Chapter 1

INTRODUCTION TO ORDNANCE AND GUNNERY

A. General

TAT. Definition of terms

This text is concerned with the study of Naval Ord-
nance and Gunnery. Together, the terms “"ordnance™
and “gunnery” emhbrace weapons and their use.

Ordnance comprises the physical equipment per-
taining to weapons. This equipment is further classi-
fied as explosive ordnance, including such elements as
gun ammunition, torpedoes, mines, bombs, rockets,
and the like, and inert ordnance, which includes
projecting devices (such as guns, launchers, and re-
lease gear), protective armeor, and all the equipment
needed to operate and control weapons,  Aboard ship
it refers to all elements that come under the general
term *ship’s armament.”

Traditionally, gunnery is the art and science of using
guns, Howewver, in the sense used in this book, the
term is broadened in agreement with modern usage,
to include the operation and control of all elements of
armament. Gunnery is concerned with the practical
use of ordnance.

1AZ. Navy Department responsibilities for ord-
nance and gunnery

Within the Navy Department, the responsibility for
ordnance matcrial rests chicfly in the Bureau of
Ordnance.  As defined by Naoy Regulations, 1948:

“The Burcau of Ordnance shall be responsible
for the following, except as otherwise prescribed in
these regulations or by the Seeretary of the Navy:

“The design, development, procurement, manu-
facture, distribution, maintenance, repair, altera-
tion, and material effectiveness of naval ordnance;
the research therein; and all pertinent functions
telating thereto, including the control of storage and
terminal facilities for, and the storage and issue of,
ammunition and ammunition details,”

The Bureau of Ordnance maintains field activities
which contribute to the performance of its mission.
These field activities include research activities, such

as the Naval Ordnance Laboratory and the Nawal
Proving Ground, inspection facilities, manufacturing
plants, such as the Naval Powder Factory and the
MNaval Gun Factory, and various storage and distribu-
tion facilities,

The operational use of weapons is controlled by the
Chief of Naval Operations through the fleet and force
commanders, with appropriate liaison with the tech-
nical bureaus concerned.  This control includes cogni-
zance over operational and team training.

The Bureau of Ships and the Burcau of Acronautics
are concerned with the problems of design caused by
the instzllation of ordnance on ships and aircraft, re-
spectively, and their plans are coordinated with those
of the Bureau of Ordnance in the satisfactory solution
of these problems,

The Bureau of Naval Personnel is charged with the
responsibilities for training both officers and enlisted
personnel as individuals in the performance of their
professional duties, except as otherwise assigned, and
for the procurement, distribution, and record keeping
of all personnel of the Navy. Training programs for
all gunnery personnel, except aviation, are maintained
by this Bureau.

TA3. Department of Defense responsibilities

In ordnance and gunnery, as in all other matters,
the Navy functions not alone but as one member of a
team, The Army and the Alr Force both maintain
ordnance establishments and both are interested in the
art of gunnery, Ordnance equipment is usually de-
veloped by and procured by the service primarily in-
terested.  Doubtful or borderline cascs are assigned
to one service or another; for development work, by
the Research and Development Board; for manufac-
ture and precurement, by the Munitions Board.

There are hundreds of cases in which an item of
ordnance equipment is used by all three services, For
instance, the Navy and the Air Force both use Army
rifles and pistols; the Air Force carries Navy mines, and
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the Navy, Air Force bombs; the Army uses some Navy
projectile fuzes, and the Navy, several Army rocket
fuzes. When one service develops and procures 2 de-
vice for another, it usually furnishes all appropriate
spare parts, tools, and instructional material as well.

Neither the Marine Corps nor the Coast Guard
maintains ordnance departments. Each of these serv-
ices has upon occasion developed and procured highly
specialized equipment for iwself; ordinarily, however,
they are dependent for their ordnance upon the Army,
Navy, and Air Force.

1A4, Funclion of the gunnery depariment aboard
ship

The requirements for battle arc the basis for the
organization of the combatant ship. Under Nawy
Regulations, 1948, in ships whose offensive charac-

teristics arc primarily related to ordnance or aircraft,
one of the major command departments is the gunncry
department, headed by the gunnery officer. He is
eoncerned primarily with the maintenance, upkeep,
and aperation of all the equipment in the ship's arma-
ment (with the exception of that of the ship's aircraft
in ships having an air department). His department
is organized into divisions, the number and function
of which depend upon the class and purpose of the
ship,

In auxiliary vessels, and certain other types whose
offensive characteristics are not primarily related to
ordnance and aircralt, gunnery is a secondary function
of the deck department, which is headed by the first
liewtenant. In this case such ordnance equipment as
is carried is the responsibility of the first lieutenant,
usually exercised through a gunnery officer who is one
of his assistants,

B. Scope of the Text

1B1. General

This text is planned to satisly several needs. Itis
intended a¢ a training text for midshipmen and officer
candidates. It will be useful to gunnery department
officer personnel as a reference and as a guide in the
gunnery aspects of shipboard organization, And it is
intended to serve as a convenient reference [or all
officers, other than those in the gunnery department,
who have occasion to deal with any aspect of United
States naval wcapons—fiscal, supply, passive, de-
fensive, etc.

This text is not intended to supersede or supplant
official publications of the Chicl of Naval Operations,
the Bureau of Ordnance, or the Bureau of Naval Per-
sonnel with regard 1o doctrine, weapons and ammuni-
tion, shiphoard organization, or shipboard cperations.
The reader is referred to official publications of these
authoritics for instructions on these matters, This text
will, however, serve as an introductory guide to the
official publications on these matters,

1B2. Presentation of the subject

It is difficult to present a clear understanding of the
structure of ordnance mechanisms without some con-
sideration of their operational use. Similarly, the
successful study of gunnery depends upon a thorough
understanding of the weapons and instruments used.
In this book a comprormise is effected: Volume ! con-
centrateés upon the study of weapons, with minimum
reference to control, while volume 2 assumes knowl-
edge of the first part and is concerned with fire control,

Emphasis has been placed upon functional operation
of basic systems rather than upon the details of 2 wide

variety of individual instruments, This book was not
written for the maintenance man or the repair tech-
nician. Ordnance Pamphiets arc available for all
equipment discussed in this text and should be con-
sulted when more detailed information is required.

1B3. Naval weapons

The weapons to he discussed in the first part of the
book include:

Guns. A gun typically consists of a tube, closed at
one end, from which a projectile is fired by the buming
in an enclosed space of a propellent charge.  Guns are
general-purpose weapons used against ships on the sur-
face, aircraft, shore installations, and personnel.

Rockets. The rocket is a sclf-propelled weapon
whose absence of recoil makes it particularly suitable
for firing from small craft or aireraft.

Guided migsiles, These are new weapons under cur-
rent development.  They may travel great distances
with heavy loads, and self-propelled, and contain a
mechanism capable of directing their own flight.

Torpedoes. A torpedo iz a self-propelled under-
water missile used against ships.

Mines. Mines are typically static weapons used to
hinder enemy operations.

Depih charges. These are antisubmarine weapons
which are exploded at a set depth or by proximity to
a submarine,

Bombs. The term bombs covers all missiles
dropped from aireraft except torpedoes, mines, and
guided missiles,

Chemicals, This term is used te describe a variety
of solids and gases which can be fired in projectiles



A3 DUAL FURPOSE
GUN MOURTS

ASS PROJECTOR . |

("HEDGEHDG). §

- v » - & L' L 3 - 2 [ = =
q . B & - 3 - =, @ [ "
L . » . . - L] " w - ' hd [} Y - E Ll b . L] ! . o
# n g L] L] L] . - - & * - -
i i % 3 o ¥ - 8 3
& 4 L i ™ * L] i L ] #
L ] ] - [ L -
. - - & i
d i ol : g i
H 2 i i M i . M [
i . o s Y ' y
" . = ‘ ’ a
v r ' »
x i A i il
r ' r i z
] -
y - . L} L} f (] f
TP - 750 AA
Y80 AA QUM MOUM E-I - .
I it pan GUN MOUNTS I,

Frouvme 1B2.

TORPEDD
TUBRE MOUNT

. A\
TORPEDD DIRECTOR [

Arrangement of weapons on a destroyer,

538 DUAL PURPOQSE

GUM MOUNT

DEPTH CHARGE
RELEASE TRACK

T R

DEPTH CHARGE
PROJECTORS

L TOA "AHINNND ANV IDNYNOHO TVAVYN



Chapter 1—INTRODUCTION TO ORDNANCE AND GUNNERY

from guns or mortars or dropped from aircraft. In
World War IT they were used chiefly for screening and
as incendiaries.

1B4. Baollistics

Ballistics is the science of projectile motion. Tt [alls
naturally into tweo aspects; inferior hallistics, which
treats of the motion of the projectile within the bore
of the gun, and exterior ballistics, which considers the
action of the projectile in flight.

Each of these ficlds is the subject of careful and de-
tadled study by specialists. Their fndings are of
enormous importance in gun design and in the de-
velopment of fire-control instruments. A general
understanding of ballistics is essential to the naval of-
ficer afloat, so that he may achieve the best results
with his ordnanee equipment.

1B5, Fire control

The practical application of exterior ballistics, and
the methods and devices used to control guns and other
weapons are known as fire-control,  The second part
of the book treats of this subject in some detail, but a
brief listing of some types of fire control couipment at
this point may help the student form a better picture
of the ordnance equipment found aboard most ships.

Rangefinders, Rangefinders are optical instruments
used to measure the distance to the target.

Radar. Radar, using elecironic means, provides
more accurate ranges and, in addition, may measure
bearing and elevation of the target.

Directors. Directors are mechanical and clectrical
instruments which control guns from a remote sta-
tion. They are usually located at a higher leve] than
the guns to provide greater range and better visibility.

Rangekeepers and computers. Rangekeepers and
computers are mechanical and electrical, or electronic,
instruments which automatically and continuously
compute information needed to direct gunfire.

Stable elements. Stable elements are gyroscopi-
cally controlled mechanisms which measure movement
of the ship with respect to the horizontal and compen-
sate for the effect of this motion.

Transmission systerns, Transmission systems are
used to send information from one station to another;
for example, to transmit gun orders automatically from
the computer to the gun mount,

1B6. Identification of ordnance equipment

EBach assembled umit of ordnance cquipment is
identified by a name, a mark number, a modification
number, and a serial number. This information is
stamnped either on the equipment itself or an attached
plate. Whenever a basic change in design is made, a
new mark number is assigned, Modification numbers

arc added when a minor alteration of design has been
made. Individual units of identical design have the
same name, mark, and medification numbers, but have
different serial numbers,

An example will help to illustrate the use of this
identification svstern: Computer Mark 1 Mod 0 is
the first computer designed.  The Computer Mark 1
Mod 1 1z similar to the Computer Mark 1 Mod 0,
but differs in some details.  Serial numbers are usu-
ally assigned on the basis of finished assemblics. The
name of & gun includes its caliber, as 3-inch 38 caliber
Gun Mark 12 Mod 1.

When the Navy uses items of Anny ordnance, the
Army nomenclature is retained.  In Army nomencla-
ture, M corresponds to Mark, A to Modification; for
example, the Carbine M1AL

In referring to a piece of ordnance, the information
required {or identification depends upon the tircum-
stances. If reference is made to functions only, the
name, mark, and modification will be sufficient, 1f,
hewever, spare parts are being requested from the Bu-
reay of Ordnance, the sevial number may also be
necessary.

167. Knowledge of material

The operation of much cordnance equipment calls
for detailed knowledge. Some details are included in
this text, but the officer working with the gear should
not be content with the coverage given here.

Shiphoard installations can seldom be disassembled
for the purpese of instruction, but a young officer
should miss no opportunity to observe the disassembly
of equipment for repair. At other times, he must
study pamphlets, blueprints, ordnance circular letters,
and other sources. He should not be satisfied until
he iz entirely familiar with the equipment assigned to
his charge.

This information is essential to the gunnery division
officer, not only beeause of his responsibility for the
equipment itself, but also because he is responsible
for the training of the cnlisted men assigned to him
for the operation and maintenance of the equipment.
Without this knowledge, he will lack the necessary
confidence, and his men will be quick to notice his
deficiencies. OF course, much confidence can and
must be placed in the senior petty officers, but this
does not rclieve the division officer of his responsi-
bility.

188. Care of material

The Burcau of Ordnance issues complete instruc-
tion for proper maintenance of ordnance material.
These instructions should always be consulted and
followed in detail.
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All ordnance material is carefully manufactured,
usually to close tolerances.  Any careless treatment s
likely to damage scricusly a valuable picce of equip-
ment, disabling it when it may be needed most. In
using any finc appararus, it is wisc to be governed by
common scnse. 1 he egquipment was built to function.
If it does not, something is wrong, and physical forc-
ing will cause wouble. Levers, knobs, buttons, and
switches should not be touched by a person who does
not know what they will do. The Bureeu of Ord-
nance Manual stares:

“The permanent damage done in a single day of
experimentation by incxperienced personnel  has
frequently exceeded that which, with proper care

.

might be expeeted during the entie normal life of
the material”

189. Safety precaoutions

Over a peried of many years, various rules have bren
established 1o provent casualty 10 personnel through
carelessness or improper use of cquipmenl. These
rules are called Safety Precautions and are published
by the Bureau of Ordnance, having the full force of
regulations. They have been formulated through
actual expericnce with ordnance, and are revised as
nceded.

Sclected salety precautions are included in appen-
dix A of this book.



Chapter 2
EXPLOSIVES

A. Introduction

2A1. Fundamental ideas

The value of ordnance lics in its power to destroy.
This depends on the use of explosives more than on
any other factor. The gun projectile reaches the tar-
get because of the encrgy released by the propellent
charge; it disrupts defenses and harasses encmy per-
sonnel primarily to the extent that the bursting charge
it carries is effective.  Mines and torpedoes tear holes

in the steel skin of a ship because of the force released

by the great quantity of high explosives they contain.

One of the most important aspeets of the history of
ordnance is the development of explosives from the
weak and unstable punpowder of Roger Bacon to the
highly specialized explosives of today. The latest dis-
covery was nuclear fusion and its release of tremendous
explosive ensrgy.

The present chapter is confined 1o a discussion of
the characteristics, use, and handling of chemical ex-
plosives currently used in the United States Navy.

B. Explosive Reactions

2B1. Preliminary

Most people know that chemistry and physics are
sciences which deal with matter and energy, and that
matier and encrgy are closely related. Chemisory
deals with the eomposition and changes in composition
of substances, and a chemical change s a definite
permanent change of certain properties, with the for-
mation of new substances. Such changes are always
accompanicd by a gain or loss of cnergy.  Whenever
a chemical change takes place, there is a chemical
reaction.

An explosion is one kind of a chemical change. Tt
is a rapid and violent release of energy, produced by
the rapid chemical decomposition and oxidation of
any of several substances called explosives. Tt is true,
of course, that the term explosion is often applied to
violent releases of energy not involving explosive sub-
stances.  In the explosion of a boiler, for example, the
water (or steam) is not considered an explosive sub-
stance.  But in this text, the term explosion is reserved
to describe a chomical reaction that produces heat,
and forms decomposition products, some or all of
which are gases.  An explosion is simply a rearrange-
ment process, whether it is a rapid burning (as in
some explosives) or a violent detonation (as in others}.

Many modern explosives are based on chemical
compounds containing nitrogen. Though nitrogen
itsclf is chemically a relatively inert gas (it makes up

418117 O—37—2

most of the atmosphere), its oxidized form combines
with other elements to form (among other products)
more or less unstable chemical compounds which ex-
plode violently in the sense of the word as used in this

Frovar 2B1—Smokeless powder graint (caliber 30 to
16 /50 ; the two white grains are SPCG powder,
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text.  This violent explosion {or decomposition and
rearrangenent) liberates large amounts of heat and
produces large volumes of gases, which expand and
accupy a great deal more space than the explosive did
originally, An cxplosive reaction, therefore, always
produces a sudden rise in pressure because of the for-
mation of gases and their expansion by the heat lib-
erated in the reaction. The sound and shock waves
assouiated with an explosion are cavsed by this sudden
vise in pressure.

It swill be scen later that the rise in pressure may be
comparatively slow or it may be so fast as to be almost
instantancous.  But whether an explosion is fast or
slow, it 15 a decomposition and rearrangement of sub-
stances and is therefore basically a chemical reaction.

For a discussion of atomic explosives, ser volume 2
of this course.

2B2. Classification of explosive substances by re-
cetion

Explosive substances include a large number of
chemical compounds and mixtures. The greater num-
ber of military explosives fall inte the following
groups,

. Explosive inerganic compounds. Lead azide is
an example. Lead azide is used as the detonator in
major-caliher fuzes, because its reladvely low sensitiv-
ity permits the projectile to penetrate armor plate be-
fore the detonator functions.

2. Explodve organic compounds, In this group are
the main military evplosives. It includes nitrated de-
rivatives of the carbohydrates {example: nitrostarch),
and the nitrated derivatives of aromatic compounds,
such as trinitrotoluene (TNT). The prefix nitro ap-
pears in the chemical names of several modern explo-
sives, such as nitroglycerin, nitrocotton (the main com-
ponent of smokeless powder) | trinstrophenol | picric
acid), and athers,

3. Mixtures. This group includes mixtures formed
by oxidizable and oxidizing bodies, solid or liguid,
neither of these heing explosives separately.  Black
powder is an cxample.

With regard to their type of reaction, however, ex-
plostves arc classified as loie (sometimes called burn-
ing or progresdve) and high. This speed of burning
or hreaking up is considered the most important char-
acteristic of an explosive substance.

A low explosive reaction is a true burming, which
proceeds from point to point throughout the explosive
substance, accelerated by the heat and pressure pro-
duced. Since a low explosive bumns, it builds up pres-
sure comparatively slowly, delivering a powerful but
controlled push to the projectile, following through all
during the projectile’s movement in the bore. Low
explosives always contain a source of oxygen, and one

or more combustive elements such as carbon or hydro-
gen. Because the explosive itself containe all the oxy-
gen required for the reaction, the combustion can pro-
ceed without support from cutside sources.  Among
the well-known burning explosives are black powder,
ballistite, United States Navy smokeless powder, and
Cordite.

Morte: The term “low explosive” is no longer recog-
nized by specialists as a distinctive term denoting a
class of explosives, since many explosives of this type
can be made to react like high cxplosives under cer-
tain conditions. However, the term continues to be
used in this text because the classification, though per-
haps no longer accurate encugh for the specialist, is
still & usehul concept for the student.

High explosives give rise to reactions that proceed
almest instantancously throughout the explosive mass.
They produce their pressure (with a shattering effect)
almoest instantaneously, in what iz called a detonation.
If a high explosive were 1o be used [or a propellant in
a cartridge casze, all its energy would be used in shat-
tering the gun hefore the projectile had a chance to
move, Combustible elements and oxvgen are usually,
but not always, present in high explosives. These sub-
stances are characterized by unstable molecules that
include weakly attached parts such as nitrate and nitro
groups. The initiating impulse brings about a break-
ing down of the chemical bonds, and a molecular re-
arrangement occurs so rapidly that the evolution of
hot gases is almost simultaneous throughout the mass.
Some examples of high explosives are: TNT, RDX,
HBX, tetryl, and ammeonium picrate,

Primary explosives, like high explosives, detonate
when initiated, but thev arc extremely scnsitive and,
as a class, i*.a»e less power, weight for weight, than
high explosives. However, there i3 no abrupt, sharp
dividing line between primmary and high explosives.
Primary explosives are used chiefly to initiate explo-
sive trains.  Primary explosives in current use in the
Navy include lead azide, mercury fulminate, lead
styphnate, dizzodinitrophenol [DDNP), tetracenc,
and nitromannite,

2B3. Classification of explosive substances by com-
position

From the standpoint of their composition, explosives
may be divided into explosive mirtures and explosing
combounds.

Explosive mixtures are an intimate mixture of dis-
tinct substances, carefully prepared and mechanically
conglomerated in varying proportions.  Explosive mix-
tures must have some oxvegen supplier such as nitrate
or chlorate, and some combustible such as carbon or
sulphur.  Black powder is a typical example of an ex-
plosive mixture,
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Explosive compounds arc homogeneous substances
whose molecules contain within themselves the oxygen,
carbon, and hydrogen necessary for combustion.
Whercas the characteristics of explosive mixtures can
be varied by changing the pmp-nrttans of the com-
ponents, the elements r::mstmiung an cxplcme com-
pound are always present in the molecules in the same
proportions. ‘Therefore, the nature of the explosive
compound cannot be changed by varying the guan-
tities of the constituent elements. Explosive com-
pounds of different characteristics can be obtained,
however, by nitrating the basic substance to different
degrees. Explosive compounds consist very largely of
organic compounds { hydrocarbons) into which nitric
{—NO; or —O—NO,) groups are introduced by the
process of nitration. Examples of explotive com-
pounds produced by nitration are cellulose nitrate,
nitroglycerine, TNT, ammonium picrate, tetryl, and
RDX.
2B4, Chaoracteristics of explesive reactions

The most important characteristics of explosive re-
actions are as follows:

l. Velocity. An explosive reaction differs from
ordinary combustion in the velocity of the reaction.
This is also the basis for differcntiation between high
and low explosives. The velocity of combustion of ex-
plosives may vary within rather wide limits, depend-
ing upon the kind of explosive substance and upon its
physical state. The burning rate of colloidal cellu-
lose nitrate powders used as propellants in modern
guns is in the order of 24 centimeters per second at
average gun pressures, whereas the velocity of reaction
of high explosives ranges from about 2,000 10 8,500
metcrs per second.

2. Heat. An explosive reaction is always accom-
panied by the rapid liberation of heat. The amount
of heat represents the energy of the explosive and hence
its potentiality for doing work. It may be supposed
that the quantity of heat given off by an explosive reac-
tion is large, but this is not necessarily the case. A
pound of coal, for example, yields five times as much
heat as a pound of nitroglycerine. However, coal can-
not be used as an explosive, because it fails to liberate
heat with sufficient rapidiry.

3. Gases. The principal gaseous products of the
more common explosives are carbon dioxide, carbon
monoxide, water vapor, nitrogen, nitrogen oxides, hy-
drogen, methane, and hydrogen cyvanide. Some of
these gases are suffocating; some are actively poison-
ous. The gases from low explosives are rarely danger-
ous, since they usually escape at once into the open and
are dissipated and diluted with air, Generally speak-
ing, the commonly used high explosives produce a large
proportion of noxious gases, which are particularly

dangerous, since under normal conditions of use these
gases do not dissipate rapidly. Projectiles filled with
high explosives often burst after penetration into con-
fined spaces from which the gases are not easly
evacuated.

Some of the gaseous products of explosive reactions
are themselves flammable, or form explosive com-
pounds with air,  Among these are hydrogen, carbon
monoxide, and methane, The flame at the muzzde
of a gun when it is fired results from the burning of
these gases in air.  Similarly, residucs of the explosive
mixture remaining in the gun, or blown back by ad-
verse winds, have been known to ignite when brought
into contact with air as the breech is opened. The
ignition may come from the high temperature of the
gas or from the burning residue in the pun bore. The
resulting explosion may transmit flame to the rear of
the gun, producing what is called a flareback. Flare-
backs may ignite fresh powder charges being scrved to
the gun.  This danger has led to the adoption of gas-
expelling devices on guns installed in enclosed come-
partments or mounts.

4. Pressure. The high pressure accompanying an
cxplosive reaction is due to the formation of gascs
which are expanded by the heat liberated in the re-
action. The work which the rcaction is capable of
performing depends upon the volume of the gases and
the amount of heat liberated. The maximum pres-
sure developed and the way in which the energy of
the explosion is applied depend further upon the
velocity of the reaction.  When the reaction proceeds
at a low velocity, the gases receive heat while being
evolved, and the maximum pressure is attained com-
paratively late in the reaction, If, in the explosion
of another substance, the same volume of gas is pro-
duced and the same amount of heat is liberated, but
at a greater velocity, the maximum pressure will be
reached sooner and will be quantitatively greater.
However, disregarding heat lesses, the work done will
be equal. The rapidity with which an explosive
develops its maximum pressure is a measure of the
quality known as brisance. 4 brisant explosive is one
in which the maximum pressure 1s attained so rapdly
that the effect is to shatter material surrounding it or
in contact with ic.

2B5. Sensitivity of explosive substances

The amount of energy necessary to initiate explosion
is the measure of the sensitivity of the explosive. Sen-
sitivily is an impertant consideration in selecting an
explosive for a particular purpese.  For example, the
explosive in an armor-piercing prﬂjrﬂlir must be rela-
tively insensitive; otherwise the shock of impact would
detonate it before it had penetrated to the point de-
sired.  Again, if the molecular groups in the explosive
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are in such unstable cquilibrium that the reaction starts
spomiancously, or in response w a slight blow, the
substance can have no practical application whatever.

Tt was originally considered that the power of an
explosive was measured by the sensitivity and that the
most power[ul explosives were the most sensitive,  In-
vestigation has proved that this is not true. TNT isa
good example of a very powerful explosive which
under ordinary circumstances requires a severe shock
to initiate explosion.

2B6. Initiation of explosive reactions

An explosive reaction is initiated by the application
of cnergy. The preferred method of initiation de-
pends on the characteristics of the individual explo-
sive. However, in accordance with the dual classi.
fication of explosives into low and high, the two meths
ods of initiation commonly distinguished are:

L. By heat, Low explosives are commonly initi-
ated by heat: and the resulting reaction is a burning
process, which occurs on the exposed surfaces of the
substance and progresses through the mass as cach
layer is consumed. Some high explosives will react
when sufficient heat ic applicd, especially il heat is
applied suddenly throughout the mass.  Initiation by
pereussion (direct blow) or by friction is simply an-
other form of initiation by heat derived from the
energy of the blow or friction.

2, By ghock. High cexplosives, such as the main
charges of mines or torpedoes, in general require the
sudden application of a strong shoek or detonation to
initiate the explosive reaction. This detonation is
usually obtained by exploding a smaller charge of a
more sensitive high explosive that is in contact with
or in close proximity to the main charge. The smaller
charge can readily be exploded by heat or shock.

It has frequently been demonstrated that detonation
of an explosive mass can be transmitted to other
masses of high explosive in the near vicinity, without
actual contact. The second explosion occurring under
these conditions is said to be initiated by influence, and
it hus been gencrally accepted thar the initiating effect
is the result of the passage of an explosive percussion
wave from one mass to the other. The second ex-
plosion is called a sympaiketic explosion. The dis-
tance through which this action may take place varies
with the kinds of explosive, the intervening medium,
and certain other conditions.  The tremendous energy
of the percussive wave in an underwater explosion is
evidenced by the immediate upheaval of the water
when the explosion occurs. The geyser-like cruption
which oceurs shortly afterwards is caused by the rise
of the gases of the explosion to the surface.

10

2B7. The explosive train

Modern explosive devices, even of simple types,
very rarely contain one explosive or explosive com-
ponent enly. They commonly apply the principle of
chain reaction, in which a chain or train of clements
functions in scquence.  The first part of the train,
called the {nitiatar, primer, cap, or detonator, begins
the action when set off by an electric current, shock,
heat, friction, or some other stimulation.  The heat or
shock of explosion of this first part of the train sets off
onc or more succeeding parts in sequence.  Depending
on their functioning, these ave called ignition, baoster,
or auxtiiary charges. The final link in this intermedi-
are sequence (which may consist of one or more such
links) ignites or detonates the main (bu rster, disrupter,
or propellent) charge.

There are two main types of explosive train, depend-
ing on the purpose and nature of the main charge.
Prapelling or impulse charges are low explosives in-
tended to develop, through rapid buming, energy to
be used for propulsion.  An explosive train for a pro-
pelling charge gencrally begins with a primer which
produces a hot flame.  This scts off the ignition charge
{composed of a flame-producing explosive— black
powder). Last in the explosive train is the propel-
lent powder or grain iself, which bums to produce
the hot high-pressure gases which propel the gun pro-
jectile or rocker.

In the explosive train designed to detonate a high
explosive, the sequence of operation in general de-
pends on the transmission and amplification of shock
rather than a hot flame. The initiating device con-
tams & sensitive explosive which produces shock when
sct off; the initiating shock sets off the booster or a
series of boosters or auxiliaries; the magnified shock
detonates the main charge. The booster may be com-
posed of the same explosive as the main charge, but
In more sensitive form.  Thus, granulated TNT,
which is more sensitive than the cast variety, is used as
a booster in depth charges,

2B8. Classification of explosives according to serv-
ice use

Naval explosives may be classified according to the
use 10 which they are pui:

L Propeilants and impulse explosives, These ex-
plotives are used to propel projectiles from guns, to
propel rackets, launch torpedoes, launch depth charges
from projectors, and catapult aircraft, They are all
burning or low explosives. Examples are smokeless
powder, ballistite, Cordite, and black powder, Figure
2B1 shows smokeless powder graing of various sizes.

2. Disrupting explosives. Explosives of this classi-
fication are all employed 1o create damage to the tar-
get under attack.  They are all of the high explosive
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lype and are used alone or as part of the explosive
rharge in mines, hombs, depth charges, and worpedo
warheads, and in projectiles as a burster charge
There is a wide variety in this category, but the more
commgn examples are RDX, TNT, ammonium. pic-
rate, and tetryl.

3. Initiating { primary) explosives. As explained
in article 2B6, the initiation of an explosive reaction
reguires the application of encrgy in some form.  Pro-
pellants are eommonly ignited by the application of
Rame, while disrupting explosives are set off by a
severe shock.  Many primary explosives can be used
for initiating ecither propellants or disrupting explo-
sives, because they produce both a flame and a shock
when exploded.

The device used to initiate the burning of & propel-
lent explosive is called a primer. A simple primer
consists of a small amount of lead azide and & small
charge of black powder in a container. When fired,
the primmer produces the long, hot flame required o
ignite the propellant,

C.

2C1. General

The primary function of a propellant is to provide
pressure which, acting against the object to be pro-
pelled, will accelerate the object to the required ve-
locnty. This pressure must be so controlled thar it
will never exceed the soength of the container in
which it is produced (e. g., guns, torpedo tubes, and
depth charge projectors). The control of pressure
produced by propellants and impulse charges s treated
in considerable detail in the chapter on interior
ballistics.

It would be possible to use any explosive for pro-
pellent purposes if the velocity of explosion could he
controlled. [nvestigations of this problem led to the
development of smokeless powder as we know it today.
Nitrated cotton, the main constituent of smokeless
powder, is a high explosive by itsell and entively un-
suitable as a projectile propellant.  However, it was
discovered that this high explosive could he colloided
with an ether-aleohn] mixture to praduce a “burning”
explosive.  Only a small number of chemical com-
pounds can be so treated as to permit control of the
velocity of explosion. Furthermore, the subsiance in
its final state must not anly be efficient, bur must be
sale in use, casy to handle, and stable under varying
conditions of storage [or protracted periods of time,

Smokeless powders of one form or another are now
used almest universally for propellent chavges. For
military purposes {cspecially for guns larger than
small arms] they may be considered to he of two
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The device used to initiate the reaction of a dis-
rupting explosive is called a detonator, and in maost
cases it consists of a charge of lead aside or lead
styphnate cither alone or with granular TNT or tetryl
in a container, When fired, the detonator produces
the shock necessary to initizte the explosive reaction,

4. Auxiliary explosives, Large propellent charges
and relatively inzensitive disrupting explosives require
an intermediate charge, 50 that the fame or shock of
the initiating explosive may be increased to ensure
proper reaction of the main explosive charge. The
intermediate or auxiliary explosive used with pro-
pellants is called an ignition charge and consists of a
quantity of flame-producing black powder sufficient to
engulf the propellent grains.  The auxiliary explosive
used with disrupting explosives s called a booster and
consists of a quantity of more sensitive high explosive,
such as tetryl or granular TN'T, The booster in-
creases the shock of the detonator to a degrec sufficient
to explode the disruptive charge.

Service Explosives; Propellants

classes: (1) single-base powders, and (2) mulli- (dou-
Ble or triple} baze powders.

In the single-base powders, cellulose nitrates (re-
ferred to hereafier as nitrecellulose’ form the only
cxplosive ingredient.  The other materials present in
single-base powders are included to obtain suitable
form, desired burning characteristics, and stability,

In the double- or triple-base powders, nitroglycerin
is present to assist in dissolving the nitrocellulese dur-
ing manufacture. as well as to add o the explosive
qualitis, "The single-base nitrocellulose powders pro-
duce a greater volume of gas. bue less heat than the
double-base powders. From a thenmmodynamic stand-
point, single-base nitrocellulose powders are somewhat
less efficient, because of their lower burning tempera-
tures, Bur they have the advantage of causing less
wear in the gun hore than double-base powders do,
Fresent iniple-base powders, however, have a large
proportion of the “cool-burning explosive nitroguani-
dine; they therefore produce maximum temperatures
comparable 1o those of single-base powders. Triple-
base powders also have other advantages, which are
mentioned in article 2005,

2C2. Smokeless powder manufacture

The smokeless powder used by the United States
Navy is a uniform ether-aleohol colloid of carefully
purified nitrocellulose to which is added a small quun-
tity of diphenylamine to assist in preserving the chemi-

ral stability of the powder. The principal raw
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materials used in the manufacture of United States
Na_v}' smokeless Puudm‘ ATt

1. Cotton. The cellulose material to be nitrated
consists of bleached and purified short-fibered cotton,
which is 90 percent pure cellulose.

2. Acids, A mixture of about 1 part nitric acid
to 3 of sulphuric acid by weight is used in the nitrating
process.

3. Ether and alcohol. A mixture of ethyl ether and
ethyl alcohol is used as a solvent for the nitrocellulose.

4. Diphenylamine. This substance, used as a sta-
bilizer, has a slightly alkaline reaction and is incorpe-
rated in the powder to neutralize any acid products
which might be formed as a result of gradual decom-
position of the powder. Since it thus prevents decom-
position from becoming progressive, it adds to the
stability of the powder.

The principal steps in the manufacture of United
States Navy smokeless powder are as follows:

I. Preparing the cellulose. The purified cotton is
passed through picking machines which tear apart the
knots and tangles, and then through driers which
reduce the moisture content to about 1 percent, mois-
turc being undesirable in the nitrating process.

2. Nitrating. The cotton and acids are thoroughly
mixed and agitated in nitrators. The cotton is con-
verted into nitrocellulose containing about 126 per-
eent mitrogen, This is commonly called “pyro”
After nitrating, the pyro and excess acids are sent to
a centrifugal wringer below the nitrator, wherc the
spent acids are removed.

3. Purifying. The pyro is immersed in water and
run through flumes to boiling tubs where it is given
a preliminary boiling for about 40 hours to remove
the remaining free acids. It is then transferred to
pulpers which cut and grind it to the desired con-
sistency, The pyro is then beiled in water in poaching
tubs for 12 hours, during which time the water is
changed at regular intervals,

4. Dohydrating,  After the final stage of purifica-
tion in the poaching tubs, the pyro is transferred to
the dewaterers {large rotary filters equipped with wet
vacuum pumps) and to centrifugal wringers which
remove water. The remainder of the water is forced
out by placing the pyro in the cylinder of a hydraulic
press and forcing alcohol under pressure through it
The pyro cake formed is subjected 1o a final pressure
treatment to remove excess alcohol, leaving only suffi-
cient alcohol for making the desired colloid.

5 Mixing. The compressed pyro cake is now
placed in rotating drums and block breakers and
broken up into a coarse, fluffy mass. It is then put
into mixing machines where cther and diphenylamine
are added, The charge is mixed for about 30 minutes,
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during which it becomes partially dissolved or col-
loided by the ether and aleohol.

6. Granulation. After mixing. the charge is re-
formed into a block and taken to a press where it is
first forced through the small holes of a strainer
(macaroni) press to ensure a thoroughly mixed and
uniform colloid and to eliminate lumps and foreign
matter. It is again reblocked and taken to a graining
press, where it is forced through the dic and extruded
in the form of a continuous cord of circular cross sec-
tion with seven longitudinal perforations. The cord
immediately passes to the grain cutter, which cuts it
into grains of uniform length. In thiz form, it is
known as “green” powder and is still fairly soft and
pliable because of the excess of solvents which it
contains,

7. Drying. After a special heat treatment for re-
covery of most of the solvents, the green powder s
removed to large dry houses, where the solvent con-
tent is reduced to a predetermined amount.  The dry-
ing process takes 4 to 6 months, depending on the
percentage of residual volatiles desired and the size of
the grain required. The percentage of residual vola-
tiles remaining in each powder after drying varies
from 3 to 7 percent, being greater in the larger
granulations, After drying, the powder is hlended
with other poacher lots to make up one uniform lot of
powder., Samples of this lot arc proof-fired, and after
acceptance the lot is assigned an index number. Itis
then ready for issuc to the Fleet.

2C3. Characteristics of smokeless powder

Grains of smokeless powder have a hard, smooth
finish and look very much like horn.  When new, the
grains are amber in color and are translucent.  As the
powder ages, its color becomes dark brown, then black,
and finally opaque. These changes do not indicate
any loss of stability.

Smokeless powder is subject to a very gradual chem-
ical decomposition which may in time be a source of
danger (spontaneous combustion) unless measures
are taken to arrest such action. Like many explo-
sive compounds, smokeless powder is in a state of un-
stable chemical equilibrium and is readily acted upon
unfavorably by impuritics which may be present with
it. Tf decomposition takes place in any particle, the
decomposition products will include nitrogen oxides
which have an acid reaction and will facilitate further
decomposition. The use of diphenylamine, whose
action has already been explained, has greatly in-
creased the stability life of snokeless powder. A
powder which may have become chemically dangerous
through partial decomposition is not dangerous for
use in a gun, since a part of the decomposition which
should take place in the gun, with sudden evolution
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of heated gases, has already taken place and the pow-
der has lost a corrosponding number of heat units.

Excessive heat has a most unfavorable influence
upon the stability of smokeless powder. At tempera-
tures below 60° F., the stability is not appreciably
affected, bur at temperatures above 70° F., the rate of
decomposition rises quickly. becoming high at 90° F.,
and dangerously accelerated at temperatures over 1007
F. Precautions must therefore be taken to cnsure the
maintenance of a uniformly low temperature in the
magazines in which powder is kept,

Since the presence of moisture favors decomposition
of smokeless powder, the containers in which it &
stored arc made aircght, and every effort must be
made to maintain their tightness. A leaky container
may not only admit undesirable moist air to the pow-
der, but may alse permit the loss of volatiles through
evaporation, especially if the air in the container is
subjected to alternate expansion and contraction due
to change in temperature.  Such a loss of volatiles will
increase the speed of burning of the powder to such
an extent that excessive pressures will be produced in
the gun. In this event the powder is ballistically
dangerous,

2C4. Triple-base powder manufaciure

Triple-base powder, commonly called Cordite N or
SPCG, s composed of four principal ingredients—
nitrocellulose (19 percent), nitroglveerine (a little un-
der 19 percent), nitroguanidine (55 percent), and
ethyl eentralite (a little over 7 percent). Of these 4,
the first 3 are explosives.  Ethyl centralite (also called
carbamite) is the stabilizer. A small amount of potas-
sium sulfare may be added as a flash inhibitor, and for
some calibers other ingredients may be added in small
amounts.

The manufacturing process is in general dimilar to
that for pyro powder. It beging with passing the de-
hydrated nitrocellulose through a block-breaker screen
{or this may be done before the nitrocellulose reaches
the Cordite preduction plant). Then the other dry
ingredients (cxcept the ethyl centralite) are mixed
with the nitrocellulose for & minutes. Next, 2 mix-
ture of nitroglycerine and acetone (which desensitizes
the normally very touchy nitroglycerine) is added wo
the dry mix, and mixing continues for another hali
hour. Then the ethyl centralite is added and mixing
goex on {or another 3 hours.  More acetone and zlco-
hol may be added if required during this step, This
stage may end with maceration of the mix, if required.

The mix, which is by now mostly in colloid form,
next goes to a “macaroni” press which squeezes it
through strainers to remove uncolloided nitrocellulose
and bits of foreign marter that may be present. The
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“macaroni” is then pressed again into blocks, and is
cxtruded through dies o give the final grain cross
section. After this the extrusions arc cut 1o proper
grain length, and the powder goes to the final stages
of its processing.

The “green” powder next goes through a combined
screening-dryving stage, in which clustered grains are
separated, undersize grains and dust are screened out,
and forced dry-air currents remowve volatiles,  After
drying, the powder is blended with other lots and
packed,

2C5. Characteristics of triple-base powder

Triple-base (Cordite} powder grains resemble in
size and shape conventional pyro powder grains for the
same caliber, except that they have smooth, chalk-
white surfuces, After considerable time in storage,
the surface color may tend to vellow, but this is not a
sign of deterioration,

Triple-base powders are far more stable in storage
than equivalent pyro powder, partly because of their
relatively low nitrocellulose content, partly because
of their extremely small content of volatile com-
poncnss, and parily because of their low hygroscopidty.
They arc much more suitable as gun propellants than
double-base powders like ballistite (deseribed below)
because nitroguanidine, in contrast to the mixture of
nitroglycerine and nitrocellulose in double-base pow-
The gases pro-
duced by a wiple-base powder with nitraguanidine
have much less crosive effect than those of a double-
base powder. Trple-base powders also have advan-
tages in reduced production cost and reduced residue
after burning, although they do in general require
a larger varicty of ingredients than pyro powder.
They are also less scnsitive to high temperatures in
stowage.

ders, is a “cool”-burning explosive,

2C6, Shipboard tests and inspections of smokeless
powder

The Bureau of Ordnance Manual gives the required
periadic tests and inspections prescribed for smokeless
powder aboard ship in order to ensure its safe storage.

For cach index of powder aboard ship, a sample is
provided in a glass bottle with a tught glass stopper,
and is stored in the magazine containing that powder
index. These magazine samples provide a means for
daily visual examination of cach powder index on
board. A strip of methyl violet paper is kept in each
sample bottle, Oxides of nitrogen, emanating as a
gas from decomposing smokeless powder, will discolor
the paper, changing it from viclet to white. Such a
change is a warning that the powder in the bottle and
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the powder of which it is a sample have hegun to
decompose,

Additinnal signs of decomposition which may be
nated by daily visual examination arc:

l. Tiscoloration of graing, especiallv graing with
orange or yellow spots, or grains differing markedly in
color.

2. Grains showing fine cracks, especially if they lack
their narmal gloss,

3, Friabl or casily crumbled grains.  This applies
especially to the discolored spots on grains and to the
ofl-calored grains.

4. The unmistakable presence of nitrous fumes as
determined by sight ar smell immediately on opening
the conlainer. Ounly in the very worst cases arve the
reddish-brown coloved  furnes  likely to be wisible
Lare should be taken not to mistake the normal ether-
aleohal ador for the characteristic pungent odor of the
onides of nitrogen.

5. The metal of the container showing signs of a
areen or white corrosion on the inside,

fi. The powder is in s soft or mushy condition.

Conditions [, 2, and 5 indicate some decomposition
has taken place, but the powder may still he vsable.
Surveillance tests should be made immediately to de-
termine the extent of decomposition. Conditions 3
and 4 indicate advanced decomposition; the powder
should be turned in to an ammunition depot for dis-
position.  Powder in condition 6 is very dangerous
and should be thrown overboard immediately,

The surveillance test consists in putting 2 sample
of the powder in u tight, glass-stappercd boltle into an
electrically heated surveillance oven, and sxposing it
to a constant temperature of 65.5% G {150° F.}. The
samnple under test i examined once daily until eed
fumes appear, or 60 days elapse,  If the red fumes
appear within a minimum time as specified in OT 4
for that particular powder (for example, 16 days for
a%/38 powder), notify the Burcau of Ordnance and
request disposition instructions,

I fumcs appear after the minimum period specified
by OF <, but before 60 days, the powder is reasonably
safe, but surveillance tests must he conducted at fre-
quent intervals.  If red fumes do not appear in 60
duvs, the powder is safe.

Surveillance testing equipment Is carried at present
on relatively few types of ships—BB's, CA’s, CLs,
CAG', ADYs, and several types of carriers. The
cquipmient is optional on AF’s,  Other types of ships
send samples to ammunition depots for test,

In zeneral, Cordite type {triple-base) powders are
not tested In survelllance equipment, At presene,
Cerdite powders are subjected to methy] violet paper
tests just as pyro powders are. However, because
triple-base powders contain less than 20 percent nitro-
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cellulose, and are much more stable than pyreo, violet
paper is not as reliable an indicator of triple-base pro-
pellant stability as it is for pyra powders.  Tmproved
indicators and  test methods are now  under
development.

2C7. Black powder

Black powder (aoriginally called gunpowder), the
oldest of explosives, has undergone little change in its
composition from earlivst times to the present, It
ronsists of a mechanical mixture of approximately 75
percent saltpeter {sodium nitrate), 15 percent char-
coal and 10 percent sulphur, although these propor-
tions may be varied somewhat, depending on the use
for which the powder is intended.  First used in guns
in the early 12th century, black powder was the only
propellane for firearms until the latter half of the 19th
century, when nitrocellulese powders were developed.

Black powder is unsuitable as o propellant for several
TEASDIE

1. Tt leaves a large amount of residue, thus fouling
the gun bore,

2. Lt makes large quantities of black smoke when it
hutrns,

4. 1ts high temperature of combustion causes rapid
erosion of the run hore.

A

15 velocity of reaction is too rapid, even with very
large granulations.

Although black powder possesses practically unlim-
ited chemical stability if stored in airtight containers,
it detericrates irregularly when exposed to moisture,
which it shsorbs readilv.  Black powder s not alected
by maderately high temperatures, nor is it subject to
spontancous combustion at ordinary storage tempera-
tures. It is, however, highly flammable and very
sensitive 1o [riction, shock, sparks, or flame. Tt ig ex-
wemely quick and violent in its action when ignited.
The larger the granulation of black powder, especially
when pressed or cut into pellets, the slower the rate of
burning. Black-powder dust is excesdingly dangerous,
and its accumulation during the handling of any black
powder should be provented.  Black powder t5 the
most dangerous of all explosives handled aboard =
Tnan-gf-war.

‘The uses of black powder are dependent on the size
of its granulations.  1In the order of decreasing grain
sive, the types and uses of black powder in the United
States Navy are as follows:

1. Grained. Torpedo and depth-charge impulss
rharges.

2. Granular —Ipnition charges [or propellants and
[or saluting charges.

3. Fine-grain —Primer charses; expelling charee in
illuminating projectiles,

4. Meal— Pyrotechnics and fuzes.
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2C8. Seolid rocket propellants

Solid rocket propellans are double-base composi-
tions with added ingredients [or plasticizing, control
of burning rate, and reduction of flash, Gas pressure
during burning is about one-tenth of that in a gun
barrel, and erosion effect is not important in this
application,

A typical propellent grain is made up of a com-
position identified as Type N-2 (JPN), and its main
ingredients are nitroccllulose (slightly over 31 per-
cent) and nitroglyeerine {a little less than 43 pereent) .
Tt also contains two plasticizers to ensure homogeneity
of composiion {thesc arc dicthylphthalate, around
3 percent, and a trace of Candclilla wax), about 1
percent of stabilizer {ethyl centralite), a little over
1 percent of potassium sulfate to reduce flash, and
a small amount of carbon black to control burning
rate.  There are a number of ather compositions also
uged for rocket propellent grains, bue they are classi-
ficd, and this one will serve as a specimen for study.

As manufactured, the propellant is produced in the
formn of u sheet about 5 inches wide, 33 inches long,
and 0.06 1o 0.09 inch thick. To be converted into
the grain which actually goes into the rocket motor,
scveral sheets are rolled into “carpet rolls” and put
into a press, Under high temperature and pressure

the propellant is exeruded from the press through a
die that gives it the cruciform {eross-shaped) or hol-
low eylindrical eross section required for che particolar
motor concerned.  The charge is extruded as a homo-
genenus length of propellant, which is then cut and
trimined to grains of appropriate length,  The grains
are then tumed in a special lathe 1o give them the
proper dimensions [or mounting in the motor. Single
extruded rocketr propellent grains range in size up W
60 inches in length and 6 inches in diameter.

From | to 4 grains of ballistite propellant are used
as the propelling charge in a rocket molor. The
grains arc designed 1o burn at a uniform rate to pro-
vide a uniform thrust during burning. In cruciform
grains provided with suitable plastic inhibitor stnips
the burning area, and hence the rate of gas production
and the thrust, tend to remain constant throughout the
bum time.  In hollow cylindrical grains, plastic in-
hibitors honded to the grain limit the burning area
during the first part of the burn period,  Cylindneal
graing have holes at regular intervals to equalize the
pressures inside and surrounding the cylinder.

Single grains [or JATO units or for use as misile
sustainer propellants are made as large as 25 inches
in diameter and 10 fecr long.  Such grains are made
by a casting process, and may contain ingredients other
than the double-base mixture described above,

D. Service High Explosives and Primary Explosives

2D1. General

The list of substances which can be grouped under
the term high explosives is a long one which, however,
may be materially reduced by eliminating explosives
not suited for military purpeses.  The following con-
ditions must be considered in choosing a military high
cxplosive. Depending upon ils use, it must:

1. Have proper insensitivity to withstand:

a. Shock of gunfire,

b. Shock of impact against armor, if used for
projectile filler.

. Shock of handling.

2. Have maximum power.

3. Have stability to withstand adverse storage con-
ditions, heat, moisture, etc.

4. Be easy to handle, load, and manulacture,

5. Produce proper fragmentation.

6. Be cheap and available in quantity,

A number of high explosives are derived from coal-
tar products. When coal is subjected to destructive
distillation, coke, gas, and coal tar are obtained. Coal
tar is a heavy liquid of a complex nature, which on
further distillation will yield aromatic hydrocarbons
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{benzene, tolucne, xylene, naphthalene, and anthra-
cent) and aromatic alcohols (phenol and cresol).
From these substances, or from other substances ob-
tained from them, explosives may be made by nitration.

High-explosive charges are usually loaded by melt-
ing and pouring, if the kind of explosive substance
used permits this treatment.  This gives greater den-
sity of the charge and hence greater explosive effect
in a container of given volume,

202, TNT lirinitrotoluene)

TNT, the most familiar of all military hizh ex-
plosives, is obtained from the nitration of toluenc in
three successive steps. TNT is a white crystalline
substance when pure, and varies in shade {rom a light
vellow 1o a dirty brown when impuritics are present.
When pure, it melts at about 80.5° C. (177° F.}.
TNT is neatral in reaction and, even under unfavor-
able conditions of moisture and temperature, does not
form sensitive compounds by combination with metals,
It has high chemical stability even when subjected to
temperatures as high as 150° F, for considerable
periods of time, and can withstand great variations in
température,
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TNT is relatively insensitive to shock, friction, or
pressure. . When ignited, unconfined, it burns slowly
with a dense black smoke and without explosion.
However, in a het fire it will explode with vislence.
TINT can be melted and cast into any form desired.
This property makes it a very convenient substance for
explosive charges, The rate of detonation of TNT
is about 7,000 meters per seconed,

In a cast form, TNT i rather difficult to detonate
and usually requires a booster such as refined granular
TNT to provide the shock necessary to ensure com-
plete high-order detonation,  I'N'T is not, however, as
insensitive as one may suppose, Small particles of
TNT have heen known to detonate when scraped with
i knife.

The presence of moisture in TNT adds greatly 10
the difficulty of detonating it and probably decreases
its explosive force. Tt is, therefore, of greatest im-
portance that TNT boosters be kept dry.

A dark-brown oily liquid frequently separates out of
cast TNT, and may exude from the containers after
a period of storage. This exudate consists of isomers
of TNT and lower nitrotoluenes,  { lsomers are sub-
stances having the same chemical formula but with
molecular arrangements and melting points different
from those of the original substance,} Such exudates
arc relatively insensitive, but when mixed with an
absorbent cellulose material, form a low explosive
which is easily ignited, burns rapidly, and may even be
detonated.  An accumulation of exudate is considered
both a fire hazard and an explosive hazard. Exudates
discovered when cast TNT is inspected should be im-
mediately removed. Large cast TNT charges must
not be stowed on weoden or linoleum-coversd decks,
nor on any material that is likely to absorh the
exudates. Exudate may be removed with carbon
tetrachlonide or alcohol, or, il discovered before it
hardens, by water and a stiff brush. Because of its
sensitivity, exudate must never be removed by steel
scrapers, nor should soap or other alkaline solutions
be used to remove it.

TNT has many uses. Tt may provide main dis-
rupting charges in projectiles, torpede war heads,
depth charges, mines, bombs, grenades, boosters, dem-
olition charges, etc. It is more frequently used as a
component in other explosives.  For fuzes and boost-
ers, only a refined granular or erystalline TN'T of high
melting point is used, For large charges such as those
in mincs, bombs, etc., cast TNT of onc of the lower
grades and lower mclong peints is ordinarily used.
TNT is not sufficiently insensitive to be a satisfactory
filler for armor-picreing projectiles.

TNT may be mixcd with other materials for certain
applications. For example, TNT, with its relatively
low melting point (80.5° Centigrade when pure) can
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be cast-loaded—that is, it ran be poured into the
burster cavity of a projectile and permitted to harden,
Many ather high explosives have melting points too
high lor this technique. But by using TNT as a
vehicle, it is possible to cast-load a mixture of TNT
and somc other explosive. Thus a mixture of TNT
and RDX (to be discussed below) can be cast-loaded.

Two other fairly common mixtures including TNT
are amatol and fritonel.  Amatol is a mixture of TNT
and ammonium nitrate, and is used in large aircraft
bombs. The mixture is less cxpensive than straight
TNT. Tritonal 1s a miwture of TNT and aluminum
powder, In this and other mixtures containing alu-
minum powder, the aluminum has the effect of im-
proving the brisance of the explosive components.
although it docs not significantly affect the power of
the explosive.

2D3. Explosive D ([ammonium plcratel

This explosive, patented in 1888, was for many years
the secret high explosive of the United States. Its
particular importance as a military explosive lics in its
marked insensitivity to shock and friction. Tt is only
slightly inferior 1o TNT in explosive strength, Itisa
crystalline powder of light-yellow coler which is
Inaded in projectiles by pressure tamping. It is only
slightly hygroscopic, but, when wet, forms sensitive
and dangerous picrates with copper and lead, Al-
though it does not form dangerous compounds with
iron, it does cause corrosion; the interiors of projectiles
are therefore painted or varnished before being filled.
It has high chemical stability, even when subjected for
considerable periods of time 10 temperatures as high as
150° F. It cannot be melied and cast like TNT.

Explosive D is made by saturating a hot solution of
picric acid (trinitrophenel] with ammonia water
{ammonium hydroxide) or ammonia gas. This re-
sults in neutralizing the acid, which is shown by the
formation of crystals.  This solution, when the reaction
is complete, is durnped into crystallization tanks, where
the ammonium picrate crystallizes out. The crystals
are remaved, drained, and sereened.  The powder is
then ready for packing.

Explostve D is used primarily as a burster charge for
large-caliber armor-piercing projectiles, and armor-
piercing bombs, as it will withstand the shock of im-
pact against any thickness of armor.  The advantage
of this is, of course, that the anmor-picrcing projectile
will have partially or completely penctrated the plate
before it is detonated by the fuze action.

Aboard ship, Explosive D is found only in loaded
projectiles or bombs and requires no special care,
except to see that the projectile rooms are kept thor-
oughly drv and at moderate temperatures. In case of
fire in the vicinity of projectiles, care should be taken
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that they do not become heated to a high temperature.
No special tests or inspections of Explosive ID are re-
uired afloat.

2D4, Tetryl lrinitrophenylmethyltrinitramineg)

This high explosive is another aromatic nitrocom-
pound. Tt is a yellow crystalline substance usually
produced by the nitration of dimethylaniline.

Tetrvl is more powerful than TNT and more sen-
sitive to shock. It is stable at all ordinary tempera-
tures, melting at 1307 C. [266% F.). Tetryl 1z an ex-
cellent explosive for booster charges, especially in
mines and torpedo war heads, which do not have o
undergo the heavy shock of firing. Sometimes a mix-
ture of tetryl and & primary explosive s used as a
detonator,

2D5. RDX

This high explosive, known also as “Cyclonite” and
“Hexogen”, is a fairly recent development. It is a
Fairly sensitive explosive, and is more powerful than
either TNT or Explosive D. It is produced by the
nitration of hexamethylenetetramine, an organic com-
pound derived from ammonia and formaldehyde,
Purification is accomplished by crvstallization from
acetome. The crystals are then coated with becswax
or similar waxes to reduce the sensitivity of the ma-
terizl.  Im this form, RDX is insensitive enough to
permit handling. Further additions of less sensitive
materials are necessary before it can be used as a
military explosive.  The forms in which it appears in
service are:

l. Compoation A, A mixture of about 31 percent
RIXX and 9 percent beeswax or synthetic wax. Since
this composition has about the same scnsitvity as Ex-
plostve T but s more powerful, it is now being used
as a projectile filler in place of Explosive TD.

2. Composition B, A mixture of about 50 percent
RDX, 40 percent TNT, and less than | percent wax.
It is uscd as a projectile and bomb filler,

3. Compontion C. A plastic mixture of about B0
percent RDX and 10 percent ernulsifying oil--used to
advantage as a demolition explosive because of its
plastic form.,

2D6. HBX

There are In service use two varictics of HBX—
HBX-1 and HBX-3. HBX-1 is a casl explosive, con-
sistitig of a mixture of RDX, TNT, aluminum powder,
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and a desensitizer composed chicfly of wax. It is
stable, relatively Insensitive to impact, and more
powerful than TNT. It is used in rocket heads as
a burster charge.

HBEX-3 differs from HBX-1 in having a much
larger proportion of aluminum powder to increase its
brisance. It is otherwise similar to HBX-1, but has
much greater destructive effect underwater. It is
therefore used in depth charges and other underwater
explosive devices,

2D7, Primary explosives

Erimary explosives are used in the early part of the
explosive train, where sensitivity is important. For
many vears fulminate of mercury was the most im-
portant cxplosive used for this purpose,  Because of
its relatively poor keeping qualities, particularly under
higher temperatures and in the presence of even a
small amount of moisture, it is gradually being elimi-
nated, Ammunition now being procured does not
contain mercury fulminate,

The important primary explosives used in T 5,
naval ammunition today arc lead azide, lead styphnate,
DDNP, tetracens, and nitromannite,  To ignite a pro-
pellant, the primary elements in an explosive train
must produce a hot flame of sufficient temperature,
size, and duration for reliable action. To detonate a
high explosive, the primary elements in the train must
produce a shock sufficient to detonate the succeeding
elements, The primary explosives mentioned above
are used in these applications. .

Dietonators and primers differ chiefly in the auxiliary
ingredisnts used to produce the effects desired,  Thus,
oxidizing agents such as nitrates or chlorates are added
to increase impulse (shock effect) and sensitivity;
abrasives like ground or powdered glass increase sensi-
tivity to firing pin action; fuels such as antimony tri-
sulfide increase flame cnergy.  Explosive binders like
nitrocellulose or nitrostarch are wsed to provide struc-
ture for the primary mixture and to hold it in place,
and graphitc or other electrical conductors are uscd
to increase conductivity for clectrical initiation.  These
comnponents are used in various combinations, depend-
ing on the characteristics desired in the initiator.

For details concerning specific primary cxplosives
and the design of explosive trains, see the Ordunance
Explosive Designer’s Handbook, published by the Navy
as NOLE,/1111.



Chapter 3
AMMUNITION

A.

3A1. Definitions

Ammunition is the complete assemblage of the com-
ponent parts, or ammunition details, which, together,
make up a charge or round for any type of wrapon,

Ammunition details include primers, boosters, deto-
nators, powder, powder bags, cases, fuzes, projectiles,
elc,

3A2. Classification of ammunition

Ammunilion is classified by type stowage. The clas-
sification consisis of the following types:
1. Gun ammunition.
- Bomb-type ammunition.
- Rocket-type ammunition.
. Guided missiles.
Pyrotechnics,
Chemical ammunition,
Demolition material.
Miscellaneous.
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3A3. Gun ammunition

Gun ammunition comprises 4 types: bag, semifixed,
fixed, and small arms. The distinction between the
first 3 depends on the manner in which the charges
are assembled.  In bag ammunition, the primer, pro-
pelling charge, and projectile are separate units. In
semifixed ammunition, the primer and propelling
charge are contained in one unit, while the projectile
is separate.  In fixed ammunition, all 3 components
are assembled in 1 unit.  Small-arms ammunition will
not be discussed in this text.

3A4. Bomb-type ammunition

Bomb-type ammunition is characterized by thin-
walled containers, loaded with rclatively large burst-
ing charges. This ammunition depends for its effect
upen the destructive blast of the explosive, rather than
any penetrating qualities of the container, Included
n the group arc torpedo war heads, mines, depth
charges, and some aircraft bombs. Somc bombs are
discussed in this chapter; for further infonmation on
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General

bombs, see Naval Airborne Ordnance, NavPers 10826.
Other bomb-type ammunition is taken up in chapters
12-14 of this text.

3A5, Rocket ammunition

A rocket consists essentially of & head and a motor.
The head may be solid or may contain a bursting
charge, The motor contains fuel, either in the form
of 2 large grain of powder or a liquid. ‘The burning
of the fuel relcases the cnergy necessary for propul-
sion. To stabilize its flight, the rocket either has fins
on its after end, or is made to spin by exhausting the
motor gases through canted nozzles.  Rockets are de-
scribed more fully in chapter 11.

3A6. Guided missiles

A guided missile is an unmanned vehicle moving
above the earth’s surface, whose wajectory or flight
path is capuble of being altered by mechanisms within
the vehicle, Guided missiles include, besides such
contrel mechanisms, explosive war heads and power
plants, usually of the rocket or jet type. For addi-
tional data on this subject, see chapters 11 and 29.

3A7. Pyrotechnic ammunition

Pyrotechnic ammunition may be classified according
to use into three types: (1) signaling, (2) illuminat-
ing, and (3) rmarking. Pyrotechnic materials are
mixturcs of oxidizing agents and combustibles {pow-
ders such us magnesium and chlorate mixtures)
which other compounds may be added for such partic-
ular purposcs as to color the flame or smoke.

3A8. Chemical ammunitien

Included under this classification are all projectiles,
bombs, grenades, candles, or other containers of com-
pounds the purpose of which is to produce, when
liberated, gas, smoke, or fire.  Also, free fluids or gases
released from aircraft tanks, projectors, or sprayers
arc designated as chemical agents,

Chemical ammunition may be designated according
to the type of container, as projectile, bomb, or gre-
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nade. However, the more usual classification, and
the one used for storage purposes, is according to the
nature of the hlling:

Group A. Persistent vesicants.  Vesicants blister the
skin, The usual ones are mustard gas and lewasite.

Group A-1. Nonpersistent lethal gases. These
gases, such as phosgene, injure the body when applied
externally, breathed, or taken internally,  Protection
is not required in the open for more than 10 minutes
if the wind velocity exceeds 2 mph.

Group B. Lacrimators and smokes. A lacrimator
such as CH (chloracetophenone) is used primarily to
cause weeping and irritation of the throat and lungs.
The smokes, such as FM ( titanium tetrachloride) and
FS (sulphur trioxide in chlorosulfonic acid) arc used
for screening but have an irritant and, in enclosed
spaces, a toxic cffect.

Group ¢, Spontaneously inflammable agents such
as WP {white phosphorus).

Group D. Readily inflammable mixtures such as
TH (thermite), which burn rapidly and with extreme
heat.

Chemical warfare is a specialized ficld which calls
for specially trained men.  The storage of chemicals
requires extraordinary safety precautions, Although
poisanons gases were not used in World War 11, the
Navy was prepared for defense and for reprisal in case
the enemy initiated such tacties. Chemical warfare
creates many problems in ship protection and decon-
tamination which are the responsibility of the Dam-
age Control Officer and are outside the scope of this
hook

3A9. Demaelitien material

Explosives intended for such uses as blasting, clim-
inating hazards to navigation and obstacles to am-
phihious landing, and destroying gear to prevent cap-
ture by the enemy, comprisc demolition material

‘T'he use of blasting charges is a specialized art, re-
quiring intensive training. Demolition techniques are
taught in special Navy schools and will not be dis-
cussed in detail in this text,  For major blasting epera-
tions, various forms of dyvnamite are used; but dyna-
mite normally is not carried aboard ship.

Half-pound demolition charge blocks, consisung of
either pressed TNT or cast TNT and tetryl, are sssued
to ships for general usc. Large demolition charges,
also consisting of TNT), and assembled with half-pound
booster charges, are aiso issued for major projects,
such as scuttling vessels.  Charges of both of these
types are detonated by means of Mlasting caps, set off
by eleetric current,

Abouard ship, in wartime, there are mechanical de-
vices the nature of which, preferably even the very
existence of which, must under no circumstances be-
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come known to the enemy. Because highly classified
instruments must be completcly destroyed if capture
or abandon ship is imminent, tiny bombs, called de-
structors, arc attached to them, to be actuaied at a
moment’s notice.  Usually, they contain lead azide or
TNT-teteyl, with proper clectric ignition clements.

3A10, Shaped charges

Relatively small quantitics of explosive known as
shaped charges can be made to pierce heavy steel plate
by employing them as shaped charges which direct the
explesive foree into a small and concentrated jet
This jet supplies a directional camaging action.

In an ordinary bursting charge the expanding det-
onation wave procecds outward from the point of
detonation, producing stresses on all portions of the
enclosing case.  The casing bursts into fragments un-
der the action of these enormous forees, In a shaped
charge, however, a portion of the case (fig. 3Al)
farthest from the detonator is in the form of a regular
cavity (usually a cone, hemisphere, or V-shaped
groove) so that the detonation wave fronts impinging
progressively over that portion of the case will cause
compression toward the center of the cavity, Under
the influence of this high-velocity compression, the
portion of the case ferming the cavity and known as
the liner gasifies under the extreme pressures and tem-
peratures.  Most of it squirts forward in a narrow jet
away [romn the advancing detonation wave,  The front
of this jet is composed of a large number of guseous
metallic particles moving at speeds of 20,000 o 30,000
feet per second,  This is followed by the sug, con-
sisting of moving particles, the residue of the highly
compressed liner (or slug), and fragments from the
skirt of the liner. Penetration is achieved when the
high-velocity jet particles impinge upon the target
wimewhat in the manner that a stream of machine gun
bullets entering the same hole would penetraic an
carth bunker. The slug plavs no role in penetration.
Although confinement increases the penetration of the
jet in some cases, the increase is slight and most shaped
charges have only light confinement. A well-designed
shaped charge will penctrate armor up to three times
the diameter of the cone.

One important factor in the effectiveness of a
shaped charge is the distance of the charge from the
target surface at the instant of detonation. This dis-
tance, called stand-off distance, is necessary to permit
elfective focusing of the gaseous jet.

In demolition charges the stand-ofl is obtained by
legs which hold the shaped charge at the proper dis-
tance. When a shaped charge is emploved in gun
projectiles or rockets, the nose will begin to crush be-
fore the fuze can detonate the charge. The nose is
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therefore longer than the required stand-off distance
by an amount calculated to allow for this crushing be-
tween time of impact and fuze functioning. In gen-
eral the stand-off distance at the time of detonation
should cqual the diameter of the shaped-charge cone.

In addition to the penctrative propertics of the
shaped charge, the accompanying blast and fragmen-
tation are important considerations. One new S-inch
rocket head is multipurpose in that it can be used for
blast damage, fragmentation damage, or defear of
armor by shaped charge effcct.

3A11. Miscellaneous types

Under this heading arc grouped a variety of types
for special purposes such as impulse ammunition,
blank ammunition, trench warfare ammunition, and
dummy ammunition.

An impulie charge is a propelling charge designed
to project a missile a short distance. It usually con-

sists of black powder and is assembled in a cartridge
case with primer. Torpedoes are propelled from
above-water torpedo tubes by imnpulse charges. Im-
pulse charges are also used for propelling depth
charges.

Trench-warfare ammunition, still so designated in
spite of the change in the concept of trench warfare,
includes hand and rifle grenades and mortar ammu-
nition. It is issued to Marines and special landing
forces.

Blank ammunition contains no projectile but con-
sists of a cartridge case with primer and powder
charge. Tt is used to make a noise for saluting, or a
smoke for signaling, and for training exercises.

Dummy ammunition includes any type of ammu-
nition or any ammunition detail assembled without
explosives. This type 1s used for training and test and
is carefully marked so that it will not be confused with
service aminunition.

B. Propelling Charge

3B1. Gun ammunition

Propelling charges with their containers, primers,
projectiles, and projectile fuzes are the major com-

ponents of a complete round of gun ammunition,
whether bag, semifixed, or fixed, Each of these coms.
ponents will be examined in some detail in the remain-
ing sections of this chapter. Each of the many naval
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guns is provided with its own associated ammuniton,
designed in normal scrvice use to impart to its pro-
jectile a specified velocity at the muzzle called inifial
velocily (abbreviated I.V.}. Special powder charges
may also be provided for use in experimental work,
shore bombardment, or target practice when reduced
velocity is desired.  Unless such reduced charges are
specifically designated, it will be assumed throughout
this discussion that service 1. V. arec meant. Figure
JB1 shows typical rounds.

3B2. Bag ammunition

In bag ammunition the propelling charge 15 a
separate unit. Large guns require large quantities of
propellent powder to attain required projectile initial
velocity, If the total ameunt of powder required for
a lB-inch gun were placed in a single rigid container,
the size and weight would make loading exceedingly
difficult and slow. By packing the powder grains in
fabric bags, it is possible to divide the charge into
units cach of which can be expeditiously handled by
ong man.

Bag charges are used in the United States Navy at
the present time in some 8-inch guns and all guns
larger than B-inch. As recently as the beginning of
Waorld War [I, bag-type 3- and 6-inch guns were sall
in use. The largest guns in present use, the 167/50
caliber on the newest battleships, use six powder hags
with each projectile.

3B3. Powder bags

The material used for powder bags is silk, because
only this fabric will completely burn awav when com-
bustion of the charge takes place, leaving no smolder-
ing residuc to cause the premature explosion of the
next charge loaded. Each bag is roughly cylindrical
in shape. One end consists of an ignition pad con-
taining black powder quilted into the fabric so as to
keep the black powder evenly spread throughout the
pad. Light-weight cloth, dved ved, is used for the
ignition pad. A heavier weight of fabric is used for
the rest of the bag. Bags are fitted with handling
straps and lacings, which can be used to 1ake up any
slack in the bag.

Powder may be placed in the bags in either of two
ways. It may be dumped in with no regard for the
positioning of the individual grains; this produces an
unstacked charge.  Or the grains may be arranged in
layers with the axis of each grain parallel to the axis
of the bag; this is a stacked charge. The latter re-
sults in & smoother, more compact bag and provides
for faster, more complete, and more symmetrical

1gnition,
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The firing of the separate primer used with bag guns
can be relied on to st off the black powder in the
ignition pad, but may not be sufficiently potent 1o
initiate combustion of the smokeless powder grains
directly. It is essential, therefore, that each bag of a
charge be loaded into the gun with the ignition pad
aft, facing the breech plug and within a few inches of
the next bag or of the breech plug and primer.  This
factor also dictates that the twotal length of the powder
bags comprising a charge should be nearly equal to the
length of the chamber of the gun. When, therefore,
a reduced charge is made up, the number and length
of the powder bags are unchanged, but the diameter
of cach bag is reduced.

The powder bags used ina 16" /50 caliber gun are
shown in figure 3B2. The markings on such a bag
should be noted,  Those on the body of the bag indi-
cate the designation of the gun, the index or identifi-
cation number and the weight of the smokeless powder,
the fraction of a full charge represented by the hag
and whether that charge s service or reduced, the
initial velocity for which the charge is designed, and
the initials of the inspector. Markings on the igni-
tion pad indicate the number of grams of black powder
contained therein.

3B4. Powder tanks

Stovage of smokeless powder must be both airtight
and watertight if standard perfarmance is to be main-
tained, The diphenvlamine stabilizer contained in
smokeless powder prolongs the life of the powder bur
does npot prevent deterioration under adverse condi-
tions, Since powder bags are neither airtight nor
watertight, they are stored in tanks. These powder
tanks are, therefore, important pieces of ordnance
cquipment which must be properly maintained. Leaky
tanks admit moisture and air and allow ether and
aleohol volatiles to escape.

Several types of tanks are used, but all fulfill the
same basic powder-storage requirements, Top covers
are variously constructed but all are designed to permi
quick opening, because the number of loaded tanks
allowed to be open at any onc time is strictly limited
by safety precautions. All powder tanks have han-
dling aids, the large tanks having lugs to fit slings and
the smaller oncs having handles,

Tanks for powder bags contain wooden spacers to
prevent building of a static charge which might ignite
the powder by a spark.

{Bag movement within the tank during handling
causes the static charge. The spacer separates the 1g-
niter pads from the end of the tank to prevent sparking
which would ignite the black powder in the pads.)
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3B85. Case ammunition

Gun ammunition which has its propellent charge in
a metal case or cartridge instead of a bag is called case
ammunition. (The term “cartridge” may also be ap-
plicd to 2 complete round of small-arms ammunition. )
Both semifixed and fixed ammunition are of this type.
The factor that determines whether ammunition for
a certain gun will be fixed or semifixed is the size and
weight of a unit which can be handled by one man.
Although mechanical improvements in loading tend to
minimize this weight {actor at the gun, it must still be
considered in the supplyving of reloads from handling
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rooms below. The primer in case ammunition is in-
serted in the base of the case at the ammunition depot
and is not remmoved or changed aboard ship.

The designs of various sizes of case ammunition are
similar, as may be seen from study of figures 383 and
3B4.  The preparation of the case assemblies is com-
parable up to the point at which the mouth of a case
is sealed. In fixed ammunition the projectile is the
scal; a mouth plug is used in semifixed charges. There
are four steps in the assembly of case ammuniton: (1)
priming, (2] loading the propellant, (%) fitting a wad
and sometimes a distance piece, and (1) inserting the
projectile or mouth plug. In priming, the primer used
is cither screwed (40-mm, and larger) or force-fitted
{smaller cartridge ammunition) into the base of the
case. The desired weight of smokeless-powder grains
is then dumped loosely into the case. In 40-mmn and
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larger guns, a cardboard disc, or wad, is forced into
the case and o distance piece, il one is needed, placed
on top. The mouth of a semifixed case is then sealed
by the insertion of 2 mouth plug as Mlusirated by the
5"/38 case in figurc 3B4. In fixed ammunition, the
mouth of the case is sealed by forcing in the base of
the projectile until the rear of the rotating band makes
contact with the case.

A distance piece is made from a rectangular card-
board sheet, folded into a triangular shape and cut to
the length necessary to it the assembly, so that when
placed between the wad and the rase closure or mouth
plug, it will hold the propellant firmly in place. A
case mouth plug may be of cork, plastic, or cardboard
and must be of sufficient strength to keep the contents
ol the case from spilling out under zny conditions of
handling or loading. In small-raliber ammunition,
the fitding of wads and distance picces may not be
necessary if the propellant fills the case. The car-
ridge case itself is a hollow cylinder with either 2
straight or a bottle neck.  The base has a rim around
its circurnference o facilitate extraction of the empty
case from the gun, The empty cases can be reused

C.
3C). General

A primer iy a device used to initiare 2 flame for the
ultimate purpose of igniting a charge of propellant.
In bag ammunition this flame is applied to the ignition
pad {the auxiliary ignidon charge) in the base of the
powder hag, which in turn ignites the smokeless pow-
der, In case ammunition the ignition charge is in-
corporated into the primer tube,  Since the ignition
chirge incorporated in the bag can be proportional in
size 10 the charge, the primers are the same for bag
guns of all sizes, [However, primers of different sizes
must be used in cases of different sizes so thar the
ammount of black powder in the primer may be pro-
portional to the amount of propellant,

3C2. Types and ¢tlosses of primers

Primers are divided into two types, depending on
how they are used in the gun; (1) case, (2) lock.
‘They arc also divided into three classcs, depending
upon the method of firing: (1) percussion, (2) elec-
tric, {3) combination. Percusuion primers are fired
by the mechanical impact of 2 firing pin. Electric
primers are fired by passing a current through a
resistance filament surrounded by an initiating mix-
turc. Combination primers may be fired by cither of
these methods.

The current trend is toward the use of electric
primers only, in casc guns of 3-inch and larger caliber.

25

several times after being reprocessed at an ammunition
factory,

3B6. Case ammunition ¢containers

Since leaks may exist around the primer and the
projectile or mouth plug, the case cannot always be
relied upen to remain airtight,  Therefore like powder
bags, case ammuniton is transported and stowed in
containers which provide air- and water-tightness.
There are several types of tanks and boxes in serviee,
and no-zttempts will be made here to deseribe them in
detail.  Te is sufficient to state that regardless of vary-
ing design, the container must, above all, provide
proper storage for smokeless powder.  In addition, the
container should be strong but not unduly heavy,
should handle casily, and should open quickly. Metal
tanks made of aluminum most neardy conform wo these
requirementy, and tanks in current use are of cither
aluminum or steel construction.  Meral tanks are also
advantageous in that they provide good storage in
ready service racks on deck. or in ammunition-han-
dling rooms not equipped to provide the best storage
condilions.

Primers

Except for 3-inch mounts and older 6-inch turrets,
case combination primers are used only in short car-
tridge cases for clearing the barrel after a failure to
fire electrically,

The following service primers are in curtent use:

. Case percussion primer.

2. Case electric primer.

3. Case combination primer,

4. Lock combination pritner,

3C3. Case percussion primer

This tvpe is used in light and heavy machine guns
such as the 20- and 40-mnm.  In ammunition for the
smaller guns, which has a relutively small amount of
propellant. the primer consists only of a cap, an anvil,
and a percussion-sensitive mixture. The composition
of the mixture vanes with the amount of heat, Bame,
and sensitivity desired. In operation, the firing pin
strikes the inverted cup which holds the primer cap.
This indents the cup, forcing the cap against the anvil
and exploding the pellet of initiating mixture. The

Fioure 3C1.—Case percussion primer,
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IGNITION CHARGE
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Frouvee 302 —Case electric primer,

resulting flame ignites the propellant.  Where greater
energy is required to ignite the propellant, the primer
includes a black-powder charge which is ignited by the
percussion cap. The 40-mm gun uses a primer of this
type. See figure 3C1.

3C4. Case electric primer

Case clectric primers (fg. 3C2} arc used for the
newer 3-, 5-, 6-, and B-inch guns. These primers
contain an clectric ignition element which consists of
two resistance hilaments connected in parallel and sur-
rounded by an explosive mixture, and a small black-
powder prirner charge.  An electric current heats the
Alarnents, which then ignite the explosive mixture,
Flame from the initiating mixture ignites the black-
powder primer charge, which in tum ignites the main
black-powder charge of the primer,

3C5. Case combination primer

This type of primer is used in the 57/38 caliber and
the older 5/54 and 6"/47 caliber guns. It is also
uscd in clearing charges for all case guns of 3-inch
caliber and larger. These primers can be fired, as
indicated by their name, either by percussion or elee-
trically. Electrical firing is considered the primary
method; the percussion feature is a standby for use

in the event that electric firing fails. The percussion
element is similar to that of the case percussion primer,
except that the finng pin strikes a plunger which in
turn explodes the cap against the anvil. The flames
produced by the primer cap act directly upon the
powder in the electric igmition cup. See figure 3C3.

The electric element consists of a high-resistance
wire wrapped in a wisp of guncotton and contained in
a mixture of pulvenized guncotton and fine black pow-
der in the ignition cup. This wire is connected at
one end to the percussion plunger group, which is
insulated from the primer stock. The other end of
the wire is grounded through the primer stock and
the cartridge case to the metal of the gun. In firing
the gun an electric current is pased through the firing
pin to the plunger: this heats the hridge wire, igniting
the wisp of guncotton. The mixture in the ignition
cup is ignited and in turn fires the black-powder
primer charge. The primer charge is surrounded by
the larger black-powder ignition charge and placed in
an outer perforated tube, which amplifies the heat and
flazne sufficiently to surround the propellent charge.

3Cé. Lock combination primer

The same typc and size of primer (fig. 3C#) is used
in all United States Navy bag guns. A primer is

IGNITION CUP

IGNITION MIXTURE
//ELEGTRIG FILAMENT

............

PRIMER CHARGE

PRIMER CASE

cup
PERCUSSION
PLUNGER INSULATION
GROUP - -'-'. i /
PLUNGER ?__E
T D
PRIMER cnp/
ANVIL

PRIMER STOCK
Froure 3C4.—Lock combination primer.
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placed by hand in the finng lock of the guneachtime  bag. The percussion and clectric features of the lock

the gun is loaded. There v no ignition charge in
the primer, as one is included in the assembled powder

3D1. General

The projectile is that part of a round of gun ammu-
nition which is expelled from the gun by the force of
the explosion of the propelling charge. Present-day
projectiles are clongated cylinders with 2 pointed front
end. The application of the principle of rifiing to
guns caused the abandonment of the carlier spherical
projectile. Rotaton of the projectile permitted the
use of a longer and heavicr projectile, thus obtaining
vastly increased range, accuracy, penetrative ability,
and sectional density,  (See art, 3D5.)

Modern small-arms projectiles often consist of sohid
metal; projectiles used in larger guns, however, are
assemblics of several compencents, The three essen-
tial parts are the metallic bady, the explosive bursting
charge, and the fuze which sets off that charge.
There may also be a fracer to make the projectile more
readily visible during flight. Fuzes and tracers will
be discusted in the next wection of this chapeer.

3D2. Projectile bedies

The solid buller damages by impact alone, As-
sembled projectiles, however, inflict damage prima-
rily by the blast of the high-explosive charge and the
resulting high-velocity fragments.

The external shape of the projectile is designed to
obtain the desired flight characteristics of stability and
minimum air resistance. The form of forward end
which best fulfills these conditions is the ogive, An
ogive (fig. 3D1) is the shape generated by the revolu.
tion of an arc of a circle about a chord. In a pro.
jectile the chord is the axis of the projectile and the
radius used is about nine times the diameter (caliber)
of the projectle.  (In small-caliber projectiles a cone
is somectimes used instead of an ogive.) Abalt the
ogive a projectile is cylindrical. The eviindrical shape
may continue to the base, in which case the projectile
is said Lo have a square base ; or the after portion may
be slightly tapered or conical, in which case the pro-
jectiles are described as boat-tailed. The corner of
the base in either type is usually turned to 2 small
radivs. In fixed ammunition the form of the alter
end is influenced by the need for providing a bearing
surface for the lip of the cartridge case.

Between the two ends lies the eylindrnical body of
the projectile. Near the after end of the cylindrical
part of the projectile is the rotating band; at the for-
ward end is the bourrelet. These two surfaces, slightly

combination primer arc the same as those of the case
combination primer.

Projectiles

‘
Frovre 3D1.—Ogive characteristics

raised above the body, provide the support and bear-
ing which steady the projectile in 118 passage through
the gun. They must be some distance apart to pre-
vent excessive wobbling in the bore,  Except for the
bourrelet, the projectile does not require a fine ma-
chined finish; experimental firings have indicated that
fine body finish adds very little to projectile accuracy.
See figure SD2.

3D3. The bourrelet
The forward bearing surface of a projectile is ma-
chined to a fine finish to reduce [riction and minimize

the wear of the gun.  In small projectiles the entire
body forward of the rotating band may be finished to
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Fioure 3D2.—Main parts of projectiie.

bourrclee diameter.  On large-caliber projectiles addi-
tional hourrelets, abaft and forward of the rotating
band, are added to provide better support, espeoially
during ejecrion from the muzzle, A certain clearance
must be provided berween the bourrelet and the lands
{ the raised portions of the rifting). Standard United
States Navy practice rvquires a specilied bourrelet
diameter 0.015 vo 0.023 inch (in different-caliber pro-
jectles) smaller than the diameter of the bore, To
this margin 15 added a manufacturing tolerance of
minug (L0005 1o 0.007 inch, so that total clearance Hmits
vary from 0.013 10 0,030 inch. Unnecessary clearance
adversely affects accuracy and fuze performance and
may mar the rifling by excessive wabhble.

3D4. Retating band

‘The three primary functions of the rotating band are
to scal the bore, w position and center the rear end
of the projectile, and to impart rotation to the pro-
jectile.  Tts secondary function is to hold the projectile
in its proper position in the gun after loading and
ramuming, and 1o ensure that it will not slip back when
the gun is elevated. The band has considerable ef-
fect on muzzle velocity, range, accuracy, and the life
of the gun,

Rotating bands are usually made of fine copper; in
major-caliber projectiles 2 small percentage of nickel
is added to provide greater strength.  Some projectiles
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of recent design have been banded with gilding metal
(90 percent copper, 10 pereent zine ), which increases
strength and reduces the amount of copper deposited
in the bore of the gun.

To reduce dependency on copper for this use {cop-
per i increasing in military importance while it be-
comes scarcer and more cxpensive) rotating bands of
sintered iron are under developmient,

United States Navy projectiles generally have ro-
tating bands about one-third caliber in width, For-
ign strvices sometimes use narrow multiple bands on
major-caliber projectiles.  The rough band is assem-
bled ({after heating it, in 8-inch and lurger calibers)
by slipping it over the rear of the projectile and press-
ing it into a score cut into the body of the projectile.
This scoring usually includes a dovetail on each edge
to assure that the band will not be thrown off by
centrifugal force. Either waved ridges, longitudinal
nicks, or knurling arc provided on the bottom of the
score to ensure against band slippage during rotary
acceleration.

The forward edge of the band is slightly conical, to
facilitate engagement with the origin of rifiing. The
cone, during loading, wedges into a seat at the origin
of the rifling (except in fixed ammunition} and holds
the projectile in place during loading and elevating.
The central portion of the band is cylindrical and of a
slightly greater diameter than that of the bore plus
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the depth of the dfling. This portion is sometimes
divided by circumferential grooves, called cannelures,
which provide space into which displaced copper may
be wiped, In the after part of the band separate-
loading projectiles have a raised lip followed by an
especially deep cannelure,  The lip serves to ensure
a good gas check and also to prevent overramming in
a badly worn or eraded gun.

The purpese of the cannelures is to minimize the
formation of a fringe or skirt from the excess metal
which is wiped rearward. Such a fringe is likely to
flare outward, at the muzzle of the gun, due to the
effects of the gases and of centrifugal force, and causc
loss of range and accuracy. Bands on which the lip
is well forward of the end of the band and is undercut
with a deep cannclure are known as nonfringing.

3D5. Weight of projectiles

Within reasonable limits, a gun can fire projectiles
of varying weights. Approximate weights of Lnited
States Navy projectiles are determined by the formula

&
W=s

in which:
W=weight of projectile in pounds, and
d=caliber of gun in inches.
The weight of the projectile per square inch of bore

is called seciional density. Tt is represented by the
expression

SD=4

g

in which:

§D=sectional density.

W=weight of projectile in pounds.

A= arca of bore, including grooves, in square inches.
This ratio varies with the size of the gun, averaging
approximately six-tenths of the caliber, The concept
of sectional density helps the designer to avoid design-
ing a projectile of given diameter and weight either
too long or too short for proper stability.

The distribution of weight in a projectile is a matter
of considerable importance. The center of gravity
should be in the longitudinal axis and close 1o or abaft
the center of form.

3Dé. Classification of projectiles

All gun projectiles, other than small arms, share the
characteristics thus far described, but since targets dif-
fer in character, projectiles must differ in design, the
better to defeat them,

The primary classification is into three general
types:

30

1. Peneirating.
2. Fragmenting.
3. Special-purposc.

3D7. Penetrating projectiles

This type includes armor-picrcing (AP) and com-
mon (Com). They are designed to penetrate, respec-
tively, heavy and light armor. The usual bursting
charge for these types iz Explosive D, which is insensi-
tive enough to permit penetration without premature
detonation. 'The characteristics which make that pos-
sible will be described under the heading of penetration
in the next chapier.

3DB. Fragmenfing projectiles

These projectiles are designed to inflict damage
both by blast cffect and by fragmentation; that is,
breaking up into small high-velocity frapments, They
are characterized by thin walls and large cavities for
the explosive filled. The general type is subdivided
as follows:

. High-capacity {HC) projectiles (fig. 3D3) are
used against unarmored surface targets, shore objec-
tives, or personnel.  Since no penetration ability is re-
quired, explosives more sensitive than Explosive [) may
be used,

2. Anitaireraft [AA} projectiles are designed lor
use against airplancs in flight.  Except for fuzing they
are substantially the same as high-capacity in the

POINT DETONATIMG FUZE

ADAPTER

AUXILIARY DETOMATING FUZE

COMPOSITION "B*

PROJECTILE BODY

BASE DETOMATING FUZE

ROTATING BAND &@%

o,

Fizurr ID3.—&8"/47-caliber high-capacity projectile.
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larger calibers, In smaller sizes the explosive often
contains an inecndiary element.

3. Antiaircraft common (AAC) projectiles are a
dual-purpose design, combining the qualitics of anti-
aircraft projectiles with the toughness necessary
penetrate steel plating not of armor thickness. The
tvpe of furing will depend on the use.  The walls may
be heavier than those of the other thin-walled types,
and the filler is usually Explosive D.

3D9%. Special-purpose projectiles

These are not intended o inflict damage by explo-
sion or by [ragmentation.  Their construetion incorpo-
rates no strength other than that required to withstand
discharge from the gun without damage to the con-
tents. I the filler includes any explosive, it is a small
charge designed to expel the contents of the projectile,
See figure 3D4. Some of the common vaneties are:

1. Hluminating (Ilum) projectiles, often called
star shells (58), contain a bright flare atrached 10 2
parachute. They are expelled from the projectile
body by a small black-powder charge which also lights
the flare. As the parachute slowly lowers the flare, it
scrves to illuminate the target.

Fuze
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2. Smoke, or white phosphorus {WP), projectiles
contain tubes of that substance which are scattered
and burst by a2 small black-powder charge. White
phosphorus produces a screening smoke. 1t also has
some incendiary effect.

3. Window (W) projectiles contain metal foil
strips, which, when scattered high in the air by the
small burster charge, scrve to confuse encmy radar
OPETators.

4, Nunfragmenting projectiles are used for antiair-
craft gun practices. They contain a smoke-producing
substance, available in various calors, which makes it
possible 1o observe the bursts without close bursts de-
stroying the target.

b, Target or blind-loaded {BL) projectiles contain
an inert substance, often sand, designed to give the
sarme weight and balance characteristics as explosive
fillers. In large calibers {(6-inch and above) target
projectiles simulate the AP design but have no filler
other than the spotting color.

6. Prosf-shot projectiles are used for proof tests of
guns at the proving ground,
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Frcore 3D4-—Special-purpate projectiles,
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3D10. Dye loads

Penctrating projectiles designed primarily for use
against surface targets usually contain small quantiries
of dve, so placed in the nose of the projectile as to be
dispersed upon water impact. This dye colors the
splash produced by the hit and thus allows a ship to
Standard practice is to
issue to cach ship in a division its own identifying color,
Available colors are red, blue, green, and orange.

identify its own splashes.

3D11. Projectile markings

Projectiles are painted various colors to facilitate
rapid identification by gun crews. Nose fuzes and ro-
tating bands are never covered with paint.  Bourrelets
are covered with one thin coat of paint only, and may
never be repainted or retouched. The remainder of
the projectile is painted according to the code set forth
in figure 3D3, which applies to all calibers larger than
#l-mm, Beparate special codes are used for painting
20- and 40-mm projectiles,

E. Fuzes and Tracers

3E1. Generol

A projectile fuze 35 2 mechanical, electrical, clec-
tronic, magnetic (or combination) device which will
detonate or ignite a charge in a projectile at the time
and under the circumstances desired.

Fuzes may be classified according to function (im-
pact, time, or proximity ), the position of the fuze in the
projectile (nose or base), type of mechanism or prin-
ciple utilized (mechanical or VT'), and specific action
at time of functioning or initiation (ignition or deto-
nation), Figure 3E1 illustrates typical fuzes.

Typical examples of nomenclature for Navy fuzes
are as follows:

L. Auxiliary detonating (ADF) .

2. Base detonating [BDF).

3. Mechanical time (MTF) or clectrical time

[ETF),

4. Point detonating { PIDF) .

5. VT or proximity (VTF).

Point detonating, time, and VT fuzes may all be
called nose fuzes because of their location in the projec-
tile. Fuzes are designated as defonating when they
contain within themselves a high-explosive charge suf-
ficient to set off a high-order explosion in the burster.
Tegnition fuzes contain black powder sufficient to ignite
the burster of small projectiles.  In larger projectiles
such fuzes function indirectly through an auxiliary
detanating fuze.

JE2. Fuze safety

It is necessary for the safety of personnel that a fuze
be made inoperative until the projectile is well clear
of the muzzle and of the firing ship. A fuze is said
to be armed when its component parts are so arranged
that it can operate to set off the next explosive in the
chain. It is unarmed when its safety features are so
functioning as to prevent its operation.

A satisfactory fuze must meet these requirements:

1. It mmust be safe to handle; that is, the fuze must
not hecome armed if dropped or joggled.

2. Tt must be safe within the bore of the gun and

for a sufficicnt distance outside to ensure security of
personnel in the vicinity,

3. It must itiate the explosion of the filler at the
proper moment, whether on impact or at a specified
tme.

‘BASE u;E’_rbﬁA:r_l';Ha_ :

BASE FUZE

Frovrr 3E1—Location of fuzes in projectiles.
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3E3. Fuze operation terminclogy

I[ fuzes were not equipped with salety features, they
would be relatively simple.  The need for safety makes
for complicated operation, which depends for its initi-
ation pn certain forces brought into play when a pro-
jectile 1s fired from a gun. Forces which may be
used to operate fuzes are;

l. 8etback. The force of inertia which tends to
miove all fuge parts to the rear as the projectile 15 init-
ally accelsrated in the bore of the gun,

2. dngular setback, The force of inertia, which
tends to resist the inttial rotational acceleration of the
projectile in the gun.

3. Centrifugal foree.  The continuous force, caused
by the rotation of the projectile in flight, which tends
to move all fuze parts radially away from the sxis of
the projectile.

4. Creep. The continuing inertial force resulting
from the deceleration of the projectile in flight, cansed
by air resistance, which tends to mowve forward the
fuze parts not exposed to the air.

5. Impact. The sudden inertia force which tends
to move all fuze parts forward when a projeetile
strikes.

B. Target contect. The rearward movement of a
firmg plunger or other device when the projectle
contacts the target material,

The magnitude of some of the forces is illustrated
in the table below,

JE4. Auxiliary detonating fuzes

“Aux dets” are used in conjunction with all types of
nose fuzes in HC, AA, and AAC projectiles of 3-inch
and greater caliber.  They are interposed between the
nose fuge and the bursting charge of the projectile to
provide a heavier shock for detonating the hursting
charge. They also act as a safety feature, preventing
the projectile filler from exploding in case the nose
Muze should be accidentally actuated prior to the arm-
ing of the auxiliary detonating fuze,

3E5. Base detonating fuzes

Baze fuzes are used alone in armor-piercing and
commmon projectiles.  They are used in combination
with nose fuzes in such dual-purpose projectiles as
AAC and HC. In the latter case their functioning i
completely independent of the nose and auxiliary fuzes,
the former of which may for certain purposes be
replaced by a steel nose plup,

All base detonating [uzes function on impact; some,
however, incorporate a delay feature.  Base detonat-
ing delay fuges [unction a short tme (0.02 to 0.033
second} after the projectile hits the target, thus allow-
ing time for armoer penetration.  Base detonating non-
delay fuzes contain no actual delay element, but a
slight inherent mechanical delay provides a time mar-
gin sufficient for the penetration of thin sheet metal.

3E6. Time fuzes

Irt most calibers of gun projectiles, time fuzes are
clockwork mechanisms used to obtain timed air hursts.
They are used in AA, AAC, AA (non-frag), IIC,
Mum, WP, and W projectiles of 3- to 6-Inch sizes and
in IO prejectiles of 8- to 16-nch caliber.  There are
two general types of mechanical time fuzes: one type
depends for its action solely upon centrifugal foree;
the other is a spring-driven variety. The centrifugal
type is less affected by long periods of storape, but the
spring-driven fuzes are more satisfactory for use on
large projectiles which have slower speeds of rotation.
Bach type is made in several marks and mods for
varicus ralibers,

M highly accurate clectric tirme fuze that can be set
very quickly (and thus reduces “dead time™ to the
vanishing point} is under development at this writing,

3E7. Point defonating fuzes

Point detonating [uzes are designed to function on
impact with the target.  They have the advantage of
being faster acting on impact than base detonating
fuzes. Ome group of such fuzes 15 used in place of

Foroes ArrecTing Fure DPERATION

Mupzzie Mo zimam Sten at Masmmum
Projectile veloerty Max. bore prevrure i rem: guns sethack mnsTie | refardaiian®%
Fi Sowee® rbs [oreee
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20-mm ___ 2,725 | 24 long tonsfin®__________. I 96, 566g 1, 154
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mechanical time fuzes in connection with shore bom-
bardment with HC, AAC, and WP projectiles.  Other
marks of point detonating fuzes are used in 20- and
40-mm projectiles, for which no other type fuzes are
provided (20- and 40-mm AP projectiles are solid
metal, except for the tracer cavity, and thus unfuzed) .

Figurc 3E2 shows a scctional view of the 40-mm
Point Detonating Fuze Mark 27. This is a simple
fuze, an cxplanation of which will illustrate typical
fuze operation and safety features. The fuze is com-
poscd of four major parts: the fuze body, the maga-
zine, the firing-pin holder, and the rotor block
asstmnblies. The forward section of the fuze body con-
tains the plastic firing-pin cxtension or hammer, the
stab-type firing pin. detents and springs contained in
the fring-pin holder assembly, and the rotor block
with rotor, detents, springs, and rotor cover. The
magazine is screwed into the alter end of the body.
The fuze is designed :

1. To detonate the projectile explosive charge and
thereby burst the projectile with high-order detona-
tion instantancously upon impact.

2, To ensure safety and prevent detonation of the
projectile when fired in a gun or in normal fight unsil
detomated by impact.

Operation. On examining figure 3E2 the student
will see that the fring pin cannot move aft (to the
left in the diagram) because the firing-pin detents
prevent it from doing se.  Also, the detonator is not in
line with the firing pin, so that, if the firing pin should
sornchow move aft, it would strike the mtor body and
not the detonator,  1f the detonator should explode,
it would not detonate the booster. The rotor, and
consequently the detonator, is held in the unarmed
position by the rotor detents, which fit into the rotor
body as shown in the diagram. The rowr body also
contains two lead counterweights

When the projectile is fired, the rifling in the gun
rolates the projectile, As the projectile spins, cen-
trifugal force causcs the firing-pin detents to move out-
ward, freeing the firing pin,  The rotor detents also
move outward, frecing the rotor.  Centrifugal force
also acte upon the lead counterweights in the rotor
body, tending to move them outward.  This causes
the motor body to rotate, bringing the detonator into
line with the firing pin and Icad-in.  The fuze is now
armed.

Upon impact, the finng pin is rammed aft, striking
and exploding the detonator. The detonator ex-
plodes the booster, which in turn detonates the burster
charge of the projectile.

3EB. VT fuzes

The radio proximity or VT fuze is used in all of the
types of projectiles which can use mechanical time
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fuzes except illuminating and window (which are not
supposed to be exploded in the immediate vicinity of
a target). The VT fure i a wlf-contained, radio-
controlled fuze capable of transmitting pulscs of radio
cnergy, and of receiving a portion of these pulses
which may be reflected by a target. The fuze fires
when the returning signal is of sufficient strength, due
10 proximity to the target, o trigger the firing circuit.
Essentially, the fuze s an extremely rugged radio trans-
mitting and receiving station, which fits into the nose
of & projectile and is so compact that it displaces a
volume less than half of an ordinary pint milk bottle.
See hgure JE3.

I'he principle of its operation can hest be illustrated
by describing the firing of a typical VT-fuzed pro-
jectile.  Not only are VT fuzes as rugged as most fuzes,
but they have been provided with reliable safety fea-
tures.  As a result, in safety of handling, safety in the
bore of the gun, and freedom from muzele bursts, they
are as salr as any [uzes used by the Navy,

At the instant the projectile is fired, a tiny wet
hattery that (urnishes energy to the fuze begins to be
activated, The shock of fire breaks a small glass vial
filled with liquid elccwrolyte.  Centrifugal force in the
rotating projectile causes this liquid electrolyte to flow
toward the outside of a cvlindrical cell through a stack
of thin ring-shaped plates that have been carclully
insulated [rom each other.  Contact between the elec-
trolyte and the plates makes the battery electrically
active.  Within a half sccond after the battery has
become active, it has charged a firing condenser with
clectricity, Omnece thiz condenser is charged and a
mercury safety switch has been opened, the projectile
is “armed"”, and ready to detonatc when a target in-
fluences it to do so.  All this has been accomplished
by the time the projectile has traveled four or five
hundred yards.

As the projectile speeds through the air at a rate of
approximately 2,600 feet per second, a radio oscillator
sends outl electromagnetic waves or impulses at the
speed of light.  These impulses will be reflected back
to the oscillator by any target that gives a radio reflec-
tion, such as metal objects, water, or sarth.

At first the projectile s 5o [ar from the target thar
these impulses are not returned in any strength. But
as the projectile approaches closer to the target the
oscillator receives cver stronger reflected impulses.
These incoming impulses interact with outgoing im-
pulses to create a “ripple pulse™ which is amplified by
vacuum tubes.  If the projectile comes within a radius
of about 75 10 100 fect of its target, this “ripple pulse”
becomes powerful enough to trigger a thyratron tube
which acts as an electronic switch. This releases the
electrival energy stored in the charged condenser
which, in turn operates an electrical primer. The
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Fioune JE2 —Two vicws of point detonating fuse—unarmed.
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FIRING CONDENSER

BATTERY PLATES

BATTERY

ELECTROLYTE AMPULE

AMPULE SUPPORT AND BREAKER

MERCURY SAFETY SWITCH ELECTRIC DETONATOR
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Friourz 3E3.—Typical VT [uze.
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primer consists of a small container of black powder
which is fired by an electrical curvent passed through
a resistance wire.  The blast from this primer operates
an auxiliary dctmtmg fuze, which sets off the main
explosive charge in the pru_]l:ftlll'

This fuze, the result of Navy research, has been
regarded as one of the greatest forward steps in yecent
ordnance development, Tt climinates completely the
tremendous problem of fuze setting in order to time
the burst at a point in the trajectory where lethal dam-
age results to a fast-moving target.  This allows maxi-
mum concentration on accurate tracking and solution
for the correct trajectory, which is necessary because
the projectile must be placed within 100 feet of the
target for the fuze 1o function.

VT-fuzed ammuniton iz very cffective on exposed
personnel and lightly armored targets ashore, It is
also well adapted for harassing and interdiction firc to
deny the cnemy the use of, but not destroy, bridges and
other works which our own forces may later require.
No matter what the topographic configuration, the
fuzr will detonate at that designed point in its flight in
close prosimity to a reflecting mass, such as the carth
or trees, where fragmentation blankets a maximum

F.

JF1. Bombs and bomb components

The acrial bomb provides for very officient use of
the load-carrying ability of a given plane, Only a
small fraction of the weight involved must be reserved
for suspension, release, and sighting equipment, On
the other hand, an aerial bomh has very low initial
velocity, this velocity being that of the airplane carry-
ing the bomb at the time of release.  Time of fight is
relatively  prolonged, and aceurate computation is
required to obtain hits. A partial cxception exists, of
course, in glide bombs with homing mechanisms. The
first acrial bombs were the small, hand-thrown missiles
of World War 1, but 2-ton bombs are now common-
place, and even lurger sizes have been standardized.

A conventional aecrial bomb has three major com-
ponents. The body contains the explosive charge, or
it may have a chemical filler. The fir aisembly is
provided to keep the bomb stable in flight. A fuze
serves to detonate the charge, These three elements
usually arc assembled into a complete round just be-
fore the bomb is loaded in or on the aircraft. A glide
homb, which is a guided missile, must in addition carry
the equipment necessary for guidance.

Trends in bombing developments include the per-
fection of a great varicty of special-purpose hombs,
including some relatively small types and others of
great weight; development of improved methods of
tracking, sighting, and computing; development of
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ellective area. The introduction of this fuze in the
European campaign of World War IT by United States
Army ardllery had a tremendously demoralizing as
well as destructive ¢lfect on enemy ground troops.

3E9. Tracers

It is sometimes advantageous to follow a projectile
in flight. For this purpose a tracer body is installed
in the base or as an extension to the base, of the pro-
jectile. It contains a pyrotechnic mixture designed to
burn with a definite color during all or & specific part
of the projectile’s flight. Standard tracer colors in the
Navy are red or white in AA projectiles and orange
{for night tracers) in AP and common projectiles.
The tracer is ignited by the heat or pressure of the pro-
pelling charge.

In 40-mm projectiles, tracers perform the special
function of setting ofT the burster charge at the end
of the tracer burning period, This is accomplished
simply by allowing the inside end of the tracer to have
direct aceess to the main charge. The advantage of
a self-destructive [taturc in AA projectiles, which
might otherwise land and burst on own ships or
installations, is abwious.

Bombs

sighting and control systems that are efective at high
altitudes and under all conditions of visibility or lack
thersof ; and evolution of more eflTective methods of
detonation.

3F2. Bomb classification

In terms of their fillers there are three general types
of bombs: explosive bombs, chemical bombs, and
inert bombs. Varietics of explosive bombs include
armor-piercing, semi-armor-picreing, gencral-purpose,
light-casc, depth, fragmentation, and dntldm.raftI}PES
Chemical bombs include gas, smoke, and incendiary
varicties. Inert bombs contain no cxplosives or
chemicals, and are used in drills and in practice bormb-
ing. A number of aerial bombs arc shown in figure
5F1. All hombs are painted with appropriate ident-
fying markings.

In addition to the three major types, various cncased
pyrotechnic materials (not strictly bombs) are usually
regarded as bomb ammunition.

3F3. Explosive bomb fypes

Armor-piercing bombs (fig. 3F2) are thick walled,
contain about 15 pereent by weight of explosive filler,
and are intended for use against heavily armored
ships and heavy stecl or conerete structures. They
incorparate only tail fuzes. The cffect of a near miss
with such a bomb is small, because of the small per-
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A DEPTH BOMS, 325-1b., FLAT NOSE 1. FRAGMENTATION BOME, 20-fh. P. SAZ. BONE, 1000-b.

B. GAS BOMS, 115-b. ffor cluster) Q. AP. BOME, 1000-4b.
D. CHEMICAL BOMB, 100-b. K. INCENDIARY BOME, 4-Ib. : AP, BOMB, 1000-1b,
F. G.P. BOME, 250-Ib. M. SAP. BOME, S00-1b. . AP. BOME, 1600-1b,
6. G.P. BOMB, 100-1b. N GP. 30MS, 500-Ib. 1. G.F. BOME, 2000-Ib.
H. FRAGMENTATION BOME, 23-b. 0. GP. BOME, 10000, U. LIGHT CASE BOMB, 4000-Ib.

Ficure 3F1.—Types of acrial bombs,
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Fiouse 3F2.—An annor-picrcing bomb astembled for loading
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centage of explosive contained.  If used against un-
armored or lightly armored ships, they are likely o
pass clear through the target before detonating.

General-purpose bombs (fig. 3F3) have medium-
thick cases, contain about 50 percent by weight of
cxplosive filler, and are used to produce blast, frag-
mentation, or mining effects.  Appropriate targets in-
clude unarmored vessels, submarines, and land targeis
such as ordinary buildings, aircraft {on ground), gun
emplacements, and personnel.

Light-case bomb: carry 3 maximum explosive
charge: about 73.6 percent by weight.  The fuzes used
function instantaneously: this is necessary, because
cases rupture upen impact.  Various weights have
been developed, ranging from 400 to 12,000 pounds.
The elfect of such bombs depends largely upon blast,
and to a lesser degree upon fragmentation; they are
effective against light structures and personnel.

Depeh bombs, intended primarily for attacks upon
submarines, contain about 70 percent by weight of
explosive filler, and have relatvely light cases. As
shown in figure 3F1, a depth bomb has a flat nose to
reduce the possibility of ricochets when it is dropped
into the water at small entrance angles. For attacks
upon submarines, this bomb is fitted with a hydro-
static tail fuze, but an impact nose fuze may also be in-
stalled if the target is a surface ship., If & nose fuze
is present, it must be unarmed m making antisub-
marine attacks. Depth hombs have little penetrating
power, and depend primarily upon blast o produce
desired effects.

Fragmentalion bombs have heavy cases made up of

SUEFENSION LUE

SHFETY (FAHWESTOCK) CLIFS
ROSE FUZE

(4=

FUZE SEAT LINER

ARMIKG WIRE
RUXILIARY BOOSTER

steel rings or steel bars, and contain about 14 percent
by weight of explosive charge. When such a homb
bursts, fragments from the shattered case are thrown
outward at high velocity and mav do considerable
damage to light installations, aircraft on the ground,
unarmorcd vehicles, and personnel.

3F4. Fire and incendiary bombs

Fire and incendiary bombs are types of chemical
bombs. Large fire bombs may be droppable fuel
tanks filled with a highly flammable mixture, which
1z usually 34 percent of 80 or 100 octane gasoline and
6 percent napalm. Napalm thickencrs gel the gaso-
line to a rubbery mass of such a consisteney that when
used in the fire bomb the resulting conflagration covers
a large area, burns intensely, and lasts a long time.

As an antipersonnel weapon, the fire bomb has been
found to be effective against personnel in shit trenches,
dugouts, and foxholes. As an incendiary, the fire
bomb has been found to be cffective against wooden
piers, houses, docks and waterlront warchouses,
woeden surface vesscls, ammunition dumps, truck
convoys, and any other readily burnable target.

The average coverage from one bomb dropped on
level terrain is about 300 feet long and 100 wide, when
dropped [rom aireraft in level flight at altitudes of 100
fret and speeds of 300 knots. Higher altitudes and
lower speeds decrease the coverage and pice persa.

Other incendiary bombs usually contain thermite
in magnesium alloy cases.  As the thermite burns, the
magnesium case becomes ignited and adds o the
incendiary effect.

SAFETY (FAHMESTOCK) CLIFE
FEW RSSEMBLY

TAIL FuzE
FIN LOGK HUT
EHSE PLUE

ADAPTER BODETER
AUXILIARY BOOSTER

Frours 3F3—A general-purpose bomb assembled for loading,



Chapter 4
ARMOR AND PENETRATION

A.

4A). Early ship armor

The idca of sheathing ships with projecule-resisting
metal undoubtedly existed before any attempt was
made to put it into practice. It is reported that a
Korean admiral ued ironclads in the late 16th cen-
wry. The first Eu proposal to do o was made
by Sir William Congreve in England in 1805, but the
first ironmaster to make the attempt was John Stevens
of Hoboken, N. ], some 7 years later,

Stevens' cfforts did not meet with immediate suc-
cess, but it docs not appear that his approach to the
subject was unscientific, for he had experimented until
he kncw the exact thickness of iron plate which would
withstand the fire of any given gun.  About 30 years
aftcr Stevens began the work, his son, Robert L.
Stevens, felt that the work was far cnough along w
report the result o Congress.  Yet another 12 years
elapsed before Congress authorized the building of an
armared floating battery.  Meanwhile the French and
the British laid the keels for a number of annored
ships. In the bombardment of the Kinburn forss
during the Crimean War, three French armored craft
first demonstrated their usefulness.

The widespread interest in armored ships was prob-
ably duc to the fact that the rifling of the barrels of
long-range guns was also occupying the attention of
naval designers. The spin-stabilized bullet had been
used in small arms for some time, and it was felt that
a similarly designed long-range gun was feasible, Such
a gun was developed, and by the last quarter of the
19th century, smooth-bore ordnance had disappeared
from usc in the navies of the civilized world,

4A2. lron armor

Although other metals were considered, only iron,
wrought or cast, scemed feasible as a protective cover-
ing; and of these, wrought iron showed itsclf 10 be
superior, The first practical armor consisted of 4-
or J-inch wrought-iron plate, backed by 36 inches of
solid waoden timber.

The iron industry of the time, however, was not

equal to the production of the necessary heavy forg-
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Types of Armor

ings. Therefore, even though early experiments had
established solid plate as better than a built-up cover-
ing of laminated armor, naval designers were obliged
to use plate built from thin layers, often inadequately
bonded together. ‘The armor of the Civil War iron-
clads was of this type.

The problem before the armorers of the day was
quite clear: to produce a very hard face plus a very
tough back. However, methods of providing sound
cementation between a hard faceplate and a thicker,
heavier foundation were still 1o be discovered,

4A3. Steel armor

Before any process for the production of such bonded
annor was developed, the Bessemer converter, followed
a few years later by the Siemans-Martin open-hearth
process, changed the course of development. The
French, in 1876, produced a 22-inch mild steel plate
(which is said to have been hammered to that dimen-
sion from a thickness of 7 fect) that resisted the fire
of all guns then in use. It was the best armor pro-
duced up to that time, but its tendency to crack led to
arcturn to research in built-up armor,

4A4. Compound armor

The next advance resulted from the development
of two rival processes. The first was the Wilson-
Cammel compound plate which consisted of an open-
hearth steel face cast on top of a hot wrought-iron back
plate. The second was the Ellis-Brown process of
cementing a steel face to an iron back by pouring
molten Bessemer steel between them.  In both cascs,
the plates were rolled after compounding.

Actually, only a small advance had been made. Al
mceﬂnmdﬂunwlm:ndﬂa\ﬂdeﬁpruhad
amounted 10 a mere 25 percent advantage: 10
inches of compound armor was only about the equal
of 12} inches of iron. It was some progress, but not
much.

4A5. Nickel-stoel armor

French engincers again took the next step forward
when, in 1889, Schneider introduced about 4 percent
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of nickel into his steel plate, which increased its
strength and toughness. His plate was hammer-
forged, annealed, tempered, oil-quenched, and then
reannealed,  This new process added another 5 per-
cent of resistance to the 25 percent already gained by
the makers of compound plate, This type of plate
was uwsed by the United States to protect the old
battleships Texas, Maine, and Oregon.

4A6. Harvey armor [carburized nickel steell

The next important development was American
and, oddly cnough, also originated in New Jersey, not
far from the Stevens plant where protective plating
for naval craft had had its beginning about 80 years
before. In 18920, H. A. Harvey, of Newark, invented
a process which added about 13 percent more strength
to the plate described above.  The new method con-
sisted of cerburizing the face of a plate of nickel steel
by helding it at about the temperature of molien cast
iron for 2 or 3 weeks with the face in contact with
bone charcoal, This increased the carbon content of
the outer inch of the face [rom about onc-fifth of |
percent to slightly more than | percent.  The entire
plate was then quenched, first in oil and then in water,
and the result was both a hardening of the face and a
toughening of the back. Later, the water dipping was
replaced by cooling with a dense, high-pressure water
Spray.

It was soon found that this type of plate could be
reforged at a low temperature after carburizing, re-
ducing its thickness by from 10 to 15 percent without
loss of strength, The resultant plate had the strength
of iron armor half again as thick as itself.

4A7, Krupp armor {carburized nickel chrome alloy
steel)

The hardening effect of adding chromium to nickel
steel had been discovered before the above develop-

NICKEL STEEL NUT
STEEL WASHER
BACKING PLATE

SOFT RUBBER WASHER

ment was completed, but the resultant alloy was 1o
difficuit for the industry to handle until the Germans
discovered suitable methods. Krupp at that time
used illuminating gas as a carburizing agent instead
of bone charcoal, but the industry at a later date
returned to the use of a solid carbonaceous material
for this purpose,

4A8. Krupp armor (decrementally hardened)

The important decremental hardening process was
introduced by Krupp shortly after the development of
carburizing. The Krupp armor was processed by
burying the plate, all but the face to be hardened, in
clay, and exposing the face to a high, quick heat.
This heat traveled from the face of the plate toward
the back in an evenly descending plane, and when the
critical heat for hardening had penetrated to from 30
to 40 percent of the thickness, the plate was removed
to 2 spray pit and chilled by water played at first on
the face alone and, a few moments later, on both sides
of the plate together. This decremental face-hard-
ening, as it was called, is still the general process by
which modern protective armor is produced, though
further refinement of the method constantly goes for-
ward. This process may be applied to carburized or
noncarburized armor as a final treatment.

449, Class A armor

The carburized face-hardened plating deseribed in
the foregoing article is known as Class A armor.  Tts
usc is protection of the vertical surfaces around the
more vital parts of heavily armored ships—the sides,
the turrets, the barbettes, etc. The impact of a pro-
jectile against such surfaces would necessarily be at a
very small angle of obliquity * and as such would have

!"The angle of olliyuityr ie measured beiwoen the wxis of the
projectile and the normal to the plate at the poing of Bnpact.

NICKEL STEEL BOLT

RED LEAD JOINT
CANYAS SOAKED IN THICK RED LEAD

STEEL WASHERS

CONCRETE BACKING

= ARMOR PLATE

Fiouae 4Al.—Watertight armor bolt, showing interlocking use of resistant and yielding materials.
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to be withstood by a very hard face ta resist the inital
impact, plus great backing strength to absorb the
shock, Class A armor must defeat a projectile by stop-
ping it, by breaking it up, or by rupturing the explosive
cavity (thus reducing its effectiveness even though it
penetrates the plate). Such armor must be of consid-
erable weight, and naval design admits of the use of
only a limited quantity of it. Enclosing the hull of a
ship with heavy armor not only does not add to the
strength of the craft, but actually diminishes it, for the
greatl mass, affixed to the framing members and other
strong points, complicates the stresses. For that mat-
ter, all armor represents dead weight, and naval de-
signers must balanee the requirements of essential pro-
tection against dead weight.

Class A armor can be machined only with difficulty,
and cannot be fitted snugly against the skin of a ship.
The accepted method is to suspend it from the strong
points of the hull by means of extended watertight
bolts (fig. 4A1) which allow about 2 inches clearance
between the armor and the hull, and then o fll the
space with concrete, Abutting edges arc keyed to-
gether, and plates which meet at an angle are rabbeted
(g 4A2).

‘The chemical analysis of a typical modern plate
is about as follows:

Fioure 4A2.—Method of keying adjacent plates of Class A
armor,  Butt joint is shown at lefi—angle joint at right.

4A10. Cluss B armor

Armor designed for the protection of horizontal sur-
faces, and otherwise, where the anticipated angle of
obliquity is great, is physically quite different, although
chemically about the same. Here, instead of boldly
meeting force with resistance, advantage can be taken
of the tendency of a projectile to ricochet.  This glanc-
ing rebound is best achieved when the impact of the
projectile is met with a plate that gives slightly, thus
spreading the force over a wider area.  Moreover, the
curvature of the depression induced by the impact
tends to pick up the curvature of the ogive, further

CAThOn e o e oen e 0. 33% inducing the projectile to rehound harmiessly away by
MRl e e 3, 3395 increasing the angle of obliquity immediately after the
I e 2. 00% instunt of contact. (See fig, 4A%.) Homogeneous
Manganese __ o . .. 0. 30% armor can be used in this application.
Sihoony caae o ceasaao e VTS Homogeneous armor is not face-hardened. In
Phosphorous - - icoea_ oo 0. 016% thicknesses 3 inches and less, it is called “STS" (Spe-
Sulpboatrrcos oo e 0. 024 cial Treatment Steel), In thicknesses greater than 3
e e oy e e = 93, 953% inches, it is termed class B armor. It can be inte-
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Fuwure 4A3.—Diagram showing left, angle of obliguity at instant of contsct with Class B armor, and right,
sugmentation of sams mmediately afterward,
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Fioure 4A4 —Arrangement of Class A armor on a battleship.

grated with the structure of the ship, but it complicates
the problem of weight, since it s heavy and lies high
in the ship's structure, therghy shifting materially

what would otherwise be the ship’s normal center of

gravity,

4A11. Miscelloneous armor

Two minor classes of armor are cast and light. In
the present state of its development, cast armor is not
very satisfactory. Tt is used at points where plate-
armor would be difficult to fit, such as turret range-
finder end windows and sight hoods; attemptz have
been made to use it for boiler uptake grating plates.

It has a future, because of the facility and speed with

which castings can be manufactured, but metallurgical
advances must take place before extensive use can be
made of it.

Light armer is a rough designation for any armor
less than 2 inches thick, It is for the most part con-
structed like heavier armor, though some is com-
pounded armor consisting of a hard face fused to a
tough back. Its prospective uselulness as a protec-
tion for aircraft personnel and engines makes this one
of the most impertant ficlds of ballistic rescarch.
Weighit, however, 15 again a lmiting factor,

Nonferrous armor (of aluminum alloy) can be used
to protect apalnst fragments.  And plastic armor may
be used [or personnel.

B. Penetration

4B1. Intreduction

The same advances in metallurgy which contributed
o the development of armor plate have proved to be
equally useful in the manufacture of guns and of pro-
jectiles, particularly those designed to penetrate armor.
The increased toughness effecied by alloying steel with
chromium and nickel, as well as improved methods for
producing and forging large ingots, have resulted in
better guns and in a race for supremacy between the
designers of protective armor and the designers of pro-
jectiles to defeat the armor,

Armor plate is carburized to extreme surface hard-
ness, whereas guns and projectiles, which must com-
bine toughness with clasticity and heat resistance, are
not.  Steel used in the manulacture of guns usually
contains molybdenum, an alloying element which im-
parts strength at high temperatures,

4B2. Projectile steel

Steel used in projectiles designed to penetrate armor
is of the same general formula as Class A armor but
with a higher carbon content.  Afrer rough forging,
the projectiles are annealed, then rough-finished and
again  heat-treated. Decremental hardening is
achicved by dipping the noses in melted lead and cool-
ing them with water, this process being repeated twice,
The result is a very hard nese and a tough, ductible
body, this last characteristic being necessary to keep
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the projectile from being broken up by the violent
transverse stress caused by crashing through ammor
plate at an angle,

4B3. Armor-piercing projectiles

This term is used to designate the projectile de-
signed to be used against armor plate of about cne-
caliber thickness. It must penetrate this plate with
its bursting-charge cavity intact so that, when deto-
nated by its delay fuze, it may produce high-velocity
fragments within the ship.

For stabilization in flight, the center of gravity of
a projectile must be just abaft the midpoint of its
axis; but to effect proper pcnetraticnn, an armor—pie:rc-
ing projectile should have the great mass of its weight
immediately behind its blunt nose.  Fipure 4B1 shows
how these two conflicting characteristics are reconciled
by fitting a light, tapered false ogive or wind-thield
over the heavy front end.

Within the false ogive, soldered and peened to the
nose of the projectile praper, is an armor-piercing cap.
Made of the same steel as the projectile, the cap is
hardened, but by a single immersion in molten lead,
This cap serves several purposes: it is so shaped that
it increases the biting angle; that is, the angle at which
the projectile will penetrate instead of ricocheting; it
spreads the shock of impact over the periphery of the
nose instead of allowing the initial contact to batter
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Fioupre 4Bl.—Armor-piercing projectile,

the nose tip; and it prestresses the armor plate upon
impact before the cap shatters away and allows the
projectile 1o penetrate the weakened plate,

Projectiles of this tvpe are not efficient against
lightly armored ships, because of the relatively small
bursting charge that they are able to canry, Because
of the delay feature incorporated in their fuzes, they
have been known to pass entirely through unarmored
cralt without bursting.

48B4, Common projectiles

The common projectile is for use against lightly
armored ships, being designed to picree plate of V-
to Yo-caliber thickness. It resembles the armor-picre-
ing projectile except that it has thinner walls and can,
therefore, carry a larger bursting charge. It has, in-
stead of an armor-picrcing cap, a kood, which provides
a means of attaching the windshicld without weaken-
ing the projectile body by cutting threads. The hood,
like the cap, is soldered and peened to the projectile
nose. Sec figure 4832,

4B5, Ballistic tests

Tests of both armor plate and projectiles consist of
firing the latier against the former at measured striking
velocitics and at specified angles of obliquity. The
projectile to be tested must be tricd against armor plate
of known resistance; or, if the armor plate is 1o be
tested, the characteristics of the projectile must be
known. The penetration test in each case is a measure
of the striking velocity at which the element being
tested will defeat the standard element. In testing,
armor platc must withstand a maximum velocity;
projectiles must penetrate at a minimum velocity,
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Frioune 4B2 —Common projectile,

Certain terms must be defined to provide a basic
picture of test procedure:

Ballistic limit or limit velocity is the striking velocity
which will permit the projectile to pass completely
through the plate and emerge from the back with zero
residual velocity. Ballistic limit measures the true
penetration resistance of the plate.

Residual velocity is the velocity of the center of
gravity of the projectile at the instant the projectile
emerges completely from the back of the plate.

Complete penetration is obtained when the projec-
tile passes through the plate and emerges.  Incomplete
prnetration describes any result less than complete
penctration, and partial penciration describes the case
of a projectile that breaks up, only a part of it passing
through the plate.

The ballistic limit of a plate may be determined by
any 1 of or a combination of the 3 following methods:

The bracket method consists of firing at varying
velocities until an incomplete and a complete penetra-
tion are obtained within the desired small velocity dif-
ference or bracket.  The ballistic limit is taken as the
mean of the two velocities forming the bracket.

The residual velocity measurement method consists
of firing one round at a velocity a little above the esti-
mated ballistic limit and measuring the residual veloc-
ity, the ballistic limit being then computed by
reference to cstablished relationships betwcen the
residual velocity and the limit velocity,

The penetration method works in the opposite di-
rection. A single round is fired at a velocity below
the estimated ballistic limit and the depth of penctra-
tion measurcd, from which data the true ballistc
imit is computed.

Armor plate is also subjected to shock tests, which
measure the resistance of the platc to shattering or
breaking up from the shock of projectile impact.



Chapter 5

ELEMENTS OF GUNS AND MOUNTS

A.

5A1. Develapment of quns

As the Foreword to this course indicates, guns have
been used in warfare ashore and afloat for several
hundred years. The Foreword indicates, in broad
outline, how its cffectiveness as a weapon has increased
over this period of development. But this develop-
ment has not been a slow, steady growth,  For the first
4] years the technology of gunnery changed so little
that, as the Foreword points out, one of Drake's men
would have had to learn very little chat was new to
have served a gun at Trafalgar, Nearly all the basic
features that have made the modern naval gun the
effective weapon it is today have been developed
within the past 130 years, and most of them began to
hecome important only after the turn of the century,

Modern guns and mounts, with their associated
sighting and fire control equipment, represent a highly
developed technical level of achievement, not the less
impressive because most of their features were initiated
from 1 to 4 generations ago.  Yet the guns and mounts
aboard modern United States naval vessels, complex
though they arc in detail, arc based on these relatively
[ew fundamental features. Omnce they are grasped,
the student will find it easier to master the details of
stmacture and flml:‘.tion[ﬂg of any gun mount or turret
he encounters.

5A2. Scope of thiz chapter
This chapter is devoted principally to those signifi-
cant features of modern naval guns that have been

Introduction

responsible for making of them the offective weapons
they are today.  Fach of them is discussed individually
in semewhat simplified form, with enough detail re-
garding its application to facilitate the student’s under.
standing of operating principles when he encounters
them in actual guns and mounts aboard ship.  These
features include:

. Improved metallurgy and barrel construction.
2. Rifling,

3. Breech-loading mechanisms.,

4. Percussion and electrical firing systems.
. Recoil

Power rammers and mechanical ammunition

and counterrecoll systerns,

LN

f.
feed.

7. Power-driven ammunition hoists,

. Safety features—salva latch, safety link, gas
ejection.

9. Sighting and fire control equipment.

1. Power drives for elevating and training,

The next section of this chapter will take up first the
common or concentional structural features of naval
guns and mounts, then will discuss individually the
characteristic structural and functional elements of
modern naval gun mounts, as listed above.

The final section of this chapter presents, in sumn-
mary form, fundamemal definitions relating to guns
and mounts.

B. Features of Modern Naval Guns and Mounts

5B1. Common structural features of naval gun
mounts

Figure 3B1 iz a closeup phantom view of a 3%/54
mount bMark 39, Though this particular mark is not
the commonest of 53-inch mounts, it is a good example
of the conventional type of mount that shows the
features with which this chapter is particularly con-

46

cerned. [t differs structurally from mest other 5-inch
mounts principally in having a longer barrcl.  There
are other differences in power drives and hoist arrange-
ments with which we are not concerned at the moment.

Besides showing {as a phantom) the shield which
protects the mount, figure 5Bl shows also a number
of the major mount components which are esscntial
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Frouze 5B —Enclesed 5 /54 single mount.

1o its proper [unctioning but are structurally acces-
gories rather than basic parts.  Such units pointed out
in figure 3Bl include parts of the elevation contrels
and power drive {on the left side of this mount}, the
pointer’s sight telescope, the mount caprain’s open
sight (in the shicld everhead), a ventilator duct (also
in the shicld), and parts of the hoists and fuze setter.
On the other {nght) side of the mount are the train-
er's conlrols and power drive,

I figure 512 these accessory units are stripped away
to reveal what might he considered the “skeleton” of
the gun mount,

Serving as the mount foundation is the stand, a steel
ring bolted to the deck. The training cirele is an in-
ternal gear inside the stand,

Supported by the stand, and capable of rotating in
train in roller bearings on it, is the base ring. It may
also be called the deep section ring or lower carriage,
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Mounted on it is the upper carriage, which is a pair of
massive hrackets braced to hold the frunnion bearings.
The trunnion bearings are large roller bearings into
which the gun trunnions fit. The trunnions arc part
of the siide, a reclangular weldment which supports
all the clevating parts of the gun. The housing slides
in recoil in the slide; the barrel fits into the housing’s
forward end, and the breechblock can slide up and
down in a breechway just behind the barmel,  Arrows
show the movement of which each part named {except
the breechblock) is capable.

Now consider these parts in further detail.  Figure
5133 shows how the lower carriage or base ring fits into
the stand, and how the mount ¢an move in train.
Angle brackets called holding-down elips bolted to the
base ring fit under the stand so that the carriage will
not tip ofl the stand when the gun is fired or when
the shup pitches and rolls. The base ring can turn
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Frevre 5B3.—Details of the stand and carriage. A, Roller

bearings.

on the stand in two large-diamcter roller bearings.
Omne takes up vertical thrust; the other, horizontal.
The function of the training circle is illustrated in
figure 5B3; a pinfon in the carriage engages the in-
ternal gear of the training circle to train the mount.

The carriage asscmbly is generally considered as two
pieces—the lower carriage (base ring) and upper car-
riage—though on 20-mm mounts the distingtion is
unimpaortant.  Figure 5B4 highlights these elements.
The bhase ring supports the upper carriage, and the
platform or working surface; the shicld (in enclosed
mounts) is secured to it. It also supports the mount
power drives and other components. In mounts
equipped with hoists, the hoists are suspended from
the base ring and train with the mount. The upper
rarriage, which in 5-inch mounts mayv be called che
carriage cheeks and in turrets is called the deck lug,
is principally the support [or the trunnion bearing:
(figurc 3B4), The trunnion bearings and trunnions,
in addition to serving as a support which penmnits the
clevating parts to move in elevation, also provide a
connection point for air lines (for gas ejection) and
mechanical linkages (for mechanical firing linkages
and for transmission of elevation movement to firing
stop mechanisms),

The trunnions are a part of the slide (fig. 5B3).
which is conventionally a rectangular sieel weldment
which houses or supports all the parts of the gun and
mount that move in elevation. In modern mounts de-
signed to engage either air or surface targets the limits
of clevation movement are from minus 10 to 15 degrees
(that is, with gun barrcl depressed 10 to 15 degrecs
below the horizontal) to about plus 85 degrees (that
is, with the gun barrel within 5 degrees of pointing
straight up, at right angles to the deck). Because of
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Fizver 5B3

-B. Training circle and holding-down clips

Frousre 5B3.—C. Principle of training pear.

the limitations Imposed by turret structure, elevating
mechanism, and ammuniton feed equipment, turret
guns of older design are not capable of these extremes
of elevation.

Figure 3B3 points up the slide and the clements of
tlevating gear. The slide contains the ammunition
feed mechanism (or the power ramnmer where ammu-
nition feed is performed manually with mechamical
assistance ), the recoil brake, the counterrecoil mecha-
nism, the ¢levating arc, and the gun housing. The
function of the elevating arc in positioning the shde in
clevation is shown in figure 5B3. The arc is a gear
sector seeured 1o the slide. It engages a pinion in the
carriage. The pinion may be doven manually or by
an elevation power drive.
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The recoiling parts {that is, those that move to the
rear when the gun is fired) of a conventional naval
gun arc either attached to or are housed in the gun
housing (also called the bresch housing). The hous-
ing and related parts are highlighted in figure 3B6.
{Some turrct guns and 20-mm guns differ considerzhly
from this type of conventional design, and this desenip-
tion is not intended to apply to them. )  Secured to the
forward end of the housing is the gun barrel itself.
The commonest method of attaching gun to housing
is by use of a bayonet joint or mtcrmﬁtm’-f:rﬂu joint,
with a key to lock the barre] against possible rotation.
The housing can move parallel to the gun bare axis in
ways in the slide. It is normally forced to its forward-
most position (called battery position) by a counter-
recoil mechanism (not illustrated in fig. 5B6), which
may be either a powerful eoil spring or a pnecumatic
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.
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Fuuvre 5B5—The slide
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A, Upper and lower carriage.

A. Main features
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B. Trunnion bearings.

device, When the gun fires, the reaction of the barrel
forces the housing aft ; this movement is opposed hy the
counterrecoll mechanism and by a hydraulic recoil
brake (also not illustrated in fig. 5B6.] The counter-
recoil and recoil mechanisms will be described and il-
lustrated in a later article of this chapter.

Figure 5B6 also indicates the location and some fea-
tures of the breech mechanism, The tvpe used in most
guns of conventional design, including the 5-inch, and
illustrated here, is called the vertical sliding-wedge
type,  Further details of its construction and function-
ing principles appear later in this chapter.

5B2. Gun barrel construction

Superficially, the modern gun barrel resembles very
closely its ancestor of several hundred years ago. The
old and the new both are thick-walled metal tubes

B. Principle of cleveting mechanism
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Frcune 3B6.—The housing. A How barrel secures
to housing

Ficune 3B6.—B. Recoil movement

The propellent charge and projectile occupy the
breech end when the gun is loaded, and the projectile,
when fired, ssues from the muzzle end.

But with this the resemblance ends. Figure 5B7
shows in cross section the old look and the new in gun
barrel profiles, The difference in shape is very sig-
nificant, The figure also points out the main features
of the contemporary gun barrel.  Let us now consider
these more closely,

1. At the breech end is a plug or breechblock which
ran be opened [or loading the pun.  Breechblocks take
various forms; the illusration shows (as viewed from
abovc) the general structure associated with the slid-
ing-wedge type used in 5-inch mounts,  Breechblocks
will be discussed in further detail later. Early guns,
except for a [ow custom-made small-arms weapons,
were almost invariably muezle loaders; breech loaders
were raritics. Hence the silhouette representing the
old gun shows no breech plug. Fiovae 586, —E. Breechblock dropping 1o open position.

a1
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2, Just forward of the breech plug is an enlanged
chamber to contain the propelling charge.

3. The bore is rifled—a set of spiral grooves twisw
the projectile as it moves toward the musele, to that
it is spinning when it leaves the gun. Old guns as
a rule were smoothbores.  In newer types of larger
cuny, the rifling i cut in a ffrer—a tubular insers that
can be replaced when worn. (Fig. 5B7 thows the
rifling cut into the liner of an 8-inch wirret gun of re-
cent design. The liner reference marks are used for
aligning the liner in the gun wube.) In other guns, the
rifling grooves are cut into the barrel.

4. As compared with early guns, the barrcl walls
arc much thinner in modern guns, and the taper is
much less cxaggerated. As will be explained, im-
proved propellants and improved steels have together
brought about this silhauette.

Common external fcatures arc pointed out in figure
5B7. Many guns have a bell at the muzzle, where
the metal is made thicker to discourage any tendency
to split. Most modern weapons lack a bell, or instead
have [ugs, which are utilized when the liner (e No. 3
above) is replaced. (The lugs serve to anchor the
tool used for pulling the liner out.)

The thinnest part of the barre], just aft of the bell,
is the neck. Then comes the tapering chase, followed
by the sfide cylinder, which moves in a bearing in the
slide during recoil. The after part of the barrel is
sccured to the gun housing. In the conventional 5-
inch gun, the breechblock slides up and down in a
grooved rectangular breechway in the housing.

Now consider what is between the exterior and the
interior surfaces of the barrcl-—the steel itself. Look-
ing at the profiles of guns old and new {fig. 5B7), it’s
evident that although both taper from a wide breech
end to a narrower mumzle, the taper is much more
drastic in the older weapon. Supecrficially, this differ-
ence in silhouetie may seem a small matter, but it is
actually very important. Tt indicates the revolution-
ary developments in propellants and in metallurgy that
dilferentiate the new from the old.

Consider what happens when the propellant in a
gun is ignited. As it burns, it turns to hot gas under
terrific pressure—up to 60,000 psi in small guns, up
to 40,000 psi in larger guns. As the projectile moves
along the bore toward the muzzle, the gas pressure goes
down. It follows, then, that the chamber wall should
be the thickest part of the gun barrel, with the taper
from breech to muzzle reflecting the decreasing gas
pressure behind the projectile.

However, when black powder was the propellant,
the chamber had to withstand the initial shock of this
propellant’s exceedingly rapid burning rate. Thus,
before the projectile was well along the bore, the pro-
pelling charge had already developed its maximum
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pressure as a sudden shock, and the gas pressure was
falling rapidly, The breech had to be especially heavy
to withstand the shock, but the tube was short because
the gas pressure fell so rapidly. In modern guns using
pyro or triple-base propellants, the maximum gas pres-
sure is developed far more smoothly, and declines less
suddenly.  This is reflected to a great extent in the sil-
houette of the modern barrel.

The thinner barrel walls of modern guns are cvi-
dence not only of more effective propellants but also
of improved mctallurgy of the barrel. Before the
80°s of the last century, the surest way to make the
barrel of a gun withstand more pressure was to make
it thicker. But there were limite to this method.
Then it was discovered that by prestressing, it was
possible to make a gun barrel more resistant to internal
pressure.  The earliest method of applying this prin-
ciple was 1o heat stee]l ringshaped jackets, or hoops,
to high temperatures, then slip them over the gun tube
and allow them to cool.  As the hoops cooled, they
contracted, until at the end of the process they were
squeezing the gun tubc inside with a pressure of thou-
sands of pounds per square inch.  Guns so constructed
are known as bwilt-up guns, and are still made in
dzes over B-inch.

About the time of World War I, the same principle
was applied o monoblock (onc-piece) guns in the
radial-expansion or aulofrettage process. In this
process, a single steel gun tube whose bore is slightly
smaller than the caliber desired is filled with hydraulic
fuid. The pressure is then built up cnough to en-
large the bore permanently about 6 percent. When
the pressure is released, the outer layers of the mbe
tend o return nearly o their original dimensions,
while the inner layers, which have been considerably
cnfarged, tend to maintain their increased diameter.
The result is that the inner layers of metal are severely
compressed by the contracting force of the outer layers,
just as if a hoop or jacket had been shrunk on. In
other words, the tube is “self-hooped.™

The big advantages of the radial-expansion mono-
bloc gun over the built-up type are simplicity of manu-
facture and comparatively low cost and weight. Be-
caust of the difficulty of working on the single huge
forgings required for guns over B-inch, though, larger
weapons are still built-up,  Or the two methods of
prestressing may be combined.

583. Rifling

As the Foreword to this course cxplaing, carly guns
were capable of hurling a projectile to a respectable
range, all things considered. Large cannon could
heave an iron or stone ball at a target a couple of
miles awav, and actually overshoot.  But their fire was
so inaccurate that a gun capable of an extréme range
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of about 2,000 yards was considered reasonably certain
to hit its target only at point-blank range—in this case,
up to 80 or 100 yards.

There were scveral reasons for this poor showing.
One was that, other things being equal, a light pro-
jectile will travel a lesser distance, and be more
affected by wind and air resistance, than a more
massive one, Since these old smoothbore cannon
could fire only round shot (and the maximum volume
of a sphere is rigidly determined by its radius), it was
difficult to make the projectile sufficiently massive.
An elongated projectile could, of course. be made mare
massive by making it longer. But unless it can be
made to spin around its long axis, an elongated pro-
jectile has, as some ballisticians put it, the ballistics of
a brick, and its flight path or trajectory is much more
erratic than that of a spherical one. Hence, because
a smoothbore cannon cannot make its projectile spin.
round shot were the only alternative.

There were other reasons, too, for the inaccuracy
of early punnery. One standard method for loading
the classical type of seagoing muzzle-loading smooth-
bore required the gunner first to ladle into the brecch
end of the bore a measured quantity of black powder
(later, a paper- of cloth-wrapped “cartridge" was
used ), and then to ram down the bore the round shot
wrapped in a fabric “patch.” Since close clearances
would have made loading impossible, the shot was a
fairly loose ft,  (Sce fiigure 5B8.)  When the gun was
fired (by lighting off a priming mixture which filled a
“touch hole” leading into the blind breech end of the
bore), the patch was supposed 1o seal the powder gases
hehind the loose-fitting ball projectile. But much of
the gas would blow by one side or the other. The
result was that a lot of the gas pressure was wasted
beeause it didn't serve to propel the ball, and as the
ball left the muzzle it was not likely to be traveling
along the bore axis. Hence the ball was slow (300
fps was a likely speed, as compared with 2,700 fps in
conventional modern naval medium-caliber guns),
and its trajeclory predictable only in the most general
fashion.

Rifling the oldtime muzzle-loading cannon was im-
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Ficume 5B8. —Crous section of early naval gun {loaded and
primed .

practicable because of the difficulty of ramming close-
fitting ammunition down the lt.n.qth of the bore. Such
ramming was possible only in small arms (which is
why rified shoulder weapons were used by infantry as
far back as the Amernican Revolution), but not in
cannon.

Figure 5BY illustrates how these problems are solved
in modern conventional naval guns.  First af all, the
projectile is elongated, with an ogival forward end.
Brecch-loading permits an enlarged chamber which
contains more propellant of a slower burning and less
erratic type than black powder, The projectile has a
copper or alloy rotating band. The chamber is con-
nected to the bore proper by a short tapering foreing
cone. When the projectile is rammed into the gun,
the rotating band forcibly engages the forcing cone.

And the gun bore itself is different. It isn’t smooth.
It is grooved or riffed, and the grooving is helicel or
spiral.  (Fig. 5B0). The rifling begins at the forcing
cone and continues to the muzzle, In all naval guns
and small arms cxcept the 45 caliber pistol. the rifling
has a right-hand twist. The twist may be uniform
(generally around 1 in 13 or 20 times the bore diam-
eter), or increasing (as in the #l-mm gun) so that the
twist becomes sharper as it nears the muzzle.

The number, depth, and width of grooves varies in
different designs. Small arms have relatively few
grooves, and cannon (fig. 5B9) have a large number.
Groove width may decrease toward the muzzle, The
bore diameter or caliber of a rifled gun is measured
from the top of one land (the high surfaces between
grooves) to that on the opposite side of the hore.
Since the rotating band for the projectile is slightly
larger than the nominal gun bore diameter, the rifling
cuts into or engraves the softer metal of the rotating
band when the projectile is rammed, as can be seen
in figure 5B9. When the pun is fired, the projectile
spins at an increasing rate as the propellent gas forces
it toward the muzzle. {With right-hand twist in the
rifling, the direction of spin i8 clockwise as viewed
from the breech.) Moreover, because of the close fit
betwren the rotating band and the rifling it engages,
the gas is cffectively scaled behind the projectile.
{This explains why rifling is made with grooves that
narrow toward the muzzle; the grooves continue to
engrave wider and wider notches in the rotating band,
cnsuring a tight fit as the projectile approaches the
muzzle.) Figure 5B9 shows how a projectile might
look as it lcaves the muzele, spinning rapidly and with
rotating band decply engraved.

584. Breech mechanisms

A previous article has already noted that rifling was
applicd to small arms quite a long time ago. (Rifled
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Fisure GH9.~B. Rifled bore {viewed head-on).

small arms were used in the American Revolution, and
enabled American sharpshooters to stand at a distance
and pick off the redeoats, whose smoothbore muskets
were no match for the American rifies either in range
or accuracy.}  But it could not he applied in a prac-
tical way to artillery, either seagoing or ashore. Ram-
ming large-caliber ammunition from the muzzle was
excessively difficult if the projectiles fitted the rifled
bore closely, and the rifling was useless if they didn't.

The key to making effective and practical rifled
cannon lay in the development of effective and prac-
tical mechanisims to permit Ioading from the breech
end of the gun rather than the muzzle,

With but one exception {which is discussed in vol-
ume 3 of this series of textbooks), all naval guns in
present use in calibers 40-mm and larger use 1 of 2
general types of breech mechanism., One, which is
used in bag guns only, is the Welin interrupted-screw

418117 O— a7 b

Fizure 3B% —C. The rifling engraves the rotating band.
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Fioupe 3B5. —D. Projectile spin during fight.

type. The other, uszed in 40-mm, 3-inch, 3-inch, and
fi-inch guns, and in 8-inch turret guns for case ammu-
pition, is the vertical sliding-wedge tvpe. Consider the
interrupted-screw type first,

Imterrupted-serery breech mechanism. The screw
is a widely used device for securing sormething against
a heavy thrust.  Figure 5B10 shows how a continuous
serew closure might be used 1o seal the breech end of
a metal tube to make 3 gun of it Such a breech
closure or plug would of course require unscrewing to
open the breech after fring, The mass of such a
device, designed to withstand the 40,000 psi gas pres-
sure developed in a typical large-caliber cannon, would
inevitably be considerable. | The breech plug of a 16-
inch naval gun, for example, weighs about |400
pounds.) Turning such a screw through several revo-
lutions would not be casy,

Application of the principle of the interrupted screw
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Fiovee 3B10.—Prnnciple of the interrupted-screw breech-
mechanism. A, Continuously threaded breech plug.
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Figure SB10.—E. Tnterrupted-screw halt and nut.

reduces the number of turns required to a fraction of
a revolution. If half the threaded area is removed
from a bolt (representing the breech plug) and the
nut (representing the breech or serew box), then it is
possible 1o insert the bole {1 and 2 in figure 5810 and
engage the two by turning the bolt 90° (3 in figure
5R10).

The disadvantage of this straightforward applica-
tion of the interrupted-screw principle is that half the
threaded arca must be removed, and this reduces the
“holding power” by reducing the amount of thread
arca that can be engaged. This disadvantage is partly
obviated by the Welin stepped-thread breech mechan.
ism. In this arrangement, both plug and breech have

Fiauae 3B10—C. Stepped-thread plug {Welin type).

steps. The steps are arranged in groups, with each
group of four ascending {or descending) steps occupy-
ing one 90° sector. On the plug (figure 5B10), the
lowest step of each group is blank, and the others are
threaded, On the brecch screw box the highest step
in each group is blank, and the others threaded.

Figure 53B11 shows how an ohsolete 14-inch hreech
mechanisin functions in closing, The principle 1s the
same on present-day 8-inch and 16-inch bag guns
now in the Fleet, but in those ships the plug swings in
a vertical arc (as in figure 5B12) rather than a hon-
zontal one. Note that there are two distinel motions
of the plug in opening and closing—a trandating
movement in which the phig swings on & massive car-
rier hinged to the side of the breech, and a rotating
motion in which the plug screws into the screw box,
Both of these may occur together in the final stages of
closing ar the beginning of opening.

Now fallow the brecch-closing action as illustrated
in figure 5B11:

1. From its open position, the plug swings around
toward the screw box. As the plug moves in, each
high threaded step of the plug fits into a low blank
step of the screw box (fig. 5B11). The high
threaded steps on the screw box fit into the low blank
sectors of the plug. The other threaded steps also
clear rach other in this position.

2. When the plug is well into the serew box, but has
not vet begun to rotate, a cam voller on the plug con-
tacts a camway in the screw box,  (Figure S5B11 shows
how the plug must rotate to engage the serew box.)

3. During the lagt part of irg wanslation into the
screw box, the plug’s cam roller engages the camway
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Fravrg 5Bl —Interrupted-screw breech mechanism. Steps in closing.

and the plug turas so that the mating threads on box  the screw box (fig. 5B12) rather than horizontally as
and plug engage. Figure 5B1l shows the hreech in the 14-inch breech pictured in figure 3B11,

closed, locked, and ready for firing. Because of the large size of the guns on which they
Motice the two great advantages of the Welin-type are generally found, interrupted-screw plugs are too
screw box and plug: heavy for unassisted operation by hand.  {As noted
1. About 73 percent of the engaging surfaces of  above, on a 16-inch gun the plug may weigh as much
plug and screw box are threaded, as 1,400 pounds.) Interrupted-screw  mechanisms
2. The plug requires only about 27.5 degrecs of ro-  for these large guns are therclore generally fitted with
tation for full engagement and locking. wir- or spring-powered devices o aid the gun crew in
Compare these characteristics with the original bolt  operating them. These devices will be discussed
and nut, and you can sce the improvement. further in chapter 7 on turrets,
Welin-type breech mechanisms may have 3, 4, or The discussion of the interrupted-screw type breech
even D steps, counting the blank sectors. In most mechanism so far has concentrated on the prineiples

modern installations, the plug swings vertically up into of operation of the cngaging parts—the plug and
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primer vent. The primer fits in a primer chamber
in the after end of the mushroom stem. [ The primer
vent does for the modern bag gun what the touch hole
did for its ancient counterpart.}

Between the mushroom head and the forward face
of the breech plug, and hearing against a smooth sec-
tion of the breech chamber called the gas-check seat,
is the gas-check pad. This is a thick flat resilient
doughnut-shaped disc of plastic, whose outer and inner
edges are protected from wear by steel split rings.
The system works this way:

1. When the gun is loaded and the breech plug is
closed, the ignition charge in the powder bag (not
shown in fizure 5B13) is right up against the mush-
room head, (The ignition charge is composed of
black powder. When the ignition charge explodes, it
sets ofl the smokeless powder which comprises the bulk
of the propelling charge.)

2, The primer is in the primer chamber. When
the gun is fired, the primer gocs off, sending a hot
flarme down the went in the mushroom stem.  That
ighites the black powder ignition charge, which in
turn sets ofl the smokeless powder,

v i

I

Fisure 5B12 —Interrupted-screw type brecch mechaniam
{(16=inch) pow used in the Fleet

WUBAGY HEa b

screw box.  There remains onc other important func-
tion for this tvpe of breech mechanism to perform.
Besides withstanding the brute thrust of the high-
pressure prapellent gas in the chamber during firing, it
must also prevent leakase of the burning. toxic gas
into the wrret or mount. Tt docs this by means of an
oblurater or sealing device—the DeBange gas-chock  emues l:-lulﬂr\'

Fystet.,
The DeBange gas-check system is used in all United
States Navy bag guns. Its main parts arc the mush-  wsranow —

room, gas check pad, split rings, and gas check seat.
Figure 3B13 shows a typical gas-check asscmbly.

The biggest component is the mushroom. (In a
16-inch gun it weighs 220 pounds.) It consists of a
Barge flat steel head at the forward face of the plug, B i et
with a long steel stem extending through a hole in the SAS-EHEEK SEAT
plug and protruding from its rear [ace. Through the
center of the stemn and head passes a hole called the

SAE-CHECK PAD

Ficuae 5B13.—DeBange gas-check system. A, Exploded
view, B. Cross section, showing opeérations,
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3. As the powder burns, the expanding gascs push
hard against all sides of the breech chamber, the
projectile, and the mushroom head.  The only thing
that can yicld is the projectile. which begins to move up
the gun bore,

Meantime the pressure gocs higher and higher up
to 40,000 psi until the projectile is fully under way,
when the pressure tapers off.

4. As the pressure increases, it shoves the mushroom
head hard back against the gas-check pad. The pad
expands against the gas-check scat, effectively sealing
the breech against the escape of gas. And note this
feature of the device—the greater the gas pressure, the
harder the mushroom compresses the pad against the
gas=check seat.

Vertical sliding-wedge breech mechanism. The in-
terrupted-screw type of breech mechanism has it ad-
vantages. Since it has its own obturator mechanism,
it can use propelling charges in silk bags which are
consumed in firing, and once the bore is cleared of
residual gases and burning fragments, the next round
can be loaded without requiring extraction and dis-
posal of the used container for the fired propelling
charge. Tt can also be used (though the U. 8. Navy
has no guns of this type in active service at the present
time) to fire case ammunition,

But this kind of breech mechanism also has dis-
advantages. One is really to be aseribed particularly
to the nature of the ammunition itself. Because of
the firc hazard, a crewman must inspect the chamber
afier each round fired 1o ensure that it is safe to load
the next round.  This slows the rate of firing. More
important, this kind of breech mechanisn is complex
in operation. Coupled with the number of separate
ammunition details that must be handied per round
(totaling up to B—primer, projectile, and 6 powder
bags), this type of breech mechanism s not casy to
adapt to aulomatic or sernisutomatic operation.

For this reason, guns 40-mm and up, of late designs,
use a brecch mechanism that works on a completely
different principle—the sliding-wedge breech mech-
anism, This uses a sliding element to block off the
breech opening.  The sliding breechblock may move
either horizontally or vertcally.

Figure 5B14 shows in simplificd form the clements
of a vertical sliding-wedge breech mechanism as it
looks from the side, with the breechblock or plug in
its Jowered (open) position. The dotted outline rep-
resents the breechblock in its raised (closed) position.
Notice that the grooves in which the plug can slide
up and down arc not exactly vertical: they're slanted
slightly forward. It is clear that in its open positien
the plug is noticeably aft of its closed position.  Or, in
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Frourx 5B14.—Sliding-wedge
B. Scaling by expansion.

Breechblock movernent.

other words, in rising to the closed position, the breceh-
block moves forward as well as upward.

The effcct of the brecchblock’s forward movement
as it clotss is to wedge the carinidge case into the gun
chamber (hence the name diding-wedge breech
mechanism).

The method of obturation used in this type of breech
mechanism depends on the cartnidge case [or sealing
effect. There is no sealing device incorporated into
the breech mechanism.  Figure 5B14 shows what hap-
pens when the gun fires.  As the propelling charge
burns, the hot powder mases expand against the sides
of the cartridge, which in turn expand against the
smooth walls of the chamber and against the breech-
block. Since the cartridge case tightly seals off the
entire length of the chamber, the gascs can escape only
forward, driving the projectile. None can escape
through the breech. This s scaling by expansion.

But after the gun fircs, the chamber is not clear.
The cartridge casc is not designed to disappear with
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the burning propelling charge, and it mus: be removed
from the chamber before a new round can be loaded.

Therefore all guns with sliding-wedge breechblocks
have one or a pair of sxfracters as part of the breech
mechanism. In 40-mm, 3-inch, and 3-inch guns the
extractors are mechanically operated by breechblock
movenient.  Figure 3BL5 shows several views to clarify
their functioning.

When the breechblock is down (open) the cxtrac-
tors are pulled back. In these guns the extractors per-
form the dual function of locking the breechblock
down and extracting the case. As a fresh round of
ammunitien is ramnmed into the chamber, the rim of
the eariridge case engages the extractors, and pulls
them forward.  This unlocks the breechblock, which
is then forced upward by a spring mechanism. The
round is chambered, the brecchblock moves upward,
and the extractor tips move forward in a coordinated
group of movements. When the breechblock is fully
closed, it has forced the round fully into the chamber,

Twure 5B15.—Sliding-wed
amming. OC. Extraction,

breech mechanism. Extractor action.

and the extractor tips bave seated in recesses in the
housing. [Figure 5B6 shows those recesses).

Alter the gun fires, the breechblock is opened by
camming actipn. {The details of this action vary in
different gun designs, and will be described in subse-
guent chapters.)  As the block drops, the extractors
retract.  They haul the fired cartridge case out of the
chamber and catapult it to the réar into the dhide. At
the extreme of their rearward movement, they lock
the breechblock down until the next cartndpe case
again pulls them forward 1o unlock the breechblock.

Figure 5815 shows the type of breech mechanism
used in conventional 3-inch and S-inch guns. In
4l-mm guns the sequence of operations is similar, but
the extractors are pivoted on a spindle, and lock the
hreechblock down with a pair of hooks.  In 3-inch and
3-inch breech mechanisms the extractors are not piv-
oted, but rock back and forth on their forward curved
surfaces, which bear against the gun housing. The
movement of each extractor is controlled by two hugs;

EXTRACTOR

D]

A, How the extractors grip the cartridge case.

D, Extractor positions, plug up or down,
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the inner lug engages a camming groove in the breech-
block, and the outer one oscillates in a small curved
groove in the housing. It is also noteworthy that in
3”750 guns equipped with power loaders the breech-
block-locking function of the extractors merely sup-
plements the normal functioning of another locking
mechanism (described in another chapter), But, re-
gardless of the method of locking, the extractors un-
e tnd retchtndes %nen 'they are movida” 1orwata
by the cartridge case being loaded,

In contrast to the sliding-wedge breech mechanisms
described above, which arc operated through mechan-
ical camuning and spring action when the gun housing
moves backward and forward in recoil and counter-
coil, the breech-mechanism in 8-inch and 8-inch case
guns are operated hydraulically.

The descriptions above do not apply to the very
newest designs of 3-inch and 5-inch gun mechanisms
with sliding-wedge type breech mechanisms, See
volume 5.

Bolt-type breech mechanisms. The sliding-wedge
and interrupied-serew types of breech mechanisms are
not used in guns 20-mm and smaller. These use
variants of the bolt principle. The bolt is a breech-
block which moves in line with the bore axis—forward
to close the breech, and to the rear to open it.

In so-called bolt-action weapons like the old M1903
rifle (the famous "“Springfield” of World War 1) the
bolt is operated by hand.

In gas-operated weapons like the Browning auto-
matic rifle M1918A2 (the “BAR™) or the M1 rifie
(“Garand”) the bolt is cammed to the rear by a
piston actuated by a small amount of propellent gas
diverted from the barrel while the buller is moving
through the bore. Spring action forces the bolt for-
ward to ram the next round home.

In recoil-oporated weapons like the Browning ma-
chine guns, a complex of mechanical parts is forced
to the rear to varying distances by recoil, and is then
driven forward by springs 1o reload and fire the next
round.

In blowback-operated weapons like the 20.mm AA
gun and the Thompson or M3 submachine guns
{“Tommy” guns) the bolt is pushed back, when the
gun is fired, by gas pressure in the chamber, and a
spring mechanism afterward forees it forward to ram

* the next round home.

Aircraft machine gun designs use all three of these

actuating forces (gas, recoil, and blowback),

5B5. Percussion and electrical firing systems

An carlier chapter, on ammunition, describes the
types of primers that are used in gun ammunition to
initiate the propelling charge. With regard to func-
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tioning, it distinguished between pereussion, electric,
and combination primers. Tt also described a special
type of primer used in bag ammunition. ( The other
types arc all associated with case ammunition.)

Firing mechanism for case guns. The commonest
ammunition, and the commonest guns, are of the case
type, and it is appropriate 1o look at these first.
Figure 5B16 shows the principal common clement of

& percussion or cothvmation firing svstem.  Of course,
not all the clements of a percussion or combination
firing system are common to all gun designs.  Since
this chapter is concerned primarily with common cle-
ments, other important parts that are not common
are omitted,

ELECTRIC

FIRIMG
TERMIMAL

BREECH

mfn—ﬂ x

ottt

] FIRING PIN i

CARTRIDGE CASE
(COMTAINING PROPELLING CHARGE)

PROJECTILE

Fuiume 3B16.—Firing mechapism for sliding-wedge breech
mechanism.

The important common eclement is the firing mech-
antan, sometimes called the firing lock. This part is
secured in the breechblock, but is not considered part
of the breechblock, and is very easily removed for
cleaning. The illustration shows a combination
clectrie-percussion firing mechanism typical of case
guns 3-inch and larger.

Mechanical linkage in the breechblock operates the
firing mechanism in the following ways:

1. It retracts the firing pin or striker when the
hreechblock is not fully closed.

2. It cocks and relcases the firing pin or striker 1o
fire the cartridge case by percussion,  The part in the
hreech mechanism that does this is called the sear.
[Not illustrated in figure 5B16.) In different gun
designs this function is accomplished in different ways:

a. In the conventional 5-inch gun, for example, the
firing pin or striker moves into contact with the primer
in the cartridge case as soon as the breech closes fully,
and remains in contact until the breechblock begins to
drop.  In percussion fire, a massive spring-loaded part
in the firing mechanism is released by the sear in the
breechblock to strike 2 bushing, through which the
mmpact is delivered to the firing pin and thus to the
primer.

b. In 37/50 guns, the firing pin contacts the primer
as soon as the breech is closed, and remains in contact
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unless the percussion finng linkage is actuated. When
this happens, the sear { which looks and works differ-
ently from its namesake in the 3-inch gun) retracts
the spring-loaded firing pin and releases it to strike
the primer.

c. In 40-mm guns the firing pin automatically
strikes the primer as soon as the breech i fully closed.
Firing is controlled by regulating rammer action, as
deseribed in a later chapter.  The 40-mm firing mech-
anism is a percussion-only device.

d. In 6-inch case guns the firing mechanism closely
resembles the conventional 5-inch firing mechanism
briefly discussed above. In B-inch case guny, how-
ever, the firing mechanism is stripped to the essentials
needed for electric firing only. It is not a combina-
tion device. The firing pin rctracts when the breech
is open, and maintains contact with the primer at all
times when the breech is closed. When it must be
fired by percussion in emergency, a special percussion
attachment must he rigeed for the purpose, and a
special type of cartridge case cquipment with per-
cussion primer must be substituted for the normal
service cartridge, which has an electnc primer,

In electric firing (for which all the mechanisms
mentioned above are adapted, except the 40-mm and
some older 3-inch hand-loaded mounts), all that is
necessary is for the firing pin or striker to maintain
good electrical contact with the casc primer. When
the firing circuit is closed, current passes through the
cable and the firing pin through the primer's contact
and filament, then by way of the cartridge case and
gun to ground. The breech mechanism device which
retracts the firing pin automatically prevents firing
both by percussion and electrically when the breech
it not fully closed,

Parcussion firing linkage (for ¢ase gunz). Mounts
(40-mm and larger) in which percussion firing is con-
sidered an alternate rather than an emergency method
of fire, conventionally have foot pedals at the point-
er’s station for control of percussion fire.

In 40-mnm mounts, depressing the pedal part way
causes an electrically driven firing linkage to releasc
the rammer and initiate firing. If the electrically
driven linkage is not functioning, depressing the pedal
all the way initiates firing mechanically, In either
case, the actual firing in the gun is done by percussion.

In 3-inch mounts of the alder hand-loaded type,
“electric” firing is an alternate method, but here, oo,
so-called “electric” firing 1z done by peroussion; the
percussion firing mechanism 15 actuated by a solencid.
“Percussion™ firing is done by depressing the foot
pedal; this operates the firing linkage directly.

In newer 37/50 mounts with automatic loading
cquipment, percussion firing is an emurgency expedi-
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ent, and must be done by operating a control on the
slide.

Figure 5B17 shows in simplified form the firing hink-
age for a conventional 37/38 mount, Any percussion
firing linkage from a foot pedal to the slide or breech-
block uses similar mechanical elements. The little
arrows show how cach part of the linkage moves when
the pointer steps on the treadle. The trcadle ults
down, swinging the rectangular connection lever as-
sembly aft, and so rotating the firlng rod. A firing rod
lever at the top of the firing rod pushes the outer push
rod, which runs inboard through the inner surface of
the slide. The trip plate transmits the push to the
inner push rod in the housing, [If the breechblock is
fully closed, the inner push rod accomplishes the entire
purpose of this linkage, which is to push the scar to the
right. (It will be recalled that the sear releases the
cocked fring mechanism )

Note two important safety features of this linkage:

I. The trip plate can push the inner push rod only
when the gun is completely in battery.

2. The inner push rod can push the sear only when
the breechblack is fully closed.

In 6-inch case-type turret guns percussion fining is
an alternzate method, and the general operation re-
sernbles that in conventional 5-inch mounts.

In 8-inch casestype turret guns percussion firing is
an emergency method.  As an earlier paragraph in this
article has pointed out, it requires attachment of a
special percussion firing accessory and use of a special
cartridge.

Bag-type firing lock.  In bag guns the primer fsina
small evlindrical casc loaded separately from the re-
mainder of the round into a primer chamber. When
the gun fircs, the spit of flame [rom the primer passes
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through the primer vent in the mushroom stem of the
DeBange mechanism and ignites the ignition charge
on the after end of the rearmost powder bag. This
general arrangement is illustrated in figure 3B13.

The primer chamber is in the mushroom stem, and
the firing operation is carried out with a firing lock
which by means of an interrupted-screw joint fits onto
the after end of the mushroom stem, The firing lock
in general performs the same function as the firing
mechanism in a sliding-wedge breechblock, All bag
guns now in active use in the Fleet use the same firing
lock, the Mark 14. (See figure 5B18.) It is de-
scribed in further detail in the chapter on wrrets. It
has a little sliding-wedge type breech mechanism,
which is mechanically linked to the gun's breech plug
so that it normally closes and opens with the plug. It
cannot fire the primer unless the plug is closed and
locked, However, it can be opened while the plug is
locked so that a defective or misfired primer can be
replaced.

Frovxe 5B18—Mark 14 firing lock (for bag guns).

For electric firing, the firing lock has a terminal to
which a lead from the electrical firing circuit can be
attached, The firing pin in the lock is kept in contact
with the bag combination primer when the lock is fully
c]mgd, Lo m1t electric firing. For percussion fir-
ing a lanyard is connected to the cocking lever on the
lock; pulling steadily back on the lanyard first cocks
and then releases a hammer which sirikes the firing
pin.

Electric firing systems.  So far, the discussion here of
electrical firing has dealt with clectric or combination
primers, and with the firing mechanism proper—
which has as elecirical clements only an insulated fir-
ing pin and a quick-disconnect terminal to which a
firing lead or cable is attached. But this is only the
final part of the electrical firing systerm.

Figure 5B19 shows schematically the vlements that
will be found in a typical clectrical firing svstem for a

&3

mount or turrcl. The diagram does not show scalar
distances or the physical locations or appearance of the
clements.
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Fiavre 5B19.—Representatve electrical firing circuit.

Firing under normal service conditions is performed
using the ship's 115-V ac-c supply as a current source.
Trace the circuit beginning with this source. There
are switches (not shown on the schematic) in fire-
contrel plot which determine where control of auto-
matic fire will be placed, and at least one firing key on
the stable clement or stable vertical in plot.  {The key
is a spring-loaded normally open switch which may be
mechanically latched in closcd position.) There is a
firing key in the dircctor, and, in some mounts (like
the 3"/50 with automatic loader), a selector at the
mount captain's station for cutting one or both guns
of a twin mount in or out of the circuit, All these
are in the 115-V line to the primary of the firing trans-
former located at the mount.

The firing transformer's sccondary feeds 20-V a-c
to a firing selector switch (somctimes called a firing
snap switeh). This switch, generally at the pointer’s
or mount captain’s station (dcpending on the mount
concerned), permits selection of a-¢ from the trans-
former or d-c {rom z local battery.  In many mounts,
the a-c position is labeled MoTOR GENERATOR and the
d-c position is labeled sarTery.  'The normal position,
which is used if firing is to be controlled remotely by
plot or by the director, selects the transformer. The
battery supplies finng current in emergency, and can
also supply emergency current for lamps luminating
the sight setter’s scales and the sight telescope reticles.
{The lamps normally get their current from an il-
lumination tramfnrmer_ not shown in figure 5B19.}

Alter the firing sclector switch come a number of
switches or contacts on the mount. The pointer’s fir-
ing key is generally on one of the elevating handwheels,
and is connected to the circuit by a flexible cable, The
firing stop mechanism switch is part of the firing stop
mechanism | to be described later). Tt opens the firing
circuit when the gun is pointed where it will endanger
part of the ship's structure. Some mounts have no
interlock switch or relay, but such interlocks are a com-
mon feature of mounts with automatic loading equip-
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ment or hydraulically operated breech mechanisms.
The one shown in the schematic may represent up to
six or more, cach of which registers that a cenain
mechanism or part is in a position that is safe for firing.
Such electrical interlocks are not limited to automatic
mechanisms; even bag guns have such devices to reg-
ister, for example, that ammunition handling and
loading gear is in safe position for firing. The breech-
closed contact is a common variety of interlock, In
addition (and not shown in the schematic) are the
safety devices in breech mechanisms, firing locks, and
firing mechanisms, which prevent contact between
primer and firing pin when the breech is not fully
closed or the gun is not fully in battery.

The last part of the circuit is the firing pin's contact
to the clectric primer. The circuit is completed
through the filament in the primer, the cartridge case,
and ground return 1o the firing transformer or battery.

Note the emphasis on safety in this circuitry.  All
the switches and keys are in series.  Any link in the
circuit can break the entire circuit if conditions are
unsafe at that point. Yet the mount is capable of fir-
mg under local control if the remote system has failed.

Firing stop mechanism_ At any greater range than
point-blank (a range so small that the gun need not
be elevated above the linc of sight to the target) a gun
when correctly laid is aligned with a point other than
the target. The greater the range, the greater the
deviation. This makes it possible, particularly in en-
closed mounts, for a pointer or trainer, looking through
a telescope, to see no obstacle in the line of sight, while
the gun's bore may be in line with some part of the
ship’s structure, so that firing the gun will damage the
ship.

For this reason measures are taken either to prevent
the gun bore from being brought into alignment with
the ship's structure, or to prevent it from firing under
these conditions. The former method is used on some
20-mum AA mounts, where a large circular cam sur-
rounding the stand prevents depression of the gun bar-
rel below safe limits. And on some carriers there is
provision for preventing 3-inch mount power drives
from positioning the gun so that its bore axis will be
aligned with the ship's structure,  But by [ar the com-
monest device for preventing this kind of accident is
the firing stop mechanism, which disables the finng
system when the gun is aimed on a bearing or elevation
that endangers the ship on which it is mounted.

Figure 5B20 shows the fundamental mechanism
used in all mounts larger than 20-mm. It is cssen-
tially a disc-type cam, in which the inputs are gun
train (which rotates the cam) and gun elevation
{which moves the cam follower approximately radi-
ally across the cam). A spur gear driven by the
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ow fire is interrupued.

mount training gear engages the radial gear teeth
around the circumfcrence of the cam plate or disc.
The elevation input shaft moves toward the center
of the cam plate when the gun elevates, and toward
the edge of the cam plate when it depresses, At the
end of the elevation input shaft is a spring-loaded
plunger which maintains contact with the cam plate.
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When the gun mount is installed, the axis of s
bore is observed through all angles of train and cleva-
tion. Each position of the gun (as defined by its
train and clevation) corresponds to 2 Jocation of the
plunger on the cam plate. The angles of elevation
and train at which the gun endangers parts of the
ship's structure are plotted on a special diagram that
corresponds to the cam area. Then the cam plate
surface is machined. The surface is cut so that safe
arcas are depressed, while danger areas remain the
original surface of the plate.

Thus, when the gun is positioned at angles of train
and elevation where it is safe to fire, the plunger rides
on the depressed surface of the cam plate.  As soon
as the gun trains or elevates to a bearing or clevation
which aligns the bore with any part of the ship's struc-
ture, the plunger rides on the uncut surface of the
cam plate.

Plunger movement, as the plunger rides up to the
uncut surface or down to the depressed surface of the
cam, is communicated by 2 mechanical linkage to a
clutch and w a svitch.  As figure 5B20 shows, the
clutch is in the mechanical linkage of the percussion
firing system.  [The clutch is also shown (encircled)
in figure 5B17,) The switch is in the electrical firing
circuit. When the plunger is riding on a high (dan-
ger) cam plate arca, the clutch is disengaged, inter-
rupting percussion fire, and the switch is opened,
interrupting electrical fire.  When the plunger is rid-
ing on a low (safe) cam plate area, the clutch is
engaged and the switch is closed, penmitting fire.

Firing stop mechanism functioning is completely
automatic. It requires no attention from the gun
crew after installation, beyond periodic maintenance
checking to sce that it is functioning properly and re-
quires no adjustment. Only if the mount location or
ship's structure is changed is it necessary to revise the
cam plate. In this case, the cam plate is replaced by
one cut to & néw pattern.

Firing stop mechanisms on turrets function only to
interrupt the electrical firing circuit.  (There is, ob-
viously, no way to interrupt the percussion liring link-
age, fince the only connection between the firing lock
and the individual firing the gun by percussion is a
lanyard.) Therefore an indicator lamp for each gun
shows whether or not the gun is positioned on 2 safe
bearing and elevation.

5B6. Recoil and counterrecoil systems.

Novels about life aboard naval vesscls of a hundred
years ago of more, frequently have al Jeast one scene
in which a naval gun mount breaks loose—either in
battle, during a storm, or both—and thunders, an un-
controllable Juggernaut, across the deck as the ship

rolls in heavy seas. This is something that can scarcely
happen aboard a modern naval vesscl; other gear may
break loose, but it is hard 1o see how a gun mount
can. Why were not the guns in the days of sailing
veseels simply secured to a fixed mounting, as guns
are today?

The answer is that modern guns have recoil and
counterrecoil mechanisms, and ancient guns did not.
A naval gun can be rigidly secured to the deck, but
without some provision for its recail it will break loose
when fired.

Recoil is simply the manifestation of the third of
Newton's three laws of motion—the one that says, with
deceptive brevity: “To every action there must be an
equal and opposite reaction.” The enormous thrust
that can send a ton of stecl screaming At supersomnic
speed toward a target over 20 miles away acts not only
on the projectile, but on the gun. Yet, though the
recoil of a full broadside salvo on a BB will push it side-
ways like a piece of driftwood, the guns themselves do
not break loose and roll threateningly across the deck.
Why?

The answer, again, is that these guns have recoil and
eounterrecoil mechanisms.

The antique naval gun was fired from “battery”
position-with the mount pushed as far outboard
through the gun port as the bulkhead would permit.
Its recoil hurled it inboard, rolling on its wheels until
it brought up against its stout tackle, In this “recoil”
position, well back of the gun port, the bore could be
swabbed, and the powder and ball loaded for the next
shot. Then the crew hauled it up 10 battery position,
and lit off the primer 1o firc again.

Thus in naval guns the entire gun carmiage, or what
we would now call the mount, was rolled backward
in recoil and forward (manually) in counterrecoil.
Artillery ashore did thiz 00; the classic example
(1904) is the Russian gunners fighting up a hill at
Port Arthur—firing, then chasing madly down the hill
after their runaway picces. and laboriously hauling
them up the hill again (if they could get them up) for
the next round.

As naval gun mounts cvolved, control over recoil
improved. Engravings of the interior of post-Civil
War monitors (early descendants of the Union's pio-
neer anmored and turrct-equipped war vessel) show
tracks on which the great guns recoiled when fired.
But it wasn't until shortly before World War I that
cffective recoil brakes and counterrecoil mechanisms
were developed,  These were, for the time, triumphs
of metalworking accuracy and enginecring ingenuity,
and were treated as military secrets, much as a new
type of radar application or atomic bomb trigger
mechaniun is treated 1oday.
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There are a number of different types of recoil
brakes and counterrecoil mechanisms that have been
found efficient in land artillery and clsewhere, but the
United States Navy uses in naval gun mounts but 1
general type of recoil brake (in either of 2 variams)
and but 2 kinds of counterrecoil mechanism, But be-
fore considering these, note the gencral functions of
three devices:

1. A recoil brake is primarily designed 1o absorb
the force of recoil and “spread” it so that the sudden
heavy shock is converted to a thrust exerted over an
appreciable distance through which the recoiling parts
of the gun are permitted to move, In the mechanical
sense, work is done by the recoil force in pushing the
gun and housing aft against the resistance of the recoil
brake; the energy absorbed in the brake appears as
heat.

a. A secondary function of all recoil brakes in naval
gun mounts is to bring to a smooth stop by dash-
pot action the forward movement (counterre-
coil) that follows recoil.

2. A counterrecoil mechanism is a device that stores
some of the encrgy of recoil and uses it to force the
recoiling parts forward into battery after the projectile
has left the gun muzzle. (The encrgy of recoil can,
of course, be traced ultimately to the combustion of
the propellant. )

Recoil and counterrecoil mechanisms are designed
to work together. Figure 5B21 shows in a general
way where the recoil and counterrecoil systems are
located in o conventional 5-inch mount.

Recotl systems. All present-day recoil systems for
naval guns larger than 20-mm use hydraulic recoil
brakes. A hydraulic recoll brake is a mechanism of
the type commonly termed by engineers a “dashpot.™
It has a piston and a cylinder which can move with
respect one 1o the other. There is a liquid in the
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Fraune 3B2].—Recoil and counterrecoil systems in a con-
ventonal J-inch mount
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Fiovke 3B22.—Hydraulic recoil brakes, A, Throtling-
groove type. B. Throttling-rod type,

cylinder which can move from onc side of the piston
to the other, but its rate of movement is restricted or
“throttled.”

The two general variants of this type of device are
shown in figure 5822. In onc variant (A in the fig-
ure ], the piston is solid, and each cylinder is filled with
recoil fluid {usually 2 mixture of water with glycerin),
In the wall or liner of each cylinder arc cut three
throttling grooves 120 degrees wpart. They are
shallow at the forward end of the eylinder and deepen
toward the after end.
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When the gun is fired, the force of recoil pushes
the housing and the recoil cylinders within it 1o the
rear, thus exerting pressure on the fluid in the forward
end of the cylinder.

But the throttling grooves permit the fluid to flow
around the piston at a reduced or throttled rate, The
eylinder can, therefore, vield to recoil thrust and move
aft, subject to the continuous braking action of the
hydraulic fluid as it flows through the grooves from the
forward end of the cylinder to the rear. Since the
recoil fluid can flow only at a rate proportional to the
size of the throttling grooves, the recoil brake resists
the force of recoil over its entire stroke.

In cffect the recoil brake, by distributing the force
of recoil over the length of the recoil stroke, converts
this force from a sudden, destructive impact to a sull-
powerful, but controllable, thrust exerted over a
considerable distance.

Note that the grooves are TAPERED,  (In the figure,
in order to show this more clearly, both the taper and
the size of the groove are exaggerated.) At the be-
ginning of the stroke the ves are comparatively
deep, so that the fluid will not offer too much resist-
ance to the initial thrust of recoil. As the housing
moves aft, the grooves become shallower, until by the
end of the recoil stroke the grooves are very shallow
indeed. By this time the force of recoil is spent, and,
by throttling the fluid flow down, the shallow grooves
help to bring the housing to a smooth stop.

In the conventional 5-inch gun there are two receil
cylinders of this kind, symmetrically arranged about
the long axis of the housing. Since the cylinders are
bores in the housing, in this design the cylinders move
in recoil while the pistons arce fixed to the slide by the
piston reds. A transverse bore in the housing, called
the equalizer hole, permits enough fluid flow between
eylinders to equalize the pressures built up and the
resistance offered by the two cylinders to recoil
movement.

In other designs, there may be but 1 recoil cylinder,
or 2 cylinders may be arranged asymmetrically. Or
the recoil cylinder may be in the slide, while the recoil
piston rod is sccured to the housing. All of these
vanations on this type of recoil brake can be found
in United States naval gun mounts,

The other major variant in recoil brakes is in guns
6-inch and larger. This kind of receil brake has 2
somewhat different methed of controlling recoil fluid
flow. Instead of being solid, the piston has 3 holes
bored in it. spaced 120 degrees apart.  Through cach
of the holes passes a tapered throftling rod secured to
the ends of the recoil cvlinder so that it is parallel 1o
the piston rod. (For simplicity's sake, only onc throt-
tling rod and hole arc shown in figure 3822.) There
are no throttling grooves.
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As the piston moves in recoil, the fiuid that it dis-
places can flow from one end of the cylinder to the
other only through the holes. Becausc the throttling
red varies in diameter at different points, it blocks off
a varying portion of the hole as the piston moves in
its stroke, Where the rod's diameter is large, for in-
stance, it blocks off most of the hole, leaving only a
small opening for fluid flow, and the braking effect
is large. Where the rod is small, on the other hand,
less of the opening is blocked, and more fivid can pass,
with decreased braking effect. "The rods are so tapered
as to provide evenly distributed resistance to recoil
thrust over the length of the recoil stroke,

One advantage in the use of throttling rods is that
the rods can be replaced with others of different taper
if a change in the gun’s recoil characteristics is desired.

All recoil systems used in United States naval guns
incorporate a counterrecoil buffer dashpot mechanism
used in bringing counterrecoiling parts to a smooth
stop. This is discussed further in conmection with
counterrecoil systems.

Counterrecoil systems. There are 2 basic types of
counterrecoil systems (also called recuperator) used in
United States naval guns. Guns smaller than S-inch
use 1 or more counierrecoil springs. {These arc some-
times termed recoil springs in OP’s and elsewhere, but
the function is the same.) Guns 5-inch and larger
ute pncumatic recupcrators, which depend on com-
pressed gas (generally air or nitrogen) to provide
counterrecoil thrust. Since the very high-pressure gas
used in such systems is sealed by use of packings under
hydraulic pressure, such systems are most often called
hydropneumatic counterrecoi systems.

The functions of any counterrecoil system are pri-
marily to return the recoiling parts of the gun to bat-
tery after the recoll stroke, and secondarily to hold the
recoiling parts in battery. Thus a counterrecoil system
must not only provide thrust to return the recoiling
parts to battery, but must also develop enough con-
tinuwowus thrust at all times o hold them there except
while the projectile is actually being propelled through
the bore. This is in contrast with recoil brakes, which
develop their “reverse thrust” for braking only while
the recoiling parts are actually moving in recoil, and
at other times exert no forces on the gun parts,

Breause it continues to develop a heavy forward
thrust “following through™ to the end of the counter-
recoil stroke, any counterrecoil system tends to drive
the recoiling parts into battery with considerable
shock. For this reason, all counterrecoil systems for
guns with massive recoiling parts (which include guns
40-mm and up) must have a counterrecoil buffer to
take up this terminal shock. Counterrecoil buffers
arc discussed in further detail below.

Spring counterrecoil systems. In all naval guns
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smaller than 3-inch, coil springs provide counterrecoil
thrust. In late 3”/30 mounts and most 40-mm
mounts, the springs surround the exterior of the barrel
(water jacket in 40-mm mounts). In single Army-
type 40-mun mounts and in some ecarlier marks of
3”/50 hand-loaded mounts the springs are concealed:
in some 3-inch mounts they may be the recoil cylinder.

Hydropneumatic counterrecoll  systems. Figure
5B23 shows in simplified form how a pneumatic coun-
terrecoil system works. It requires a cylinder or bore
(in the housing) charged with gas {gencrally nitro-
gen or air, never oxygen or other chemically active
gas). Gas pressure in a conventional 5-inch system
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Froune 5824.—Hydropneumatic counterrecoil system.  Detail

af oil-pressure ovpe chevron packing.
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{which is typical) is around 1,500 psi, A plunger fit-
ting into the after end of the housing is forced outward
{to the rear) by the gas pressure against the after end
of the slide. The thrust exerted by the plunger against
the slide holds the housing in battery and returns it
to battery after firing.

The complication of this arrangement lics in the
packing which swrounds the plunger in the housing.
Ordinary packing, unsupported, will not withstand
the gas pressure in the counterrecoll chamber.  There-
fore the packing used is a chevron type “inflated” by
oil under pressurc. (Figure 5B24.) The oil pres-
sure in the packing is always higher than that of the
gas in the cylinder. Figure 5B25 shows functionally
the device that ensures this pressure relationship—the
differential cyiinder.

One end of the differential evlinder (to the left in
figure 5B25) is connected to the air chamber, The
ather (right end in figure 5825) is connected to the
oil-charged packing, and is full of oil. The piston is
{ree-Aoating, and the piston rod on the oil side goes
through a packing gland to the outside, but does not
connect mechanically to any other component,

The values for dimensions and pressures shown in
the figure and in the discussion below are not intended
to represent any specific installation, but serve only to
illustrate the principle of the differential cylinder.
Suppose the total area of either face of the piston is
3 square inches, but the cross-section area of the piston
rod is | square inch., The air pressure of 1,500 psi is
exerted on the full piston area of 3 square inches, and
the total thrust or force developed is 3 x 1,500 or
4,500 lbs.

But on the other side of the piston only 2 square
inches are exposed to oil pressure, since 1 square inch is
occupied by the piston rod. (For the sake of sim-
plicity, atmospheric pressure on the outside end of
the rod is neglected in this example.) The oil is
therefore subjected 1o a thrust of 4,500 Ibs, exerted on
a 2-squarc inch area, Hence it is under a pressurc
of 2,250 psi, which is higher than that of the air (1,500
psi). The pressure is communicated to the packing.

It is obvious that even though the air pressure fluc-
tuates, the pressure relationship will remain the same
{in the ratio, oil to air, of 3:2), so that the packing
will always be under higher pressure than the air,

The differential cylinder scrves not only as a device
1o maintain pressure in the packing. but also as an
indicator of oil level in the sealing svstem. When the
differential cylinder is fully charged with oil, the
plunger is flush with the end of the cylinder, If oil
leaks out, the piston is driven farther to the oil side {to
the right in figure 5B25). Gun mount maintenance
personncl are supposed to inspect the cylinder daily,
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and to see that oil is pumped in if the piston red pro-
trudes more than 2 inches.

Counterrecoil buffers. It was brought out eardier
that any counterrecoil system must develop enough
thrust to hold the recoiling parts in battery, and that
in guns whose recoiling parts have appreciable mass
the shock at the end of the counterrecoil stroke can be
considcrable. Counterrecoil buffers must conse-
quently be incorporated into the gun mount to reduce
this shock. These are not physically part of the coun-
tetrecoil system components described above; in pres-
ent designs, they arc located in the forward end of the
recoil eyvlinders,

Counterrecoil buffers are dashpot devices which use
oil forced through small orifices to reduce the velocity

OIL PRESSURE ;1”
2250 LBS.
PER SG. IN,

Principle of differential cylinder,

of counterrecoiling parts at the end of the counter-
recoil stroke, A typical design (similar to that in 3-
inch guns) is shown in figure 5B26 (left], in three
stages of operation. As counterrecoil movement be-
zing, the housing and recoil cylinder move forward
over the recoil piston. The buffer plunger, which
closes off the after end of the recoil cylinder, is aligned
to enter a hole in the recoil piston and piston rod.
As the plunger enters the hole in the piston, the fluid
caught therein is trapped, and can cscape only through
small passages in the plunger. At the end of the
counterreenil stroke {full battery position ), the plunger
is entirely nested within the recoil piston and piston
rod,
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the proper procedure in setting these valves, see the
OP on the mount,

Where (as on 5-inch mounts) there are two recoil
cylinders, each with a buffer, the valves must be set
for balanced functioning.

Note that the counterrecoil buffer regulates only the
end of counterrecoll movement. This provides some
control over the rate of fire of automatically loaded
guns, but docs not regulate the recoil stroke or most
of the counterrecoil stroke.

587. Power rammers and mechanical ammunition
feed

The effectiveness of a gun per round fired is con-
cerned with such factors as range, efficiency of propel-
lant, accuracy of fire, weight and initial velocity of
projectile, explosive filler of the projectile, and the
like. But the effectiveness of a gun as a weapon de-
pends on the number of rounds per minute it can put
into the target.

It is here that mechanical loading and feeding de-
vices are importani. For convenience, these can be
considered in two main categorics. One is that of
hoists, which are used to lift ammunition from the
magazine to the gun deck level. These will be taken
up in a subsequent article. The other category in-
cludes ammunition freding and loading devices at the
gun deck level.  These include power rammers, slide-
mounted ammunition loading gear, and equipment
used to transfer ammunition from the hoist to the gun
slide,

In 5-inch mounts through Mark 39, in 6-inch tur-
rets of Cleveland class cruisers and in bag gun turrets,
separate power rammers are used for moving into the
gun chamber ammunition which has been loaded into
the slide.

Figure 3B27 shows a slide-mounted rammer on a
3-inch mount. Here a piston in a long-hydraulic
cylinder operates 2 reciprocating rubber-faced rammer

[PLTscER stcuetn

Frouze HB26.——(Continued.) Needle valve contrel.

As is evident from figure 5B26, the flow of fluid
through the counterrecoil buffer plunger is controlled
by a needle valve. "This valve can be set by moving a
calibrated nut in the recoil eylinder head.  (Figure
5B26, right.) By controlling the flow of the ligquid
through the discharge orifices or holes, the needle
valve controls the speed of coumterrecoil. The num-
bering on the calibrated valve nut makes it possible to

ey Fizemr 5B27.—Slide-mounted WOT I3 in S-inch
set both bulffers for equal, balanced funcooning. For - B mﬂulml_: Ini:iatingp?a.m ,mﬂfn"
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spade or shell suard. The rammer is controlled by a
rammer man.  When a projectile and powder case
have been deposited in the gun slide loading tray by
the loaders, the rammerman depresses a lever on the
rammet control rod.  The rammer hydraulic eylinder,
fed by a motor-driven pump on the slide, drives the
piston, piston red, and rammer spade forward, pushing
the round into the chamber, When the cartridge case
is in the chamber, it automatically releases the breech
mechanism (as has been described carlicr in this chap-
ter} and the breechblock rises. When the gun fires,
the rammer spade rides backward with the housing;
this automatically (through mechanical linkage to a
control valve! initiates the rammer retract stroke,
The rearward-moving spade rides a camming groove
in the slide which raises it well above the loading tray,
so that it affers no ebstruction to the exmraction of the
fired cartridge case. The spade i3 dropped to ram
position manually. Except for this operation and for
initiating the ram stroke, all rammer operations on
this type of mount are automatic.

This rammer arrangement is used in all 57/38
mounts and in the 57 /54 Mark 39, The only natable
differcnce among them is that in enclosed mounts the
rammer hydraulic cvlinder is shortened and a rack-
and-pinion arrangement is used to make the siroke of
the rammer space the proper length for ramming,

The rarmmer in the G-inch Cleveland class mount is
of a similar tvpe.

- RAMMER GHAIN

- DRIVE SPROSKET
>

!
r'?‘ : /BUFFER
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Ficurr 5BZ8—Principle of chain-type rammer.

Bag-type turrct guns have long chambers, to accom-
modate (in 16-inch guns, [or instance) up to six pow-
der bags plus the projectile. This means that the
rammer stroke must be very long.  The length of a
single hydraulic cylinder for such a rammer would be
prohibitive. Such turrets are therefore equipped with
chain-type rammers.

Although the details of opcration differ from one
type of bag turret to another, ali of them work on the
principle illustrated in figure 5B28. A rotary hydrau-
lic motor drives a sprocket which engages the links in
a rammer chain. ‘This is somewhat like an exagger-
ated bicyele chain, except that the straight chain will
bend in only one dircction (in the figure, upward

418017 O—07— —8
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onlyl, and is stiff In the other. As the Agurc shows,
in the tpe illustrated the links will remain straight
without continuous support when extended hori-
rontally.

At the end of the chain is a buffer to protect the
ammunition component being rammed. In bag-gun
turret installations, the rammer operation s always
under manual control, generally by regulating pump
output to the hydraulic motor that drives the chain.
The ramming operation requires two ramming strokes,
In the first, the projectile is rammed home in a full
maximum-thrust stroke, to ensure that the rotating
band engages the rifling. Then the rammer is re-
tracted, and the powder bags are rammed much less
forcibly In a sccond stroke.  After the second retrae-
tion the breech can be closed. Two strokes are neces-
sarv because the maximum-thrust stroke needed for
the projectile would damage the powder bags.  (The
J-inch rammer discussed previously is used with pro-
pelling charges housed in sturdy cartridge cases, so
only one ram stroke is necded. )

Newer designs of 3-inch mounts, B-inch turrets, and
8-inch turrets all include a great deal of almost en-
tircly automatic ammunition-handling gear. In the
turrets, this equipment transfers the ammunition from
the hoist 1o the slide [cxcept that in the 6-inch design
the projectiles must be manhandled through this
stage ), rams it into the chamber, and then disposes of
the empty cartridge cases alter firing.  Tn the 3-inch
gun, as in 20-mm and 40-mm machine guns, the am-
munition is loaded manually into a loading device on
the slide of the gun, and the ammunition is handled
automatically from that point.

But notice the distinction between 3-inch and larger
ammunition-handling machinery, and that in true
machine guns like the 20-min and the 40-mm.  In the
latter, the ammunition-handling gear is operated by
criergy developed ultimately in the burning of the
propelling charge. In the former, the armmumtion-
hanéling gear, though some operations are controlled
by recoi! and counterrecoil movements, is powered by
an external source,  In the 3-inch mount, the loader
mounted on the slide of cuch gun is powered by an
electric motor.  In the turrets, the automatic loading
equipment is driven by electrohydraulic gear.

Brcause cach type of mount or wurret has its own
design of ammunition-handling cquipment, these units
are described in further detail later in this extbook,
cach in connection with the mount of which it forms a
part.

5B8. Power-driven ammunition hoists

One of the carliest operations to be mechanized in
conncetion with gun operations on naval war vessels
was that of ammunition trunsportation. In the clas-
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sic warship of Nelson's day, black-powder propelling
charges were stowed in magazines below the water-
linc. and were brought up to the gun decks by agile
runners. Ewven with the slow rate of fire characteris-
tic of contemporary cannorn, there must have been de-
lays and traffic jams in ships of the line of 80 guns or
more, a5 runners scurricd below to fetch their charges,
then climbed up to the gun deck, the precious (and
dangerous) charges guarded against sparks by being
wrapped in the sailors” shirts.

GUN HOUSE

UPPER HANDLING ROOM

MAGAZINE BULKHEAD

S

f

i
¥ P

”

L\

LOWER HANDLING ROOM

Onie of the forerunners of modern shipboard ammu-
nition supply systéms was the mechanical hoist arrange-
ment on the Monifor, which poncered in naval
warfare in =0 muany other ways.

Ammunition wupply systemr, Figure 5B29 shows in
cutaway [orm the ammunition supply arrangements
for a modern 3-inch twin mount. At the lowest level
is the magazine, in which arc stacked the propelling
charges. The magazine partly surrounds the [ower
handling reem, which is scparated by a flameproof

LOWER AMMUNITION HOISTS
{DREDGER HOISTS)

Frrirag 5B29. —Ammunition supply system for 57038 twin mount
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bulkhead from the magazine. Powder cases. which
are stored in the magazine, are passed by hand through
scultles in the magazine bulkhead 10 the lower han-
dling room. {Projectiles are normally siored in the
lower handling room itself, in racks in the upper han-
dling room, and on the gun-house bulkheads, )

The powder cases and projectiles are then loaded
into the 2 dredger hotcts (1 for each of the 2 guns in
the mount) which haul them up to the upper handting
room, Each dredger hoist handles both projectiles and
powder cases,

On the upper handling room deck are located the
upper ends of the 2 dredger hoists, and armund the
central column in the room are mounted the 2 sets of
trojectile hoists and powder hoists, 1 projectile hoist
and | powder hoist for sach gun. The handling room
crew removes the projectiles and powder cases from the
dredger hoists, loads the projectiles into the projectile
hoists, and loads the powder cases into the powder
hoists. In H-inch hoists powder cases are loaded into
the hoist base up to protect the impact-sensitive com-
bination primer from being jarred by jolts on the hase
of the case. Five-inch projectiles also go into their
hoists base up, so that their noses will rest in the hoist
fwee-selting mechanisom

Maost of the propelling charges are stored in the
magazine, and most of the projectiles are stored in
the lower handling room.  To begin ammunition seryv-
ice without delay, a number of complete rounds are
maintained in ready racks in the upper handling room.
For long periods of sustained fire, however, the entire
ammunition supply system must be in action.

With smaller mounts Lke the 37/50, 40-mm. and
i'ﬂ-m:n, hoists are Tﬁlﬂ.ﬁ\-‘i}l}' Lll'l'illir.h.'lrl-llll. {_-'r::;ru;-r.g,"y
their ammunition is siowed in ready-service lockers
nearby, and is hand carried to the mounts, though
hoists may be used (depending on the installaton) w
replenish supplics. In turrets, the entirc ammunition
supply system, except the magazines themselves, is in-
side the turret and rotates with it,

Types of hotsts.  All pun ammunition hoists on
modern United States naval vessels can he classified
into one of the following categories:

1. Endless-chain.

a. Huoist-or-lower multistage.
b. Hoist-only single-stage.

2. Elevator,

3. Pawl.

4. Open-tube.

The most widely used is the first class (in ite two
subtypes), The other 3 are used exclusively in tur-
rets (though at least 1 rocket mount design employs
No.3). No.4is anauxiliary.
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Endless-chain hoist-or-lower multistage hoist. This
is the commonest type of hoist, and includes all dredger
hoists, conventional 3-inch powder hoists, and a num-
ber of others used in trrets and elsewhere, Funda-
mentally, it consists of an articulated endless chain
with supports or flights secured to it at regular inter-
vals (hg, 3B30). Powder cases or projectiles are
toaded by pushing them into the hoist in the path of
the flights: when the hoist starts, the chain is driven
upward until the next vacant flight is in loading posi-
tion, When the next unit is loaded, the hoist goes up
one more flight, and so on.  Except in certain turrets,
the hoist starts automatically when the ammunition
detail is loaded, actuating a switch or hydraulic valve.
Endless-chain hoists are driven by rotary hydraulic
motors whose functioning is controlled by valves.

Endless-chain hoists generally can be operated in
reverse to lower ammunition units, as is required in
taking ammunition aboard.  Tn either mode of oper-
ation, the hoist moves one flight at a time, inter-
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mittently in the same direction. Only one side of the
chain is used.

Endlessechain hoisi-only single-siage hoists. Like
the preceding type, this hoist is an endless chain driven
by a rotary hydraufic motor. Tt is used in 37/38 and
3"/54 (Mark 39 only) mounts, and incorporates a
fuze setter (described in a later chapter).  Both sides
of the chain are used (fig. 5B30). There are 2 flights,
arranged so that when one is at the top of the hoist on
one side, the other is at the hottom of the hoist on the
other, The chain runs first in one direction, then the
ather, and the flights alwavs move from all the way
at the top to all the way at the bottom [or vice versa).
The arrangement is similar to that of the old-time well
with 2 old caken buckets, one of which descended
while the other went up.

The projectile is loaded into one side, and auto-
matically the hoist starts if the top is empty.  As the
loaded flight ascends, the empty comes down. The
cyele reverses for the next projectile.

This type of hoist can be used for hoisting only.
It is not safe to attempt to lower projectiles in it

Elevator-type hoists. This kind of hoist s a
single-stage systemn with a car which is moved up or
deown a hoistway, The car is secured to a hydraulic-
ally operated system of cables—a Rowsting cable and a
downhaul eable. Both are always in tension, and
provide positive control of the car position. Unlike
conventional elevators ashore, the car has no counter-
weight.

The principal application for holsts of this type is to
haul powder in bag-type turrets.  Although protected
by interlocks, such hoists are generally manually con-
trolled.  All loading and unloading points in such in-
stallations are protected by interlocked fametight
doors.

In 8-inch bag-type turrcts [Balftmore class), there
are two sets of clevators. One set holsts the powder
bags to an intermediate flametight compartment
where they are manually transferred to a second set,
in which the bags are hoisted the rest of the way to
the gun deck level. Tn the transfer compartment
interlocks prevent the protective flametizht doors of
the lower hoist upper end from being open at the same
time as the doors of the upper hoist lower end.  This
arrangement avoids the possibility of having a straight
path open to flame from the gun deck level to the
magazine level,

In 16-inch turrets a single elevator-type powder
hoist serves each gun, but operating procedures pro-
vide for opening the heist upper doors only when
conditions in the gun compartment are safe,

Pawl-type hoists. Tn this type of hoist the hoist
tube is equipped with a set of spring-loaded pawls a
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given distance (one “stage™) apart. The pawls pro-
trude into the hoistway, Running the length of the
heoistway is a jeinted rod, or rack, similarly equipped
with spring-loaded pawls one stage apart. The rod
can be hoisted one stage by a hydraulic cylinder, then
lowered back to starting position.  This type of hoist
iz used for hoisting projectiles in 8-inch and 16-inch
bag turrets, and in one rocket mount for hoisting
rockets,

The operating cycle is as follows:

1. A projectile is loaded at the lowest lewel
supported by the hoistway (stationary) pawl.

2. The hoist cylinder pushes the hoist rod upward
one stage. At the bepinning of the upward stroke,
the lowest rod pawl engages the projectile base, and
lifts it. The end of the upward stroke is just above
the next hoistway (stationary) pawl.

3. Next, the rod is lowered back to starting posi-
tion. The projectile is deposited on the hoistway pawl
just below i, Another projectile can now be loaded
into the first {lowest) stage.

It iz
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A, RACK PAWL HOISTING PROJECTRE B, HOISTING STAGE COMPLETED
“TUBE PAWLS DEPRESSED =TUBE PAWLS IN POSITION TO
SUPPORT PROJECTILE

Frouer 5Bi2.—Principle of pawl-type holst,

4. At the next upward stroke of the rod, the next
higher rod pawl engages the projectile, and raises it
another stage, where it can be supported by the next
higher hoistway pawl.

The process repeats until the projectile is at the top
of the hoist. It must be removed (by loading into
the gun) before another cycle can begin.

Open-tube hoists. This kind of hoist is a simple
open tube connecting one level of a bag-type turret
with the next higher or lower level.  Secured to the
overhead above the tube is a snall metor-driven hoist
equipped with block and tackle, or with internal gear-
ing and hoist chain. Normally the tube is closed by
a flametight cap. The arrangement is used for hoist-
ing or lowering projectiles when taking ammu-
nition aboard or transferring it from one level to
another. It is not designed for use as part of the
normal path of ammunition from stowage point to
the gun deck.

Ammunition  kotst safedy features. Noteworthy
salety features of ammunition hoists include:

1. Automatic hoists have doors or gates which will
permit them to start up only after the ammuniton
itern has been completely inserted into the hoist and
the loader's hands have been withdrawn,
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2. Automatic hoists will not start automatically
when loaded if the top level discharge point is occu-
pied with ammuniticn,

3. All heists in which powder bags are handled
are vquipped with Hametight doors and interlocks to
prevent an open flame path between lower handling
room and gun deck.

4, Meost power-operated ammunition hoists are
equipped for manual operation in event of power
failure.

5. Ammunition hoists are equipped with hydraulic-
ally actuated brakes or hydraulic locking to prevent
loaded flights or cars from falling or drifting down the
hoistway.

6. Most hoists arc equipped with indicators to show
whether there is an ammunition item at the receiving
end of the hoist.

S5B9. Miscellancous safety features

Some of the safety features of modern gun mounts
and turrets have been taken up in connection with the
othcr mechanisis or systems discussed above.  But
there are several additional noteworthy oncs that
should be taken up briefly, Thesc are discussed in
detail and illustrated in later chapters of this text,
where appropriate.

Salvo latch. This is a device that locks the breech
closed, It can be opened only by deliberate effort.
The function of the szlvo latch is to prevent accidental
manual opening of the breech in the event of misfire.

Salvo Jatches are part of the breech mechanism of
all guns larger than 40-mm, except for the very newest
designs of automatically loaded guns like the 8-inch
case gun used in Salem class turrcts. It is also omitted
from guns smaller than 3" /50.

The salvo latch is a positive lock which is, in present
designs, cammed to open automatically during recoil
of the gun. It will not open automatically if the gun
dors not recoil,

Safety link. The safety link is a2 metal strip that
vouples the breech voke (in bag guns) or housing (in
case guns) to the slide. It is intended to hold the gun
in battery in the event of fallure of the counterreceil
mechanism, or if the counterrecoll mechanism is dis-
abled. Tt is used in guns equipped with hydropneus
matic counterrecoil systems.

I the gun is fired with the safcty link engaged, the
link will part. However, it is part of the normal gun
operating procedure to disconnect and stow the link
before firing. The link must be replaced when the
mount is secured.

Gas ¢jection. When a shot is fired from a gun, the
bore is filled with residual powder gas. The gas is
unsafe for humans to breathe, and is likely to be either
Namnrnable or actually burning; it s sometimes capable
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of spontaneous combustion when mixed with air. The
function of the gas ejector, which is a part of every
enclosed mount 3-inch and larger, is to force this
resiclual gas out of the bore by a blast of air from the
ship’s air system,

In case guns the gas efector is designed to open and
shut ofl automatically during normal operation,
though it can be operated manually. In bag guns the
gas cjector goes on automatically when the breech plug
opens, but must be shut off manually by the gun
captain.

When a gas ejector fails, the gun can continue firing,
but caution 1s necessary to cnsure safery. The rate of
fire may have to be reduced. In bag guns, powder
bags for the next round must not be exposed until
fumes and embers have been cleared away.,  Inspec-
tion for smoldering cmbers is required in any event in
bag guns, but it is especially important in case of gas
ejector faillure. -

5B10. Sighting and fire-control equipment

With the increase in ranges of modern guns the
problem of aiming the gun has become more complex.
Sighting is considerably more complicated than merely
pointing the gun at the target and firing. A projectile,
when fired, travels in a curved path, not a straight line.
This curved path is called the trajeciory,

Many factors afTect the trajectory of the projectile.
The major factor is the force of gravity, which causes
the projectile to start falling as soon as it leaves the
support the barrel provides, To fire at long range,
the bore axis of the gun must (herefore be clevated.
Another force affecting the trajectory is the wind,
which tends to hlow the projectile off itz course.
Then there is the problem of the moving target,
While target motion does not affect the trajectory,
the gunner must lead the target the proper amount
tor hit,

These [actors and others complicate the problem
of aiming a gun, The zolution of this problem is in
the ficld of fire control. The fire contral system, in
solving the gunnery problem, computes the angle by
which the bore axis of the gpun should he offset from
the straight line between the gun and the targer. This
straight line is called the line of sight (LOS). It is
the starting point in aiming the gun. With the line
of sight on target, and the bore axis offsct the correct
amount, the gun is aimed for a hit.

The offset 1s divided into 2 components, 1 vertical,
called sight angle, and | horizontal, called sight de-
flection. Sight angle and sight deflection are the angu-
lar values of the offsets which the fire control system
computes and transmits to the gun for use in aiming
{fiz, SB35

The sights at the gun provide for establishing the
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linc of sight and for intreducing sight angle and sight
deflection so that the gun's bore axis will be properly
effset,  Tn gun mounts 3-inch and larger, sights gen-
crally consist of telescopes which move in train and
elevation with the gun and also can be moved verti-
cally znd horizontally with respect to the run bore axis
to introduce sight angle and sight deflection.  For ac-
curacy at long range, telescopes give an enlarged view
of the target.

One telescope is provided for the gun pointer and
another for the trainer. Each telescope has a reticle
with a vertical and a horizontal crosshair to establish
accurately the line of sight to the target.  The pointer
elevates or depresses the gun to get the horizontal
crosshair on targer, and the trainer traing the mount
to get the vertical crosshair on targer,

Offzetting the sight telescopes with respect to the
bare axis is the duty of a third member of the mouent
crew, the sipht sefter. The computed value of sight
angle and sight deflection to be used is sent by tele-
phone or indicated on dials to the sight setter, He
has two handeranks which he uses to move the tele-
scopes. one to shift them wertically by the amount of
sicht angle, the cther to move them horizontally by
the amount of sight deflection. The sight-sctiing
mechanism has scales which enable the sight setter
te-crank in the precise valucs.

Un mest mounts, there are two scales the sight setter
can use to introduce sight angle {the vertical offset).
Onie is graduated In minutes of are, to display the
actual value of the angle. The other 15 graduated
in vards of range. This is called the sight bar range
seale, It is designed for use against surface targets
only, This range scale is used when the fire control
gystern transmits the range o target (plus or minus
correcrions for wind, target motion, ¢tc.), in linear
units—vards.  Most modern fire control systems trans-
mit sight angle in minutes of arc.  But some auxiliary
syseems stifl use linear values (vards on the sight bar
range scale). Whichever scale is used, the sight setter
turns the same handerank to set the desired value.

To intoduce the correct armount of horizontal off-
sel, the sight sctter sets the value of sight deflection
on the sight deflection scale, graduated in mils. [A
mil 15 the angle subtended by an arc of length equal
to one-thousandth of the arc’s radius-—equivalent to
344 minutes.) This value is computed by the fire
control svstem and sent to the gun,  There It 15 set
on the sight deflection scale by the sight setter with
the deflection handerank.

In aiming a gun, the pointer, trainer, and sight setter
work as a three-man team.  The pointer sights through
his telescope and keeps the horizontal crosshair on the
target, The tramer sights through his telescope, keep-
ing the vertical crosshair on the target. This estab-
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Fiouxx 5B33 —Sight anghe (A] and sight deflection (B,
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lishes the line of sight. With no sight angle and sight
deflection set, the bore axis of the gun will be directed
along the line of sight.

Here the sight sctter cnters the picturc. Using the
value of sight angle or sight bar range received from
the fire control system, he sets this value on the proper
scale by cranking the vertical offset handerank. This
moves the pointer's and trainer’s telescopes off the
target—usually moving them downward,

The pointer then elevates with the elevation hand-
wheel until he is back on target. In doing this, he
elevates the gun as well as the telescope, and the bore
axis of the gun is now elevated above the line of sight
by the proper vertical offset (sight angle).

Likewise, when the sight setter cranks in the value
of sight deflection, the trainer’s and pointer's telescopes
move off the target to the right or left, The trainer
then puts his vertical crosshair back on the target by
training with the train handwheels, This trains the
entire mount, offsetting the bore axis from the line of
sight by the amount of the sight deflection.

Thus the three-man team establishes the line of sight
and also offsets the bore axis from the line of sight by
the amounts of the sight angle and sight deflection, so
that the projectile, when fired, will hit the targer.

5B11. Types of sighis

The simplest type of sight now in use is an open
sight consisting of a small peephale behind a vertical
rod, The line from the peephole through the top
of the rod defines the line of sight. Such a sight s used
at the local surface control station of the 3 /50 rapid-
fire mount; it is illustrated in figure 9D9, This open
sight is used to bring surface targets into the view field
of the adjacent telescope; it is not primarily designed
for controlling gunfive.

An almost equally simple type of open sight is the
peep-and-ring sight; an cxample is visible in figure
9C1 installed on a 40-mm mount. The rear part of
the sight is a peephole. The [ront part consists of
concentric rings which arc used not only to establish
the line of sight but also to estimate lead angle for
fast-moving air targets. Considerable skill and train-
ing are necessary for effective usc of this sight.  Itis
used nowadays only for local control in emergencies,
or for slewing a gun mount toward the approximate
location of a target.

Telescopic sights permit more accurate sighting
than open sights. There are two general types—the
fixed-prism and the movable-prism. In the fixed-
prizm typc the entire telescope is moved in order to
offsct the line of sight. The movable-prism type need
not be moved because the prisms in the instrument
can be shifted to offsct the line of sight. The princi-
ples of prismatic telescopes are taken up in volume 2.
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A typical fixed-prism telescopic sight is shown on a
37/50 mount, next to the open sight, in figure 9D9.
Movable-prism telescopes used on 5"/38 mounts are
shown in figures 8B23 and 8B24.

A third general type of sight, the lead-comput-
ing sight, has movable optical parts and computing
mechanisms which automartically offset the line of
sight. Lead-computing sight mechanisms are discussed
in volume 2.

5B12. Train and elevation sysiems

One important respect in which today's naval gun
differs from its ancestors is in the improvement in {a)
the methods available for positioning it in train and
elevation, and (b)) the methods available for measur-
ing its position—or, alternately, for shifting it to a
prescribed position.

Some smaller old-time cannon, called swivel guns,
could be trained with relative ease, but, in general,
training the old-time heavy cannon that poked their
muzzles through the gun ports was a matter of getting
the whole gun crew to drag it ponderously a few inches
to one side or the other. Only a fow degrees of train
were possible anvway. It was better {and far com-
moner} to turn the whoele ship.  As for elevating, the
old-time guns were breech-heavy, and a quoin or
wedee under the breech could be pulled out to elevate
the gun, or driven in to depress it. - Again, it was easier,
and much commoner, to leave this alone and let the
ship”s rell decide the firing elevation.

Long before aircraft made such methods as hope-
lessly antiguated as they sound, gun mounts and tur-
rets were equipped with mechanical gear for training
and elevating the gun barrel.  But the development of
aircraft in war accelerated these developments.

In a modern gun mount, the trunnions are placed
where the gun is approximately in balance. In con-
ventional designs, handwheels connected through
gearing to the training and elevating gear are arranged
50 that the peinter's handwhecls are at his station on
the left, and the trainer’s at his station on the right.
The pointer's handwheels, in gun mounts, mrm a
pinion which rotates a gear sector on the slide called
the elevating arc. (Figure 53B34.) The trainers
handwheel, through gearing, turns a grar that engages
the training circle in the stand,

In bag-type turrets, where maximum clevation is
limited and the mass of the parts to be elevated js
especially great, the elevating gear turns an elevating
aut which engages a screw pivoted to the gun slide.
(Figure 5834 inset.) Turrets of the casc type must
be capable of much greater elevations than are prac-
tical with this type of arrangement.  They therefore
use an arc-and-pinion type of clevating gear.

ATl turrets, and mounts larger than 20-mm, use
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power drives as the normal method of positioning,
though the pointer and trainer can readily switch to
manual operation. Power drives and controls are dis-
cusscd in more detail in chapter 10,

In some later mounts all these conventional arrange-
ments are not followed. For example, in the auto-
matically loaded 37/30 mounts, the gun cannot be
manually elevated and trained from the gun-laving
stations on either side of the mount. The controls
there provide only for operating the mount through

the power drives.  The left gun laver's station is used
for positioning the mount when firing on air targets;
the right gun laver's station is in control for surface
targets. Either station, or the director, may be in full
control. When either gunlaying station is in control,
mount train and elevation are both controlled by that
station. Henee there is no “pointer’s” station or
“trainer's” station on this mount.  And manual eleva-
tion and train are used only for positioning the monunt
for maintenance or alignment-checking purposes.

C. Conclusion

5C1. General

The preceding section provided an overview of the
10 major features or characteristics which distin-
guish the modern gun from its predecessors.  As the
discussion has pointed out several times, not all of these
features will be found in all modern guns- particularly
in small arms and machine muns.  And considerable
variations in details of design from one mark and mod
of weapon to another.  But the [eaturcs deseribed are
those that are referred to elsewhere in this book as
“conventional,”” meaning that they represent standard
practice in the art of pun and mount design as it exists
in the United States Navy about the middle of the 20th
century.  New developments and improvements in
guns and mounts are, of course, always in progress.
Many of these are taken up later in this serics of text-
books—particularly in chapter 32, volume 3. Further
details of these “conventonal” features, as they per-
tain to specific guns and mounts, are in later chaprers
concerned with the differcnt main types used in the
Fleet.

SC2. Review of definitions

Following is a brief list of definitions which sum-
marize in general form some key térms used in the
preceding section,

Gun.  The term gun properly designates the tube
or barrel, but is commonly used to refer to the whole
assembly of which the barrel is but a part.

Mount. This is the entire systemn between the sun
and the ship's structure which supports the gun, se-
cures it to the ship’s structure, and provides for its
elevation, train, and (in guns larger than 20-mm)
recoil and counterrecoil. There are several types of
mounts, but all of them must accomplish these fune-
tions. Larger mounts have other functions as well.

Train, The train of a gun is the pesition of the
axis of the gun's bore in azimuth (ot in a plane paral-
lel to the deck), as measured from the ship's center-
line. Praiming the gun is rotating it in azimuth. The
trainer is the person who controls the training of the

gun. The fraining gear is the equipment used to
train the gun,

Elevation, The elevation of a gun is the angle that
the gun bore axis makes with the deck, measured per-
pendicular to the deck,  Elepating the gun is increasing
this angle; depressing the gun is decreusing this angle.
The elevating gear is the equipment used Lo move the
gun in elevation. The term peinting has the same
mezning as the terms ¢levating and depressing com-
bined. The peinter is the person who controls the
elevation or pointing of the gun.

Recoil. Recoil is the force tending to push the gun
to the rear as the projectile is discharged. Tt is the
gun's reaction to finng. Recoil is also the rearward
movermnent of the gun,  The recodl mechanism iz the
equipment used to control the gun recnil.  Recoiling
parts are those that move with the gun in recoil and
counterrecoil.

Counterrecoil. Counterrecoil is the forward move-
ment of the gun aflter recoil which retums the gun w0
its original firing position. The counterrecol mech-
antsm (also known as the recuperator) is the equip-
ment that returns the gun 10 its firing position.

In battery. A gun i its firing position as regards
recoil and counterrecodl is said to be in battery. A
gun moves out of battery during recoil and returns
to battery during counterreceil.  Recoil posifion is the
rearmost position of the recoiling parts in recoil
movenent,

Housing. The housing of a gun is a generally box-
shaped structure joined to the gun barrel with a bay-
onet-type joint. On most intermediate-caliber guns it
houses the breech mechanism.  Since it is attached to
the gun barrel, it is a recoiling part. Major-caliber
hag guns have no housing: these have vokes, which, in
gencral, perform a similar function,  {Seg art. 7BL}

Slide. On all guns larger than 20-mm, the shide
is the structural part which supports the gun, housing,
and other recoiling parts, and permits them to move in
recoil.  "The slide will be discussed further in the next
section, where it is taken up as part of the mount.






