until the rockets
fired from both guides are clear,

1189. 5.0-inch Rocket Lavncher Mark 105

The official nomenclature for this weapon is Rocket
Launcher Assembly Mark 105 Mod 2, and it fires the
5.0-inch spin-stabilized rocket ammunition deseribed
in this scetion. 1t iz a barrase weapon desisned for
installation aboard amphibious warfare support vesscls
such as inshore fire support ships (IF'S), Figure 11B6
shows the U. S, 8. Carronade, which is equipped with
eight Mark 105 launchers,

Figure [1B7 is a wiew of the installed launcher as-
sembly showing below-deck as well as above-deck
components. The Mark 105 launcher resembles the
Mark 102 in using twin rocket guide tubes and twin
hoists, but it has several novel features and a higher
rate of fire (48 rounds per minute).

The main featurcs of the Mark 105 rocket mount
are surmmarized below:

Structure. The launcher stand is a deck ring bolted
to the rocket launcher foundation. The top face of
the stand is the main support of the entire rocket
launcher assembly. The carriage is a flanged base ring
that trains on roller bearings and supports the oscil-
lating assembly, the dud jettisoning unit, and all the
other units that rotate in train. The oscillating assem-
bly's main components arc the clevating shoulder and
the guide tubes. The clevating shoulder is positioned
according to elevation order by the elevating power
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drive. The guide tubes are moved in elevation by a
hydraulic cylinder which positions them at either
elevation order position (firing position] or at 90° ele-
vation (loading position). This arrangement ro-
scmbles that in the Mark 102 mount. The rocket
guides are fitted with blast deflectors fore and aft.

The rocket launcher ammunition hotst is suspended
from the underside of the carriage base ring and ro-
fates in train with it. The hoist extends downward
inside a stationary barbette through the sccond deck to
the third deck of the ship, which is the magazine level.

Power drives. The electric-hyvdraulic train and ele-
vation power drives used in the Mark 105 Mod 2 rocket
launcher are similar to the Mark 10 drves used in
Mark 3 Mod 4 40-mm (single] mounts. They are
equipped with radial-piston A-ends and B-cnds. The
friction brakes and linkages in the original Mark 10"
have been omitted, there is no local (power) control,
and the output specd ratio is modified. Nermal
launcher operation is director-controlled.  Manual
u|xrdtiﬂn for maintenance and starting up the equip-
ment is possible by declutching the power drive units
and operating the handwheels by hand.

The train power drive 15 on the right side of the car-
riage; the elevation drive is on the left.

Ammunition hoirt. This iz 3 manually loaded four-
stage arrangement which lilts the ammunition rounds
in pairs, one stage at a time, when the rocket guide
tubes are in loading (vertical) position. The hoist is
not of the endless-chain type, A fixed-tilt axial-piston
pump feeds hvdraulic fluid under pressure, through
control valves, to a hydraulic cylinder. The piston rod
of the cylinder is connected through wire rope tackle
and pulleys to the four-stage lifter, which, upon cach
piston stroke (26.25 in.) moves upward or downward
one stage (32.5 in.).

The complete cycle of operation for a single-stage
lift consizsts of a hvdraulic piston downstroke (lifter
upstroke ), followed immediately by a piston upstroke
(lifter downstroke), During the first lifter upstroke,
pawls on the lowest part of the lifter engage the bascs
of the 2 rockets just loaded into the hoist, and raise
them 1 stage. While the lifters downstroke, pawls in
the hoist tube support the rounds in the tube. At
the next lifter upstroke, the second-level lifter pawls
engage the rounds, and carry them up the tube an-
other stage, where they arc held by stationary tube
pawls during the next lifter downstroke.
repeats as necessary to hoist the rockets into the rocket
guide tubes.  Electrical and mechanical interlocks
start up the hoisting action when the hoist lower end
is loaded, and prevent hoisting into the rocket guide
tubes unless the tubes are in loading position. Rockets
are loaded manually at the hoist lower end through

The process
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shutters which align the rounds into proper position
for loading.

There is no provision for lowcering ammunition
through the hoist,

The hoist hydraulic pump also supplies hydraulic
fiuid to the guide tube cylinder which shifts the guide
between firing and loading position, and to the hy-
draulic cylinder in the jettisoning unit. A water line
with quick-connect fittings provides for emergency
flooding of the hoist.  The hoist is also cquipped with
a central lubrication systemn,

Dud jettisoning uniz. This unit is a scmiautomnatic,
tleerrically controlled, hydraulic-pneumatic operated
device which provides for jettisoning misfired or other-
wite defective ammunition that has been loaded from
a remote point below decks: When jettisoning is re-
guired, the launcher is trained 1o relative bearing 90°
or 270° (depending on which is the outboard direc-
tion}. clevated to 3%, and the jettisoning unit is acti-
vated, A hydraulic cvlinder in the jettisoning unit
raises the unit’s cradle o 0% the rocket guide tubes
are then elevated antomatically to 40° w line them up
with the jettisoning unit cradle,

In the cradle, cach aligned with one rocket guide
tube, are two pneumatic cylinders. The piston rod
of each cvlinder terminates in a ram head. When the
guide tubes are aligned with the jettizoning unit cradle,
and the pneumatic pistons are in retracted position,

cl

11C1. Rockets and aircraft

Aireraft rockets have been used primarily as for-
ward-firing weapons, which supplement or take the
place of forward-liring guns. . The virmal absence of
recoil 1o launching aircralt rockets makes possible the
use of lightweight gear for such launching, and intro-
duces no stresses inimical to the plane's structurcs. A
modern  rocket-firing plane armed with  3.0-inch
rockets can deliver one salve comparable o thay of
a destrover, and a squadron of FOF planes carrying
11.75-inch rockers can fire a salvo similar to that of 2
cruiser division. In making such a comparison, how-
ever, it must be remembered that the ships can keep
on firing, whereas the planes must rerurn o base after
delovering  their pay loads, Generslly  speaking,
rockers provide superior fircpower with  minimum
added weight. The pay load of a rocket iz less than
that of a comparable bomb, but the rocket presents
advantages related 1o accuracy of hre and greater
penetration,

Rocket velocity is augmented by the velocity of the
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each ram head is just behind the rocket in either guide
tube.  When the unit functions, each piston is pushed
forward by air under 1,000 psi pressure [rom the ship's
supply, and the ram heads eject the rockel or rockets
over the side into the water. (Jettisoning can, of
courst, by accomplished salely only when there are
no ships or other obstructions close aboard.}

11B10. Safety precautions in firing 5.0-inch spin-
stabilized rockets

General precautions pertaining to the firing of
rockets, as partially outlined in article 11A7, are
largely appropriate in the case of 5.0-inch spin-stabi-
lized rockets as well.  In addition, it may be reiterated
that in the rase of Mark 3 motors. front and rear
closures of the motor tubes must remain intact at all
times prior to firing. In Mark 8 common rocket
heads, baze fuzes must be in place before assemblv.
Note also that a 10-minute precautionary wait should
be ohserved before unloading any misfired rounds.
Mark 3 motors should not be allowed to stand on end
for any considerable period of tme [over an hourj,
and short-circuiting bands {on insulated contact rings)
should be left in place until removed during the load-
ing operation. Many special precautions must be
observed in the operation of Mark 102 and Mark 105
launchers: these are detailed in appropriate ordnance
pamphlets,

Aircraft Rockets

launching planc, with the result that actual velocities
attained approach those of comparable projectiles,
and this accuracy increases as the speed and stability
of the aircraft at the time of release arc increased.
In antisubmarine use, the underwater trajectory of
rockets is predictable, and this fact can be used w0
great advantage.

11C2. Aircraft rocket types

Basic types of aircralt rocket include a 2.25-inch
training rocket [SCAR), the 2.7iinch air-to-air
“Mighty Mouse™ (FFAR], the 5.0-inch aircrafi
rocket [(50-inch AR), the 5.0-inch high-velocity
rocket (HVAR). the 7.2-inch antisubmarine rocket
[(VAR), and the 11.75-inch aircralt rocker {1175
inch AR) or “Tiny Tim."

The “Mighty Mouse” is a 2.75-inch contact-fuzed
air-to-air racket with folding fins that open on launch-
ing. It is small enough to be carried in quantity, but
with a direct hit, one round can destroy a plane,

The rockets are carried in steamlined cylindrical
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jetusonable launchers, carrying up e 19 rockets cach,
which can be suspended under the wing of an aircralt.
{Fig. 11C1L}  The rockets are “ripple-fired™ through
the [rangible nose of the launcher in quick succession.

The jitinch high-velocity rocker (1,373 fps) can
penetrate b feet of concrete. Tt is used againse ships,
pillhoxes, locomeotives, and tanks, Tis head is 5 5-
inch Mark 35 cornmon projectile, with nose and base
fuzes and a 7.9-pound charge of TNT., The propel-
lant is a 24-pound grain of hallistite, The 11.75-inch
rocket (fig, 11C2} attains a velocity of 800 ps and has
the cxplosive cffect of a 500-pound bomb.  Its head
contams about 150 pounds of TNT. The motor con-
tains {48 pounds of ballistite,

11C€3. Suspension and launching of aircraft rockets

The conventional aircraft launcher for forward fir-
ing is the post type, which has been employed to launch
2.25-inch, 3.5-inch, and 5.0-inch rockers. In the
Mark 5 zero-length launcher, a pair of posts supports
the rocket, (fig. 1103). The forward post houses an
armming solcnoid which controls arming of the nose
fuze. The rear post incorporates a firing socket into
which the rocket electrical lead is plugged. Retract-
ible types of post launchers have been developed.
Firing of the rockets s controlled from the pilot's
sLabion.

To increase the rocket fircpower of aircralt there
have been developed self-contained fettisonable mul-
tiple lawnchers for 2.75-inch FFAR's. These are at
present made in 2 standard sizes - a large one with a
capacity of 1Y rounds (the 4 with noses removed,
shown to the right in fizure 11C1), and a smaller 7-
round umt( the outhoard unit in figure 11C1). These
launchers are aluminum-clad paper tubes (which
shield against radar and ather electromagmetic radia-
tion) with frangible nosc and tail pieces, and a cen-
tral aluminum beam which serves as the “backbone.”
The rockets are fired serially in “mpple” fire; the
launcher’s frangible nose and tail eollapse upon firing.
When the ammunition load is exhausted, the launcher
is jettisoned. Among the advantages of this bype
of launcher are the Targe number of rounds that can
be stowed on the plane {an AD-6, which wsed to
carry only 12 3-inch rockets, can load 136 of the 2.75-
inch FFAR's in thesc launchers), the rapidity with
which the launchers can be mounted on the plane
{mountng the loaded launchers takes only 3 percent
as much time per round as loading the rockets indi-
vidually), and the stowability of the loaded launchers
as complete units.  Most rockets up to now have been,
for the sake of safety, assembled and loaded indi-
vidually at the aircraft takeofl point. Exhaustive
anilysis by the Bureau of Ordnance has, however, veri-

Fioune 11C2—An 11.754neh aircraft rocket an & trailer.
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Ficurr 1103 —Zero-length launchers for 5.0-inch aireraft rockets,

fied that completely assembled 2.75-inch FFAR's in
these launchers are as safe as the disassembled coms-
ponents stowed in a canister. And a further ad-
vantage of these launchers is that, unlike previous types
which would fit only one type of aircrafl, they can be
mounted on several types.

A rearward-firing launcher has also been developed
for firing 7.2-inch antisubmarine rockets. This
launcher provides a metal channel 8 feet long, 7 inches
wide, and 2 inches deep; 12 of these launchers are
mounted on cach wing pancl of a PBY, and 4 on
each wing pancl of the TBF. A magoetic submarine-
detection device gives a peak signal when the plane
is directly overa submmarine; at this mement 2 rocket
may be fived rearward with sufficient velocity to nullify

11D1. Definition of guided missiles

The term “guided missile” has been defined by the
Juint Committee on Guided Missiles as: "An un-
manned wvehicle moving above the earth's surface,
whose trajectory or Hight path is capable of being
ltered by a mechanism within the vehiele.” This s
a broad definition, but it limits the term to missiles in
or above the atmosphere, and excludes such things as
the guided torpedo. When we consider the guided
missile as a weapon, we must qualify the above defini-
tion by adding that the missile must carry some lethal
or useful military load

Guided missiles are designed for special purposes.
The German V=2 rocket, for L‘NL{!’!‘[]JI.L‘. Wis d{'\:ighl.'\d
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the effect of the plane's speed.  The rocket follows 2
substantially vertical path to the larget,

A drop launcher has been perfreted for firing the
11.75-inch Tiny Tim., ‘This installation consists of a
Mark 5! bomb rack, and a lanyard and lanyard-op-
crated switches, The rocket is suspended from the
bomb rack, and falls away from the plane when re-
leased. Ae it falle the rocket pulls out the B-foot
lanyard, which unreels until two micro switches are
actuated and ¢urrent Hows through the lanyard to
ignite the rocket propeilant,  Use of the lanyard makes
it possible to delay firing of the rocket motor until the
plane is safely out of the potential zone of rocket blast,

Further information on aircraft rockets may be
found in Naval Airborne Ordnance, NavPers 10826,

Guided Missiles

for surface launching against surface targets.  Scveral
tvpes of guided missiles are now under development.
Among the missions assigned to such missiles are the
following ;

Alr-to-air [AAM).

Air-to-surface {ASM).

Air-to-underwater (AUM).

Surface-to-air [SAM].

Surface-to-surface (SSM).

Surface-tounderwater (SUM).

Underwater-to-air {UAM].

Underwater-to-surface (TISM).
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A number of special rerms are encountered fre-
quently in the study of guided missiles,  Some of these
terms and their meanings are as follows:

Drome. A remotely controlled aireraft.

Glide bomb. A winged missile powered by gravity.

JATO. An auxiliary rocket device for applying
thrust to some struciure or appararus,

Mach number. Ratio of speed of an object to the
speed of sound in air through which the object is mov-
ing. A misile climbing upward through the earth’s
atrnosphere at constant velocity has a constantly in-
creasing Mach number, because sonic speed decreases
with deerease in temperature.

Sonic speed. The speed of sound. This is 766
mph under standard atmospheric conditions. It
varics dircctly as the sguare root of the absolute
lemperature.

Subsonic speed.  Speed less than the speed of sound.

Supersonic ipeed.  Speed greater than the speed of
sound.

11D2. History of guided missiles

Cuided missiles have come into being hecause of
developments in several enginecring ficlds. Parr of
this history begins with the development of air-duct
engines within the present contury,  Guillaume of
France outlined the prineiples of the modern turbo-
jet engine in 1909, and the Italian Campini used the
same sort of propulsion system in the first jet-propelled
airplane, which he designed in 1932, In 1933 Leduc
of France detailed the possibilities of the ram-jet
engine, and in the same year Bleecker of the United
States experimented with a pulse-jet engine,

Meanwhile, the Wright brothers had hegun the
study of acrodynamic design at the turn of the century.
Thereafier, a number of European scientisis turned
their attention to the various problems involved. In
1928 active study of flow phenomena got under way in
the United Slates at the Langley Field Laboratory.
At first thought, thess carly experiments may swem to
have little relationship to modern guided missiles; but
in fact all of them made some contribution, as did the
various experiments with powder rockets renching
back to the 13th century,

The Navy and the Army Air Corps initiated experi-
ments concerned with flying bombs and aerial tor-
prdoes in 1916, An aerial torpedo, launched from a
catapult at the Naval Proving Ground in 1920, flew
for about 13 minutes. Such early experimental
models, however, were scarcely guided missiles, since
they were not subject to control after launching. Then
in 1924 a pilotless seaplane under radio control was
launched successfully, although it crashed in landing.
For a time thercalter, military experimentation in this
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area lagped, because of lack of funds and unsolved
problems of devising suitable controls, But in 1926,
Goddard of the United States perfected and tested the
first successful liquid-fuel rocket. He also developed
the first system of automatic rocket design by using
vanes in the exhaust blast for steering.  In addition,
Goddard was the firse to fire a rocket at supersonic
speed,

In 1936 the Navy initiated a project designed to
produce a radio-controlled, pilotless aircraft which
could be used as a target in gunnery training, Sys-
tems of radio control and stabilization were devised,
and successful flight of a drone plane was effected in
1937.  Shortly thereafter a drone plane was employed
in gunnery exercise at sea. Radio control alsn came
into use for purposes of testing new, txperimental
planes.  Attention also was turned to the possibility of
developing guided missiles in the form of aenal bormbs
or assunlt drones, and radio-controlled gliders.  The
latter were known as glombs, and were tested success-
fully in 1943, but their production was soon discon-
tinued.  However, several types of glide bombs were
soon perfected, and used cffectively in combal in
World War 11, The Navv also began experiments
with u series of jet-propelled guided missiles in 1943;
several types were brought into being but not employed
tactically in Waorld War II.  Since the end of that
war the Navy program of experimentation with guided
missiles has been greatly expanded.

11D3. German long-range missiles

During World War IT the Germans achicved con-
siderable success in the use of long-range missiles, in-
cluding the V-1 pulse-jet missile {buze bomb) and the
V-2 rocket. Both of these wenpons served to effect
area hombardment.  About 15,000 bus bombs and
2,600 V-2 rockets were launched against England
and the channel ports.  The external appearance of a
buzz bomb is shown in figure 11D, Overall length
was a little over 25 feet, and weight at takeolT was
4,750 pounds. Speed attained in fAight was ahout 360
mph, and maximum range was 150 miles;

The V-2 (fig. 11D2) was radically different, being
a true rocket of the liquid-fuel type. Tt had a takeoff
weight of 30,000 pounds; which incuded 19,800
pounds of aleohol, liquid oxygen, and auxiliary [uels;
a warhead of 2,200 pounds; and rocket structures
weighing 8,000 pounds. Maximum velocity atained
by this rocket was approximately 3,000 fps; exhaust
velocity was 7,000 fps, and range was 200-300 miles.
The V-2 rocket was stahilized by graphite vanes in
the exhaust blast, and by the external fins. Earlier
models were guided in flight by an auto-pilot sct to
maintain a predetermined course,
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Frovme 11D2 V-3 rocket fired from deck of USS Midway,
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11D4. Mission of guided missiles

All improvements in weapons, or attempted new
weapons, are direeted toward one or more of the
following:

l. Increased stnking range of the weapon itsclf,
rather than increased range only of the ship or air-
eraft that launches the weapon.

2. Reduction in susceptibility to countermensures,

3. Increased destructive effect gained by greator
accuracy, greater explosive foree, or both.

Guided missiles are needed for both offensive and
defensive reasons. . A little imagination when studying
the above list will lead 10 an understanding that if we
can perfcct missiles in these three ways, we will have
powerful offensive weupons.

On the sther hand, we must assume that the enemv
will also perfect puided missiles. To defend ourselvis
against these enemy weapons, we must have guided
missiles capable of seeking out and destroving the
enermy missiles in flicht. Tt is essential that we gain
and maintain supremacy in this new field.

11D5. The guided-missile principle

We have scen that a guided missile is an unmanned
vehicle whese trajectory is influenced by a self-con-
tained mechanism.  Quite & number of missiles now
commie within the scopre of this definition. Unlike the
Japanese “kamikaze” or suicide planeys of World War
IT, such rnissiles are pilotless by definition.  Each mis-
sile is used only once, however.  This puts a premium
on simplicity of design, low cost, and the possibility of
quantity production.

Until comparatively recent times, projectiles fired
from guns were committed to a certain course and per-
formance at the moment they left the gun muzzles.
Then came the development of proximity fuzes, de-
signed to produce detonation when certain conditions
were mel. The existence of such fuees made possible
onc type of control, but a type which invelves definite
limitations at the longer ranges. A guided missile must
have a mechanism that can make corrections in course
during Aight to compensate for initial errors in launch-
ing, deviation from course due to wind or other of-
fects, and target motion.

To be effective, then, a long-range guided missile
clearly must have a propulsion system capable of pro-
ducing high and sustained specd; must be able to
traverse a considerable range: must incorporate a
mechanism adequate for purposes of guidance; must
have control surfaces capable of effecting necessary
changes in flight path; and must carry a “pay load”
appropriale to its mission.
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The development of such missiles has been aseo-
ciated with rocket development in general, with ad-
vances in jet propulsion and techniques of guidance: or
control, and with perfection of aiframe design for
supersonic spred.  Guided missiles are stll in their
infancy, and it is entirely possible that they may con-
stitute the standard bombardment weapons of Lhe
future. Great advances in their design undoubtedly
will be made in the years ahead. Potentially, the
guided missile is a weapon which may be used at long
range, where conventional gunfire would be either
impossible or ineffective,

11D6. Component parts

In general, a guided missile is composed of four
principal components:

i. Propulsion svstem,

2. War head and fuze.

3. Guidance system.

4. Air [rame.

In this volume, only the first 1wo components will
be considered.  The various systems of missile guid-
ance will be discussed in volume 3.

1107, Propulsion systems

Supersonic speed is the best defense of the guided
missile against enemy countermeasures. Since a
guided miwile cannot casily detect or avoid counter-
measurcs, it relies on ity very high speed to reach s
target.  Similarly, when used defensively Lo intercept
hostile aircralt or missiles, it must have a wide speed
margin over its target. The German V-1 few at
3,000 feet and 400 miles per hour ; as i result, defenses
were able to achieve as high as 95 percent effective-
ness against it.  On the other hand, no German V-2,
a supersonic missile, was ever destroyed in flight by
Allied countermeasures.

Reaction-type power plants (rocket and jet engines)
are the only presently known kind capable of pro-
pelling aerial missiles at these required supersonic
and hypersonic speeds.

We have already studied the rocket principle, which
applies also to jer engines.  Jet propulsion is defined
as motion resulting from ejection of matter from
within the propelled body to create momentum. To
develop thrust, a means of ejecting matter must be
found. This may be done in two ways,

l. Mechanical pets. Pumps or fans can be used o
produce a jet of air, water, or other fluid. A rotating
lawn sprinkler is mechanically jet propelled.

2. Thermal jers. A thermal reaction, usually oxi-
dation. produces great volumes of gases at high tem-
peratures and pressures, which cxpand through a
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ducted oullet, producing a jet. All praciical je
engines wark on the thermal principle.

There are (our vatietics of |t'.1|,tf<':ur|vl}']'.:l:' power
plants;

1. Pulsc jets.

2. Bam jets.

3. Turbo jets,

t Rockets,

Pulse jets. This engine, also known as an inter-
mittent jet, includes an air scoop, a flapper valve
system, a combustion chamber, and a discharge pipe.

The pulse jet is started by foreing compressed air
through the spring-loaded fapper valves, adding the
fuel {usually gasoline) under pressure, and igniting
this mixture with a spark plug. See figure 11133
The fapper valves prevent the expanding gases from
escaping forward, but permit gases o rush out the
discharge pipe mt high velocity, This velocity s so
high, in fact, that the gases overexpand and cause a
partial vacuumn in the combustion chamber. This
action, plus the inrush of air caysed by the motion of
the motor through the atmosphere, opens the flapper
valves und permits wir to enter the combustion
chamber.

Purt of the exhaust gases flow back up the discharge

FUEL FLAME
INJECTION HOLDERS

Annnn

COMBUSTION
CHAMBER

pipe and mect the air coming through the valves,
compressing the new air slightly, This compresion,
plus residual burning fuel, plus the heat of the walls
of the combustion chamber, ignites a new charge of
fuel which enters at this time, and the cycle is re.
peated. It was this intermittent cycle, about 40-50
times per second, which gave the name of “Bum
Bomb" to the German V-1, The pulse jet is not used
for manned Aight.

Advantages!

I. Light, economical, and casy to construct.

2, Usrs atmospheric oxygen so needs no oxidizer,

3. Uses commeon fuels.

Disadvantages:

I, Spred subsonic; limited to about 450 miles per
hour

2. Operation limited 1o carth's atmosphere.

3, High fuel eonsumption.

Ram jets.  This engine is also known as an “atho-
dvd” {contracdon of acro-thermodynamic duct) or a
“Hying stovepipe’ The latter designation is inspired
by the shape of the engine and ity lack of moving parts,
The ram-jot engine consists of a diffuser or inlet air
duct, a combustion chamber, and a discharge nozzle,
Figure 11D4 is a sectional diagram of a ram-jet engine,

NOZZLE

~ “x\\\\\“’\\q\\\\\\\{\\\-

Fioume 11D%.— A ram-jet enging.
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Consider a piece of straight stovepipe at rest. [f
[uel were ignited in the middle of the pipe, the hot
expanding gases would cscape from both ends. Now
comider the pipe moving along its axis ar 400 milcs
per hour. Rammed airv is traveling through the pipe
at 400 miles pur hour without combustion. When
the beat of juel rombustion it added ar a point near
the forward end of the pipe, the gases seck 1o expand
in all directions, Obviously, this cxpansion will he
apposed by the “head” of air at the duct of the pipe.
The only point of cscape is at the rear.  The pressure
und heat produced by combustion are so great that
the gas Jeaves the rear at | 400 miles per hour. The
musy of air entering at the front is thus rapidly accel-
erated to the rear, and produces thrust.

In actual operation the ram jet has a diverzem
inlet nozzle.  This raises the pressure of the air “head"
by decreasing its velocity inside the pipe, and allows
more heat te be added. The discharge nozzle b
convergent, and thus increases the velocity of the jet
stream. Entry head becomes sull grezrer, and makes
the acceleration greater; you can say of the ram jet
that "the faster it goes, the faster it gocs!”

However, the ram jet must be boosted to a high
speed before it will operate.  This reguires 2 booster
that is larger and heavier than the ram jet itself. At
low speeds— 500 1o 800 miles per hour—the ram jet
uses fuel rapidly.  As it reaches extremely high speeds
at very high altitudes, however, the ram-jet unit ftself
guts hot from “skin friction.” This heat increases
the pressure of the ejected gases, and relatively Tintle
Fuel is required.

There is a limit to this, however, for at extremely
high specds skin friction makes the metal of the ram
jet white hot, and it soon collapses.  Rescurch will
have to create metals to withetand this temperatare if
the advantages of the ram jet are to be fully used in
guided missiles.  In the near future, it may be possible
to comstruct a ram jet limited in range only by the
amonnt of fucl carried,

AIR COMPRESSOR

Advantages:

L. Simple- no moving parts.

2. Light and cheap.

4. Easy to manufacture,

4. Uses common fuel,

3. Efficicnt at high speeds and altitudes.

6. Supersoniv,

Disadvantages:

1. Must be hoosted to high speed before it will
operate,

2. Limited to earth’s atmosphere.

3. Speed presently limited to about 2,700 miles per
hour,

Tyrbo jets. The turbo-jet engine includes an air
scoop, a mechanical eompressor driven by a turbine,
a combustion chamber, and an exhavse nowls. Sep
figure 11135, It does not require a booster. A turbo-
jet engine provides good fuel coonomy at both high
and low subsonic speeds.

Turbo-3et propulsion has been used extensively in
airplanes, since it is readily controllable in manned
flight. It has plso been used for the propulsion of
long-range misiles.  Veloeities approximating Mach
I arc attained. Onc objection o the use of turbo-jet
propulsion in expendable missiles, however, is that
the mechanism iy relatively complex and costly.

In vperation of the wrbo-jet engine. the compres-
sor. driven by the gas turbine, supplies air under high
pressure to the combustion chamber, and the turbine
absorbs only part of the jot energy, The result is an
open-cyele gas turhine combined with a jet stream.

The turbo jet 35 limited 10 less than the speed of
sound,  When it approaches the speed of sound, shock
waves develop on the compressor blades and interfere
with their operation. A recent development may per-
mit turbo jets to operate up to Mach 1.2, But such
jets would be relatively inflexible, and very ineflicient

at low speeds.

COMBUSTOR

Fisume 11D5.—A turho-jet engine.,
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PUMP

o moring

Advantages:

L. Develops large satic thrust.

2, Carries fuel only: gets oxygen from air.

3. Thrust practically independent of speed.

4. Burns common fuels,

Disadvantages:

l. Subsonic spreds at present.

2. Complicated engine with moving parts.

3. Power imited by stresses on turbine blades.

4. Must operate in earth's atmosphere,

Liguid-fuel rockets. To overcome the problems of
weight and heat of bumning for long-duration units,
liquid-fuel rockets are used, The problems arc alle-
viated by the fact that the combustion chambér may
be made lighter and smaller than with a solid propel-
lant. Fuel and oxidizer may be fed from their re-
spective tanks to the motor by either the pressure feed
systern or the pump feed system. Figure 11D6 is
a diagram of liquid-propellant rocket motor using the
purap feed system,

Must liquid-fucl motors are of the regenerative type.
Those are built as a double shell, with separate open-
ings for injection of fuel and oxidizer, Fuel enters
the rear of the motor, flows between the walls, couls
the inner surfacy, and makes possible the use of a
thin-walled combustion chamber. The fuel then en-
ters the forward end of the combustion chamber.  This
nol only permits longer burning, but because of the
preheated fuel it also increases the heat cnergy released
on combustion,

The fuel i ignited by a spark or a pyrotechnic de-
vice, Cnee initiated, combustion i self-sustaining,
since: [uel and oxidizer are continuously injected.

The source of power for the pumps is a turbine
driven by a steam generating plant.  Since pressure is
developed only on the owtput side of the pumps, the

265

N

COMBUSTION CHAMBER

EXHAUST NOZZLE

PUMP

Fiovre 11D6—Components of a liquid-propellant rocket mator.

fuel and oxidizer tanks can be of relatively ightweight
COnStruction.

The pressure feed system is similar to the pumnp feed
system, except that pressure in the tanks takes the
place of the putnps. The main disadvantage is that
this pressure must be preater than the operating pres-
sure of the combustion flask, which is 250500 pounds
per square inch, Consequently, the fuel, oxidizer,
and pressure {lasks must be of heavy construction,

A dr-m:mgr; !

1. Relatively simple.

2. Practically unlimited specd.

3, Operatsin any medivm or a vacuum.

4. Relatively few moving parts,

0. Develops full thrust at takeoff.

6. Has less need for a booster than air-breathing
engine,

7. Can utilize multiple-step rockets in eembination
with solid-fue] rockets.

Liradvantages:

. High rate of propellant consumption.

2, Short burning time,

3. Comparatively short range,

4. Cannot be stored fully fueled for long periods of
time,

11D8. War heads and fuzes

War heads. The pavload of a guided missile is its
war head.,  There is an optimum position of burst 1
accomplish the desired effect on the target.  Within
limits, the closer the burst to the target, the smaller the
war head required. On the other hand there &5 a
lirnit to the maximum size of war head for a specilic
missile.  Any increase in the effectiveness of guided
missiles will require either that we launch larger num-
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bers of missiles against each targer, or that we improve
the guidance system. 'The lacter is the most logical
approach to the solution. Constant research is heing
devoted 1o improving methads of guidance.

At present, there iz no reason to believe that the
war heads used by other military weapons cannot be
adapted to guided missiles, The {ollowing tvpes of
war heads might be used:

I, Blaet effect. Depends on shock wave gencrated
by explosive force to do damage.

2, Fragmentation. Depends on explosive force to
eject numerous metzllic fragments at high velocities.

3. Shaped charge. Used for maximum penctration,

4. Explosive pellet. Contains numerous separately
fuzed pellets that withstand initial ejecting foree from
war head, bul detonate on impact with target,

5. Chemical. Contains gases or  incendiary
material.,

6. Binlogical. Releases living micro-organisms to
cause sickness or death.

7. Atomic. TDepends primarily on blast and heat
resulting from atomie fission or fusion.

B, Radiological, Depends primarily on saturation
of target with radicactive material.

The type of target iz the most influential factor in
the selection of war heads. Tt is emphasized that the
war head, and the results it can achicve at the target,
constitute the only justification for huilding and fying
guided missiles,

Fuzes, One or more [fuzes may be used in conjune-
tion with any of the above-listed war heads. Here
3gau1 the tvpe of targer is the most important consid-
eration in the type of fuze desired.

The fuzes used fall imto three gencral categorics:
impact, proximity, and ground-conirolled.

L. fmpact. This fuze is actuated by inertia o0 im-
pact, either at once or alter a pre-set time delay.

2. Promimity. This fuze is actuated by some char-
acteristic of the target, which causes the fuze to operate
at a predetermined distance from the targer.  Follow-
ing are five basic tvpes of proximity fuzes:

a. Radio-proximity (similar to VT fuzcs),

k. Pressure proximity.

o. Electrostatic proximity.

d. Photoelectric proximity.

¢. Acoustic proximity.

3. Ground-controlled fuzes. This fuze does not
contain the mechanism for determining the proximity
of the target, When the missile gets close enough to
its target, a signal to detonate the missile is scnt from
a station om the ground,

A fuze may appear to be a minor component of a
guided missile, but a poorly designed or wrong-tvpe
fuzr: can render an otherwise powerful weapon useless,
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11D9. Problems of guided-missiles design

A guided missile must withstand very heavy accele-
ration forces and inerta loads produced by rapid
turns at high speed. Materials used in construction
must also witnstand very high temperaturcs produced
by air resistance {externall, and fuel combustion (in-
ternall, It is axiomatic chat if the miseile becomes
mizshapen, it will fall out of control.

From the acrodynamic standpeint, a long-range
guided missile must have an airframe adaplable to very
high spred and precise control,  The missile mnust
travel =t 51_15:-(1'50“;'": 5{:@:‘?@ tn realize the full pﬂ_:-ifrr!tiaj—
ities oof jet propulsion and achieve greatest benefit of
surprise at the target.  One of the challenging needs
is to reduce drag: resistance to motion through the air.
Drag increases rapidly as misile velocity increases
within the sonic range: within this range it is difficult
to cffect controlled flight as acecleration increases
The Germans met the problem in their V-2 rocker by
installing eraphite routrol vanes within the jet strcam;
these vanes effected control within the sonic range and
were burned out when the V-2 attained su}}ermn.ic
speed.  Thereafter, the surfaces in the air stream
provided control.

The range attained by a long-range missile depends
primarily upon maximum velocity of that missile.
Maximum wvelocity, in turn, is conditioned by the
amount of Tuel, the exhaust velocity when the fuel =
heing burned, and the effect of drag upon rocket
velocity. For example, one variable is the mas-ratio
of the misile, which represents comparison of (1)
takeofi weizht with fuel load, and {2) weight without
fucl load. The theoretical mass-ratio of the V-2
recket was about 3: 15 however, its actual performance
was more nearly represented by a mass-ratio of 2.2:1.

In preceding discussions we have noted that many
short-range rockets depend upen solid fuels for pro-
pulsion.  The burning rate of sofid fuels can be in-
hibited or delaved, but even so, solid-fuel rockets are
not preferred as long-range vehicles.  This is because
their combustion chambers must be as large as the
fuel charge. and must have relatively heavy walls to
withstand the {orces of combustion. In other types
of long-range missiles it is possible to have small com-
bustion chambers, inte which fuels are drawn as needed
from fuel tanks of much lighter construction.

Thus keroscne or gasoline carried in tanks has com-
monly been used as fuel for air-duct engines. In
liquid-fuel rockets, however, where fuel consumption
is relatively high, the development of superior fuels
becomes a critical consideration,  The (GGermans used
liquid oxygen and aleohol in the V-2 rocket, They
alsn developed a mitric acid and hydrocarbon com-
bination, and a hydrogen peroxide and hydrazine
mixture for use in rocket propulsion.
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Ficure 11D7.

11D10. Single-step versus multiple-step rockets

A rocket missile which has a single propulsion unit
containing a charge which bumns continually to the
point of exhaustion is a single-step rockel. Such a
rocket has the inherent disadvantage thac the weight
of all structures (less weight of consumed fuel) must
be retained throughout the period of acceleration. A
mulfrple-siep vocket. on the other hand, incorporates
one or more propulsion unis which are discarded as
rapudly as they scrve their purpose.  Step 1 is fired
initially and burns to exhaustion.  Step 2 now carries
on the work of aceeleration untl it, too, is exhausted,
whereupon step 3 is ignited and step 2 is discarded,
This pracess continues until all steps incorporated in
the rocket are consumed.  Figure 1D7 shows a sim-
ple two-step rocket, in which 3 booster i used o Five
the missile its initial aceeleration. When the booster
i exhausted the propellant of the larger rocket will be
ignited, and the booster will fall away,

The potential superiority of a multiple-step rocket,
from the standpaint of achieving high velocity, will
now be apparent.  This superiority stems from the
fact that it is not necessary to aceclerate the entine
initial mass (less burned propellant) except during
the burning of the first stage, Lt will also be seen that
the proposed German A-9 and A 10 combination,
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Use of bosster in launching rocket.

previcusly mentioned, represented a sort of multiple-
stage rocker.  The A-10 rocket incorporated the firse
stage and the A 9 rocket incorporated the sceond
stage,

11D011. Launching problems

The Navy problem with respect to the launching of
long-range missiles is complicated by the fact that
launchers must be compact for shiphoard installation,
and that decks of ships do not provide the relatively
stable base for launching that is provided by a land
area. Launchers may be cither fixed, in which case
the missile is dispatched in the fixed direction and
subsequent control must be provided to guide the
missile to the target, or tramable, so that the missile
is initially dispatched in the direction of the target.
A fixed launcher is comparatively simple, but neces-
sitates employment of rather exacting guidance during
Hight for cach missile, and can be cfective only
against long-range targets. A trainable launcher
makes less demand upon guidance in flight at short
range, but is 4 much more complex structure from an
engmecring standpoint,

Among the first guided-mmissile launchers to be used
were gravity launchers for the release of short-range
glide bombs.  Essentially, such launchers arc modified
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bomb racks. The launching thrust is provided by
gravity, and initial train is cffected by maneuvering
the airplane. Early types of glide bambs such as the
Bat were launched in this manner,  Fit launchers were
constructed to fire V-2 rockets.  Within the pit the
missile rested on it stabilizing fins in a vertical posi-
tion; the rocker provided its own launching thruse
Such a pit launcher is an example of a fixed launcher.

Various types of inclined-ramp launchers, such as
the one shown In figure 11D8, have been tested in
experimental work. Such a launcher must provide for
whatever control and initial propulsion are necessary
to get the long-range missile on the way to the target,
o that the missile’s own propulsion and guidance sys-
tems may [unction effectively.  Essential components
may include a set of rails along which the missile
slides in the launching process.  Such a launcher must
also provide stable and rigid support, meet gencral
requirements of eompactness, and withstand the blast
of the missile or its auxiliary boosters,

Some long-range missiles, of rourse, have propulsion
systems which do not function until the missiles have
been accelerated to a requisite velocity,  Booster units
can be employed singly or in combination lo supply
the thrust necessary to produce this velosity. The
thrust can also be provided by action of a catapult,
which also gives support and direction during the
launching period. The Germaps used 2 catapull sys-
tem ko Eim: initial aceeleration o their V-1 bomb, A
catapult is likely to be large, complex, and heavy; on
the other hand, it may be used over and over again,

Fmurr

11D8. —Solid-Fusl booster rocket on o launching
ramp.
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Tt is possible, moreover, 1o use a catapult and booster
charges in rombination. Special gun types of misile
launchers have aleo been developed.

11012, Missiles in use in the Fleet

Although it is not posible in this volume of this
course to po into detail regarding guided misiles that
are now operational in the Fleet or under develop-
ment, chicfly breause of security classification, it is
possible to survey very bricfly here a few important
l.!:].'.l!':ﬁ. !'_‘Ir 'I'I'iiﬁ}iTl"‘H. :Y‘rn:‘.lﬁrning “'I'Ilfﬂh uﬂﬂlﬂﬁ'iiﬁ.f‘:d iﬂfﬂr"
mation is available.

Missile types while under development are identi-
fed by code names rather than by deseriptive nouns
followed by mark and mod numbers.

The best known United States Navy missile at the
present time 15 a surface-to-air (SAM) type known as
the Terrier. Terrier is the chief armament of CAG
ships. At least one DD is being modified to carry it
and it will also be mounted on wome new frigates. It
is a 9-foot-long rocket-propelled weapon, which starts
itz Hight from a twin launcher on the ship'sdeck. The
booster which gives the missile ity start is nearly as
fong as the missile, The booster drops off alter it
burns out. The missile is guided clectronically by the
launching vessel.

The twin launchers on CAG vessels (the present two
are former CA’s) are mounted above ammunmition
hoists which mechanically lift the missiles into the
launcher, Reloading can be done twice a minute.
It has been stated that two Terriers are normally suf-
ficient to bring down any aircraflt. Figure 11D9
shows Terriers in their launchers aboard CAG 1.

An Armmv-developed missile similar in mission vo Ter-
rier is Nike, which is used in defense of ground instal-
lations and cities, Nike is not fired [rom naval vessels.

Talos 15 a newer naval SAM larger than Terrier.
At least one light cruiser is being modified to carry it.

Kepulus is one of several 88M's developed for naval
use. It is a high-subsonic-speed pilotless bomber
which can be launched from any of several types of
ship, including submarines. It can be fired from de-
mountzable launchers or from steam catapults. An-
other SSM «till under development is the Laoon.

Sparrow is a rocket-propelled AAM now opora-
tional in the Fleet. (Sce fig. 11D10.) It is guided
by a radar beam transmitted from the launching air-
craft. Sparrow is aboue 12 feet long, weighs around
300 pounds, and can attain a speed of 1,500 knots
within a few scconds after launching. Tt has proved
cffective against both high-and low altitude targets,
even while they are taking evasive action.

Sidewinder is another rocket-propelled AAM. At
this writing, details of this missile are classified.
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Figure 11D9.—Terrier miriles in launcher abourd CAG 1.

Development is close to completion on the A77Af
Peirel.  This is esscntially a homing torpedo mounted
in an airframe with its own jet engine. It flies for
some distance after launching, jettisons it airframe
and engine when 1t strikes the water, and then func-
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tions as a homing torpedo against a submerged or
partly submerged target.

Aerobee 1z a research vehicle, It is a rocket capable
of specds up to 2,000 knots and altitudes of 78 miles,
It carries instruments rather than a war head,
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Frevrs 11D10,~Sparrow suspended from the wing of the launching afreraft
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TORPEDOES

h'l

1241, General

A torpedo is a self-propelled underwater weapon
that carries a high-explosive charge to its targer, A
torpedo can do more damage than a projectile from
the biggest guns on a hattleship.  There is more ex-
plosive in a torpedo war head than there is in any
projectile.

The torpedo war head explodes under water, and
that increases its destructive effect. When a projectile
explodes, a pant of its [orce is absorbed by the sur-
rounding air. But when the torpedo war head cx-
plodes, the water transfers almost the full force of the
explosion to the hull of the target ship. Thus, even
if a projectile could carry the scame amount of explo-
sive, the torpedo would do more damage.

The torpedo makes it possible for small ships to
carry heavy armament, Bur of course it van not make
a small ship the equal of a large one in combat. A
terpedo moves slowly compared to a projectile, and
its eMective range is much shorter,

12A2, Applications

The torpedo is an important weapon of destroyers,
destroyer escorts, and frigates, Torpedoes are the
principal urmament of PT boats and submarines, and,
under certain conditions, of aireraft. The tacticul use
of torpedoes is gradually changing ; their use in surface
engagements is Jess frequent than it was a number of
vears ago. ‘The outcome of a battle i= likely to he
decided before the enemy is within torpedo range.
Even so, the ability of a destroyer to launch torpedoes
serves as a constant threat to the enemy, and thus limits
the range of maneuver available ta him.

When aircraft approaches a surface ship within
torpedo-launching range, it is vulnerable to antiair-
craft fire, In future warfare, it is likely that both de-
strovers and torpede planes will use suided missiles
against surface targets. The missiles will carry tor-
pedoes to within launching range of the enemy.

m

Introduction

While it is submerged, a submarine is nol vulnerable
to gunfire. A submarine can often approach within
torpedo range of its target before its prosence is de-
tccted,  Torpedoss will thercfore continue to be the
principal armament of submarines in the foreseeable
futuare,

Homing torpedoes are a relatively recent develop-
ment; they have been perfected since the end of World
War II. With homing torpedocs, a destroyer can
attack a submerged submarine, ©ven when its exact
position and depth are unknown., The homing tor-
pedo is becoming increasingly important as 4 weapon
with which one submerged submiarine may attack
another,

12A3. Launching methods

There are two principal ways to launch a torpedo—
by firing it fremn a tube, or by dropping it from a rack.

P'T" hoats launch torpedoes from racks al the sides
of the boat. A P'I' boat may carry from 2 to 4 tor-
pedovs,  Aireralt drop terpedoes from  launching
racks: usually, an aircraft carries only a single torpedo.

Older destroyers carry 5 torpedoes, in a tube mount
that consisis of 2 barrels ade by side.  The tube mount
is carried amidships. Tt can be trained through a
wide are, so that torpedoes may be fired from either
side of the ship, Impulse charges of black powder
are used 1o expel the torpedoes [rom the tube mount
with cnough foree to clear the firing ship.

Newrer destroyers, destroyer escorts, and frigates are
fitted with fixed, non-trainable tubes—usually four of
them, The tubes are located below the weather deck
with their muzzles extending through the sides of the
deck house.  Torpedocs are expelled from these tubes
by compressed air,

Submarines fire torpedoes from fixed, below-water
tubes. The flect-type submarine is hed with 10
tubus—~6 in the bow and 4 in the stern.  On firing, the
wrpedoes are expelled from the tubes by compressed
air. Spare torpedoes are carried in ready racks near
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the tubes. A submarine on war patrol will usually
put to sea with a load of 28 torpedores aboard.

12A4. Requirements of a torpedo

As previously stated, a torpedo is a seli-propelled
weapon. Its principal requircments arc, therefore, a
charge of explosive and a power plant.  As a practical
weapon, a torpedo must have a number of other
features. ‘These include the following:

A shell, or howsing, strong encugh to support the
explosive charge, power plant, and related mecha-
nisms, and strong enough 1o withstand the shock of
launching,

A source of energy for the power plant, and for the
torpede control mechanisms.

An exploder that will detonate the explosive charge
when the torpede reaches its targer, but which will
remain inoperable while the torpedo is close to the
firing ship.

Contral mechanisms that hold the torpede on a
presct course, al a preset depth.

Onie or more propellers to drive the torpedo through
the water.

Tail vanes and rudders, to control course and depth.

Sections B through G of this chapter will show how
these requiremnents arc met in a typical torpedo—the

Mark 13 lype.

12A5. Types of torpedoes in service

All torpedoes are similar in general appearance;
they are typically cigarshaped, as shown in figure
12A1. Torpedocs may be classified in several ways:

1. By their power plants (gas-steam or electric).
Electric torpedocs are powered, of course, by electric
motors: the energy source may be either a dry battery
or a lead-acid storage hattery. The power plant of
4 gas-steam torpedo consists of a pair of turbines and
a gear-reduction engine. In most of the gas-steam
torpedovs, energy is provided by compressed air and
aleohol, In the Mark 16 type, the energy source is
alcohnl and a concentrated solution of hydrogen
prroxide,

2. By the eraft from which they are launched (de-
stroyer, submarine, or aircrafl ).

AN TLALE EECTIOM

3. By their speed and range.

4. By the type of exploder. The impact exploder
operates only when the torpedo actually sirikes its
target. The influence exploder (which will not be
deseribed in this volume) operates when the torpedo
passes feaf its target.

5. By the type of control mechanism. In the older
torpedoes, the control mechanism holds the torpedo
on a previously calculated collision course with the
target. The homing torpedo (which is described
bricfly in article 1216} can steer itsclf toward its tar-
get and, if necessary, chasc it.

The following list summarizes the characteristics of
the nonhoming torpedoes now in the Fleet,

Mark 13 type. The Mark 13 1orpedo, compared
with the others, is short and thick: its length is 1314
feet, and its diameter, 2214 inches.  (The others all
have the same diamcter—21 inches—sn they will fit
the standard torpedo tubes.) The Mark 13 s de-
signed for launching from aircralt and PT boats.  [ts
range is 6,000 yards at an average speed of 3314 knots,
and it carries 600 pounds of high explosive,

Mark 14 and 23 types. The Mark 14 torpedo is
fired from submarines. Tts length is about 20V feet.
It offers a cholee of two speeds. At the high-speed
setting it has a range of 4300 yards. al an average
speed of 46 knots. At the low-speed setting its range
is 9,000 yards, and #ts average spred is 32 kaots. It
carries 600 pounds of high explosive

The Mark 23 torpedo is exactdy like the Mark 14,
except that it has no specd-change mechanism. It
nperates only at high speed.

Mark 15 type. The Mark 15 torpedo is launchued
from the deck tubes of surface ships. It 15 2% feet
long, and carrics an explosive charge of about 800
pounds, It has three specds: 26%4 knots [range
15,000 yards) ; 3314 knots (range 10,000 yards) ; and
45 knots (range 6,000 yards).

Mark 16 type. The Mark 16 is a “chemical” tor-
pedo, It uses a strong solution of hydrogen peroxide,
rather than compressed air, 1o support the combustion
of its fuel. This feature gwives the Mark 16 a rela.
tively high speed and long range, and enables it to
carry a relatively heavy charge of explosive,

Mark 18 type. The Mark 18 is the only nonhoming

WAR FEAD

i__

AFTERRCE T

Ll i

Fwwee 12A1.—Torpedo Mark 15 Maod. 3 with war head.
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electric turpedo now in the Fleet.  [ts principal source
of energy is a large lead-acid storage battery. It has
a length of about 2044 feet, and an effective range of
4,000 yards at an average speed of 29 knots.

12A6. Constryction of the gus-steam torpedo

A gasssteamn torpedo is made up of five sections—
the head, air-flask section, midship section, afterbady,
and tal, Figure 12A1 is an external view of a Mark
15 type torpedo, showing the four principal srctions.
The midship section, which is not indicated in the
figure, is very short; it is located at the after end of
the air-flask section.  Because it is permanently joined
te the air fask, it is not always counted as a scparate
section

When a torpedo 15 issued to the Fleet it consists of
three main units:

l. The head.

2, The air-Hask and midship sections { permancently

Joined).
3. The afterbody and tail {asscmbled together with
Joint serews) .

Figure 12A2 is a cutaway view of a Mark 15 type
torpedo, showing the principal contents of the various
SCCHOTS.

The war kead containg the charge of high explosive,
and the cxploder mechanism that detonates it.

The air-flask section contains the air flask, fuel fAask,
and water compartment,

In the midship section are a number of valves and
fittings for transferring fuel, air, and water between the
air-flask section and the afterbody, and for recharging
the air flask.  Also in the midship section, but at-
tached to the afterbody, is the combustion flask. In
this flask, compressed air and fuel are mixed and
burned, and provide a high-speed stream of exhaust
gases to spin the wrbines,  Water is spraved into the
combustion flask to increase the volume of gases that
gn to the turbines, and to prevent overheating,

The contents of the afterbody include the turbines
and gear-reduction engine, and their lubrication sys-
tem; the starting gear; and the mechanisms that con-
trol the course and running depth of the torpedo.
The depth mechanism includes a diaphragm and pen-
dulum, which determine the torpedo’s depth and the
inclination of its axis, and a depth engine to control
the depth rudders.  The steering mechanism includes
a gyro to determine the torpede’s actual course with
respect to the preset course, and a steering engine to
coptrol the action of the steering rudders.

The mark of a gas-steam worpedo applies to the air
flask, afterbody, and tail. The war head, exercise
head, and gyro have individual marks.
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12B1. General

The head section may be either a war head or an
exercite head. The war head is almost entirely filled
with high explosive. The exploder is mounted in a
cavity on the lower surface of the war head shell. For
a test shot, or for firing practice, an exercise head is
used in place of the war head. The excrcise head
contains no explosive charge, and no exploder mecha-
nism. For an exercise shot, the exercise head is filled
with a liguid ballast-—either water or a solution of
calcium chloride. At the end of an exercise run, the
liquid ballast is autornatically expelled. When the
head is empty, the torpedo has cnough buoyancy to
flvat until it can be recovered,

1282. Funetional deseription

The war head shell serves simply as a container to
house the high-explosive charge and the exploder
mechanism. Since the main charge of explosive is
relatively insensitive to shock, an exploder mechamism
is needed to detonate the main charge when the wor-
pedo strikes the target.  The exploder mechanism s
so designed that, on impact with the target. it explodes
a small detonator charge. The detonator then ex-
plodes a booster charge, which in turn detonates the
main charge,

When the torpedo is launched, the exploder mecha-
nism is in a “safe’™ condition. Tt cannot explode the
hooster charge, even if its detomator explodes ac-
cidentally. During the first few hundred feet of the
torpedo’s run, the exploder mechanism arms itsell.
When the torpedo reaches a safc distance from the
firing ship, the exploder is completely armed. It will
then detonate the main charge when the torpedo
strikes any solid object.

The exercise head simulates the war head during
test firing. It has the same shape as the war head, and
when flled with liquid ballast jt has approximatcly
the same weight. Thus an exercise torpedo has the
same trim and running characteristics it will have
when fired with a war head.

AL the end of the exercise run, compressed air from
the torpedo’s air flask expels the liquid ballast through
a discharge valve, An air-releasing mechanism re-
leases the compressed air into the exercise head auto-
matically when the pressure in the air flask drops to
a predetermined value.

1283. War head

The Mark 13 type torpedo is provided with a Mark
17 war head. It is ogival in shape at its forward cnd,

WATER FLOWS THRU HER
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and cylindrical in its alter part. A nose ring is pro-
vided at the forward end of the shell to [acilitate han-
dling. The shell itself is made of phosphor bronze,
Although the Mark 17 war head uses only an impact
exploder at the present time, the use of phosphor
bronze rather than steel makes it possible to use an
influrnce exploder when necessary,

The high-explosive charge consists of more than
800 pounds of HBX. The lead ballast weight,
mounted in the bottom of the war head shell, helps
o control the trim of the torpedo and to minimize
rolling.

A joint ring at the after end of the war head shell
iz drilled and tapped for the joint screws that secure
the head to the air-flask section,  The alter end of the
shell is closed by a bulkhead, which is bolted to a
flangc on the inner side of the joint ning, A gasket
between the bulkhead and fange Torms a watertight
seal.

The exploder mechanism fifs in a cavity in the hot-
iom of the forward end of the war head. The ex-
ploder is mounted on a base plate, which is secured 1o
the war head shell with screws. The hase plate is
curved to match the curvature of the war head.

12B4. Exploder construction

Any onc of several different exploder mechanisms
may be used In the war head of the Mark 15 torpedo.
The following discussion applies to the impact-oper-
ated Exploder Mechanism Mark 6.

Figure 12B1 shows the location of the expleder in
the war head. The booster charge is shown in out-
line, mounted above the exploder in the top of the
exploder cavity. The arming action of the cxploder
mechanism is brought about by the impeller.  The im-
peller = tumned by the flow of water through the
impcller channel in the exploder mechanism base
plate. The horizontal shaft to which the impeller is
keyed passes into the exploder cavity through u water-
tight packing.

IMPELLER"

=

Frevee 12B1 —Impeller action.



Figure 12B2 shows the Mark 6 exploder in both the
unarmed and armed condition.  The exploder'’s prin.
cipal safety device is the safety chamber, which may
be seen at the top of the pictures. When the ex-
ploder 1s unarmed, the detonator is housed within the
safety chamber. If the detonator should explode pre-
maturely within the safety chamber, it could not deto-
nate the booster charge.  As the exploder arms, the
detonator rises out of the safety chamber to its position
within the booster cavity,

On impact with the target, the detonator of the
Mark 6 exploder is fired by a charge of electricity
stored in a large condenser.  During the first part of
the torpedo run, the condenser is charged by the out-

DETONATOR INSIDE
HAMBER

SAFETY

DELAY DEVICE
(GENERATOR

YOLTAGE

REGULATOR
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put of a dircct-current gencrator driven by the impeller
shaft. The generator output passes through a volt-
age-regulator tube, which keeps its voltage nearly
constant regardless of generator speed.

A sccond salety feature is provided by the delay
device indicated in figure 12B2, part A, A spring-
loaded contact grounds the generator output through
the delay wheel.  As the torpedo moves through the
water, the delay wheel 35 turned by a worm on the
vertical shaft (at the left in figure 12B2). Aficr a
short time, a hole in the delay wheel reaches the spring-
loaded contact. The contact falls into the hole, and
the generator output is no longer grounded. At the
same time, a blank sector on the wheel reaches the

DETONATOR OUT OF
SAFETY CHAMBER

Frauar 12B2.—A: Exploder Mechanism Mark 6, unarmed,
B: Exploder Mechanism Mark 6, armed,
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. BALL DISPLACED

Fraure 12B3.—A: Exploder Mechanism Mark 6 ball switch, open,
B: Exploder Mechuninn Mark 6 ball switch, closced (fired).

wortn on the vertical shali, and the wheel stops
turning.

Figure 12B3 shows the ball switch through which
the detonator is fired on impact,  Note that the lefi
side of the picturcs is forward: when the torpedo is
under way the switch, as shown here, is moving from
right to lefl.  The ball s held in a cup-like depression
by the force of the spring on the movable contact.
When the torpedo strikes its target, the inertia of the
ball carries it forward (to the left), overcoming the
resistance of the spring and closing the contaces. The
ball switch will operate even when the torpedo strikes
the target o glancing blow, A sideways force on the
ball will cavse i to climb ot ol the cups, tlms Ivrt;ir.g
the movable contact forward,

12B5. Exploder operation

At the instant of firing, the exploder is in its unanmed
condition. 'T'he detonator is completely housed within
the safety chamber, The generator output is short-
circuited to grﬂum] 1}1r|::a||gh the d(-]'e.'_r wheel, The
inertiy switch is open.

As the T.nrprdn moves li‘:r'nugh the WRILCT, the im-
peller wheel turns,  The impeller shaft, through the
gear train shawn in figure 12B2, turns both the delay
wheel and the safety chamber. The upper nm of
the safely chamber is threaded on its inside, to matwch
the threads of the detonator. The detonator is frec
to move up and down, but is 20 mounted that it can
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not rotate.  Rotation of the safety chamber thus lifts
the detonator up into the hooster cavity. The delay
wheel, meanwhile, unshorts the generator.  The gen-
erator, through the vollage regulator tube, charges the
condenser. The exploder mechanism is then com-
pletely armed, both electrically and mechanically,
On impact with the target, the inertia ball closes
the switch contacts.  The condenser discharges
through the switch, and through the electric detonator.
The dewnator fires, exploding the booster. The
booster detonares the main charge of high cxplosive,

12B6. Exercise head construction

At the present time, Exercise Fead Mark 31 is used
with Mark 15 torpedoes.  Figure 12B4 shows a sce.
tional view of this excrcise head.

The exercise head has the same shape and size as
the war head. And, like the war head, it is closed at
its after end by a concave bulkhead, The exercise
head, however, is made of steel rather than phosphor
bronze. The war head is strengthened by the high-
cxplosive charge, which completely fills it Since the
exercise head contains no explosive, it is reinforced by
a scries of nine strengthening rings

In the bottom of the exercise head shell, near the
after end, is the discharge valve. This is a one-way
valve, which keeps sea water from entering the head
but permits the liquid ballast to be blown out at the
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Frouse 12B4. —FExercise Head Mark 31,

end of the run. The air-releasing mechanism s
mounted on a flange at the top of the exercise head
shell, and connected by a length of pipe to a hAtting
in the bulkhead. The pipe is always provided with
oric or more loops, to prevént any danger of break-
age due to [utiguc. Two additional flanges, on which
various aceessories may be mounted, are provided at
the top of the head.

12B7. Exercise heod occessories

One or more accessorics are mounted on the fanges
m the top of the exercise head, according to the con-
ditions under which the excreise worpedo is fired.

The headlight helps the recovery crew to locate a
torprdo that has been fired at night. It contains a
bulb and a set of flashlicht batterics. An inertia
switch in the headlight case turns the light on when
the torpeda is fired.

A tareh pot helps in locating an exercise torpedo in
the daytime. The torch pot contains a chemical that
gives off smoke when i1l gets wet. A meral seal on the
torch pot case is removed shortly belore firing. When
the torpedo is fired. water seeps into the case, and the
torch pot begins to smoke.

‘The depth and roll recorder is a mechanical deviee
that helps in the evaluation of the torpedo’s perform-
ance during an exercise run.  Throughout the run,
It makes a continuous graphic record of the torpede’s
running depth and angle of roll.

A pinger is a sound-making device, It is sometimes
used when an exercise torpedo is fired in relatively

C. Air System of a

12C1. General

The inside volume of the Mark 15 air flask is 23
cubic feer, and the flask is charged 10 a pressure of
2,800 psi.  Obviously, a great deal of energy is stored
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shallow water. If the head fails 1o blow and the tor-
pedo sinks, the noise of the pinger makes the torpedo
easier o ind,

12B8. Exercise head operation

When an exercise torpede s Ared, the exercise head
i5 filled with liquid ballast. T'he air-releasing mech-
anism is connected to the air flask through the fitting
ir1 the exercise head bulkhead, and through the blow
valve on the flask. The blow valve is opened when
the torpedo is prepared for firing, This allows com-
pressed air, at full fAask pressure, o reach the air
releasing mechanism.  Air pressure overcomes the
pressure of a spring inside the mechamian, and closes
its valve so that no air ¢can enter the head section.

During the torpedo run, the torpedo constantly uses
air from its air flask, and the flask pressure slowly
falls. When it reaches a cerfain predetermined level,
it can no longer overcome the spring pressure in the
air-releasing mechanism, ‘The valve opens, and re-
leases compressed air into the cxercise head.,  Air
pressure then forces the liquid ballast out through the
discharee valve,

12B9. Exercise firing and recovery

Every torpedo is given at least one prool run before
il is issued to the Fleet.  Tn the Fleer 1t will make one
or more practice runs before i is returned to a tender
[or overhaul.

An cxervise torpedo is recovered from a boar that
approaches from the lee side, 1o prevent any danger
of drifting down on the torpedu. The torpedo is
nearly vertical in the water, hecause of its empty head
section. A moose 15 passed over the torpedo’s nose,
and a line sccured to the nose ring.  The torpedo is
towed slowly until it iy nearly level in the water,
The noovse can then be worked aft and sccured around
the tail section.  As a safety precaution, to keep the
torpedo engine from starting up again, the stop valve
15 closed and a lock installed on the propellers as soon
as these parts are accessible.  The torpedo is then
towed back to the firing ship.

After hoisting an exercite torpedo aboard, the
torpedo crew will perform a preseribed lubrication and
maintenance routine to prevent corrosion and deterio-
ration because of salt water.

Mark 15 Torpedo

i the air Hask.  Compressed alr alone cauld be used
to spin the turbines, and to drive the wrpedo for a
considerable distance.  But both the speed and range

of the torpedo are inereased by passing the compressed
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Foure 12C3.—Charging the air Hask.

starting valve by an air pipe. Tt allows the starting

S e valve to open by venting the pressure in this pipe.

= i [ ] When these features have been added, the air system
has reached the stage shown in figure 12C4.

A number of desirable features can still be added.

For example, the starting gear begins to vent air from

the starting valve as son as the torpedo is fired. To

5 prevent waste, this air should be carried back into the

air system.  Because there is a drop in pressure as
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Fiouae 1202 —Sccond diagram of the air system.

between the stop valve and the starting valve,  The air
flask may now he recharged, as follows:

1. Close the stop valve (il itisopen).

2. Connect the charging line to the charging valve.
{Figure 12C3,)

3. Open the stop valve

+. Open the valve in the charging line, and charge
the Mlask to full pressure.  { The starting valve is closed,
and keeps air out of the rest of the svstem.) e

5. Close the stop valve. S

6. Close the valve in the charging line, and discon- B
nect the fine, warzs

The pressure in the air Aask—2,800 psi—is much
too high for most of the torpedo mechanisms. A re-
ducing valve is therefore added, between the starting i
valve and the lines that go to the fuel and water com- T
partments.  The starting gear is connected to the Friours 1204,

HEBLEING
VELYE

EEARALIAT I Bgy

Third diagram of the air system
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the air passes through the starting gear, the pipe that
returns the gir from the starting gear will be connected
o the low-pressure side of the reducing valve.

Flask-pressure air is used to blow the exercise head
at the end of an excrcise run, Wy therefore need a
pipe extending from the flask, which ¢an be ronnected
to the fitting in the exergise head bulkhead, A Blow
pelve must be added in the pipe, 50 that it can be
closed off at all times except when an exercise head
iy in place.

In the system shown in figure 1204, there is noth-
ing to keep fuel and water [rom trickling and sloshing
into the air system and combustion pot before the
torpedo is fired.  This can be prevented by putting
check valves in both air lines, and in the fuel and
water delivery pipes.  T'he check valves are closed by
Jow-pressure springs.  As soon as the torpedo is fired,
working-pressure air overcomes the spring pressure,
and forces the check valves open.

The air system has now heen developed to the stage
shown in figure 1205, It i3 necarly complete.  Only
a [ew refinements arc needed,

As the air expands in the |H]urir1g valve, its tem-
perature drops.  But the reducing valve works more
efficiently when it 15 warm than when 1t is cold. This
difficulty can be overcome by preheating the air hefore
it reaches the reducing valve,  The prefeater consists
simply of one or more loops in the main air pipe,
located between the charging valve and the starting
valve. . The preheater is mounted in the aflterbody,
where the hot exbiaust gascs from the turbine can flow
aver it.

High-pressurc air is used to bring the gyro up to
speed. The gyro-spinning mechanism is therefore
connected to the main air pipe at 2 point between
the starting wvalve and the reducing valve. The
igniter, mounted in the combustion flask, s connected
1o the air system on the working-pressure side of the
reducing valve.  As soon us the torpedo is fired, work.-
ing-pressure air will operate the igniter,

Working-pressure air is also used to operate the con-
trol mechanisms.  Beeause of the close tolerances in
these mechanisms, the air is first passed through an air
strainer body.  From there, it goes to both the steering
engine and the depth engine.  Air [rom the strainer
body is also used to sustain the speed of the gyro, after
it has heen brought up to speed by the gyro-spinning
mechanism.  But because the full working pressure is
too high for this purpose, the air first passes through a
gyre reducer, which decreases its pressure to about 125
i

Figure 12C6 shows the diagram of the completed air
svstem of a2 Mark 13-type torpedo, [ Remember that
this diagram is not intended to show the relative size or
location of the parts. Tt rnerely shows how they are
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connected  together.)  Figure 1207 is a schematic
dizagram that shows the actual appearance of the parts.

The operation of the air system can be reviewed by
showing what happens during a war shot. At the in-
stant hefore firing, with torpedo loaded in the twbe, the
following conditions exist. The stop valve is open.
The charging valve will let air flow 10 the ﬂar‘t:m’,
gear; but itz charging fitting is closed so that no air can
Irak outboard at that point. Bocause this is a war
shot, the blow valve is closed.  There is flask-pressure
air in the preheater.  'There is flask pressure on the
Mask side of the starting valve and in the ling fromn the
starting valve to the starting gcar. But the air is
blocked off at the 5hrt1n9;1.ahr and starting gear, and
there i no pressure in the system bevond those points.

When the torpedeo is fired the following things hap-
pen. ([ The operations are listed here in numbered
steps,  But remember that as soon as the starting valve
oprns, all the rest of the operations happen almost
simultancously. )

1. As the torpedo beging to move forward in the
tube, the tripping lateh in the tube strikes the torpodn’s
srarting lever, and throws it aft.

2. The starting gear vents the line from the start-
ing valve, and the pressure in this line drops.

The starting valve opens

4. Flask-pressure air goes to the gyro-spinning
mechanism, which spins the gvro and quickly brings it
up o full specd.  'The mechanism then shuts fselfl off,
and UEes O More air,

5. Flask-pressure air passes through the reducing
valve, which drops it to working pressure—about 50
psi.

6. Air from the starting gear passcs back into the
svstemn on the low-pressure side of the reducing valve,

7. Working-pressure air flows into the combustion
fMask through a restriction valve and an air whirl.

. Working-pressure air opens the air check valve
in the line to the fuel compartment.  The pressure in
the fuel compartment opens, the fucl cheek valve, and
fucl Bows into the cornbustion flask through a restrie-
tion valve and a fuel spray.

9. Working-pressure air flows to the igniter, and
starts it burning. The igniter ignites the luel-air
mixiure,

10, Working-pressure air opens the air check valve
in the line to the water compartment.  The pressure
in the water compartment opens the water choeck valve,
and water flows into the combustion flask through a
restriction valve and a water spray,

1. A mixture of hol compressed air, combustion
gases, and steam strikes the turbme blades, and spms
the turhine. The turhine, throvgh the gears and shalts
of the main engine, spins the propellers.
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12. Working-pressure air passes through the air
strainer 1o the depth engine. The depth cngine will
then operate the depth rudders as soon as it gets an
order from the depth mechanism,

13, Air from the air strainer body goes to the steer-
ing cngine.  The stecring engine will then throw the
steering rudders as soon as it gets an order from the
steering mechanism.

14. Air from the air strainer body goes through the
gyro reducer. which drops its pressure o 125 psi
This low-pressure air keeps the gyro spinning.

12€3. Air-Nosk section

The air-llusk section includes the air flask and the
fuel and water compartments; the midship section is
permancntly attached 1o its after end.  The air-flusk
section s by far the longest section of an air-steam
terpedo; in the Mark 15 type, it makes up more than
hall the wtal length. Figure 1208 shows a scetional
view of the air-flask section; the lefi-hand end of (he
picture s forward, Note that part of the fask
has been cut out; it is relatively longer than it appears
in the ||1{|.f.'lr.:!'u1n
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The air flask is made up of several forgings welded
into a unmit. 11 is cosed at both ends by dome-shaped
bulkhrads, pcrmanently welded in place. In the cen-
ter of the forward bulkhead is a small, removable bulk-
head, which gives access 10 the inside of the flask. A
clamp and lock nut held the small bulkhead in place,
and the pressure inside the Aask forees it firmly against
its seat.

A short length of pipe conncects the removable bualk-
head to the blow valve. As previously explained, the
blow valve is opened [or an excreise shot, and closed
for a war shod.

A nut and nipple connect the main air pipe to the
after bulkhead of the air flask. The pigtail shape of
this pipe allows the air Hask bulkhead and the water
compartment bulkhead to expand and contract when
the temperature changes, without putting any strain
on the nipples. The dry pipe goes straight into the
flask from the main air pipe. At the end of an ex-
ercisc Tan the torpedo floats almost vertically, with
its tail down. The dry pipe keeps any water that may
be in the flask from running down through the main
air connection

The water com parirmient is enclosed h\ the outer
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shell of the torpedo. It s closed at its forward end by
the after bulkhead of the air flask, and at its alter end
by the water comparument bulkhead. This bulkhead
fits against a ground scat, and is held in place by screws.

O its forward face, the water compartment bulk-
head supports the doughmutshaped fus! flask on four
brackets. In the top of the [wel flask is a filling plug.
When the torpedo is assembled, this plug lies directly
under a second plug in the outer shell of the torpedo.
This mukes it possible to Gll hoth the water compart-
ment ard the fuel Mask through a single opening in the
torpedo shell,

In the rim of the water compartment bulkhead are
four clamping nipples. T'e these are connected the
twoy pipes thar pressurize the fuel and water compart-
menes, and the [uel and water delivery pipes. A
safety feature—the blowout plug—is also mounted in
the water compartment bulkhead.  If. through me-
chanical [aflure, flask-pressure air should enter the
water compartment, a copper disc in the blowout plug
would give wayv. The high pressure would then be
vented through the plug and into the midship section,
without scrious damage to the water compartment or
fuel fask,

TO AIR RELEASING
MECHAMISM

BLOW-0UT

BLOW WALVE AIR FLASK WATER COMPARTMENT PLUG

MIDSHIF
SECTION

DRY FIPE

FUEL FLASK

Fsurg 1208 —Air-flazk section
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12C4. Fittings of the midship section

The midship section is a short steel ring, riveted and
soldered to the after end of the aic Hask secton.  Its
alter end is machined o form a joint with the after-
body. At its forward end, the midship section 1=
closed by the water compartment bulkhead, When
the torpedeo is assembled, the midship section is closed
at its wlter end by the warhine bulkhead of the after-
body. The midship section carries the stop and
charging valves, the [ucl and water check valves, the
fuel and water strainers, the two air check valves, and
the speed-serting socker. The combustion  flask,
igniter, reducing valve, and several other parts arc
mounted on the forward face of the turbine bulkhead,
and are therefore considered parts of the afterbody,
However, they are enclesed by the midship section
shell when the torpedo is assembled.

Figure 12C9 shows the fittings attached to the
after side of the water compartment bulkhead,  All
of these parts are enclosed by the midship section,
and the valve housings are secured to the midship
section shell by serews.  Figure 12C10 shows the top
of the midship section of an assembled Mark 15 tor-
pedo,  Note the openings in the shell.  Fuel, air, and
water pass between the air-flask section and the after-
body through five separare lines. The connections
for these lines can be secured only after the air-flask
section has been asscmbled to the afterbody. The
npﬂnings in the l'I'Ii'l:]'S]'IiFI section make this pussihh:.
Two additional openings are not shown in [ligure
12C10.  One of these provides access to a vent fitting,
the vther to the igniter.

When the torpedo i1s under way, sea water floods the
midship section through the openings in its shell,
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Fravee 12010, Midship section of a Mark 15 torpedo; top

VIEW,
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Froure 12C11.—Stop and charging valves.

Some of the fitings in the midship scction have to
carry hot gasvs. The sca water that flows around
thern keeps themn from overheating.

12C5. Stop and charging valves

The stop and charging valves are contained n a
single housing, as shown in figure 12C11.  The open-
ing at the right s connected o the air flask through
the main air pipe; from the opening at the left, a
pipe takes air to the starting valve,

The stop valve plug makes an airtight connection
against a washer on its seat.  Inside the plug is the
pperating spindle,  The sinall threaded follower serews
into the inside of the plug. The shoulder on the op-
erating spindle makcs an airtight seal between the
plug and the follower, so that no air can leak outhoard
through the stop valve.

To open the stop valve, the operating spindle is
turned manually with a socket wrench.  The spindle
can not rise, because its shoulder 1s bearing against
the plug. But the square shank at the bottom of the
spindle turms the threaded stop valve carricr. The
carrier rizes, and lifts the stop valve off is seal.

The stop valve must be opened to charge the air
flask. Tt is cloted apain as soon as charging is com-
pleted.  During final preparations for firing, the stop
valve is opened shortly before the torpedo is loaded
into the wbe.

I'he charging valve assembly consists of a plug valve
and a spring-loaded check valve. The plug must be
removed before charging the flask. Sprong pressure
on the check valve holds it shut, so that no air can
leak outboard. When the charging fitting is screwed
in, its tip unscats the check valve,

12C6. Check valves

The 2 air check valves—1 for fucl and | for water—
are identical, and are housed in a single casting, Fig-
ure 12C12 shows the air check valve housing, with the
[uel air check valve partially cut away.

Before the torpedo is fired, spring pressure holds
both of the air check valves on their seats.  The valves
thus serve 1o wolate the fuel and water compartments
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Frovee 12012 —The air check valves,

from each other, and 1o keep fucl and water out of
the air pipes. When the torpede is fired, air from
the reducing valve enters the housing through the
nipple shown at the leftin figure 12C12. It surrounds
both valve stems, overcomes the spring pressure, opens
the valves, and flows to the fuel and water compart-
ments. 'The restrictor serves to smooth out any surges
of pressurc that might pressurize the fuel and water
comparements unequally, with resulting damage to the
fuel flask. 'T'he spaces above the valves are vented
through a common opening.  The venting feature pre-
venls any air that may leak up past the valve stems
from cushioning the action of the valves.

The water air check valve will also serve as a safety
device in the cvent that air leaks from the main air
pipe into the water compartments before fring, 1
the pressure excecds 5 psi, it will unseat the valve and
exhaust into the combustion flask.

The fuel and water check valves and strainers are
mounted in a single housing, as shown in figure 12C13,
The strainers remove any foreign manter that may be
present in the fuel and water. The two check valves
are similar in principle to the air check valves. Before
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COMBIESTION FLASK
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COMESTION FLASK i
0 ViNT WATLR COMFARTRENT
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Ficere [2003. —Furl and water strainens and check valves
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firing, spring pressure keeps the valves closed, and thus
keeps fuel and water out of the combustion flask. On
firing, pressure builds up in the fuel and water com-
partments, and unseats the valves, Fuel and water
then flow through the strainers and check valves. The
fuel and water check valves, like the air check valves,
are vented through a common opening,

The location of the four cheek valves in the midship
section may be seen in figure 12C9.  This figure also
shows the location of the vent fitting.  When the tor-
prdo is assembled, a pipe carries any air vented
through this fitting into the afterbody,

12C7. Restriction valves

Before entering the combustion flask, both fuel and
water flow through restriction valves, which control
the speed of flow. Working-pressure air, before it
enters the combustion flask, also Aows through a -
striction valve. The reswiction causes a small de-
crease in alr pressure; as a result, the pressure in the
fuel and water comparuments s hicher than that in
the combustion flask. T1 is this differential pressure—
from 40 1o 75 psi—that forces fuel und water into the
Mask.

12CB. Starting valve

The starting valve, reducing valve, and restriction
valve arc located in a single housing, as shown in
figure 12014

When the stop valve is closed, there is no pressure
on either side of the sturting valve,  Its spring holds it
shut, When the stop valve is opened, flask-pressure air
flows in through the passage marked “1 in the illus-
tration, und surrounds the bottom part of the valve,
A deep groove runs arcund the bottom of the valve,
Flask-pressure air fills this groove, pushing up against
the top of it and down against the hottom.

(Nore: In this discussion, the ternw “up” and
“down’ refer only w0 figure 12C14—not to the actual
valve as assembled in the torpedo.}

Because the arca of the top of the gromwve is larger
than that of the bottom, the total pressure on the top
of the groove is greater, thus tending to overcome the
spring pressure and open the valve, But, while the
stop valve is being opened, air leaks up through a
smiall passage in the starting valve and fills the space
above it.  This air goes through the connection ar *2*
{figure 120147, to the starting piston of the starting
gear.  Dut, until the torpedo is fired, this passage is
blecked off at the starting gear. By the time the stop
valve is fully open. the space above the starling valve
1% Blled with flask-pressure air. Since Hask-pressure air



NAVAL ORDNANCE AND GUNNERY, VOL. 1

T AR STRAMER BODY

tE
TO STARTING PISTON
STARTIMNG VALVE 7 3
r 2 e
FROM,
AR FLASK
6 2 &
: B
|
Ligc
10 GYRO

COMNTROL VALVE

FROM STARTING GEAR

TO AR CHECK VaLVES
11
TO KGMNITER

REDUCING VALVE STEM

RESTRICTIONS

IO COMBLSTION
. - FLASK
-

o e

RESTRICTION
VALVE

Froume 12C14.—Starting and reducing valve groups with contal valee,

it now pushing down on a much larger area than it's
pushing up on, air pressure helps the spring keep the
starting valve elosac.

When the torpedo is fired, the starting gear vents
the air line and the pressure above the starting valve
drops. The pressure at the bottom of the valve farces
it open, and flask-pressure air flows into chamber “37.
From there it goes to three places. It goes 1o the righs,
and Hows around the bottom end of the reducing valve
stem, It goes through the control pipe (6}, through
a small restriction at “'9", and into the control chamber
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(7). And it goes through outlet “4” to the gvro-
spinning meochanism,

12C%. Reducing and control valves

In fgure 12014, note the letters A, B, G, and D on
the lower part of the reducing valve stem.  These
letters refer to the différent cross-sectional areas that
the air pressure acts on. In the picture, the valve is
partlv open.  Tmagine the valve stem in a higher posi.
tion, with the valve completely closed,  Flask-pressure
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air will then be pushing upward on the area A minus
B, and downward on the area C minus B. Since A
minus B iz bigeer than € minus B, the net force is up-
wand, and the valve stayvs closed.

But air i ako gpoing through the contrel pipe (6)
and the restricdon (9), into the cantrol chamber (7).
There i1 pushes down on arca E, and forces the valve
open.  As soon as the valve s open, air Bows into the
reduced-pressure chamber [B). And there it pushes
up against area 1), and tends o close the valve again
So the valve stem moves up and down until it finds
a point at which the upward forces exactly balance the
downward forces.

The contrel valve (tigure 120C14) is a spring-regu-
lated leak-off for the control chamber,  As air prossure
builds up in the contrel chamber, it moves the control
valve against the pressure of irs spring.  Because the
restriction at 9" is small, pressure builds up rather
slowly in the control chamber. When it reaches a
certain preset valve, the piston of the control valve
uncovers ¢ groove in the control valve housing, and
some of the air leaks out,. The control valve serves 1o
keep the pressure in the contral chamber constant
The actual pressure on the working-pressure side of the
reducing valve depencs on the pressure in the control
chamber,  Thus the working pressure can be adjusted,
to some extent, by adjusting the pressure on the control
vitlve spring.

As the torpedo uses up the air in the air flask, the
flask pressure gradually drops.  But the working pros-
sure remains constant,  1f the pressure in chamber “8"
should sturt to drop, the upward pressure on area D
would also deop. The valve would open wider, letting
more air into “8". 1 the pressure in “8" should ger
oo high, it would tend to close the valve and bring
the working pressure back to normal.

From the reduced-pressure chamber (8), the work-
ing-pressure air goes to three places. Tt goes through
passage “ | 1" 1o the igniter. It goes through “12" o
the two wir check valves. And it goes through the
restriction in the restriction valve, into chamber Y57,
and from there to the combustion MNask.

The two upper passages in the restriction valve stem
{hgure 12014) are for fuel and water. The three
passages through the restriction valve stem contral the
rate at which fuel, air, and water enter the combus-
tion flask, Thus the delivery rate, and therefore the
runming speed of the torpedo, can be changed by turn-
ing the restriction valve stem on its axis.  Turmng the
vilve stemn will bring other passages, of dillerent
diametir, into position,

12€10. Starting gear

When the torpedo is fired, the starting gear vents
the pressure above the piston of the starting valve,
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The starting valve will then open, and release air to
the reducing valve,

Figure 12213 represents the starting gear of a Mark
13 torpedo. Note thar the right-hand side of the
illustration is forward. The upper half of the illus-
tration shows the condidgen of the starting gear before
the twrpedo s fired, The startine gcar valve and
piston may be secn in the small diagram at the upper
right, The valve is scated, and spring pressure holds
itin place. High-pressure air enters the valve housing
through the opening at the left, which is ronnected
by & pipe to the space above the starting valve piston,
This high-pressure air pushes downward on the valve,
and aids the spring pressure in keeping it shut,

The starting gear operates when the torpedo is fired.
The piston lifier then forces the piston upward, open-
ing the valve.  The high-pressure air above the valve
is vented through the right-hand passage, permitting
the starting valve to open.

‘The starting gear of a Mark 15 torpedo iy operated
by two separate devices—the starting lever and the
inertia weight, The starting rear is mounted in the
top of the alterbody, with the starting lever projecting
upward through an opening in the afierbody shell.
When the torpedo begins to move forward in the tube
on launching, a tripping lutch in the wbe engages the
starting lever and throws it afl, The siariing lever,
through a mechanical linkage, moves the piston lifter
upward towurd the starting piston, but it does not
lift the piston,

As the torpedn gains momentum in the tube, the
inertia weight trends to lag aft.  The weight, through
a second linkage, completes the upward movement of
the piston lifter, and opens the valve, A spring-loaded
latch holds the starting gear in this position, so that
its valve can net close again during the torpedo run.
Throughout the run, a small flow of air continues to
pass through the starting gear, and is returned to the
low-pressure side of the air systemn.

As shown in the lower half of figure 12C15. neither
the starting lever nor the inertia weight can operate
the starting gear alone.  Both must act together be-
fore the valve can open.  This safety feature prevents
the possibility of accidentally starting the torpedo
before it is fired.

The indcx spindle is operated manually with a
socketwrench.  “Turning the spindle releases the latch,
and permits the starting lever and inertia weight w
return to their original positions.  The index spindle
ix used o stop the torpedo afier a tost run on deck,
and to rcseat the starting piston before the air flask is
q:i’!argud.
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D. Superheating System of a Mark 15 Torpedo

12D1. General

Figure 12D1 is a diagram of the superheating sys-
tem of a Mark 15 torpedo. The system consists of
the combustion flask, the devices through which air,
fucl, and water enter the flask, the igniter, the nozzles
through which combustion gases flow to the turbine
blades, and the nozzle valve. All of these parts arc
mounted on the forward [ace of the turbine bulkhead.

12D2. Functional description

As previously explained, the compressed air in the
torpedo’s air flask has enough energy to propel the
torpedo for a short distance at moderate speed.  But
bhoth speed and range are increased considerably by
superheating the compressed air.  This is done in the
combustion flask, where fuel is burned in a stream of
working-pressure air.  In burning, the liquid fuel is
converted to gases, which add their volume to that of
the compressed air. The heat of combustion increases
the pressure, and therefore the speed at which the
combustion gases strike the turbine blades. The water
that is sprayed into the fask to cool it turns to steam,
and adds to the volume of gases.  The water, of course,
contributes no cnergy to the system. But it doces take
encrgy that would otherwise be wasted as heat, and
makes it do useful work.

When the torpedo’s starting valve opens, air passes
through the reducing and restriction valves, and into
a fitting at the end of the combustion flask. A part
of this air passes out through a pipe to the air strainer
body, 1o operate the depth and steering engines.  The
rest of it enters the flask through a whirl or premizer,
which gives it a spinning motion.  Air from the re-
ducing valve also flows to the fuel and water compart-
ments, and forces fuel and water into the Mask, As
previously explained, the air pressure drops slightly as
the air passes through the restriction valve. The
pressure in the fuel and water compartments is there-
fore higher than that in the combustion flask, thus
insuring a continuows flow of fuel and water into the
Hask,

The f[uel spray, mounted in the center of the air
whirl, delivers fucl in the form of a fine mist. The
[ucl and the whiding air mix thoroughly, and the
igniter starts them burning. Once ignited, the fuel
and air mixture continues to burn without any further
help from the igniter. The igniter bums out after
about 6 seconds,

Watcr is delivered to the combustion flask through
two water sprays.  (Only one of them iy visible in
figure 12D1.) ‘The water spray holders are longer
than the fuel spray holder, and are set decper into the
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combustion flask. That gives the air-fuel mixture a
chance to burn before water is sprayed into it

The hot combustion gases pass at high velocity {rom
the combustion flask to the nozzle unit. They strike
the blades of the first tubine wheel, and start it spin-
ning. The gases are deflected from the blades of the
first turbine wheel and strike those of the second, and
spin it in the opposite direction.

The nozzle valve (figure 12D1) is a part of the
speed-change mechanism Note, in the illustration,
that combustion gases pass through five separate now-
gles before they reach the first turbine wheel. When
the nozzle valve is raised a short distance it closes 3
of the nozzles, leaving only 2 of them open. When
raised all the way, the valve closes all of the nozees
but one.

12D3. Igniter

The igniter may be seen in figure 1211, serewed into
place in a threaded opening in the combustion fAask.
During transportation or overhaul of the torpedo, a
dumimy igniter is used in this opening to keep out drilt
and moisture. During preparations for firing, the
dummy is removed and replaced by the real igniter.
A protecting nut and lead disc are then removed from
the outer end of the igniter, and an air pipe from the
reducing valve is connected o it

Figure 12D2 shows a eutaway view of the igniter,
When the torpedo is launched, air from the reducing
valve enters through the reduced-pressure air inlet at
the outer end.  Air pressure, acting through the rub-
ber diaphragm, presses down on the housing, The
sheer nibs hold the housing in place until pressure in
the igniter builds up to about 250 psi. Then they
suddenly give way. The housing and the firing pins
snap down, and fire the primer caps.  Flame from the
caps spurts down through the two ignition tubes, blows
out the end seal, and lights tha ignition charge. The
ignition charge burmns from the bottom upward.

12D4. Speed-change mechanism

The speed change mechanism is not a part of the
superheating system, but is closely associated with it
The mechanism is so designed that the torpedo tube
crew can change the speed at which the torpedo will
run by turning a single shaft accessible from outside
the torpedo, The torpedo tube barrel is provided
with a spring-loaded spindle [or this purpose. This
spindle ean be forced down into the socket of the
speed-sctting shaft of the torpedo.  The torpedo speed
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Figure 12D1. —Combustion Aask and nozzle unit.

can thus be changed at any tim¢ up to a few seconds
before launching.

Figurc 12D3 is a diagrammatic vicw of the speed.-
change mechanisrn of a Mark 15 torpedo, The
operating shafr is at the left of the figure, and the
sctling socket at the top of the shaft. Turning the
shaft does three things:

1. It changes the size of the restrictions in the re-
striction valve.

2. It changes the number of nozeles covered by the
nozzle valve,

3. Tt changes the gear ratio of the main engine,

The operating shafl, through its asociated gear
train, turns the restriction valve stem.  One of the
gears in this train meshes with a rack on the lower end
of the nozzle valve stem, so thal turning the operating
shaft will raise or lower the nozzle valve. A cam is Ficvne 12D2 —Igniter Mark 6.
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Freure 12D3.—Specd-change mechanism and nozzles {in low-speed setting).

293



NAVAL ORDNANCE AND GUNNERY, VOL. 1

mounted on the operating shaft near its lower end.
The insert at the upper right of figure 12D3 shows
how the cam changes the rotary motion of the shaft
to a fore-and-aft motion of the gear shift operating

rod.
later.)

Speed-setting data for the Mark 15 torpedo is sum-
marized in the {ollowing table.

{The gear-shilt mechanism will be described

SeEER-SETTING DATA

Spindle Seeving Resiriction Vialve | Rear Ratio Number of | Stondard Speed Dezipned
{ Nozgales Range
HNGH. ... ..., .| Large Opening. . . ... .| High 5| 460 knots. .. ...| 6,000 vds
| Fo i SRR Intermediate Opening. .. .| High. . .. _ ... 2| 335 knots, . . ...| 10,000 yds
BOW. oo Small Opening. . . . .. | Low. . 1|265knots. . ... ‘ 15,000 yds

E. Main Engine of a Mark 15 Torpedo

12E1. General

The main engine is located entirely within the
afterbody, and is supported by A-frames securcd to
the after side of the turbine bulkhead. Tt consists
of the wrbine wheels, gear reduction train, and pro-
peller shafts, along with the frames, spindles, shafts,
and bearings that support these parts, and the oiling
systcm that lubricates them. The main engine of a
Mark 15 torprdo, viewed from the starboard side, is
shown in figure 12E1.

12E2. Functional description

The main cngine converts turbine-wheel rotation
into propeller rotation.  In order to do this effectively,
it must have several special features,

Because of the high wvelocity at which the com-
bustion gascs strike the turbines, the turbine wheels
must turn at high speed in order to use the available
encrgy efficiently,  But, if the propellers are to aperate
efficiently, they must turn more slowly than the turbine
whecls, and develop a higher torque, The main
engine must therefore include a gear reduction train.

The torpedo is provided with two propellers, which
rotate in opposite directions but at the same speed.
This feature is necessary because the torque developed
by a single propeller would tend to roll the torpedo
in the opposite direction. As previously stated, the
two turbine wheels also turn in opposite directions.
But it is not possible to drive cach propeller with a
dilferent marbine wheel, because the first turbine wheel
develops a much higher torque than the second.  The
main engine must therefore combine the two unequal
torques developed by the turbine wheels, and then
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divide this force cqually between the two counter-
rotating propellers.

Finally, the main engine must continuously hubri-
cate its moving parts throughout the torpedo run.

12E3. Gear train

Figure 12E2 is a schematic diagram of the main
engine.  This illustration should be compared with
figure 12E1, bearing in mind that the two views are
from opposite sides.  (The side gears arc not shown
in figure 12E2; they will be described later,)

Each of the two turbine wheels is mounted on a
separate spindle.  The first turbine spindle is short
and hollow, and carrics the first turbine pinion at its
lower end,  The second turbine spindle is longer, and
passes through the opening in the first spindle. The
second turbine pinion is mounted at the bottom of the
second turbine spindle.

As they pass through the nozzles, the hot combustion
gases cxpand and reach a high spced—about 4.000
fect per second, They strike the blades of the first
(lower) turbine wheel, and spin it counterclockwise
{as viewed from the top of the torpedo), The first
turbine turns its spindle, and the first turbine pinion,
counterclockwise,  The pinion meshes with the upper
main drive gear, and turns it clockwise. The drive
gear turns the upper bevel pinion clockwise.

The combustion gases are deflected {rom the blades
of the first turhine, and strike the blades of the second
(upper] turbine. The second turbine spins clock-
wise {still looking down from the top). The second
turbine turns the second turbine spindle, and the
second turbine pinion. The sccond turbine pinion
turns the lower main drive gear counterclockwise,
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Fizure 12El.-—Main cagine.

Each of the 2 bevel pinions meshes with both bevel
gears, Working together, the 2 pinions turn the 2
bevel gears. The forward bevel gear tums counter-
clockwise (looking aft from the forward end of the
engine}, The after bevel gear turns the forward
{outer) propeller shaft, which turns the forward pro-
peller.  The forward propeller shaft is hollow: the
after propeller shaft turns inside it. The forward
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Fizure 12E2.—Schematic dizgram of the main engine.
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bevel gear turns the after {inner) propeller shaft,
which turns the alter propeller. PBecause the two pro-
peller shafts are linked together through the bevel
gears and bevel pinions, they tum in opposite direc-
tions at the same speed,

12E4. Turbines and turbine spindles

Figure 12E3 shows the turbine and spindle assem-
bly; the spindle casing is at the left. In both turbines,
the blades are of crescent-shaped cross section, On
the end of each blade is a smull projection 10 which
the turbine band is riveted.  The turbine band is made
up of overlapping scgments. The clearance at the
butt ¢nds of the segments gives them room o ex-
pand when they ger hot.  The blades of the second
turbine eurve in the opposite dircction from those of
the first turbine.  And the blades of the second turbine
are slightly larger than those of the first, so that the
gases can kecp expanding as they pass through the
turbine.

The wvpper and middle bearings support the first
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Frouee 12E3.—Turbine and spindic assembly,

turbinie spindle. "I'he second turbine spindle, which
passes through the first, is supported by the lower bear-
ing and the top bearing. {The top hearing does not
show in figure 12E3: it is located above the sacond
turbine wheel.)

12E5. Crosshead assembly

The crosshead is shown in figure 12E4, Tts outer
ends ure supported in the two A-frames.  Bronze bush-
ings fit over the two crosshead shafts. These bushings
serve as bearings for the main drive gears and bevel
pinions. { Each drive gear and pinion combination is
machined [rom a single forging,)  In fizure 12E4 the
bushings are in place on the crosshead.  Note the spiral
oll grooves on the surface of the bushings.
also, to the right of the strut, a small pinion gear ma-
chined on the outside of the forward propeller shaft
This pinion supplies the power that drives the steering
mechanism.

MNotice

The after propeller shaft passes through the cross-
head in a floating bronze bushing. ‘The forward bevwel
gear is keved to the alter (inner) propeller shaft; the
after bevel gear it keved to the forward (outer) pro-
peller shaft. ‘The outer propeller shaft turns in a
!;r:.erg in the engine frame strut.  This bearing sup-
ports the shalt radially; it prevents any motion at
right angles to the torpedo axis, Between the after
bevel gear and the crosshead arc a bearing washer
and a thrust bearing

12E6, Engine thrust

As the propellers tum, they develop a thrust, or
pushing force. They transmit this throst o their
shafts, To drive the torpedo through the water, this
thrust must be taken [rom the propeller shalts and
applied to the shell of the torpedo. This is done in
threc ways:
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Freors 12B4—Crosshead asesmbly.

The after bevel gear is driven by the two bevel
pinions, Because of the slope of the gear teeth, the
turning force of the bevel pinions tends to push the
bevel gear aft. DBut the thrust of the forward pro-
peller tends to push the bevel gear lorward. The
thrust of the propeller is stronger than that of the
gears. A part of the thrust of the forward propeller
therefore goes through the after bevel gear to the bevel
pinions, and from there to the crosshead. The rest
of the thrust from the forward propeller is applied to
the ¢rosshead directly, through a thrust bearing and
washer.

The crosshead transmits the forward thrust through
the A-frames and the wrbine bulkhead to the shell
of the torpedo. The alter propeller shaft applics its
thrust to a thrust bearing mounted on the after side
of the turbine spindle casing, The spindle casing car-
rics the thrust through the A-frames to the turbine
hulkhead.

12E7. Engine balancing

Any rapidly rotating body develops a gyroscopic
action, and resists any force that tends to turn its
axis of rotation. The engine parts of a Mark 13 tor-
pedo rotate fast cnough to develop a considerable
gvroscopie action. To keep this action from inter-
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fering with the steering mechanizm of the torpedo, the
main cngine is balanced. The gyroscopic force of
vach of the principal rotating parts is balanced by the
farce of a similar part rotating in the opposite direc-
tion. For example, the gyro action of the first turbine
wheel is balanced by that of the sccond.  Other pairs
of counterrotating parts include the turbine pinions,
the main drive gears, the bevel pinions, and the bevel
gears.

12E8. Side gear assembly

As previously explained, the specd-change mech-
anism of the Mark 15 torpedo includes a means for
changing the gear ratio in the main engine, This is
accomplished by interposing idler gears, called side
gears, between the turbine pinions and the main drive
gears. Figure 12E5 is a diagram representing the
side gears in the low-speed setting (left) and the high-
speed setting (right].

The side gear carrier is mounted on the turbine
spindle casing. When the speed-sctting socket is
turned the camn rotates, moving the operating rod back-
ward or forward. The operating rod turns the side
grar carrier, so that either the high-power or the low-
power side gear may be engaged with the main drive
FCAT.
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Ficure 12E5—Speedchange mechanism, showing positions of gears and cam.

The turhine spindle gear {turbine pinion) is en-
gaged with both side gears at all times, Tn the left-
hand diagram (figure 12E3), the hu.:h power side gear
is turning idly; the main drive pear is driven t]‘amuﬂh
the low-power side gear, The right-hand dmgnm
shows the opposite condition,

Figure 12E5 shows only 1 set of side gears. There
are, of course, 2 such sets—1 for each of the two tur-
bine pinions and main drive gears. This can be seen
in figure 12E1, in which the 2 low- -power side gears
arc meshed with the 2 main drive gears.

12E9. Diling system

The alter propeller shaft bearings are lubricated by
grease, which has been applied under pressure to seal
the afterbody against entry of sea water. All other
bearings associated with the main engine, as well as all
the gear teeth, are supplied with oil throughout the
torpedo run.

Figure 12156 is a diagram of the oiling system of a
Mark 15 torpedo.  Oil flows from the two oil tanks
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w the reservoir.  The rescrvoir ensures o steady sup-
ply of vil for the pump. 'The pump which is driven
by 4 worm on the bottom of the second turbine spindle,
operates at constant pressure.  Excess oil is bypassed,
and returns to the reservoir. The pump forces oil
through 2 separate outlets—1 for the turbine spindle
bearings and [ for the crosshead. The oil that flows
o the crosshead lubricates the crosshead bushing, the
driving pimion bushings, and the top bearing of the
seeond turhine.

The pump does not force oil directly to the gear
teeth, or the strut bearing, or the propeller shaft thrust
bearing. But oil leaks out constantly past the main
d"'l'n'l'lﬂ' gear washers, and past the Lrowhmd bushing.
The turning gears whip this nil into a spray, or fog.
Thiz oil fop lubscates all the parts that aren’t supplied
directly by the ail pump,

12E10. Exhaust system

Figure 12E7 shows the exhaust sysiem of 2 Mark 15
torpedo, looking down from the top.  The two tubes
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Fizvre 12E7.—Exhaust system.

carry exhaust gases from the spare above the turbines
to the tail section. Near the after end of the afrerbody,
each tube separales into two branches. [In hgure
12E7, the lower branch of each tube is hidden.] The
exhaust gascs enter the tail section through four open-
ings in the after bulkhead of the afterbody.

When the torpedo is under way, the main engine
space is filled with a fog of oil.  If this fog is allowed
to mix with the hot exhaust gases it will burn. The

Fl

12F1. General

The torpedo is provided with 2 pairs of rudders—1
horizontal and 1 vertical.  The vertical rudders control
the steering of the torpedo to left or right, and keep it
an its preset course.  The horizontal rudders steer the
torpede up or down, to keep it at i preset depth.

The 2 control systems—1 for steering and 1 for
depth—arc located in the afterbody. The stecring
systemn consists of a gyro, a pallet mechanism, and a
steering engine. The depth system econsists of a dia-
phragm, pendulum, and depth engine. Each of the
two engines pperates a rod that extends aft through 2
packing in the after bulkhead of the afierbody. Each
of the two rods is connected to its pair of rudders
through a semicircular voke.

12F2. Functional description

The control mechanisms have been called the
“braing” of the torpedo. The steering mechanism
turns the torpedo to its preser course, and kecps it
there. If the torpedo wanders off course to left or
right, the steering mechanism throws the vertical steer-
ing rudders to correct the error. And the depth
mechanism brings the torpedo to its preset depth and
keeps it there. If it starts to rise too high in the
water, or sink too low, the depth mechanism throws
the horizontal rudders to bring the torpedo back to it
proper depth,
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torpedo will then leave a heavy wake of smoke. This
is prevented In fwo ways:

1. Under the wrbines, attached to the top engine
frame, is a sheet steel pan called the turbine oil guard.
This pan, together with thin horizontal and vertical
bulkheads, keeps oil fog out of the cxhaust system.

2. Above the upper turbine spindle bearing 15 a
baffle, called the oil deflector ring.  This ring keeps
the oil in the spindle bearing from entering the turbine
exhaust spacc.

Control Systems of a Mark 15 Torpedo

Each of the 2 control mechanisms consists of 3 parts:
a sensing part, a detecting part, and an engine.

Sensing pari.  In the steering mechanism, the sens-
ing part is the gyroscope. There is no way to keep
the torpede on course unless some part of the mech-
anism always points in the same direction—regardless
of which way the torpedo may turn. Throughout
the torpedo run, the axis of the gyro always points in
the same direction.

The depth mechanism has two sensing parts—a dia-
phrarm and a pendulum. To keep the torpedo at
the proper depth the mechanism must include a part
that can measure how deep the torpedo is in the water,
The dizphragm does that job. The pendulum is sensi-
tive 1o the “running attitude”™ of the torpedo.  Since
the pendulum tends to hang straight down, it can tell
if the torpedo is tlted up or down, or if it is running
fevel.

Detecting part. In the steering mechanism, the
detecting part is the pallet mechanism. Assume that
a torpedo has been fired with zero gyro angle.  Then
the axis of the gvro lies along the desired course of
the torpedo, and it will point out the proper course
throughout the run.  1f the torpedo turns to the left
or right from its course, the pallet mechanism will
detect the diference and send correcting orders to the
slecring engine.

In the depth mechanism, the diaphragm and pen-



dulum arc linked together. Through this linkage
they work together to send corrective signals 1o the
depth engine.

Engines. The steering engine, when it gets an order
from the pallet mechanism, throws the vertical steer-
ing rudders in the direction required Lo bring the tor-
pedo back on course. When the depth engine gets
an order [rom the diaphragm and pendulum linkage,
it moves the horizontal depth rudders in the direction
required to bring the torpedo back to its preset depth.

Both engines are powered by working-pressure air.
The two control mechanisms provide only enough
energy to actuatc the controls of the engines. Com-
pressed air, rather than the gyro or diaphragm and
pendulurmn, does the work of wrning the rudders.

DEPTH ENGINE
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12F3. Contrel mechanism assembly

Figure 12F] shows the control mechanism assembly
of a Mark 15 torpedn, locking from the starhoard side.
The entire assembly is mounted on an oval base plate,
which fits a Aanged opening in the lower side of the
afterbody shell, and is secured in place by screws.  The
vertical cylinder in the conter of the assembly is the
gyro pot, which serves as a housing for the gyro and its
gimbal mounting. The poellet mechanism, which de-
tects the relative position of the gyro axis, is mounted
on the 1op plate at the wop of the gyro pot.  For an
angle shot, the top plawc and pallet mechanism are
rotated, through a shaft and gear train, by a sctting
socket on the outside of the alterbody shell.

The pallet mechanism is inked to the valve of the

GYRD REDUCER SOCKET FOR DEFTH.

/

HORLLOMNTAL LOMWER
INDEX SHAFT  pypEX SHAFT

ADJUSTABLE

BASE COUPLING

UPPER
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Fuivre 12F1.—Gyro und depth mechanism.
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steering emgine, which is visible in figure 12F1 on the
starboard side of the gvro pot. The depth engine is
mounted in a similar position on the opposite side of
the pot. The air strainer body is mounted on the
outhoard side of the steering engine,  Air passes from
the strainer to the stecring and depth engines, and to
the gvro reducer { near the upper right in fiure 12F1).
Low-pressure air for sustaining the gyro spin enters the
gvro pot through a fitting in the eenter of the top plate.

The gvro spinning and unlocking mechanism gives
the gyro its initial speed al the moment of firing. Itis
visible at the extreme left in figure 12F1. The pen-
dulum of the depth mechanismn is at the extreme right.
The diaphragm assembly is mounted on the base plate
under the pendulum.

12F4. Gyro

The action of a gyroscope is explained clsewhere in
this text. The gyro has two properties that make it
useful in ordnance devices, The property of preces-
ston is used in the lead-computing sight. The property
of rigidity in space is used in the wrpedo. Through-
out the torpedo run, the axis of the spinning gyro re-
mains rigid in space; that iy, it points constantly in the
same direction, If the torpedo wirns ofl its proper
course, it must turn with respect to the gvro axis,
which remains fixed.  The pallet mechanism detects
this relative turning, and sends the necessary corrective
orders to the steering engine.

Figure 12F2 shows how a torpedo gyro is assembled
in its gimhals, The gvro wheel alone is shown at the
top of the illustration. Most of its weight is concen-
trated in its outer rim, to increase its gyroscopic action.
Throughout the torpedo run, low-pressure air from
the gyro reducer strikes the spinning buckets on the
outer rim of the wheel, to maintain the original rate
of spin. A spur gear is mounted on each end of the
gyro wheel axis. One of these is engaged by a gear of
the gyro spinning and unlocking mechanism, o give
the wheel its initial spin.  The other is present to bal-
ance the first, and 1o provide equal air resistance so
that no unbalanced forces will be applicd to the gyro.

The middle picture shows the gyra wheel mounted
in its inner gimbal. The wheel is free to rotate on
its bearings within the inner gimbal,  Note that paris
of the inner gimbal are cut away to expose the two
$hur FCars.

The lower picture shows the gvro and gimbals com-
pletely assembled. (Note that in each of the three
pictures the gyro wheel is shown in a different posia
tion.) In the torpedo, the gyro spins on a fore-and-
aft horizontal axis within the inner gimbal. The
inner gimbal itself is free to rotate on a horizontal axis
at right angles to that of the ayro wheel. an bear-
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ings in the outer gimbal.  The outer gimbal is free to
rotate on a vertical axis, in bearings mounted in the
top and bottom plates of the myro pot. Thus the
gyro wheel, with three degrees of frecdom, is free to
turn in any direction with respect to the torpedo.
Or, more precisely, the torpedo is free to turn in any
direction without disturbing the gyro axis.

The cam plate is rigidly attached (o the top of the
outer gimbal. I the torpedo turns with respect to the
gyro, it therefore turns with respect to the cam plate.
The pallet mechanism, by detecting the relative posi-
tion of the cam on the cam plate, is able to determine
when the torpedo has turned off course, and in which
direction,

The gyro sustaining air enters through a fitting in
the center of the top plate. 1t flows through passages
in the upper arms of the outer gimbal, through the
inner gimbal bearings, and through passages in the
inner gimbal arms to the spinning buckets,
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Froure 12F2.—Ilow a2 torpede gyro is assembled.
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12F5. Spinning and wnlocking mechanism

At the instant of firing, the gyro is rigidly locked
with its axis of spin parallel to the axis of the torpede.
This is accomplished by the centering pin of the spin-
ning and unlocking mechanism. The centering pin
iz engaged in a cavity in the center of the alter side
of the inner gimbal. This cavity may be seen in the
lower illustration in figure 12F2; it is located just
below the opening for the spur gear.  The spur gear
18 enguged by a gear on the spinning mechanism,

When the starting valve opens, flask-pressure air
enters the spinning mechanism and spins its turbine.
This gpin is transmitted (o the gyro wheel through its
spur gear, The gyro wheel reaches full speed in a littde
more than half a second. The spinning gear then
snaps out of enwagement with the gyro spur gear.
When this action is completed, the centering pin snaps
out of the cavity, unlocking the gyro and leaving it
free to control the steering of the torpedo. A valve
in the spinning and unlocking mechanism closes auto-
matically, to shut off the supply of high-pressure air.

12F6. Pallet mechanism

Figuri: 12F3 shows the pallet mechanism of a Mark
15 torpedo, mounted on the gyro top plate.  The pallet

PALLET PAWLS

PALLET

driving gear is turned by a spur gear on the forward
fouter) propeller shaft. Tis rotation is transmitted to
the bevel gear in the center of the gvra top plate.

Figure 12F4 is a diagram of the whole stecring
mechanism.  [The mechanism shown is actually that
of a Mark 13 torpede. Tt differs from the Mark 15
in a few details of the linkage between the pallet mech-
anism and the steering engine.  This difference may
be seen by comparing figure 12F4 with 12F3. The
pallet mechanisms, and the principles of operation, are
the same.)

Cn the shaft of the eccontric gear (figure 12F4) is
a cam that passes through an opening in the vecentric
plate.  Rotation of the cam gives a fore-and-aft mo-
tion to the plate, and to the pallet shaft holder at-
tached to it. 'The pallet shaft is free to turn within
its holder, but must move fore-and-aft with it. Thus
the pallet shaft and its pallet (at the top) and its two
cam pawls (at the bottom) have a continual fore-and-
aft motion throughout the torpede run.

If the pallet (figure 12F4) is on dead center during
its motion aft, it will pass between the two pallet
pawls. But if the paller shaft has been rotated in
either direction, the paller will strike one of the pallet
pawls and throw it aft. The two pawls arc so linked

PALLET DRIVING GEAR

Frovee 12F3.—Pallet mechanism.
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Pallet assembly has been
thrust aft by motion of
pallet slide; ﬁa.]'fet blade

! et pawl aft,

o aveld disturbance of
gyro, pallet slide is kept in
eonstant motion fore and
aft, so contacts with cam
are momentary,

Top view above shows
cam pawls forward with
port pawl engaging port
gruuve. causing pallet I):J-rnh port pa

lade to awing to position
opposite port et pawl,
Lower view shows ﬁaﬂe{
blade in position for thrust
against pawl,

The pallet blade having
received its “steering
orders™ through momen-
tary contact of the cam
pawls with the cam and
plate, the pallet moves aft,

ashing the toe of the star-
rd pallet pawl aft,

Pallet assembly has been
brought beck by motion of
pallet slide; torpedo is now
assumed to have swung off
eourae to storboard, Star.
board ecam pawl engages
starboard !"'-"""E in cam
plate, and pallet blade
swings to starboard.

Frzunk |2F5.—Operation of the pailet mechzniom

iove the valve of the steering engine.  “The action of
the paller mechanism is shown in detail in fgure 12F5.

Assume that the torpedo has tumed off course to
port. The gyro axis and cam are still pointing in the
original dircction; the torpedo has turned to port with
respect to the gyro axis and cam.  Because the pallet
shaft is abaft the cam plate, it has moved to the star-
hoard side of the cam. When the pallet shaft moves
forward, the port cam pawl will strike the cam. 'The
pallet shaft will um counterclockwise (looking down
from the top). The pallet blade will swing to star-
board, When the [J-;lllt'l.' shalt moves aft, the p:\.l]l.'t
will strike the starbourd pallet pawl and throw it aft.
The linkage will move the port pallet pawl forward,
and it will move the stecring engine valve af:.

The steering cngine is so designed that when it
valve is moved in one direction, its piston moves [ull-
throw in the opposite direction.  The piston will there-
fore move forward, carrying the piston fork and rudder
tod with it.  The rudder rod, through its yoke, will
apply right rudder. The rudder will turn the Lorpedo
bick onto its course.

Actually, the torpedo will not step turning when it
comes back on course. It will swing off course an
thie other side.  The rudder will stay where it & unzil

the stecring engine gets the opposite order.  And there
will be no new order to the engine until the wrpedo
has crossed its course, so that the other cam pawl can
strike the cam.

Therelore, the track of the torpedo is not a straight
line. The rudder oscillaies constandy, and the tor-
pedo weaves back and forth across its course.  Hut
hecause the pallet mechanism is sensitive, the weaving
is wrnully the actual track is very elose to i steaipht line,

Summary. The pallet mechanism i driven by
powrr taken [rom the forward propeller shaft. A part
of the pallet mechanism makes a light, intermittent
contact with the cam plate of the gyro.  1f the tarpedo
has mmed off course, the mechaniem will detect a
rhange in the relative position of the cam plate.  Then,
through a mechanical linkage, it will send an appro-
priatc order to the steering cngine valve.  The steer-
ing cngine will respond by throwing the rudders in
the direction necessary to bring the torpedo back on
LIS,

12F7. Angle fire

In the [oregoing discussion, it has been assumed
thiut the pallee shaft is always in Jine with the gyro
uxis, and that the pallct slide moves forward and aft.
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But those conditions exist only when the torpedo s
fired with zero gyro angle,

It is often inconvenient or impossible to launch a
torpedo in the direction required by the solution to
the t1orpedo fire control problem.  This is especially
truec with fixed tubes. In such sitvations angle fire
is used. The strering mechanism is set so that the
torpedo, afier it enters the water, will tumn through
the angle necessary to bring it onto its proper course.

For an angle shot, the gyro angle is set through
one of the gyro sctting sockets on the outside of the
wrpeda.  The socket, through a gear truin, turns the
gvin top plate through the desired gyro angle.  (But
note carefully that it does not move the gyro.) The
top plate carries the whole pallet mechanism around
with it Since an eccentric cam drives the pallet slide,
the slide will still have its back-and-forth motion in the
new position. That motion will no longer be fore-
and-aft. but it will still be toward and away from the
center of the gyro top plate.

Figure 12F6 shows the angle of the gyro, the palley,
and the rudder—Ifor bath a straight shot and an angle
shot, In diagram A, the torpedo is ready to be fired
on u straight shot. The gyro angle is set at zera, The
cam pawls are in line with the gyrm axis and the cam,
resdy to correct any deviation from the course.

In diagram B, the torpedo is ready to be fired on an
angle shot. The desired gyro angle has been set, thus
turning the gyro top plate and moving the cam pawls
away from the gyro axis,  The angle between the cam
pawls and the gyro axis is cxactly the angle through
which the torpedo will turn.  Note that [or an angle
shot, as well as for a straight shot, the gyro axis i
fore-and-aft at the moment of firing,

In part C of hgure 12F6, the wrpedo is under way
on an angle shot.  The cam pawls have detected that
the torpedo s off its set course, 'They have turned
the pallet shaft, and the pallet mechanism has ordered
feft rudder.  Tn the diagram, the rudder has turned
the torpedo part way through the desired angle.  And
the cam pawly are part way around 1o the gyro axis.
Notice that the gyro axis is still peinted in its original
direction,

Tn diagram 12, the torpedo has straightened out on
the course it wis set for.  The cam pawls have moved
around into line with the gvio axis and the cam.  The
rudder is oscillating in the normal way.  And the gym
axis is still pointing in the original direction.

12F8. Depth mechanism

While the steering mechanism brings the torpedo
onto its proper course and keeps it there, the depth
mechanism brings it to its proper depth and keeps it
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there.  The two horizontal depth rudders control the
running depth of the torpedn.  The depth engine,
powered by compressed air from the reducing valve,
operates the rudders. And the depth mechanism
sends orders (o the valve of the depth engine.

I'his system has two sensing parts-—a hydrostatic
diaphragm and a pendulum. “The flexible diaphragm
is open to sea water on one side; a spring ressts the
prussure of the water. The stronger the watler pres-
sure, the farther the diaphragm will move against the
force of the spring,

Since the pressure of the waler depends on the
depth, the pisition of the diaphragm can be uerd 1o
indicate the depth at which the torpedo is running.
Because the pendulum responds to gravity, and tends
to hang straight down, it can determine the angle at
which the torpedo s changing depth.  “The diaphragm
and pendulum work together to send orders 1o the
depth engine,

There are two reasons why the depth engine may
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nced new orders.  First, the torpedo may be running
at the wrong depth.  Sccond, it may be changing its
depth at too stecp an angle.

Assume the torpedo is runming below its preset
depth. The diaphragm responds to the extra water
pressure, and sends an up rudder order to the depth
engine, The torpedo beging to climb,  If the engine
gets no further orders, the torpedo will be elimbing
fast when it reaches the right depth, and it will over-
shoot, Then the diaphragm will zend & down rudder
order. The torpede will go down and overshoot
again. 5o, il the 1orpedo is going 1o make a success-
ful run, the depth mechanism must control not only
its depth, but also the rate at which it changes depth.

Figure 12F7 shows schematically how the diaphragm
and pendulum work together.

Under the diaphragm is a sealed chamber of air.
Sea water reaches the upper surface of the diaphragm
through suitable passages, and tends to push it down.
"The spring, being under tension, resists this downward
pressure.  { The depth at which the torpedo will run
is st by adjusting the tension of this spring. )

To see how the mechanism works, assume that the
torpedo is below its set depth, with its axis horizontal.
Water pressure pushes the diaphragm down, against
the foree of the spring and the resistance of the air
trapped in the chamber. The downward movement

of the diaphragm rocks the diaphragm lever counter-
clockwise. Since the diaphragm has only a himited
movement, the lever iz pivoted near the diaphragm, so
that it multiplics the diaphragm movement by a factor
of 18.

The pendulum lever and link transfer the rocking
movement to the pendulum, swinging it forward (to
the lefi in figure 12F7). The pendulum pulls the
depth engine valve rod forward.  The depth engine 15
built so that its piston follows the movement of the
valve,. So the piston moves forward, applying up
rudder, and the torpedo begins to climh.

But as the torpedo turns upward, gravity tends to
pull the pendulum aft {to the nght in fgure 12F7),
against the action of the diaphragm. That reduccs
tne amount of up rudder., When the climbing angle
is just steep cnough to make the diaphragm action
balance the pendulumn action, the rudder will be in
neatral.  Bul the torpedo will still be climbing.

Az it climbs, the water pressure becomes less. 5o
the downward pressure on the diaphragm decreases.
That lets the pendulum move farther 10 the right, and
apply down rudder. The torpedo begins to level off,
and reaches its sct depth at a slow rate of climb. TIn
that wav, the pendulum tends to prevent overshooting,
And the torpedo runs at a nearly uniform depth—the
depth set before firing by adjusting the tension on the
diaphragm spring.

Figure 12F8 is a cutaway view of the depth mecha-
msm. It shows the actual appearance and location of
the parts shown schematically in figure 12F7. These
two Hgures should be carefully compared.

Like the steering engine, the depth engine works on
compressed air from the reducing valve.  But the two
engines differ considerably in operation. When the
valve of the steering engine moves in one direction,
the piston goes full-throw in the opposite direction.
Tt has no in-between positions.  But the piston of the
depth engine moves in the same direction as its valve,
And it follows the valve exactly. So the depth engine
can hold the horizontal depth rudders at any position
beoween full up and full down.

G. Tail Section of a Mark 15 Torpedo

12G1. General

The tail section is a short, truncated cone.  Holes
are drilled in its forward end so that it may be secured
to the afterbody with joint screws. The principal
parts that it carrics arc:

1. The surfaces that drive the torpedo through the
water—the two propellers,
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2. The surfaces that control the path of the tor-
pedo—the tail blades and rudders.

3. The sleeves and hubs that support the propellers,

4. The rods and yokes that operate the rudders.

12G2. Construction

Figure 12G1 is a cutaway view of the tail section. A
bearing in the after bulkhead of the afterbody sup-
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pors the afier end of the forward propelier shafe. The
alter propeller shafl turns, in a bronze bushing, inside
the forward propeller shalt. The forward propeller
sleeve (B in figure 12610 is keyed to the forward pro-
peller shaft and sccured to it by screws. The after
propetler sleeve (C) s secured to the after propeller
shaft in the same way,

The forward propeller slecve turns in the tail bear-
ing (). ‘The afwr propeller sleeve turns in four
bronze bushings { R ioside the forward sleeve, The
grease reservoir shell (8) holds a supply of grease
inside the after propeller sleeve.  When the tarpedo
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is under way. the hot exhaust gases melt the grease in
the rescrvoir.  Cenorifugal force pushes the melted
grease through small passages in the propeller sleeves,
to lubricate the bushings (T} and the tail bearing (F),

The forward propeller hub {3} is keyed (o the for-
ward propeller sleeve, The forward propeller nut
zerews onto the sleeve to hold the propeller in place.
Locking screws keep the nut from working loose.  Half
of cach locking serew is in the nut, and half in the pro-
peller, The after propeller hub {]) is an integral part
of the afrer propeller sleeve.  Fxcept for that, the
miounting of the after propeller s the same as that of



Chapter 12—TORPEDQES

M N Q R s

Frouvse 12G1—Cutaway view of the tail section: (A) wail cane; (B) forward propellor sleeve: (C) after propeller sleevr;
(DY) vertical blade; (B steering rudder: (F) tail bearing: (G} forward propeller hub; {H} forward propeller; (I} for:
ward propeller nue; () after propeller nut; (M} grease retainer ring for forwsrd propeller sleeve ; (N} drain and aceess
hole; {0} wvertical blade; {P) steering rudder adjusting rod; (Q) steering rudder; (R) propeller sleeve bushings; (%)
greass  reservoir shell
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the forward propeller. Bach of the 2 propellers has
4 hlades.

The exhaust gases pass through openings in the
alter bulkhead of the afterbody, and enter the ail
through exhaust valves. [ One of these valves is visible
in figure 12¢:1.) Springs in the exhaust valves hold
them shut, except when the pressure of exhaust gases
forces them open,  The exhause valves thus keep water
out of the aflterbody at the end of an excreise run, and
when the torpedo is in the flooded tube of a submarine.
When the torpedo starts. pressure builds up in the ex-
haust tubes and pushes the valves open.  The exhaust

zases then flow into the tail, into the propeller sleeves
through the holes in their forward ends, and out to
the sca.

The four tail blades are riveted to projections on the
outside of the tail cone,  They stabilize the torpedo as
it travels through the water.  The two pairs of rudders
are mounted at the alter cdges of the tail blades, Each
rudder turns in an inner bearing on the tail cone, and
an outer bearing screwed to the tail blade. These
outer bearings have n double purpose, Their outer
edges scrve as bearing surfaces to puide the tail as the
torpedo slides through the torpedo tube,

H. Aircraft Torpedoes

12H1. Censtruction and use

Adreralt torpedovs came into common tactical use
during Waorld War I1, as alternate weapons to aireraft
hombs for use in attacks on surface ships, Torpedo
attacks, however, ordinarily are net made against
well-defended wnits, unless supporting atrack s made
sttnultuncously by other tvpes of planes to divide the
cnemny antiaircraft firee  When properly emploved,
torpedo attack may force encioy ships to maneuver
into un unfaverable pesition with respect to a main
attack delvered by own ships, or accept the penalty
of torpedo hits,

Aircraft torpedoes must be able to withstand heavy
water impacts, They must also be capable of main-
taining stable flight from plane to water, and a stable
course through the water to the target. The Mark 13
wrpedo, shown in figure 12H1, is one of the older types
still in service use. It is similar to the Mark 15 tor-
pedo but differs in cenain details of size and design,
including the incorporation of special stabilization
elements necessary for cffective launching from air-
craflt, ‘

An aircraft torpedo wsually is suspended between
two racks, which have suspension cables running be-
tween them and around the torpedo. A small stop
bolt, projecting downward from the plane into a hole
in the torpede casing, serves to prevent fore-and-aft
slipping of the torpedo in its cables.  When one end
of each cable is released. the torpedo falle away.

12H2. Mark 13 torpede

The Mark 15 torpedo differs from the Mark 15
tarpedo in the following ways:

1. The Mark 15 torpedo has better provision for
air stubilization, being much shorter and slightly larger
in diamneter. It is 13 feet 5 inches long, and 2242
inches in diameter,
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2. The Mark 13 torpedo has greater capacity for
withstanding water ImpacL

3. The Mark 13 torpedo contains a smaller explo-
sive charge: 600 pounds of HBX,

4. The Mark 13 torpedo has a shorter designed
range: 5,700 vards.

3. The Mark 13 torpede has a single speed;: 33.3
knots.

6. The Mark 13 torpedo has a water trip delay valoe
to prevent ignition until the torpedo enters the water.

7. The Mark 13 torpedo has a shroud ring around
its tail vanes, which tends to minimize hooking and
broaching upon water entry, and makes for greater
ability during the water run.

8. The Mark 13 torpedo is rigged [or launching
with a hox-shaped plywood stabilizer finted over the
fins and shroud ring, This stabilizer causes the tor-
pedo to fall in 2 smeoth curve, and 1o enter the water
head first. The stabilizer breaks up on impact with
the water, A parachute drogue stabilizer has been
designed as a substitute Jfor the hox stabilizer.

9. The Mark 13 tarpedo has a drag ring, in the form
of a plywood tubc open at cach end, fitted over its
head. The drag ring slows the (orpeda’s rate of fall,
tends to reduce wobbling, and acts as a shock absorber
on water impact. The stabilizer and drag ring are
shown in figure 12H2. This drag ring is not used when
the torpedo is rigged with & parachute stabilizer.

Near the aflter end of the orpeds is a starting lever.
When the torpedo is installed on the planc, a toggle is
hooked to this lever and is attached to the aircraft by
alanyard. When the torpedo is released, action of the
lanvard and toggle trips the starting lever, bul a water
trip delay valve serves to prevent the combustion flask
from lighting off until water entrv. A gyro-locking
mechanism is also provided. When the torpedo is
installed on the plane, the gyvro is locked with its axis
parallel to the axis of the plane. The gyro begins 10
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spin on release from the plane.  The gyro will there-
fore keep the torpedo on the course determined by the
dircction of aircraft travel at the instant of release.

12H3. The dircraft-torpedeo problem

The basic problem in launching  torpedoe from an
aireraft is to put the torpedo in the water on a collision
course with the target.  Although improvements in
aircraft torpedoes have made launchings possible from
greater altitudes and at longer ranges, speed and
mobility of atlacking planes simplify the problem 1o
the extent that cxperienced pilots can obtain satis-
factory accuracy without the use of special computing
gear.  The pilot must be able to (1) estimate target
angle (see figure 12113}, (2) estimate target speed,
{3} estimate and utilize proper lead, and (4) release
the torpedo at the sighting angle which will produce a
collision course.

Speed of the plane at the point of release usually is
established by doctrine, to ensure that the torpedo will
enter the water at an angle hetween 20 and 33 degrees,
and not deep-dive or ricochet,.  When the planc has a
speed in excess of 150 knots, and the water is at least
150 feet deep, an entrance angle of 26 to 30 degrecs is
preferable.  The torpedo will assume its preset run-
ning depth {up to 50 feet) after water travel of 300

Ship at release

Ground rangs

Mote: This diagram

pictures projection

Sight e on water's surfacs
hiing o

Fizune 12H5.—The aireraft-torprde prohlem.

vards; the exploder mechanism s armed after water
run of 200 yvards,

In recent years lighrweighe dirvectors have been de-
veloped for aircralt installation; their wse greatly
simplifies practical solution of the torpedo problem.

I. Other Types of Torpedoes

121N, General

All United States Navy gas-steam torpedoes arc
similar in principle to the Marks 15 and 13 described
above.  Electric torpedoss differ from the gas-steam
type in respect to their main power plants, as described
in article 1213, 1n all the nonhaming torpedoes, the
stecring and  depth mechanisms are similar, il not
exactly the same.  And war heads and exercise heads,
although they differ in size, are basically similar.

For these reasons, the discussion of other types of
torpedoes will be brief, and will deal primarily with
the features that distinguish them from the Mark 15
Ly e,

1212, Torpedoes Mark 14 type and Mark 23 type

These torpedoes are only 2014 fect long, 1o fit 1n
submarine tubes. The Mark 14 has two speeds.  The
low-power setting will give a range of 9,000 yards at
approximately 52 knots, and the high-power setung,
a range of 4,500 vards at 46 knots.  Its war head con-
tains about 700 pounds of high explosive.

There are no side-gear assemnblies in the main en.
gine of this torpedo. The two speed scttings are
obtained by changing the number of nozzle jets in
use {two for low speed, five for high) and by altering

the size of the restrictions in the air, [uel, and water
delivery lines.

The Mark 11 wrprdo has a governor whose func-
tion it o stop the torpedo, if the starting lever s
tripped accidentully, before the engine develops ex-
cessive speed, and thereby to safeguard personnel and
1o prevent serious damage to the torpedo.  Centrifu.
ozl force actuates the governor, closing a valve in the
air line from the starting piston to the low-presure
side of the reducing valve, thus banking the air over
the main starting valve and stopping the torpedo’s
power plant.

The Mark 23 torpedo 5 a Mark 14 torpedo from
which the speed-change mechanism has been removed,
leaving all five nozzles open.  The restriction valve s
locked I high power, and thus the engme can be
operated at high specd only.

1213. Torpedo Mark 18 type

The Mark 18 is an electrically propelled torpedo
designed for use in subinarines. It is single-speed,
designed to run for 4,000 yards at an average speed
of about 29 knots. The primary advantage of the
Mark 18 is that it is wakeless.

In place of an air-flask section this torpedo has a
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battery compartment, which contains a lead-acid stor-
age battery, a hydrogen eliminator, and a ventilating
system. The battery runs a 90-horsepower series clecs
tric. motor {located in the afterbody) whose armature
is connected hy the main drive shalt and gearng to
two counterrotating propellers.  Compressed air—re-
quired to close the starting switch, spin the gyro, and
operate the depth and steering engines—is stored at
3,000 psi in three small flasks in the afterbody, The
myro 15 of “rundown™ type. After the initial spin
the air is shut off and the gyra s uniocked; the gyro
wheel continues to spin of its own momentum. The
wir head contains about 600 pounds of high explosive.

1214. Torpedo Mark 16 type

The Mark 16 is a single-speed 21-inch by 21%%-foot
submarine torpedo. It is a gas-steam torpedo in
which hydrogen peroxide (wavoyr), instead of com-
pressed air, supplies the oxygen required for combus.
tion of the fuel. This usc of Navor rather than air
allows the Mark 16 torpedo to carry as much explo-
sive as the Mark 15 and o have greater high-speed
range, while not exceeding the Mark 14 in size.

The head section of this torpedo is similar to that
of the Mark 15, The second or flask section contains
a small compressed-air flask, a fucl {alochol) tank, a
water compartment, and a xavorL tank—the last com-
pletely surrounded by the water tank. The main
engine, valves, and control devices are located con-
ventionally in the midship section and afterbody.

The source of the oxygen and of part of the water
for the combustion cycle of these torpedocs is the
NavoL, which is a solution of hydrogen peroxide
(Hi€x:) in water. Hydrogen peroxide, passing
through a chamber containing a catalyst, decomposes
with evolution of heat, 1o form water (steam) and
oxygen.  The oxygen unites with the fucl (alcohol)
in the combustion pot, combustion being initiated by
an igniter of conventional type, The resulting hot
gases mix with steam and drive the main-cngine tur-
bines. Part of the steam comes from the hreakdown
of the HyO, and part from additional water from the
water compartment which is sprayed intoe the com.
hustion pot to control the temperature,

By using wavor, the torpedoes requirc mo air ex-
cept (1) to force fuel, ~vavor, and water from their
storage compartments to the combustion flask, (2) to
drive the gyro, and (9) 1o operate the steering con-
trols.  As no air is fed to the combustion pot, no nitro-
gen is present in the exhaust to rise 1o the surface and
leave the customary wake. There is, however, a small
amount of nonsoluble gas resulting from the com-
bustion of alcohol, which is forced out of the exhaust,
leaving a very small wake that is practically invisible
except in flat, calm water.
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The main engine is a turbine with reduction gear-
ing, similar in principle to the engine in a2 Mark 15
lorpedo, but differing radieally in mechanical detail.
'T'he wurbine axis is horizontal instead of vertical, for
which reason this engine is referred to as a “hori-
zontal” or “II” engine, and spur gcars rather than
hevel gears are used [or speed reduction.

1215. Electrically set torpedoes

In the torpedoes described above, the gyro angle
and running depth arc ordinarily set mechanically, by
inserting a spindle into the sctting socket and (urning
it. Mark 14 and Mark 15 torpedocs have an addi-
tional socket for the speed seuing. Obviously, all
spindles must be withdrawn from their sockets before
the torpedo can be fired.

In several medifications of the torpedoes mentioned
above, and in practically all homing torpedoes, the
settings are made electrically, rather than mechani-
cally. A multi-conductor cable cnters the brecch of
the torpedo tube, and is connected by a plug and
socket to a similar cable that cnters the afterbody of
the torpedo.  When the proper clectrical inputs are
supplied through the cable, servomechanisms in the
torpedn automatically set the proper depth and gyro
angle (and make the proper speed setting if the tor-
pedo has a speed-change mechanism) . At the instant
of firing, the cable is automatically cut off close to the
torpedo,

The electric setting system has several advantages,
Iis settings are relatively exact, and it climinates sey-
cral sourees of crror inhercnt in the mechanical sctting
system.  Eleetric settings can be made right up to the
instant of launching, since the cable is not cut until
after the torpedo begins to move forward in the tube,
And the electric setting system can easily be integrated
with the advanced fire control systems, so that the
setting signals are supplicd automatically.

Except for the short length of cable that protrudes
from the alterbody, an electrically set torpedo is
identical in external appearance with mechanically
sct torpedoes of the same mark number.

1216, Homing torpedoes

The torpedees described above are designed 1o take
up the course set on their gero mechanisms, and then
run in a straight line. Homing torpedocs can also
follow a gyro course.  In addition, a homing torpedo
can search for a target, and, when it finds one, chase
it until it secures a hit. Some types can switeh back
and forth hetween gyro control, scarch patterm, and
homing control, as appropriate.  Several types of hom-
ing torpedoes are now in the Fleet, and others are in
various stages of development. For security reasons,



HANAL ORDNANCE AND GUNMNERY, VOL 1

||r-1:,' " sharr aired WETY "_"I'I.':r;\ll iliss ||>.~i|'\'|| [~ 11 T ﬁi\ [ofb]
Tieiree.

A presenl, homing taipediss aee aeousdfe {operaed
s enandy, T pensml, they are of Laa tepes—art
and posdne,  Theactive type serds ous
s, el “Tiavens™ fore el To i
am b i depecind, the porpiedo stesrs ferll towm
saurce of the echoe The passive |
feir armer snancs S as prepeller
moises. then sbeers insell toward rthe souroe o
sinds.

Tis expln u‘.'e-
srmed Bk irechariceily and electceally, and remalne

sali il rhe sorpedke. ay trwcled @ sefe distanes feam
the firing ship The hesone mechanism alsn har an
7 [ezture. so thar o remaies inaperalle {with the
nEa wvro pourss] aodl the aorpeda hios
A through o presstdwianes,  One or mere ad-
nat salery Teatnzes oo foared in vashoneng tor
peloes e preesent mepll homding marpodaic

Homing terpedars, alanet wethont caoeplion, ace
puvwnd by eloceric motors znd haveees, Tn <hage
and cuternal appeasiace they are quite sEmilas 1o e
monhoming  corpedoss mbeeady  described, Scoeral
oy ane semewhat aealler than air-eeezey o pedac,
in lengrh, diamerer, oo bath, Aod several ypes havr
asingle propeller, rocher thas pan

J. Above-Weter Torpedo Tubes

1211, Funetisn

Tarpeals babes serve the follomwing purpeses;

1, Homse aod peotoct the wiopedo (including hraes
ing im eodd weathes) uaril the irsrant of ﬁfiﬁ[;.

A, Provide means For s=itine  forpeda Fvon angle,
wiening depth, and, wleie paguiisd torpads spesd
% meressary, un o the instant of fring.

5 Expel the sepeda with sullicient focee b clear
the ficng ship z2nd with such velacity and dirscian
that it will remmin on it cng course uncil i engine
developm s power for scli-premalsion,

% A= mxpulsiom wars rigger the forpedn g0 55t
slayt s g anml oy

These functions aoply b0 subnuarine tubes as well
as abave-waler s, Sipce, bowovr, the former
meast abwo serer as PresLr e ol e g|:|i|_ﬁ, kutl,
they mtwrporate additional feateres which ars ned
auirabils [or discussivn in this pothnok

12J2. Type ond lacolion

Aboveswner tubrs may ke classed as drminghle e
Jieed,  Tlmi afrorWecld War 11 Unived Siaies Wawy
destrayers and clastooer csoorks anned with enrpedons
all carried srainakle tubsss, T’]hlnlg.rm A vither
the Mark 1% or the Mark 15 guintuple toles, The
o types ars subsiaclzally dentical, except that the
larter was dradpned bo acoaor clale a hilasr shiekl for
the profection of peosannel froem 19w las of aaljacent
guns. Traioable tubes require Targe clear deck ancus
and in all ships retnining rarpedecy they 2y manemed
tomside o the ship's conterline ax shewn in figure [R2
Frum thix Irncarfion torpedocs can be: fesd throghi
limiged arcs of moin on cither st of the ship.

Tin dbu: Inbrer phases of Werld War 11 the nessssiy
for mirvaming aotaircraft arearnent pat a high e

imnat an fopside deck spoce. - Mew dostroyer and
earnrt desiged hewe Aherefon: featured ahoveocater
rarpedo fubcs i Incationes atles han weather Jeck,
Suech tubes are housed and Sweed (3 ¢, oot minable
With fixed tuiws greater oy ansles mes be used in
ﬁ.T.il:ﬂ: than froem arainzhle ru'hﬂ.._ .m.e|: PRI I|_rr|'|-_'1.:l|-u-<
ezl ko depar: more widely fram their prediceed
roniras whien fired with laree than with =nafl gy
acgles, this is a disadvansage,  Alw, jules miet e
carricd oo both sides of the ship.  However, the
weiaht gained by climinating the trainiog gear, pivals,
ele., prowvides o parlial cosnpensation.  TH
loration pormits all tuhes 10 be locied in e same
comparment of the ship, i which nedond foepedar
and quick. redoading gear may also T caorrbed, TFioed
tabe desipes inchede the Marks 249 aed 24

123, -inch Ahave-Weoisr Torpeds Tube Mork 14

Foaeh Madk 34 teniparddis Tche camsie af e bareele,
supparted in a snple sedidle which functions ke the
carriage of o gun excepe thit no provision @ mode far
i the barrel. The saddle mzs onoa oller
ng nssemhbly supporicd beop starl The stand,

B i i The

tabe is mormally
strmabar b pun Pt i
the operation of the i i
momnt:  Trovision is macs for :rr.a.w.-.ll HECTE R
of power-ilsivn Dl Sosfigue 121

Farh barrel is an assembly of & madn bareel, 2
spnam, and a cpeen extension. The maoo berel &
eylindrical in shage, but 1ae spoon and. spoon exien-
sban are open an Uhe ander side, Tl gposa excension
is hingeed a1 e cop, sothat itcan be folled Tack
alung the spoeon to save deck apace, Wickin the el
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Chapter 12—TORPEDOES

TORPEDO-COURSE

INDICATOR

STOP MECHARNISMS

A
POWER DRIVE
2l-inch Above-Water Torpedo Tube Mark 14,

[ e

Fraure [2

I

it the bottom, are rollers which facilizare loading the
torpedo. - Running the length of the top of the barr:]
to the end of the spoon extension is a T-shaped guide
slot. The muide cfud on the torpedo rides in this slot
as the torpedo is fired.  The stud prevents the torpedo
from dropping downward before the 141l has cleared
the tmain barrel, thereby preventing damage to the tail
assembly and helping to keep the worpedo horizontal
as it is launched,

The breach end of the burrel is closed by a deor, 5o
Ranged and sealed that it will hold the pressure
developed by the impulse charge in launching the
torpeda,

Torpedoes ar= expelled from each barrel individu-
ally by an impulse charge fired in the firing mechanism
on top of the harrel. A passage from the firing mech-
anism leads to the space between the door and the
tarpede. Normally, charges are fired electrically
from the bridee, but they can be fired by percussion
al the tube if necessary.  Each black-powder impulse
charge is contained in a special 3-inch case about 13
inches long.

A torpedo siop is employed to kee
sliding in the barrel,
of each barrel

p the torpedo from
The stop is balted to the T-guide
It incorporates a back and a front

TRAINING  GYRO SETTING

HANDWHEEL HAND CRANK
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/ DEPTH

SETTING
MECHANISM

FIRING
MECHANISMS

BARREL

stop, between which the torpedo’s guide stud s
gripped.  After the torpede is Toaded, a fension lnk
is placed in the housing to hold the front stop in
position.  When the torpedo is fircd, the tension link
parts and the front stop swings out of the way of the
guide stud,

Also mounted on the T-guide of cach barrel is the
tripping latch. Tt projects into the barrel and cngagey
and trips the starting lever of the torpedo as it beging
to move forward in the barrel,  As stated in article
12C10 this is essential in order to start the torpedo
power plant

Atop the harrels are a seat for the trainer and gyro
seiter, the train controls, and the sight and fire control
apparatus. Also on top of the barrels, and thus
within casy reach of the crew, are the gyro-setting,
depth-setting and speed-setting mechanisms. The
barrels also have covered openings which permit
access to the torpedoes for fucling, air charging, and
other maintenance routine,

12J4. Torpedo-setting mechanism

The depth-sctting mechanisms, located on top of
the barrcls, are arranged to set the five lorpedoes
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simultancously with the same depth setting. A depth- 1215. Torpedo tube sight and torpedo course indi-
setting hand crank operaies 'Lhrnu_qh gears and shafts cator
to turn depth-setting sockets In cach barrel, at the

: : 3 The trainer and the gyro sctter are guided in deter-
same time turning w dial index which shows the depth 53 & A

s . mining the proper firing course for the torpedoes,
sct. A socket-cngaging lc:w:r moves the surL}-..t't ul'ln:*ﬂ':‘h cither by the torpedo tube sight (in local control) or by
barrel into cngagement with the depth-zetting splnd_le the dials of the torpedo course indicator (in rcmote
of the torpedo; sackets are usually engaged well ]_':" control}.  Since an understanding of either of these
advance, so that there may be assurance that the instruments presupposss a comprehension of the

sockets and spindles align properly. They must be torpedo fire control problem, they are discused in
discngaged before firing. volume IT

The speed-setting mechanisms of the hareels are
separate.  Fach consists of a permanently mounted 12J6. 21-inch above-water torpedo tubes Marks
wrench protruding upward frem a eylindrical hous- 23 and 24
ing within which is a spring that holds the spindle up
out of engagement with the wrpedo’s speedssetting
socket except when the wrench handle is pushed down
by hand, and & cam that allows the wranch Lo spring
up only when properly positioned at the e, -
TERMEDIATE, or LOW spceed position. The wrench and
spindle must never be left in the down peosition.

The gyvro-setting mechanism provides u means for;

Figure 12]2 represents a single-barrel fixed-type
nontrainable torpedo tube designed to mount singly
or in groups of two or more on each side of a vesscl.
The rubes are mounted athwartship within the super-
structure, with muzzles extending through the sides
of the deck house. The tubes are constructed of a
light-weight aluminum allov. They are air-ired and
X : arc suitable for launching unh,r torpedoes having elec-

1. Setting the gyros of the torpedoes in all five bar- trically set torpedo controls.  The breech and muzzle
rels to any desired basic gyro angle. doors are so interlocked that firing can necur only when

2. Sctting any desired spread up to 10 degrees; 1. e, the breech door is closed and Jocked and the muzzle
setting the gyros of torpedoes in the wing barrels and door opened. The torpedo contral cable enters the
right-center and left-center barrels so that they will tube through a special electrical terminal plug mounted

diverge from the course of the wrpedo in the center in the breeeh door. The door connector s in fwo
barrel by the desired amount. parts.  One part is permanently installed in the center
3. Fngaging the pyro-setting spindles in the sockets of the door, while the inner half i3 affixed to the tor-
of the torpedoes, and withdrawing them, at will, peda cable.  The two halves are coupled together after
Two separate handcranks are used, one for setting  the torpedo s loaded into the tube:  The cable i cuat
the basic gyro angle and the other for making spread- by the forward motion of the torpedo at launching.

angle setting.  They work together through a differ- Torpedo Tube Mark 23 is desipned to launch 21-inch
ential at each tube (o set the proper resultant angle torpedoes with a length not exceeding 161 inches.
on cach torpedo. The angles set are shown on the Torpedo Tube Mark 24 is designed to launch 21-inch
dials of the gyro-setting mechanism; basic gyro angle orpedoes with a length not exceeding 246 inches.
shows also on the dials of the wrpedo course indicator, Both tubes are supplied with adapter rings which can
which is described in volume 1I. Spindles must be be installed so as to permit launching a 19-inch
disengaged before the torpedoes are fired. diameter torpedo.

AIR BAPULSE TAME /

l COLENOID VALVE TORPEDO STCP EA.NISM

FIRING WA LVE

INTERLOCK HANDLE \ \
MUZZLEDOOR ¥:
HANDLE m—

\ MUZZLE DOOR

BREECH DOOR P

Fuovre 12]2 —Fixed sbove.water torpedo tube,
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Chapter 13

MINES

A.

13A1. Naval mines defined

There are two general classes of military mines:
land mines, under Army cognizanes, and sca mines,
under Navy cognizance. This chapter is concerned
with sea {ow naval) mines only.

Navy minct are thin-cased underwater weapons
with 2 heavy load of high explosives— usually either
IIBX, HBX I, or TNT. Mines are actuated when
wouched or closcly approached by a ship. An actua-
tion can have 1 of 4 resulty, as follows:

1. The wine, cspecially if it is one of the older 1ypes,
may explode almost immediatcly.

2. The mine may explode after a short delay that
gives the target ship tme to reach 2 more vulnerable
position.

3. The actuation may be registered by a ship-
counting component that prevents explosion until a
predeternmined number of actuations have been
counted,

4. In a controlled mine fisld, the actuation of a
mine encrgizes indicating devices at a shore station,
but does not result in an explosion unless a return sig-
nal is sent to the mine from shore,

13A2. Classes of naval mines

Broad clasofication. All naval mines fall within 1
or the ather of 2 broad classcs —independent and
controflcd.

All old mines and many new ones are the independ-
eni {sometimes called the awtomatic) type. Once
planted and armed, the independent mines can be
actualed by the presence of a ship, without any human
intervention,  They are incapable of discriminating
between hostile and friendly vesscls. Until they have
been made harmless—either by incorporated eelf-
destructive  features or by sweeping— independent
mines are i threat to all vessels 2pproaching the arca

In contrant w independent mines, controlled mines
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have an clectrical system connecting them to a shore
station.  Signals from approaching or pasing ships
are transmitted to shore over this clectrical system.
Nepending on the military situation, the personnel at
the shore station may merely observe the signals, may
detonate a given mine by answering its warning with a
retarn signal, or may st the squipmient 1 return the
firing ugnal automatically.

Other clawification methods. The broad classifi-
cation system described above is cul acros by threo
other methods of clasifving mines; namely by mcthod
of planting, by position after planting, and by type of
firing mechanism. The paragraphs following will
explain these three classsfication systems.

1. By method of planting. Mines may be laid {rom
surface craft, from submarines, or from aircraft.

When secrecy is not a consideration, mines
may be planted from specially detigned minelayers or
from cenain other swfece evaft. By working as a
team, surface vessels can lay a large ficld in a short
time. Controlled ficlds arc planted by surface craft,
as are many of the defensive fields containing inde-
pendent mines.

When secrecy is supremely important, submarines
can carry mines great distances from home ports
Submarines may aloe launch mobile mincs —usually
called torpedo mines—into the fringes of cstablished
ficlds or into encmy-held waters.

When extensive mining operations are 1o be con-
ducted in enemy-licld waters, when large defensive
felds are 1o be replenished, or when shallow inland
waterways are to be mincd, aircrefi planting is usually
most efficient. The airplane has the advantages of
speed and maneuverability, but it sometimes has the
disadvantage of being easily seen and fired upon by
the encmy.

2. By position after planting, When classificd ac-
cording to the position they assume in the water, mines
fall again into three groups.  These are bottom mincs
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{formerly known as ground mines), moored mines,
and drifting mines.

Its large amount of negative houyaney brings the
bottorn mine to rest on the ocean floor and keeps it
there., Bottom mines are most effective in compara-
tively shallow waters. If a bottom mine 15 planted
in very decp water, surface vessels may pass over it
without actuating its firing mechanism, or, in event
of an actuation, without suffering much damage, Of
course a bottom mine planted in deep waler may still
he effective against submarincs. Bottom mines are
used in controlled fields, but are by no means limited
to that use,

The explosive charge and firing mechanism of
moored mine are housed in a positively buoyant case,
A cable or chain, attached to a negatively buovant
anchor that rests on the sea bottom, holds the case
al a predetermined depth heneath the surface.

The drifting mine floats frecly, at or near the sur-
face. It has no anchoring device, and its buoyancy
is approximately neutral. ‘The depth at which this
mine travels is determined by one of three methods:
hy suspending the mine from a small float, by incor-
porating a mechanical depth-control device, or by at-
taching a cable or chain that drags on the botiom in
shallow water.

3. By type of firing mechanism. There are two
main classes of mine-firing mechanisms: the contact
type and the influence type. The influence type is
the newer one. Each type is represented by three
distinct classes. 'The next few paragraphs will explain
the terms used in this svitem of classification,

Actuation of a contac! mine takes place only when
a target ship acrually touches the mine or one of its
sensitive components. The required contact peint may
be the mine case, a horn, an antenna, a snag line, or
a protruding arm, depending on the particular char-
acteristics of the mine involved.  Contact firing mech-
anisrns may be further classified as clectrochemieal,
galvanic, or mechanical.

Llectrochemical contact mines have fragile protrud-
ing horns, each one of which contains a glass vial of
acid. When any horn is struck forcibly, its vial breaks,
Then the acid supplies the electrolyte to the plates of
a battery cell that generates sufficient current to fire
the detonatar.

The galvanic type of contact firing mechanism em-
ploys the current drawn from a sea battery formed by
the imrnersion of two dissimilar metals in sea water
(a weak electrolyte) ro fire the mine. The metals
normally used are copper and steel. The copper i
in the firing mechanismy; the steel i3 either in the tar-
get hull or in a mine cormnponent that requires a blow
from a target hull o place it in a closed electrical svs-
tem with the copper.
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The earliest galvanic contact devices were horns
assembled to the mine case.  In the Mark 6 type of
moored contact mine, the contact area of this type
of firing mechanism has been increased considerably
by the addition of an antenna or sometimes a pair of
antennas, the second of which doubles as the upper
part of the mooring cable. Ilorns on the fleat that
sireams the upper antenna also act as contact devices.

The mechanical tvpe of contact firing mechanism is
usually triggered by the inertia of impacr, or by the
mechanical movement of a protruding horn, anm, or
bridle. The contact area of this type of mechanism is
somctimes increased by the use of snap lines. Me-
chanical-type firing mechanisms are not cxtensively
used by the United States Navy.

The nearhy presence of a ship, rather than actual
contact, is all that is neccssary, under eertain condi-
tions, to actuate an influence mine. The three classes
of influence firing mechanisms are the magnetic, acous-
tic, and pressure types.

The actuating influence in a magnetic firing mecha-
nistm 15 the magnetic offect of a cruising steel =hip,

The aconstic mechanisim responds to the underwater
sound waves sct in motion by the normal noiscs of a
crutsing ship.

A ship in motion rreates an area of reduced or nega-
tive underwater pressure, 1o which the gresiure mecha-
nism responds,

In actual practice, a number of mines contain 2 of
the 3 types of influence devices. Others may contain
an influence feature and a contact one,

If contact or influence features are combined with
a control feature, the two may be independent of cuch
other, or control may be exercised to render a given
minc safe or danperous at the will of the control
station.

13A3. Major components

The major components of 2 mine are the case, the
explosive (iller, the ancher (if onc is used), and the
firine mechanism with its accessories,

The mine case provides a walertight comparunent
for the main charge and the firing mechanisms,  The
main chargre is cast into the main compartment, and for
bottom mines will fll most of it For moored or
drifting mines, the case must be large cnough tw pro-
vide the proper amount of air space for buovancy.
Smaller compartments within the ¢asc house and
secure the batteries, fiing mechanism, and various
accessorics,

Mine cases are usually made of stecl, but a non-
ferrous metal is required when certain influence firing
mechanisms are to be used,

Anchors for the various moored mines naturally



differ in size, shape, and mcthod of operation, All
must be capable of mooring the mine at a preset depth
below the surface.  For ease in handling, the anchor is
aggembled integrally with the case.  Airerafi- and
subrnarine-laid moored mines have the anchor secured
firmly enough to the ¢ase to allow the mine to be lifted
by either end or by a struap in the middle.

The wvperation of the anchor assemblies during
planting of a typical moored mine is illustrated in
figure 13A1. Note that this surface-laid assembly has
a neL positive bhuovancy until the mine and case are
separated, flooding the anchor,  Conversely, aircraft-
laid or submarine-laid assemblies, which are empioved
in offensive mining operations in encmy waters, have 2
net negative buovancy and never reach the surface
after planting.  The submarine-laid assemblics sink 10
a miinimum depth of 63 feet, and further incorporate
a few scconds of delay before separation of case and
-il.]'l[:hfnr.

Most of the standard naval mine cases will accom-
modate a choice of explosive fillers and a choice of the
various firing mechaniome and geeessories.  DBecause of

Ming 5 Lounched.
A

Ming Floats
For & to 10 Seconds.
a8

Plummet Fails.
c
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Plummet Shears
Pin,ond Cosa

and Anchor
Separate-

this, the mark designation of the mine usually applics
only to the assembled case and anchor,  On the other
hand, a specific modification of a production mine
usually designates its explosive filler, fring mechanisim,
accessorics, and the special features which adapt this
mine o surlace, submarine, or aircralt planting.

13A4. Accessories

The aceessories of a mine include a number of units
which assist or modify the action of the actual firing
mechanism. For example, there are the hauteries
which fumnish the power for the operation of the mine.
Somc of the accessories are salety devices, while others
s=rve Lo increase the efficiency of the planted mine,

1. An sxiender is a hydrostatically operated device
uscd to move the mine's detonator into a booster
charge. Until the minc has been planied, the ex-
tender holds the detonator sufficiently clear of the
hooster to prevent a premature liring of the detonajor
from exploding the booster or the mine.  After the
mine is planted and reaches a certain depth of warer,
the extender moves the detonator into an envelope

AnchorContinues

Sinks

Anghor Anchor Rests
ongd Pays Off to Sink gnd Pulls on Bottom
Mogring Coble Until Cose below Surfoce with Case
Plummet Strikes Botfom, as Upper Antenna and Upper
Locking Coble Drum, 5 treams Out. Antenna in
Pogitian.
E F ﬂlﬁ an

Fiurer 13A1. -Mine Mark 6, planting sequence,
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Both clock starters and the extender mechanism
mentioned earlier cmploy some positive type of safety
device tw prevent their operating prematurely.  For
surface-laid mines, this usually consists of a soluble
washer which prevents a spindle attached to the hydro-
static piston [rom moving inward unti] the washer
has bren dissolved by the sea water. Aircraft-laid
rines employ an arming wire which must be pulled
free of the mechanism. Submarine mines have a
positive-locking safety bar which falls free when the
ming is ¢jecied from a torpedo tube,  They also have
a lock-ball safety device which prevents movement
of the hydrostatic piston until suffcient depth s
reachrd.

For further safety in handling and stowage, safety
nuts are always provided to keep extenders and clock
startcrs in the unarmed condition.  These safety nuts
must be removed before planting, or the mine will
not arm,

4. An enticountermining desice [AG) is sometimes
used to deaden the mine’s electrical circuits for a short
time following a nearby shock or explosion.

5. Batteries used in a mine must provide the volt-
ages and power to operate the firing mechanism and
sct off the delonator.,  All naval mine batterics gre of
the dry-cell tvpe, each composed of several cells ar-
ranged in a housing. The life of the batteries in a
planted mine is what largely determines the Life of the
rmine itself.

b A stertlizer (5D, for sclf-destructive, mechanism )
is uscd o limit the armed life of a mine to a predeter-
mined period. At the end of this time it operates,
usually to short outl the battery.  In some instances it
imay open the detonator circuit. In the case of a
maared mine, it may function to firc a sinking detona-
tor which blows out a plug and penmits water o enter
the case.

Sterilizing switches are sometimes incorporated in a
clock delay mechanism. However, the most positive
type of sterlizer consists of an electrolytic cell, a re-
sistor, a spring-loaded plunger, and switches associ-
ated with the plunger.  As current flows through the
cell, the anode is electrolyzed away until it is sufliciently
weakened for the plunger to rupture the cell. Move-
ment of the plunger closes two normally open switches,
shorting out the battery,

When thorough sterilization of 2 mine field must be
sure to be completed by a certain date—for example,
to allow passuge of our own vessels—two or more ster-
ilizers may be connected in parallel in cach mine.

1. A chip counter (SE device, formerly called a
ship eliminator) is used (o delay firing of the detona-
tor until a pre-set number of complete actuations of
the firing mechanisn have occurred.  Thus & number

an

of ships may pas: over the mine briore it becomes
armed. This device reduces the cffectivencss of the
encmy’s countermeasures, and it vastly increases the
effectiveness of an offensive mine field.

B. Microphones (MI), usually of the crystal type,
are used with acoustic fining mechanisms. These
microphones must be watertight and extremely rugged
in construction. Microphones must be particularly
sensitive to sounds in the frequency range for which
the associated firing mechanisms are designed.

0 A search coil (ST is used in a magnetic influ-
ence mine o detect changes caused in the earth’s
magnetic field around the mine by the magnetic field
of a moving ship. A rcoil congists of 15,000 to 30,000
turns of fine copper wire wound over a cylindrical core
of high-permeability magnetic alloy, such as permal-
lov. A scarch coil is always used with a steel mine
case, because the steel adds to the cffective size of the
permezble core.

1. One minar accessory which adds greathr o the
case of assembling a mine and testing 115 various cir-
cuits is the ferminal block (TB). 'The circuits, bat-
terics, firing mechanisms, and various other electrical
accessories are connected at this block.  The block
(or the mamn block, if the mine has more than onc)
is located just under the main cover leading to the
firing mechanism.  Thus it is readily available for final
electrical tests and for connecting of the detonator
leads just before the mine is sealed.

[1. Many aircrafi-laid mines (sce section B) use
somne sort of fight gear to decrease the impact velocity
of the mine as i strikes the water.  This wsually con-
sists of a parachute, parachute pack, and release gear.
As the mine strikes the water, the release pear operates,
frecing the parachule from the mmine case, Parachute
and mine will sink frec of one another,

13A5. Reprosentative firing mechanisms

Firing mechanisms arc the units which are sct off
by contact with a target ship or which, alternatvely,
receivie 2 small impulse from the search coil, micro-
phone, or pressure deviee and send a magnified firing
impulse to the detonator. Newer and better firing
mechanisms are constantly being  desioned. The
mechanism must, of course, fire the mine when a bora
fide target goes by, That in itsell is simply a problem
of amplifying the original signal to an impulse strong
c¢nough to trigeer the firing circuit. The reason finng
mechamisins are so complicated in construction is that
they arc designed in such o way as to avoid actuation
by countermeasures such as tninesweeping by the
Enemy.

Section A of this chapter described contact firing
mechanisms in enough detail for the purposcs of thas



course. [nfluence mechanisms, being mare complex,
need a somewhat more detailed discussion.  The next
few paragraphs will take up the three classes of influ-
ence mechanisms—namely, the magnetic, acoustic.
and pressure types.

1. Masnetic mechanisms. Ewvery steel ship has defi-
nite magnetic characteristics produced by the perma-
nent magnetism of the ship’s hull and the induced
magnetism resulting from passage through the earth’s
magnetic ficld, A ship's magnetic field may be re-
duced subsiantially by using degaussing coils, often in
conjunction with the pracess of deperming [nentralie-
ing the permunent magnetisin of o ship) ; bue for prac-
tical and theoretical reasons it s impossible to
eliminate such fields entirely from ships of even mod-
erute size,

Magnetic mine-firing devices are of two general
types: magnelic dip-needle and induction, The actu-
ating umit of the nesdie-tyfe mechanism 3 a mag-
netizedl needle assembly which responds 1o changes
produced in the vertical component of the earth’s
magnetic field by the proximity of a ship, Once the
mine is planted, a very slight movement of the needle
mav Lrigger the firng crounit.

The induciion-type mechanisms employ a search
coil and a means of amplifying the signal [rom the
search coil, Some induction mechanisms use a sengi-
tive relay for this purpose.  Others have a highly com-
plicated electronic or electronic-mechanical svstem,

From the above, it will be noted that the needle-type
mechanism operates simply upon the mapaitude of
change in the magnetic field, whereas mechanisms of
the induction type mav require both magnitude of
change and rate of change, two or more actuating
pulses (called lsoks) of opposite polarity, or other
special conditions. This feature gives the induetion
mechanism a distinet practical advantage by allowing
a wider diversity of selective firing.  Induction firing
mechanisms can be used in mines with ferromagnetic
cases, while needle techanisms require mine cases of
nonmagneric material {usually aluminum).  Induc-
tivn mines can be made much tnore sensitive than
needle mines,

2. deouitic mechaniims. Acoustic  disturbances
such as propeller noises, machinery noises, and hull
vibration invariably accompany the passage of a ship
through the water. The output depends upon sev-
eral factors such as size, type, and number of pro-
pellers, type and speed of engines, condition of lnading,
character of the bottom, and depth of water. A
ship’s ucoustic signal is therefore variable, and acoustic
mines must be designed in such a way as to prevent
an intense signal from actuating the firing mechanism
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at distances well beyond the effective explosive radius
of the charge.

Acoustic mines must also be unresponsive to types
of underwater sounds that are likely to represent non-
target objects—such, for example, as a school of
porpoises.  Another design requirement is that these
mines must not be casily actated by countermining
NOISCs.

Thercfore acoustic mines are usually fired by actuat-
ing the mechanism when the sound intensity reaches
a predetermined value, after building up at a pre-
scribed rate of change.  If the incoming sound builds
up too quickly, as in the case of an underwater ex-
plosion, the mine will inhibit itself from fliring by the
action of an anticountermining device, and will be-
come passive for & short time.  If the sound builds up
too slowly, the mine will not respond at all.

The United States Navy has no distinctive acoustic
mine, but emplovs acoustic firing mechanisms as
accessories which are designed 1o be interchangeable
with other liring devices in several different mine cases.

3. Pressuve mechanisms. There is a continuous flow
of water from the bow to the stern of a moving ship.
As the forward part of the moving ship displaces water,
an equal amount must flow to the after part of the
ship to restore the displaced water after the ship has
passed,  This continuous water flow is measurable at
considerable distances from the ship, and creates
variations in the pressures which normally exist at
virious depths in the water.  The pressure differential
becomes more pronounced when the ship is moving in
confined waters, such as rivers, but is still appreciable
in the open sca, even at considerable depth, The
pressure signature of a ship is a function of its speed
and displacement and the water depth,

Ocean swells and surface waves also produce pros-
sure variations of considerable magnitude; but in a
much faster cyele than those of ships. Thercfore, to
avoid premature firing because of wave action, pres-
sure firing mechanisme are designed to iznore rapid
pruessure fluctvations.  Pressure firing mechanisms arc
seldom used alone, bul are generally combined with
other influcnce firing devices,

13A6. Special-purpose mines

Special-purpose mines are those designed for special
missions.

A self-propelled 1orpedo mine—also called a mobile
mine— permits a submarine to lay mines in water too
shallow for safe navigation of the submarine. This
mine becomes a bottom influence mine at the end of
its rum.

The delayed-rising mine is used in offensive moored



ficlds. This ming lies on the bottom, married to its
unchor, uniil the mine case is relcased either by the
functioning of u time delay or by a ship-vounting
mechanism.  ‘The case then rises to set depih.
Moorcd anfisivee p mines are imerspersed in moored-
mine fields.  Antisweep mines are designed to explode

13B1. Aircraft minelaying

Almost any aireralt capable of carrying bombs can
abo carry and lay mines. Aireraft, as a matter of
fact, were used extensively for such purposes during
World War IT, carrying and releasing some mines from
ordinary bomb racks or shackles, and other mines from
cables suspended between a pair of racks or shackles.
An aireraft mine may cither be free-falling with fin
stabilization, or mity employ a parachute to control the
rate of fall,

As a minelayer, the aircraft has several advantages.
For one thing, planes can lay mines in shullow bodies
of water, including rivers, which cannot be penetrated
by submarines or the larger surface minclayers,  Also,
plancs can drop additional mines to replenish a mine
ficld without encountering the hazard of detonating
mines previously planted.  Mincs dropped by para-
chute can be released from relatively high altitudes, al-
though with some loss of accuracy. On the other
hand, minelaying operations involving parachutes are
suhject to detection by the enemy.

13B2. Typical aircraft-laid mine

Figure 13B1 shows a current atreraft mine. This
it Mod 9 of the Mark 10 1ype of magnetic dip-needle
mine.

Unlike many aircraft-laid mines. the Mark 10 Mod
9 is a moored rather than a botlom type.  This fact
explains the presence of an anchor.

There are two other current moedifications of the
Mark 10 magnetic mine. Mod 3 is laid from sub-

ARMING WIRES
-

Figunr 13B1.- Mine Mark 10 Mad 9,
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and destroy sweep wires when such wires strike the
mooring cable or float.

Examples of other special-purpose mines are lim pet
mines and beach-defense mines. ‘The later are bot-
torn mines laid in shallow water and designed o ex-
plode on contact with landing crafi.

Aircraft Mines

marines and Med 7 from surface craflt.  As regards
the anchor and the interior arrangement of the case
assernbly, the Mod 9 resembles both of these modifica-
tions. lts differences from them lie in the parachute
assembly and in the other external provision for air-
cralt planting.

Parachule assembly. Two parachute assemblies
are authorized for use with Mme Mark 10 Mod 9.
One of these, Parackute Pack Mark 14 Mod 1, is
shown in figure 13Bl. The other, Parachute Pack
Mark 3 Mod 0, is shown in figurs 1332,

The Mark 5 Mod 0 pack has a plastic dish that fits
the contour of the end of the mine casc, to which it
is balted,  'T'he folded parachute lies inside the dish.

The cover is made of canvas, with cight sectors or
flaps. The risers shown in ficurc 13B2 attach the
parachute and the pack 1o the relcase mechanism.

The static line keeps the parachute from opening
dangerously clese to the planting aireraft. Onc end
of this fine is attached scourely to the planting cralt.
The other ¢nd is attached by break cord to the para-
chute. When the mine has fallen the length of the
static line, this line acts to pull the parachute from
the dish. Almost at the sume instant, the break cord
snaps and frees the "chute from the static line.

Parachute packs of more recent desizn have been
improved in various details; but they are similar to
the Mark 3 Mod 0. both in components and in
principles of operation.

Release mechanism. The device shown in figure
1383 serves a double purpose.  Until the mine cnters
the water, the release mechanism secures the parachute
to the mine.  Upon striking the surface of the water
with great force, the 2 impact plates pull out the re-
lease pins that have been holding the 2 halves of the
release mechanism together, Now flat springs, as-
sembled between the relcase mechanism and the mine
case, force the 2 halves of the mechanism apart and
let the mine sink free of the parachute.

If the parachute remained with the mine after water
entry, it could foul the mine mechanisms. It might
even roll or drag the mine in such & way as to cause
a premature explosion. (N. B. In order to clarify
the details, the figure shows the mechanism upside
down, )
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CLIP

STATIC LINE

Fiaung 1382 —.Parachute Pack Mark 3 Moad 0 with Paruchute Mirk 3 Mod 2.

sembled with arming wires as shown in figure 15B1. B |
These wires, threaded through the delay devices, keep
these devices in their unarmed condition, The bitter
ends of the wires wre attached to the planting aircralt,

Fairings. Some mines are assembled with [airings,
These are attachments designed to improve the stream-
lining of the case and thus make the trajectory easier
to precict. "LIFT THE DOT"

To release the mine ready for arming, the bom- g FASTENER
hardivr operates his controls to pull the wires from the )
mine ut the instant of planting.  To jettison the mine
in a comparatively sale condition, he lets the wires fall
with the mine,

A jcttisoned tnine, however, is not absolutely safe.
Therefore the area where it was dropped must be noted
with carc.  As seon as practicable, alter a4 mine has
heen jettisoned over a [riendly area, trained personnel
are sent to dispose of it Frovrs [3B3.—Rrlease Mechanisn Marck 8 Mod 2.

Arming wirgs. Like hombs, aircraft mines are as- RELEASE FI“

C. Mine Warfare

13C1, Definitions Types of operations. Minelaying operations arc
classified as [oflows:

1. Physical position of field—defensive or offensive.
ment of naval mines and mine countermeasures i the 2. Relationship to other military np{:rat.iﬂm—stni—
conduct of war. tegic or tactical.

Mine warfare is the strategic and tactical employ-
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3. Purpose of field -closure or attntion.

4. Mcthod of laving—aircraft, submarine, or
surface.
Types of fields.  Mine ficlds are defined as follows:

. Pefensiee ficlds are those in waters under fricndlv
control, where enemy sweeping would be improbable.
These Relds are laid by minclavers whose only escort
is an antisubmarine screen or combat air patrol.  The
arca to be mincd is carciully surveved.  Beack mark-
ers may be used as additional aids te navigation.
Buoys are sometimes unchored in advance to mark the
beginning and end of the ficld, and every effort is made
to lay the mines in the exact location designated.

Controlled mines, to which reference has bean made
repeatedly in this chapter, are used in some types of
detensive ficlds.

2. Offenuive fielde pre those laid in disputed or
enemy-contmiled waters, and mav be subdivided inw
two classes: (1) those designed to prevent paseage of
enetny vessels (closure mining) and (2) thosein which
passing of enriny ships is welcomed because they will
be destroved {aurition mining) .

a. Closure fielde are frequently laid around an area
or harbor 1o prevent passage of enemy vessels,

b, Atiritzon mine ficlds are laid primarily 1o destroy
enemy vesscls. nol to denv their passage.  They
are Iaid in ship lanes where enemy traffic has been
observed,  The utmest secreey is ewsential.  For
this mission, aircealt or submarines are cmployed.

Stratesic persus tacticall  Strategic and tactical
mining are defined as [ollows:

1. Strategic mining is a mining program, independ-
ent of other military operations, conducted over an ex-
tended period of time for the purpose of blockading
encmy ports and strangling cnemy supply systems.  The
term implies that the program docs not have as its ob-
jective an immediate atlack on any specific encmy
force, Strategic mining i a very powerful offensive
weapon when carried out by aircraft or submarines
against watcrways vulnerable to mine attack.  Against
an island empire, it may be the decisive factor in &
military campaign.

2. Tactical mining in an cngagement is now con-
ceived as a function of aireraft or light, high-specd
mitclavers.  T'he use of drifting mines, for turning the
enemy battle line, has been outmoded by the increased
speed of the modern battleship,  However, tacticul
use of drafting mines to cover the retircment of a sur-
fare raiding or bombardment force = highly
practicahle,

Such miney, as well as other types, may be used to
prevent the cwape of encmy vessels from a base or
lagoon where such ships arc under attack by aircralt
or forced to sortie for anv other reasen. Moored or

ground mines may be used in tactical mining opera-
tions such as preventing pursuit of own forces to a
base, and denyving a channel 10 enemy lorces operating
tactically against own forces.

13C2. Command problems

The impontance of olfensive mine warfare is rapidly
increasing,. A sudden, massive attack by minelaying
aircraft is considered 10 be one of the preatest threats
to any maritime power that exists toduy. So grear,
in [act. that the posibility of such an attack requires
major expenditures of manpower and cquipment in
conducting countermeasure opcrations, whether a
single minc has been laid or not.

Offensive minelaying by surface craft, including
F'I' boats, has comparatively limited application in
enctny-held waters, The utmnost secreey can, of eourse,
be obtained by laving minecs from submarines.  Tlow-
ever, a submarine cannot replenish the interior of an
existing mine field without itsell being exposed to an
unacceptable amount of danger. That brings us o
the use of aircraft.  The aireraflt naturally leads in its
ability to lay mines suddenly and in great guantity.
1t is, further, the only craft capable of replenishing a
large existing field without danger from the ficld icelf.
OiTshore shipping lancs can be mined by bombers and
patrel planes whenever the depth of water is not too
great. Mining of enemy-held rivers and harbors
would generally be effccied by ractical piveraft under
conditions of low visibility or under cover of diversion-
aty raids.

13C3. Mine countermeasures

Minc countermeasures include all aclions eaken pri-
marilv o protect own or {riendly shipping against
mines.  Protection is accomplished in two general
ways: (1] by reducing che efectiveness of encmy
mines and (2) by elearing areas mined by friendly
forces, after these areas huve served their purpose.
The three major types of mine countermeasurcs are
ship treatment, mine hunting, and mincsweeping.
We'll consider cach of these very briefly.

Ship treatment.  Ships are capable of being treated
o reduce their magnetic and acoustic fields of influ-
ence.  Such treatment gives them a measure of inomu-
nity 10 mines designed to be actuared by those fields.
It is posdble that eventually holl design will be im-
proved to reduce pressure signals as well

When protection against magnetic mincs is men-
tioned, degaussing is the word most likely to come 1o
the mind of the Navy man. The degaussing process
is the most effective means of reducing the magnetic
influence of a sieel ship, This process makes use of
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electric cable installed cither (1) in a single large coil
surrounding the hull or (2} in a large coil plus a sys-
tem of lesser coils, Thirect current is sent through cach
enil in such a dircction as to create a magnetic field
oppeosite in polarity to the corresponding component
of the ship’s magnetic signature.

The installation of the degaussing system i3 often
preccded by an clectromagnetic process called de-
fierming. This preliminary process reduces the ship's
inherent magnetism o a value regarded as standard
for vessels of the given class, After a ship has been
depermed, mass-production techniques, rather than
custom methods, may be used in installing the degauss-
Ing equipmeni.

An older process called flashing or wiping is similar
to deperming, but s normally applied only 1o small
vessels that are not intended to be fitted with degauss-
ing coils,

Ta reduce the danger from geoustic mines, ships are
being desiened and trcated to eliminate unnecessary
CTUISINE NOsCs.

Mme hunting. The methodic detection, location,
and neurralization of mines ic appropriately called
ming hunting,  Some cralt and their oghly trained
prrsonncl specialize in this work.

The shipboard devices used in mine detection are
called erdnance locators. The sensing component of
an ordnance locator is called an erdnance detector,
The term ordnance detector can alzo refer, however,
to a small, man-carmied ordnance locator in its entirety,

Mincsiweeping. The process of clearing a given
region of mines is called minesweeping,  Mechanical
devices, explosive charges, and apparatus for produc-
ing influence ficlds may all be needed in the sweeping

of a single field.
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Moored contact mines are swept by means of a
paravane rig, which is an underwatcer kite towed by
the minesweeper.  The sweep eable contacts the mine-
anchor cable, guiding it ino the cutter jaws of the
paravane. These jaws cut the mine adrifl, allowing
it 1o rise and be destroyed harmlessly on the surface,

Some magnetic mines are capable of being swept
by towing a buoyed clectric cable over them., The
strong magnetic field set up by this cable causcs the
mine to detonate.  Since these mines are designed to
function as the peak of the magnetic ficld passes, they
arc not set off by the relatively weak feld of the
mincsweeper.  Through use of advanced degaussing
svstems, and nonmasgnetic construction materials, new
:Ie:sig‘nr: of minesweepers reduce their magnetic Gelds
L & minimum.

Some acoustic mines are Wept by creating under-
wilter sounds of proper intensity and quality o actuate
the mine-firing mechanism Noise makers are of
various types, some being towed astern by a sweep
wire and others being located in the bow of the mine-
sweeper to direct the noises ahead of the vessel, New
types of cngine mountings and other noise-reducing
devices are at present being applied 1o mincsweepers
to reduce aroustic disturbances produced by their own
propulsion equipment, and thus improve their ability
Lo sweep aooustic mines with safcty,

As vet the sweeping of pressure mines and subsonic

aroustic mincs has presented great difficultics,
In addition to the thiee
major types of countermeasures, vanious other pro-
tective measures may be taken.  These include mine
watching, prevention of enemy minclaying action,
and the use of long-range detecting and actuating
devices,

Other countermensures.
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ANTISUBMARINE WEAPONS

AI

14A1. Introduction

Antisubmarine warfare (ASW) comprises the em-
ployment of available weapons, resources, and neces-
sary tuctics against enemy submarines, their operating
bases, and their supporting activities. The purpose of
ASW is to deprive the enemy of efMective use of his
submarines.

Operations contributing to accomplishment of this
purpose are various in nature and may be either offen-
give or defensive in character.  In general, the prin-
cipal ecategories of antisubmarine opecrations are as
follows:

1. Bombing and mining. Destructive hombing (or
bombardment ) of enemy submarine pens, bases, build-
ing yards, and repair facilities will reduce enemy ca-
pahilitics to wage submarine warfure. Mining serves
the purpose of preventing movement of enemy sub-
marines 1o and from their bases. Such operations
may be carried our by aircraft or submarines.

2, Hunter-killer operations. A hunter-killer group
consists characteristically of an aireralt carrier with
radar-cquipped antisubmarine planes, sonar-cquipped
antisubmarine helicopters, and a screen of destrovers,
Aircraft conduct both surface and undersea searches,
and are capable of rocket, depth bomb, depth charge,
and antisubmarine torpedo artacks. When aircraft
cannot complete the destruction of the submarine,
they guide surface units to the scene for concentrated
attack and reattack.

3. Escort af convoy, Escort of comvoy, or screen-
ing, is usually conducted by antisubmarine surface
vessels.  Air support may be available at times, and
may include surface search by fixed-wing A/S planes,
or sonar search by helicopters and airships,

4. Harbor defense. Harbor defenze comprises
measures for proteeting fixed grographical arcas by
preventing penetration of submarines, small surface
craft, or manned torpedoes into these arcas.  arbor
defense measures include using defensive mincfclds,

418117 =057 a2
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nets and booms, and underwater listening and echo
ranging cquipment. Fixed installations are usually
supplemented by surface A/S units capable of attack-
ing any submarine detected.  Air patrols, including
planes equipped with magnetic airborne detection
(MAD) equipment, are also available 1o harbor de-
fense forces.

5. Submarine antisubmarine operations. Subma-
ring-versus-submarine operations are showing increas-
ing cflectivencss, and development in this field is be-
ing actively prosecuted.

14A2. General

The importance of antisubmarine warfare cannot be
too highly stressed.  Recent advances have been made
in submarine design and operation, such as greater
specd and the ability to stay submerged almost in-
definively. These facts, plus the submarine potential
of any prospective cnemy, make it obvious that max-
imum effort must be devoted to attain proficiency in
antisubmarine warfare, Current emphasis in research
and development—in both equipment and tactics—
and an intensive fliect A/S training program are di-
rected toward this end.

1t was demonstrated during World War I1, and has
been further confinned by operational evaluation since
that time, that the air-surface hunter-killer team is one
of the most effective forces in combating submarines.
Aircraft have the advantage of scarching large areas
quickly, an important consideration hecause of in-
creased submerged speeds of modem  submarines.
Formerly, aircraft contact with underseas craft was
limited to surfaced or snorkeling submarines, If the
submnarine submerged before the attack, surface units
were guided to the scene for further operations. Tiis
now possible for airhorne units to maintain contact on
submerged targets and to deliver lethal attacks while
the submarine is below the surface,

Airships and helicopters track submarines with



sonar, The airship tows a sonar transducer which
gives azimnuth, or scanning, presentation comparahle
to surface ship sonar. As a matter of fact, airship
sonar applications are quite similar 1o those of surface
vessely, and the airship has the additional advantage
of greater search speeds.  Antisubmarine helicopters
are cquipped with dipping sonar.  The helicopter
hovers in the target area, lowering a scarchlight-tvpe
sonar transducer for carcful step-by-step underwater
search,

Anaother means of tracking submerged targets from
the air is by magnetic airborne detection equipment,
MAD operates on the same principles as fixed mag-
netic loops that are standard equipment in harbor
defense detection systems.  MAD measures distortion
of the earth’s magnetic ficld caused by the presence
of ferrous metal such as a submarine,

Attack capabilities of both airships and helicopters
have been increased by recent developments. The
helicopter is capable of carrying an antisubmarine
torpeda, while the airship may attack by torpeds,
depth charge, depth bomb, or conventional hedgehogs.
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14A3, Weapons

Since antisubmarine warfare has a high priority,
the near future will see in use apainst submarines
weapons which cannot be described in this volume
because of secunity classification.  In addition to those
weapons described in preceding chapters, there is a
special group of weapons designed especially for use
against submerged submarines. They have common
characteristics of sinking or diving from the surface
of the water and producing an underwater explosion
either (1) on contact with the subsmarine, (2) in
proximity to the submarine, or (3} at a preset depth.
Depending upon the launching method, such weapons
are grouped as follows:

1. Throwing weapons, including the hedgrhog and
an antisubmarine rocket called weapon A

2. Tourpedoes;

3. Depth charges:

4. Depth hombs.

In addition to the three classes of active WCapons,
this chapter includes a discussion of nets and boorms,
deseribed above as one of the passive means for anti-
submarine (and antitorpedo) defense,

B. Depth Charges

14B1. General

Depth charges are thin-walled containers filled with
# heavy charge of explosive and designed 1o explode
at a predeterrmined depth or by the action of an in-
fluence fuic,

The older depth charges are eylindrical in shape,
about 28 inches long and 18 inches in diameter.  They
contain 300 pounds of TNT. This type of depth
charge, the Mark 6, is now used largely for training,
An even larger eylindrical depth charge, the obsolete
Mark 7, contained 600 pounds of TNT. The later
types of depth charges, Mark 9 and Mark 14, have a
teardrop shape und a weighted nose, to increase he
sinking rate and improve the underwater trajectory.
They contain about 200 pounds of TNT or of IIBX
and have the same over-all dimensions as the 300-
pound cylindrical charge. Representative depth
charges are shown in figure 14B1,

The depth at which explosion will occur is controlled
in the older type hy setting a hvdrostatic exploder
mechanism which is gruduated to 600 or 1,000 feet (in
different mods), In the newer charges explosion is
initiated by an influence-type firing mechanism,
Neither wype of exploder mechanism depends upon
contact with a submarine, It is extremely difficult to
obtain a direct hit with depth charges, because the
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exact position of the submarine usually is not known.
Consequently, depth charges depend on the prrcus-
sive wave of the explosion for their effectiveness,

The effective radius of the percussive wave depends
upon the structural strength of the attacked vessel,
and no definite values can be stated, Approximate
information indicates that a 600-pound charge may
cause moderate damage at 80 feet, but 1o be fatal it

Fizvure 1481 —Depth charges,
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must explode within about 30 feet. The 300-pound
charge may prove fatal within 20 feet. It is to he
noted that doubling the weight of charge does not
double the cffective radius.

Destroyers, destrover escorts, subchasers, PT boats,
and other vessels likely to engage submarines, carry
depth charges. Generally several charges are released
in rapid succession to form a pattern in depth, width,
and length, and thus increase the probability of de-
stroying the submarine. The patern is obtained by
dropping some charges {rom relcase gear on the stern,
and firing others abcam from projeciors, with ap-
propriate depth settings made on the depth charges
before launching. The charges are never thrown
far from the attacking vessel; hence care must be
taken that the ship is making sufficient speed to be
out of the way of the violent effect produced. The
computation of the speed necessary is considered o be
part of the antisubmarine fire contro! problem, which
is discussed in volume 2,
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1482. Release gear

Ore type of track used 10 drop depth charges from
the stern of a vessel is illustrated in figure 1182, Es-
scndally, it consists of inclined rails on which the
charges rest, with suitable mechanical devices arranged
to relcasc one charge at a time. The track shown
will hold eight Mark 6 charges, Minor modifications
make the track suitable for dropping teardrop
charges,

The charges roll aft by their own weight and rest
against the after detents,. When the release lever is
operated, the after detents depress, allowing the first
charge 10 roll off the track into the water. At the
same time, forward detents (not shown) rise and hold
the second and following charges steady on the rails.
When the track control lever is returned 1o its original
position, the detents move in reverse directions, and
the second charge rolls down to the dropping position
against the after detents. The track control unit is

UPPER RAILS

PAWLS

s

WIPING
PLATES

AFTER DETENT

Fraure 14B2.- Depth-charge relvase gear,



eonnected hydraulically to a control unit on the bridge
of the ship by means of which the charges may also
be released.

Most depth-charge release tracks bear mark and
med designations.  Four tracks, however, have lerter
designations instead.  All four of these tracks arc
intended primarily for use on small vessels and motor
hoats, although they have been grouped along the sides
of somewhat larger cralt on occasion.  All have cable
pendants for holding the depth charge (or pair of
charges) in place. All have built-in local control de-
vices. Types A and C hold a single charge; types B
and I3 are designed to hold two charges, They are
dropped by releasing the cables which hold the casc in
position and letting the charge roll from the track
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OPERATING HANDLE
BREECH MECHANISM

EXPANSION CHAMBER

14B3. Projectors

The Depth Charge Projector Mark 6 Mod 1, com-
monly called the K-gun, iz illustrated in figure 14B3.
It is used to launch the 300-pound cviindrical depth
charge or the 200-pound trardrop charge.

The K-gun consists of a smooth-bore barrel autached
to an expansion chamber fitted with a breech mecha-
nism. The breech plug is an interrupted-screw tvpe,
housing 2 firing mechanism which provides for local
percussion firing by lanvard, or electrical firing con-
trolled from the bridge,

The projector is permanently secured to the ship,
and rannot be trained or elevated.  Variations in
range are obtamed by altering the weight of the im-

DEPTH CHARGE
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PROJECTOR
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(RADLED TRAY
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Fioure 14B3.—Projector, ready to fire
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pulse charges, which are assembled in 3.inch cascs
similar to those used for torpedo impulse charges.
Three standard weights of spherohexagonal black-
powder charges are used to obtain ranges of 50, 73,
and 120 yards { Mark 6 depth charge), or 60, 90, and
150 vards { Mark 9 and Mark 14 depth charges).

The depth charge is launched with an arbor (fig.
1483} attached to it, the action of the propellent gas
being against the base of the arbor. The arbor used
with a cylindrical depth charge remains attached to
the charge after firing, whereas that used with a tear-
drop charge detaches after firing, to permit taking
advantage of the streamlined design,

14B4. Depth-charge operation

Mark 6, Mark 7, and Mark Y charges are similar
in functional operation. The general arrangement of
a typical charge is shown in figure 14B4. The princi-
pal components are:

l. The main charge and case. The outer shell is
a sheet-metal case, through which passes a central fube,
The space batween the tube and case is completely
filled with cast TNT or IIBX.

2. The booster and booster extender. The hooster
is attached to the hooster extender, and is free to move
longitudinally in the tube. A central recess in the in-
hoard end of the hooster envelops the detonator when

e BOETER
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Ficure 14B4.—Depth charge, sectional view,
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Ficure 14B5.—-Depth-setring index dials.

the booster is moved against the centering flange, The
booster extender, operated by hydrostatic pressure,
pushes the booster against the centering flange when
the charge reaches a depth of between 11 [eet and 25
feet.

4. The detonator and pistol. The detonator is se-
cured to the inner end of the pistol, and is supported in
the center of the tube by the centering flange. The
pistol mechanism, when operated by hydrostatic pres-
sure, releases a firing pin which strikes the cap of the
detonator.  Before the charge is launched, the depth
at which the pistol is to operate is set as described in the
next article. Depth settings from 30 to 1,000 feet may
be made.

Arccidental detonation of the depth charge is pre-
vented (1) by setting the pistol on sarg, thereby lock-
ing the pistol, and (2} by a safety fork, which pre-
vents the booster from moving inward. The booster
will not detonate unless 1t partially surrounds the
detonator. An inlet-valve cover protects the water
inlets to the pisto]l against dirt. It should always be
removed prior to firing, as otherwise it will prevent
the entrance of water alter a charge 15 launched.

Dupth settings are made with a special wrench. Tf
the charge is dropped from a rack, the safety fork and
inlet-valve cover are automatically wiped off by wiping
plates on the rack. The cover must be removed by
hand and the fork by lanyard i the charge is
launched from a projector.

14B5. Pistol operation

The construction of a pistol is illustrated in figure
1486, The firing fin 1s secured to the firtng plunger.
Around the plunger are three holes, each of which con-
tains a lock ball. The release plunger is free to slide
within the firing plunger, and is held by a spring in the
position shown. The lock balls, held outward by the
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Fioure 14B6 —Depth-charge pistol and booster extender,
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release plunger, rest against the end of the guide-tube
bushing and prevent the firing plunger from moving
toward the detonator.

When water flows through the inlet, it fills the bel-
lowrs.  Water pressure then expands the bellows, push-
ing the piston and piston stem toward the release
plunger. This action compresses the depth spring and
the firing spring.  As the movement continues, the
piston stem contacts the release plunger and moves
it toward the firing pin. When the annular recess on
the release plunger has moved under the lock balls,
the latter move inward, releasing the firing plunger
with its attached firing pin, which 35 doven into the
detonator by the firing spring.

The depth spring is seated in the adjusting bushing,
and is cornpressed between it and the spring collar as
the bellows expand.  The adjusting bushing, threaded
within the deprh-setting slecve and keyed 1o the piston
stemn, is positioned by rotation of the sleeve when the
tndex plate is turned. The position of the bushing con-
trols the resistance offered by the depth spring to the
expansion of the bellows, and thus determines the
water pressure required (o operate the pistal.  When
the pistol is set on sare, the adjusting bushing is so
close to the spring collar that the piston stem is pre-
vented from moving far enough to release the locking
balls.

The 300-foot sctting uses the maximum strength of
the depth spring; hence it cannot keep the pistol from
firing at greater depths.  The inlet valve provides the
necessary control for depths between 300 and 1,000
fect. The valve bail is held against its scat by the
valve spring.  The compression of this spring is set by
rotating the adjusting deeve (with the inlet-valve cover
off),  When the valve is set for depths between 0 and
300 feet, it admits water [reely as soon as the charge
is submerged.  'When sct for greater depths, the valve
admits no water until the set depth is reached.  Then
the pressure of the water opens the valve, and the
water pressurc immediately expands the bellows, firing
the detonator.  Figure 14B5 shows the two dials,

For depths up to 300 feet, the deep-firing pointer
on the adjusting sleeve is set at 0 to 300, and the index
pointer on the index plate is et to the required depth.
The dial plate has, opposite cach depth mark, a small
recess to receive the index-pointer plunger, which acts
as a detent to maintain the setting.  For depths greater
than 300 fect, the index pointer is sct at 100, and the
depth-firing pointer is set to the required depth.

14B6. Booster-extender operations

A booster-extender mechanism, ready for lsunching,
1s shown in figure 14B6. The operating parts are en-
closed within a watertight bellows, which fills with
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wiater and extends the booster to envelop the detonator
as the depth charge descends.

The booster and the piston are secured 1o the ssindle,
which is locked in position by the safety fork. When
the safety fork is removed at launching, the bellows,
assemnbled under slight compression, elongates enough
to open the inlet around the spindle. The spindle
moves inboard wntil the outboard shoulder of the
annular groove contacls the locking balls held in the
locking adide. The spring prevents further inboard
movement of the locking slide until the water begins
to operate the bellows.

As water pressure builds up, the locking shide is
gradually drawn inboard by the spindle. When the
l.‘hilrgr reaches a depth of between 11 and 25 feer,
the locking balls move outward into the enlarged
recess in the spindle guide and release the spindle.
Waler pressure then quickly extends the bellows, plac-
ing the detonator envelope around the detonator, thus
arming the charge.

14B7. The Depth Charge Mark 14

The Depth Charge Mark 14 (see fig. 14B7) is a
strecamlined issile similar 1o the Mark 9, but is fitted
with an influence-type firing mechanism.  This de-
vice greatly increases the accuracy with which the ex-
plosion may be placed in depth, and eliminates the
disturbance caused by explosions of noneffective
charges, which otherwise may interfcre with the solu-
tion of the antisubmarine fire control problem.

The case, like that of the Mark 9, contains a 40-
pound nose weight, and has canted hns which
provide stable underwater flight characteristics, and a
sanking speed of about 23 feet per second. These
charges are launched in a conventionz! manner from
tracks or projectors. but because of the influence fea-
ture, they do not have to be sct for a depth pattern.

The A-d is an inHuence firing mechanism, designed
to initiate an explosion when the charge is close enough
to a submarine to do serious damage. Delay in its
operation and in the detonator make the mimmum
depth at which the charge will fire upon actuation from
a normal signal about 65 feet. 1t is equipped with an
anticountcrmining switch which prevents firing for a
short period following any other explosion near by,
The mechanistn may fire upon reaching the bottom of
the ocean or, in very deep water, the charge may fire

Chopter 14—ANTISUBMARINE WEAPONS
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Ficrre 14B7. —Depth Charge Mark 14,

at about 2,500 feet as a result of leakage or deforma-
tion of the case,

The Pistol Mark 12 acts as a safety device. It is
equipped with twe hydrostatic arming switches, a
detonator, and a detonator positioning device.  Pror
to use, the pistol safety latch is kept at sare and locked
with a safety fork. When the charge is to be used, the
safety latch is turned to service or to the deep arming
position, and the safety fork is removed by lanyard or
by wiping. Water pressure arms the pisto] at a depth
of about 35 [ect when set on service. When the
deep-arming safety latch is sct w the decp-arming posi-
tion, it locks the extender mechanism and keeps the
pistol from arming until some depth betwoeen 200 and
400 fcet is reached.

The deep-arming feature is designed for use in
“creeping attacks” against deeply submerged subma-
rines. It prevents premature explosion which might
result in damage to a slowly moving attacking vessel.

C. Depth Bombs

14C1. Description

Figure 14C1 shows a current depth bomb, the HBX.

ioaded Mark 54 Mod 1. Depth bombs are sometimes

defined as depth charges designed for dropping (rom
aircrafi.

Depth bombs were among the major antisubmarine
weapons used in World War I1.  Threse methods of
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Frurs 1402 —Bomb Fuze AN-Mark 230 Mod 4 { Hydrostatie Tail).

dropping—toss bombing, glide bombing, and low-
altitude release— were employed.

A depth bomb has a rather light case. The ex-
plosive filler comprnises about 70 percent of the weight
of the assembled bomb. ‘'l'o reduce the danger of
ricochets at small entrance angles, the depth bomb
has a flat nose. Fuzing arrangements arc discussed
in the nextarticle.

14C2. Fuzing

When carried in aireraft with selective arming,
depth bombs normally take two fuzes. An impact-
type nose fuze with a special flat arming vane is in-
stalled for usc against suitable surface or land targets.
A hvdrostatic tail fuze, shown in figurc 14C2; is in-
tended Tar use against submerged submarines.

When the tail fuze is dropped armed, the nose fuze
must be dropped sale. Otherwise the bomb will det-

14D1. The 7.2-inch rocket

Chapter 11 described the solid-nose 3.3-inch rocket,
which is uscd as an airborne antisubmarine weapon.
Surface craft may also carry antisubmarine rockets
and rocket-type missiles.

The first thrown missile put in service by the Navy
was the 7.2-inch rocket and it associated Rocket
Launcher Mark 20, illustrated in figure 14D1. Two
such launchers, mounted on the forecastle of an anti-
submarine vessel, can fire a pattern of eight charges.
Since the charge is a true rocket, there is negligible
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onatc on water entry. In planes that lack selective
arming, only the tail fuze is used.

During World War TI, many depth bombs were
fitted with an athwartship hydrostatic fuze. 'This
feature, however, is not present in the Depth Bomb
Mark 34 Mod 1 shown in figure 14C1.

The tail fuze shown in heure 1402 allows five
choices of depth sctting, varying from 25 to 125 feet,
Normally the depth sctting is made hefore 1ake-ofl,
though it can be made aboard the planting aircraft,
This gives an approximate control over the depth of
the explosion.

14C3. Damage to target

Like its close rclative the depth charge. a depth
bomb is unhkely to hit a submarine directly. Instead,
it gaine its effect by creating an underwater pressure
wave that may weaken or crush the hull plates of the
target,

Throwing Weapons

thrust against the deck when a pattern is fired; thus
this weapon is suitable {or use on such small craft as
PC's and SC's.

As the rocket head carrics a contact fuze, a direct
hit on the target submarine is required ; but, when a di-
rect hit is obtained, even the small charge carried in
the rocket head can well be lethal.

The Mark 20 launcher and its associated rockets
have been replaced in service on DE's and larger ves-
sels by the Mark 10 projector and its 7.2-inch missilc.
Since, however, the Mark 10 projector is much heavier
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Frovke 14D1.—7.2-inch Rocket Luuncher Mark 20, loaded and ready for firing.
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Ficcme 1402 —7.2-inch projector charge

than a rocket launcher and the deck thrust incident to
its use is considerable, the Mark 20 rocket launcher iz
nol considered obsolete [or small craft

14D2. 7.2-inch projector charge

The projector charge is similar in shape to the 7.2
inch rocket.  Tthas a bead 7.2 inches in diameter, with

Figunr 14D3.—Scction through spigot and tail tube.

a tuil, fins, and a shroud, (See fig. 14D2.) However,
this missile is not 2 rockrt; the propelling charge is an
npulse charge of smokeless powder.  The fuze arms
during flight and is designed to function upon impact
only., The cxplosive charge consists of 30 pounds of
TNT. The tail is a steel tube, the forward end of
which contains a cartridge case with the propelling
charge of smokeless powder, The propelling charge
is fired electrically by means of a primner in the base
of the cartridge case. As the missile leaves the pro-
jector, the cartridge case basc falls to the deck.

14D3. The 7.2-inch projector Mk10 and Mk 11

Several different projectors are used with the 7.2-
inch charge. In principle, all of them resemble the
Mark 10 (fg. 14D4), which projects a pattern of 24
charges ahead of the attacking vessel. T'he missiles
are loaded on cylindrical bars called spigots, attached
to ¢radles which can be swung about a lore-and-alt
axis by means of a roll-correction gear assembly
mounted on a gun-train indicator pedestal.  This
movement is limited, but it allows the spigots to train
enough to compensate for roll of the ship and to aid
in leading the target.  The spigots are so positioned
that, when fired, the charges deseribe an elliptical pat-
tern of about 140 by 120 feet.

The base [rame of the projector consists of two 18-
inch channel beams running fore and aft and two
12-inch I-beams athwartship, forming a box. Each
L.bcam carries {our bearings which support the cradle
assemblies. The four 10-inch cradle beams (fig.
1415 ride on trunnion assernblics welded at each end.
The trunnions At into the bearings on the base frame.
The cradles can be @ilted on their trunmons about an
axis purallel to the keel of the ship. A connecting bar
tilts all four cradles simultaneously when the roll-
correction gear is operated.

Six spigot sockets are welded to each eradle and hold
the spigots on which the charges are loaded for firing.
The wires of the firing circuit pass through hole< in the
spigot, as shown in figure 14D3. The ungrounded
side of the firing circuit terminates in u firing pin,
which is contained in the spigot.  The grounded return
of the firing circuit is through a spring contact which
touches the inside ol the projector-charge tail tube.

14D4. Operation

The projector is loaded by placing the tails of the
missiles over the spigots and sliding them down gently.
After the missile is all the way down on the spigot, it
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Friovre 14D4. —Prajector Mark 10,
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Friure 14D6.—Loading outhoard spigots,

is rotated 360° to ensure good contact between the
firing pin and primer.  {Scc fig. 14D6.)

The charges ure fired by means of a rigple switch
This switch has 12 contacts and. as the switch rotates,
it completes the firing circuit to the missiles by pairs.
the interval hetween contacts is abeut 0,10 second
{0.20 sccond in some meods). The firing circuits are
so wired that the missles with the highest trajectories
arc fired first and those with the flattest trajectories
last. Thus all the missiles hit the water at approxi-
mately the same time. The average range is about
200 yards. Variations in powder température have
hittle effect between 50° and 90° Fahrenheit.  Figure
14D7 shows the nominal trajectory and sinking time
of the 7.2-inch projecior charge.

The Mark 11 projector is very similar to the Mark
10 described above,

14D5. The 7.2-inch Projector Mark 15

In principle of operation and in gencral external
appearance, the A/S 7.2-inch Projector Mark 15 (fig.
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Fisure 14D7.— Trajectory curve, Mark 10 prajector missile.

14D38) resembles the Mark 10 tvpe deseribed in some
detail in the preceding articles. It is equupped with
24 spigots which accept 7.2-inch charges like those
already described, and ripple-fires them in a circular
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pattern. Howcver, the cradles on which the spigots
rest are at right angles to the line of fire (the Mark 10
arc parallcl 1o the line of fire), and can rotate in
limited arcs of clevation in trunnion bearings. (The
Mark 10 projector's spigots cannot move in clevation
at-zll.l] The cradles are cross-connected so that they

E.
14E1. General

Ffforts to block the entrances to harbors against
surface vesscls dale back to the carlisst times. The
appearance of the high-powered, stecl-hulled surface
vessel, the submarine, and the torpedo have made the
present-day problem of protecting ships at anchor in-
creasingly difficult.  The problem has evolved into one
of defense against torpedoes.  This defense is accom-
plished in two ways: by preventing the vessel carrying
the torpedo from approaching within firing range, or
by stopping the torpedo itself, Scc figure 14E1L.

There are five classes of nets and booms, with indi-
vidual variations within each type. Thesc are:

1. Type 8 net (antisubmarine).

2. Type I (Indicator) net {antisubmarine).

3. Type T net {antitorpeda).

4, Type B boom (antimotorboat).

5. Rigid obstructions.

To protect ships at anchor in a harbor either (1)
the harbor must be blocked off or (2) each ship must
be protected individually, During World War 11
merely blocking off the harbor did not, in itsclf, give
sufficicnt protection, because of the torpedo-carrving
aircraft, ‘Therefore, valuable ships and floating dry
docks may be surrounded by a wariation of the Type
T net called an ISP ( Individual Ship Protection) net.

14E2. Type S net (antisubmarine)

The purpese of the Type S net is to block submarine
attacks, or, if a submarine docs break through, to reveal
its presence to patrol craft.  To prevent the passage of
a submarine the net must be constructed of very heavy
material and must have sufficient elasticity to absorb
a sudden heavy strain without breaking. The three
basic elements are;

1. The net, a fabric woven of heavy wire.

2. The flatation, a system of buoys and floats.

3. The moorings, the anchors and their connections.

The standard submarine net is constructed of a
diagonal mesh measuring 8 fect per side, assembled in
lengths, called panels, which measure 300 foct.  Nets
arc tailored 10 fit the depth of the water; they must
reach the hottom without fouling on it. T'wo panels
joined together longitudinally form a section, the lincal
unit used in installing and when referring to Jarge net
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elevate in unison. The cradles are housed in a train-
able carriage mounted on a stand on the deck (as con-
trasted with Mark 10's fixed-basc frame). The ¢le-
vating and training parts are positioned by clectro-
hydraulic power drives similar to those used on 40-mm
guad mounts.

Nets and Booms

svstems. The net is woven around a top wire rope,
called the jackstay, and around end and bottom wire
ropes, called perimeter ropes.  The jackstay supports
the weight of the net, and it is to this that the flotation
gear is secured,

The net is floated by spherical or barrel-shaped
buoys shackled to the jackstay. The moorings are de-
signed both to keep the nct in position against the
force of tide and current, and to furnish the installa-
tion with the required elasticity.  The typical mooring
consists of four 6,000-pound stockless anchors, two on
the scaward and two on the harbor side of the net.
These anchors are laid in tandem at right angles to the
net line.  Elasticity is provided by slinging heavy iron
cubes, called stretcher weights, in the bights of the
mooring system. The stretcher weights and ends of
the net are floated as illustrated in figure 19E2.

Fioune 14E2.—Type § net, showing yicld in moorings.



A harbor entrance net has one detachable panel,
called a gafe, which may be swung open by a gate
vessel to allow passage of friendly ships. In deep
entrance channels the gate may be guarded by a sub-
merged bottom net under the entrance. Such a net
is supported by submerged buoys; it effectively seals
the gate against submarines attempting to slip through,
deeply subrierged, while the gate is open.  Of course
the top of this net must be deeper than the draft of
the largest friendly ship which will use the gate.

14E3. Type | (Indicator] net lantisubmarine)

The purpose of this net is to indicate the position
and movements of a submerged submarine. As the
Type 8 net is extremely heavy and bulky, it requires
heavy cquipment to move it, lay it, and tend it. There-
lore a relatively light, compact net, easily shipped to
and installed in distant harbors, is required,

The Type I net is not designed to stop a submarine.
Its strength requirernents are that it must be capable
of staying in position in all conditions of wind and
weather, and that any section rmust hold together
while being towed by a subimerged submarine.

The net is woven with a 4-foot diagonal mesh into
panels 210 feet long and 30 feet deep. The net is
not tailored to fit the depth of water, but the panels
arc fastened to each other until the net reaches the
bottorn.  Any cxcess is secured by brailing and stop-
ping, so that it will not foul on the bottom.

The two distinctive features of the Type I net are
bursier clevises and the indicator fisats. Burster
clevises are U-shaped shackles used to conncer the
mesh of the net to the jackstay. They are designed to
break at a predetermined stress, thus freeing the net
from the jackstay. Indicator floats are small steel
pontoans, cach containing a reel with 300 feet of line,
a flotation charmber, and a pot of calcivm chloride and
caleium phosphide.  When a panel of the net is pulled
clear of the jackstay, tear-off strips are pulled from the
indicator floats; water enters the pots containing the
calcium compounds, and smoke is generated,

The operation of the net is illustrated in figure
14E3. A submarine, attempting to enter the harbor,
comes in contact with a pancl of the net; when the
stress on the net reaches a certain amount the burster
clevises part, freeing the panel from the jackstay:
this panel drapes itself around the bow of the subma-
rine; as the net moves away with the submarine, the
indicator floats initially remain attached 1o the jack-
stay: the tear-off strips are pulled elear and the 8cats
produce smoke ; when the 300 feet of linge in the indi-
cator float is paid out, the floats are pulled clear of
the jackstay and arc towed along the surface astern
of the submarine.
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Fioure 14E3.—Action of indicator net (Type ).

14E4. Type T net (antitorpedo)

The Type T net is used (fig. 14E4) to fence out
torpedoes. Tt may be laid in any of the [ollowing
ways:

1. Asa continuous barrier across a harbor.

2. Inanon-continuous baffle arrangement,

3. In individual ship-protection uniis,

The Type 8 net must withstand the impact of the
slow-moving large body of a submarine, the kinetic
energy of which is diffused rapidly throughout a large
arca of the net. A torpedo, however, poscs an entirely
differcnt problem to the net designer. A torpedo ar-
rives at the net with a high degree of kinetic energy.
At the critical instant of impact, because of the small
diameter of the war-head nose and its high velocity,
that total energy of the 300-horsepower torpedo is con-
rentrated upon one clement of the net.  If that ele-
ment fails, the net is defeated.

The distinetive feature of the torpedo net is the
grommet, Grommets are rings of steel wire with a
breaking strain of 46 tons.  As the net is woven, each
grominet finally is passed through six other grommets
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(as shown in fig. 14E3), producing a fabric much
like the chain-mail armor of feudal days. When the
torpedo strikes, the force of its impact is expended in
stretehing, or clongating, the grommets, each one ren-
dering against the adjoining grommets.

Antitorpedo nets are attached both to the top and to
the bottom of the flotation buoys, in order to protect
againy surface torpedo runs.  The bottom of the tor-
pedo net is left free 1o swing from the jackstay, thereby
adding to its elasticity,

The continuous barrier and the baffle methods of
laying the Type T net are self-explanatory. However,
neither of these affords protection against torpedo
attack by plane.

Froune 14E5.—Portion of Type T net.
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An Individual Ship Protection (ISP) net provides
an answer for this problem. It is an antitorpedo net
completely surrounding an individual ship. The net
is held off about 60 feet from the sides of the ship
by special spars and is attached 1o the anchor chain or
mooring buoy, The main disadvantage of this net is
tactical; that is, it interferes with the ability of a ship
to gel under way rapidly.

14E5. Type B boom (antimoterbeat)

The purpose of the boom is to block passage of motor
torpedo boats.  Such a craft is built with an extremely
light hull, because speed is its principal and virtually
its sole protection. The Type B boomn is designed with
this weakness in mind.

The distinctive feature of this boom is the baulk—
a heavy iron-strapped wood-and-metal tank fitted with
eycholts and links for connccting it to the boonr jack-
stays. Two watertight iron tanks accupy the interior
of each baulk and provide flotation. Each baulk is
fitted with four steel spike cutters whose points project
outward {rom the baulk. The baulks are connected by
upper and lower jackstays; along the upper jackstays,
at intervals of 4 feet, are four-pronged steel star eutters.

While this type of defense has been cffective under
favorable conditions, its limitations should be kept in
mind. It is designed only for protection against very
light ¢raft and will not stop steel-hulled boats and
heavier landing craft equipped with propeller guards.
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Moreover, the weight and shape of the baulks
creates a definite problem where strong currents are
cneountered.

14E6. Rigid obstruclions

It iz sometimes necessary to close entrances to har-
hors where the water is too shallow for efficient net
operation.  In such cases it 12 usually more efhicient to
employ some kind of rigid obstruction. These may
take one of several forms;

1. Cribe. These are heavy structures built up from
the bottom in the form of boxes of the heaviest timbers
available and ballasted with rock or concrete.  Heavy
wire is ngred between them.

2. Congrete blocks. Where time and cost are not
comtrolling factors, heavy tetrahedronal concrete
blocks have been cast with their bascs jointed to form
a semibreakwater across the channel.

3. Dolphins. Pile dolphins may he used where the
naturc of the bottom and availability of pile-driving
equipment permit, These may be connected with
jackstays and star cutters.

4. Blockships, The traditional mcans of closing a
harbar is, of course, to sink a ship in the channel. This
is very diffieult to do correctly since, to be cffcetive,
the ship must be sunk on an even keel dircetly across
the channel. Provisions should be made for very
rapid, controlled flooding and for venting of wapped
4lI.

14E7, Multiple installatiens

Because of the specialized character of nets and
hooans no single installation can deal with all of the
torpedo threats which may develop against an im-
portant busc or anchorage. Often it is necessary to
combine different types of barriers, cither using one in
support of another, or joining two or more into a
single-line ohstruction,

A Type 8 net, for example, constitutes no very effec-
tive obstacle to a torpedo fired through its mesh, And
to a motorboat designed to ride over low obstacles a
torpede net would not be a much more positive harrier
than a motorboat boom would be to a torpedo fired
under it

Sometimes the only solution is a combination of two
of more types of defense. In practice any or all of
the possible combinations may be used, from simply
doubling a line of one kind of net to combinations
of three separate types. Standard Type § moorings
for a double line will readily carry a Type T net in
place of the sccond Type S net.  Such a barrier, while
not as formidable to cither a submarine or a torpedo as
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Froung |4E6.—Type B hoom {motorboat boom].

a double hinc of its specific antidote, will still stop
most torpedoes fired into it and, if well patrolled, will
leave little chance that a submarine will pass through
undetected.  This combination is a compromise, but a
thoroughly practical compromize. Without unlimited
reserves of material it often ¢onstitites all that can
be done 1n a given situation,

The double-line Type S5 net installation provides
as nearly complete protection against submarines as
can be established at the existing stage of net develop-
ment. But a review of actual war cxperience in
this ficld indicatcs that, when considered on the basis
of calculated risk, the expense in materials and trans-
portation capacity is justificd only where there 15 both
very great risk of determined attack by submarines and
an extremely important prize inviting such attack.

The case against double-line installation applies in
a lesser degree to torpedo nets. They too, with their
flotation and moeorings, impose a heavy load upon
war-burdened transportation and maintcnance fa-
cilities.  Torpeda net is used in greater guantitics than
any other type of heavy installation. A practice which
would double the mileage of net required would al-
muost inevitably entail leaving some naval anchorages
entirely unprotected.

Type SBT net is a combination of submarine and
torprdo net lines with a motorboat boom [hg. 11E6]
added, the submarine net being installed at the sea-
ward line, using the motorboat baulks for flotation.
Tt provides protection against three tvpes of attack:
submarine, torpedo, and motorhoat,

14E8. Gates

Where nets or booms entirely close the entrance to
a port, passage must be provided for friendly wvesscls
while still barring the encmy.  ‘T'his is the function of
the zate. Net and boom gates arc simply movable sec-



—
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tions of the barrier so rigged that they may be opened
to permit the passage of friendly craft. When closed,
such gates will be as strong as or stronger than the
other sections of the barrier.

Gatey are classified according to use as main, emer-
gencey, and side.  All must be so rigged that they may
be operated easily and rapidly under all conditions of
weather and sea, will be entirely secure when closed,
and will be controllable by the officers aperating the
port’s defenses.

They arc classificd according 1o design as horizontal
and vertical. The horizontal gate is operated by
swinging it open, still Aoated by its buoys, until the
passage is cleared. The vertical gate is lowered at one
end or at both ends until sufficiently submerged to per-
mit vesscls to pass over it

Chapter 14—ANTISUBMARINE WEAPONS
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14E9. Summary of net defenses

In considering the type of nct defenses o cmploy,
one must give thought 10 transportation facilities,
weight of the net and aceessories, net-laying and tend-
ing vessels available, and tactical requirements.  Type
S and Type T nets are very heavy and bulky, and re-
quire the use of large laying and tending vessels. The
Tvpe 1 nets are made in various weights, varying from
fairly heavy to extremely light

The adage among net personnel states that ™a net
is no stronger than its patrol.” These patrols must
keep watch not only for the enemny but also for damage
to the net by currents, weather, and corrosion. The
most important factor in maintaining cffectivencss
of any net installation is a continuous and alert patrol.



Appendix A

SAFETY PRECAUTIONS

The folluwing safcty precautions weee maucd, (5 accordance with arocle UG, Nevy Ragpslalisns, by
tre Chief of the Bureyo of Grinanoy 28 CGetcber 1948, and approerd hy the Aering Brorrtery ol the Navy

4 Wowrmbor 13HE.

I[n seperair publicnticn, they ars dedggnaied Naved Tpgerirgion SIR0L; and the ton-

temiy o the danie 26 e conient o chapoer 30, IT 5. Movy Sofoly Procoutions, CpMay 54F1.

|. General

1. To avoid danger of casaaltics, the shservance of
the following safety procautians i mandatary.  The
Burvau ab iwdeance shall b informed of any cir
cumstances which conffice with  these safery omce
stk Gr which for any ether reason reguine chulm
I or additions 1o them.

2. When i deabt as to ths exact mieanne of a
salety precavtsan, an interpretation shall be requested
from the Burcan of Ordoance.  Conditiens not cove
cred by these safety precautions may ardse whick, in
the npini.nr. af ihe commanding officer, may moder
furtheer operation of the equipmont cesafe,  Under
these conditions, nothing in these wafey precautions
shall be comstrued  as awhorizing such  further
aperation

4, Bafery devices provided shall abways be used as
ﬁl:.i,gnuwd R prevent ‘passibilicy of accideat, nm!_:l:m"
be kepe in good order and operalive al all tmes
All instructions promulgated by competent wuthority
1o 1nmare sl .gpumiqn iar handling of r.-q-:iprr.nmt shall
‘ne atricely ohaerved

+. Whenever any mation of poserdriven unils =
capahls of inficting injury on perscancl oo matecal
not continuously visible to the pemson comiralling such
mutdon, the officer ar petty officer whn suthariees the
undt b bBe puseed by power shall, except at gersral
yuariers, insure that a safety watch i maintained in
aveas whers such injury iz posszble beth vaueside and
inside the unit, and shall have tl'll.'[.l""‘"lﬁl' ar ol
efective voice cornmunication establzhed aod main-
fainod ketween dhe salion controlling the unit and the
l.aj'u:,— wateh. These 'pcrwz.u'r.inm: are applicable o
iurrets, gun moants, guns, direcbors, rangs foders,
searchlights, torpedo tubes, rocket laurchers, and
similar upits,  Under the comditicos staced abosr, the
ala e mnrmlli.-ng shall ohaain a report “mll clear”
froan cach safery watch hefore starming the anit. Eark
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anfery watch shall kesp hiv asigoed arca clear and it
upable 0 do s shall immediately repoet his it
frealed, and the controlling staton whall |.HUI1lill|'f BLC
the unit undil it & agaio reporbed Gear,

5. Tr turrets and eecloscd mouns, & waming signel
shall be installed outside the norret or mwaount; and
whesinets  powss trmdn is used, except ot meneral
eanrters, the officer oo petty officer in change of the
tuerel or o mount shall camse warming dgnael o ke
gounded before using power and ab mtervsh during
its use.

f. Changes, madificatzons in, or additions to ond.
nanos materdal, or sther material wsed in Connection
therewirh, shall not be made without explicit authadiy
from the bareaus conoermnd

7. Mo ammunition or axplosve avenibly shall be
wed in aoy gun v applipnee for which it & not
designated

& Na ather than deill mrmanition shall be used for
dedll.

5. Om gans equipped with hyd sopreamaric ceomter-
recoil sywtems, the safety link, keking the gun to the
slide, shall be connected up al all tmes except when
firing ar when feeting sl sverhauling the cousiter-
recail svetemns or when a batbery &5 do & condition of
readiness lor action

1k Exerprin oction aor when r-_neni.ﬁl:-a“:.- authoriesd,
antiaiceraft puzs shall not ke fired at clevations greater
thar, or fuee wttings less than, those preseribead in the
rurrent onders fur quhr:r:\_; Exerrises,  When bonge
antiniteralt gens as sech, all peosanel fon required fe
be excpased shall e kopt winder oover,

W, Ammunitien Handling and Stowoeas

1. As familiariey with any work, no matier i
dongerous, is apt to lead (o carelessness, all perons
whe mpy suporvie or perform work io connection



with the inspection, care, preparation, use, or handling
of ammunition or explosives—

(a) Shall exercise the utmost care that all regu-
lations and instructions are rigidly observed.

{b) Shall carcfully supervise those under them
and frequently warn them of the necessity of using the
utmost precaution in the performance of their work

No relaxation of vigilance shall ever be permitted,
2. Except in case of emcrgency, ammunition shall
not be transferred during fueling operations.

3. All ammunition, cxplosives, and powder shall be
protected from abnormally high temperamure, If so
cxposed, they shall be handled in accordance with cur-
rent instructions of the Bureau of Ordnance. Per-
missihic maximum storage temperatures shall be pre-
scribed by the Burcau of Ordnance.

+. Smokeless powder which has been wet from any
causc whatever must be regarded as dangerous for dry
storage. Such powder shall be handled in accord-
ance with current instructions of the Bureau of Ord-
nance.

3. Smokeless powder which shows unmistakable
signs of advanced decomposition shall be disposed of
in accordance with current instructions of the Bureau
of Ordnance.

6. To minimize the risk of fire, explosion, and dam-
age to ammunition and its containers from accidental
cuuses, ammunition shall be handled as little as prac-
ticable. As the action of denting thin-cascd high-
explosive ammunition is known to have caused detona-
tion of the cxplosive in some instances, special care
shall be exercised to insure that such ammunition is
never struck, dropped, or bumped.

7. Defective bomb-type and thin-case ammunition
shall be disposed of in accordance with current in-
structions of the Bureau of Ordnance.

8. A fuzed projectile, whether in a container or not,
if dropped from a height exceeding 5 feet shall be
dumped overboard in a manner conforming with reg-
ulations for dumping ammunition at sea except when
practicable to turn the projectile in to a Naval Am-
munition Depot.  Such ammunition shall be handled
with the greatest carc.

9. Care must be used to avoid tapping or otherwise
striking fuzed projectiles. This precaution is partic-
ularly applicable to attempts to loosen such a projec-
tile in the cartridge case by repeated light blows of a
mallet, unloading such a projectile wedged in the bore
of a gun, and the striking of a projectile by the recoil
of a gun or an cjected case.

10. The covers of switches, circuit breakers, etc.,
shall be kept securely closed while powder is exposed
in the vicinity.

Appendix A—SAFETY PRECAUTIONS
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1. Magazines thall be kept scrupulously clean and
dry at all times. Nothing shall be stored in maga-
zines except explotives, containers, and authorized
magazine eguipment.  Particular attention shall be
paid that no oily rags, waste, or other forcign materials
susceptible to spontaneous combustion are stored in
them:

12. Naked lights, maiches, or other flame-producing
apparatus shall never be taken into magazines or other
spaccs used primarily as magazines while these com-
partments contain explosives,

13. Before performing any work which may cause
either an abnormally high temperature or an intense
local heat in a magazine or other compartment used
primarily as a magazine, all explosives shall be re-
moved to safe storage until normal conditions have
been restored.

14. Black powder is one of the most dangerous of
explosives and shall always be kept by itself. Only
such quantities as will meet immediate needs shall be
taken from the magasines. A container of black
powder shall never be opened in 2 magazine nor in the
vicinity of a container in which there is any explosive.

13. Ammunition shall not be altered, nor shall
fuzes or any other parts be removed or disassembled,
without explicit instructions from the Bureau of
Ordnance,

I, Service of Guns, including Ammunition Supply

1. Live ammunition shall be loaded into guns for
firing purposes only. Test or inspection of ammuni-
tion by fitting it into guns is prohibited, cxcept when
authorized by specific instructions of the Bureau of
Ordnance.

2. During firing no other ammunition than that
immediatcly required shall be permitied to remain
outside of the magazine.

3. During gunnery exercises, charges in excess of
the amount required to be available for one run shall
not be assembled in the vicinity of guns mounted out-
side of turrets, No charge for a bag gun shall be re-
moved from its tank, nor shall the tops of tanks be rc-
moved or so loosened that the bags may be exposed
to flame until immediately before the charge is required
for loading.

4. When either cartridges or bag charges are out-
side the magazines, each flame-proof compartment or
space which forms a stage of the ammunition train,
including the magazines and gun compartments (in
or out of turrets), shall, wherever practicable, be kept
closed from all other compartments or spaces except
when the actual passage of ammunition requires it to
be open. Where practicable, no flameproof stage
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of the ammunition train shall be open to both the pre-
ceding and the following stages at the same time.

3. If flame scals be damaged during firing, except
in action, so that they can not fulfill their purpose, the
gun or guns concerncd shall ccase firing until the flame
seals are again effective,

6. (a) In a magazine or handling room in which
powder is removed fromn tanks to be sent to the guns
in bags, not more than one charge per gun, for the
guns being served by that magazine or handling room,
shall be exposed by removal from tanks, by removal
of tank tops, or by so loosening the tank tops that the
bags may be exposed to flame.

{6) In cach subsequent flameproof stage of the
ammunition train, not more than one charge per gun,
for the guns being supplied through that stage, shall
be allowed to accumulate. For this purpose, the
spaces or handling rooms at the tops and bottoms of
continuous-chain powder hoists will be considered
separate stages (whether or not scparated from the
hoists by flameproof doors, flaps, or shutters),

{e) In addition to the above, continuous-chain
powder hoists may be kept filled; or if hand passing is
used, there may be one bag of powder at the station of
each man in the train.

(d} Itis the intent of this article to permit suffi-
cient powder to be exposed to provide an adequate
supply for the guns being served. The maximum
amount specified above should be exposed only if a
smaller amount will not assure an adequate supply.

7. As there 1= an inflammable gas present in the
chamber of a gun after firing which, under certain con-
ditions, may constitute a danger by igniting the powder
charge which is to be used for the next round, and as
smoldering remnants of powder bag may also be pres-
ent, the following precautions shall always be observed

{a) Bag guns shall not be loaded until a member
of the crew has assured himself that the bore is clear
of powder gases and remnants and has announced
*baore clear”™ either by voice or by approved signal, such
as a hand, whistle, gong, or horn, except that, when
the gas-ejector svatem does not readily clear the bore,
the combined sponge and rammer (where provided)
may be used. The sponge shall be dipped in water
for each load.

(&) Until the “bore clear™ signal above described
is given, or the projectile is rarnmed home with the
wet combined sponge and rammer, powder shall not
be exposed closer than 4 feet to a gun not mounted
in a turret.

{£) Im turrets fitted with ammunition cars, the
car and the center of an open breach shall not be al-
lowed within 6 feet of one another until the “bore
clear” signal has been given. In turrets fitted with
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continuous-chain powder hoists, or for hand passing,
the powder shall not be exposed in the turret chamber,
nor shall the flame seal, shutter, or flap between the
turret chamber and the next stage in the powder train
be opened or unlocked until the “bore clear” signal iy
given.

8. If a powder bag is broken to the extent of allow-
ing powder to fall out, the command “Silence" shall
be given and the loose powder shall be gathered up.
If it is impracticable to utilize this section of the charge
satisfactorily in loading, it shall be secured in a flame-
proof container or immersed In water.

9. In turrets not fitted with bulkheads between guns,
the “bore clear” signal to the turrct crew shall not be
given until the guns which have heen fired and whose
breech plugs have been opened arc reported clear, at
which time one signal to the entire turret crew shall
be given.

10, Carc shall br exercised to prevent projectiles
from slipping back from their seats, as unseated pro-
Jjectiles may cause abnormally high pressure.  In bag
guns, projectiles shall not be rammed by interposing
one or more sections of a powder charge between the
head of the rammer and base of the projectile.

11. The mushroom of every bag gun shall be wiped
after cach shot with a sponge or cloth dampencd with
fresh water,

12. As soon as a gun is loaded the breech shall be
closed without delay,

[3. When priming a lock of the shiding-wedge type,
care shall be taken to insurc the primer being pushed
in beyond the primer catch to preveat the primer com-
ing out or being crushed by the operation of the wedge
in closing.

14. In loading a bag gun, ncither the gun ready light
switch nor the gun firing cut-out switch [which are
combined in some installations) shall be in the closcd
position until the breech is fully closed and all per-
sonne] are clear of the recoil.

15. To guard agamst blowing out primers which
may fire at the instant of closure, care shall be taken
whenever the breech of a bag gun with a live primer
in the lock is being closed, that the operating lever is
followed through during the last part of its travel, to
prevent any opening of the lock due to rebound.

16. The breech plug of a bag gun shall never be un-
locked or opened while there is a live primer in the lock.

17. A firing lock into which a live primer has been
inserted shall never be opened, either independently
or by operation of the breech mechanism, unless the
Rring c¢ircuit is broken externally of the lock or bireech
mechanism (for example, at local pointer’s key or gun
captain's ready switch), except when it is known that
the Joaded gun has fired, This applies to the firing of



primers at drill, to the operation of loaded guns, and
the examination of prnimers.

18. The limiting position of the breech of the gun
on recoil shall be indicated and the gun crew shall be
instructed to keep clear.

19. While a gun is being unloaded, all personnel
not required for the unloading operation shall be kept
at a safc distance from the gun.

20. Only approved ramming devices and methods
shall be used in loading live cartridges. Any cart-
ridge which does not freely and fully enter the cham-
ber of the gun shall be carefully extracted and put
aside, and no further attempt shall be made to fire
such a cartridge.

21. In every case gun using primers with a per-
cussion clement, except those guns of the sliding-wedge
type, the breech plug shall not be closed until the plug-
man is assured by actually feeling that the front face
of the plug is free from any projections, such as a
protruding firing pin or fuzed metal, in order to pre-
vent discharge of the gun when the breech plug is
swung to but not rotated.

22, In order to avoid danger from inflammable
gases, fired cartridge cases shall, before stowing below,
remain in freely circulating open air for at least 10
minu If practicable they should be stored on their
bases.

23. Effective measures shall be taken to guard
against prematurely opening the breech of 2 loaded
gun, whether or not the gun is fitted with a salvo lawch.

24. If a gun is loaded at the order “cease firing"—

(a) The gun shall be kept pointed and trained in
a safe direction.

() The breech mechanism shall be kept fully
closed.

(¢} The gun shall normally be cleared by firing
as soon 2s practicable.

25. A loaded and fuzed projectile, seated in the
bore of a gun that is hot from previous firing, pre-
sents a hazard, since detonation of the projectile is
possible as a result of being heated.  Whencver prac-
ticable, such projectile should be disposed of promptly
by firing the round. Whether a gun is hot or cold, the
risks attendant upon removing a loaded and fuzed
projectilc scated in the bore, by backing out, are con-
sidered unwarranted except in the case of guns for
which existing instructions specifically prescribe this
procedure,

26. (&) The possibility of a serious accident due to
opening the breech of a gun too soon in the case of a
hangfire demands the constant exercise of the utmost
prudence and caution. A hangfire must be assumed
to exist when:

(1) An unsuccessful attempt has been made
to fire the gun.
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{2) A charge remains in a bag gun, with the
possibility of ignition by an undetected ember from the
previous round.

(#) The following procedure shall be followed in

the cases noted above;

{1) Keep the gun pointed and trained in a
safe direction,

(2) Keep the breech mechanism fully closed.

{3) Continue attempts to fire, if desired, re-
priming bag guns provided such cfforts do not involve
any movement tending to open the breech,

(¢) If the gun is not fired under the above con-

ditions -

(1) Open the firing key and break the firing
circuit elsewhere.

(2) Unhook the firing lanyard, if detachable.

{3) Remove the primer from the lock of a bag
gun, using the primer tools supplied for this purpose,
taking care to avoid danger from recoil or blowback.
For this purpose, or for shifting primers, do not leave
the firing lock open longer than necessary,

(4) Do not open the breech for 30 minutes
{10 minutes for ficld and landing guns on shore) after
the last attempt to fire. This, at the discretion of the
commanding officer, is not obligatory in time of action ;
nor is it obligatory or advisable with a hot gun if an
instruction of the Burcau of Ordnance to prevent a
projectile “ecook-off” recommends carlier opening of
the breech when the gun cannot otherwise be cleared
by firing it

(d) The crew shall never leave a loaded gun until
the precautions in (&) and (¢) (1) to (3) above have
been carried out.
(¢) Ammunition removed from a loaded gun

shall be disposed of in accordance with current instruc-
tions of the Bureau of Ordnance.

27. Ships shall cease the firing of any gun whose linc
of fire is endangering any object other than the desig-
nated target. These objects include friendly ships and
aircraft and own ship’s structure together with the
mounts and launchers and their barrels, fixed or mov-
ing. This stipulation applies to objects in the vicinity
of the firing point, throughout the trajectory and in
the vicinity of the target.  Turrets, mounts, guns and
launchers which are not firing, shall be trained and
elevated if manned, or secured if unmanned, in a
manner that will provide the greatest amount of safety
from the firing. The position of greatest amount of
safety of the unmanned mounts will generally be that
position which the firing cut-out mechanism cams of
the firing mounts were cut to clear.
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IV. Precavtions te be Observed in Hondling,
Fuzing, or Inserting Detonators in Explosive
Ordnance

1, Since it is not always possible to ascertain readily
whether mines, depth charges, rockets, projector
charges, and aircraft bombs have been inadvertently
armed in storage or handling, all of these types, when
fuzed or assembled with firing mechanisms, shall at all
times be nandled and treated as if armed, in strict con-
formity with the instructions for safeguarding against
the inadvertent arming, firing, or launching of such
ammunition.

2. Certain types of bombs, mines, depth charges,
rockets, and projector charges are normally issued un-
fuzed. Fuzes shall not be inserted in such ammuni-
tion (nor in the case of fuzes having scparate detona-
tors, shall the detonators be inserted into the fuzes)
until just prior to placing in ready stowage, or jusi
prior to or after loading the ammunition on the racks,
launchers, or projectors preparatory to dropping or
launching. Such fuzing or inserting of detonators
shall not be accomplished in or ntar a magazine or
ready scrvice stowage, but may be accomplished in
handling rooms or spaces specially designated for such
purposes by competent authority. In general, fuzing
or inserting of detonators shall be done on individual
rounds isolated from other ammunition insofar as
practicable,

3. Fuzes which have been set shall be reset to the
safe position before sending them below.

4. Fuzes, firing mechanisms, or primer mechanisms
for bombs, depth charges, rockets, projector charges,
demolition outfits, or mines shall not, except as cov-
ered by special orders or current instructions of the
Burrau of Ordnance, be removed, disassembled, re-
paired, or in any way altered.

5. Bombs, rocket heads, and projector charges, for
which fuzes are issued separately, shall not be stowed
with those fuzes installed in or near magazines con-
taining explosives.

6. Fuzes issued scparately for bombs, rockets, and
prajector charges, which contain integral detonators or
other explosive components, shall be stored only in
specially designated fuze magazines which shall not
be located adjacent to magazines containing high ex-
plosives.

7. Detonators which are not assembled integrally
with fuzes shall be stored only in standard type detona-
tor lockers located in approved places.

8. Fuze-arming wires or devices shall not be re-
moved from the unarmed position until just before
releasing or firing, Safety pins or other devices requir-
mg removal before flight, or firing, shall not be re-
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moved until the ammunition has been loaded in racks,
projectors, or launchers and not until after the arming
wire or device has been put in place. Bombs, mines,
depth charges, rockets, or projector charges not ex-
pended shall be made “safe™ at the first opportunity
in accordance with current instructions for the respec-
tive assemblies. When handling or unarming an ac-
cidentally armed fuze, the prescribed procedure shall
be carcfully followed.

9 Electric igniters, primers, or dotonators, elec-
trically fired rocket and guided mussile motors, electric
or clectronic ordnance fuzes, including VT fuzes, shall
not be stowed in the same compartment with, or be
exposed within five fect of, anv exposed clectronic
wansinitting apparatus or antenna or antenna lead,
except where such electronic apparatus or antenna is
a part of authorized test equipment of a weapon or is
integral with a weapon containing such componcnts,
in which event special instructions pertinent thereto
shall apply.

V, Torpedoes, Torpedo Air Flasks, and Accessorles

1. Torpedo air flasks shall never be charged to more
than 100 pounds above the prescribed working pres-
sure. When the prescribed working pressure is for
any reason altered, the new pressure designated shall
be stamped on the flask near the charging valve.

2. The artificial cooling of torpedo air flasks during
or after charging by spraying with water or by flooding
the torpedoes in the tubes is prohibited.

3. Any cutting of torpedo air flasks, accumulators,
piping, or other receptacles for compressed air is pro-
hibited.

4. Torpedo air flasks in a fully charged condition
shall not be transported, hoisted from one deck to an-
other, struck below, etc., except when it is not possible
to perform the operation efficiently and expeditiously
with the air fiasks partially charged.

3. In recovering a torpedo in the water the propeller
lock shall be put on at tht first opportunity and kept
on until the torpedo is safely landed.

6. Because the filling material used in torpedo torch
pots ignites spontancously or forms poisonous gas when
combined with water, or subjected to moisture, ex-
treme care must be taken to follow existing Bureau of
Ordnance instructions concerning the handling of
torch pots.

7. The use of electric torpedoes involves hazards of
mechanical injuries, electrical shock or burn, acid
burns, and hydrogen explosion or combustion. Bu-
reau of Ordnance instructions prescribe cffective
measures to prevent accidents and shall be rigidly
adhered to at all times,
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VL. Miscellaneous Ordnance Safety Precautions

1. Current instructions prescribe effective measures
for the safe employment, operation, and service of
catapults and their guns. In addition, all safety pre-
cautions pertaining to guns and ammunition, unless
manifestly inapplicable, apply to catapult guns and
their ammunition.

2, Smoke-making devices which misfire or have
been in the water shall not be taken on board ship
or inside buildings or structures on shore. Gas masks
shall be worn when entering concentrated smoke
clouds.

3. All personnel working with chemical ammunition
shall be trained in the fundamentals of handling toxic
chemicals and shall be familiar with the instructions
pertaining thereto. They shall be equipped with ade-
quate and effective equipment, including protective
clothing and gas masks.

4. Pyrotechnic material shall always be kept by itself

in regular pyrotechnic storage spaces, if such are pro-
vided, or in pyrotechnic lockers on upper decks. In
using it, only a minimum amount shall be exposed.

5. All personncl shall keep clear of the possible
exhaust path of rockets at ali times.

6. Launcher-firing circuits shall not be tested when
rockets are in the launchers,

7. In case of rocket misfire, personnel shall not
approach the rocket for at least 10 minutes, nor until
firing circuits are known to be open.  This, at the dis-
cretion of the commanding officer, is not obligatory in
time of action.

8. When a misfire occurs in handling demolition
material, an ample margin of time shall be allowed
before investigating the reason of misfire. A period
of 30 minutes after the longest predictable delay has
clapsed is considered ample.

9. In firing small arms, machine guns, and subma-
chine guns, whenever a blow-back occurs, the bore shall
be examined for foul bore before firing another round.
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Appendix B

VELOCITY-LOSS DATA CURVES (5”/38 GUN)

The curves and data reproduced in the following pages are intended for use in
connection with part of the text of chaprer 7.
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INSTRUCTIONS for use of N.P.G. Photo No. 28720 (opposite page):

I I T
A If powder index Po be used /s NOT Iisted in Fowder Charge Velocily
Index Correction Loss

Gofumn I:

I Enfer curves with present eskimared bore Ote 4103
enfargement and charge weight as marked S o 2D | OIS fbs FE frs
on powder tank (interpolating if necessary) FEEHEI AIF

and oblain velocily loss 4347, 4348
8 If powder fndex o be used 5 fisted n A508 to BelE (o] +6 s
Coluemn I 5&18

[ Add the charge correchion given in Column I fo the charge weight marked on powder
fank and eblain corrected charge weight,
2 Enter Ihe curves with rhis correclfed chorge weigh! (ralergoialing if necessory) and
present gsiimated bore enfargement and obtain velocily loss due fo srosion.
I 7o this foss add the loss given in Column T to oblain velocity loss due to both ercsion
and charge weight o assamblad,
EXAMPLE:
Given Index SPON $103 feharge weigh! marked an fonk i4 78 lbs) and Bore Enfargement
oo,
! Corrected charge weight 15 /4. 78+ 15 =4 93 ibs
£ Velocity foss due fo erosion is (71 55,
3 Total velocity foss is 17 +21= 192 5"

U5 Maval Proving Ground
Datigren, Va. Date epproved by BuOra:
December (344 249 March (34 5

L I0A TAYINNND ONY IDNVYNOHO TvAYN




VELOCITY-LOSS DATA CURVES (Continued)

N.P.G. PHOTONO. 28723 | | | | | g |H1

VELOGITY LOSS DATA b

5738 CALIBER GUNS MARK 12 end wo0s | |

| 5518 B Projectiias Mis 35ad 38 + Service Webcily 2600 115

7 e 1o be usedwith SPON Fowder indexes ONLY *

VELOCITY LOSS

Y for SP0, SPOE ond SPOW indeass see N PG Phate No PRTEZ
Foe SPIF hdwisi see NPG Phote Ne POTZ4 (o preporatios)
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VELOCITY-LOSS DATA CURVES (Continued)

NP.G. FPhoto No 28723 A

INSTRUCTIONS for use of N.P.G. Photo No. 28723 (opposite page):

I I Ir
A If powder index fo be used is NOT listed in Powder Charge Velocily
Caotumn L: tndex Carrection Loss
£ Enter curves with erosion gauge reading and | O to 4103
charge weight as marked on powder fonk G105 to 4120 | O0.15 lbs +21
finterpolating if necessary) and obtaln FIZE FHET 43X
velocity loss. 4397, 4348
B If powder index lo be used I5 listed in 5602 o 5616 a fE5 1
Column I: 68

L Add the charge correciion given in Column
fo the charge weight marked on powder fank and obicin corrected chorge weigh!.

£ Enter the curves wilh this corrected chorge weight finferpolating if necessary) ond
argsion gouge reading and obtalin velocity loss due lo erosion

I To this loss odd the loss given in Column I lo oblain valocity loss due fo beth
#rosion and charge weight os assembled.

EXAMPLE -
Fivan fndex SPON 403 [charge waigh! marked on fank (4. 78 lbs) and Erosion Gauvge
Reoding 65 1
{ Corrected chorga waight is I4.78 + (5 = /483 fbs.
2 Velocity foss due fo erosion s {77 5%
3 Toral velocily foss is {77 + 21 /92 %

Y. 5. Naval Proving Ground

Dahigren, Vo Date opproved by Bwlrd:

Dacember 944 29 Morch 1945
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VELOCITY-LOSS DATA CURVES (Continued)
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INDEX
VOLUME 1

Arove-water Torreoo Tuses  12J1-12]6 ARMOR-PILRCING PROJECTILES 4B3
A-END coNTROL T, 577738 rwan mousT 1005 Assmpry, stinE  TC1-TCR
AIRCRAFT AuTosaTic
Cuns and installations, types of 9B2 Control equipment  10A1-10F2
Mines 13B1, 13B2 Tests, shipboard, of 10F1, 10F2
Torpedoes 12H1-12H3 Weapons 2A1-9D11
MBE-FLASK SECTION, MaRK 15 TonPrrDo 12063 AuxiLiary expLosives 2RBS
Ammonium Piorate (ExrLouve D) 2D3 AviaTion ousnery  9RE1
Asmunrnios  3A1-3F4
Bag 3R2 Bac
Bamb 3F1-314 Ammunition 3H2
Bomb-type 3A4 And case guns, differences in construction  6B9
Case 3B3 BALLISTIO TESTS] ARMOR FLATE, PROJuCTILES 4BS
Containers  3B6 Bavroismos 184
Chemical 3A8 Exterior 184, 6C1
Classification of  3A Interior 184, 6C1-605
5" /54 assembly 8C5 Barnrers, g 6A1-6GR1D
5'' /38 pun BR2 High-performance: design aspects of 62
Fuzes 3E1-3E8 BLACK powpeER 207
General  3A1-3A101 Boyns
Gaided missiles 3A0 Ammunition 3F1-3TF2
Gun 3A3 And components 3141
Propelling charge 3051 Armor-piercing - 3F3
Handling TE1-TEG, THS Classificatjon 3F2
Hoists 5B8, 7G6, THY Depth  3F3, 14C1-14C3
Primers 3C1-3C6H Fire and incendiary  3F4
Projectiles 31313111 Fragmentation 3F3
Propelling charge  3B1-3B6 General-purpose  3F3
Pyrotechnic - 3A7 Light-case 3F3
Rocket 3AS5 Boowms axp et 14E1-14E9
Rotating band 3104 Type B boom [antimotorboat) 14ES
3" /50 gun  OINID Bomriz AND CHAMBER, CARE oF 6510
Tracers 3E9 Brezcn Meciassus  5B4, 0D3
Trench-warfare 3A11 Hold=down 9D4
AMPLIDYNE BuiLr-ur cuns 684
Fallow-up systems  10D1-1015
Train drive, 5'//54; Mark 14 10D5 CALINER, DESIGHNATION OF ouNs By 53
Anouk Fie  12F7 CAnmIAQR, STAND, AND ROLLER PATH, 536
ANTHUBMARINE cun 8#B22
Warfare 14A1-14A3 JASE
Weapons 14A1-14E9 Ammunition 3B5
Anwonr  AAT-4A1L1 Containers 386
Cast 4A11 Combination primer 302
Class A 4A9 Electric primer 32
Class B 4A10 Percussion primer 302
Compound 4A4 CnaMBER AND BORE, Care o 6B10
Early ship 4A1 Cuarces
Harvey (carburized nickel steel) 4AG Impulse 3A11
Iron 4A2 Shaped 3A10
Krupp (carburized nickel chrome alloy stecl) 4A7, 4A8 Cupmical asMMuNiTION 3AS
Light 4An Crass A ammonr  4AD
Nickel-stee| 4A5 Crass n apmor 4A10
Steel 4A3 Crock pELay (cn) meEcHansd  13A4
Turret TAS Crock startir (Gs) mECiansya  13A4

361



NAVAL ORDNANCE AND GUNNERY, VOL. 1

CloMBEN ATION
Guni 6B6
Primoer
Case 3C5
Lock 305
CoMMAND PRODLEMY, MINE wanpare 1302
COMPOUND ARMOR  4A4
FCONDITIONS OF LOADING," claNGES 1IN 604
Conrrot. goutrMent, avrosamiec 10A1-10F2
ConTrROLLED MivEs  13A2
CousTERMEASURESR, siiveE 1303
CraprLe agsesmpry TE3

CREW STATIONS AND OPERATIONS, B'' /55 rapm-FmEe cun TH13

DLrenNsE, DEPARTMENT OF; RESPONSIEILITIES FOR ORDNANCE

AND OUNNERY 1A3

DEMOLITION MATERIAL 3ATQ
Deetat nomas  3F3, 14C1-14C5

Mark 54 Mod 1 1401
Derri ciarcrs 14B1-14B7

Mark 6 14B1, 14B3, 14B4

Mark 7 1484

Mark 9 14B1, 14B3, 14B4

Mark 14 14B1, 1483, 14R7

Projector, Mark 6 Mod 1 14B3
Dertin MEcuiaxisd, TorrEno 1218
DETONATING FUZES

Auxiliary 3F4

Base 3E5

Point 3F7
Dhasvino-seninG PLUNGER AND sPring  DBD
Dtsmsv-DIRECTOR AND ERROR RECORDER, TESTS 10F2
Dwve Loaps, rrojectice  3D10

87 /55 RAPID-FIRE GUN AND TURRET THI1-7TH13
EiLkcrrRicAL FIRING SYSTEMS, OUNS AND MoDNTs SBS
ErrcrricarLy sET ToRrEDOES 1215
ELscrric-nynrauLic svetems 1001 -10C6
Eiivaring Gear

5754 7D, BCA

5''/38 RBE23

Turret THI11
EimvaTion sveresmg 5012
Excsion, BokE sURFACE 6D1-61D5

Cansez 61

Control 6D3

Effects 612

Messurement 605
Exencise uzans

Accessories  12B7

Construction  12B6

Mark 31, for torpedoes 1286

Operation  12BR
ExpLosive neacrions 2B1-2B8

Characteristics of 214

Initation of 286
EXPLOSIVE SIUTRETANCES

Classification of, by

Compaosition 2103
Reaction 2B2
Seresitivity of  2B5

Exrromive TRaw  2B7
Exrromves 2A1-2D07
Ammonium picrate 2133
Auxiliary 288
Classification of, according to service use 2B3
Intraduction, fundamental ideas 2A1
Primary 217
Service high 2D1-2D6
Service; propellants 201-2C8
Salid rocket propellants 208
Exresior paLLsrics 184, 6C1L
ExrrACTORS
5" /38 gun BBY
3750 rapid-fire gun  9D5
20-mm aircraft gun 9B8

Fige anND INCENDIARY nowmbs 3F4
Fme contron 1B5

8" /55 rapid-firc gun and wrret  TH12

6'' /47 dual-purpose turret 7(G7
FIRING MECHANISMS

5'/38 gun BB15

Mine 13AS

3"/ /50 rapid-fire gun 9D8
Flrineg stor decHastswe 585, 8Bl6
Frve-inau

Recket motor 1183

Spin-stabilized rockets 11B2
Five-incH 54-CaLIBER

Amplidyne train drive  10D5

Assembly, Mark 39 8C1-8C7
Frveancr 38-carmnr

Asmemblics 8B1-8B2%

Twin mount train power drive 10C2-10C6H

Methods of contral 1003

Forrow-up systims, amprinyye 10D1-101D5
FOREWORD, HISTORICAL Pp. vii—x

ForTy-MiLLiMeTER ouNS aND mounts 9C1-203

FraomestaTion somps 3F3
Furis, rocker 11A5
Fuzes 3E1-3ES, 111D8
Dewonaging  3E4, 3E5, 3E7
Operation erminology  3E3
Safery, personnel 3E2
Time 3E6
VT or radic proximity 3ES
Fuze-seTrivg prives 10E4

Gas BjECTOR sysTEM BB17
Gas MECHANIM, 20-mMm AIRCEAPT aun  9B10
GAS-STEAM TORPEDO, CONSTRUGTION OF 12A0
Gates, rort 14E8
GERMAN LONG-RANGE sisiies 11D3
Gumen mmsizes 11D1-111D12

Ammunition  3AG
Gus-LoapiNg equipMeNt THY
(GURNERY

Aviation 9B1

Department aboard ship, function of 1A4
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INDEX

Gumi(s)
Aircraft, and insiallations; types of 9B2
And breech assembly  TB1-THA
Barrele S5B2, 6A1-6DB10
Built-up 6B+
Caliber, designation 53
Case and bag; differences in construction  6B%
Combination &HS
Cylinder; stresses in 6B2
Design
And maintenance, clements of, 6B1-6B10
New developments in, 6E1-6E3
B"' {55 rapid-fire, and mrret FHI1-TH13
8784 RCL-BCT
5" /38 HBB1-8B29
High-velocity; disadvantages of 6E3
Housing and breech mechanism  7HS
In gervice; lim  BC4
Life of; erosion 614
Power; modemn requirements for 681
Radially expanded 615
Simple 1-picec 617
647 P2, TGI=7G9
16750 TB1-TB4
Siecl, prepertics of GB3
20-mm aircrale B1-09B20
Cuns AND MOUNTS
Definitions, review of 502
Electrical firing systemia 5B5
Elemenis of 5A1-5C4
5'/38 8B27
40-mm 9G1-9C3
Power rammers and mechanical aounusnition feed 5B
Recoil and counterrecodl systems 506
Safery feamres 589
Siphting and fire-control equipment 3810
Structural featmures, commpn 5B
3" 150 rapid fin:  9D1-2D11
Gvroscops, Tonrgpo  12F4

Harnor prresse  (4A1
Harvey ARMOR [(CAMMIRIZED WICKEL STEEL) 4AG6
HEX 21
Heap, exercise  12B6-12B8
Hion exruosive 602
Renctions 262
Hownrs, auvuwrmon  SB8, 7G6, TH?
Hosmizng vrorerpoes 1216
Hynpravvio seciasissy 1001

JOENTIFICATION, ORDNANCE EQuUiFMrsT 1B6
Ivprnse

Charge 3A11

Explosives 208
INDEPENDENT (0R AUTOMATICH MINEs  13A2
INDICATOR-RECEIVLR-RIGULATOR, 57 /38 Twin movnt 1006
Inrerion SALLsTIC: 14, 601605
1. V., tMrroveED METHODS O MEasUriNG  6D7

T
Mechanical 1117
Pulee 1107

Jers—Continued
Ram 11D7
Thermal  11D7
Turbe 11D7

KRUPP ARMOR [CARUURIZED NICKEL OHROME ALLOY STEEL)
4A7
Decrementally hardened 4A8

LiouT-cAsE movms 33

Loabex, autosartic; 3 /50 rarp-rire ovw  9D2
Locx commixaTion priann  3C2

Low exeromvi REACTION 2B2

Manke pepaNaTions. Ser DEPTH BOMDS, DEFTH  OHARGES,
MINES, PARACHUTE PACKE, PROJECTORS, ROGKLT LAUNCHERY,
ROCKETS, and TORPEDOEL

MATERIAL, ORDNANCE

Care of 188
Knowledge of 1B7

Mgty woust (FFAR) nocser 1102

Mixe wanrane 13C1-13C32

MmEs 13A1-13C3

Aircraft 1381, 1382
Mark 10 Mod 9 1382
Classcs  12A2
Controlled 13A2
Firing mechanisms 13A5
Independent (or automatic) 13A2
Magmetic; Mark 10 Mod 3 and Mod 7 1382

MissiLes, guipgon  11D1-11D12

Mourrs, See Ginis axD MOUNTS, atd TWIN MOUNTS

MULTIPLE INSTALLATIONS, BatE an ascHoracet  14ET

MUZZLE VELOCITY, HIGH: ATTADSMENT OF  OE1

MAVY DEPARTMENT, RESFONSIBILITIREG FOR ORDNANGE AND
ounnery  1A2
NET DEFENSES, sUussmary  14ED
Ners, 14E1-14E4, 14E7, 14E9
Type 1 (Indicator), amtisubmarine 14E3
Type S, antisubmarine 14E2
Type T, antitorpedo 144
NioKEL-sTENL ARMORE  4AS

O RDNANCGE AND GUNNERY, INTRODUCTION TO 1A1=-1B9

PARAGHUTE PAUKS

Mark 3 Mod 0 1382

Mark 14 Mod 1 1382
PENETRATION, ARMOR  4B1-4B5
PRRCUSHION AND ELEGTRICAL FIRING §VATEMS, GUNE AND MOUNTS

585

PERsONNEL, ARRANGEMENT

8'* /85 capid-fire turret TH13

ium nm

40-mm twin or quad mount 9C3

6" /47 oret TGO

3" /50 rapid-fire twin mount  9D11
Powner

Bags 3B3

Black 2017

Hoist TES, 8B25

Smokeless 202, 203, 206

Tunks 3B

363



NAVAL ORDNANCE AND GUNNERY, VOL. 1

Powen buive eottruert TG7
POWER RAMMERS ANR MECHANIIAL AMMIUTNETION FEED, GUNS AND
mounts S5B7
PoWER-DRIVEN AMMUNITION HOlsTs SBE
Prisary exrrogsves  2B2, 2BR. 207
Privers
Ammunition  3C1-3C6H
Case combination  3C5
Case elecwric 302, 364
Cage pereussion 302, 303
Lock combination 506
ProjrcTiLEs
Armimunition  AD1-30311
Armor-piercing 4B
Badies 3D2
Bourrelet 3125
Classihcation of 3D06
Common 484
Conventional 6E}
Frapmenting 3D8
Hoists TEZ2, 8B24
[lluminating 3D9
Lightweight 6El
Markings 3D11
Nuufruglm:niiﬂﬁ 39
Penetrating 307
Proof-shot  3D9
Rocket-assisted 61
Smoke 3D9
Special-purpess  3DO
Steed for 482
Seowage TEI
Subealiber 6E1
Target vr blind-loaded 319
Velocity; measurement by chronograph 607
Weight of 305
Window 3D%
Promcrors
Depeh charge 14B3
Mark 6 Mod 1 14B3
7.2-in. missile
Mark 10 14D1, 14D3
Mark 11 14T
Mark 15 14D5
Propeiiants 2BR 20C1-2CH, 602
PropuiLing cuarce  3B1-3B6
Proercuos sviress, ornnen mssne 1107
PYROTECHNIC AMMUNITION 3AT

Rapar 185

RapiaLLy expanoen auns GBS
Rapio proxirry or VT suze  3ES
Rasuen secnansy 8B19

Ravuiye cvore 81320

REDX (oveLonrre or wexooes) 2DS
Beceiver, 20-um ATRCRAPT GuN  9B7
REcoll AKD COUNTERRECON. SYsTEMS  5B6, BB6, BBT, 9BG
Recerirator TOH

Rruwmg  5BS, 6BE

Ricip oBsTRUCTIONS, HARDOR 146

Rockrt LavkcHeERrs, 11A3
Drop, for Tiny Tim 11C3
Mark 200 1410
Mark 50, 5.0-in. 1187
Mark 102, 5.0-in. 11B3
Mark 105, 5.0-in, 1189
Rookizs 11A1-11C3
Aireralt 11C1-11C3
Suspension and launchings 1103
Ammunition 3AS5
And racket principle 11A1-11A7
Fired from surface craft 11B1-11B10
5.0-in- spin-stabilized; stowing and assembly of 1184
Launchers, See abose.

Mark 7, 5.0.in. spin-stabilized rocket bead and fuzes 1184,

11Ba

Mark B, 5.0-in. spin-stabilized rocket head and fuze
11Ba

Motor; 5.0-in, 1183

T.2-in. 14DM

Single-step v, multiple-stepp 11010
Solid-luel; naval uses of 11A6

SAFETY
Features
Ammunition hoist 558
Guns and mounts 589
Fuee 3E2
Precautions  1BY, . 348
Rockets
5.0-in. spin-stabilized; firing  11B10
Handling and firing  11A7
Sarvo tarcn EB11
SEILF-PROPELLED TORPEDO OR MORILE Mine 13A0
SEMiAUTOMATIC WRAFONS HBAL-HB2Y9
SERVICE ENPLOSIVES: PROPELLANTE 2(1-2008
SERVICRE IIGH EXPLOsIVES. 2D1-2DD6
T 2=IN. poakeT 14101
SHAPED GHARGES 3A10
Swnrivg
And fire-contral equipment, guns sl mounts 5B10
Gear, turrer 7123
SicnTs
And sight asscmbly BB26
Types 5B11
SmnoLE MouNTs, 37738 BB27, 8B29
64T cALIRER
Dual-purpose gun and turret 7G1-7G9
Triplesgun turvets 7F2
16" /50 caLmmER
Gun 7H1
Breech mechanism  7B2
Firing mechaniam  TH3
Gas-cjecior systean THY
Turrer train drive 10E3
SLInE
And slide power equipment TH6
Assembly T7C1-7C8
Rear end brackets 704
Recoil mechanism 705

1185,
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SLme—Caonringed
Shield plates and gun cover TUR
Yole-locking device TCT

In 6" /47 dual-purpose gun and mrrer assemblies 7G5

SMOKELESS POWINER

Characteristics 203

Manufacture 202

Shiphoard tests aned inspections 2006
SOLID-FUEL ROCKETS, NAVAL uses o 11AS
Srowacr

And azscmbly of 5.0-in. spin-stabilized rocketrs 11B6

Projectile 7E1
STRENGTH-FRESUKE RELATION&HIF, oun 63
SurPLY sYSTEMS, AMMuNITION SBS
SyNcHRO

Control teansformer (CT) 10133

Amplidyne syseern 1002

Differentinl receiver 1003

Differential transmitter 1083
Sywcnros  10B1I-10B6

And serves  10BG

THal mechanisms 1085

TARGET Ok BLIND-LDADED FROjucriie 309
Temms, puvixnrrion 1AL, 3A1, 3E3, 485, 5022
TesTs
Aunlomatic control equipment  10F1, 10F2
Ballistic; armor plite, projectiles  4B5
Duimmwy-directar and error recorder  10F2
Smokeles powder 206
TereyL (TRINITROFIIENYIMETYLTRINITRAMING 2104
3750 RAPID-FIRE GUNS AND MOUNTS FLN-2DM1
Turowivg wrarons 1401145
THYRATRON AUTOMATIC cONTRDL §yvstem  10E1
Ty 1M rocrer 11C2, 11C3
TNT (rrmmnoToLuENyy 2D2
Torrepors 12A1-12]6
Ajrcraft 12H1-12H3
Electrieally ser 1215
Gyroscope  12F4
Homing 1216
Launching methods 12A3
Mark 13 12A5, 12H2
Mark 14 12A5, 1212
Mark 15 12A5
Air system 120112010
Control systems  12F1-12F8
Hesied section 12B1-12H9
Main engine 12E1-12E10
Mark 6 exploder mechanism 1284
Superhcating systemy 1271214
Tail section 12G1, 12G2
Mark 16 type 12A5, 1214
Mark 18 type  12A5, 1213
Mark 23 typs  12A5, 1212
Mack 31 exercise head 12B6
Self-propelled, or mobile mine  13A6
Tubes, above-water 12]1-12]6
Mark 14 21-in, 12]3
Marks 23 and 24 21-in. 12]06
Types of, in srvice 12A5

Tracers 3EY
Tram AND ELEvaTION systems 5B12
Traw piive, 554 aurLinyvse; MARE 14 1015
TrAmNING CRLAK
57t/54 BC4
57 /38 &R23
Tureet T2, TH11
TRAJECTORY AND STABILIZATION, ROCKET 11A4
TrassPoRMERS, sVNCUIRG coNTrol. 1083, 1012
TripLe-pase powbpem (Ccorprre N)
Characreristics 205
Manufaciure 204
TRUNNION JOURNALS, FLIDR ASSEMBLY 103
‘TURBINES AND TURMNE sPINDLES | 2E4
TuareT INsTaLLATIONS TAI-THI3
Turrers
Armor TA)Y
8’7 )55 rapid-fire 7H1-7H13
Equipped with case guns 7F1, 712
Gun-lpading cquipment 7HY
Lomling operation TEGO
Rammer 7E4
Sighting gear 713
&' T TF2, 7G1-7G9
16" /50 train drive 10E3
Typical hag-gun; description  7A4
20-mm ammcrarT cus M3 9BI-2B20
Breechblock 9B8, "B153-9B16
Development of 9B3
Functiotning 9B5
Twin MoUNTS
5f38 BB27, AB28
A-end control unit  10C3
Indicator-receiver-regulator 1006
Train power drive 10021006
Methods of contral 1003
Or quad, 40.mm gun 9C1-9C3
37 /50 rapid-fire  9D11

VaLvEs
Check 12046
Reducing and control 1209
Bestriction 1207
Starting 12C8
Stop and charging 1205
VARIAFLE-SPEND DRIVE {HYDRAULIOC SPEED GEAR)
VELODITY L&
Data curves, 57 /38 pun  p. 354
Estimations 66
VT or panto proxmary Fuze JES

War necaps 11D8, 12B1, 12B3

Mark 17 12B3
WaRFARE, anTisuBmaring  14A1-14A3
Wroaroxs

Antisubmarine 14A1-141E9

Autonuitic TA1-9D11

MNawval: list 1B3

Throwing 14D1-14D5
Wikpow reojecTing 309

Yok sAFE & LOCE €0, brive 10E2
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