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PREFACE

By enrolling in this self-study course, you have demonstrated a desire to improve yourself and the
Navy. Remember, however, this self-study course is only one part of the total Navy training
program. Practical experience, schools, selected reading, and your desire to succeed are also
necessary to successfully round out a fully meaningful training program.

COURSE OVERVIEW: In completing this nonresident training course, you will demonstrate a
knowledge of the subject matter buy correctly answering questions on the following subjects:
Explosive and Pyrotechnics; Ammunition, Magazines, and Missile Handling; Small Arms; Basic
mechanisms; Electrical and Electronic Circuit Analysis; Gun Mounts; GMLS: Primary Functions
and Descriptions and Secondary and Auxiliary Functions; SMS Guided Missiles, Aerodynamics,
and Flight Principals; Target detection and Weapon Control; Alignment; Maintenance; and
Administration and Training.

THE COURSE: This self-study course is organized into subject matter areas, each containing
learning objectives to help you determine what you should learn along with text and illustrations
to help you understand the information. The subject matter reflects day-to-day requirements and
experiences of personnel in the rating or skill area. It also reflects guidance provided by Enlisted
Community Managers (ECMs) and other senior personnel, technical references, instructions,
etc., and either the occupational or naval standards, which are listed in the Manual of Navy
Enlisted Manpower Personnel Classifications and Occupational Standards, NAVPERS 18068.

THE QUESTIONS: The questions that appear in this course are designed to help you
understand the material in the text.

VALUE: In completing this course, you will improve your military and professional knowledge.
Importantly, it can also help you study for the Navy-wide advancement in rate examination. If
you are studying and discover a reference in the text to another publication for further
information, look it up.
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Sailor’s Creed

"l am a United States Sailor.

| will support and defend the
Constitution of the United States of
America and | will obey the orders
of those appointed over me.

| represent the fighting spirit of the
Navy and those who have gone
before me to defend freedom and
democracy around the world.

| proudly serve my country’s Navy
combat team with honor, courage
and commitment.

| am committed to excellence and
the fair treatment of all."
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INSTRUCTIONS FOR TAKING THE COURSE

ASSIGNMENTS

The text pages that you are to study are listed at the
beginning of each assignment. Study these pages
carefully before attempting to answer the questions.
Pay close attention to tables and illustrations and read
the learning objectives. The learning objectives state
what you should be able to do after studying the
material. Answering the questions correctly helps you
accomplish the objectives.

SELECTING YOUR ANSWERS

Read each question carefully, then select the BEST
answer. You may refer freely to the text. The answers
must be the result of your own work and decisions. You
are prohibited from referring to or copying the answers
of others and from giving answers to anyone else taking
the course.

SUBMITTING YOUR ASSIGNMENTS

To have your assignments graded, you must be enrolled
in the course with the Nonresident Training Course
Administration Branch at the Naval Education and
Training Professional Development and Technology
Center (NETPDTC). Following enrollment, there are
two ways of having your assignments graded: (1) use
the Internet to submit your assignments as you
complete them, or (2) send all the assignments at one
time by mail to NETPDTC.

Grading on the Internet:
grading are:

Advantages to Internet

e you may submit your answers as soon as you
complete an assignment, and

e you get your results faster; usually by the next
working day (approximately 24 hours).

In addition to receiving grade results for each
assignment, you will receive course completion
confirmation once you have completed all the
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assignments. To submit your assignment answers via
the Internet, go to:

http://courses.cnet.navy.mil

Grading by Mail: When you submit answer sheets by
mail, send all of your assignments at one time. Do NOT
submit individual answer sheets for grading. Mail all of
your assignments in an envelope, which you either
provide yourself or obtain from your nearest
Educational Services Officer (ESO). Submit answer
sheets to:

COMMANDING OFFICER
NETPDTC N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Answer Sheets: All courses include one "scannable"
answer sheet for each assignment. These answer sheets
are preprinted with your SSN, name, assignment
number, and course number. Explanations for
completing the answer sheets are on the answer sheet.

Do not use answer sheet reproductions: Use only the
original answer sheets that we provide—reproductions
will not work with our scanning equipment and cannot
be processed.

Follow the instructions for marking your answers on
the answer sheet. Be sure that blocks 1, 2, and 3 are
filled in correctly. This information is necessary for
your course to be properly processed and for you to
receive credit for your work.

COMPLETION TIME

Courses must be completed within 12 months from the
date of enrollment. This includes time required to
resubmit failed assignments.



PASS/FAIL ASSIGNMENT PROCEDURES

If your overall course score is 3.2 or higher, you will
pass the course and will not be required to resubmit
assignments. Once your assignments have been graded
you will receive course completion confirmation.

If you receive less than a 3.2 on any assignment and
your overall course score is below 3.2, you will be
given the opportunity to resubmit failed assignments.
You may resubmit failed assignments only once.
Internet students will receive notification when they
have failed an assignment—they may then resubmit
failed assignments on the web site. Internet students
may view and print results for failed assignments from
the web site. Students who submit by mail will receive
a failing result letter and a new answer sheet for
resubmission of each failed assignment.

COMPLETION CONFIRMATION

After successfully completing this course, you will
receive a letter of completion.

ERRATA

Errata are used to correct minor errors or delete
obsolete information in a course. Errata may also be
used to provide instructions to the student. If a course
has an errata, it will be included as the first page(s) after
the front cover. Errata for all courses can be accessed
and viewed/downloaded at:

http://www.advancement.cnet.navy.mil

STUDENT FEEDBACK QUESTIONS

We value your suggestions, questions, and criticisms
on our courses. If you would like to communicate with
us regarding this course, we encourage you, if possible,
to use e-mail. If you write or fax, please use a copy of
the Student Comment form that follows this page.

For subject matter questions:

E-mail:
Phone:

n315.products @cnet.navy.mil
Comm: (850) 452-1001, Ext. 1808
DSN: 922-1001, Ext. 1808

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC N3443

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32509-5237

Address:

For enrollment, shipping, grading, or completion
letter questions

E-mail:
Phone:

fleetservices@cnet.navy.mil

Toll Free: 877-264-8583

Comm: (850) 452-1511/1181/1859
DSN: 922-1511/1181/1859

FAX: (850) 452-1370

(Do not fax answer sheets.)
COMMANDING OFFICER
NETPDTC CODE N331

6490 SAUFLEY FIELD ROAD
PENSACOLA FL 32559-5000

Address:

NAVAL RESERVE RETIREMENT CREDIT

If you are a member of the Naval Reserve, you may
earn retirement points for successfully completing this
course, if authorized under current directives governing
retirement of Naval Reserve personnel. For Naval
Reserve retirement, this course is evaluated at 12
points. (Refer to Administrative Procedures for Naval
Reservists on Inactive Duty, BUPERSINST 1001.39,
for more information about retirement points.)
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CHAPTER 1

EXPLOSIVES AND PYROTECHNICS

As you begin the study of the Gunner's Mate rating,
you are taking the first step in joining a proud tradition
of over 200 years of service. As a Gunner's Mate, you
and your equipment represent the offensive power of
the U.S. Navy's surface fleet. As you move into the
petty officer ranks, you will wear the title of "Gunner"
to all those who know and respect the responsibilities of
your profession. This training manual provides a
condensed version of the responsibilities and basic
knowledge required of your specialty. Throughout the
text, you will find references to other manuals for
further study. These references are crucial to your
success both on the deck plates and in competition for
advancement in rate. Seek them out and become
familiar with their contents.

One very important development in the history of
ordnance was the discovery of explosives. In this
chapter, we will discuss the fundamental characteristics
of explosives and how they are classified according to
their use. Then we will go into some details of various
explosives and pyrotechnics used in Navy ammunition.
We will conclude this chapter with a discussion of some
general explosive safety requirements.

WARNING

DO NOT attempt to operate any explosive or
pyrotechnic device until you are thoroughly trained
and certified on that device. The information
contained in this training manual should not be used
to replace source publications or prescribed training
procedures.

EXPLOSIVES

LEARNING OBJECTIVE: Describe the
characteristics and classification of explosives
and propellants of naval ordnance.

To understand the composition and function of a
complete round of ammunition, you need a basic
knowledge of the characteristics and uses of military
explosives. The demands for ammunition capable of
fulfilling the many requirements of the Navy
necessitates the employment of several classes of
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explosives. Each explosive performs in a specific
manner and is used for a specific purpose. Therefore,
explosives used to burst a forged steel projectile would
be unsuitable as a propelling charge for ejecting and
propelling projectiles. Similarly, the explosives used in
initiators, such as in primers and fuzes, are so sensitive
to shock that only small quantities can be used safely.

NAVSEA OP-4, Ammunition Afloat, defines the
word explosives without further qualification as those
substances or mixtures of substances that when suitably
initiated by flame, spark, heat, electricity, friction,
impact, or similar means, undergo rapid chemical
reactions resulting in the rapid release of energy. The
release of energy is almost invariably accompanied by a
rapid and pronounced rise in pressure and temperature.
The rise in pressure usually, but not necessarily, is a
consequence of the rapid generation of gas in a much
larger volume than that originally occupied by the
explosive.

An ‘"explosion" is defined as a practically
instantaneous and violent release of energy. It results
from the sudden chemical change of a solid or liquid
substance into gases. These gases, expanded by the heat
of the chemical change, exert tremendous pressure on
their containers and the surrounding atmosphere.

HIGH AND LOW EXPLOSIVES

Military explosives are divided into two general
classes, high explosives and low explosives, according
to their rate of decomposition.

High Explosives

High explosives are usually nitration products of
organic substances, such as toluene, phenol,
pentaerythritol, amines, glycerin, and starch, and may
be nitrogen-containing inorganic substances or
mixtures of both. TNT is an example of a high
explosive. A high explosive may be a pure compound or
a mixture of several compounds with additives, such as
powdered metals (aluminum), plasticizing oils, or
waxes, that impart desired stability and performance
characteristics. A high explosive is characterized by the
extreme rapidity with which its decomposition occurs;
this action is known as "detonation." When initiated by



a blow or shock, it will decompose almost
instantaneously in a manner similar to an extremely
rapid combustion or with rupture and rearrangement of
the molecules themselves. In either case, gaseous and
solid products of reaction are produced. The disruptive
effect of the reaction makes these explosives valuable
as a bursting charge but precludes their use as a
low-explosive propellant.

Low Explosives

Low explosives are mostly solid combustible
materials that decompose rapidly but do not normally
detonate. This action is known as "deflagration." Upon
ignition and decomposition, low explosives develop a
large volume of gases that produce enough pressure to
propel a projectile in a definite direction. The rate of
burning is an important characteristic that depends
upon such factors as combustion gas pressure, grain
size and form, and composition. Under certain
conditions, low explosives may be made to detonate in
the same manner as high explosives.

CHARACTERISTICS OF EXPLOSIVE
REACTIONS

The most important characteristics of explosive
reactions are as follows:

1. VELOCITY: An explosive reaction differs
from ordinary combustion in the velocity of the
reaction. The velocity of combustion of explosives may
vary within rather wide limits, depending upon the kind
of explosive substance and upon its physical state. For
high explosives the velocity, or time of reaction, is high
(usually in feet per second), as opposed to low
explosives, where the velocity is low (usually in
seconds per foot).

2. HEAT: An explosive reaction of a high
explosive is always accompanied by the rapid liberation
of heat. The amount of heat represents the energy of the
explosive and its potential for doing work.

3. GASES: The principal gaseous products of the
more common explosives are carbon dioxide, carbon
monoxide, water vapor, nitrogen, nitrogen oxides,
hydrogen, methane, and hydrogen cyanide. Some of
these gases are suffocating, some are actively
poisonous, and some are combustible. For example, the
flame at the muzzle of a gun when it is fired results from
the burning of these gases in air. Similarly, solid
residues of the explosives remaining in the gun have
been known to ignite when brought into contact with air
as the breech is opened. The ignition may come from

1-2

high temperature of the gas or from the burning residue
in the gun bore. The resulting explosion may transmit
flame to the rear of the gun, producing what is called a
"flareback." This danger has led to the adoption of
gas-expelling devices on guns installed in enclosed
compartments or mounts.

4. PRESSURE: The high pressure accompanying
an explosive reaction is due to the formation of gases
that are expanded by the heat liberated in the reaction.
The work that the reaction is capable of performing
depends upon the volume of the gases and the amount
of heat liberated. The maximum pressure 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 comparatively late in the
reaction. If in the explosion of another substance the
same volume of gas is produced 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
losses, 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." A brisant
explosive is one in which the maximum pressure is
attained so rapidly that a shock wave is formed, and the
net effect is to shatter material surrounding or in contact
with it. Thus brisance is a measure of the shattering
ability of an explosive.

5. STABILITY: The stability of an explosive is
important in determining the length of time it can be
kept under normal stowage conditions without
deterioration and its adaptability to various military
uses. A good, general explosive should stand a
reasonable exposure to such extremes as high humidity
in a hot climate or cold temperatures of arctic
conditions.

6. IGNITION TEMPERATURES: There is no
one temperature of ignition or detonation in an
explosive for its behavior when heated depends on two
factors: the manner of confinement and the rate and
manner of heating. It is usually possible, however, to
find a small range of temperatures within which a given
explosive will ignite or detonate. These so-called
ignition temperatures, or explosion temperatures, are
useful in setting limits near which it is certainly unsafe
to heat an explosive. When an unconfined explosive is
heated sufficiently, it may detonate or simply catch fire
and burn. Detonation can occur either immediately or
after an interval of burning. In general, the likelihood of



detonation rises rapidly with increasing confinement
because of the resultant rise in pressure.

7. LOADING PROPERTIES: The adaptability of
an explosive to loading requirements is an important
factor in fixing its range of usefulness. When
projectiles are press-loaded, it is necessary to fill them
with a granular explosive. On the other hand,
cast-loaded munitions require either an explosive
having a relatively low melting point or a thermosetting
plastic to act as a casting medium.

8. SENSITIVITY: The amount of energy
necessary to initiate an explosion is the measure of the
sensitivity of the explosive. Sensitivity is an important
consideration in selecting an explosive for a particular
purpose. For example, the explosive in an
armor-piercing projectile must be relatively insensitive;
otherwise, the shock of impact would detonate it before
it had penetrated to the point desired.

INITIATION OF EXPLOSIVE REACTIONS

An explosive reaction is initiated by the application
of energy. The preferred method of initiation depends
on the characteristics of the individual explosive. The
most commonly used methods of initiation are the
following:

1. By heat: Low explosives are commonly
initiated by the application of heat in some form. High
explosives will react when sufficient heat is applied,
especially if heat is applied suddenly throughout the
mass. Initiation by percussion (direct blow) or by
friction is simply initiation by heat derived from the
energy of these actions.

2. By shock (detonation): High explosives in
general, such as the main charges of gun projectiles,
require the sudden application of a strong shock to
initiate the explosive reaction. This shock or 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.

3. By influence: It has frequently been
demonstrated that detonation of an explosive mass can
be transmitted to other masses of high explosive in the
vicinity without actual contact. It has been generally
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accepted that such transmission is caused either by the
passage of an explosive percussion wave from one mass
to the other or by fragments. The second explosion
occurring under these conditions is said to be initiated
by influence. The result is called a "sympathetic"
detonation or explosion. The distance through which
this action may take place varies with the kinds of
explosive used, the intervening medium, and certain
other conditions.

CLASSIFICATION

The classification of explosives thus far has been
based on characteristics. A more practical clas-
sification, from the standpoint of the GM, is based on
military uses of the explosives. These classifications
are

e initiating explosives,

booster explosives and igniters,

propellants, and

the main charge.
Initiating Explosives

"Initiating explosives" are those explosives that
serve to initiate the ignition of propellants and the
reaction of high explosives. Initiating explosives
function when subjected to heat, impact, or friction.
Initiating explosives may function by themselves, as
does the primer cap in a small-arms cartridge. However,
in most instances the initiating charge is the lead
element in what is known as an "explosive train." An
explosive train uses the impulse of an initiating
explosive to initiate the chain reaction that leads to the
detonation of a main burster charge or ignition of a
propellant.

Booster Explosives

Relatively insensitive disrupting explosives require
an intermediate charge to increase the shock of the
initiating explosive to ensure proper reaction of the
main explosive charge. A booster increases the shock of
the initiating explosive to a degree sufficient to explode
the disrupting explosive.



The basic high-explosive train consists of the
initiator, the booster, and the main (burster) charge.
However, high-explosive trains are often compounded
by the addition of intermediate charges and time delays.
(See fig. 1-1.) An intermediate charge functions
between the initial charge and the booster to ensure the
detonation of the booster.

The large quantity and relatively slow burning rate
of gun propellant requires the use of another type of
explosive train. The small flame produced by the
initiating charge is insufficient to ignite the propellant
grains thoroughly to produce an efficient burning rate
of the entire charge. An explosive train consisting of an
initiating charge, usually a mixture of lead styphnate
and nitrocellulose (NC), detonates to ignite a small
black powder booster which, in turn, ignites the larger
black powder igniter. The black powder igniter is
contained in the extension tube. Figure 1-2 shows a
typical electric primer used in a propelling charge. The
primer extension tube of a 5"/54 powder charge is
approximately 20 inches long, contains 52 grams of
black powder, and has 32 vent holes.

The devices that use initiating and booster
explosives to ignite a propelling charge or detonate a
projectile burster charge are called primers and
detonators, respectively. Remember, the terms primer
and detonator describe a device that contains
explosives, not the explosives themselves.

PRIMERS.—A primer is a device used to initiate
the burning of a propellant charge by means of a flame.
Its explosive train normally consists of a small quantity
of extremely sensitive primary high explosive which,
when detonated, ignites a small black powder booster
which, in turn, ignites the black powder igniter. Primers
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Figure 1-1.—High-explosive train.
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Figure 1-2.—Typical case electric primer.

are classified according to the method of initiation
(normally percussion or electric). All primers function
in a similar manner when initiated.

DETONATORS.—Detonators are used in
initiating high-explosive bursting charges. They are
similar to primers in that they also contain a small
quantity of extremely sensitive initiating explosives.
However, a detonator will use a high-explosive booster
usually made of a more stable substance than the
initiating charge but less stable than the main burster.
Detonators are also classified according to the methods
of initiation, usually electric or percussion.



Propellants

The primary function of a propellant is to provide a
pressure that, acting against an object to be propelled,
will accelerate the object to the required velocity. This
pressure must be controlled so that it will never exceed
the strength of the container in which it is produced,
such as guns, rocket motor housing, or pyrotechnic
pistols. In addition, propellants must be comparatively
insensitive to shock. Propellants may be either liquid or
solid. (Liquid propellants will not be discussed here,
since only solid propellants are used in Navy gun
ammunition.)

Propellants can be classified by such terms as
single-base, double-base, triple-base, and composite.
Single-base propellants contain only one explosive in-
gredient, NC. Double-base and triple-base propellants
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contain, respectively, nitroglycerine (NG) and
nitroguanidine (NQ) in addition to NC. Composite
propellants are compositions that contain mixtures of
fuel and inorganic oxidants. There are combinations of
composite and double-base propellants called com-
posite double-base propellants.

Solid propellants are manufactured in the form of
flakes, balls, sheets, cords, or perforated cylindrical
grains. They are made in various shapes to obtain
different types of burning actions. In large guns, 40 mm
and over, a cylindrical grain with seven perforations is
used, while 20-mm guns use a single perforation.
Smaller calibers, including small arms, use flake or ball
grains. The cylindrical grains are made in various
diameters and lengths, but size is normally stated in
web thickness. (See fig. 1-3.) The different types of
burning actions are regressive, neutral, and progressive.
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Figure 1-3.—Solid propellant grains.
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A propellant is said to be "regressive burning" when the
surface area of the grains decrease as they burn. An
example of a "neutral burning" grain is a single per-
forated grain whose inner surface increases and whose
outer surface decreases as it burns. The result of these
two actions is that the total surface remains the same.
As a multiperforated grain burns, its total burning area
increases since it burns from the inside to the outside at
the same time. Thus it is called "progressive burning."

Main Charge

The main charge for explosive projectiles, bombs,
mines, torpedo warheads, and other bomb type of
ammunition is always a high explosive. These
substances must meet certain requirements for military
use. In general, they must do the following:

1. Be insensitive enough to withstand the shock
of handling, of being fired from a gun, and of impact
against armor (only in armor-piercing projectiles).

2. Have maximum explosive power.

3. Have stability to withstand adverse stowage
conditions.

4. Produce proper fragmentation (only for frag-
mentation weapons).

5. Be inexpensive and easy to manufacture from
readily available materials.

High-explosive charges are loaded into their
containers by one of three methods—cast-loading,
press-loading, and extrusion. Cast-loading is per-
formed by pouring the substance as a liquid into a
container and letting it solidify. Explosives having no
liquid form must be press-loaded (pressed into their
container) or incorporated into a liquid casting
medium. The combining of certain explosives with
plastic binders results in plastic mixtures that can be
loaded either by casting or by extrusion. Specific
compounds of these explosives are described in the
following section.

SERVICE EXPLOSIVES AND THEIR
USE

LEARNING OBJECTIVE: Discuss the com-
position and characteristics of service explo-
sives and their uses.

Service explosives as used in the Navy are varied
and subject to periodic change. However, there are
certain basic explosives that have become fairly
standard throughout the Navy. A few of the more
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pertinent explosives and their uses are discussed in the
following paragraphs.

BLACK POWDER

Black powder is the oldest explosive known. The
ingredients in black powder include saltpeter
(potassium nitrate or sodium nitrate), charcoal, and
sulfur. It ignites spontaneously at about 300EC (540EF)
and develops a fairly high temperature of combustion:
2300EC to 3800EC (4172EF to 6782EF).

The chemical stability of black powder is prac-
tically unlimited when stored in airtight containers, but
it deteriorates irregularly when exposed to moisture,
which it absorbs readily. The term hygroscopic applies
to explosives that easily absorb moisture.

Black powder is not affected by moderately high
temperatures, and it is not subject to spontaneous
combustion at ordinary stowage temperatures. It is
highly flammable and very sensitive to friction, shock,
sparks, and flame. When black powder is ignited, it is
extremely quick and violent in its action.

The Navy classifies black powder into two types
(potassium nitrate and sodium nitrate), depending on
the chemical compound used in the base material.
These two types are further divided into classes
identified by numbers 1 through 9 for potassium
nitrate-based black powder and by letters A through C
for sodium nitrate-based black powder.

Uses of Black Powder

The range of use of black powder has decreased
with the development of new chemical compounds but,
where smoke is no objection, black powder is con-
sidered by many to be the best substance available for
transmitting flame and producing a quick, hot flame.

Currently, black powder is used by the Navy for the
following purposes:

e Classes 1 through 9: JATO, rocket igniters,
igniter pads, ignition ends for bag charges, primers,
propelling charges for line-throwing guns, expelling
charges for base-ejection shells, pyrotechnic items,
relay pellets, igniting charges for illuminating candles,
charges in target practice shells, igniter charges in
primer detonators, fuze-delay elements, tracer igniters,
delay and igniter charges in primer detonators, practice
hand grenade fuzes, and Navy squibs.

e Classes A through C: Saluting charges, practice
bombs, and torpedo impulse charges.



Black Powder as a Propellant

Black powder as a gun propellant has several
disadvantages: (1) it leaves a large amount of residue,
(2) it produces large quantities of smoke, (3) it causes
rapid erosion of the gun bore, and (4) its velocity of
reaction is too rapid. For these reasons and the fact that
black powder charges do not provide the reproducible
results required of modern guns, it was abandoned as a
propellant around 1888. This abandonment was
hastened by the development of NC.

NITROCELLULOSE (NC)

NC was first prepared in 1838. However, two main
problems had to be solved before it could be used as a
gun propellant. First, the velocity of the explosion had
to be reduced so that the charge weight required to
propel the projectile would not shatter the gun tube.
Second, the density had to be increased so that a given
charge weight would pack into a reasonable space. The
first problem was solved in part by igniting NC instead
of firing it with a detonator. The solution to the second
problem actually solved both. In 1886, Vielle first
colloided or gelatinized NC with alcohol and ether and,
thus reduced the burning rate to acceptable levels. The
procedure significantly increased the loading density of
NC, establishing it as the foundational element in gun
propellants used through the present day. Further
developments resulted in materials that could be added
to improve stowage qualities, reduce or eliminate flash,
reduce hygroscopicity, reduce flame temperature, and
even increase the propellant force or impetus.

SMOKELESS POWDER

Smokeless powder is the propellant used in the
propelling charges for Navy gun ammunition. It is a
uniform ether-alcohol colloid of purified NC to which
is added a small quantity of diphenylamine or ethyl
centralite to assist in preserving the stability of the
powder. Smokeless powder is basically unstable since it
contains NC and two volatile substances—ether and
alcohol. Its length of usefulness depends largely on the
conditions under which it is stowed. Moisture or heat
speeds its deterioration; a combination of the two has
extremely damaging effects.

Classification of Smokeless Powder

Smokeless powder is classified into two types:
single-base and multibase.
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SINGLE-BASE POWDER.—Single-base pow-
der consists of colloided NC with other materials added
to obtain suitable form, burning character, and stability.
Several single-base propellants are in use today.

MULTIBASE POWDER.—Multibase powder
uses NG and/or NQ in addition to NC as explosive
ingredients. Such propellants are commonly called
double-base (NC and NG) and triple-base (NC, NG,
and NQ). One double-base and one triple-base
propellant are in use today.

Index of Smokeless Powder

Smokeless powder types are assigned class
designation letters that designate the chemical makeup
of the powder as follows:

SP - Smokeless powder
B - Blended
C - Stabilized by ethyl centralite
D - Stabilized by diphenylamine
F - Flashless powder
G - Includes nitroglycerine and nitroguanidine
N - Nonhygroscopic
W - Reworked by grinding
X - Water-drying process

These letters are followed by a number that in-
dicates the sequence of manufacture. The combination
of the letters and the number is termed the index or the
lot of the powder. The combinations of the class

designation letters are described below.

SPC.—SPC is a cool-burning, single-base
smokeless powder (SP) with ethyl centralite (C) as a
stabilizer.

SPCF.—SPCF is a single-base smokeless powder
similar to SPC type of powder but containing a flash
suppressor to render the powder flashless. SPCF is
found in all 5"/54 universal charge, full-service propel-
ling charges.

SPCG.—SPCG is a multibase smokeless powder
stabilized with ethyl centralite and includes NG and
NQ in its composition. Although the designation letter
for flashless powder (F) is not used, SPCG is a flashless
powder.

SPD.—SPD is a single-base smokeless powder
stabilized with diphenylamine.

SPDB.—SPDB is a blend of
diphenylamine-stabilized powders of different lots.
The purpose of blending is to provide a uniform index



of ample size and desired character from smaller
remnant lots.

SPDF.—SPDF is a diphenylamine-stabilized
smokeless powder to which a flash inhibitor, such as
potassium sulfate, has been added.

SPDN.—SPDN is a diphenylamine-stabilized
smokeless powder to which nonvolatile materials are
added to reduce the hygroscopic tendencies of the
propellant. The N stands for nonhygroscopic.

SPDX.—SPDX is a diphenylamine-stabilized
smokeless powder that is water-dried. In the
water-drying process, the powder is seasoned in tanks
of warm water to remove volatile solvents, followed by
a brief period of air drying.

SPWFE.—SPWF is a flashless powder made by the
reworking of ordinary nonflashless powder.

M-6 and M-6+2.—M-6 and M-6+2 propellant
designations equate to the SPDN and SPDF (res-
pectively) descriptions previously provided. These
designations are used to describe the propellants used
in 76-mm ammunition. The +2 refers to a 2% mixture
of potassium sulfate.

PRIMARY (INITIATING) EXPLOSIVES

The explosives used as initiating explosives are the
primary high explosives mentioned previously in this
chapter. They are used in varying amounts in the dif-
ferent primers and detonators used by the Navy and
may differ some in sensitivity and in the amount of heat
given off. The explosives discussed in this section are
lead azide, lead styphnate, and diazodinitrophenol
(DDNP).

Lead Azide

Lead azide has a high-ignition temperature and is
today the most commonly used primary explosive.

Lead azide is poisonous, slightly soluble in hot
water and in alcohol, and highly soluble in a diluted
solution of nitric or acetic acid in which a little sodium
nitrate has been dissolved. It reacts with copper, zinc,
cadmium, or alloys containing such metals, forming an
azide that is more sensitive than the original lead azide.
Because lead azide does not react with aluminum,
detonator capsules for lead azide are made of this
metal. The hygroscopicity of lead azide is very low.
Water does not reduce its impact sensitivity, as is the
case with mercury fulminate. Ammonium acetate and
sodium dichromate are used to destroy small quantities
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of lead azide. Lead azide may be used where detonation
is caused by flame or heat. The velocity of detonation is
approximately 17,500 feet per second (fps). Its color
varies from white to buff. Lead azide is widely used as
an initiating explosive in high-explosive detonator
devices.

Lead azide, when protected from humidity, is
completely stable in stowage.

Lead Styphnate

There are two forms of lead styphnate—the normal
that appears as six-sided monohydrate crystals and the
basic that appears as small, rectangular crystals. Lead
styphnate is particularly sensitive to fire and the
discharge of static electricity. When the styphnate is
dry, it can readily ignite by static discharges from the
human body. The longer and narrower the crystals, the
more susceptible the material is to static electricity.
Lead styphnate does not react with metals. It is less
sensitive to shock and friction than lead azide. Lead
styphnate is slightly soluble in water and methyl
alcohol and may be neutralized by a solution of sodium
carbonate. The velocity of detonation is approximately
17,000 fps. The color of lead styphnate varies from
yellow to brown. Lead styphnate is used as an initiating
explosive in propellant primer and high-explosive
detonator devices.

Diazodinitrophenol (DDNP)

DDNP is a yellowish brown powder. It is soluble in
acetic acid, acetone, strong hydrochloric acid, and most
of the solvents, but is insoluble in water. A cold sodium
hydroxide solution may be used to destroy it. DDNP is
desensitized by immersion in water and does not react
with it at normal temperatures. It is less sensitive to
impact but more powerful than lead azide. The
sensitivity of DDNP to friction is approximately the
same as that of lead azide.

DDNP is often used as an initiating explosive in
propellant primer devices.

BOOSTER EXPLOSIVES

Booster explosives are those components of the
explosive train that function to transmit and augment
the force and flame from the initiating explosive. They
ensure the reliable detonation or burning of the main
burster charge or propellant charge. Propelling charges
use a black powder booster, while high-explosive
boosters use one of the following: Tetryl, CH-6, or
Composition A-5.



Tetryl

Tetryl is a fine yellow crystalline material. When
tetryl is heated, it first melts, then decomposes and
explodes. It burns readily and is more easily detonated
than explosive D.

CH-6

CH-6 is a mixture of 97.5% RDX (described in the
next section), 1.5% calcium stearate, 0.5%
polyisobutylene, and 0.5% graphite. It is a finely
divided gray powder that is less toxic and more
available than tetryl.

Composition A-5

Composition A-5 is a mixture of 98.5% RDX and
1.5% stearic acid.

MAIN-CHARGE (BURSTER) EXPLOSIVES

There are several high explosives currently used by
the Navy as fillers for gun projectiles. The principal
explosives are Composition A-3, RDX, and explosive
D. These explosives, when combined in various
percentages and combinations, produce numerous high
explosives with varying degrees of sensitivity, brisance,
rate of detonation, and other pertinent characteristics.
These principal explosives, and some of their more
common derivative explosives, are discussed in the
following paragraphs, as well as some explosives that
are no longer being used but may still be in some
ammunition stocks.

Trinitrotoluene (TNT)

TNT is a crystalline substance. The importance of
TNT as a military explosive is based upon its relative
safety in manufacture, loading, transportation, and
stowage, and upon its explosive properties.
Manufacturing yields are high and production
relatively economical. The chemical names for TNT
are trinitrotoluene and trinitrotol. Other (commercial)
names are Trilite, Tolite, Trinol, Trotyl, Tritolol,
Tritone, Trotol, and Triton.

TNT is toxic, odorless, comparatively stable,
nonhygroscopic, and relatively insensitive. When TNT
is pure, it is known as grade A TNT and varies from
white to pale yellow. When the proportion of impurities
is much greater, the color is darker, often brown, and
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the chemical is known as grade B TNT. It may be
ignited by impact, friction, spark, shock, or heat. TNT
does not form sensitive compounds with most metals.
The melting point varies between 80.6EC for grade A
(refined TNT) and 76EC for grade B (crude TNT). TNT
does not appear to be affected by acids but is affected by
alkalies (lye, washing soda, and so on), becoming pink,
red, or brown, and more sensitive. It is practically
insoluble in water, but soluble in alcohol, ether,
benzene, carbon disulfide, acetone, and certain other
solvents. The velocity of detonation is approximately
22,300 fps.

Exudate has been known to separate from cast
TNT. It may appear pale yellow to brown and may vary
in consistency from an oily liquid to a sticky substance.
The amount and rate of separation depend primarily
upon the purity of the TNT and, secondarily, upon the
temperature of the stowage place. Grade B
(low-melting point) TNT may exude considerable
liquid and generate some gas. This exudation is
accelerated with an increase in temperature.

Pure TNT will not exude since exudate consists of
impurities that have not been extracted in the refining
process. Exudate is a mixture of lower melting isomers
of TNT, nitrocompounds of toluene of lower nitration,
and possible nitrocompounds of other aromatic
hydrocarbons and alcohols. It is flammable and has
high sensitivity to percussion when mixed with
absorbents. Its presence does no appreciable harm to
the stability but somewhat reduces the explosive force
of the main charge. In some ammunition, an inert wax
pad is used in the loading operation, and, in some cases,
waxy material may ooze from the case. It should not be
confused with the TNT exudate previously described.
This material should, however, be tested for TNT to
confirm its actual composition.

TNT exudate, when mixed with a combustible
material, such as wood chips, sawdust, or cotton waste,
will form a low explosive that is highly flammable and
ignites easily from a small flame. It can be exploded in
a manner similar to a low grade of dynamite, but the
main danger is its fire hazard. Accumulation of exudate
is considered a great risk of explosion and fire. Its
accumulation should always be avoided by continual
removal and disposal as it occurs. While TNT is no
longer used in Navy gun ammunition, some 3"/50,
40-mm, and 20-mm stocks loaded with TNT may still
be in the inventory. These stocks should be identified
and checked periodically for the presence of exudate.



The exudate is soluble in acetone or alcohol. One of
these solvents (requiring adequate ventilation) or clean,
hot water should be used to facilitate removal and
disposal of the exudate.

WARNING

Under no circumstances should soap or other
alkaline preparations be used to remove this exudate.
The addition of a small amount of hydroxide, caustic
soda, or potash will sensitize TNT and cause it to
explode if heated to 160EF.

HMX (Cyclotetramethylene Tetranitramine)

HMX was discovered as a by-product in the
production of RDX. Although it is almost as sensitive
and powerful as RDX, it is seldom used alone in
military applications but is normally mixed with
another compound, such as TNT. In the Navy, HMX is
used as an ingredient in plastic-bonded explosives.

RDX (Cyclotrimethylene Trinitramine)

RDX, also known as Cyclonite or Hexogen, is
considered the most powerful and brisant of the
military high explosives. It is also one of the most used
high explosives in Navy munitions.

RDX is a white crystalline solid that has a high
degree of stability in stowage. It is usually used in
mixtures with other explosives, desensitizers, or
plasticizers. The most used compositions of RDX are
included in the following paragraphs.

COMPOSITION A-3.—Composition A-3 is a
wax-coated, granular explosive, consisting of 91%
RDX and 9% desensitizing wax.

Composition A-3 is not melted or cast. It is pressed
into projectiles. It is nonhygroscopic and possesses
satisfactory stowage properties. Composition A-3 is
appreciably more brisant and powerful than TNT; its
velocity of detonation is approximately 27,000 fps. It
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may be white or buff, depending upon the color of the
wax used to coat the powdered RDX.

Composition A-3 is used as a filler in projectiles
that contain a small burster cavity, such as antiaircraft
projectiles. It can be used as compressed fillers for
medium-caliber projectiles.

COMPOSITION B.—Composition B is a
mixture of 59% RDX, 40% TNT, and 1% wax. The
TNT reduces the sensitivity of the RDX to a safe degree
and, because of its melting point, allows the material to
be cast-loaded.

The blast energy of Composition B is slightly
higher than that of TNT. Composition B is
nonhygroscopic and remains stable in stowage. It has
an extremely high-shaped-charge efficiency. The
velocity of detonation is approximately 24,000 fps, and
its color ranges from yellow to brown.

Composition B has been used as a more powerful
replacement for TNT in loading some of the rifle
grenades and some rocket heads. It can be used where
an explosive with more power and brisance is of tactical
advantage and there is no objection to a slight increase
of sensitivity.

While no longer used in newer gun projectiles,
some older stocks may be found with Composition B
main charges.

COMPOSITION C.—Composition C-3 is one of
the Composition C series that has now been replaced by
C-4, especially for loading shaped charges. However,
quantities of Composition C-1 and Composition C-2
may be found in the field. Composition C-1 is 88.3%
RDX and 11.7% plasticizing oil. Composition C-3 is
77% RDX, 3% tetryl, 4% TNT, 1% NC, 5% MNT
(mononitrotoluol), and 10% DNT (dinitrotoluol). The
last two compounds, while they are explosives, are oily
liquids and plasticize the mixture. The essential
difference between Composition C-3 and Composition
C-2 is the substitution of 3% tetryl for 3% RDX, which
improves the plastic qualities. The changes were made
in an effort to obtain a plastic, puttylike composition to
meet the requirements of an ideal explosive for molded
and shaped charges that will maintain its plasticity over
a wide range of temperatures and not exude oil.



Composition C-3 is about 1.35 times as powerful as
TNT. The melting point of Composition C-3 is 68EC,
and it is soluble in acetone. The velocity of detonation
is approximately 26,000 fps. Its color is light brown.

As with Composition B, Composition C is no
longer being used as a gun projectile main charge.
However, some stocks may still be in service with
Composition C-3 used as a main charge.

Explosive D

Explosive D (ammonium picrate) is a yellow
crystalline material. It is less sensitive than TNT or
Composition A-3 and is generally used in projectiles
that must penetrate hard targets, such as armor, without
detonating.

Plastic-Bonded Explosives (PBXs)

PBXs are relatively new types of explosive
compositions that have found increased use in naval
weapons. They are generally made of an explosive
compound like RDX or HMX incorporated into either
an energetic or inert plastic binder.

PBXN-5

PBXN-5 is referred to as a plastic-bonded
explosive because it is an explosive coated with plastic
material. The composition is made of 95% HMX and
5% fluoroelastomers.

PBXN-106

This explosive is one of the new plastic-bonded
explosives. It is a cast-cured explosive composition
made from a homogenous mixture of RDX in a
plasticized polyurethane rubber matrix. Once cured,
the material cannot be easily restored to a liquid state.
The finished material is flexible and will absorb
considerably more mechanical shock than conventional
cast or pressed explosives.

PYROTECHNICS

LEARNING OBJECTIVE: Discuss the
common pyrotechnic devices currently in use
on modern Navy surface ships.

Pyrotechnic is the Greek word for fireworks. The
Navy uses fireworks not for celebration, but for
illumination, marking, and signaling. An example is the
illuminating projectile, or star shell, used to illuminate
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targets for gunfire. A star shell actually is a pyrotechnic
device, although it is encased in a projectile body of
standard external shape and is fired from a standard
rifled gun.

In the following sections we will discuss the
common pyrotechnic devices currently in use on
modern Navy surface ships. For further information
on these and other pyrotechnic devices used by
the Navy, refer to Pyrotechnic, Screening,
Marking, and Countermeasure Devices, NAVSEA
SWO050-AB-MMA-010. All the pyrotechnics we study
here are intended for signaling and marking. In the
following sections, we will discuss common

1. marine location markers,

2. marine illumination signals and the
pyrotechnic pistol, projector, and projectiles
used in firing them, and

3. distress and hand signals.

Also, at the end of this section on pyrotechnics, we
will provide some basic information on the proper
handling and stowage of these devices.

MARINE LOCATION MARKERS

Marine location markers are used as night or day
long-burning reference markings on the surface of the
ocean. They are dropped over the side from surface
ships for man-overboard marking, navigation drills,
and other similar operations. These markers may also
be dropped from aircraft for search and rescue
operations. The two marine location markers currently
in use are the Mk 58 and the Mk 6.

Mk 58 Marine Location Marker

The Mk 58 marine location marker is the primary
marine location marker found aboard surface vessels. It
is approximately 21 1/2 inches long and weighs about
12 3/4 pounds. It contains a battery squib, some starter
mix, two pyrotechnic candles, and a transfer fuse
between the two candles. Before launching, the tear
tape over the water port must be removed so that
seawater can enter to activate the battery. Battery
current energizes the electric squib, which ignites the
starter mix, which, in turn, lights the pyrotechnic
candle. When the first candle has burned out (in 20 to
30 minutes), the second candle is started by the transfer
fuze for a total burning time of approximately 40 to 60
minutes. The Mk 58 currently is available in two
versions: the Mod 0 and the Mod 1. The Mod 0 is a
hermetically sealed can that is opened with a twist key.
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Figure 1-4 shows this marker. The Mod 1 (fig. 1-5) is
capped with a replaceable polyethylene cover.

Mk 6 Marine Location Marker

The Mk 6 aircraft smoke and illumination signal
(fig. 1-6) is a pyrotechnic device that is launched from
surface craft only to produce a day or night floating
reference point. One of its principal uses is as a
man-overboard marker. It was previously approved for
launching from low-performance aircraft as a
long-burning marker but has been replaced for this
purpose by the Mk 58 marine location marker.

The Mk 6 signal consists of a wooden body with a
flat, die-cast metal plate affixed to one end to protect it

from water impact damage and to maintain it in the
correct floating attitude. There are four flame and
smoke emission holes in the opposite end, each capped
and sealed with tape. The pull-wire ring, also at the
emission end, is also covered with tape.

The Mk 6 signal has a direct-firing ignition system.
Ignition results from pulling the pull ring. The pull ring
is pulled by hand, and the device is thrown into the
water immediately. The pull wire ignites a 90-second
delay fuse that ignites the quick match at the top of the
first of four candles. The quick match ignites the first
candle starting mix, which, in turn, initiates burning of
that candle. Expanding gases of combustion force the
cap and tape from the emission hole, allowing smoke
and flame to be emitted. When the first candle is nearly

STARTER PYROTECHNIC
MIXTURE CANDLE
WOOD BODY \ \ TUBE  DELAY FUSE
TAPE \ /
AN ¥ )
Y b \arwn v

\EH N TR

T
i ..
J
SECTION A-A
FRICTION METAL
WIRE DELAY FUSE
PULL TYPE NOSE PLATE
IGNITER \
Reaaa 77 7 777 ///Jﬂ%
PULL
RING
/ SECTION B-B
DO NOT
PHOSPHORUS |HANDLE
WARNING |CONTAINS FLAMMABLE A

PHOSPHORUS

MAY CAUSE SERIOUS BURNS
NOTIFY POLICE OR MILITARY

LABEL

I “@

3 0

> o>

Yo

L > a

END VIEW
(NOSE PLATE REMOVED)

GMf0106

Figure 1-6.—The Mk 6 Mod 3 marine location marker.
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burned out, a transfer fuse carries the ignition to the
quick match of the next candle in series. This process
continues until all four candles have burned. The
yellow flame and gray-white smoke are produced for a
minimum of 40 minutes.

After the tear strip on the shipping container has
been removed, the following rules apply:

1. The tape over the pull ring should not be
disturbed until immediately before hand launching the
signal. This tape not only prevents an accidental pull on
the pull ring but also protects the igniter assembly from
moisture, which might render the signal useless.

WARNING

This signal is initiated by the physical movement
of a friction wire through ignition compound.
Extreme care must be taken to prevent tension of the
pull ring during all handling operations.

2. If this device is prepared for launching and is
not launched, the pull ring should be securely retaped
into position at the top of the signal without exerting
any pulling force on the pull-wire igniter.

3. Under no circumstances should these signals
be stowed or restowed with their pull rings exposed or
with any wires, strings, or other material of any kind
joined to their pull rings.

All safety precautions pertaining to this signal must
be observed. In addition, the following specific rules

apply:

1. Do not remove the tape over the pull ring until
immediately before launching.

2. The Mk 6 signal should be thrown over the side
immediately after pulling the pull ring. This device
contains a maximum 90-second delay element between
initiation and candle ignition.

3. Inall handling, extreme care should be taken to
avoid pulling on the pull ring. The slightest movement
of the friction igniter may start the ignition train.

The Mk 6 marine location marker is being replaced
by the Mk 58. There are, however, remaining
serviceable stocks of the Mk 6 available. If you have
any of these markers in your inventory, they should be
used first. Man-overboard and navigation drills are
good instances where these stocks can be efficiently
expended.

MARINE ILLUMINATION AND SMOKE
SIGNALS, AND THE PYROTECHNIC PISTOL
AND PROJECTOR

Marine illumination signals are unique in
appearance and are only fired, launched or deployed
with utmost care to ensure that regulations and
instructions are rigidly observed. When fired from the
proper pistol or projector, a burning star (somewhat like
a star from a Roman candle) shoots high into the air. In
this section, we will describe the marine illumination,
smoke signals, pyrotechnic pistol and projector
currently in use. These include the

1. AN-M37A2 through AN-M39A2
double-star illumination signals

series,

2. Mk 1 marine illumination signal and Mk 2
marine smoke signal

3. AN-MS pyrotechnic pistol

4. Mk 13 marine smoke and illumination signal
5. Mk 1 Navy lights

6. Mk 79 Mod 0 and 2

AN-M37A2 Through AN-M39A2 Series,
Double-Star Aircraft Illlumination Signal

The AN-M37A2 through AN-M39A2 series
illumination signals (fig. 1-7) are fired from the
AN-MS pyrotechnic pistol for either day or night
identification or signaling. Each signal projects two
stars of the same color, which burn from 7 to 13
seconds, to an altitude of approximately 250 feet above
the point of launch. The 25,000-candlepower stars are
visible from 2 to 3 miles in daylight and 5 miles at night
in clear weather. The display colors are indicated by
1/4-inch bands around the circumference of the signal
and by colors on the closing wad. No provision is made
for identification by touch as with the Mk 2 marine
illumination signal. These signals ignite upon firing
since they have no delay fuze.

Mk 1 Marine Illumination Signal

The Mk 1 marine illumination signal (fig. 1-8) is a
general-purpose signal fired from the AN-MS8
pyrotechnic pistol. The Mk 1 signal is available in two
versions: the Mod O and the Mod 1. The Mod 0
produces a red, green, or yellow 7- to 11-second star
that falls free and leaves a trail of white light, similar to
a comet. The Mod 1 produces a 20- to 30-second
parachute-suspended red star. Both rounds are expelled



COLOR IDENTIFICATION BAND

AR i

| 3.85 IN. u
STAR CHARGE

QUICK MATCH PRIMER

1.57 IN.
GMfo107 CLOSING CAP FIRST-FIRE COMPOSITION PROPELLING CHARGE
Figure 1-7.—The AN-M37A2 through the AN-M39A2 aircraft illumination signals
AR
PRIMER CHARGE FOL?SD FIN AQ£QQUM PAPER ROCKET COTTON

PE===

N
Neradt e

e T
% e wb)? AT _v FANEH. bt
‘%?5'&-' a&végﬁﬁﬁ 2 e A

PROPELLANT

PYROTECHNIC
CANDLE
MK 1 MOD 0

PY%%LE%ENIC PARACHUTE

MK 1 MOD 1

DETAIL OF ROCKET
FIN ASSEMBLY

[

GMf0108

Figure 1-8.—The Mk 1 marine illumination signal.

1-15



from the pyrotechnic pistol by an auxiliary explosive to
an approximate altitude of 30 feet. A rocket motor then
ignites to propel the signal to a minimum height of 500
feet. It is stabilized in flight by folded fins that spring
out once the signal is fired. At the end of its burn, the
rocket propellant ignites an expelling charge and the
pyrotechnic composition.

Mk 2 Marine Smoke Signal

The Mk 2 marine smoke signal (fig. 1-9) is
intended primarily for signaling between ships and
aircraft. It consists of a parachute-suspended red smoke
display that persists for 20 to 30 seconds at a minimum
height of 500 feet. The Mk 2 smoke signal is fired from
the AN-MS8 pyrotechnic pistol and functions much the
same as the Mk 1 marine illumination signal.

AN-MS8 Pyrotechnic Pistol

A pistol similar to the Mk 5 pyrotechnic pistol is
the AN-MS pyrotechnic pistol (fig. 1-10). It can be used
with a number of signals of shotgun-shell shape. The
AN-MS pyrotechnic pistol is loaded and fired in much
the same fashion as the Mk 5. To open the breech for
loading, raise the breechblock and pivot the hinged
barrel down for loading and unloading. The same safety
and maintenance procedures also apply.

WARNING

The pyrotechnic pistol is cocked at all times
when the breech is closed; it has no positive safety
mechanism. Illumination signals must NOT BE
LOADED in the pistol until just before use. Unfired
signals must NOT be left in the pistol.

DISTRESS AND HAND SIGNALS

There are three common types of hand-held
personnel distress pyrotechnic devices currently found
aboard surface ships: the Mk 13 smoke and
illumination signal, the Mk 1 Navy light, and the Mk 79
personnel distress signal kit.

Mk 13 Marine Smoke and Illumination Signal

The Mk 13 marine smoke and illumination signal
provides a pillar of smoke by day and a fiery light at
night. It is a very comforting thing to have in a life raft
or a life vest.

The Mk 13 signal (fig. 1-11) is a metal cylinder
about 5 1/8 inches long and 1 5/8 inches in diameter. It
weighs between 6 and 7 ounces. One end contains a
canister that, when ignited, produces orange smoke for
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Figure 1-9.—The Mk 2 marine smoke signal.
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Figure 1-10.—The AN-MS8 pyrotechnic pistol.

about 20 seconds. The other end contains a pyrotechnic
flame pellet that will burn for approximately
20 seconds.

Each end of the metal tube is enclosed by a plastic
cap. Under each cap is a pull ring. When you pull the
ring, a friction wire attached to its inside surface moves
through a cap coated with a composition that ignites (by
friction), setting off either the flare or the smoke
canister (depending on which ring you pull).

The signal body carries illustrated instructions for
use. The flame end plastic cap has three prominent
protrusions (beads) across its face to identify it as the
end to use at night. When you use the signal, point it
away from the face and hold it at arm's length at a
45-degree angle after it ignites. After one end of the
signal has been used, douse the signal to cool the metal
parts. Keep it so that, if necessary, the other end
can be used. Each end is separately insulated and
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Figure 1-11.—The Mk 13 marine smoke and illumination signal.




waterproofed. NEVER try to use both ends at once.
When using the smoke signal, keep it to leeward.

These signals are packaged 12 per aluminum
container (Mk 3), 9 such containers (108 signals) per
wooden box. They may also be packaged 18 signals per
aluminum container (M2A1).

Mk 1 Navy Lights

Navy lights are hand torches that burn with a
brilliant light visible up to 3 miles at night. They come
in two colors: blue and red. Navy blue lights
(Mk 1 Mod 1) burn for 75 seconds; Navy red lights
(Mk 1 Mod 0) burn for 135 seconds. The two lights are
similar in appearance and construction (fig. 1-12).

Navy lights consist of a paper tube that contains the
pyrotechnic substance with a wooden handle at one end
and, at the other end, a cover with an exterior coating of
abrasive, like that on the scratching side of a safety
matchbox. A tear strip protects the exterior of the cover.
The upper end of the paper tube, beneath the cover, is

capped by a fabric impregnated with igniting
compound similar to that on the head of a safety match.

To ignite the Navy light, tear off the protective strip,
remove the cover, and scrape the inverted cover across
the top of the paper tube. When you do this, it is
advisable to hold the light pointing away from you at an
angle of about 45 degrees to avoid contact with hot
particles falling off the pyrotechnic candle. Hold the
light at that angle while it burns.

Navy lights are shipped in metal containers with 6
to 12 lights packed in each. The metal containers are
packed into cardboard cartons that hold 12 metal
containers. Since these lights deteriorate when exposed
to moisture, they should not be removed from their
containers until ready for use. For the same reason,
keep them away from water or moisture. Lights that
have been left in open containers for more than 6
months should be turned in to the nearest ammunition
depot at the earliest opportunity. Lights that have
become chemically encrusted or give off an acetic acid
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Figure 1-12.—The Mk 1 Navy light.
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(vinegar) odor should be disposed of immediately. Put
them in a weighted sack and dump them overboard.

Mk 79 Mod 0 and Mod 2 Personnel Distress Signal
Kits

These kits (fig. 1-13) are designed to be used by
downed aircrew personnel or personnel in life rafts as a
distress signaling device. It is small and lightweight so
that it can be carried in pockets of flight suits or on life
rafts. The projector aims and fires the signals. Each
signal contains a red pyrotechnic star. On activation,
this star is propelled upward to a minimum height of
250 feet. The star burns for a minimum of
4 1/2 seconds.

The Mk 79 Mod 0 kit consists of one Mk 31 Mod 0
surface signal projector, a plastic bandoleer holding
seven Mk 80 hand-fired signals, and an instruction
sheet. The Mk 79 Mod 2 kit contains Mk 80 Mod 2
signals.

The projector consists of a steel cylinder slightly
more than 5 inches long and approximately 1/2 inch in

<
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diameter. The base (or handle) is knurled to provide a
more positive gripping surface. Fixed at the base end is
an eyebolt to which is tied a 48-inch polypropylene
cord, the other end of which is attached to a plastic
bandoleer designed to hold seven signals. The firing
end of the projector is interiorly threaded for the
insertion of a signal. Near this end is a firing slot
through which the trigger screw moves when it is
released from the angle safety slot. The trigger screw is
attached to the firing pin that is forced against the signal
primer by a helical spring within the knurled portion of
the cylindrical body.

Operating Instructions

The Mk 31 Mod 0 projector is operated as follows:

1. Remove the bandoleer and projector from the
plastic envelope.

2. Cock the firing pin of the projector by moving
the trigger screw to the bottom of the vertical slot and
slipping it to the right so that it catches at the top of the
angular (safety) slot.
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Figure 1-13.—The Mk 79 Mod 0 illumination signal kit.
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WARNING

The plastic tabs over the signals in the bandoleer
protect the percussion primers from being struck
accidentally. They should be kept intact until just
before loading the signal into the projector.

3. Break the protective plastic tab away from the
signal in the bandoleer to allow attachment to the
projector.

4. Mate the projector with the signal and rotate
the projector clockwise until the signal is seated.

5. Hold the projector over your head with your
arm fully extended. The projector should be pointed ata
slight angle away from the body.

6. While firmly gripping the projector, fire the
signal by slipping the trigger screw to the left out of the
safety slot and into the firing slot.

NOTE

This action should be one continuous movement
so that the thumb does not interfere with the forward
motion.

7. If the signal fails to fire, pull the trigger screw
back to the bottom of the firing slot against the force of
the spring, and lift your thumb quickly.

WARNING

When removing a misfired cartridge, ensure that
you keep it pointed in a safe direction and do not
place any part of your hand over the discharge end of
the cartridge.

8. Unscrew the spent signal case or signal that has
failed to fire and discard it by throwing it over the side.

9. Place the trigger screw in the safety slot and
reload, as in step 4, if you need to fire another signal.
Safety Precautions

The following special safety precautions apply
when using the Mk 79 kit:

1. Signals in this kit are ignited by percussion
primers, which should be protected against being
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struck. Protruding tabs of the bandoleer, which extend
over the signal bases, prevent accidental striking of the
primers. They should not be torn off or bent back except
in loading a signal into the projector.

2. The projector should not be loaded until
immediately before firing. If a signal is loaded into the
projector and is not fired immediately, it should be
returned to the bandoleer.

WARNING

Dented or damaged signals should not be used.
Dents or other imperfections might result in violent
actions of the signal when fired.

3. Signals should be inspected periodically to
ensure that they are not dented or otherwise damaged.

4. Signals should be kept away from fire and
other heat sources.

5. The projector trigger screw should be checked
frequently to ensure that it is tight. A loose trigger can
release the firing pin prematurely and cause injury, or it
might fall out and be lost during emergency loading,
thereby rendering the projector useless.

6. The trigger screw should be in the safety slot
while a signal is being loaded.

7. In the firing of the projector, care should be
taken to raise the arm well above the head with the
projector held in a vertical position. A loaded projector
should never be pointed toward other personnel or
toward the body of the user.

PYROTECHNIC SAFETY HANDLING AND
STOWAGE

The following general information is taken
directly from Pyrotechnic, Screening, Marking,
and Countermeasure Devices, NAVSEA

SW050-AB-MMA-010, chapter 1.
Pyrotechnic Safety

"All pyrotechnic and screening devices, while
designed and tested to be safe under normal conditions,
can be subject to accidental ignition because of a wide
variety of circumstances. The general rule to follow is:
Be constantly aware that pyrotechnics contain chemical
components that are intended to burn with intense heat,
and act accordingly."




Pyrotechnic Handling and Stowage

All pyrotechnics and smoke-screening devices are
designed to withstand normal handling. They should,
however, be handled as little as possible to lessen the
chances of damage, which might cause accidental
ignition or leakage. Many devices contain materials of
a dangerous nature and are therefore designed with
safety features, which should be maintained in good
operating condition. Dents, deformations, or cracks in
the outer body may interfere with the proper
functioning of these safety features or might cause
ignition during handling or stowage. It is therefore
imperative that extreme care be taken to prevent
damage to containers of pyrotechnics and screening
devices and to the devices themselves.

Effect of Moisture on Pyrotechnics

The proper functioning of pyrotechnic,
dye-marking, and screening devices is frequently
affected by moisture. Some compositions may become
more sensitive and dangerous when exposed to
moisture, while others tend to become difficult to ignite
and less dependable in operation. Care should be
exercised to prevent damage that would interfere with
seals because some screening devices produce their
smoke by reaction of their chemical contents with
moisture in the air. Also, bear in mind that some marine
location markers, such as the Mk 58, are
saltwater-activated and should be stowed with that in
mind. That fact should also be considered in emergency
situations where the markers could be inadvertently
exposed to fire-fighting water or runoff.

Effect of Temperature on Pyrotechnics

Pyrotechnics and some screening devices may
become adversely affected by excessively high or
variable temperatures. These devices should never be
stored where direct rays of the sun could generate
excessively high temperature. Stowage should be in
dry, well-ventilated places that provide the greatest
possible protection from such conditions. All Navy
pyrotechnics have been designed to withstand
temperatures from -65EF to 160EF and, therefore, will
probably be safe from deterioration or damage within
that range. However, it is recommended that every
reasonable effort be made to maintain stowage
temperature at not more than 100EF. Specific
ammunition stowage temperature requirements for all
types of ammunition are addressed in NAVSEA OP 4.
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Toxic Hazards of Pyrotechnics

Many chemicals used in pyrotechnics, screening
equipment, and dye-marking devices are poisonous if
taken internally. This also applies to the residue of
burned pyrotechnics. From the inhalation standpoint,
the products of pyrotechnic devices and smoke
generators often present a serious problem. Many of the
smokes and fumes given off by pyrotechnics and
screening devices are considered nontoxic and only
mildly irritating to the eyes and nasal passages when
encountered in relatively light concentrations
out-of-doors. Heavy concentrations in closely confined
spaces, however, are dangerous and may be lethal
because they reduce the amount of oxygen in the air.
Anything more than a brief exposure to the gases of
combustion, or to screening smokes, should be avoided
or should be protected against through the use of an
appropriate breathing apparatus.

ORDNANCE SAFETY

LEARNING OBJECTIVE: Identify the
publications that you will most often refer to
for the safety requirements of naval explosives
and pyrotechnics.

Personnel not familiar with ammunition, or
untrained in its use and handling, normally are afraid of
the possibility of an explosion. However, when handled
properly, Navy explosive ordnance is relatively safe.
Ordnance safety regulations are contained in numerous
publications. However, you will most often refer to the
safety requirements contained in NAVSEA OP-4,
Ammunition Afloat; OP-5, Ammunition Ashore;
OP-3347, United States Navy Ordnance Safety
Precautions; and the safety summaries contained in
equipment maintenance manuals.  Pyrotechnic,
Screening, Marking, and Countermeasure Devices,
NAVSEA SW050-AB-MMA-010, contains additional
information and safety precautions that pertain to the
pyrotechnic devices described in this chapter as well as
other devices not mentioned. Many of these regulations
and precautions embody the lessons learned as a result
of actual disasters. They must be obeyed without
exception and cannot be changed or disregarded.

No matter how dangerous the work, familiarity can
lead to carelessness. All personnel involved in the
inspection or care of explosives, propellants, and
pyrotechnics must exercise utmost care to ensure that
regulations and instructions are rigidly observed. As a
GM you should be thoroughly familiar with the
information contained in the references cited in the last



paragraph. You will be expected to enforce the
provisions they contain as you carry out your duties and
supervise assigned personnel.

Ordnance safety will be addressed throughout this
manual as it applies to the topic under discussion.

SUMMARY

In this introductory chapter, we discussed the
fundamental characteristics of explosives, how they are
classified, and some of their specific uses in Navy
explosive ordnance. We described how an explosive
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train is used to ignite or detonate a propellant charge or
main explosive charge. We then identified some of the
service explosives you will encounter as a Gunner's
Mate. We then described some of the common
pyrotechnic devices found aboard surface vessels, their
operation, and some safety precautions. And we
concluded this chapter with a brief discussion of
ordnance safety responsibilities and identified the
primary reference sources of Navy ordnance safety
regulations. We highly recommend that you continue
your education as a Gunner's Mate by reading these and
other references listed in this manual.



CHAPTER 2

AMMUNITION AND MAGAZINES AND MISSILE
HANDLING

In the preceding chapter, you learned about the raw
materials that are used to make up explosives and
pyrotechnics. In this chapter, you will study Navy
gun-type ammunition and its basic construction
features and functions. We will identify the types of
projectiles and fuzes used in the Navy and describe the
systems used to identify ammunition. We will also
describe magazines and their sprinkler and alarm
systems. Finally, we discuss some of the equipment,
training requirements, and safety precautions
pertaining to the handling and storage of ammunition.
In this chapter, you are assumed to have an
understanding of the Navy's Maintenance and Material
Management (3-M) Systems. You may wish to review
some of the 3-M Systems fundamentals before
continuing with this chapter.

AMMUNITION

LEARNING OBJECTIVE: Describe the
classification, components, and features of
Navy gun Ammunition.

In a general sense, ammunition includes anything
that is intended to be thrown at or put in the path of the
enemy to deter, injure, or kill personnel or to destroy or
damage materials. This chapter is devoted chiefly to
gun ammunition. In this section, we describe how
ammunition is classified, the common components of
gun ammunition, and some of the actual types of gun
ammunition in use today.

AMMUNITION CLASSIFICATION

Gun ammunition is classified in several different
ways, depending on your needs. It may be classified by
gun size, assembly configuration, service use, or
purpose and construction.
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Classification by Size of Gun

Gun ammunition is most commonly classified by
the size of the gun in which it is used. In addition to
designations of bore diameter, such as 25-mm, 76-mm,
or 5-inch, the length of the gun bore in calibers (inches)
is also used as a means of classification. Thus a 5-inch,
54-caliber projectile is one used in a gun having a bore
diameter of 5 inches and a bore length of 54 times 5
inches, or 270 inches.

Classification by Assembly

The three types of ammunition classified by
assembly are shown in figure 2-1.

PROJECTILE\
MOUTH % PROJECTILE
PLUG ~
BRASS OR BRASS OR
STEEL CASE
STEEL CASE~__ | ~
ELECTRIC OR CASE PERCUSSION ==
CASE COMBINATION OR ELECTRIC
IGNITION PRIMER———> ONTION amER—"

SEPARATED AMMUNITION FIXED AMMUNITION
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Figure 2-1.—Typical Navy gun ammunition assemblies.



FIXED AMMUNITION.—The fixed class
applies to ammunition that has the cartridge case
crimped around the base of the projectile. The primer is
assembled in the cartridge case. The projectile and the
cartridge case, containing the primer and propellant
charge, all form one unit as a fixed round of ammuni-
tion. Guns through 76-mm use fixed ammunition.

SEPARATED AMMUNITION.—This class
applies to ammunition that consists of two units—the
projectile assembly and cartridge case assembly. The
projectile assembly consists of the projectile body
containing the load, nose fuze, base fuze, and auxiliary
detonating fuze, as applicable. The cartridge case
assembly consists of the cartridge case, primer,
propellant charge, wad, distance piece, and a plug to
close the open end of the cartridge case. The projectile
and cartridge are rammed into the gun chamber
together as one piece though they are not physically
joined. Separate ammunition has been produced in gun
sizes of 5-inch, 38-caliber through 8-inch, 55-caliber
guns.

SEPARATE-LOADING (BAGGED GUN)
AMMUNITION.—This class applies to gun sizes 8
inches and larger. Separate-loading ammunition does
not contain a cartridge case; the propellant charge is
loaded in silk bags that are consumed during the
combustion of the propellant when fired from the gun.
The projectile, propellant charge, and primer are loaded
separately. There are currently no naval guns in use that
use separate-loading ammunition.

Classification by Service Use

For economy and safety, gun ammunition is
assembled and classified by service use as follows:

e Service: Ammunition for use in combat. These
projectiles carry explosive, illuminating, or chemical
payloads.

e Target and Training: Ammunition for training
exercises. The projectiles are comparable in weight and
shape to those of service ammunition but are of less
expensive construction and normally contain no
explosive. Variable time, nonfragmenting (VT
NONFRAG) projectiles are an exception in that they
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are for training purposes and have a combination black
powder-pyrotechnic color-burst element.

e Dummy or Drill: Any type of ammunition
assembled without explosives, or with inert material
substituted for the explosives, to imitate service
ammunition. The ammunition may be made of metal or
wood. Dummy or drill ammunition is used in training
exercises or in testing equipment. It is normally
identified as dummy cartridges, dummy charges, or
drill projectiles. Drill projectiles will not be fired from
any gun.

Classification by Purpose and Construction

Service projectiles are classified by their tactical
purpose as one of the following types: penetrating,
fragmenting, and special purpose. Since targets differ
in design and purpose, projectiles must also differ in
their construction to make them more effective. If you
were to cut open, for purposes of inspection, the
different types of projectiles listed previously (other
than small arms), you would find their construction and
characteristics are common. For example, penetrating
projectiles have thick walls and a relatively small cavity
for explosives, while fragmenting projectiles are
thin-walled and have a relatively large cavity for the
explosives. Because of this, projectiles are also
classified by their construction.

GUN AMMUNITION

Gun ammunition consists of a projectile and a
propelling charge. In this section we will describe a
typical projectile, the different types of projectiles in
use, propelling charges, and fuzes currently in use.

Projectiles

The projectile is the component of ammunition
that, when fired from a gun, carries out the tactical
purpose of the weapon. While some types of projectiles
are one piece, the majority of naval gun projectiles are
assemblies of several components. All the projectiles to
be briefly discussed by classification in this chapter
have several common features as described in the
following paragraphs and as illustrated in figure 2-2.



BASE BODY

OGIVE

ROTATING BAND

BOURRELET

GMf0202

Figure 2-2.—External features of a typical gun projectile.

OGIVE.—The ogive is the curved forward portion
of a projectile. The curve is determined by a complex
formula designed to give maximum range and
accuracy. The shape of the ogive is generally expressed
by stating its radius in terms of calibers. It may be a
combination of several arcs of different radii.

BOURRELET.—The bourrelet is a smooth,
machined area that acts as a bearing to stabilize the
projectile during its travel through the gun bore. Some
projectiles have only one bourrelet (forward); the
rotating band serves as the bearing surface in the rear.
Still other projectiles have one bourrelet forward and
one or two aft, the after one being located adjacent to
and either forward and/or aft of the rotating band.
Bourrelets are painted to prevent rusting.

BODY.—The body is the main part of the
projectile and contains the greatest mass of metal. It is
made slightly smaller in diameter than the bourrelet and
is given only a machine finish.

ROTATING BAND.—The rotating band is
circular and made of commercially pure copper, copper
alloy, or plastic seated in a scored cut in the after portion
of the projectile body. In all minor and medium caliber
projectiles, rotating bands are made of commercially
pure copper or gilding metal that is 90 percent copper
and 10 percent zinc. Major caliber projectile bands are
of cupro-nickel alloy containing 2.5 percent nickel or
nylon with a Micarta insert. As a projectile with a
metallic band passes through the bore of the gun, a
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certain amount of copper will be wiped back on the
rotating band and will form a skirt of copper on the after
end of the band as the projectile leaves the muzzle of
the gun. This is known as fringing and is prevented by
cutting grooves, called cannelures, in the band or by
undercutting the lip on the after end of the band. These
cuts provide space for the copper to accumulate. The
primary functions of a rotating band are:

1. To seal the forward end of the gun chamber
against the escape of the propellant gas around the
projectile,

2. Toengage the rifling in the gun bore and impart
rotation to the projectile, and

3. To act as a rear bourrelet on those projectiles
that do not have a rear bourrelet.

BASE.—The base is the after end of the projectile.
A removable base plug is provided in projectiles that
are loaded through this end. A fuze hole may be drilled
and tapped in the center of this base plug. Projectiles
with large openings in the nose for loading through that
end require no base plug. In such cases, however, the
solid base of the projectile may be drilled in the center
to receive a base fuze or tracer if desired. The edge
formed by the side walls and the base is usually broken
slightly to give additional range. Some projectiles are
tapered aft of the rotating band, a shape known as boat
tailed. Projectiles with plastic bands may have full
caliber boat tails for optimum aerodynamic shape.



Types of Projectiles

Projectiles are also classified by their tactical
purpose. The following are descriptions of the common
projectile types (fig. 2-3).

ANTIAIRCRAFT (AA).—AA projectiles are
designed for use against aircraft; they have no base
fuze. Otherwise, they are substantially the same as the
high-capacity (HC) projectiles described later.

ROTATING BAND NOSE FUZE

BASE FUZE BURSTER CHARGE

ADAPTER

GAS CHECK

PROJECTILE BODY

A. 5-INCH, 54 - CALIBER ANTIAIRCRAFT COMMON

PROJECTILE
MODIFIED PR%éEDCYT'LE MTF OR PDF
BASE PLUG INERT FILL
=
l S J
ANNONN S
SOSNONNINSS

ALUMINUM TUBE

TEFLON CONTAINERS

WITH SMOKE AGENT
(TITANIUM TETRACHLORIDE,
VANADIUM OXYTRICHLORIDE
BONDED IN PLACE)

C. 5-INCH, 54 - CALIBER TARGET PRACTICE (PUFF)

PROJECTILE
BLACK POWDER
SHEAR PIN EXPELLING CHARGE
/ _o—5 ROTATING BANDS l ADAPTER
- Ll L 2z 7
VNG
3 = }

7“\\ TWIST ;N\ ADF T

PARACHUTE TIME FUZE

BASE PLUG ILLUMINANT ASSEMBLY

E. 5-INCH, 54 - CALIBER ILLUMINATING

ANTIAIRCRAFT COMMON (AAC).—AAC
projectiles are dual-purpose projectiles combining
most of the qualities of the AA type with the strength
necessary to penetrate mild steel plate (fig. 2-3, view
A). However, AAC projectiles do not have the
penetrative ability of common (COM) projectiles. The
type of fuzing will depend on the use. Fuze threads are
provided in the nose and in the base. AAC projectiles
are normally equipped with a mechanical time fuze
(MTF) and an auxiliary detonating fuze (ADF).
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Figure 2-3.—Common projectile types.
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Dual-purpose action is accomplished by a time setting
for airburst or by setting MTFs on "safe" or for a time
longer than flight to target to permit the base detonating
fuze (BDF)(delay) to function for penetration. By
substituting a point detonating fuze (PDF) for the MTF,
these projectiles are converted to HC for surface burst.

ARMOR-PIERCING (AP).—AP projectiles are
designed to penetrate their caliber of class A armor
plate. A 5-inch projectile will penetrate 5 inches of
armor, and so on. They are characterized in most cases
by a low explosive-charge-to-total-weight ratio and by
their windshields and AP caps. Windshields are light
nosepieces of false ogives designed to give suitable
flight characteristics—they are made of mild steel, steel
stamping, or aluminum. Windshields are screwed to the
AP cap and are staked in place. AP caps are made of the
same kind of steel as the projectile bodies. The cap
breaks down the initial strength of the armor plate and
provides support to the pointed nose of the projectile as
it begins to penetrate the target. The cap also increases
the effective angle of obliquity at which the projectile
may hit and penetrate. The cap is peened and soldered
to the nose. AP projectiles are fuzed only in the base.
The fuzes must not be removed except at ammunition
depots. Powdered dye colors are loaded in the
windshield of most AP projectiles. These dye colors
allow a firing ship to identify its splashes, since each
ship is assigned a specific color. The dye is placed
inside the windshield in a paper container. There are
ports in the forward portion of the windshield that
admit water when the projectile strikes the surface and
breaks the port seals. Other ports in the after portion of
the windshield are pushed out by pressure of the water
inside the windshield. The dye is dispersed through
these after ports.

COMMON (COM).—COM projectiles are
designed to penetrate approximately one-third of their
caliber of armor. A 5-inch projectile would penetrate
1.66 inches of armor, and so on. They differ from AP
projectiles in that they have no hardened cap and have a
larger explosive cavity.

CHEMICAL.—Chemical projectiles may be
loaded with a toxic, harassing, or smoke-producing
agent. Of the smoke agents, white phosphorous (WP) is
the most frequently used. WP projectiles (fig. 2-3, view
B) are designed to produce heavy smoke and,
secondarily, an incendiary effect. The small WP
containers are expelled and then scattered by a delayed
action burster charge that is ignited by a black powder
expelling charge. Other chemical loads are dispersed in
a similar manner.
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PUFF.—Puff projectiles (fig. 2-3, view C) are
nonexplosive projectiles used as practice (spotting)
rounds. They are designed to produce dense smoke
clouds approximating those of high-explosive rounds.

DRILL.—Drill projectiles are used by gun crews
for loading drills and for testing ammunition hoists and
other ammunition-handling equipment. They are made
of economical but suitable metals and are designed to
simulate the loaded service projectile represented as to
size, form, and weight. They may be solid or hollow. If
hollow, they may be filled with an inert material to
bring them to the desired weight. This latter type is
closed with a base or nose plug or both, as appropriate.

DUMMY.—Dummy projectiles are reproductions
of projectiles that may be produced from a variety of
materials for a number of purposes. Drill projectiles are
dummy projectiles in that they are not to be fired from a
gun. However, all dummy projectiles are not drill
projectiles. Dummy projectiles may be made for
display, instruction, or special tests.

HIGH CAPACITY (HC).—HC projectiles are
designed for use against unarmored surface targets,
shore installations, or personnel. They have a medium
wall thickness and large explosive cavities. Large HC
projectiles (fig. 2-3, view D) are provided with an
auxiliary booster to supplement the booster charge in
the nose of the main charge. With threads in both the
nose and base, HC projectiles may receive a variety of
fuzes or plugs to accomplish different tactical purposes.
An adapter ring (or rings) is provided on the nose end of
most HC projectiles to allow installation of PDFs or
nose plug and ADFs with different size threads. An
adapter is removed for larger fuzes. HC projectiles are
normally shipped with a PDF installed in the nose. The
base fuze that is shipped installed in the projectile may
not be removed except at an ammunition depot.

HIGH EXPLOSIVE (HE).—Small caliber pro-
jectiles with an HE designation are designed to receive
a large explosive charge. Structurally, they resemble the
HC type in larger caliber projectiles. They have no base
fuze; a nose fuze is issued installed in the projectile.

HIGH EXPLOSIVE-POINT DETONATING
(HE-PD).—These projectiles feature PDFs that may
require the use of an ADF and fuze cavity liner (FCL).
If the PDF is of the new, short-intrusion type, no ADF is
required since its function has been incorporated. Also,
the FCL has been integrated with a fuze thread adapter
in some cases.

HIGH EXPLOSIVE-VARIABLE TIME
(HE-VT).—These projectiles may be fuzed with either



the short-intrusion variable time fuze (VTF) and
adapter or with the deep-intrusion fuze and FCL.

HIGH EXPLOSIVE-MECHANICAL
TIME/POINT DETONATING (HE-MT/PD).—
This projectile is similar to the HE-MT projectile
except that the nose time fuze has a point detonating
backup. This causes a self-destructive action on surface
impact in case of airburst function failure due to clock
failure or surface impact before expiration of the set
time.

ILLUMINATING (ILLUM).—ILLUM projec-
tiles (fig. 2-3, view E) are made with thin walls. Each
contains a time fuze, an ADF, a small black powder
expelling charge behind the ADF, an assembly
consisting of a pyrotechnic star or candle with a
parachute, and a lightly held base plug. The time fuze
serves to ignite the expelling charge. Explosion of the
expelling charge forces out the base and the
illuminating assembly and ignites the star or candle.

ROCKET-ASSISTED PROJECTILE (RAP).—
To increase the range and effectiveness of 5-inch gun
systems, the RAP was developed as an addition to
existing gun-type ammunition. It has a solid-propellant
rocket motor that can impart additional velocity and
provide extended range compared to standard projec-
tiles.

SELF-DESTRUCT, NONSELF-DESTRUCT
(SD, NSD).—Certain older projectiles used in AA
firing have a feature that detonates the explosive filler at
a designated range to prevent the round from hitting
other ships in the task force. Some VTFs contain this
self-destruct device. Also, some tracers in small caliber
projectiles are made to burn through to the explosive
filler. In either case, the projectile carries the
designation SD. Projectiles without one of these
features are designated NSD.

TARGET (TAR).—These are blind-loaded (BL)
projectiles. They are special projectiles designed for
target practice, ranging, and proving ground tests. As
target practice ammunition, they are used to train
gunnery personnel. They may be fitted with a tracer
(BL-T) or plugged (BL-P).

VARIABLE TIME-NONFRAGMENTING
(VT-NONFRAG).—Some VT-NONFRAG projectiles
(fig. 2-3, view F) are loaded to avoid rupturing the body
and spreading fragments when the fuze functions.
However, sometimes the projectile ogive breaks up into
low-velocity fragments. They are designed for use in
AA target practice, particularly against expensive
drone targets, for observing the results of firing without
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frequent loss of the drones. These projectiles have
fillers of epsom salts or other inert material to give the
projectile the desired weight. A color-burst unit,
consisting of pellets of black powder and a pyrotechnic
mixture, is placed in a cavity drilled into the center of
the inert filler. The color-burst unit is ignited through
the action of the nose fuze and the black-powder
pellets. The color-burst unit may be one of several
colors that exits through the fuze cavity and ruptured
projectile.

ANTIPERSONNEL.—The antipersonnel projec-
tile (fig. 2-3, view G) consists of a projectile body, an
expulsion charge, a pusher plate, a payload of 400
individually fuzed grenades, and a base plug. The
M43A1 grenade is an airburst rebounding-type
munition. The antipersonnel projectile is unique to the
16"/50 gun.

Propelling Charges

Propelling charges are mixtures of explosives
designed to propel projectiles from the gun to the target.
In fixed ammunition, the propelling charge and
projectile are assembled together in a case and handled
as one unit. The principal component parts are the brass
or steel cartridge case, the primer, and the propellant
powder charge. In the separated ammunition, the
propelling charge and projectile are assembled
separately—they are stored and handled as separate
units until they are loaded into the gun. The propelling
charge of the separated ammunition round consists of
the propellant primer, details, and closure plug
assembled into the metal case. The propelling charges

—

GMf0204
Figure 2-4.—Tank-type 5'"/54 cartridge case container.



of separate loading ammunition are made up in sections
(bag charges) separate from the projectile and primer.
Propelling charges for all calibers of ammunition have
some common features. There are two basic categories
into which these features can be grouped—case am-
munition and bag charges. Saluting, reduced, and
clearing charges have components that are the same as
case ammunition, so they are included with case
ammunition.

Propelling charges for small and medium caliber
guns are assembled with primer and powder enclosed in
a brass or steel container called a cartridge case.
Assembly of the entire charge in a single, rigid, protec-
tive case increases the ease and rapidity of loading and
reduces the danger of flarebacks. Also, the case pre-
vents the escape of gases toward the breech of the gun;
it expands from the heat and pressure of the burning
powder and forms a tight seal against the chamber.

In case-type propelling charges, the propelling
charge and primer are contained in a cylindrical metal
cartridge case. This ammunition is of two types—fixed
and separated. In fixed ammunition the primer,
propelling charge, and projectile are assembled into a
single unit that may be loaded into the gun in a single
operation. In separated ammunition, the primer and
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Figure 2-5.—Typical cartridge case for separated
ammunition, sectional view.
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propelling charge are contained in a cartridge case as a
separate plugged unit; the projectile is also a complete,
separate unit.

A complete round of separated ammunition con-
sists of two pieces—a projectile and a cylindrical metal
cartridge case sealed by a cork or plastic plug.
Separated ammunition is used in 5-inch guns and their
cases are kept in airtight tanks (fig. 2-4), until they are
to be fired.

A complete round of fixed ammunition is one
piece, with the cartridge case crimped to the base of the
projectile. Fixed 76-mm rounds are also kept in tanks,
but smaller calibers and small arms are stowed in
airtight boxes, several rounds to a box.

The insides of both the fixed and separated
ammunition cartridge cases are quite similar. Figures
2-5 and 2-6 show the main components of both types of
cartridge cases. The base of the primer fits into the base
of the case so that firing pin the gun lines up with and
contacts the primer when the breech is closed. A
black-powder ignition charge runs the full length of the
perforated stock or tube of the primer.
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Figure 2-6.—Typical round of fixed ammunition, cartridge
case assembled with projectile, sectional view.



The 5-inch ammunition being issued to the fleet is
assembled with case electric primers. The most notable
exception to this is the 76-mm round that uses a
percussion-only primer.

Look at the cartridge case in figure 2-5 again. When
the gun fires, the case expands under the powerful
pressure of the burning propellant gas, then must
contract so that it can be removed from the chamber. It
must not stick to the chamber walls nor may it crack.
For a long time, only seasoned brass cases could be
relied on to perform correctly. During World War II,
when the supply of brass became critical, metallurgists
developed a steel case that has since almost completely
replaced brass. Regardless of what cases are made of,
used cases are often called "fired brass." Steel cartridge
cases are no longer reloaded and reused; however, since
the cartridge tanks are required for reuse, the cases may
be returned in the empty tank for the scrap value.

Immediately after firing, and before returning the
cases to their tanks, the ejected cases (3-inch and larger)
should be stood on their bases to permit residual gases
(small amounts left over after firing) to escape
completely. Other cases should be replaced in the
original containers, tagged, and stowed.

In the center of the base of the case is the threaded
hole for the primer. The case tapers slightly toward the
forward end so that it can be withdrawn from the cham-
ber without binding. A rim at the base is engaged by the
gun's extractors. In fixed ammunition, the case often
has a bottleneck in which the projectile is crimped.

The propellant powder in the case is the
seven-perforation kind we have already discussed.
(Small caliber grains have one perforation.) The
powder is weighed out with great precision and loaded
into the case at the ammunition manufacturing facility.
Since it does not take up all the space inside the case,
and since it would be dangerous for the powder to have
a lot of room to rattle around in, it is tightly packed and
sealed under a cardboard or pyralin wad. The wad is
kept tight by a triangular cardboard distance piece. The
distance piece bears up against the plug that closes the
mouth of the case. In fixed ammunition, the case is
sealed by the projectile base.

A small amount of lead foil included in each pro-
pelling charge functions to clear the bore of the metal
fouling that scrapes off the projectile rotating band onto
the rifling as the projectile passes through the barrel.

Reduced Charge.—A reduced charge is one that
contains less than the service load of powder. Reduced
charges are often used to fire on reverse-slope targets
(discussed in chapter 7) and may be used in target
practice to decrease wear on the gun.

2-8

Clearing Charge.—When a round fails to seat
fully upon being rammed into the gun chamber
(preventing closure of the breech), or when the
propelling charge fails to function, the projectile may
be fired by extracting the full-sized case and loading a
clearing charge that is shorter.

Saluting Charge.—These are charges used when
firing a gun to render honors. Since no projectile is
involved in such firing, the charge consists of a
cartridge case containing a black-powder load and a
primer. Ships normally employ 40-mm or 3-inch guns
for saluting. Saluting charges for these guns are issued
completely assembled, with no replacement com-
ponents.

FUZES

LEARNING OBJECTIVE: Describe the
different types and functions of fuzes used on
current 5-inch and 76-mm projectiles.

In chapter 1 you learned that the burster charge of a
projectile is relatively insensitive and requires an
explosive train. This train begins with a very small
amount of sensitive initiating explosive that initiates the
chain reaction required to detonate the less sensitive
main burster charge.

The component that sets off the projectile bursting
charge is the fuze. No matter how complicated or
simple the construction or function of the fuze is, it
always serves the same purpose.

INERTIA

The nature of the fuze mechanism depends, of
course, on what type of fuze it is. All fuze mechanisms
depend on certain forces either to start their functioning
or to keep them functioning. These forces develop
when the projectile is fired, when it flies through the air,
or at the end of the flight. In the sequence of their
development, these forces are called setback, angular
acceleration, centrifugal force, creep, and impact. They
are worth explaining.

All objects have a property known as inertia. For
our purpose we can say that inertia means resistance to
change in motion. A moving ship, for example, tends to
keep going after the engines have been stopped. It
would keep going indefinitely if it were not for the fluid
friction of the water and obstacles in its way. By the
same reasoning, a ship dead in the water tends to
remain so; it takes a mighty effort by its propulsion
machinery to get it underway.



In 1687, in a Latin treatise on natural philosophy
entitled "Principia,” Sir Isaac Newton described this
characteristic behavior of material things in the
statement of his first law of motion:

"Every body tends to remain at rest, or in
uniform motion in a straight line, unless
compelled by external force to change."

Why bring up Newton and his laws of motion when
we are discussing fuzes? The reason is that every one of
the forces that acts on a projectile fuze—from firing to
impact—is an effect of inertia.

Let's begin by discussing setback (fig. 2-7, view A).
When the propelling charge of the round fires, the fuzes
and projectile are at rest. As the hot gases expand,
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pressure in the chamber builds up and forces the
projectile to move forward. But because of inertia,
every particle of the projectile and fuze tends to stay
where it is. The effect is the same as what you feel while
riding in a car when the driver stomps on the gas pedal.
Your head snaps back as the car jerks forward. The
same thing happens in the projectile and its fuze, except
that the acceleration—and the setback effect—are
thousands of times greater. As an example of its
application to fuzes, setback is used in mechanical time
fuzes to unlock the clockwork mechanism.

Angular acceleration (fig. 2-7, view A) produces an
inertia force accompanying the initial rotation of the
projectile in the bore of the gun. It is similar in effect to
setback, which is the resistance to forward motion, in
that it resists the rotational motion of the projectile as it
passes through the rifled bore.

As the projectile rotating band is twisted by the gun
bore's rifling, the projectile spins. You know how
spinning develops centrifugal force (fig. 2-7, view B), a
tendency to fly directly away from the center of
rotation. Centrifugal force is used to operate the
clockwork in most mechanical time fuzes. It is also
used to assist in readying (arming) the fuze to function
when it strikes or approaches the target.

Creep (fig. 2-7, view C) is another effect of inertia.
Like anything else that moves through the air, a
projectile in flight moves against air resistance, which
tends to slow it down. Its supersonic speed creates
shock waves and turbulence that increase this frictional
slowing. This slowing-down effect is applied to the
exterior of the projectile only. The parts inside are not
overcoming any air resistance, so they do not tend to
slow down. In an automobile, for example, when the
brake (simulating air resistance) is being applied
lightly, you tend to lean forward. Similarly, movable
parts in a fuze tend to creep forward as the projectile
plows through the air that slows it down. In many types
of fuzes, creep force is used to align the fuze-firing
mechanism so that it will function on impact.

Impact (fig. 2-7, view D) is probably the most
obvious application of the general principle of inertia to
fuzes. When the projectile strikes, it comes to a stop.
But the movable parts inside the fuze tend to keep right
on going. The force developed by impact is used when
you drive a firing pin against a percussion cap to initiate
the explosive train. Some people think of impact as a
kind of creep—but in a very violent form. In principle,
it is true that creep and impact are related, but they are
quite different in degree and are used differently in fuze
mechanisms. It is best to consider them separately and
understand the function of each.
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FUZE TYPES AND FUNCTIONING

Fuzes can be classified by functions as follows:

o Time fuzes: Mechanical time fuzes (MTFs)
function a predetermined length of time after the
projectile is fired. The exact time is set before the
projectile is loaded into the chamber by a mechanical
fuze setter on the mount. This fuse can also be set with a
special fuze wrench. The interval between the instant
the fuze is set and the instant the projectile is fired is
termed dead time. No matter when, how, or by what it is
set, the timing mechanism of a time fuze will not
function until the projectile is fired.

Time fuzes for larger caliber projectiles are driven
by springs because the relatively slow rotation of these
projectiles does not produce enough centrifugal force
to run the clockwork reliably. Older time fuzes (no
longer in use) consisted of slow-burning powder trains
of adjustable length, rather than clockwork. The
powder was ignited by setback that drove a firing pin
into a percussion cap.

e Proximity fuzes: Proximity or variable time
fuzes (VTFs) are energized after the projectile is fired
and function when the projectile approaches closely to
the target.

e Percussion fuzes: Percussion or impact fuzes
function either as the projectile strikes the target or after
the projectile penetrates. Some fuzes (nondelay type)
function immediately on contact with any thin material
(for example, the thin sheet metal skin of an aircraft).
Fuzes for armor-piercing projectiles, however, always
incorporate a slight delay to keep the burster from going
off until after penetration. These percussion fuzes can
be located either on the nose (PDF) or the base (BDF)
of the projectile.

e Combination fuzes: Combination fuzes
incorporate both time and percussion features; that is,
the fuze may go off either on impact or after the time
set, whichever occurs first.

e Auxiliary fuzes: An auxiliary fuze (ADF), as the
name implies, operates only in conjunction with other
fuzes. In gun projectiles they form part of the explosive
train and pass on the explosion initiated by another fuze
(located in the projectile nose) to the main bursting
charge.

Proximity fuzes in projectiles are miniature radio
transmitters and receivers, powered by tiny battery
cells. The cells are activated by setback. When the
projectile approaches closely to a target, the radio



waves sent out by a transmitter are reflected back to the
receiver in sufficient strength to close a circuit that
initiates fuze action.

Most projectile fuzes use a small detonating charge
to set off the explosive train. These are called
detonating fuzes. Some fuzes, however, are called
ignition fuzes because they are designed to produce a
flame that will set off an explosive sensitive to flame
(usually black powder).

In general, proximity, time, and percussion fuzes
are located in the projectile nose. ADFs are located just
behind the nose fuze. In AP projectiles (the hardened
cap makes no provision for nose fuzes) the fuze is in the
base. In some projectiles, to provide greater versatility
for selected targets, a nose and a base fuze are provided.
The nose fuze can be inactivated at the gun for base fuze
initiation. When the nose fuze is activated, the base fuze
functions as a backup for greater reliability.

A fuze is intended not only to explode the burster
charge at the right time, it is intended to prevent
explosion at the wrong time. A fuze is armed when it is
made ready to function. Before firing, when it is set not
to function, it is considered safe.

Fuzes have safety features to protect those who
handle ammunition. These safety features may be
nullified by the time the projectile reaches the enemy.
Some of the features are canceled by hand or
mechanically before the gun is loaded. Others depend
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on the forces developed by the actual firing to arm the
fuze. Fuzes that are armed only after the projectile
leaves the gun muzzle are called boresafe. Projectiles
40-mm and larger are usually boresafe; projectiles
20-mm and smaller generally are not. This is important
for you to remember when handling smaller caliber
fuzed ammunition.

To illustrate how inertia is used to arm and operate
a projectile fuze, let's look at a typical fuze (fig. 2-8).
When the gun is fired, the force of setback moves the
internal components of the fuze rearward and locks
them against movement. As the projectile moves down
the rifled bore, it is imparted rotation through the
rotating band, creating centrifugal force. The projectile
and fuze body travel through the air, meeting resistance
and slowing down because of friction. The inertial force
of creep frees the internal components for movement.
Centrifugal force then moves the two sets of detents
outward, unlocking the firing pin and detonator rotor
for movement. Centrifugal force, acting on weights in
the rotor, causes the rotor to turn until the detonator is in
direct alignment between the firing pin and the booster
lead-in. Continued centrifugal force maintains the
explosive train in alignment. The fuze is armed. Upon
impact, the firing pin is driven into the detonator,
initiating the explosive train through the explosive lead
to the booster charge. The booster charge detonates the
main burster charge.
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Figure 2-8.—Projectile base fuze.
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Many different arrangements are used to arm both
gun projectile and missile fuzes. All use the forces of
inertia in one way or another. Some are totally
mechanical and some are a combination of mechanical
and electrical. For further detailed information on fuze
arming and operation, see U.S. Navy Ammunition,
Historical and  Functional Data, NAVSEA
SWO010-AB-GTP-010. More information on gun
ammunition, including explosive charges, projectiles,
and fuzes, is contained in Ammunition Afloat,
NAVSEA OP 4, and Navy Gun Ammunition, NAVSEA
SWO030-AA-MMO-010.

IDENTIFICATION OF AMMUNITION

LEARNING OBJECTIVE: Identify and
discuss ammunition lot numbering and the
ammunition color code system.

A standard nomenclature and numbering system
has been established by the Department of Defense
(DOD). This system is a four-digit, alphanumeric code
that will be either a DOD identification code (DODIC)
assigned by the Defense Logistics Services Center
(DLSC) or a Navy ammunition logistics code (NALC)
assigned by the Ships Parts Control Center (SPCC).
Some examples of DODIC/NALC nomenclature are as
follows:

AMMUNITION TYPE DODIC/NALC
5"/54 Illumination Projectile D328
6"/50 BL&P Projectile D873
12-gauge OO Buckshot A011

AMMUNITION LOT NUMBERS

When ammunition 1S manufactured, an
ammunition lot number is assigned according to
specifications. As an essential part of the lettering, the
lot number is stamped or marked on the item, size
permitting, as well as on all packing containers. There
are presently two ammunition lot numbering systems in
the ammunition inventory. The newest lot numbering
system was implemented by the Navy in 1978, so there
is much ammunition still identified by the old
ammunition lot numbering system. Both of these
systems are described in the following paragraphs.

Current Ammunition Lot Numbering System

For all ammunition items and their components, the
ammunition lot number consists of a manufacturer's
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identification symbol, a numeric code showing the year
of production, an alpha code representing the month of
production, a lot intermix number followed by a
hyphen, a lot sequence number, and, when necessary,
an alpha character used as an ammunition lot suffix to
denote a reworked lot. The following illustrates the
construction of a current ammunition lot number:
AMC78DO018-124B, where

AMC = manufacturer's identification symbol

78 = atwo-digit numeric code identifying the
year of production (1978)

D = asingle alpha code signifying the month
of production (April)

018 = lot intermix number

124 = lot sequence number

B = ammunition lot suffix (the alpha suffix)

Exceptions to the foregoing system for numbering
ammunition lots are given in MIL-STD 1168, section 5.

Old Ammunition Lot Numbering System

The old ammunition lot numbering system consists
of the ammunition lot number (ALN) symbol, followed
by a two- to three-letter prefix, a sequential lot number,
a one- to three-letter manufacturer's symbol, a
two-numeral group, and, on some, a lot suffix. An
example of an ALN is BE-374-HAW-75, where

BE = 5-inch, 38-caliber AAC projectile
374 = 374 lot of AAC projectiles assembled
HAW = NAD Hawthorne assembly activity
75 = assembled during the year of 1975

Prefix Designation. The two- to three-letter prefix
designation identifies the size and type of ammunition
item. A prefix designation having a final letter R
denotes renovated items.

Sequential Lot Number. The one- to four-character
group following the prefix indicates the sequential lot
number of that particular type produced by an activity
during the calendar year. This group consists of
numbers 1 through 9999.

Manufacturer's Letters and Numbers. A one- to
three-letter group identifies the ordnance activity that
assembled the ammunition item.

Year Group. Following the manufacturer's symbols
is the final numerical group, indicating the last two
digits of the calendar year of assembly.



Lot Suffix. An alpha character, following the year
of assembly, usually indicates that some type of special
screening was performed.

Grand-Lot Designation. A grand-lot (GL)
designation was assigned to serviceable remnant
ammunition items of the same type after serviceability
evaluation. These remnant lots are consolidated and
reissued under a new ammunition lot number having a
GL designation. GL ammunition is still in the supply
system, but this procedure is no longer used.

COLOR CODES, MARKINGS, AND
LETTERINGS

The system of identifying ammunition by the use of
color codes, marking, and lettering is intended to be a
ready identification to determine the explosive loads

and hazards presented by each. A color coding system
is used to indicate the primary use of ammunition, the
presence of a hazardous (explosive, flammable, irritant,
or toxic) filler, and/or the color of tracers, dye loads,
and signals. Current color coding for ammunition of
20-mm and larger is contained in MIL-STD-709, OP
2238 (latest revision), and WS 18782. The lettering,
stenciled or stamped on ammunition, includes all the
information necessary for complete identification and
is marked in compliance with NATO standards and
Department of Transportation (DOT) regulations. In
addition to standard nomenclature and lot numbers,
lettering may include such information as the mark and
mod, the type of fuze, and the weapon in which the item
is fired. Table 2-1 gives the meaning of the different
color codes.

Table 2-1.—Ammunition Color Coding

COLOR INTERPRETATION
Yellow 1. Identifies high explosives.
Indicates the presence of explosives, either,
a. sufficient to cause the ammunition to function as a high explosive, or,
b. particularly hazardous to the user.
Brown 1. Identifies rocket motors.
2. Indicates the presence of explosive, either,
a. sufficient to cause the ammunition to function as a low explosive, or,
b. particularly hazardous to the user.
Gray Identifies ammunition that contains irritant or toxic agents when used as an overall body
color except for underwater ordnance.
Gray With Red Band(s) Indicates the ammunition contains an irritant (harassing) agent.

Gray With Dark Green Band(s)

Indicates the ammunition contains a toxic agent.

Black

Identifies armor-defeating ammunition, except on underwater ordnance.

Silver/ Aluminum

Identifies countermeasures ammunition.

Light Green Identifies smoke or marker ammunition.

Light Red Identifies incendiary ammunition or indicates the presence of highly flammable material.

White Identifies illuminating ammunition or ammunition producing a colored light; exceptions,
underwater ordnance, guided missiles, and rocket motors.

Light Blue Identifies ammunition used for training or firing practice.

Orange Identifies ammunition used for tracking or recovery.

Bronze Identifies dummy/drill/inert ammunition used for handling and loading training.

Nonsignificant Colors

Olive Drab All ammunition items.
Black For lettering.
White 1. For lettering.

2. For guided missiles and rocket motors.
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RETAIL ORDNANCE LOGISTICS
MANAGEMENT SYSTEM

LEARNING OBJECTIVE: State the
capabilities of the Retail Ordnance Logistics
Management System (ROLMS)

The Retail Ordnance Logistics Management
System (ROLMS) is an integrated system of
applications software designed to manage non-nuclear
expendable ordnance. It provides for the automation of
the receipt, issue, inventory record keeping, and
reporting of ammunition assets and movements with
the ultimate objective being the enhancement of Fleet
readiness and stock point ordnance management.
ROLMS replaced four legacy systems, Ordnance
Management System (OMS), Fleet Optical Scanning
Ammunition Marking System (FOSAMS), the
Standardized Conventional Ammunition Automated
Inventory Record (SCAAIR) and the Ammunition
Logistics System (AMMOLOGS).

ROLMS was designed to operate as either a stand
alone system residing on a personal computer or in a
client/server network environment.

ROLMS Capabilities

ROLMS supports all ship and shore activity asset
management and reporting requirements. ROLMS
automates many ammunition logistics management
and reporting functions performed by the stock points
and end users, specifically:

a. Inventory — to the specific grid location

b. Requisitioning

c. Issue/Receipt Reporting

d. Expenditure Reporting

e. Asset Maintenance

f. NAR processing

g. Transaction reporting (either Ammunition
Transaction Reporting (ATR) or Transaction
Item Reporting (TIR))

h. Space Management — including Net Explosive

Weight (NEW) Management for Explosive Arc
and Compatibility Management

Load Plan management
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j-  Excess/Disposal Processing

k. DD 1348-1’s and shipping labels

I.  Bar Code processing

ROLMS System Interfaces

ROLMS interfaces with various systems to

exchange data and information. Specifically:

a. CAIMS for Navy and Marine aviation
ordnance inventory data.

b. MAARS-II for Marine Corps ground ordnance
inventory data.

c. ADIMS for ordnance held for disposal and
demilitarization.

d. Total Ammunition Movement Management
System (TAMMS) for internal activity
transportation.

e. Defense Transportation Tracking System
(DTTS) for ordnance transportation satellite
tracking.

f. Marine Air Ground Task Force (MAGTF)

Deployment Support System II (MADSS-II)
for ground ammunition movement tracking.

For further information on the ROLMS system, refer to
NAVSUP P-724, Chap 9.

CONVENTIONAL AMMUNITION
INTEGRATED MANAGEMENT
SYSTEM

LEARNING OBJECTIVES: Demonstrate
and discuss ammunition, administration, and
the inventory management (CAIMS) proce-
dures.

The maintenance of an accurate inventory of all
explosive ordnance held by a fleet unit is the primary
concern of everyone involved. The current CNO
requirement is that units maintain a 99.5 percent
inventory accuracy rate. Foundational to this is the
maintenance of the onboard ammunition stock record,
commonly referred to as the "ammunition ledger" or
just "the ledger." As ammunition is received, expended,
or transferred, the ledger is updated to reflect the
change. These changes are then reported to the SPCC,



Ammunition Division, for entry into the central
computer. Each of these activities is a function of the
Conventional Ammunition Integrated Management
System (CAIMS). As a Gunners' Mate, you are
involved in this process in two ways. First, you are
responsible for making sure ammunition received,
expended, or transferred is accurately identified by
NALC/DODIC and lot number and that these quantities
are reported to the ledger custodian as soon as possible
after the event. Second, you may be tasked to maintain
the ledger, especially at the second class petty officer
level.

CAIMS is designed to be a management tool for all
levels of the Navy that are concerned with inventory
management. The CAIMS Manual, SPCCINST
8010.12, describes the system in detail and the
procedures to be used by each type of activity in
maintaining and reporting ammunition inventory
information. In the following sections, we expand on

the major elements of this system, describing their
functions and how they interrelate.

AMMUNITION STOCK RECORD

The ammunition stock record (or ledger) is a fleet
unit's master record of all ammunition stocks held, as
well as a record of past transactions and inventories
held. The ledger consists of a master stock record card
(MSRC) for each NALC or DODIC held by the unit
and an ammunition lot or serial/location card for each
different lot or serial number.

Master Stock Record Card

The MSRC (fig. 2-9) serves as a record of the total
number of rounds of a certain NALC/DODIC held by
the unit in each condition code. The MSRC is also used
to record information identifying each transaction and
the total quantity of ammunition ordered, received,
transferred, or expended.

NAVSUP FORM 1296 (REV. 8-87) AMMUNITION MASTER STOCK RECORD CARD SIN 0108-LF-501-2961
ENTRY | DOCUMENT NUMBER TRANSAGTIONS ON-HAND BALANCES ATR | QUANTITY [ UNEXP
DATE  ['ACTIMITY | DATE [SERIAL [TYPE [QUANTITY COND. [ COND. [COND. [COND. [ COND. | SERIAL | DUEIN TRARING

BALANCE

FORWARD
PACKAGING - REMARKS ALLOWANGCE  [90% OF ANNUAL

SHIPFILL TRAINING
ALLOWANGE | ALLOCATION
LOGISTICS CODE | COG | NIININOMENGLATURE mce | Acc |ooT [ NEw STOWAGE | C.G. HAZ
LOCATION | CL.
GMf0209

Figure 2-9.—Ammunition master stock record card.
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Ammunition Lot/Location Card

The ammunition lot/location card (fig. 2-10) is
used to record the quantity and stowage location of an
individual lot of ammunition. Transaction information
is also recorded on this card but only for transactions
concerning the lot listed.

Ammunition Serial/Location Card

The ammunition serial/location card (fig. 2-11) is
used to account for serialized items such as missiles and
torpedoes. Each card accounts for one item. In addition
to maintaining an accurate inventory, these cards are
used to record the maintenance-due date of the item
covered. The maintenance-due date indicates the date
the item must be turned in to a weapons facility for
inspection and any required maintenance.

Your ammunition ledger will most likely contain
all three of these record cards. You will have one MSRC
for each NALC and DODIC carried. These will be
arranged in NALC/DODIC alphanumeric order in a
binder or cabinet. Under each MSRC is an ammunition
lot or serial number location card for each lot or
serial-numbered item carried of that NALC/DODIC.
As ammunition is ordered, received, transferred, or

expended, it is recorded on the cards. First, the total
number of rounds involved is entered on the MSRC for
that particular NALC/DODIC. The total number is then
broken down by lot or serial number, and each different
number is entered on the appropriate location card. All
entries are to be made in ink or typed. These cards are
required to be retained for a minimum of 1 year after the
item is expended or transferred.

The cards in the ammunition ledger contain much
more information than what has been presented here.
Chapter 12 of SPCCINST 8010.12 provides detailed
guidance on the makeup and maintenance of the
ammunition ledger.

AMMUNITION TRANSACTION
REPORTS (ATRs)

Each time a piece of ammunition is expended,
transferred, received, or changes condition code, an
ammunition transaction report (ATR) must be
submitted to update CAIMS. This is normally required
to be done within 24 hours of the event. ATRs are sent
by naval message according to the instructions listed in
SPCCINST 8010.12, chapter 8. A copy of each ATR
message is maintained in a file and kept with the ledger.
The ledger and the ATR file must match 100 percent.

NAVSUP FORM 1297 (REV. 8-87) AMMUNITION LOT/LOCATION CARD S/N 0108-LF-501-2971
ENTRY DOCUMENT NUMBER TRANSACTIONS ON-HAND BALANCES CONSIGNOR
DATE CONSIGNEE REMARKS
ACTIVITY | DATE | SERIAL|TYPE |QUANTITY | COND.| conD. | conp. | conp.
PACKAGING - REMARKS NEW
LOGISTICS GODE | NINNOMENGLATURE LOT NO. STOWAGE LOCATION C.G. HAZ CL.
GMf0210

Figure 2-10.—Ammunition lot/location card.

2-16



SPCC-.8010/107 (REV 6-86) LOCAL AMMUNITION SERIAL/LOCATION CARD
ME/,}'J’\E‘T COND RECEIPT ISSUE/TRANSFER TRANSACTIONS OTHER ACTIONS
REGISTER/SERIAL NUMBER DATE | CODE | RECEIVED ISSUED
v RiM FROM DATE 10 DATE | TYPE | DATE ACTION | DATE

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|
PACKAGING
LOGISTICS NIIN/NOMENCLATURE STOWAGE C.G. HAZ
CODE LOCATION cL.

GMf0211

Figure 2-11.—Ammunition serial/location card.

AMMUNITION REQUISITIONS

Fleet units requisition all nonnuclear ordnance
using the Military Standard Requisitioning and Issuing
Procedures (MILSTRIP) format in a naval message.
MILSTRIP relies upon coded data for processing
requisitions by means of automatic data processing
equipment. Each ship is provided with an ammunition
allowance list of one form or another, depending on its
status/mission. The ship-fill allowance list is the one
you will be primarily concerned with. It lists the
ammunition types and quantities authorized for issue in
support of that ship's mission. This list includes the
training allowance. All ammunition requisitions must
be made with the allowance list in mind. Training
allowance increases may be requested.

At this writing, ammunition recording, requisi-
tioning, and reporting are in the process of being
automated throughout the fleet. The ordnance manager
will maintain his or her ledger and generate requisitions
and ATRs all from the same computer terminal. The
format, however, will remain the same.

There are many requirements and special instruc-
tions involved in the preparation of an ammunition
requisition. The mechanics of requisitioning ammuni-

2-17

tion are well beyond the scope of this manual. Refer to
chapter 8 of SPCCINST 8010.12 for detailed informa-
tion concerning ammunition MILSTRIP requisitions.
Your supply officer and the ship's Storekeepers (SKs)
are also excellent sources of expertise concerning
requisitions.

SHIPBOARD AMMUNITION
INSPECTION

LEARNING OBJECTIVES: Describe the
requirements, procedures, and information
sources governing magazine and ammunition
inspections, inventories, requisitions, and in-
ventory control.

During the late 1960s and early 1970s, the U.S.
Navy experienced several catastrophic explosions on
its ships. As a result of ensuing investigations, several
pertinent facts were disclosed. It was determined that
an apparent lack of understanding existed regarding
the inspection of ammunition. Gunnery personnel
were not familiar with the principle of the gas-check
system in the base of projectiles or were not familiar
with the gun ammunition lot number system and
the notice of ammunition reclassification (NAR) in



TWO24-AA-ORD-010. Results of the investigation
indicated that increased understanding was required.

From the foregoing it can be seen that all GMGs 3
and 2 should make every effort to increase their
knowledge of gun-type ammunition by seeking out and
studying all available OPs, ODs, and instructions.
Gaining this knowledge is not only beneficial to you in
self-satisfaction but in knowing the proper procedures
in the care and handling of ammunition and the steps to
be taken in emergencies.

An important point to remember is that
ammunition in any form is dangerous unless it is
properly tended. Any deviation from authorized
procedures can lead to problems. Minor unauthorized
acts can establish a train of events that can eventually
cause a magazine to blow. Therefore, it is imperative
that ordnance personnel follow standard operating
procedures exactly; if any doubt exists, contact the
nearest ammunition facility for guidance.

NAVSEA has directed the mandatory inspection of
5-inch, high-explosive-loaded  projectiles  with
gas-check seals (GCSs) before issue by NAVSEA
activities or an overseas ammunition issuing activity.
Gun projectiles fitted with a base fuze or base plug are
equipped with a GCS to prevent hot propellant gases
from penetrating into the explosive cavity of the
projectile body. This GCS inspection by experienced
ammunition personnel includes sighting that (1) the
GCS is not missing, (2) the GCS is symmetrical and
properly seated, (3) it is not cracked, cut or torn, and (4)
the BDF or base fuze hole plug (BFHP) is flush or
slightly below the projectile base. After inspection,
issuing activities ashore certify a good GCS by
applying a suffix, either A or B, according to
TWO24-AA-ORD-010 as appropriate, on the
projectile and the data card.

To safeguard against damage during subsequent
handling and the possibility of sabotage, the firing ship
should, before use, examine each 5-inch high explosive
loaded projectile for proper GCS. A complete
description of GCS inspection procedures is provided
in the Navy Gun Ammunition, NAVSEA
SW030-AA-MMO-010. Ordnance personnel should
also check ammunition to see that (1) waterproof
protecting caps are properly installed, (2) nose fuzes are
properly seated and not loose, (3) upper nose caps of
fuzes are intact, and (4) complete rounds can be
identified by lot identification number. This system of
identification is simple, but it requires study to
understand and must be followed to be effective.
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MAGAZINES

LEARNING OBJECTIVES: Recall the
types, designations, security measures, and
inspection criteria for shipboard magazines.

The term magazine applies to any compartment,
space, or locker that is used, or intended to be used, for
the stowage of explosives or ammunition of any kind.

The term magazine area includes the compartment,
spaces, or passages on board ship containing magazine
entrances that are intended to be used for the handling
and passing of ammunition. The term is also used to
denote areas adjacent to, or surrounding, explosive
stowages, including loaded ammunition lighters,
trucks, and railroad cars, where applicable safety
measures are required.

Magazines are arranged with regard to facility of
supply, the best obtainable protection, and the most
favorable stowage conditions.

MAGAZINE TYPES

There are many different types of magazines
provided on ships. Each magazine is designed
specifically for the type of ammunition it is to contain.
For our purpose, however, we will be concerned with
only three types—primary magazines, ready-service
magazines, and ready-service stowage.

Primary Magazines

Primary magazines are designed as ammunition
stowage spaces, generally located below the main deck,
and insofar as is practical, below the waterline. They
are adequately equipped with insulation, ventilation,
and sprinkler systems. These spaces must be provided
with fittings so that they may be locked securely.
Primary magazines accommodate a vessel's complete
allowance of ammunition for peacetime operation.

Ready-Service Magazines

Ready-service magazines are spaces physically
convenient to the weapons they serve. They provide
permanent stowage for part of the ammunition
allowance. Normally they are equipped with insulation,
ventilation, and ammunition sprinkler systems, and
should be secured by locking. The combined capacities
of primary and ready-service magazines are normally
sufficient to properly stow the ship's allowance for war
and emergencies.



Ready-Service Stowage

Ready-service stowages are those ammunition
stowage facilities in the immediate vicinity of the
weapon served. They include weather deck lockers,
bulwark (gun shield) racks, and 5-inch upper handling
rooms. This stowage normally is filled only when the
weapon is to be fired. There is little security for
ammunition in such stowage, and it provides the least
favorable protection from the elements.

All magazines are marked by appropriate label
plates showing the compartment number and the types
of ammunition to be stowed therein. Insofar as is
practical, magazines are designed to hold a single type
of ammunition.

MAGAZINE DESIGNATIONS

The following designations are given for
magazines whenever a single-purpose stowage is
practical:

e Powder magazines

e Fixed-ammunition magazines

Small arms magazines
Warhead lockers

Projectile magazines or rooms
Bomb magazines

Missile magazines

Fuze magazines

e Detonator lockers

e Pyrotechnic magazines or lockers

While stowage of a single type of ammunition in
individual magazines is desirable, it is not always
possible due to space limitations. Where a ship's
mission requires carrying various types of ammunition,
stowage of more than one type in one magazine is
acceptable. Current NAVSEASYSCOM instructions
authorize certain mixed stowage in magazines that
maintain a single-purpose designation.

Authorization of mixed stowage is at the discretion
of the operational commander. Such stowage does not
include pyrotechnics that have been removed from
containers, or fuzes and detonators that are not integral
parts of, or assembled within, the ammunition. These
items must be stowed according to the current
instructions related to the particular items.
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Where mixed stowage of ammunition is necessary,
precautions should be taken to make sure the various
types of ammunition are segregated within the
magazine and each type is suitably marked for ready
identification. All specific questions concerning
stowage requirements should be referred to
Ammunition Afloat, NAVSEA OP-4.

MAGAZINE SECURITY

In peacetime, all magazines, explosive lockers,
ready-service lockers, and all areas such as ammunition
hoists leading into magazine spaces are kept closed and
locked, except when they are opened for inspection, for
ventilating purposes, for testing, or for authorized
work. These spaces are not entered unnecessarily and
are opened only when authorized by the weapons
officer. The weapons officer is responsible for making
sure that the spaces are locked when the purpose for
which it was opened has been accomplished.

Magazines are intended for the stowage of
ammunition and for this only. A magazine is no place
for the stowage of empty paint or grease cans, oily
waste rags, or similar fire hazards. What goes for
material also goes for personnel. No one but those
authorized should ever be permitted in a magazine.
Even they should be there only when they have business
there. A magazine is no place to sit around and "shoot
the breeze."

The commanding officer (CO) is the custodian of
all magazine keys. The CO may, however, designate
certain persons under his or her command to have
custody of duplicate keys. Each morning keys are
drawn by a responsible Gunner's Mate for the purpose
of inspecting magazines and taking magazine
temperatures.

SECURITY OF NUCLEAR WEAPONS
MAGAZINES

With the rapidly changing world political picture,
nuclear weapons have begun to be considered as less of
a necessary component of the U.S. ready arsenal. At
this writing, the President has ordered the removal of
most nuclear weapons from U.S. surface ships.
Therefore, we will provide only a brief description of
the security requirements and procedures pertaining to
surface ship nuclear weapons.

Nuclear weapons, because of their strategic
importance, public safety considerations, and political
implications, require greater protection than their
security classification alone would warrant. The special



shipboard installations required for the safety and
security of these weapons vary with the type of ship and
weapon involved. As a GMG, your association with
nuclear weapons will be limited. However, it is possible
that because you are in the Gunner's Mate rating, you
might be called upon to take part in a ship's safety and
security program for nuclear weapons.

The following discussion provides a basis for
determining the minimum security requirements for
nuclear weapon spaces. The definitions that follow are
those used throughout the Navy in connection with
nuclear weapons:

e Access: Applied to nuclear weapons, physical
access that permits the opportunity to cause a nuclear
detonation.

e Exclusion area: A security area that contains one
or more nuclear weapons or one or more components of
a nuclear weapon system. The nature of the area is such
that mere entry constitutes access to the nuclear
weapon or permits the arming, launching, or firing of a
weapon.

e Controlled area: A security area that surrounds
an exclusion area. Aboard ship, this area includes the
entire ship when nuclear weapons are on board. When
on-loading or off-loading nuclear weapons alongside a
pier, the controlled area is extended to the pier.

e Nuclear weapon: Any complete assembly of its
intended ultimate configuration that, upon completion
of the prescribed arming, fuzing, and firing sequence, is
capable of producing the intended nuclear reaction and
release of energy.

Safety and security are considered to be
synonymous when it comes to nuclear weapons. The
main objective is to prevent an inadvertent or deliberate
nuclear accident or incident. The standards governing
the installation of safety equipment and facilities for
protecting the nuclear weapons must be according to
the criteria set forth in current NAVSEA and OPNAV
instructions.

INSPECTION OF MAGAZINES

The periodic (daily, weekly, monthly, bimonthly,
quarterly, semiannual, or annual) inspections of
magazines and their contents should be conducted
aboard ship and ashore according to instructions
contained in applicable publications and 3-M Systems
requirements. The primary source of magazine
inspection criterion is the appropriate 3-M Systems
maintenance requirement cards (MRCs). These

procedures are derived from the standards listed in
other source publications such as Ammunition Afloat,
NAVSEA OP-4.

Magazine Temperatures

The main purpose of a daily magazine inspection is
to check and record space temperatures. If you recall,
temperature is the single most important factor that
affects powder and propellant stability.

Temperature readings normally are taken once a
day. The exact time may vary, but most ships take the
readings in the morning (around 0800 for example). A
special maximum and minimum thermometer is used.
(Sometimes it's called a high-low thermometer.) Figure
2-12 illustrates a typical maximum and minimum
thermometer.

Every magazine or locker will have at least one
such direct-reading thermometer. It will be located
where maximum space temperature variations will
normally occur. It must be installed so it is readily
accessible for taking readings and resetting the index
pointers. Special brackets are available to mount the
thermometer where accidental damage can be averted.

View A of figure 2-12 shows the internal
components of the device. The temperature-sensitive

POINTER GAUGE DIAL

POINTER STEM
PROTECTIVE TUBE

BIMETALLIC ELEMENT
MOUNTING

HIGH
TEMPERATURE INDEX
INDEX RESET
POINTER MECHANISM
PRESENT
INDICATING
INDEX
POINTER INDEX
RESET
TEMPERATURE
INDEX
POINTER
B GMf0212
Figure  2-12.—Bimetallic maximum and minimum

thermometer: A. Internal components; B. Dial face and
pointers.



element is a single-helix low-mass coil. The coil fits
closely inside the thermometer stem. The bimetal
element is carefully sized and aged for lifetime
stability. The element is covered with a fluid to assure
good heat transfer. The fluid also permits maximum
speed of response and reduces pointer oscillations
caused by outside vibrations. The case and stem are
made from stainless steel for strength and anticorrosion
purposes.

View B of figure 2-12 illustrates the dial face of the
thermometer. It is 3 inches in diameter. A plastic
window protects the index pointers. The index reset
arm is on the outside of the window and is used to rest
the high-low pointers. Temperature graduations on our
example are marked off in 20-degree increments. The
approximate readings on this thermometer are 100EF,
high; 78EF, present; and 55EF, low. After you record
these temperatures, reset the high and low pointers in
line with the present pointer. As temperature rises
during the day, the present pointer pushes the high
pointer up the scale. As temperature falls during the
night, the present pointer reverses direction. It now
pushes the low pointer down the scale. As the sun
comes up, the present pointer moves up the scale. Thus,
we see three different temperature readings. They
reflect the temperature variations throughout a 24-hour
period.

The 45-degree spread between the high and low
pointers in our example is a bit large, but illustrated for
clarity in our explanation. However, it could happen.
The reading you must be cautious about is the 100EF

high. The magazine air-conditioning (A/C) or
ventilating system should be turned on in this instance.
The optimum temperature should be around 70EF. If
the A/C system is not working, artificial cooling (fans,
blowers) might have to be used.

The bimetallic maximum and minimum
thermometer described is becoming the standard
thermometer in shipboard magazines. You may come
across a different model. It only has a maximum (high)
index pointer and a reset knob. This type of
thermometer is acceptable. The older liquid-in-glass
(tube) mercury high-low thermometer is no longer
authorized for shipboard use. These mercury units
should be replaced with the bimetallic-type
thermometer.

Records of Magazine Inspections

Like other maintenance procedures, magazine
inspections and ammunition surveillance operations
are performed periodically according to a prescribed
3-M schedule. The magazine inspections and
surveillance operations presently prescribed for all
United States naval vessels are listed in OP 4 and on
applicable MRCs.

Written records must be kept of all maintenance
operations, whether they are routine or not. As far as
magazine inspections and ammunition surveillance are
concerned, the most common written record is the daily
magazine temperature report form (fig. 2-13) and
magazine temperature record. 3-M Systems records

MAGAZINE TEMPERATURE RECORD
5ND GEN 90 (REV 11-48)

COMPARTMENT THERM. NO. MONTH
A 304 M 2114 RiL
DATE MAXIMUM MINIMUM INITIAL
84 78 Pdc

82 yd”) X4

[ LV N RV SN &

29
30
31

P&PO NorVa 11-2-48 99014 (Jc 8) 8M

DAILY MAGAZINE TEMPERATURE
DD, DE CLASSES
NOTE: To be submitted to O.O.D. by 1130 daily

uss DATE
7 E JREmEN DS L Ale 93
MAX?M P IN
d A-F°Y
IN
MINIMU, o
INSPECTED MAGAZINE'S CONDITION
INSPECTED MAGAZINE VENTILATION CONDITION
ox

INSPECTED SMOKELESS POWDER SAMPLES CONDITION

CONDUCTED WEEKLY JEST OF MAGAZINE SPRINKLER SYSTEMS

owre /AL I3

REARKSTES 7 of mAGH z/n/E SAC L EC
SYSTEMS M;?:Farcra‘e/

SIGNATURE (GMC or GM in Charge)| SIGNATURE (Gunnery Officer)

{W IM@A,

DESLANT FORM 8000-7 (Rev. 11/5.5)

GMf0213

Figure 2-13.—A. The magazine temperature record; B. Daily magazine temperature report.
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may also be considered as records of magazine
inspection.

The magazine temperature record is a card posted
in each magazine. Every day you enter the maximum
and minimum temperatures recorded for the previous
24 hours in that magazine. The card is replaced every
month, and the old one is turned over to the weapons
officer.

The daily magazine temperature report sum-
marizes the results of magazine inspections for the
whole ship. This form includes not only spaces for
entering the highest and lowest magazine temperatures,
but also for reporting the condition of the magazines
and their ventilating devices, and (under Remarks) for
miscellaneous nondaily routine work.

The daily magazine temperatures are transferred
from the record cards to a magazine log that is a
permanent record of all magazine temperatures. A
separate section of the magazine log should be set aside
to record the results of the monthly sprinkler system
tests.

Magazines are considered to be in satisfactory con-
dition if inspection shows the space meets the
requirements listed on applicable MRCs. Daily inspec-
tion requirements usually include checking the general
condition and cleanliness of the space. Less frequent
inspections (monthly, quarterly, and so on.) normally
direct a more detailed check of specific magazine
conditions and equipment. Each 3-M inspection
requirement should be completely understood and
followed to the letter. Doing so not only ensures a safe
ammunition storage area but also fulfills the require-
ments of periodic inspections, such as the explosive
safety inspection (ESI). ESI inspectors use the same
inspection criteria as are found on your MRCs.

MAGAZINE SPRINKLER SYSTEM

LEARNING OBJECTIVES: Describe the
purpose, components and functioning of
shipboard magazine sprinkler systems.
Identify the various control valves, gauges, and
alarm systems.

Sprinkler systems are used for emergency cooling
and fire fighting in magazines, ready-service rooms,
ammunition- and missile-handling areas. A magazine
sprinkler system consists of a network of pipes secured
to the overhead and connected by a sprinkler system
control valve to the ship's saltwater firemain. The pipes
are fitted with sprinkler head valves that are arranged so
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that the water forced through them showers all parts of
the magazine or ammunition- and missile-handling
areas. A modern sprinkler system can wet down all
exposed bulkheads at the rate of 2 gallons per minute
per square foot and can sprinkle the deck area at the rate
of 4 gallons per minute per square foot. Magazine
sprinkler systems are designed to completely flood
their designated spaces within an hour. To prevent
unnecessary flooding of adjacent areas, all
compartments equipped with sprinkler systems are
watertight. Upper deck-handling and ready-service
rooms are equipped with drains that limit the maximum
water level to a few inches. Magazines are completely
enclosed; if flooded, they would be exposed to the full
firemain pressure. The firemain pressure on most ships
is considerably higher than the pressure magazine
bulkheads could withstand; therefore, magazines are
equipped with exhaust ventilators located in the
bulkhead near the overhead. An exhaust ventilator is a
pipe with a check valve that permits pressure release
(usually to topside). Since the diameter of the pipe is
large enough to allow water to flow out as fast as it
flows in, no excess pressure can build up in the
magazine compartment.

On newer ships, magazines are also equipped with
small, capped drainpipes located in the bulkhead near
the deck. The caps may be removed in the adjacent
compartment to drain flooded magazines.

In their complexity, the sprinkler system control
valve and associated components vary with the type of
ammunition intended for stowage in the magazine.

There are two basic types of hydraulically
controlled  saltwater/seawater-operated  sprinkler
systems—the dry type and the wet type. Both types
may be found on the same ship. However, the dry type
is normally installed in gun ammunition magazines
and the wet type installed in missile magazines. For
this reason, only the dry type is covered in this
chapter. Technical information on both types is
contained in Magazine Sprinkler System, NAVSEA
S9522-AA-HBK-010.

The remaining coverage of the sprinkler system is
presented as follows:

e Magazine sprinkler control valves (commonly

referred to as main valves)
Hydraulic (saltwater/seawater) control systems
Automatic (thermopneumatic) control systems

Sprinkler alarm systems



MAGAZINE SPRINKLER CONTROL VALVES

Magazine sprinkler valves are normally closed,
globe-type valves that are designed to open wide upon
actuation and supply seawater to the sprinkler system.
They are diaphragm operated and manufactured by
either the CLA-VAL or Bailey Company. Both valves
open on a minimum operating pressure of 40 psi. Each
of these valves is held closed by the combined force of
the valve spring and the firemain pressure acting on top
of the valve disk.

The diaphragm-operated control valve (fig. 2-14) is
held closed by firemain pressure acting against the
valve disk and the valve spring force acting against the
upper diaphragm washer. When the control system is
actuated, seawater from the firemain (operating
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pressure) enters the diaphragm chamber and acts
against the lower diaphragm washer. The area of the
lower diaphragm washer is larger than the area of the
valve disk. Accordingly, the magnitude of the resultant
upward force is sufficient to overcome the downward
forces of the valve spring and the firemain pressure
acting against the valve disk. When the control system
is secured, the operating pressure is bled from the
diaphragm chamber and the valve is closed by the force
of the valve spring.

NOTE

The test fittings or test casting for the Bailey and
CLA-VAL models are NOT interchangeable.
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Figure 2-14.—Diaphragm-operated magazine sprinkler control valve.




HYDRAULIC CONTROL SYSTEM

The hydraulic control system is installed to permit
rapid actuation of the dry-type magazine sprinkler
system. It uses seawater from the firemain for the
operating pressure to actuate or secure the magazine
sprinkler system.

The hydraulic control system (which is better
known as the operating pressure circuit) consists of the
control system piping, manual control valve,
hydraulically operated remote control valve,
spring-loaded lift check valves, and a hydraulically
operated check valve (normally used with the
diaphragm-operated magazine sprinkler valve) or a
power-operated check valve (normally used with the
piston-operated magazine sprinkler valve).

Operating Pressure Circuit (Control System
Piping)

The operating pressure circuit connects the manual
control valves, the hydraulically operated components
of the control system, and the magazine sprinkler valve.
The operating pressure circuit is divided into an open
and a close loop. The open loop transmits operating
pressure from the open port of the manual control
valve(s) to the operating chamber of the magazine
sprinkler valve and the inlet of the hydraulically

SUPPLY

[[}]]
il

NEVTRAL

O

%

-
w3

—
—

SAFETY WIRE
LOCKING KEY i gl
]
SAFETY CHAIN
GMf0215

Figure 2-15.—Manual control valve.
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operated check valve via the hydraulically operated
remote control valve. The close loop transmits
operating pressure from the close part of the manual
control valve(s) to the operating pressure connections
of the hydraulically operated remote control valve and
the hydraulically operated check valve.

Manual Control Valves

The manual control valve is a rotary disk plate-type
valve that is installed to permit rapid hydraulic
operation of the magazine sprinkler valve. Most
systems allow manual sprinkler activation and securing
from either a local operating station or a remote station.
This application uses the three-way, three-position
manual control valve (fig. 2-15). Applications that do
not incorporate a remote manual control station or an
automatic control feature use a three-way, two-position
manual control valve.

A locking device, in the form of a key, is installed in
the control valve handle to prevent accidental operation
of the sprinkler system. The locking key is secured to
the handle with a single strand lead wire seal and
fastened to the valve cover by means of a safety chain.

Hydraulically Operated Remote Control Valve

The hydraulically operated remote control valve
(fig. 2-16) is a diaphragm-operated, globe-type valve
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Figure 2-16.—Hydraulically operated remote control valve.
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Figure 2-17.—Spring-loaded lift check valve.

that is opened by operating pressure acting against the
underside of the disk and closed by operating pressure
acting on the top of the diaphragm. The purpose of this
valve is to permit the magazine sprinkler valve to be
secured from an operating station other than the one
from which it was actuated. Additionally, this valve
permits the magazine sprinkler valve to be secured
from any control station when it has been actuated
automatically.

Spring-Loaded Lift Check Valves

This valve (fig. 2-17) is a spring-loaded,
diaphragm-operated lift check valve that closes tightly
against reverse flow and opens wide to permit flow in
the normal direction. Spring-loaded lift check valves
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permit the control system to be operated from more
than one control station by preventing backflow
through the other stations.

Hydraulically Operated Check Valves

The hydraulically operated check valve (fig. 2-18)
is a normally closed, diaphragm-operated, globe-type
check valve that is opened by operating pressure in the
close loop acting against the underside of the
diaphragm. This valve permits the operating pressure to
be vented from the diaphragm chamber of the magazine
sprinkler valve, thereby permitting that valve to close
rapidly and completely. This valve is normally installed
in conjunction with the diaphragm-operated magazine
sprinkler valve.

VALVE SPRING

FLO

GMf0218

Figure 2-18.—Hydraulically operated check valve.



Power-Operated Check Valves

The power-operated check valve (fig. 2-19) is a
normally closed, piston-operated, poppet-type valve
that is opened by operating pressure from the close loop
of the operating pressure circuit acting against the
piston. When the valve opens, the operating pressure is
released from the piston of the magazine sprinkler
valve, thereby permitting the valve to close completely.
This valve is normally installed in conjunction with the
piston-operated magazine sprinkler valve.

Orifices

There are two 0.098-inch orifices installed in the
control system piping. The primary purpose of the
orifices is to prevent a buildup of pressure in the control
system piping as a result of leakage past a control
system component. Additionally, the orifices serve to
vent the operating pressure from the control system
piping when the manual control valve is returned to the
NEUTRAL position. Orifice No. 1 is installed in the
open loop upstream from the hydraulically operated
check valve. Orifice No. 2 is installed in the close loop
adjacent to the operating pressure connection of the
hydraulically operated check valve. When the control
system is actuated, there will be a steady flow of water
from orifice/drain line No. 1 and no flow from
orifice/drain line No. 2. When the control system is
secured, there will be a steady flow of water from
orifice/drain line No. 2 and a diminishing flow from

N FLOW

orifice/drain line No. 1. When the manual control valve
is returned to the NEUTRAL position, the operating
pressure is vented from the close loop via orifice/drain
line No. 2, thereby permitting the hydraulically
operated check valve to close.

The orifices and valves of the hydraulic control
system described in this section are illustrated in figure
2-20 by symbols. Pay particular note to the legend list
for the symbols. In addition to the orifices and valves,
this figure also identifies the open and close loops of the
operating pressure circuit.

AUTOMATIC (THERMOPNEUMATIC)
CONTROL SYSTEM

Most gun magazine sprinkler systems are equipped
with an automatic control system. This control system
is designed to actuate the magazine sprinkler system in
response to either a rapid rate of rise in temperature or a
slow rise to a fixed temperature. The thermopneumatic
elements, which monitor the temperature of the
magazine and activate the sprinkler system, generate a
pneumatic signal in response to thermal action. The
pneumatic signal can be either a sudden increase or
decrease in air pressure.

The automatic control system consists of
heat-sensing devices (HSDs), transmission lines
(rockbestos or rockhide-covered copper tubing), circle
seal check valves, and a pneumatically released pilot
(PRP) valve.
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Figure 2-19.—Power-operated check valve.
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SYMBOLS

M — GATE VALVE
thi- GATE VALVE, LOCK SHIELD

15~ HYDRAULICALLY OPERATED REMOTE VALVE
(NORMALLY OPEN)

L83~ CHECK VALVE, HYDRAULICALLY OPERATED
|~ CHECK VALVE, LIFT, SPRING LOADED
£~ CONTROL VALVE, 2 WAY, 3 PORT

) - CONTROL VALVE, 3 WAY, 3 PORT
Q, - ExPANSION LooP

@— PRESSURE GAUGE

& - STRAINER

== 0.008" ORIFICE PLATE
&~ HEAT SENSING DEVICES
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Figure 2-20.—Hydraulic (SW) and thermopneumatic control system for magazine sprinkler valves.
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Heat-Sensing Device (HSD)

The HSD (fig. 2-21) is a thin-walled, spring-loaded
bellows containing air that is designed to create a
pressure in response to either a rapid or slow rise in
temperature.

As shown in figure 2-21, HSDs consist of a
thin-walled, spring-loaded bellows containing air that
creates a pneumatic signal when the device is actuated.
The spring and bellows are held in the
compressed/expanded positions, respectively, by a
fusible link that connects the bellows, device to the
HSD housing. The fusible link is designed to part when
the link temperature reaches 160EF (+3EF).

HSDs are mounted on the overhead of the protected
space and are connected to the manifold of the PRP
valve by individual 1/8-inch transmission lines. A
circle seal check valve is installed in each transmission
line.

In the event of a fire, resulting in a rapid rise in
temperature in the protected space, heat is absorbed by
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Figure 2-21.—Heat-sensing device (HSD).

the HSD. The heat is conducted to the air within the
bellows, causing it to expand and create a pressure. The
pressure is transmitted to the rear of the release
diaphragm of the PRP valve, thereby creating the
differential pressure necessary to trip that valve.

In the event of a smoldering fire, resulting in a slow
rise in temperature in a protected space, the pressure
created within the bellows increases too slowly to trip
the PRP valve. When the temperature reaches 160EF
(£3EF), the fusible link in the end of the collet parts,
thereby removing the restraint holding the bellows. The
bellows then collapses under the tension of the spring.
The sudden compression creates a pressure impulse
that is transmitted to the rear of the release diaphragm
of the PRP valve, thereby creating the differential
pressure necessary to trip that valve.

Transmission Lines

The transmission lines that connect the
thermopneumatic elements to the PRP are rockbestos
or rockhide-covered seamless copper tubing.

Vented Check Valve

The vented check valve (fig. 2-22) is a brass,
spring-loaded check valve that is designed to check
against a rapid change of air pressure in one direction
and to open when air pressure is applied in the other
direction. One vented check valve is installed in each
transmission line (above the PRP and maximum of 12
per PRP) from an HSD with the direction-of-flow
arrow pointing toward the PRP. Since the PRP manifold
contains only six ports for transmission tubing
connection, systems requiring seven or more HSDs will
"Tee" together vented check valves, starting with the
seventh check valve. The check valves prevent the rapid
increase in air pressure created in an individual HSD
from pressurizing the entire system. The check valve
body contains a vent installed in a bypass around the
main valve. The vent permits a slow backflow of air to
equalize system pressure in response to normal changes
in ambient temperature.

Pneumatically Released Pilot (PRP) Valve

The PRP valve (fig. 2-23) is a normally closed
spring-loaded pilot valve that opens automatically to
actuate the magazine sprinkler system in response to a
pneumatic signal from one or more thermopneumatic
elements.
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Figure 2-22.—Vented check valve.

The main components of the PRP valve are the
operating mechanism, the compensating vent, and the
pilot valve. The operating mechanism and
compensating vent are housed in a circular bronze case.
The pilot valve is mounted on the front of the case. The

pilot valve is installed in a 3/8-inch line that connects
the firemain to the sprinkler system hydraulic control
system piping. The PRP valve case is provided
with shock mounts and brackets for fastening to a
bulkhead.
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Figure 2-23.—Pneumatically released pilot (PRP) valve.
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The operating mechanism consists of a
spring-loaded operating lever operated by a release
diaphragm through a series of linkages and levers. The
rear of the release diaphragm is connected to the tubing
from the HSDs. The front of the release diaphragm is
open to the interior of the PRP valve case. The
compensating vent connects the two sides of the
diaphragm. The diaphragm moves to trip the release
lever in response to either a sudden or gradual increase
in pressure transmitted from one or more HSDs. When
the PRP valve is set, the operating lever is cocked to
hold the valve closed. When the PRP valve is tripped,
the operating lever is released to rotate through a
clockwise arc. The angular motion is transmitted to the
pilot valve lever by a connecting shaft.

The pilot valve is a cast bronze assembly that
houses the valve seat and the seat holder. The end of the
pilot valve outlet piping serves as the seat. The seat
holder is a Monel cylinder that contains a rubber seat
disk bonded to one end and an adjusting screw and
locknut on the other end. At assembly, the ball end of
the pilot valve lever is inserted in the middle of the seat
holder between the adjusting screw and the shoulder of
the seat disk. An antichatter spring is provided between
the ball of the lever and the back of the seat disk.

The pilot valve lever is designed to pivot about a pin
fastened to the PRP valve case. When the PRP valve
release diaphragm is tripped, the movement of the pilot
valve lever causes the seat holder to move away from
the seat, thereby permitting seawater to enter the
hydraulic control system piping and actuate the
sprinkler system.

The PRP valve is equipped with a compensating
vent that functions to "leak off" the slight increases or
decreases of pressure within the HSDs caused by
normal temperature fluctuations in the protected
compartment. This leakoff of slow pressure changes
equalizes the pressure on both sides of the release
diaphragm and prevents inadvertent tripping of the PRP
valve. The compensating vent is calibrated and adjusted
at the factory. No adjustments should be undertaken by
ship's force.

Accordingly, the rate-of-rise circuit is designed to
trip the PRP valve and actuate the sprinkler system
when sufficient heat is absorbed by the HSDs to create a
definite pressure within the circuit over a given period
of time. This pressure acts against the rear of the release
diaphragm to create the pressure differential necessary
to trip the PRP valve. A slower rate of heat absorption
will not cause the system to function, as provision is
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made within the PRP valve to compensate for normal
temperature changes in the protected space.

The HSDs are connected to the manifold of the
PRP valve. In the event of a rapid rise in temperature,
the air within the HSD expands and transmits a pressure
to the rear of the PRP valve release diaphragm. In the
event of a smoldering fire, a fusible link on the end of
the HSD parts when the temperature in the space
reaches 160EF, +3EF. When the link parts, a
spring-loaded bellows is released. The rapid
compression of the bellows transmits a pressure to the
rear of the PRP valve release diaphragm. In both
instances a differential pressure is created to trip the
PRP valve.

A differential pressure of at least 8 ounces psi
across the release diaphragm is necessary to trip the
PRP valve.

NOTE

The gauge mounted on the front of the PRP valve
indicates the pressure within the entire system—not
the differential pressure. At times the gauge may
indicate a positive pressure within the system. This is
a normal condition caused by expansion of air within
the system as a result of increased ambient
temperature. The pressure indicated on the gauge
exists on both sides of the PRP valve release
diaphragm.

For a complete operating description of all the
different magazine sprinkler system configurations,
refer to Magazine Sprinkler Systems, NAVSEA
S9522-AA-HBK-010.

MAGAZINE ALARM SYSTEMS

Several types of warning devices or systems are
used on board ship. One of them is the alarm system
activated by the water switch (fig. 2-24) on the dry side
of the sprinkler system main (group) control valves.
This alarm is designated FH and indicates by sound or
by light when the main control valve is open or leaking.
Another type of alarm is the flooding alarm, designated
FD, that incorporates a float switch located near the
deck. As water accumulates on the deck, the float rises,
making a set of contacts and sounding an alarm. It is
worth considering that, in the event the sprinkler system
is actually activated, both alarms would sound within
seconds of each other. Remembering this will help you
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Figure 2-24.—FH alarm sensor.

react appropriately when you receive notification that
an alarm has been triggered.

Another type of alarm system used is actuated by
heat, designated F alarm. This alarm sounds when the
temperature in an ammunition stowage area rises to
105EF. With this warning, the temperature can be
reduced before sprinkling becomes necessary.

AMMUNITION HANDLING AND
SAFETY

LEARNING OBJECTIVES: Identify and
describe the equipment and requirements for
the safe handling and storage of Navy
ammunition. Understand the Qual/Cart
program and its associated training.

The safe handling and storage of Navy ammunition
requires a high degree of knowledge and skill on the
part of all involved. You will be expected to operate
heavy equipment and configure ammunition for
underway replenishment. You will also be responsible
for training and supervising individuals serving as
members of ammunition-handling work parties. In this
section we will discuss the loading/offloading plan and
describe some of the common handling equipment and
ammunition-handling training programs. We will also
identify some ammunition safety requirement
publications that you should use for further study.

Before handling any ordnance, a plan must be
formulated and implemented to ensure maximum
efficiency and, most importantly, the safety of the
evolution. Normally, the basic guidelines for various
handling operations may be found in the unit Standard
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Organization and Regulation Manual (SORM).
However, the individual plan for each evolution should
be issued as a weapons (or combat systems) department
notice or instruction based on the type of operation to
be performed.

Arrival Conference

Before or upon arrival of a Navy ship at an
explosives pier for loading or offloading of ammunition
or other hazardous material, a conference should be
held to coordinate safety procedures on the pier and on
board ship. The commanding officer or authorized
representative of the ammunition activity and the
commanding officer of the ship, with other designated
ship's personnel, should attend the conference.

LOADING/OFFLOADING PLAN

Prior to loading or offloading any ammunition
(other than the small amounts which will be handled by
qualified  weapons  personnel), a  workable
ammunition-handling plan should be outlined and
promulgated in the form of a weapons department
notice. The ship's organization manual may include a
standard loading plan. If not, you can probably find a
previously used plan in your weapons department files
of instructions and notices. This plan can be used as a
guideline, but will very likely have to be altered to meet
present circumstances.

Your loading plan should include the following
information:

1. A sketch or drawing showing the positions of
all stations where ammunition will be taken aboard;
and, if the ship is to be at an anchorage, the positions
that all barges, camels, cranes, and associated
equipment will take alongside the ship.

2. The types and amounts of ammunition to be
taken aboard at each station.

3. A clear description of the route that each type
of ammunition will take from the onload station to the
magazine.

4. A list of personnel assigned to each station,
providing for rotation, chow relief, and change of
station upon completion of comparatively short
assignments.

5. A list of the ammunition-handling equipment
to be supplied at each station by the ship. This
equipment should be thoroughly inspected before the
operation.



6. A list of the ammunition-handling equipment
to be supplied by the ammunition or other facility, and
where the equipment will be required. This will include
such equipment as cranes, conveyor belts, bomb trucks,
and electric forklifts.

7. A definition of smoking areas (if any).
8. A list of all pertinent safety precautions.

9. A list of the types and amounts of ammunition
to be loaded into each separate magazine. (A loading
plan for each magazine should be given to the officer or
petty officer in charge of its stowing.)

Depending on the circumstances, you may find
other important items to add to your loading plan. An
offloading plan includes much of the same information
as the loading plan, except, of course, that routings and
participants might be different.

All persons in a supervisory capacity should
receive a copy of this plan. If at all possible, supervising
petty officers should be assigned to stations where
personnel of their own division are working. This will
prove especially helpful should it become necessary to
shift large groups to another station during the
operation.

Standard Form 46
Revised Jan. 1977

U.S. Government Motor Vehicle [Gara no.

P rapter 930 Operator's Identification Card
Name of Operator Sex Date Issued

Height Weight | Date of Birth Social Security No. Date Expires
Color of NOT TRANSFERABLE | Signature of Operator (Nof valid
Card must be caried until signed)

Hair Eyes |at all times when
operating Govern-
ment vehicles.

Name and Location of Issuing Unit Signature and Title of Issuing Official

The holder of this card is qualified to operate U.S. Government vehicles and/or
equipment specified, subject to the restrictions set forth on the reverse of this card.

PRIVACY ACT NOTICE

Authority:  This information is provided pursuant to Public Law 93-579 (Privacy Act of
1974), December 31, 1974, for individuals being issued Standard Form 46, US. Gov-
ernment Motor Vehicles Operator's Identification Card, U.S. Code, Title 5, section 301.

Purposes and Uses: The purpose of SF46 is to identify Federal employees who have been
authorized by their agencies to operate Government-owned motor vehicles.

Effects of Nondisclosure: The effect of nondisclosure of the information required on the
SF 46 is that an individual will not be authorized to drive a Federal motor vehicle.
Failure to disclose accurate information that results in a negative reply from the Na-
tional Drivers Register Service can result in revocation of anissued operator's identifi-
cation card. The disclosure of this information is mandatory when an employee's job
requires driving a Federal motor vehicle and is voluntary otherwise.

Information Regarding Disclosure of Your Social Security Number Under Public Law 93-
579 Section 7 (b): Disclosure by you of your Social Security Number (SSN) is

(continued on reverse)
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INSPECTION BEFORE ACCEPTING

Prior to acceptance of a shipment of ammunition
and explosives, a ship's representative, in company with
an ordnance facility representative (the supervisor in
case of a loaded lighter), should inspect the seals of the
vehicle and check the general condition of the
shipment. Before loading a common carrier, it must be
carefully inspected to ensure that all requirements of
the DOD and the DOT or USCG have been met. It is
imperative that the following checks be accomplished:

1. Ensure that the material is properly boxed in
correct shipping containers. Ensure that there are no
leaky containers, and that none are broken or so weak as
to break during transportation. In those cases where
leaky containers or other damaged materials are being
turned into an ammunition activity (offloaded), ensure
that they are plainly marked and segregated from other
materials.

2. Ensure that the total quantity shipped and/or
received is in agreement with the invoice (if feasible at
this point).

3. Ensure that the material is properly stowed (or
stacked and braced in the vehicle to prevent damage to
containers or contents) according to applicable regula-
tions.

Restrictions

QUALIFIED TO OPERATE
Type Vehicle and/or Equipment Capactiy

Qualifying Official

OTHER RECORDS (Optional)

*GPO: 1978 O -261-647 (3525)

mandatory to obtain the U.S. Government Motor Vehicle Operator's Identification Card.
Solicitation of the SSN by the United States Civil Service Commission is authorized
under provisions of Executive Order 9397, dated November 22, 1943. The SSN is used
as an identifier throughout your Federal career from the time of application through
retirement.

The SSN will be used by the National Drivers Register Service in conducting a routine
check of your driving record. The SSN also will be used by the Civil Service Commission
and other Federal agencies in connection with lawful requests for information about you
from former employers, educational institutions, financial, law enforcement, or other
organizations. The information gathered through the use of the number will be used only
as necessary in personnel administration processe carried out in accordance with estab-
lished regulations and published notices of systems of records. The SSN also will be used
for the selection of persons to be included in statistical studies of personnel management
matters. The use of the SSN is made necessary because of the large number of present
and former Federal employees and applicants who have identitiesnames and birth dates,
and whose identities can only be distinguished by the SSN.

BACK
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Figure 2-25.—Operator's identification card.



The BRAVO flag (solid red flag) should be
prominently displayed during daylight (a red light at
night) by any vessel or barge transporting, onloading,
and offloading explosives or ammunition.

OPERATION AT NIGHT

Live ammunition and explosives should not be
loaded on or discharged from a ship or lighter at night
except in an emergency or when required by the ves-
sel's sailing schedule, or as authorized by
NAVSEASYSCOM. Piers should be adequately
lighted and equipped with fire protection and safety
equipment. If loading or unloading is not completed
during the day, proper precautions should be taken to
guard and protect against fire, and a sufficient crew
should be on hand to adequately cope with emergencies
that might arise. If night operations are required, only
carefully placed, approved electric lights, portable
lanterns, or flashlights should be used inside the ship or
lighter, or in the adjacent areas.

Lighting equipment should meet the standards of
the National Electric Code as follows:

1. Extension lights should be fitted with exterior
globes and stout guards to protect the bulbs.

2. Wire leading to the lights should be sound and
heavily insulated and show no evidence of being likely
to short circuit.

3. Extension lights should be suspended in such a
manner that no strain is carried by the light cable; they
are not to be suspended by the cable.

4. Extension lights should be so guarded and
protected that neither the light nor the light cable will be
in contact with any metal part of the ship, lighter,
vehicle, handling equipment, or with any of the
ammunition, explosives, or their containers.

5. Extension lights should have an outside power
source not connected in any way to the lighter, railroad
car, truck, or vehicle.

HANDLING EQUIPMENT

Afloat and ashore, Gunners' Mates handle, store,
and transport all types of ammunition and ammunition
components. This involves the use of many different
types of handling equipment. In this section we will
introduce you to industrial materials-handling equip-
ment (MHE) and some of the slings currently in use.
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Industrial Materials-Handling Equipment (MHE)

Many sea and shore billets now require Gunners'
Mates to perform as industrial MHE operators—most
commonly as forklift truck drivers. The forklift truck is
an important tool for moving large quantities of
pelletized ammunition. Operators of self-propelled
forklift trucks are required to complete a physical
examination, mental test, and training before being
certified to operate the equipment. Figure 2-25 shows
the front and back of the operator's identification card.
Certification is valid for 1 year.

Forklift trucks are assigned standard alphabetical
type designations to identify their fire and explosive
safety features and power source. Table 2-2 lists the fire
and safety designations for MHE.

Table 2-2.—MHE Fire and Explosion Safety Designations

1. Type D - Diesel-powered, minimum acceptable
safeguards against fire hazards (because of its
limited use for ordnance handling, this type of

truck is not currently procured).

Type DS - Diesel-powered, additional safeguards
to exhaust, fuel, and electrical systems.

Type E - Electrically powered, minimum ac-
ceptable safeguards against igniting fire or ex-
plosion (because of its limited use for ordnance
handling, this type of truck is not normally
available at ordnance-handling activities).

Type EE - Electrically powered, all the safe-
guards to type E plus electric motor and all
other electric equipment completely enclosed.
Generally referred to as spark enclosed.

Type EX for Class I, Group D Hazards -
Electrically powered, all electrical fixtures and
equipment constructed and assembled in such a
manner that it may be used in certain
atmospheres containing flammable vapors. Gen-
erally referred to as explosion-proof.

Type G - Gasoline-powered, minimum accept-
able safeguards against igniting fire or explosion.

Type GS - Gasoline-powered, additional safe-
guards to exhaust, fuel, and electrical systems
over type G.

Type H - Hand-powered.

Type HS - Hand-powered, nonsparking wheels.




The most common forklift truck is the standard
forklift truck, type EE, code 1370 (fig. 2-26). This
forklift is currently in use aboard ships and at shore
activities. At shore activities this truck is used inside
magazines and buildings; a comparable diesel-powered
truck is used in open air operations.

For a more detailed description of forklift trucks
and other MHE, refer to Handling Ammunition,
Explosives, and Hazardous Materials with Industrial
Materials-Handling Equipment (MHE), NAVSEA
OP-4098.

Safety Precautions For Industrial
Materials-Handling Equipment (MHE)

The safety precautions and instructions pertaining
to the safe operation and use of ammunition- and
explosives-handling equipment prescribed in this
section, NAVSEAINST 5100.19, OP 4, OP 5, OP 1014,
OP 3347, and the applicable safety manual for
particular weapons should be strictly observed by all
naval activities, afloat and ashore.

Forklift trucks, pallet trucks, platform trucks,
crane trucks, and warehouse tractors and trailers
(industrial MHE) are used in various ammunition- and
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explosives-handling operations. This equipment is
designed to save time and labor. Improper and careless
operation or use of this equipment, however, causes
accidents, which may result in fatal or serious injury. It
may also cause damage to valuable supplies and
equipment, resulting in a reduction of the efficiency of
the handling operation. Therefore, it is imperative that
the safety precautions and instructions prescribed for
all kinds of industrial MHE be followed to the letter.

CARGO NETS.—When ammunition is being
embarked or discharged from a ship in port, a cargo net
should be rigged between the ship and the dock, or
between the ship and the ammunition lighter, to catch
any ammunition that may be dropped.

Cargo nets should not be used for transferring
explosives and ammunition except to enclose a pallet,
skip board, or tray. In hoisting or lowering containers
with cargo nets, a rigid wooden platform should be
fitted in the net.

MATS.—The cargo mat (fig. 2-27) is a closely
woven mat having no openings or mesh. The mat is
constructed of 3-inch coil, which is a coconut husk fiber
rope. The mats are available in two sizes—6-feet square
and 4-feet square. The mats are designed with looped
eyes on each corner for lifting.

IDENTIFICATION
PLATE
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Figure 2-26.—Standard forklift truck, type EE, code 1370.
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Figure 2-27.—Cargo mat.

The mat is used aboard ship and at shore stations. It
is used also inside cargo nets or skip boxes for the
protection of the cargo. It is used to cushion the landing
of a draft or material that is transferred on a slide.

SKIP BOX.—The cargo-handling box (skip box)
(fig. 2-28) is made of wood except for the iron corner
angles and stiffeners. This type of handling device is
ideal for handling ammunition that is light enough to be
handled by hand. The cargo-handling skip box is also
used ashore and afloat. The heavy timber skids
underneath permit the use of forklift trucks or slings to
handle the box.

PALLET ADAPTERS.—The Mk 11 Mod 1 top
spacer used with the Mk 11 Mod 1 bottom spacer (fig.
2-29) makes a complete pallet adapter for handling
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Figure 2-28.—SKkip box.

rocket heads and projectiles. The top and bottom
spacers are fabricated of steel wire. The bottom spacer
has 12 recesses, each of which holds the base of a
projectile. The top spacer has 12 equally spaced holders
to receive and hold the noses of the projectiles in a
vertical position. The top spacer is reversible; one side
is used for rocket heads—the other for projectiles.
There is a lifting link on each side of the top spacer.

The Mk 11 Mod 1 pallet adapter is used ashore and
afloat, and will handle a unit load of 12 5"/54
projectiles. It will also handle 12 5" rocket heads. Flat
steel strapping should be used to secure the load on a
40- by 48-inch pallet.

X
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Figure 2-29.—Mk 11 Mod 1 pallet adapter.



The Mk 16 Mod 0 pallet adapter (fig. 2-30) is a
complete pallet adapter consisting of a top frame, rear
frame, and front frame. It is used aboard ship and at
shore stations and is capable of handling a capacity load
of 39 5"/54 cartridge tanks. To secure the load on a
pallet, flat steel strapping should be used.

Special Handling Regulations for Bulk Explosives
and Gun-type Ammunition

Extreme care must be taken in handling black
powder, smokeless powder, or other bulk explosives
since they are highly flammable and sensitive to
friction, shock, sparks, heat, and static electricity. Only
nonsparking tools should be used to open containers of
these explosives. The special handling instructions
prescribed in the paragraphs that follow should be
observed when handling gun-type ammunition.

PROJECTILES.—Load  projectiles—whether
packed or unpacked, grommeted, crated, or
palletized-should be carefully handled and stowed to
avoid detonation or damage to rotating bands,
bourrelets, points, caps, windshields, covers, fuze
threads, painting, and identification markings. They
should be handled by trucks, carriers, and slings. When
rolling is the only available means of moving, projectile
bodies, windshields, and copper rotation bands should
be protected to guard against arming the fuze
assembled in the projectile.

Projectiles should not be rolled on the ground,
concrete floors, or steel decks, but may be rolled on
dunnage boards not less than 1-inch thick.

When a loaded and fuzed projectile is dropped 5
feet or more, it should be set aside, tagged, and turned
in to an ammunition activity at the first opportunity—or
dumped in deep water—at the discretion of the
commanding officer.
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Projectile-handling slings that support part of the
weight of the projectile on the cap or windshield should
not be used on armour-piercing projectiles or on
common projectiles fitted with windshields.

Never slide projectiles down a slide without using a
restraining line. The base of the projectile should be
toward the lower end of the slide.

Detonators, fuzes, booster cavities, and fuze
threads should be kept free of all foreign matter except
for a light film of specified lubricating preservatives.

Powder Tanks and Cartridge Tanks

Powder tanks containing bag charges should not be
rolled or dropped. These tanks should be carried by
hand, lift truck, or handtruck, being careful to prevent
internal movement and possible ignition of the charge
within the tank by static electricity. When lifting and
moving such tanked charges, the bottom of the tank
should be held lower than the top at all times.

Tanks containing fixed cartridges or separate
loaded propelling charges should also be handled
carefully to prevent misalignment damage to the round
or destruction of close tolerance dimensions. They may
be handled with roller conveyors, chutes, or trucks as
long as precautions against shocks are observed. Care
should be exercised to avoid denting the thin-walled
body, opening the body seams, or loosening the top or
bottom rings, thereby permitting exposure of the
powder to the atmosphere.

When a tank containing a fixed cartridge is dropped
a distance of 5 feet or more, the tank and its contents
should be set aside, carefully marked, and turned in to
an ammunition activity at the first opportunity—or
dumped in deep water—at the discretion of the
commanding officer.
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Figure 2-30.—Mk 16 Mod 0 pallet adapter.



EXPLOSIVE COMPONENTS.—Fuzes, boost-
ers, and detonators are loaded with explosives which
are sensitive to shock, heat, and friction and must be
handled with care at all times.

Every effort should be made to keep component
containers sealed airtight when so packed and to limit
their exposure to the atmosphere.

Containers of explosive blasting caps and fuzes
should not be left uncovered and must be in the custody
of authorized personnel at all time.

Wooden containers containing explosive compo-
nents should be opened carefully using only approved
spark-resistant tools. A wire, nail, or sharp instrument
should NEVER be used to pry open the container.

SMALL ARMS.—It cannot be emphasized too
strongly that inadvertent and improper use of small
arms and small arms ammunition has resulted in
numerous casualties. Invariably, the basic cause of each
casualty is carelessness.

Cartridge cases should not be polished. Corrosion,
moisture, and dirt, however, should be wiped off. The
ammunition should be protected from shock, which
might dent it or fire the primer.
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Ammunition should not be broken down except to
make necessary examinations or when preparing
ammunition for target practice or action. Small arms
ammunition should not be opened until the ammunition
is required for use. No reworking, overhaul, or
modifying of any live-loaded ammunition or
component is permitted on board ship.

SLINGS.—Bulk ammunition is most often moved
in palletized loads. Slings are used to facilitate the
movement of these standard size loads by helicopter
and underway replenishment. Aboard ship you will
find a wide variety of slings for moving ammunition.
The slings most commonly used for moving gun
ammunition are the Mks 85, 86, 87, and 100. All of
these are size variations of the same type of adjustable
sling (fig. 2-31). These slings are adjustable for
different heights of pallets. The different versions are
easily identified by the color-coded tubing attached to
the cross bridal.

For more information on slings and other
weapons-handling equipment, refer to Approved
Handling Equipment for Weapons and Explosives,
NAVSEA OP-2173, volumes 1 and 2.
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Figure 2-31.—Adjustable pallet sling.



EXPLOSIVES-HANDLING PERSONNEL
QUALIFICATION AND CERTIFICATION
(QUAL/CERT) PROGRAM

The requirements of the Explosives-Handling
Personnel Qualification and Certification (Qual/Cert)
program are defined in COMNAVSURFLANTINST
8023.4/COMNAVSURFPACINST  8023.5.  The
program consists of a series of certification levels,
definitions of work tasks, and categories or families of

explosive devices. Anyone who handles ammunition or
operates ammunition-handling equipment must be
certified under this program. Remember, this also
pertains to gun mount and missile launcher operators.

An individual is trained and certified to perform
specific work tasks on individual families of ordnance.
Refer to tables 2-3, 2-4, and 2-5 for definitions of
certification levels, work tasks, and a sample of families
of explosive devices.

Table 2-3.—Certification Level Qualification Standards

CERTIFICATION
LEVEL

QUALIFICATION STANDARD

In Training (IT)

1. Incumbent is required, by nature of duty, to perform work tasks with explosive devices
while under direct supervision of a certified team leader (TL) or individual (I).

2. Incumbent is receiving training on newly introduced explosive devices for which inert

training devices are not available.

Incumbent shall not work with explosives unless supervised by TL or 1.

4. This level of certification is temporary until such time full qualification justifies
certification at a higher level, for example, TM, or L.

w

Team Member (TM) | BASIC QUALIFICATION. Personnel are aware of basic safety precautions relative to the
work task and explosive devices concerned, have received formal and/or on-the-job training,
and have been recommended by their immediate supervisor. May not work with ordnance
unless supervised by TL or L.

NOTE: TM-certified personnel will perform in team concept only under supervision of a
certified TL.

Individual (I) 1. Same as for team member (TM) above.

2. Has sufficient knowledge and bas demonstrated the proficiency of the work task alone,
or trains others in safe and reliable operations.

3. Capable of interpreting the requirements, applicable checklists, SOP, and
assembly/operating manuals.

Team Leader (TL) 1. Same as for TM and I above.

2. Has sufficient knowledge and has demonstrated the proficiency to direct the
performance or training of others, in safe and reliable operations.

Quality Assurance 1. Same as I or TL above.

(QA) 2. Must have detailed knowledge and ability to train others in applicable explosive

device/systems inspection criteria and be able to decide that the necessary assembly or
installation procedures have been completed per applicable directives.

NOTE: Only TM, I, TL, and QA are interrelated. Certification at the QA level automatically
assumes the individual has all knowledge and skill levels required of the TM, I, and TL
member.

Safety Observer (SO)

1. Must have sufficient knowledge of safety procedures and the functioning of safety
devices to decide subsequent reaction when safety procedures or devices are not properly
used.

2. Certification at the SO level does not require prior certification at any other level.

NOTE: The certification level is not restricted to the most senior within a unit. A junior who
possesses the foregoing standards and demonstrated maturity may likewise be certified.
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Table 2-4.—Work Task Code Definitions

. Stowage — The physical act of stowing explosive devices in designated and approved maga-

zines and ready service lockers.

Handling — The physical act of moving explosive devices manually or with powered equip-
ment within the confines of the ship or within an area authorized for handling ashore.

. Assembly/Disassembly — Physically mating/unmating explosive device components to form

a complete round including torpedo banding. This work task code is used only when
assembly/disassembly of the explosive device is authorized at the fleet level.

Load/Download — The physical act of installing/removing explosive devices including cart-
ridge-actuated devices into/from the vehicle from which initiation is/was intended, for
example, launchers, projectors, racks, and gun barrels.

. Arm/De-arm — The physical act rendering explosive devices from a safe condition to

ready-for-initiation or returning explosive devices from the ready-for-initiation state to a safe
condition.

Explosive Driver — An individual who operates self-propelled material handling equipment
to transport explosive devices either ashore or afloat. Must meet all requirements of NAVSEA
OP 4098 (and COMNAVSURFLANTINST 9093.3 for NAVSURFLANT activities) as a

qualification standard before certification.

. Magazine Inspection — Capability of detecting improperly secured stowage, unsatisfactory

packaging, unusual fumes or odors and any other abnormal conditions as defined in NAVSEA
OP 4/NAVSEA OP 5 and appropriate maintenance requirement cards (MRC) in explosive
devices stowage spaces, magazines, and lockers.

. Missile System Cycling/Maintenance — Physical act of conducting cyclic operational tests,

troubleshooting, repair, and performance of periodic maintenance of GMLS.

Gun System Cycling/Maintenance — Physical act of conducting cyclic operational tests,
troubleshooting, repair, and performance of periodic maintenance of gun systems.

10.

Torpedo System Cycling/Maintenance — Physical act of conducting cyclic operational tests,
troubleshooting, repair, and performance of periodic maintenance of torpedo systems.

11.

Equipment Operator — An individual who operates non-mobile powered handling equipment
(hoists, winches, cranes, elevators, conveyors/transporters, and so on) for handling explosive
devices.

12.

Testing — The physical act of conducting tests on explosive/firing devices, for example,
AIM-9 umbilical tests, continuity tests on SUU-25/44 flare dispensers and LAU 61/68/10
rocket launchers.

13.

Sprinkler System — The physical act of maintaining troubleshooting, testing, flushing, and
operating shipboard sprinkler systems (wet or dry as applicable).
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Table 2-5.—Families of Explosive Devices (partial list)

1. Gun ammunition
a. Propelling charges
(1) Bag charges
(2) Cartridge cases
b. Projectiles (separate loading)
¢. Fixed ammunition (through 76-mm)
d. Fixed ammunition (3" and above)
e. Saluting charges
f.  Small arms ammunition
2. Rockets
a. CHAFROC
b. RBOC/SRBOC
c. Warhead, 2.75"
d. Warhead, 5.0"
e. Fuzes, nose
f.  2.75" motors (Mk 4/Mk 40/Mk 66)
g. 5.0" motors launcher (Mk 71/Mk 72)
h. 5.0" rocket launcher (LAU-10)
1. 2.75" rocket launcher (LAU 61B/A and LAU 68C/A)
j- 2.75" rocket launcher (LAU 61C/A and LAU 68D/A)
k. Smokey Sam Simulator rocket and igniter

The key to the Qual/Cert program is documented
training. In the past, ammunition handlers were
arbitrarily certified without recorded training to
substantiate the certification awarded. This is no longer
the case. Your certification is worthless without
documented training in your training record. Figure
2-32 shows a sample certification sheet for an
individual certified to handle and stow small arms
ammunition, gun projectiles, and cartridge-case-type
propelling charges at the team member level.

The Qual/Cert board is appointed in writing by
each unit's commanding officer. Each board member,
except the chairman, should be certified at or above the
level to which he or she is allowed to sign on the
certification sheet.

AMMUNITION SAFETY

The utmost care and prudence must be exercised in
supervising the handling, inspecting, preparing,
assembling, and transporting of all ammunition. People
tend to become careless and indifferent when
continually engaged in routine work and, as long as
nothing occurs, are naturally inclined to drift gradually
into neglecting the necessary safety precautions. This
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cannot be tolerated when handling explosives. Nothing
but constant vigilance on the part of everyone involved
will ensure the steadfast observance of the rules and
regulations that experience has taught to be necessary.

It is not practical to list all the safety requirements
pertaining to ammunition handling in this manual. As
you proceed through the Qual/Cert program, you will
receive training on each safety requirement and its
application in detail. Pay particular attention to the
publications and instructions identified throughout this
chapter that contain the bulk of ammunition-handling
and safety requirements.

Safety is everyone's responsibility. An awareness
of the potential danger, a knowledge of how this danger
can be avoided, and a constant vigilance are required to
prevent accidents when working with explosives. If a
thorough understanding of the precautions is
developed, unsafe conditions can be recognized and
corrected. Hopefully, it will prepare you to act
instinctively when the unexpected occurs. It is your
responsibility as a Gunners' Mate to exhibit an expert
knowledge of ammunition safety requirements. Safety
precautions pertaining to the handling of and working
with explosives are contained in Ammunition Afloat,
OP 4; Ammunition Ashore, OP 5; Ordnance Safety



CERTIFICATION RECORD
SURFGEN 8023/1

RECORD OF CERTIFICATION

15 February
COMNAVSURFLANTINST 8023.4E
COMNAVSURFPACINST 8023.5A

1988

SHIP OR STATION

USS CLAYTON (DDG-99)
CERTIFICATION LEVELS WORK TASK CODES
IT IN TRAINING 1. STOWAGE 8. MISSILE SYSTEM CYCLING/MAINT
™ TEAM MEMBER 2. HANDLING 9. GUN SYSTEM CYCLING/MAINT
| INDIVIDUAL 3. ASSEMBLY/DISASSEMBLY 10. TORPEDO SYSTEM CYCLING/MAINT
TL TEAM LEADER 4. LOAD/DOWNLOAD 11. EQUIPMENT OPERATOR
QA QUALITY ASSURANCE 5. ARM/DEARM 12. TESTING
S0 SAFETY OBSERVER 6. EXPLOSIVE DRIVER 13. SPRINKLER SYSTEM TEST
7. MAGAZINE INSPECTION 14. SPRINKLER INSPECTOR
EXPLOSIVE CERT. LEVEL/ INDIVIDUAL CERT. BOARD BOARD VALIDATION
DEVICE WORK TASK SIGNATURE OBSERVER CHAIRMAN DATE
SMALL ARMS | T™™M/1,2 TR Frost foagi | Gene Do CDR wW.T-PooR | 30FEBA0
PROJECTILES | ™v/1,2 1R Frost Gugad | Gme Do (DR w.T POR|  30FERI0
PROP CHG, CART| cASE ™/1,2 [3.R Fost G| Gme Do CDR w.T-DO0R|  30FEBS0

NOTE: All corrections must be lined out and initialed by the individual and the board chairman and a new line entry incorporated.

RECERTIFICATION ONLY

INDIVIDUAL BEING RECERTIFIED
(Signature and Date)

BOARD CHAIRMAN
(Sighature and Date)

NAME JACK R. FROST

GRADE  GMGSN

BRANCH/CLASS  17qyy

NOTE: 1.

for_twelve months.

Iltems not required for recertification shall be lined out and initialed by the individual and board chairman.

2. Certifications have been reviewed and recertified as per dates and signature indicated and are effective

Figure 2-32.—Sample certification sheet.

Precautions, Their Origin and Necessity, OP 1014; and
United States Ordnance Safety Precautions, OP 3347.
Read and reread these publications.

Safety precautions, rules, and regulations for
handling explosives should be made the subject of
frequent training and review. The necessity for strict
compliance with these precautions should be firmly
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fixed in the minds and habits of everyone involved in
handling explosives. You need to be able to react

positively in an emergency.

Attention to Safety

Your attention is particularly invited to the fact that
in the early stages of the use of explosives, experience

GMf0232



was gained at a great price, not only in dollars, but in
human lives. No relaxation should be tolerated, since
this tends to create the impression that safety rules are
arbitrary.

Working Parties

Ammunition-handling working party person-

nel are not required to be certified under
the Qual/Cert program. Explosives-Handling
Personnel Qualification and Certification

(Qual/Cert) Program, COMNAVSURFLANTINST
8023.4/COMNAVSURFPACINST 8023.5, requires
working party personnel to receive training and a safety
brief before each handling evolution and to be closely
supervised by certified personnel.

ELECTROMAGNETIC RADIATION HAZARD

Some ordnance, such as rocket ammunition, may
be susceptible to ignition by electromagnetic radiation
(from such sources as radar or radio transmitters). This
condition is called Hazards of Electromagnetic
Radiation to Ordnance (HERO). Information regarding
the protection of ordnance material from radiation
hazards is contained in NAVSEA OP 3565/NAVAIR
16-1-529/NAVELEX 0967-LP-624-6010.

QUANTITY-DISTANCE (Q-D)

Quantity-Distance (Q-D) is the area between two
or more explosive-loaded ships, magazines, piers,
facilities, and so forth, figured into a safe handling
zone. This Q-D relationship is such that if one ship with
mass-detonating explosives were to explode, damage to
the surrounding area would be minimized by its
distance from other local units or facilities. This Q-D
area is determined by the amount of explosive material
contained by the units or facilities involved. The
amount of explosives is computed in pounds. This
weight value is called Net Equivalent Explosive Weight
(NEEW). NEEW is the weight of the actual explosive
content in an ordnance unit. The formulas for
computing NEEW are contained in NAVSEA OP 5. An
illustration of a typical application of quantity-distance
requirements for inport ammunition handling is shown
in figure 2-33. The basic purpose of showing this
illustration here is to give you an idea of the magnitude
of computations involved in a Q-D problem. The
columns and tables referred to in this figure are located
in NAVSEA OP 5, volume 1. You will need to refer to
this publication to fully understand the legend
accompanying this figure. NAVSEA OP 5, volume 2
provides more specific information about Q-D
requirements.
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Figure 2-33.—Typical application of quantity-distance at port facilities.

2-42



MISSILE HANDLING

LEARNING OBJECTIVE: Recall missile
handling information, to include weapons sta-
tion processing; issue and receipt processing;
containers, canisters and handling equipment
operations; and replenishment methods.

Where do missiles come from and how do they get
aboard ship? As a GM, you must know the answers to
those questions. Figure 2-34 illustrates the key steps in
the processing and handling of missiles. Study it for a
moment. Notice that some of the directional arrows go
both ways.

WEAPONS STATION PROCESSING

Guided missiles originate at a naval weapons
station (NWS or WPNSTA). It is a shore activity whose
primary mission is to supply the fleet with all types of
ammunition. The major NWSs in the continental
United States (CONUS) are at Concord, California;
Seal Beach, California; Earle, New Jersey; Yorktown,
Virginia; and Charleston, South Carolina. There are

other smaller ammunition handling activities located
throughout CONUS and overseas.

Gunner's Mates are frequently assigned (shore)
duty at NWSs. If you get such an assignment, you will
be involved with many phases of missile processing.
The level of missile maintenance done at an NWS is
more detailed and technically oriented than that
accomplished aboard ship. The following paragraphs
briefly summarize some of the major NWS missile
processing events. (Refer to fig. 2-34.)

Issue Processing

Individual missile sections are received from
civilian manufacturers. When the components arrive at
the NWS, they are placed in stowage. Each component
(warhead section, guidance section, etc.) is shipped in
its own specialized container. As needed to fulfill fleet
missile requirements, the individual components are
unpacked and inspected. The sections are tested
separately and then carefully assembled to "build" a
complete missile.
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Figure 2-34.—The major sequences of missile processing and handling.
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The fully assembled missile undergoes more
testing. Strict quality assurance (QA) standards are
checked and double-checked throughout the entire
process. When the missile is completely ready, it is
certified and classified as an all-up-round (AUR).

The AUR missile is then placed into a missile
shipping/stowage container. The round is then
transported to either of two locations. If the missile will
be issued to the fleet in the near future, it is moved to
ready-for-issue (RFI) stowage. Although RFI stowage
is only temporary, the weapon will still be checked and
inspected regularly.

If the missile will be issued to a fleet unit (ship)
immediately, it is moved to the NWS's dock facility.
Railroad cars or trucks are used to transport the missile
to the loading area/pier. When it arrives at the staging
area on the pier, the missile is removed from its
container. Normally, the round will be loaded into a
missile transfer dolly. The transfer dolly is then moved
to the ship, and GMLS strikedown operations take
place. (There are other ways to handle missiles on the
pier and we'll discuss them later.)

The operation just described could be as simple as
delivering one missile to a combatant ship. However,
NWSs are capable of replenishing the entire ammuni-
tion inventory of any type and size of ship, combatant or
otherwise. Ammunition cargo carriers, such as AE- and
AOE-type ships and specially contracted commercial
vessels, are major customers at an NWS. Although they
carry a much smaller capacity of ammunition, AO- and
AOR-type ships also are replenished at an NWS.
Occasionally, the NWS will load ammunition onto a
lighter (ammunition barge). The lighter is then moved
to the receiving ship's location and the ammunition
transfer conducted at an anchorage.

Receipt Processing

NWSs are equipped to receive missiles (and other
munitions) from fleet units. Missiles returned to an
NWS are generally in one of two conditions—
serviceable or damaged.

A serviceable missile is one that is still in good
shape. It may, however, have reached its expiration
date. Usually, the age of a missiles explosive and
propellant grains is used to establish a "shelf-life" for
the round. Beyond that shelf life, the reliability of the
weapon may be in question. So it is turned in to be
checked. When a ship goes into overhaul, all its
ammunition, including serviceable missiles, will be
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off-loaded at an NWS. Only a small amount of
small-arms ammunition will be retained on board.

After a serviceable missile is received at the NWS,
it is moved to a rework/repair shop. (See fig. 2-34.) The
missile is disassembled and given a complete (inside
and out) inspection. Modifications and update
alterations are installed and all surfaces are cleaned and
preserved. The missile is reassembled, tested, and
recertified for fleet use. It is moved to RFI stowage or
immediately reissued to a fleet unit. Essentially, the
missile undergoes its own overhaul and remains within
the Navy's ammunition inventory. That is a
cost-effective and time-saving arrangement.

If a missile is damaged or suspected of being
damaged, it must be turned in to an NWS. That should
be done as soon as possible. For deployed units, it may
mean transferring the missile to an AE-type ship first.
The AE will return the round to an NWS along with the
combatant ship's damage report.

Missile damage can result from various causes.
Examples include rough handling, wetdown (from a
sprinkler system), excessive temperatures, oOr
dud/misfire failures. The NWS accepts these "bad"
rounds and conducts a very thorough investigation. If
the damage is minor, the NWS makes the necessary
repairs and readies the missile for reissue. Sometimes
the damage is major and beyond the repair capabilities
of the NWS. In that case, the affected section(s) are
returned to an industrial repair facility for rework. If the
repair cannot be done economically, the section(s) are
disposed of according to current instructions.

In summary, naval weapons stations provide
several valuable services to the ordnance community.
They act as major stock points, injecting new weapons
and munitions into the fleet while removing the old and
unserviceable items. They also act as maintenance and
repair facilities to provide the fleet with the best
weapons and munitions possible. The NWS activities
play an important role in contributing to the high state
of fleet readiness.

CONTAINERS, CANISTERS, AND HANDLING
EQUIPMENT

Guided missiles are sturdy, well-constructed
machines. But, because of their size, weight, and
bulk, they are not that easy to handle. Nor are
missiles indestructible. Most missile damage is,
unfortunately, a result of carelessness and poor
handling practices.



To reduce the possibility of damage, missiles are
shipped, stowed, and handled with special equipments.
Approved containers, canisters, and handling equip-
ments provide maximum missile safety with minimum
handling by personnel.

There are hundreds of different and specialized
types of containers, canisters, and handling equipments
in the ordnance field. Many are designed for a single
purpose or use and cannot be interchanged with
comparable items. Certain equipments are found only
at an NWS or aboard an AE-type ship. The equipments
covered in this text represent those you need to know
about at this point in your career. Essentially, they are
the containers, canisters, and handling equipments used
to deliver missiles to a ship.

Containers and Canisters

Missile containers are large, rectangular aluminum
boxes used for the shipment and stowage of missiles.
Normally, combatant ships do not carry containers on
board. Containers are under the cognizant control
of the Navy Ships Parts Control Center (SPCC),
Mechanicsburg, Pennsylvania. They are maintained by
the NWSs and AE-type ships.

DESICCANT BASKET (3

STACKING BRACE (3)

INLET AND MANUAL
AIR VALVE

HUMIDITY
INDICATOR

LOCKING PIN

LIFTING RING (4)
BASE ASSEMBLY

HANDLING EYES

Canisters serve as the stowage and launch tube for
the missile when installed on vertical launching system
(VLS) ships. Also, with packaging, handling, storage,
and transportation (PHST) equipment attached, the
canister serves as the missile shipping container.

Missile containers and canisters are identified by a
mark and mod number. Become familiar with these
numbers. We will discuss the following containers and
canisters:

1. Mk 372 container — Standard missiles (SM)
2. Mk 632 container — Harpoon missiles
3. Mk 183 container — ASROC missiles

4. Mk 13 canister VLS - Standard SM-2
all-up-round (AUR) missiles Block II, III, IIA, and
I11B

5. Mk 14 Mod 0 and 1 canister VLS — Tomahawk
AUR

6. Mk 15 canister VLS — ASROC missiles

MK 372 CONTAINER.—The Mk 372 Mod 5
container is used to ship and stow medium range (MR)
Standard missiles (fig. 2-35).

FORKLIFT CHANNEL (2)

CLAMPING LEVER

INNER SUPPORT ASSEMBLY

FORWARD MISSILE SUPPORT

GMf0235

Figure 2-35.—Mk 372 Mod 5 container for Standard MR missiles.



The bottom section of the container has an inner
support (base) assembly. It is shock-mounted to the
outer base assembly. A missile is secured to the inner
assembly with its lower forward and aft launching
shoes. A center missile support (U-frame) is installed
over the upper forward launching shoe. It provides a
downward force on the shoe and helps secure the
missile. A clamping lever (or humping fork) is located
below the center missile support. It also aids in securing
and prevents the missile from sliding forward.

The rectangular top cover is secured to the base by
suitcase-type latches. The cover has a log receptacle, a
desiccant access cover, and two air relief (breather)
valves. More desiccant baskets are bolted to the inside

DESICCANT BASKET (3)
(BENEATH COVER)

DESICCANT
HANDHOLE
COVER

HUMIDITY INDICATOR

PRESSURE RELIEF VALVE

HARPOON MISSILE
TARTAR RGM-84A-2

FORWARD SHOE
ADAPTER (TARTAR)

SHOE ADAPTER
CAP-CAN

FORWARD SHOE ADAPTER
(BENEATH MISSILE)

of the cover. They are filled when the container is open.
A humidity indicator is located on one end of the cover.

The Mk 372 container may be lifted by sling,
forklift truck, or handlift trucks. The sling attaches to
four lifting rings at the corners of the base. Two forklift
channels are provided in the center of the base for
forklift truck tines. Four handling eyes (two on each
end of the base) permit handlift truck handling.

MK 632 CONTAINER.—The Mk 632 Mod 0
container (fig. 2-36) is used to ship and stow
Standard-launched Harpoon missiles. Physically and
functionally it is somewhat similar to a Mk 372
container.
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Figure 2-36.—Mk 632 Mod 0 container for Harpoon missiles.



MK 183 CONTAINER.—The Mk 183 container
is used to handle ASROC missiles. Figure 2-37 shows
an external view of the container. Note the prominent
extensions on the top cover. They accommodate the fins
of the missile. This container may be handled by sling,
forklift truck, and handlift trucks too.

There are five different types of canisters currently
in use on VLS ships: Mk 13 Mod 0, Mk 14 Mods 0 and
1, Mk 15 Mod 0, Mk 21 Mod 0, and the Mk 19 Mod 0
nontactical training canister. A 16 pin coding plug in
each canister is used by the VLS to identify the type,
payload, and Down-Link Frequency code of the
missile. A temperature sensor is used to monitor the
internal canister temperature. The launcher sequencer
monitors the sensor and activates the deluge system
when the internal canister temperature exceeds 190°F,
except during a launch. The deluge connector is
coupled with the launchers quick-disconnect deluge
hose. The antenna connector accepts a coaxial cable
from the ships telemetry monitoring equipment to
receive telemetry data from the antenna of a telemetry
missile in the canister before launch. The canisters 145

ROLL BAR

HANDLE

LATCH

CAR SEAL TAB

pin umbilical connector is housed in a shielded box
assembly which mates with the canister cable and
conduit inside the canister so the launch sequencer can
monitor the missile and transfer launch data. The
canister safe/enable switch (CSES) is a manually
activated switch that interrupts critical signals required
to arm and launch missiles. End covers environ-
mentally seal the missile canister. The aft cover is
designed to allow the missile exhaust gases to flow by
while still providing structural support. The forward
cover is a fly-through cover. Internal components, such
as rails, snubbers and deluge manifolds, are different in
each type of canister. The shell structure is a steel shell
with lengthwise reinforcements, and the interior and
exterior surfaces are coated with an anticorrosive
material. Each canister is 25 inches square but varies in
length. The Mk 13 Mod 0, Mk 15 Mod 0, and Mk 19
Mod O canisters are 230 inches long. The Mk 14
Mods 0 & 1 and Mk 21 Mod O canisters are 265 inches
long.

MK 13 MOD 0 VLS CANISTER.—The Mk 13
Mod 0 canister houses the SM-2 BLK 11, 111, 111A,
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FORKLIFT
POCKETS

CONTAINER

GMf0237

Figure 2-37.—Mk 183 container for ASROC missiles.



and 111B missiles (fig. 2-38). A Safe and Arm (S&A) A canister access port with a removable cover allows

mechanism on the launch rail is used to restrain the the use of a safe only tool to return the S&A mechanism
missile, arm, and ignite the Dual-Thrust Rocket Motor. to the safe position.
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Figure 2-38.—Mk 13 Mod 0 VLS canister.
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MK 14 MODS 0 & 1 VLS CANISTERS.—The
Mk 14 Mods O & 1 canisters provide environmental
protection, structural and alignment support of the
Tomahawk All-Up-Round (AUR) (fig. 2-39). The AUR
consists of a missile and booster sealed in a canister that

is nitrogen charged to provide additional environmental
protection. The shell structure contains a thermal pro-
tective lining to reduce structural temperature during
launch. The Mk 14 Mod 1 canister uses a CSES for
conventional Tomahawk missiles. The Mk 14 Mod 0
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Figure 2-39.—MKk 14 Mods 0 & 1 canisters.
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canister uses a Critical Function Interrupt Switch
(CFIS) which is similar in function to a CSES, with the
exception being that it is key operated to prevent the
inadvertent selection and launch of a nuclear missile. A
Command Disablement/Permissive  Action Link
(CD/PAL) connector allows access to the nuclear
warhead to unlock the warhead for use.
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CODING
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AFT
SUPPORT
RING
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CONNECTOR

MK 15 MOD 0 VLS CANISTER.—The Mk 15
Mod O canister houses the Anti-Submarine Rocket
(ASROC) missile (fig. 2-40). The canister internal and
external components are the same as the Mk 13 Mod 0.

MK 19 MOD 0 VLS CANISTER.—The
Mk 19 Mod 0 canister is used for missile strikedown
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Figure 2-40.—Mk 15 Mod 0 canister.



training (fig. 2-41). The Mk 19 canister is painted
blue, rather than the normal white, and stenciled with
the word "TRAINING." The canister contains a
weighted and balanced beam to simulate a Mk 13

Mod 0 canister. One canister is carried onboard all VLS
ships.

MK 21 MOD 0 VLS CANISTER.—The Mk 21
Mod O canister houses the SM-2 Block 1V, extended
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Figure 2-41.—MKk 19 Mod 0 canister.
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range (ER) surface-to-air-missile (SAM) (fig. 2-42). Handling Equipments
Unlike other canisters, this is a single use

canister. Dorsal fin flyout guides, booster guide We will limit our discussion of the many types of
rails, and booster guide cradles provide alignment handling equipments to the following items:
for t.he imssﬂej ?luiling launch. hA blongltudlng} 1. Handling bands
re§trgfntl c arﬁp is held secure to the booster unti 2. Mk 6 missile transfer dolly
fmisstie faunch. 3. Mk 100 guided missile stowage adapter
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Figure 2-42.—Mk 21 Mod 0 canister.
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4. Mk 20 stowage cradle

5. Hoisting beams

6. Mk 8 dolly loading stand
7. Mk 45 handlift truck

8.

Forklift trucks; general purpose

As you will soon see, these equipments are very
versatile and, in many cases, multipurpose. Certain
items are adaptable for handling any type of SMS
missile. Each item listed above can be used at sea and
ashore.

Be aware that there are numerous regulations gov-
erning the safe use of ordnance handling equipment.
Any gear used to lift ammunition and explosives must
be subjected to rigorous maintenance, inspection, and
testing requirements. Equipments that have satisfac-
torily passed specified weight load tests will be marked
to indicate safe working load limits and certification
dates. Further details and guidance concerning han-
dling equipment testing and certification are found in
Ammunition Afloat, NAVSEA OP 4, and Ammunition
Ashore, NAVSEA OP 5.

HANDLING BANDS.—The Mk 79 Mod 1
missile handling band is used on all Standard missiles
(fig. 2-43). The band has a base, two hinged jaws, and a

MISSILE CONTACT

locking cable. The center of the base (the lower jaw)
has a cutout area. This cutout accepts the lower forward
and aft launching shoes of the Standard missiles.

After the locking cable is disconnected, the jaws
can be opened. The band is installed on the missile and
the locking cable is secured again. The dorsal fins of the
missile fit within the areas designated as fin slots or fin
cutouts.

The VLS canister band Mk 91 Mod 1 (see fig. 2-43)
is normally kept onboard destroyer tenders (AD),
submarine tenders (AS), and VLS canister supply
barge. It is used to steady the canister during
strikedown when strikedown is done with the AD/AS
or supply barge shipboard crane.

Handling bands have several purposes. They are
necessary for all Standard missile handling operations.
The bands support and secure these rounds in their
shipping containers, their transfer dollies, and their
VLS canisters.

MISSILE TRANSFER DOLLY—The Mk 6
missile transfer dolly is used to transport rounds
between supplying and receiving activities. You will
also hear them called "grasshoppers."
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Figure 2-43.—Mk 79 Mod 1 missile handling band and Mk 91 Mod 1 VLS canister handling band.



Figure 2-44 shows the Mk 6 Mods 2 and 4 dolly in
greater detail. The Mk 6 Mods 2 and 4 dollies are used
with Standard and Harpoon missiles. These rounds are
secured to and suspended from the inner framework of
the dolly by their handling bands.

The Mk 6 dolly incorporates a length of guide rail
and an adapter assembly. The guide rail, secured to the
inner framework of the dolly, is identical to any
Standard GMLS guide rail. A center track or slot
accepts a Mk 13 strikedown chain. Forward and aft
shoe tracks guide and support the missile by its upper
launching shoes. Two openings are cut into the guide
rail tracks. These openings permit the missile's shoes to
be engaged to or disengaged from the guide rail of the
dolly.

The adapter assembly is mounted to the forward
end of the framework of the dolly. In its raised position
(fig. 2-44), the adapter can connect to the rear of a guide

LIFTING EYE

arm. When the dolly is not in use, the braces of the
adapter (arms) can be unpinned. The assembly is then
folded to the rear and locked down. With the adapter
folded, empty transfer dollies can be stacked on one
another. Sometimes the adapter is referred to as a
"gooseneck."

The framework consists of welded tubular
hardened alloy steel. Four shock-mounted wheel
assemblies have manually operated caster locks. The
wheels are unlocked whenever the dolly is to be moved
from one area to another. Unlocked, the wheels can turn
360° in either direction (similar to the front wheels on a
supermarket shopping cart). That eases dolly
movement around corners and in tight, limited
deck-space areas. The wheels are locked when the dolly
is aligned to a guide arm or is over a strikedown hatch.
The wheels can be locked only when they are at 0° or
180°. The dolly can still be rolled, but only in a straight
line (forward or backward).
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Figure 2-44.—MKk 6 Mods 2 & 4 missile transfer dolly.
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The dolly has a hydraulically actuated disc-brake
system. The brakes are controlled by a manually
operated deadman-type brake handle. The handle must
be pumped a few times (which builds up hydraulic
pressure) to release the brakes. If you are the brakeman
on a dolly, please be careful. Releasing the brake handle
automatically sets the brakes and Mk 6 dollies will
"stop on a dime"! This action not only "surprises" your
shipmates, but jars/jolts the missile quite a bit. Release
the handle slowly to stop slowly.

A four-legged sling provides a means to hoist the
dolly by crane. The sling also actuates the hinged
side-mounted bumper guards that protect the center of
the missile. Nose guards and a rear bumper provide
additional protection. Clear plastic guards keep an
unused sling from hitting the missile.

Two forklift guide frames, or channels, are
installed on the dolly. Wheel pockets on the top
framework permit empty dollies to be stacked in
stowage. Loaded dollies must not be stacked. Also,
never leave a missile in a dolly any longer than
necessary. One other word of warning—watch your
toes! Transfer dollies are heavy, cumbersome vehicles.
If one runs over your foot, you WILL understand the
true meaning of pain.

GUIDED MISSILE STOWAGE ADAPTER.—
The Mk 100 guided missile stowage adapter is shown in
figure 2-45. It is a simple aluminum alloy weldment
that fits along the top and bottom of a handling band.
The adapter adds support to the bands when missiles
are stacked as shown in the figure. The Mk 100 stowage
adapter is normally used when Mk 20 stowage cradles
are not available.
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Figure 2-45.—Mk 100 guided missile stowage adapter.
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Figure 2-46.—Mk 20 stowage cradle.

STOWAGE CRADLE.—The Mk 20 stowage
cradle is shown in figure 2-46. It is a welded aluminum
frame with four lifting eyes and two forklift pockets.
Three cradle guides accept and lock the Mk 79 handling
bands in place. Stacking pockets are provided on the
bottom of the side rails (frame) of the cradle.

Figure 2-47 illustrates various missile stacking
arrangements using a Mk 20 cradle. (Three rounds high

MISSILE
HANDLING

MK 20 STOWAGE
CRADLE

is the limit.) The cradle can also be used to load/unload
a Mk 6 transfer dolly if a forklift truck is available.

HOISTING BEAMS.—Figure 2-48 shows two
common hoisting beams. These devices are often called
handling beams or strongbacks. Generally, a hoisting
beam attaches to the shoes of the round or to its
handling bands. The round can then be lifted out of its
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NOTE THE STACKING
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Figure 2-47.—Stacking configurations available with the Mk 20 stowage cradle: A. Staggered-aft method; B. Alternate staggering
method.
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Figure 2-48.—View A. A MKk 5 hoisting beam attached to a missile; View B. A Mk 15 hoisting beam.

shipping container by a forklift, truck, or crane. The
missile is then transferred to a Mk 20 stowage cradle or
a dolly loading stand. Of course, this sequence can be
reversed to reload a container.

The Mk 5 hoisting beam (fig. 2-48, view A)
handles Standard missiles. It is manually connected to
the shoes of the missile. The two shoe clamps slide over
the upper shoes of the round.
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The Mk 15 hoisting beam (fig. 2-48, view B) can be
adjusted to handle all rounds. Instead of clamping to the
missile shoes, it attaches to the Mk 79 handling bands.
The adapters and cross-arm assemblies can be adjusted
to different load lengths. The lifting plate assembly can
also be moved to obtain the correct center of gravity for
different loads.

DOLLY LOADING STAND.—The Mk 8 dolly
loading stand is shown in figure 2-49. It is adaptable for
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Figure 2-49.—MKk 8 dolly loading stand.
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Figure 2-50.—Mk 45 Mod 1 handlift truck.

Standard missiles. The stand is used to load/unload a
Mk 6 transfer dolly. You might also hear the Mk 8
loading stand called a roll stand or (simply) a load
stand.

The stand is a braced, tubular aluminum frame.
Two roll ring assemblies are mounted near the ends of
the frame. Each ring assembly consists of two separate
and removable sections or halves. A ring-locking
mechanism is part of each roll ring assembly. Normally,
the locking mechanism is engaged and prevents the ring
assembly from rotating. Depressing a foot pedal (not
shown in the figure) disengages the lock mechanism.
The roll ring assembly is then free to be turned. The
frame also mounts three pairs of handling band saddles
and has a pair of forklift truck pockets.

When handling Standard missiles, the top roll ring
halves must be removed. The forward and aft missile

MK 45 HANDLIFT TRUCK WITH
MK 26 HANDLIFT TRUCK
ADAPTER

CONTAINER

shoes are guided into and supported by shoe pockets in
the lower ring halves. Handling bands are not required
in this type of handling operation.

The stand also provides a means to rotate Standard
missiles. Once a missile is loaded into the lower ring
halves, the top ring halves are reinstalled and clamped.
Depressing the foot pedals unlocks the roll ring
assemblies and the missile can be rotated/rolled. A
missile may be rolled to ease minor maintenance
actions also.

HANDLIFT TRUCKS.—The Mk 45 Mod 1
handlift truck is shown in figure 2-50. Two handlift
trucks can be used to move loaded/unloaded shipping
containers and stowage cradles. Figure 2-51 illustrates
handling of a Mk 372 container. Two people must
synchronize their efforts during steering maneuvers.
They must also provide the "horsepower" to move the
load.

The truck consists of an aluminum body, a steel
steering post, and a lift mechanism. A reversible ratchet
is operated to raise/lower the lift mechanism manually.
The mechanism has a mounting pin and a lift-arm angle
to engage the load.

The truck is guided by moving the steering post (or
tow bar). Steering may be accomplished with the post
in either a horizontal or "latched up" (near vertical)
position. The wheel brakes must be released to permit
steering. Each wheel has its own brake assembly. Both
assemblies are controlled through a common linkage
connected to the handle grips. The brakes release when
the handle grips are rotated and held at their full
forward position.

The lifting surface of the truck is its single lift-arm
angle. The angle engages a bracket on a container,
cradle, skid, or special adapter device. The mounting
pin serves as a guide pin. It engages a recess on Mk 183

GMf0251

Figure 2-51.—Handling a Mk 372 container with Mk 45 handlift trucks with Mk 26 handlift truck adapters.
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Figure 2-52.—Mk 26 Mod 2 handlift truck adapter.

ASROC containers (only). The pin is not a lifting
surface. The ratchet handle will raise/lower the lift arm
about 8 inches.

A Mk 26 Mod 2 handlift truck adapter (fig. 2-52)
can be attached to the front of the Mk 45 handlift truck.
The adapter makes the handlift truck compatible with
various container loads. Pads prevent metal-to-metal
contact between the adapter and a container. Two lower
arms fit into the lifting or handling eyes of the various

QUICK RELEASE

PINS (2)

HANDLIFT TRUCK ADAPTER
MK 160 MOD 1
5597790-19

containers described earlier. The Mk 372 and Mk 632
containers can be moved using two handlift trucks with
adapters.

The Mk 160 Mods 0 and 1 handlift truck adapters
(fig. 2-53) are used to handle Mk 13, Mk 15, and Mk 19
VLS canisters. It also empties canisters Mk 14 and Mk
21. The handlift truck adapter attaches to the handlift
truck; two handlift trucks with adapters are required to
move a canister.

QUICK RELEASE
PINS (2)

HANDLIFT TRUCK ADAPTER
MK 160 MOD 0

5597790-9
GMf0253

Figure 2-53.—Mk 160 Mods 0 & 1 VLS handlift truck adapters.



FORKLIFT TRUCK.—A forklift truck (fig.
2-54) is a mobile three- or four-wheel automotive unit.
It enables one individual to pick up a load, transport,
and lift it to various heights. The truck is designed on
the cantilever principle. The load is counterbalanced by
the weight of the truck in back of the center of the front
wheels. The front wheels act as the fulcrum or center of
balance.

The truck has a two-tine fork which is secured to
the supporting frame. The tines can be moved
vertically, frontward and backward, or tilted by a
mechanical or hydraulic lift. This flexibility aids in
picking up and balancing the load.

Forklift trucks used to handle ordnance may be
powered by diesel engines or by a battery-powered
electric motor. A mechanical or hydraulic braking
system can be used. The steering system may be an
automobile- or lever-type mechanism. Pneumatic tires
are provided for use over rough and uneven terrains.
They are also used in muddy or soft, sandy ground.
Solid rubber, cushion-type tires are used over smooth
and hard surfaces. These areas include paved roads,
magazine and warehouse floors, and pier areas.

GMf0254

Battery-electric ~ forklift trucks are either
spark-enclosed or explosion-proofed. They provide
safe operation in atmospheres with explosive mixtures
of air and flammable gases, vapors, or dust.
Spark-enclosed trucks ensure that no flame or sparks
from arcing generators, motors, or switches escape to
the atmosphere. Explosion-proof trucks are of a heavy
steel, fully enclosed construction. They are designed to
contain an internal explosion completely. Additionally,
a constant flow of air is forced over the stowage
batteries to dilute/diffuse any emitted battery gases.
The exhaust systems of diesel-powered trucks have
spark-arresting devices. This device permits safe
operation in areas where exhaust sparks could be a
danger.

The capacity of a forklift truck is its most important
characteristic. It governs the maximum weight of a load
that can be counterbalanced safely. Other important
characteristics include such items as maximum lift
height, minimum turning radius, range of tilt, and travel
speeds.

In missile-handling operations, a forklift truck is an
extremely important and necessary piece of equipment.

SUPPORTING

/ FRAME

TINES

Figure 2-54.—Typical front-loading forklift truck.
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Only trained and qualified personnel are permitted to
drive forklift trucks.

Handling Operations

Now that you have some background information
on various containers and handling equipments, let's
put it to use. The next three figures in the text illustrate
certain basic handling operations for Mk 13 Mod 4 and
Mk 26 GMLS class ships. Refer to them frequently as
we describe the major events. Take special note of the
equipments being used. Also, use a bit of imagination
and remember the versatility of these items.

NOTE

Certain key steps or events have purposely been
omitted from the general descriptions that follow.

TARTAR HANDLING-CONTAINER TO
DOLLY.—Figure 2-55 shows a typical Standard han-
dling sequence. In this case, the missile is transferred
directly from its container onto a dolly.

Figure 2-55, view A shows a forklift truck moving
a Mk 372 container to a designated handling area. Note
that the forklift tines are lowered and the container rides

REMOVING LID AND
U-FRAME FROM
CONTAINER BASE

OVER MISSILE ON ! o I X
~z "\§: 2N
CONTAINER BASE 4”/,& ' =7
Y

Gl >
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FORKLIFT RAISING
CONTAINER BASE
AND MISSILE TO

TRANSFER DOLLY
GUIDE RAIL

near ground level. This orientation is the safe way,
considering center of gravity and counterbalance
factors. The forklift will deposit the container on a flat,
even surface (either on a pier or AE-type ship's deck).

Figure 2-55, view B shows the container being
prepared. The lid is unlatched, lifted from the base, and
hand-carried from the immediate loading area. That
makes room for upcoming forklift and dolly
movements. The center missile support (U-frame) is
removed. The lower missile shoes are unlocked from
the inner support assembly of the container.

In (fig. 2-55, view C), a Mk 6 Mod 2 or 4 dolly has
been brought into position behind the container. When
the dolly is aligned to the container, its wheels are
locked (straight). The dolly is pushed forward over the
container until the guide rail openings of the dolly are
over the upper missile shoes. At this point, the missile
shoes are about 9 inches below the guide rail of the
dolly.

In (fig. 2-55, view D), the forklift truck has
reengaged the container. Carefully, the container is
raised until the missile shoes enter the guide rail
openings of the dolly. The dolly is pushed so the shoes
enter the guide rail tracks/slots. Locking mechanisms
are turned to secure the missile in the dolly. The forklift

REMOVING CONTAINER
FROM STOWAGE

TRANSFER DOLLY
GUIDE RAIL

o

f

CONTAINER BASE

Figure 2-55.—A Standard MR missile handling sequence; container to dolly without roll.



operator lowers the empty container to the ground (pier
or deck). The forklift backs away and the loaded dolly
is pushed to a staging area. The lid of the container is
reinstalled and the empty container is removed from the
area.

The procedures described above pertain to an
on-load operation. An off-load sequence is essentially
the reverse—the missile is transferred from a dolly
directly into a container.

STANDARD HANDLING: ROLLING THE
MISSILE.—In certain situations, a Standard missile
must be rolled or turned 180°. Figure 2-56 illustrates
the key steps in this operation.

In (fig. 2-56, view A), a Mk 5 hoisting beam has
been attached to the missile shoes. After the missile is
unlocked from the container, a forklift carefully raises
the loaded beam clear of the base of the container. This
operation is often called decanning.

Figure 2-56, view B shows the missile being
lowered into a properly prepared Mk 8 dolly loading
stand. When the upper ring halves of the roll ring
assembly are resecured in place, the missile is rolled.

Figure 2-56, view C shows the dolly in position to
be pushed over the load stand. (The upper ring halves
are removed again.) This operation is the same as that
described with view C of figure 2-55.

In (fig. 2-56, view D), the forklift is raising the
loading stand to engage the missile to the dolly. Again,
the operation is similar to view D in figure 2-55.

Now use your imagination. The Mk 5 hoisting
beam in view A of figure 2-56 could be replaced with a
Mk 15 beam; that is, if Mk 79 handling bands were
installed on the missile. Also, in (fig 2-56, view A), the
container could be substituted with Mk 100 stowage
adapters or a Mk 20 stowage cradle. (Do you get the
idea of the "imagining" exercise?) In view B of figure
2-56, the load stand could be a Mk 20 cradle instead.
The operations in views C and D of figure 2-56 would
be the same using a cradle. In certain sequences, even
the forklift truck can be replaced with an overhead
crane/hoist.

Again, handling equipments are very versatile. The
conditions of the handling operation will dictate which
equipments (or options) can be used.

REPLENISHMENT METHODS

Earlier in the text, we briefly touched upon the
subject of replenishment. (Refer to chapter 8's
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strikedown section.) We learned there were various
methods used to transfer missiles between two
activities. These methods included UNREP-CONREP,
VERTREPs, and pierside and lighter operations using a
crane. The following areas of the text describe these
methods in more detail. Essentially, we'll see how a
transfer dolly (or container) is delivered to a combatant
ship.

Experience and on-the-job training are the
best teachers in replenishment operations. However,
you should have a general understanding of how the
different evolutions are performed. You must also
realize that any replenishment is (1) a team effort
and (2) a dangerous operation. All personnel
involved in a replenishment must work quickly,
quietly, and efficiently. Cooperation is the key in-
gredient.

Usually, Gunner's Mates are not directly respon-
sible for setting up and running a replenishment.
However, we may be required to assist in preparing for
a replenishment (e.g., as line handlers). The ship's
Boatswain's Mates normally set up and run the transfer
(CONREDP) rigs between ships. They will also direct a
helicopter (helo) during VERTREPs. At an NWS or
other pier facility, civilian workers will operate and
direct a crane. These personnel are trained to do this
kind of work.

Our primary job is to move the missile between
the replenishment station and the GMLS's strike-
down area. A coordinated team effort by handling
personnel is vital in this case. Transfer dollies or
containers must be moved safely and smartly. That is
important in contributing to the overall smoothness of
the operation.

Any ammunition transfer is a hazardous evolution
considering the quantity of high explosives involved.
Protective gear, such as safety helmets (hardhats),
steel-toed safety shoes, and lifejackets (at sea), must be
worn. Rings, watches, cigarette lighters/matches, and
so forth, must not be brought to a replenishment area.
Be careful and cautious. Obey the rules and don't rush
in your work.

UNREP-CONREP

The most common underway-connected replenish-
ment (UNREP-CONREP) method for missile transfer
today is called STREAM. STREAM stands for
standard tensioned replenishment alongside method. It
is used to transfer a variety of missile, ammunition, and
other cargo loads.
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Figure 2-56.—A Standard MR missile handling sequence; container to loading stand to dolly roll.
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Figure 2-57 illustrates the basic arrangement for a
STREAM rig. After the various lines are connected, the
sending ship controls all operations. In the figure, the
receiving ship is using a sliding pad eye. As the load
reaches the receiving ship, the pad eye is lowered. This
lowering places the transfer dolly on deck at the
replenishment station. The sling of the dolly is
disconnected from the cargo hook. The handling crew
moves the dolly to the GMLS's strikedown area.
Strikedown operations are performed and the empty
dolly is returned to the replenishment station.

Additional information about CONREP proce-
dures can be found in Naval Warfare Publication
(NWP) 14, Replenishment at Sea. Another good (and
available) source is Boatswain's Mate, volume 2,
NAVEDTRA 12102.

VERTREP
A vertical replenishment (VERTREP) is a very

efficient and versatile replenishing method. A
helicopter (helo) is used to transfer just about anything
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anywhere. Ammunition, cargo, and personnel loads
can be transported between ships, ship-to-shore, or
shore-to-ship. The only limiting factors to a helo
operation are the range and capacity of the helo, and the
weather. If the receiving ship is equipped with the
proper (and required) lighting, nighttime operations are
possible. However, most VERTREP ammunition
transfers are conducted during daylight hours (for
safety considerations).

During a missile transfer, the helo supports the load
(a transfer dolly or container) on a cable/sling
arrangement. As the helo approaches the receiving
ship, the pilot maneuvers over the "drop" zone of the
ship. A landing signalman (usually one of the ships
BMs) guides the helo in with a series of hand signals.
When the load is over the drop zone, the helo lowers
and puts the dolly/container on deck. A hookup man
(another ships BM) runs to the load and disconnects the
helo's hook. The helo rises and clears the area.

When the helo is at a safe distance from the ship,
the missile-handling team assembles. The team moves
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Figure 2-57.—Missile transfer by STREAM.
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the dolly or container to the GMLS's strikedown area.
On-load (or off-load) operations are performed and the
dolly/container is returned to the drop zone. The helo
comes back and picks up the load. One missile
VERTREP has been completed.

VERTREP is probably the most popular
replenishing method today. It has many advantages,
such as speed and simplicity. However, from a Gunner's
Mate's point of view, two words of caution. First, any
helo operation is considered a dangerous operation.
Only the landing signalman and hookup man are
permitted in the drop zone area while the helo is
overhead. All other personnel must remain well clear of
the area at this time. Foreign object damage (FOD) is
another danger. Rotor blade suction will draw ANY
loose objects into the engine of the helo with disastrous
results. Do not wear hats (ball caps) and ensure all gear
near the helo area is firmly secured.

The second word of caution applies to the load. Be
sure to inspect the missile very carefully as soon as the
helo clears the ship. Why do you think the helo area is
called a "drop" zone? The missile can sustain some

MK 8
FORKLIFT DOLLY LOAD STAND

TRUCK
FLATCAR

Ny

rather severe damage (shocks, bounces, jolts) as it
"hits" the deck. If the damage is obvious (e.g., a cracked
radome), reject the round before it is moved. Also,
check the transfer dolly for damage caused by hard hits
on deck. Look at the dolly wheels carefully.

DOCKSIDE REPLENISHMENT

A typical dockside (or pierside) replenishment
operation is illustrated in figure 2-58. The major
handling equipments and events have already been
described. (See figs. 2-55 and 2-56, for example). Any
changes or variations to the basic steps in figure 2-58
are minor. For instance, missiles may arrive on the pier
in a boxcar instead of on a flatcar. Sometimes a flatbed
truck is used.

Quite often during dockside replenishment, the
receiving ship is required to supply personnel to assist
the pier crew. As a Gunner's Mate, you may get this
assignment. You'll actually get the chance to work with
the different types of handling equipments we've
discussed.

TRANSFER DOLLY
WITH MISSILE

AT

DOCK

GMf0258

Figure 2-58.—Dockside replenishment.
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LIGHTER REPLENISHMENT

A lighter is a specially constructed barge designed
to carry ammunition. A typical lighter replenishment is
seen in figure 2-59. The receiving ship in the figure is a
combatant. However, lighter replenishment is also
performed with AE-type ships.

The handling operations that take place on a
lighter are the same as on a pier or AE-type ship.
These operations include canning/decanning, dolly
loading/unloading, rolling a missile, and so forth.

Lighter replenishment is used for various reasons.
Its main advantages are in time and money savings. It is
cheaper and quicker to load a lighter at an NWS and
deliver the missiles/ammunition to a ship. The ship
does not have to get under way and that is a huge
savings in fuel costs. Another point is that newer
AE-type ships are deep draft vessels. They cannot
always navigate the rivers and channels leading to an
NWS dock. Therefore, the lighter replenishment
method is gaining in popularity. Many times the lighter
and receiving ship will meet halfway and conduct the
ammunition transfer while at an anchorage.

This concludes our discussion of missile-handling
operations. For the most part, these events occur ashore
at an NWS. However, with the exception of assembling
and testing, AE-type ships perform the same jobs. Our
next subject area deals with the missiles after they are
safely stowed aboard a combatant ship.

MISSILES ABOARD SHIP

LEARNING OBJECTIVE: Recall informa-
tion concerning handling, stowing, inspecting,
and cleaning and preservation of missiles
aboard ship.

Guided missiles are delivered to the fleet in an
all-up-round (AUR) status. All tests and certification
checks are performed before the missile leaves the
NWS. Aboard ship, we are not authorized nor equipped
to disassemble, test, or repair any critical missile
component.

Aboard ship, our current activities with missiles
can be summarized as follows:

1. Handling

2. Stowage

3. Inspections

4. Cleaning and preservation

HANDLING

You will be responsible for the safe and proper
handling of missiles at all times. Obviously, this point
strongly applies to replenishing and strikedown
operations. During these periods, the missile has
minimum protection with maximum exposure.

However, do not forget launcher loading,
unloading, and intersystem transfer operations. These
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Figure 2-59.—Lighter replenishment.
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evolutions are a form of missile handling also. Even
though the missile is within the confines of the GMLS,
it is still susceptible to damage. Sometimes, due to
equipment failure or breakage, missile damage is
unavoidable. Fortunately, such cases are extremely
rare. Most missile damage is a result of personnel error.

A common cause of damage can be traced to the
experienced control panel operator. Loading and
unloading a launcher everyday, especially with a
GMTR, becomes second nature to some people. They
soon learn the "shortcuts" of a GMLS and can "run the
panels blindfolded." In short, bad operating habits are
developed. Those bad habits are hard to break when a
live missile must be loaded. Quite often, a shortcut that
can (but shouldn't) be taken with a training missile just
won't work with a live missile. You can guess the
outcome.

Safe and proper handling/operating techniques
MUST be practiced constantly. There is no room for
error or carelessness, especially in routine shipboard
tasks. Eliminate distractions and concentrate on what
you're doing.

STOWAGE

You will be responsible for the care of the missiles
while they are in stowage. That is an important task
since a missile spends about 99 percent of its existence
in stowage. A large part of this care is related to
maintaining magazine environmental control and fire
suppression systems in good working order.

Magazine temperature and humidity levels must be
checked. If they begin to exceed established tolerances,
positive action must be taken immediately. Be sure to
inform your work center supervisor of the situation.

Good housekeeping has to be practiced in any
ordnance stowage area. Maximum effort must be made
to keep the magazine area clean. Do not let dirt, oil, or
greases accumulate to create potential fire hazards.
Oily rags are particularly dangerous.

Missile airframes are not watertight structures.
That point was emphasized when we discussed training
missiles near the end of chapter 6. Live missiles are
subject to the same corrosive damage as are training
missiles. Although the problem is not as acute with live
missiles (because they are handled less), it is just as
serious. Don't let the live missile get wet.

Since (live) missiles are in stowage most of their
time aboard ship, how can they get wet? Unfortunately,
magazine sprinkler wetdown is all too often the cause.
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And, as you know, most wetdowns are generally traced
to personnel error. We won't repeat the applicable
sprinkler warnings, although they cannot be stressed
enough. An important point to remember is that ANY
wetdown experience MUST be immediately reported
through the chain of command.

Special measures must be taken if the missiles have
been exposed to salt water, as from a wetdown. Each
missile must be examined carefully for any evidence of
saltwater contamination. Give particular attention to all
joints, launching shoes, and firing contacts. DTRMs
and boosters that had water enter their bore must not be
used. These rounds (with wet rocket motors) must be
returned to an NWS.

Corrective action after a wetdown involves
washing the missile with fresh water. The missile is
then dried and corrosion preventive compounds are
applied. Every missile subjected to wetdown must be
reexamined within 30 days. Details as to the extent and
location of corrosion must be noted in the service
record of the missile. If the problems are severe enough
and continue to worsen, the missile(s) may be totally
ruined. Therefore, after any wetdown, the missile(s)
must be turned in to the nearest NWS or
missile-handling facility.

INSPECTIONS

You will be required to inspect the missiles at
different intervals. Generally, these inspections are
visual and are limited to the external surfaces of the
round. Inspection procedures and points to check are
outlined on maintenance requirement cards (MRCs) or
in the applicable Ops. You check different things on
different missiles, so be sure to refer to the applicable
references.

Normally, missile inspections can be divided into
three major periods—receipt, routine, and off-load.
These are special inspection situations such as after a
casualty wetdown or dud/misfire occurrence.
Appropriate MRCs or missile handling Ops exist to
provide instructions for these conditions.

The receipt or on-load inspection is very important.
Before the missile is moved to the magazine, go over it
with a fine-tooth comb. Using an MRC/OP as a guide,
check for cracks, dents, chips, and other external
surface damage. Ideally, the surface of the radome
should be perfectly smooth. But, sometimes, bubbles
will appear on its surface. The MRC/OP will give
size-tolerances of these bubbles; if they are beyond a
certain dimension, the round must not be used.



Ensure all control surfaces are installed and folded
correctly. Verify that all safety wiring and protective
seals are intact. Antenna surfaces must not be soiled or
scratched. If you discover or think you've discovered a
problem during a receipt inspection, notify proper
authority immediately. If the problem can be verified to
be beyond acceptable standards, the ship can reject the
missile.

Periodically, every missile must be removed from
the magazine and given a routine inspection. The
interval of routine inspections may vary, but
semiannual and/or annual inspections are most
common. Many of the same points checked during a
receipt inspection are rechecked. Cleaning and
preservation work is also performed. Routine
inspections are important checks as they contribute to
the long-term reliability of the missile.

An off-load inspection is conducted as the missile
leaves the ship. If you have faithfully performed the
other inspections, the off-load checks should go rather
quickly. The results of any inspection will be logged in
a guided missile service record (GMSR). Compare a
GMSR to your own health or dental record. Any time
you have a physical, the results are recorded to establish
your medical history or file. The same thing applies to a
missile and its inspection results.

CLEANING AND PRESERVATION

You will be responsible for the cleanliness and
preservation of the missiles. These actions are normally
performed as part of the routine inspection procedures.
Without fail, your missiles WILL get dirty. They'll get
stained from oil and grease drippings and even shoe
polish scuff marks. Missiles are not cleaned and
preserved just to make them "look pretty." This work is
accomplished for some very valid reasons. Cleanliness
directly contributes to the prelaunch and in-flight
performance of the round. For example, we mentioned
antennas as an item you had to inspect. Suppose a big
glob of grease falls onto a proximity antenna. Yes, that
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glob of grease could affect the operation of a warheads
fuze by blocking or distorting the transmitted/received
signal. What if a movable tail-control surface rusted in
place? Steering and stability control would be severely
hampered. Items such as these must be checked,
cleaned, and preserved.

Cleaning generally involves the use of good old
soap and water along with elbow grease. The outer
surfaces of the missile are washed to remove any
accumulations of unwanted materials. Be sure to
consult the maintenance instructions and use the
approved detergents. Warnings will often be included
stating where abrasive cleansers (like scouring powder)
may or may not be used.

Preservation involves applying corrosion pre-
ventive compounds to the external surfaces of the
missile. These compounds are designed to resist the
effects of moisture on a metal surface. The MRC/OP
instructions will specify the currently approved
materials and explain where and how to apply the
compounds.

SUMMARY

In this chapter we explained how the explosive
compounds described in chapter 1 are used in modern
Navy gun ammunition. We also described how this
ammunition is identified with both color coding and lot
numbers. We discussed how ammunition stocks are
accounted for and what reporting procedures are used
by ammunition managers. We looked at some of the
different types of stowage magazines and how these
magazines are protected with sprinkler systems. We
described some of the handling equipment and the
training and safety requirements involved in handling
ammunition. Finally, we described missile processing
and associated handling equipment. For detailed
information and/or additional descriptions of the
equipment and procedures discussed in this chapter,
you should refer to the references cited.



CHAPTER 3

SMALL ARMS

Strictly defined, the term small arms means any
firearm with a caliber (cal.) of .60 inch or smaller and
all shotguns. Since there are no .60-cal. weapons in the
Navy, all pistols, rifles, shotguns, and machine guns up
through .50 cal. are small arms. For maintenance
purposes, grenade launchers, mortar and minor caliber
weapons have also been included in the category of
small arms. Such weapons are carried or mounted
aboard ship for certain watch standers and members of
the ship's internal security force.

In this chapter we will review some of the
fundamental principles of small arms nomenclature
and operation as well as how automatic and semiauto-
matic operation is accomplished. We will then describe
the small arms currently in use by the Navy—including
handguns, shoulder weapons, shotguns, machine guns,
and grenade launchers. We will conclude with brief
discussions on small arms special precautions,
maintenance, storage and issue requirements, range
duties, some hand grenade fundamentals, and landing
and boarding party equipment.

Small arms intended for match competition (match
conditioned) are not covered in this text. They are not
repairable at any level other than depot, such as the
Naval Weapons Support Center, Crane, Indiana.

SMALL ARMS FUNDAMENTALS

LEARNING OBJECTIVE: Describe the
operating cycles of Navy small arms and
machine guns.

As a Gunners Mate, you will be concerned with
pistols, rifles, shotguns, grenade launchers, and
machine guns. Your responsibility in the field of small
arms is twofold. First, you must know how to assemble,
disassemble, maintain, and repair them. Secondly, you
must be able to train other personnel in their operation,
safe handling, and maintenance.

The majority of small arms are procured from the
Army and issued by the Navy to its field activities and
the fleet. Maintenance on small arms is performed
according to the applicable maintenance requirement
cards (MRCs), but all other information (operation,
troubleshooting, parts lists, and so on) is normally
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found in Army technical manuals (TMs) and field
manuals (FMs). FMs and TMs list the spare parts,
special tools, and organizational —maintenance
procedures for a particular weapon. The FM is the
operator's manual and is intended for personnel in the
field who must maintain the weapon. Indexes of Army
FMs and TMs are printed in Army pamphlets 310-3 and
310-4, respectively. OP 0 also lists TMs, FMs, and OPs
pertaining to small arms.

SMALL ARMS NOMENCLATURE

Before we begin the study of the individual
weapons, let us examine some of the quirks in small
arms nomenclature (names of the parts). Generally,
terminology pertaining to the weapons themselves is
fairly standard because the Navy has adopted most of
the Army's system of identification. For example, the
Army uses the letters M and A; the Navy uses the
abbreviations Mk (mark) and Mod (modification). The
Army's carbine M1A2, for example, is the Navy's
carbine Mk 1 Mod 2.

The diameter of a shotgun's bore is referred to as
the gauge of the shotgun. Gauge (with the exception of
the .410 shotgun) is not a measurement of inches or
millimeters. Instead, it is the number of lead balls of
that particular diameter required to make a pound. For
example, if you measured the diameter of a 12-gauge
shotgun's bore, you would find it to be 0.729 inch. If
you were to make a number of lead balls of this
diameter and weigh them, you would find that 12 of
them make a pound.

So the larger the bore of a shotgun, the smaller the
gauge number. A 16-gauge shotgun, for example, has a
smaller bore than a 12-gauge.

CYCLES OF OPERATION

Every weapon has a cycle of operation. This cycle
is a group of actions that takes place upon the firing of
one round and that must occur before the firing of the
next round. In the automatic small arms currently used
by the Navy, the sequence or manner of accomplishing
these actions may vary between weapons of different
design; however, they are always performed.



There are eight steps in the cycle of operation; as
shown in figure 3-1. We will briefly discuss each step.

Feeding

The feeding action places a round in the receiver
just to the rear of the chamber. In its simplest form it
amounts to putting a cartridge by hand in the path of the
device that will chamber the round. Most often feeding
is done by a spring-loaded follower in a magazine.
However, magazines have a limited capacity that
cannot sustain the continuous rate of fire required by
machine guns. Therefore, machine gun ammunition is
belted, and the rounds are fed to the rear of the chamber
by cam and lever action.

Chambering

This action is required to ram a new round into the
chamber. Again, in its simplest form, this amounts to
placing the round there by hand. In military weapons,
chambering takes place as the forward moving bolt
strips the round from the feed mechanism and forces it
into the chamber. The bolt closes on the cartridge and
the extractor attaches itself to the extracting groove
machined around the base of the cartridge case.

Locking

The locking action holds the bolt in its forward
position for a short period of time (after firing) to
prevent the loss of gas pressure until unlocked by other
forces. For low-powered weapons, it is possible to seal
the breech for a short time by merely increasing the
weight of the bolt. The bolt starts to move upon firing;
but, if sufficiently heavy, it will not move far enough to

release the gases until their pressure has been
satisfactorily reduced. This method is used by
submachine guns and other straight blowback-operated
small arms such as the .22-cal. rimfire autoloading
pistols.

Firing

The firing action occurs when the firing pin strikes
the primer of the cartridge.

Unlocking

Unlocking occurs after the firing of the round.
Actions for unlocking are just the reverse of those
required for locking. For most rifles, the first movement
of the bolt is a rotating movement that disengages the
locking lugs.

Extracting

The extracting action is the process of pulling the
empty case back out of the chamber. The extractor
(normally a small hooked piece of metal encased in the
bolt) snaps over the rim of the cartridge case when the
round is chambered. As the bolt moves rearward after
firing, the extractor hauls out the empty brass.

Ejecting

Itis not only necessary to pull the cartridge case out
of the chamber, but also to throw it free of the receiver.
This action is called ejection and is created by placing a
small projection on one side of the receiver so that, as
the bolt and case move to the rear, the case will strike
the projection and be expelled from the weapon. This
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Figure 3-1.—The small arms cycle of operation.
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method is used in the .45-cal. pistol. Another method
of accomplishing this step is to incorporate a
spring-loaded ejector in the face of the bolt. In this
arrangement the case is flipped from the weapon as
soon as its forward end clears the chamber. This method
is used in the M14 rifle.

Cocking

Cocking is the retraction of the firing mechanism
(firing pin and hammer) against spring pressure so that
there will be sufficient energy to fire the cartridge in the
next cycle of operation. The firing pin, hammer or, in
some cases, the bolt itself is held in a cocked position
by a piece called the sear.

Firing is initiated by squeezing a trigger. This
movement trips the sear, releasing the firing mecha-
nism (firing pin, hammer or, in automatic weapons,
such parts as the bolt group or slide), causing it to move
forward with enough force to discharge the round.

AUTOMATIC AND SEMIAUTOMATIC
FIRING SYSTEMS

LEARNING OBJECTIVE: Discuss the
operation and maintenance of Navy small
arms.

A semiautomatic weapon unlocks, extracts, ejects,
cocks, and reloads automatically. However, the trigger
must be pulled each time to fire a round. By this
definition, the 9-mm M9 pistol is semiautomatic,
though often called automatic. A fully automatic
weapon keeps on firing as long as the trigger is kept
pulled.

Two examples of weapons that can be fired both
automatically and semiautomatically are the 7.62-mm
M14 rifle and the 5.56-mm M16 rifle.

SMALL ARMS OPERATING PRINCIPLES

Automatic and semiautomatic weapons are
classified on the basis of how they obtain the energy
required for operation. Fundamentally, small arms
obtain the energy from the forces that accompany the
explosion created when a round of ammunition is fired.
The use of these forces does not reduce the
effectiveness of the weapon, but uses otherwise wasted
energy.

There are three basic types of operation for
semiautomatic and automatic small arms—gas opera-
tion, recoil operation, and blowback operation. Figure
3-2 shows the three methods.

Gas Operated

In gas-operated weapons, a portion of the
expanding powder gases behind the bullet are tapped
off into a gas cylinder located beneath the barrel. (The
hole connecting the barrel and cylinder is near the
muzzle end.) As the bullet passes this hole, gases push
this piston rearward. The piston is connected by a rod to
an operating mechanism of the weapon, such as the
bolt. The piston carries the bolt aft with it, unlocking,
extracting, ejecting, and cocking the weapon.

There are three basic types of gas systems that are
used in semiautomatic and automatic small arms. They
are the gas impingement, gas tappet, and gas expansion
systems.

7
]

270097007200091010241487

RECOIL-OPERATED

WNN D ——

BLOWBACK-OPERATED

GMf0302

Figure 3-2.—Types of operating systems.
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GAS IMPINGEMENT SYSTEM.—The im-
pingement system has a negligible volume of gas at the
cylinder with expansion dependent on piston motion.
As the piston moves, gas continues pouring through the
port until the bullet exits the muzzle with a subsequent
drop in pressure in the bore. An example of such a
mechanism is found in the M1 Garand rifle, which was
the standard service rifle in World War II and Korea.

GAS TAPPET SYSTEM.—The gas tappet sys-
tem is an impingement system with a short piston
travel. It is often referred to as a gas short stroke system.
An example of such a mechanism is found in the M1
and MI1A1 .30-cal. carbine. In some tappet
mechanisms, the piston only taps the lock mechanism
open and exerts no force to recoiling components.

GAS EXPANSION SYSTEM.—The gas expan-
sion system, in contrast to the impingement system, has
an appreciable initial volume of gas in its expansion
chamber. This requires more time to pressurize the
chamber and also more time to exhaust the gas by
selection of port size and location as the required
pressurized gas can be drained from the bore.

There is also a cutoff expansion that is similar to the
direct expansion system, except for a valve that closes
the port after the piston moves. As the pressure builds
up to a specific value, the piston moves, closing the port
and leaving the gas to expand, providing the force effort
needed to operate the moving components. The
7.62-mm M14 rifle uses this type of operation.

Recoil Operated

As around is fired, high pressures develop behind
the bullet and force it down the barrel. The force behind
the bullet is also directed rearward against the breech. If
the barrel and bolt are secured to one another, the entire
force of recoil is felt on the shooter's shoulder. But, by
designing the barrel and breech assembly so that they
can slide in the frame or receiver, the energy of the rear
moving assembly can be used to compress springs,
move levers, and so on, necessary to complete the cycle
of operation.

Generally, in recoil-operated weapons, the barrel
and the bolt move rearward together for a short
distance. Then the barrel is stopped and the bolt (now
unlocked) continues to the rear against spring pressure
until the empty case is ejected. The force of recoil is
also used to cock the weapon and compress the spring,
returning the bolt to its firing position, and chambering
a new round in the process.
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There are two basic methods of recoil operation for
semiautomatic and automatic small arms. They are the
long-recoil (Browning) and short-recoil (Maxim)
methods.

LONG-RECOIL METHOD.—The dynamics of
long-recoil-operated weapons are similar to straight
blowback operation, except that the barrel, breech-
block, and component parts recoil together for the
complete recoil cycle. This recoil distance must be
greater than the length of the complete round. At the
end of the recoil stroke, the bolt is held while the barrel
counterrecoils alone. One particular note of importance
on the long-recoil type of operation is that ejection
takes place on counterrecoil instead of recoil. An
example of a long-recoil weapon is the Browning
designed, Remington model 11 shotgun, used by the
Navy before and during World War II.

SHORT-RECOIL METHOD.—The dynamics of
short-recoil-operated weapons approach those of the
retarded blowback types more nearly than long-recoil.
To eliminate all blowback tendencies, the bolt latch is
not released until the propellant gases become ineffec-
tive. After unlatching (unlocking), the bolt continues
recoiling and in some mechanisms is accelerated by
mechanical or gas systems. The barrel is arrested by
spring, buffer, stop, or a combination of these and is
caused to return to battery by these or the counterrecoil-
ing components. Examples of short-recoil-operated
weapons are the .45-cal. pistol and the Browning
machine gun.

Blowback Operated

There are some similarities between recoil- and
blowback-operated weapons. But there are several
major differences. In recoil operation, the bolt and
barrel are locked together until the bullet has left the
barrel and most of the recoil thrust is spent. The
combined thrust of the recoiling barrel, bolt, and some
other parts is used to operate the weapon. In blowback
(inertia) operation, however, the bolt is not locked to the
barrel and in most cases the barrel does not recoil. The
bolt is held closed by spring pressure and the mass of
the breechblock. The initial blow of the exploding
cartridge starts the bolt moving rearward, but the
weight of the bolt is such that it does not allow the
chamber to be entirely opened until the round has left
the bore. Action by a recoil spring returns the bolt to the
closed position, chambering a new round.



Thus, the weight of the breechbolt is an important
factor in the design and operation of a
blowback-operated weapon. When used with
low-powered ammunition, it is a suitable arrangement.
A military rifle, however, using the standard .30-cal.
cartridge and the blowback action would require a
27-pound breechblock.

Besides the submachine gun, many types of
so-called pocket automatic pistols and .22-cal. auto-
matic rifles use blowback operations.

There are variants in the methods used for each of
these types to operate the mechanism for blowback.
These are the straight blowback, retarded blowback,
and accelerated blowback methods.

STRAIGHT BLOWBACK METHOD.—
Straight blowback is the most elementary and simple. It
uses recoil energy from the firing of a round of
ammunition to operate the weapon's mechanism and
extract the fired case, eject it against spring tension, and
return the mechanism to firing position again. This, in
turn, picks up an unfired round from a magazine and
chambers it. Straight blowback is used in weapons that
fire ammunition of fairly low power, such as pistol
ammunition and .22-cal. rimfire rifle cartridges. The
bolt slide or breechblock is fairly heavy in these
weapons when compared to the weight of the bullet and
power of the cartridge. Therefore, the mechanism will
stay closed (but not locked) momentarily until the
bullet gets free of the barrel and pressure is subdued to
allow extraction. All submachine guns and
semiautomatic .22-cal. rimfire pistols use straight
blowback for their operation.

RETARDED BLOWBACK METHOD.—An
example of retarded blowback is found in the
mechanism of the original Thompson submachine gun.
This is based on the principle of operation that the
recoil force exerted on the mechanism must overcome
some form of mechanical disadvantage, momentarily
holding the breechblock closed until the bullet had
cleared the weapon's muzzle. However, this was later
found unnecessary if the bolt or breechblock was of
sufficient weight. The Thompson M1-A1 submachine
gun (formerly used by the Navy) uses straight
blowback as have all submachine guns designed since
that time.
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ACCELERATED BLOWBACK METHOD.—
An example of accelerated blowback is found in the
.22-cal. rimfire Colt Ace semiautomatic pistol. In this
pistol, the Williams floating chamber, a part of the
barrel, on firing a round of ammunition, moves with
accelerated force against the mechanism (in this case,
the fairly heavy slide and its components), providing
sufficient energy to operate the component parts of a
45-cal. pistol with .22-cal. rimfire ammunition.

Range and Rate of Fire

Some other important terms that apply to small
arms describe their range and rate of fire. The range of a
weapon is stated in terms of maximum range and
maximum effective range. The rate of fire of an
automatic weapon is stated as the cyclic rate of fire and
the sustained rate of fire.

MAXIMUM RANGE.—Maximum range is the
greatest distance that the projectile will travel.

MAXIMUM EFFECTIVE RANGE.—
Maximum effective range is the greatest distance at
which a weapon may be expected to fire accurately to
inflict damage or casualties.

CYCLIC RATE OF FIRE.—The cyclic rate of
fire is the maximum rate at which a weapon will fire in
automatic operation, stated in rounds per minute (rpm).

SUSTAINED RATE OF FIRE.—The sustained
rate of fire of a weapon is normally stated in a chart.
The chart correlates the average number of rounds fired
per minute with the number of minutes this rate can be
sustained without damage to the weapon.

HANDGUN

LEARNING OBJECTIVE: Describe the
cycle of operation, disassembly, assembly, and
safeties of the Navy handgun.

The standard issue handgun used by the Navy
today is the M9-9mm semiautomatic pistol. In this
section, we will provide you with information concern-
ing the description, operation, and maintenance of this
pistol.
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GENERAL INFORMATION
9Imm PISTOL

Figure 3-3.—9-mm M9 semiautomatic pistol.

9-MM, M9 SEMIAUTOMATIC PISTOL

The 9-mm, M9 pistol (fig. 3-3) is a single- or
double-action, short-recoil-operated, semiautomatic,
magazine-fed, self-loading handgun with fixed sights.
The M9 is primarily designed as a personal defense
sidearm for guards, sentries, and boarding and landing
parties.

The M9 is chambered for the 9-mm cartridge. The
magazine (fig. 3-4) is a staggered, steel constructed,
aluminum follower and removable floorplate. It has a
capacity of 15 rounds, which is more than double the
traditional single-line magazine of the same length.

GMf0304

Figure 3-4.—M9 magazine.
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Empty, the pistol weighs approximately 2.1 pounds. It
has a maximum range of 1,962.2 yards (1,800 meters)
and a maximum effective range of 54.7 yards (50
meters).

Operation

The M9 pistol has a short recoil system using a
falling locking block. The pressure developed by the
expanding gases of a fired round recoils the slide and
barrel assembly. After a short distance, the locking
block is disengaged from the slide, the barrel stops
against the frame, and the slide continues its rearward
movement. The slide then extracts and ejects the fired
cartridge case, cocks the hammer, and compresses the
recoil spring. The slide moves forward, stripping the
next cartridge from the magazine, and feeds it into the
chamber. After the last cartridge has been fired and
ejected, the slide and barrel assembly will remain open
by the magazine follower pressing up on the slide stop
lever.

Disassembly

Disassembly of the M9 is to be conducted in
accordance with the current 3-M Systems MRCs.
Detailed disassembly is not normally conducted by the
GM armorer. General disassembly (field-stripping)
will only be discussed in this section. A detailed
disassembly, figure 3-5 and table 3-1, are shown for
parts identification.
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Figure 3-5.—Detailed disassembly of the 9-mm M9 pistol.
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Table 3-1.—Part Number Nomenclature

Part # Nomenclature

Part # Nomenclature

1 Barrel (Factory Fitting Required) 34 Ejector Spring Pin

2 Locking Block 35 Hammer

3 Locking Block Plunger 36 Hammer Pin

4 Locking Block Plunger — Retaining | 37 Hammer Spring Guide

Pin

5 Slide (Factory Fitting Required) 38 Hammer Spring

6 Extractor 39 Hammer Spring Cap

7  Extractor Pin 40 Sear

8 Extractor Spring 41 Sear Spring

9 Rear Sight (Fitting Required) 42 Sear Pin

10 Trigger Bar Release Plunger 43 Magazine Release Button

11 Trigger Bar Release Plunger Spring 46 Magazine Release Button Spring

12 Firing Pin 47 Hammer Spring Cap Pin

13 Firing Pin Spring 48/49P Grips (Plastic) Pair

14 Safety 48/49W Grips (Wood) Pair

15 Firing Pin Plunger 50 Grip Screw

18 Recoil Spring 51 Grip Bush

19 Recoil Spring Guide 52 Magazine Box

20 Frame 53 Magazine Follower

21 Disassembling Latch 54 Magazine Bottom

22 Slide Catch Spring 55 Magazine Spring

23 Slide Catch 56 Magazine Lock Plate

24 Trigger 57 Firing Pin Catch Spring

25 Trigger Pin 58 Firing Pin Catch

26 Trigger Spring 59 Firing Pin Catch Retaining Spring

Pin

27 Trigger Bar 60 Safety Plunger Spring

28 Trigger Bar Spring 61 Safety Plunger

29 Disassembling Latch Release Button 62 Right Safety Lever

30 Disassembling Latch Release Button | 63 Right Safety Lever Spring Pin

Spring

31 Hammer Release Lever 64 Firing Pin Catch Lever

32 Ejector 65 Magazine Catch Spring Bush (Short)

33 Hammer Release Lever Pin 66 Magazine Catch Spring Bush (Long)
69 Spring Washer
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Figure 3-6.—Disassembly lever release button.

The M9 is designed for ease of field stripping under
adverse conditions. With practice, field stripping can be
performed in seconds. Ensure that the magazine is
removed and the pistol is unloaded. The pistol can be
disassembled and assembled with the safety in the ON
or OFF position. For safety, and to prevent damage to
the pistol, always engage the safety (ON position,
warning dots covered, down position) prior to
disassembly and assembly.

To field strip the M9, hold the pistol in the right
hand with the muzzle slightly elevated. With the
forefinger press the disassembly lever release button
(fig. 3-6), and with the thumb rotate the disassembly
lever (fig. 3-7) downward until it stops. Pull the slide
and barrel assembly (fig. 3-8) forward and remove it
from the receiver assembly.

GMf0307

Figure 3-7.—Disassembly lever.
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Figure 3-8.—Removal of slide and barrel assembly.

WARNING

Care should be used when removing the recoil
spring and spring guide. Due to the amount of
compression, the assembly will be released under
spring tension and could cause possible injury to
personnel, or become damaged or lost.

Firmly hold the slide in the palm of one hand and
slightly compress the recoil spring and spring guide
(fig. 3-9), while at the same time lifting and removing

GMf0309

Figure 3-9.—Compressing the recoil spring.
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Figure 3-10.—Removing the recoil spring and spring guide.

the recoil spring and spring guide (fig. 3-10). Care
should be taken to allow the spring tension to be
released. After the spring tension is released, separate
the recoil spring from the spring guide (fig. 3-11).

To remove the barrel from the slide, push in on the
locking block plunger (fig. 3-12) while pushing the
barrel forward slightly. Lift and remove the locking
block and the barrel assembly from the slide.

Once the pistol is disassembled, look for worn or
damaged parts while cleaning and prior to assembly.
For more information on the M9 pistol refer to Navy
SW 370-AA-OPI-010/9mm.

SHOULDER WEAPONS

LEARNING OBJECTIVE: Discuss the
controls, safeties and maintenance of shoulder
weapons used by the U.S. Navy.

WRTRIRARDER R
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Figure 3-11.—Recoil spring and spring guide.
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Figure 3-12.—Removing the barrel from the slide.

Shoulder weapons are designed to be held with
both hands; they are braced against the shoulder to
absorb the force of recoil and to improve accuracy.
Included in this group are the M14 and M16 rifles.

M14 RIFLE

The M14 rifle (fig. 3-13) is a lightweight,
air-cooled, gas-operated, magazine-fed shoulder
weapon. It is designed for semiautomatic or fully
automatic fire at the cyclic rate of 750 rounds per
minute. The rifle is chambered for 7.62-mm cartridges.
It is designed to accommodate a 20-round cartridge
magazine, the M2 rifle bipod (fig. 3-14), and the M6
bayonet (fig. 3-15).

M14 Rifle Controls
Figure 3-16 shows an M14 rifle equipped with a

selector for automatic operation. Position the selector
as in view A for semiautomatic fire and as in view B for

SELECTOR

SELECTOR

SPINDLE

"IN MAGAZINE LATCH

OPERATING ROD
HANDLE

GMf0313

Figure 3-13.—7.62-mm M14 rifle and controls—right-front view.
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Figure 3-14.—7.62-mm M14 rifle with the bipod installed.

BAYONET LUG

BAYONET KNIFE - M6
GMf0315

Figure 3-15.—7.62-mm M14 rifle with the M6 bayonet knife.

automatic fire. In firing for semiautomatic fire, squeeze
the trigger for each round fired. For automatic fire,
squeeze the trigger and hold. Most of the M14 rifles
issued to the Navy will not be equipped with the

SELECTOR
POSITIONED
FOR SEMI-
AUTOMATIC
FIRE

SELECTOR
POSITIONED

FOR
AUTOMATIC
FIRE

GMf0316

Figure 3-16.—Selector for semiautomatic and automatic fire.
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Figure 3-17.—Installation and removal of magazine.

automatic selector; only semiautomatic fire will be
possible.

The location of the safety is just forward of the
trigger guard. To prevent firing, press the safety back
from in front of the trigger guard. To permit firing, press
it forward from inside the trigger guard. The safety can
only be engaged when the weapon is cocked.

If a magazine is in the rifle, press the magazine
latch (fig. 3-17) and remove the magazine. Pull the
operating handle all the way to the rear and check to see
that the weapon is free of ammunition. Then ease the
operating rod forward to the locked position and move
the safety to the rear (SAFE position).

There are two methods of reloading an empty
magazine. Figure 3-18 shows the method with the

CLIP INSERTED IN CARTRIDGE
CLIP GUIDE
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FORCING CARTRIDGES
INTO MAGAZINE

CARTRIDGE
CLIP GUIDE

CARTRIDGES LOADED

REMOVE IN MAGAZINE

CLIP
et )

e
)

GMf0318

Figure 3-18.—Loading magazine through cartridge clip guide.



magazine in the rifle. (This method should only be used
in the field since it creates a possible accidental firing
situation.) After the last round is fired from a magazine,
the magazine follower will engage the bolt lock and
hold the bolt in the rear position. If this fails to happen,
make sure you did not have a misfire, then pull the
operating handle to the rear and manually depress the
bolt lock (located on the left side of the receiver), ease
the bolt down against it, then engage the safety. Insert a
5-round clip into the cartridge clip guide, as shown in
figure 3-18, and push the cartridges down into the
magazine. Four 5-round clips will fully load a
magazine. After the last clip is loaded and the clip
removed, pull the operating handle to the rear to release
the bolt lock and then release the handle. This will let
the bolt go into battery, stripping and feeding the top
round into the chamber. The weapon is now ready to
fire.

The safest way to reload a magazine is shown in
figure 3-19. Each bandolier containing the 5-round
clips also contains a magazine loading tool. Insert the
tool over the top rear of the magazine as shown in figure
3-19, insert a 5-round clip into the loading tool, and
press the cartridges into the magazine.

To load a full magazine into a rifle, insert the front
end of the loaded magazine well into the front catch
until the front catch snaps into engagement, then pull
rearward and upward until the magazine latch locks the
magazine into position (fig. 3-17).

The gas spindle valve (fig. 3-20) controls the gases
used in firing the rifle. When the slot of the spindle
valve is in the vertical or ON position (upper view), the
valve is open and directs gases to the operating piston
for ordinary functioning of the rifle. When the slot is in
the horizontal or OFF position (lower view), the spindle

CARTRIDGE CLIP
FILLER CLIP

PRESS DOWN
FORCING CARTRIDGES

./INTO MAGAZINE

MAGAZINE
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Figure 3-19.—Loading magazine with a loading tool.

3-12

SPINDLE VALVE IN
ON POSITION

SPINDLE VALVE IN
OFF POSITION

GMf0320

Figure 3-20.—Gas spindle valve in the ON and OFF positions.

valve is closed. This permits the full pressure of the gas
to be used in propelling a rifle grenade or line-throwing
projectile.

The rear sight controls consist of a windage knob
and pinion assembly. (See fig. 3-13.). The function of
the windage knob is to adjust the sight laterally. To
move the sight to the right, turn the knob clockwise; to
the left, counterclockwise. The pinion assembly adjusts
the sight aperture vertically. Turn the pinion clockwise
to raise, counterclockwise to lower.

Firing the M14 Rifle

If the command does not desire automatic fire, the
selector on your rifle will be removed and a selector
shaft lock (see fig. 3-13) inserted so that the rifle is
capable only of semiautomatic fire.

For a rifle equipped with a selector shaft lock,
simply push the safety forward and then fire a round
with each squeeze of the trigger.

For semiautomatic fire on a rifle equipped with a
selector, position the selector for semiautomatic fire
and then fire a round with each squeeze of the trigger.

For automatic fire with a selector (rifle cocked),
proceed as follows:

1.
2. Push the safety forward.

Position the selector for automatic fire.

3. Squeeze the trigger. The rifle will fire
automatically as long as the trigger is squeezed and
there is ammunition in the magazine. Release the
trigger to cease firing.



4. After the last round is fired, the magazine
follower (a spring-driven plate in the magazine that
forces cartridges upward as rounds are expended and
cases ejected) actuates the bolt lock, locking the bolt in
the rearward position. When an empty magazine is
removed and a loaded one inserted, release the bolt lock
by retracting the operating rod, thereby drawing the
bolt rearward; then close the bolt. As the bolt assembly
is closed, the top cartridge in the magazine is pushed
forward into the chamber.

Unloading the M14 Rifle

To unload the M 14 rifle, proceed as follows:

1. Push the safety to the SAFE (back) position.

2. Grasp the magazine with your thumb on the
magazine latch, and squeeze the latch to release it. Push
the magazine forward and downward to disengage it
from the front catch, and then remove it from the
magazine well, as shown in the right-hand view of
figure 3-17.

3. Pull the operating rod handle all the way to the
rear and lock it using the bolt catch.

4. Inspect the chamber to make sure it is clear.

The rifle is clear only when no round is in the
chamber, the magazine is out, the safety is set (to the
rear), and the bolt is in the REAR position.

Field-Stripping the M14 Rifle

Figure 3-21 shows how the M 14 rifle breaks down
into seven group assemblies. You should be able to
disassemble the rifle to this extent for cleaning,
lubrication, and maintenance. This procedure is called
field-stripping the rifle. The names of the numbered
group assemblies shown in figure 3-21 are as follows:

1. Magazine

Firing mechanism

Stock with butt plate assembly
Handguard assembly

Operating rod and connector group

Bolt assembly

S A

Barrel and receiver group

To withdraw the firing mechanism (No. 2 in fig.
3-21) from the stock, proceed as follows:

1.

2. Place the safety in the SAFE position after
making sure the rifle is cocked.

Remove the magazine.

3. Disengage the hooked end of the trigger guard
from the firing mechanism housing.

4. Swing the trigger guard away from the stock
(but do not rotate it more than 90 degrees), and pull
straight away from the stock to draw out the firing
mechanism.

GMf0321

Figure 3-21.—Group assemblies of the M14 rifle.
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To remove a stock with a butt plate assembly after
removing the firing mechanism, proceed as follows:

1. Separate the stock with a butt plate assembly
from the rifle by grasping the receiver firmly with one
hand and striking the butt of the stock sharply with the
palm of the other.

2. Lift the stock from the barrel and receiver
group.

To separate the operating rod and connector group
from the barrel and receiver group, proceed as follows:

1. Depress the rear sight to the lowest position
and turn the barrel and receiver group on its side with
the connector assembly upward.

2. [If the rifle has a selector, press in and turn the
selector until the face marked A is toward the rear of the
sight knob and the projection forward is at an angle of
about 35 degrees. Then, remove the connector
assembly as indicated in paragraphs 3 and 4.

3. If the rifle has a selector shaft lock, press
forward on the rear of the connector assembly with
your right thumb, as shown in figure 3-22, until the
front end can be lifted off the connector lock.

4. Rotate the connector assembly about 35
degrees clockwise until the slot at the rear is aligned
with the elongated stud on the sear release (fig. 3-23);
then lower the front end of the connector assembly and
lift it off the sear release.

The next step is to remove the operating rod spring
guide, the operating rod spring, and the operating rod.
These parts are identified as 2, 3, and 4 respectively in
figure 3-24. The correct step-by-step procedure is as
follows:

1. With the barrel and receiver group upside
down, pull forward on the operating rod spring,
relieving pressure on the connector lock pin. Pull the
lock outward to disconnect the operating rod spring
guide.

PUSH CONNECTOR
ASSEMBLY FORWARD

GMf0322

Figure 3-22.—Disengaging the connector assembly.
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ELONGATED STUD

CONNECTOR ASSEMBLY

GM0323

Figure 3-23.—Removing the connector assembly.

2. Remove the operating rod spring guide and
operating rod spring. Turn the barrel and receiver group
right side up.

3. Retract the operating rod until the key on its
lower surface coincides with the notch in the receiver.
Lift the operating rod free and pull to the rear,
disengaging it from the operating rod guide.

To remove the bolt, after removal of the operating
rod, grasp the bolt roller that engages with the operating
rod and slide it forward. Lift upward and outward to the
right with a slight rotating motion and remove the bolt
from the receiver. The weapon is now field-stripped for
cleaning.

Reassembly of this weapon is basically the reverse
of disassembly. A step-by-step procedure for
reassembly and other maintenance procedures is
covered in the U.S. Army FM 23-8.

GMf0324

Figure 3-24.—Component parts of the operating rod and
connector group.
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The M16A3 rifle (fig. 3-25) is a 5.56-mm (about
.223-cal.) magazine-fed, gas-operated, air-cooled
shoulder weapon. It is designed for -either
semiautomatic or fully automatic fire through the use of
a selector lever. The original M16 rifle was introduced
for service in Vietnam by the U.S. Army in 1966 and
was adopted by the Marine Corps in 1968 after the
addition of the A1 upgrade. The M16A3, which is the
current version in use by the Navy, incorporates a
forward assist mechanism. The forward assist was
added to allow the operator to completely close the bolt
should it hang up while feeding. Heavy use in dirty
conditions with the close tolerances of the bolt
mechanism combine to cause many such feeding
problems.

GMf0326

Figure 3-26.—Attaching the clothespin bipod to the M16A3
rifle.
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A "clothespin" bipod, shown in figure 3-26, is used
in the prone and foxhole positions. The bipod is
attached to the barrel directly beneath the front sight
between the bayonet lug and the front sling swivel.

Clearing the M16A3 Rifle

The first consideration in handling any weapon is
to make it safe by clearing it. To clear the M16A3 rifle,
place the butt against the right thigh and proceed as
follows:

1. Attempt to point the selector lever toward
SAFE, the position shown in figure 3-27. If the weapon
is not cocked, the selector lever cannot be pointed
toward SAFE. If this is the case, do not cock the
weapon at this time; instead, go on to the next step in
clearing.
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GMf0327

Figure 3-27.—Selector lever pointing to SAFE.
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Figure 3-28.—Removing the magazine.

2. Remove the magazine as shown in figure 3-28.
Grasp it with the right hand (fingers curled around the
front of the magazine). Place the thumb on the
magazine catch button, apply pressure on the magazine
catch button with the thumb, and pull the magazine
straight out of the weapon.

3. Lock the bolt open as shown in figures 3-29
and 3-30. Grasp the charging handle with the thumb
and forefinger of the right hand, depress the charging
handle latch with the right thumb, and pull to the rear
(fig. 3-29). When the bolt is at the rear, press the bottom
of the bolt catch with the thumb or forefinger of the left
hand (fig. 3-30). Allow the bolt to move slowly forward
until it engages the bolt catch, and then return the
charging handle to its forward position.

4. Inspect the receiver and chamber of the
weapon by looking through the ejection port to make
sure these spaces contain no ammunition.

GMf0329

Figure 3-29.—Pulling the charging handle rearward.
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GMf0330

Figure 3-30.—Locking the bolt open.

5. Check the selector lever to make sure it points
toward SAFE, and then allow the bolt to go forward by
depressing the upper portion of the bolt catch.

CAUTION

The selector must be in the SAFE position to

prevent damage to the automatic sear.

Field-Stripping the M16A3 Rifle

The individual GM is authorized to disassemble the
M16A3 to the extent called field-stripping.
Field-stripping can be done without supervision and is
adequate for normal maintenance. As the weapon is
disassembled, the parts should be laid out on a table or
other clean surface in the order of removal, from left to
right. This makes assembly easier because the parts are
assembled in the reverse order of disassembly.
Nomenclature should be learned as the weapon is
disassembled and assembled to enable the GM to better
understand the function of parts in the weapon.

The steps in field-stripping are as follows:

1. Remove the sling and place the rifle on a table
or flat surface, muzzle to the left.

2. Keeping the muzzle to the left, turn the weapon
on its right side. Use a punch or the end of a cleaning
rod (nose of cartridge used only as a last resort in the
field) to press the takedown pin (fig. 3-31) until the

GMf0331

Figure 3-31.—Pressing the takedown pin to the right.
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Figure 3-32.—Breaking the upper receiver away from the
lower receiver.

upper receiver swings free of the lower receiver (fig.
3-32).

NOTE

The takedown pin does not come out of the
receiver.

3. Again using a punch or the end of a cleaning
rod, press the receiver pivot pin (fig. 3-33). Separate the
upper and lower receiver groups (fig. 3-34) and place
the lower receiver group on the table.

NOTE

The receiver pivot pin does not come out of the
receiver.

4. Pick up the upper receiver group; keep the
muzzle to the left. Grasp the charging handle, pressing
in on the latch, and pull to the rear to withdraw the bolt
carrier from the receiver. Grasp the bolt carrier and pull
it from the receiver (fig. 3-35). When the bolt carrier is

GMf0333

Figure 3-33.—Pressing out the receiver pivot pin.
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Figure 3-34.—Upper and lower receiver groups.

CHARGING HANDLE

GMf0335

Figure 3-35.—Removing the bolt carrier from the receiver.

CHARGING
HANDLE

GMf0336

Figure 3-36.—Removing the charging handle.

removed, the charging handle will fall free of its groove
in the receiver (fig. 3-36). Place the receiver on the
table.

5. To disassemble the bolt carrier group, press out
the firing pin retaining pin by using a driftpin (fig.
3-37). Elevate the front of the bolt carrier and allow the

FIRING PIN
RETAINING PIN

GMf0337

Figure 3-37.—Pressing out the firing pin retaining pin.
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GMf0338 FIRING PIN

Figure 3-38.—Removing the firing pin.

firing pin to drop from its well in the bolt (fig. 3-38).
Rotate the bolt until the cam pin is clear of the bolt
carrier key and remove the cam pin by rotating it 90
degrees (one-quarter turn) and lifting it out of the well
in the bolt and bolt carrier (fig. 3-39). After the cam pin
is removed, the bolt can be easily removed from its
recess in the bolt carrier (fig. 3-40).

Loading the Magazine

Magazines are available with a capacity of 20 or 30
rounds and may be loaded with any amount up to that
capacity. The magazine follower has a raised portion
generally resembling the outline of a cartridge.
Cartridges are loaded into the magazine so that the tips
of the bullets point in the same direction as the raised
portion of the follower (fig. 3-41).

GMf0339

Figure 3-39.—Removing the cam pin.
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GMf0340

GM0341

Figure 3-41.—Loading cartridges into the magazine.

A magazine charger and magazine charger strip
(fig. 3-42) are provided to facilitate loading of the
magazine. The magazine charger is connected to the
magazine and fully seated. The charger strip is inserted

GMf0342
Figure 3-42.—Loading cartridges into the magazine with the
magazine loading strip and charger.



into the magazine charger until fully seated. Pushing on
the top cartridge will force cartridges into the
magazine.

Loading the Rifle

With the weapon cocked, place the selector lever on
SAFE. The magazine may be inserted with the bolt
either open or closed; however, you should learn to load
with the bolt open. This reduces the possibility of a
first-round stoppage and saves the time required to
chamber the first round by pulling back the charging
handle.

Open the bolt and lock it open as previously
described. Hold the stock of the rifle under the right
arm with the right hand grasping the pistol grip and
point the muzzle in a safe direction. With the left hand,
insert a loaded magazine into the magazine feedway.
Push upward until the magazine catch engages and
holds the magazine. Rap the base of the magazine
sharply with the heel of the hand to ensure positive
retention. Then release the bolt by depressing the upper
portion of the bolt catch as previously described. The
bolt, as it rides forward, will chamber the top round.

If you load the rifle with the bolt closed, you
chamber the top round by pulling the charging handle
fully to the rear and releasing it.

NOTE

Do not "ride" the charging handle forward with
the right hand. If the handle is eased forward from the
OPEN position, the bolt may fail to lock. If the bolt
fails to go fully forward, strike the forward assist
assembly with the heel of the right hand.

Unloading the Rifle

To unload the rifle and make it safe, place the
selector lever on SAFE, press the magazine catch
button and remove the magazine, pull the charging
handle to the rear, inspect the chamber to make sure it is
clear, lock the bolt carrier to the rear by depressing the
lower portion of the bolt catch, and return the charging
handle forward.

Remember, the rifle is clear (and therefore safe)
only when no round is in the chamber, the magazine is
out, the bolt carrier is to the rear, and the selector lever
is on the SAFE setting.
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Gun Maintenance

A clean, properly lubricated and maintained
M16A3 rifle will function properly and fire accurately
when needed. To keep the rifle in good operating
condition it must be properly cared for and
maintenance must be performed according to set
procedures. Procedures for the care and cleaning of the
rifle can be found on the 3-M Systems MRCs or in the
Army's TM 9-1005-319-10.

Maintenance of the M16A3 rifle is generally the
same as for other small arms previously discussed. The
bore and chamber must be kept free of residue and
foreign matter. Inspect, while cleaning and lubricating,
all sliding or working surfaces for burrs, cracks, or
worn areas (repair or replace as necessary) and
lubricate with a thin film of lubricant. Remove dirt,
rust, grit, gummed oil, and water as these will cause
rapid deterioration of the inner mechanism and outer
surfaces.

SHOTGUNS

LEARNING OBJECTIVE: Describe the
operating cycle, safeties, and maintenance of
the Remington M870 and the Mossberg M500
shotguns.

Shotguns used by the armed forces are military
versions of civilian models procured from military
specifications. The Remington model 870 (M870) and
the Mossberg model 500 (M500) are the Navy's
standard issue riot-type shotguns. In this section we
will describe the Remington M870 (fig. 3-43) in detail,
then note how the Mossberg 500 differs. The Mossberg
500 is very similar to the Remington 870 in
construction and operation.

REMINGTON M870 SHOTGUN

The M870 shotgun, used by the Navy for guard
work, is a manually operated, magazine-fed (tubular),
pump-action shoulder weapon.

GMf0343

Figure 3-43.—Remington M870 shotgun.



Technical Description

The essential features of the Remington M870
shotgun are displayed here in chart form for easy
reference.

Length of shotgun 39 inches (approximately)

Length of barrel 20 inches

Magazine capacity— | 4

rounds

Shell (gauge) 12

Ammunition 12 gauge, 2 3/4 inch 00 buck,
military round

Safety Crossbolt type

Fore-end Plain beaver tail style

Functioning of the Remington M870

The M870 shotgun can be loaded and unloaded in
several different ways. The following paragraphs
describe the different options for loading and unloading
the M870 and how to operate the mechanical safety. A
single load puts a round directly into the chamber for
fast firing, while a magazine load fully loads the tubular
magazine, but does not chamber a round. Loading the
barrel from the magazine chambers a round from the
loaded tubular magazine for firing.

SAFETY.—Before loading or unloading, push the
safety (fig. 3-44) across the rear of the trigger, left to
right, to the SAFE position (the red band on the safety
will not show).

FIRE POSITION.—Push the safety across to the
FIRE position (the red band on the safety will show).
The trigger can then be pulled to fire the gun.

BREECH BOLT
EJECTION PORT.

TRIGGER
PLATE
PINS

ACTION BAR LOCK

"SAFETY GMf0344

Figure 3-44.—Remington M870 receiver nomenclature.
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CARRIER
ACTION BAR LOCK

GMf0345

Figure 3-45.—MS870 trigger plate assembly.

SINGLE LOAD.—Push the safety to the SAFE
position. Press in the action bar lock (fig. 3-44) if the
action is cocked and pull the fore-end fully to the rear.
Place the shell into the open ejection port upon the
downthrust carrier. Slide the fore-end toward the
muzzle to load the shell into the barrel chamber and
lock the action closed.

MAGAZINE LOAD.—Push the safety to the
SAFE position. Slide the fore-end completely forward
to close the action. Turn the gun bottom upward and
press the shell against the carrier, then forward fully
into the magazine. Make sure the rim of the shell snaps
past the shell latch to prevent the shell from sliding back
over the carrier. Should this occur, open the action or, if
necessary, remove the trigger plate assembly (fig.
3-45), if the gun is cocked, to remove the shell.

LOADING THE BARREL FROM THE
MAGAZINE.—Shells can be fed from the loaded
magazine by simply pumping the fore-end. Press in the
action bar lock if the gun is cocked. Pump the fore-end
back and forth to open and close the action.

UNLOADING THE GUN.—Push the safety to
the SAFE position. Press in the action bar lock; pull the
fore-end (fig. 3-46) slowly rearward until the front end
of the shell from the barrel is even with the ejection port
in the receiver. Lift the front of the shell outward and
remove it from the ejection port. Continue pulling the
fore-end back fully until the next shell releases from the
magazine. Roll the gun sideways to allow the released
shell to drop from the ejection port. Close the action by
pushing forward on the fore-end. Continue this same
method until the magazine and gun are empty.

% %ﬂ— LOCKING BLOCK
%_; T—

ACTION BARS

e e—sLIDE
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FORE-END

—
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Figure 3-46.—M870 fore-end assembly.



CAUTION

Open the action and check the shell chamber in the
breech and magazine to make sure no rounds remain
in the gun.

UNLOADING THE BARREL ONLY.—Push
the safety to the SAFE position. Press in the action bar
lock and pull the fore-end rearward until the front end
of the shell from the barrel is even with the front end of
the ejection port. Lift the front end of the shell from the
receiver as described previously. A shell with different
powder and shot combination may then be placed in the
chamber and the action closed without disturbing shells
in the magazine.

Remington M870 Operating Cycle

To fully understand an operating cycle of the M870
shotgun, it is necessary to know the names and general
functions of the gun's parts. To become more familiar
with the parts during our discussion of an operating
cycle, refer to figure 3-47A, the individual parts
breakdown, and figure 3-47B, the accompanying parts

list.
AN
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GMf0347
Figure 3-47A.—M870 individual parts breakdown.
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The entire operating cycle of the M870 shotgun is
completed by pulling the trigger, sliding the fore-end
rearward to open the action, and forward again to close
the action. The fore-end is mounted on double-action
bars and is fully controlled and operated by the shooter.

Assume the magazine is loaded and one shell is in
the chamber and locked; the gun is ready to fire. The
firing cycle is described in the following paragraphs.

FIRING.—With the crossbolt safety pushed to the
FIRE position (red band showing), the gun is fired by
pulling the trigger. The top part of the trigger rotates
forward carrying the right connector, in READY
position, forward against the sear. This movement
pivots the sear out of engagement with the hammer. The
released hammer, with force from the spring-loaded
hammer plunger, strikes the firing pin, which is pinned
in the breech bolt and spring retracted. The firing pin
strikes the primer and ignites the powder charge.
During the upward movement of the hammer, it
engages the action bar lock just before it strikes the
firing pin. Downward movement of the front of the
action bar lock is restrained until pressure against it is
briefly released by the shooter's arm as it recoils
rearward. When the action bar lock is released, the
forward end of the action bar lock is lowered from its
position at the rear of the left action bar, and the rear
section rises and lifts the left connector, which lifts the
right connector from contact with the sear. This
completes the "lock" or firing cycle. The action bar lock
serves a twofold purpose. It serves as a safety feature
that disconnects the trigger assembly and sear until a
shell is fully seated in the chamber and the breech
mechanism again is ready for firing, and it locks the
action closed.

After pulling the trigger, pulling the fore-end
rearward will open the action and accomplish the
unlock, extract, eject, cock, and feed cycles.

UNLOCKING.—The initial rearward movement
of the fore-end, after the shell has been fired, carries the
slide to the rear of the breech bolt. As the breech bolt
passes to the rear, the slide cams the locking block from
the recoil shoulder of the barrel. This movement
unlocks the action and cams the firing pin to the rear
where it is locked and prevented from protruding
through the bolt face.

EXTRACTING.—Continued rearward move-
ment of the fore-end opens the action. The breech bolt
moves back and the fired shell is extracted from the
chamber. The extractor claw, which overhangs the bolt
face, grips the rim of the shell tightly as extraction



VIEW NO. NAME OF PART VIEW NO. NAME OF PART
1 Action Bar Lock 38 Locking Block Stud

2 Action Bar Lock Spring 39 Magazine Cap

3 Barrel Assembly, 12 Ga. PLAIN, 20" (includes Barrel, Barrel|40 Magazine Cap Detent

@)}

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26

27

28

29
30

33
34

35
36
37

Guide Ring, Barrel Guide Pin Front Sight (Steel),
Magazine Cap Detent, Magazine Cap Detent Spring)

Breech Bolt, 12 Ga.

Breech Bolt Assembly, Complete, 12 Ga. (includes Breech
Bolt, Extractor, Extractor Plunger, Extractor Spring,
Firing Pin, Firing Pin Retaining Pin, Firing Pin Retractor
Spring, Locking Block Assembly, Slide)

Butt Plate

Butt Plate Screw

Carrier

Carrier Assembly, (includes Carrier, Carrier Dog, Carrier Dog
Pin, Carrier Dog Washer)

Carrier Dog

Carrier Dog Follower

Carrier Dog Follower Spring

Carrier Dog Pin

Carrier Dog Washer

Carrier Pivot Tube

Connector, Left

Connector, Right

Connector Pin

Ejector, 12 Ga.

Ejector Rivet, Front

Ejector Rivet, Rear

Ejector Spring

Extractor

Extractor Plunger

Extractor Spring

Firing Pin

Firing Pin Retaining Pin

Firing Pin Retractor Spring

Fore-end (Wood only) 12 Ga.

Fore-end Assembly, 12 Ga. (includes Fore-end, Fore-end Tube
Assembly, Fore-end Tube Nut)

Fore-end Tube Assembly (includes Action Bar, Left; Action
Bar, Right; Fore-end Tube)

Fore-end Tube Nut

Front Sight (Plain Barrel)

Front Sight (Vent Rib) Steel Bead

Front Sight Retaining Pin (for use on Vent Rib Steel Sight)

Hammer

Hammer Pin

Hammer Pin Washer

Hammer Plunger

Hammer Spring

Locking Block Assembly (includes Locking Block, Locking
Block Stud)

Locking Block Assembly (oversize)

41
42

44.

45
46

47
48
49

51
52
53
54
55
56
57
58

59
60
61
62
63

64
65

66
67
68
69
70

Magazine Cap Detent Spring

Magazine Follower, 12 Ga.

Magazine Spring

Magazine Spring Retainer

Receiver Assembly, 12 Ga. (includes Receiver, Ejector,
Ejector Rivet, Front; Ejector Rivet, Rear; Ejector
Spring, Magazine Tube, Barrel Support)

Receiver Stud

Safety

Safety Detent Ball

Safety Spring

Safety Spring Retaining Pin

Sear

Sear Pin

Sear Spring

Shell Latch, Left, 12 Ga.

Shell Latch, Right, 12 Ga.

Slide

Stock Assembly (includes Stock, Grip Cap, Grip Cap
Screw, Butt Plate, Butt Plate Screws (2))

Stock Bearing Plate

Stock Bolt

Stock Bolt Lock Washer

Stock Bolt Washer

Trigger

Trigger Assembly (includes Trigger, Connector, Left;
Connector, Right; Connector Pin)

Trigger Pin

Trigger Plate, R.H. (Right Hand Safety)

Trigger Plate, L.H.

Trigger Plate Assembly, R.H. (includes Action Bar Lock,
Action Bar Lock Spring, Carrier, Carrier Dog, Carrier
Dog Follower, Carrier Dog Follower Spring, Carrier
Dog Pin, Carrier Dog Washer, Carrier Pivot Tube,
Connector Left; Connector Right; Connector Pin,
Hammer, Hammer Pin, Hammer Pin Washer, Hammer
Plunger, Hammer Spring, Safety, Safety Plunger,
Safety Spring, Safety Spring Retaining Pin, Sear, Sear
Pin, Sear Spring Trigger, Trigger Pin, Trigger Plate,
R.H.; Trigger Plate Pin Bushing, Trigger Plate Pin
Detent Springs, From (2); Trigger Plate Detent Spring,
Rear)

Trigger Plate Assembly, (L.H. Safe)

Trigger Plate Pin, Front

Trigger Plate Pin, Rear

Trigger Plate Pin Busing

Trigger Plate Pin Detent Spring, Front

Trigger Plate Pin, Pin Detent Spring, Rear

Figure 3-47B.—M870 parts list.
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progresses. Pivot pressure is exerted on the rear of the
extractor by the extractor plunger and spring.

EJECTING.—As the extracted shell clears the
chamber, its base engages a shoulder on the rear of the
ejector spring, which is located on the left side of the
receiver. This pivots the shell so its front end is ejected
first through the ejection port.

COCKING.—Before ejection occurs, the breech
bolt in its rearward travel forces the hammer down
against the coiled hammer spring to engage the sear.
Sear spring pressure locks the sear in a notched position
against the cocked hammer.

FEEDING.—The final movement of the fore-end
carries the slide, breech bolt assembly, and locking
block to the rear of the receiver. Termination of this
rearward stroke also permits the left action bar to cam
the left shell latch, in turn, releasing the first shell from
the magazine. The released shell is forced from the
magazine by a spring-loaded follower. The carrier
receives the released shell. Meanwhile, the right shell
latch, which was cammed into the magazine way by the
right action bar during the extraction cycle, intercepts
the base of the second shell.

With a shell resting on the depressed carrier,
forward movement of the fore-end will close the gun's
action and complete the loading and locking cycles.

LOADING.—Forward movement of the fore-end
will carry with it the slide, breech bolt, and locking
block. The carrier dog is engaged by the slide, pivots
the shell carrier upward, and places a shell in the path of
the returning breech bolt. As the bolt continues to
advance, it depresses the ejector spring and the shell is
picked up and loaded into the chamber. The carrier dog
is released by the passing slide, forced up by the carrier
dog follower, and pivots the carrier from the path of the
loading shell. The following shell from the magazine,
being retained by the right shell latch, is released by the
camming action of the returning right action bar. At this
point the shell is intercepted and held by the left shell
latch until the next feeding cycle.

LOCKING.—When the shell is fully in the
chamber, the action closes and the bolt is against the
shell base. The slide continues to travel within the bolt
and cams the locking block into the recoil shoulder of
the barrel. The locking block secures the breech bolt
firmly and is supported by the slide as it completes its
forward travel. With the locking block fully seated, the
passage through the locking block allows protrusion of
the firing pin through the bolt face.
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Maintenance

The following discussion on maintenance of the
MS870 shotgun covers only action necessary for routine
maintenance of the weapon. Maintenance is performed
according to the MRCs for this weapon.

Before any disassembly of the M870 shotgun is
attempted, be sure no shells remain in the chamber or
magazine.

BARREL.—To remove and clean the barrel, push
the safety to the SAFE position. Open the action,
unscrew the magazine cap, and pull the barrel from the
receiver. Replace the magazine cap on the end of the
magazine tube. To clean the barrel, use a cleaning rod
with a lightly oiled cloth. If powder fouling remains in
the barrel, use a powder solvent to scrub the bore. After
using solvent, wipe the barrel clean and re-oil it very
lightly. Replace the barrel by removing the magazine
cap, insert the barrel in the receiver, and replace the
magazine cap.

TRIGGER PLATE ASSEMBLY.—With the
safety pushed to the SAFE position, cock the action.
Tap out the front and rear trigger plate pins (fig. 3-47A).
Lift the rear of the trigger plate from the receiver, then
slide it rearward to remove it from the gun. The trigger
assembly will be cleaned as a unit by brushing with a
solvent. Wipe the trigger assembly dry and re-oil it very
sparingly. When replacing the plate assembly in the
gun, make sure the action bar lock enters the receiver
easily and operates in position.

FORE-END ASSEMBLY UNIT.—Push the
safety to the SAFE position. Close the action, remove
the magazine cap and barrel. Reach into the bottom of
the receiver and press the left shell latch inward.
Remove the fore-end by sliding it forward off the
magazine tube. After the fore-end assembly has been
removed from the gun, the breech bolt parts and the
slide may be lifted from the ends of the action bars.

NOTE

The top right edge of the slide may bind on the
bottom front edge of the ejector port in the receiver.
To free the slide, push downward on the front end of

the bolt.

It is not necessary to disassemble the bolt for
routine cleaning. Brush it with solvent to clean, then
wipe dry.




Assembly of the weapon is done in reverse of
disassembly. There are, however, set procedures to
follow to facilitate the assembly.

When assembling the fore-end parts, the gun must
be cocked. During this assembly, place the slide in the
correct position on the ends of the double-action bar.
Place the breech bolt assembly, which includes the
attached locking block assembly, over the slide on the
action bars. Insert the end of the action bars into the
matching grooves in the receiver. Move the fore-end
slowly until contact is made with the front end of the
right shell latch. Press the front right shell latch into the
side of the receiver and continue moving the fore-end
past this latch until contact is made with the left shell
latch. Press the front of the left shell latch in to allow the
fore-end assembly to pass and move freely into the
receiver. Assemble the barrel to the receiver and tighten
firmly with the magazine cap. This completes the
assembly of the shotgun.

For further information on the Remington M870

shotgun, refer to the U.S. Air Force TM
TO-11W3-6-2-1.
MOSSBERG M500 SHOTGUN

While very similar to the M870, the Mossberg
M500 has a few significant differences. The following
is a brief description of the differences that affect
operation of the weapon. Figure 3-48 illustrates the
location of the safety switch and the action locklever on
the M500 shotgun. The M500 safety switch is located
on the top of the receiver and the action lock release is
to the rear of the trigger guard. The M870 has the safety
switch in the trigger guard and the action lock release to
the front of the trigger guard. The disassembly and
maintenance of the M500 is basically the same as that
of the M870 so much so that they are both currently
covered on the same MRC. Further information on the
Mossberg MS500 shotgun may be found in the
manufacturer's owner's manual supplied with the
weapon.

MK 87 MOD 1 LINE-THROWING RIFLE
ADAPTER KIT

LEARNING OBJECTIVE: Discuss the Mk
87 Mod 1 line-throwing kit and describe what
is needed in preparation for firing.

This kit replaces the Mk 87 Mod O kit that replaced
the 45/70 line-throwing gun. Included in the kit are 6
projectiles, 1 launcher, 18 chemical light wands, and 1
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Figure 3-48.—Mossberg M500 shotgun safety and action
release.

recoil pad. The line-throwing assembly (launcher,
projectile, and canister) is designed to be used with the
M14 and MI16A3 rifles and applicable grenade
cartridges (M64 and M 195, respectively).

LAUNCHER

The launcher (fig. 3-49) is used to hold the
projectile and trap propellant gases that propel the
projectile. It consists of a cylindrical steel tube
approximately 8.5 inches long and 2.75 inches in
diameter at the launching end and 1 inch in diameter at
the connecting end. When used with the M 14 rifle, the
launcher slides over the flash suppressor and is secured
to the rifle by the latch and its wire loop that fits over the
rifle's bayonet lug. The safety retaining pin, fastened to
the launcher by a stainless steel lanyard, fits through the
latch to lock the launcher to the rifle. The connecting
end of the launcher is threaded internally to accept the
M16A3 rifle barrel after the rifle's flash compensator is
removed.
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Figure 3-49.—Launcher.

PROJECTILE

The projectile (fig. 3-50) fits into the launcher.
When the rifle grenade cartridge is fired, the projectile
carries one end of the attached shot line to the desired
destination. The projectile also houses the chemical
light wands for night operation.

The reusable projectile is made of butyl rubber with
a stainless steel disk assembled in the base end. The
disk absorbs the impact of the propellant gases and the
wadding of the rifle grenade cartridge. The hole and
groove shown in figure 3-50 support the light wand.
Three of these supports, located 120 inches apart, are
contained in each projectile. The loop line is used to
connect the shot line to the projectile.

CHEMICAL LIGHT WAND

The chemical light wand (fig. 3-51) is used to
illuminate the projectile during night operations. The

LOOP LINE

GMf0350

Figure 3-50.—Projectile.
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Figure 3-51.—Chemical light wand.

light wand is installed by inserting it, tapered end first,
into the hole and groove of the projectile.

The light wand is a two-component chemical
illuminate system consisting of a yellow-green oxalate
solution inside a nylon tube. To activate the light, flex
the nylon tube enough to break an inner glass tube, as
shown in figure 3-52, and shake well. Do not activate
the light wand until ready to use because once it is
activated it must be used or disposed of. Do not dispose
of the chemical light wand overboard as it may be
mistaken for a "man overboard" exercise.

WARNING

If the nylon tube should puncture during
activation, individuals may experience some mild
discomfort from excessive skin or eye exposure to the
oxalate solution. Personnel should wash exposed

areas with soap and water as soon as possible.

Since the chemical light produces no flame or heat,
its stowage is not restricted to ventilated and
unconfined (topside) spaces. The active life of the
chemical light is from 3 to 12 hours, depending on the
ambient temperature. Its shelf life is approximately 2
years under normal conditions.

GMf0352

Figure 3-52.—Activating chemical light wand.
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Figure 3-53.—Canister.

CANISTER

The canister (fig. 3-53) is made of polyethylene and
houses the spool of shot line when attached to the
appropriate rifle. Attachment is made by the metal
clamp shown in figure 3-53.

To install the shot line in the canister, remove the
cap from the after end of the canister. Place the spool of
shot line in the canister and feed the line from the center
of the spool through the hole in front of the canister. Tie
a knot in the bitter end of the shot line and slide it into
the slot at the after end of the canister. Replace the
canister cap. (The action of placing the knotted end of
the shot line into the canister slot attaches the bitter end
of the shot line to the canister.) Connect the line coming
from the front end of the canister to the loop line on the
projectile. These lines (shot line and loop line) are
connected by a series of loosely tied half-hitch knots
(three to five). Figure 3-54 shows the canister, shot line,
and launcher mounted on the M 14 rifle.

M14 RIFLE

RECOIL
PAD

CANISTER
(OPTIONAL)

HAND-HELD

e SHOT LINE

GMf0354

CLOSED SPINDLE VALVE

Note in figure 3-54 that the use of the canister is
optional. With another person holding the shot line, the
canister is not needed. The canister is part of the Mod 0
kit and should be retained for optional use with the Mod
1 kit.

RECOIL PAD

The recoil pad provided by this kit will reduce the
recoil on the operator when the projectile is launched. It
is of the slip-on type and made of neoprene rubber that
resists attacks by oil and other solvents. It is designed
for a tight fit on the butt stock. Thus, care is required
during installation to prevent tearing. Once installed on
the rifle used for line throwing, it is recommended that
the recoil pad not be removed. The pad is designed to fit
both the M14 and M16A3 rifles. However, on the
M16A3 rifle, the sling swivel is closer to the rifle butt
and the skirt of the recoil pad must be folded back or cut
to fit around the swivel. The recoil pad is shown
installed on the M 14 rifle in figure 3-54.

GRENADE CARTRIDGES

Figure 3-55 depicts the grenade cartridges used
with the M14 and M16A3 rifles when firing the
line-throwing projectile. The larger of the two is the
M64 (7.62-mm) cartridge used with the M14 rifle,
while the smaller is the M195 (5.56-mm) cartridge used
with the M16A3 rifle. Besides the difference in overall
size, the cartridges can be identified by looking at, or by
feeling, their crimped ends; the M64 is 5-pointed and
the M195 is 7-pointed. Only one cartridge should be

WIRE LOOP

SAFETY
RETAINING
PIN

CHEMICAL
LIGHT WAND

Figure 3-54.—Mk 87 Mod 1 kit on M14 rifle.
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Figure 3-55.—Grenade cartridges.

loaded into the rifle at a time, and it should not be
loaded until at the rail, just before firing, with the rifle
pointing outboard in a safe direction. No cartridge other
than those designated should ever be used to fire a
line-throwing projectile.

SHOT LINE

The nylon shot line comes in spools (fig. 3-56). The
line is approximately 550 feet long and has a tensile
strength of 125 pounds. It is wound around a wooden
spindle in such a way that prevents fouling the line
when the projectile is fired. The line is colored
international orange and is treated with a
water-repellent solution to make the line buoyant
enough to float on the surface at least 24 hours.

PREPARATION FOR FIRING

On the M14 rifle, the spindle valve must be in the
CLOSED (slot parallel to the barrel) position (see fig.
3-54) when firing the line-throwing projectile.

NOTE

This position of the spindle valve is described as
being in the OFF (horizontal) position in the first part
of this chapter and in the TM9-1005-223-10.

WOODEN SPINDLE
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Figure 3-56.—Shot line.

On the M16A3 rifle, the flash compensator must be
removed and the launcher screwed onto the end of the
barrel. To prevent damage to the launcher and/or the
threads on the barrel, leave the lock washer that is
located between the suppressor and barrel in place.

FIRING

When firing the line-throwing projectile from the
applicable rifle, elevate and aim the rifle over and
across the designated target. Although the projectile is
made of rubber, it has enough velocity to cause injury.
The rifle should be kept elevated until the projectile
reaches its target to prevent line entanglement.

In the event of a misfire or hangfire, wait 10
seconds before ejecting the grenade cartridge.
Malfunctions of cartridges should be reported
according to OPNAVINST 5102.1.

The maximum reliable range of the line-throwing
projectile is approximately 90 yards when fired from
the M14 rifle and approximately 85 yards when fired
from the M16A3 rifle. These ranges are dependent
upon having a dry shot line. A wet line can be used
when a dry line is not available, but it will cause the
range to be reduced. Table 3-2 provides the
approximate range data for firing from the M14 and
MI16A3 rifles.

Table 3-2.—Range Data

M14 RIFLE M16 SERIES RIFLE
Degrees of Elevation Range Degrees of Range
Elevation
60 80 yards 60 65 yards
45 90 yards 45 85 yards
30 85 yards 30 85 yards
0 55 yards 0 45 yards
NOTE: 0° (degrees) is when the rifle is parallel to the surface.




MAINTENANCE information on the .50-cal. BMG, refer to the Army's
FM 23-65.

The main characteristics of the .50-cal. BMG (M2)
are as follows:

Maintenance and operation of the Mk 87 Mod 1
line-throwing rifle adapter kit is covered in NAVSEA
SW350-A1-MMO-010. Kit maintenance is also

covered by a 3-M Systems MRC.

Weight of receiver group 561b
MACHINE GUNS Weight of barrel 26 1b (approx)
Total weight of gun, complete, 126 1b (approx)

LEARNING OBJECTIVE: Discuss the

. . . on tripod mount, M3
operation and maintenance of the machine P

guns currently used by naval forces afloat. Maximum range (M2 ball) 7,400 yd

The Navy currently uses three machine guns—the Maximum effective range 2,000 yd

M2 .50 caliber Browning, the 7.62-mm M-60, and the .
’ ’ Cyclic rate of fi 450-500
25-mm M242 chain gun. In this section we will provide yere rate oF e pm

you with some operational and maintenance informa- Muzzle velocity (M2 ball) 2,930 fps

tion on these three weapons. Length of gun overall 65 in. (approx)

THE .50-CALIBER BROWNING MACHINE Length of barrel 45 in.

GUN
) . ) General Description
Browning machine guns (abbreviated BMGs) are
standard Army weapons used by the Navy. The .50-cal.
BMG now used by the Navy and Army is the M2. The
M2 BMG is only equipped with an air-cooled heavy
barrel (HB) since the light air-cooled barrel is no longer
in use.

For a time the .50-cal. BMG (fig. 3-57) was not
used aboard surface ships, but has since been installed
on most types of ships and landing craft.

The .50-cal. HB M2 Browning machine gun is a
belt-fed, recoil-operated, air-cooled machine gun. The
gun is capable of semiautomatic as well as automatic
fire.

By repositioning some of the component parts, the
gun is capable of alternate feed (ammunition can be fed
from either the right or left side of the receiver);
however, under most circumstances, the gun is fed from

Because of its complexity, the mechanisms and the the left side. A disintegrating metallic link belt is used
principles of operation of the .50-cal. BMG will not be in feeding. In preparation for firing, the first round
taken up in this section of the chapter. For detailed requires manual operation.
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Figure 3-57.—.50-cal. HB Browning machine gun (M2).
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The force for recoil operation of the weapon is
furnished by the expanding gases and is controlled by
various springs, cams, and levers.

Air cooling of the weapon is permitted through
maximum exposure to the air of the barrel and receiver.
Perforations in the barrel support allow air to circulate
around the breech end of the barrel and help to cool the
parts. The heavy barrel is used to retard early
overheating.

Operating the .50-Cal. BMG

The safest and best way to operate a .50-cal.
machine gun is to follow the correct procedures. By
following set procedures, you prevent damage to the
gun and possible injury to you or others in the area. The
operating procedures of the .50-cal. BMG include
prefire checks, loading and unloading, and postfire
checks.

The primary prefire check requirement is the
inspection of the weapons headspace and timing. This
is done with a headspace and timing gauge (fig. 3-58).
Headspace is the distance between the face of the bolt
and the base of a cartridge case fully seated in the
chamber. The timing of the gun makes sure that firing
takes place with the bolt in the correct position (just
before it reaches the full FORWARD position).

The operator must also select automatic or
semiautomatic firing; automatic is the normal mode of
operation. The mode of operation is determined by the
position of the bolt-latch-release lock (fig. 3-59). For

HEADSPACE

"NO GO" END "GO" END

CENTER RING

TIMING GAUGES

"NO FIRE" GAUGE
(116 INCH)

GMf0358

"FIRE" GAUGE
(.020 INCH)

Figure 3-58.—Headspace and timing gauge.
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Figure 3-59.—Bolt-latch release free of the bolt-latch-release
lock.

automatic firing, the bolt-latch release must be locked
in the DEPRESSED position by the bolt-latch-release
lock. To engage the bolt-latch-release lock, first depress
the bolt-latch release. Then turn the bolt-latch-release
lock counterclockwise until it hooks and retains the
bolt-latch release in the DEPRESSED position.

On the command HALF-LOAD, with the cover
closed, the double-loop end of the ammunition belt is
inserted in the feedway until the first round is held by
the belt-holding pawl (fig. 3-60). The retracting slide
handle is then pulled all the way to the rear and
released. With the bolt-latch-release lock positioned to
engage the bolt-latch release, the bolt and retracting
slide handle will move forward under pressure of the
driving spring group, thus half-loading the gun.
However, if the bolt-latch release is up and free of the
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Figure 3-60.—First round held in feedway by belt-holding
pawl.



bolt-latch-release lock, the bolt latch will hold the bolt
to the rear. Push the retracting slide handle all the way
forward (before releasing the bolt); then press down on
the bolt-latch release to let the bolt go forward.

The procedure for fully loading the gun is the same
as for half-loading, except that the operation is
repeated. Once fully loaded the machine gun is fired by
depressing the butterfly trigger.

WARNING

Once fully loaded, the M2 .50-cal. machine gun
maintains a round of ammunition in the chamber at
all times. During sustained firing operations, the high
temperature of the barrel presents a possible
"cook-off" situation. The weapon should always be
kept pointed in a safe direction or cleared during
breaks in firing. According to Clearing of Live
Ammunition From Guns, NAVSEA
SW300-BC-SAF-010, the M2 HB reaches cook-off
temperatures after a burst of 250 rounds or more.

An emergency situation may occur while firing the
M2, or any other belt-fed machine gun: the runaway
firing of the gun. That is, firing continues after the
trigger has been released. This is remedied by twisting
the ammunition belt at the feed slot, thereby causing it
to jam and cease firing.

BARREL LOCK
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COVER
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HINGED R

SHOULDER
REST

COCKING
HANDLE

ED 240 &4

WARNING

In case of a runaway gun, keep the weapon laid

on target and DO NOT UNLATCH THE COVER!

To unload the gun, the bolt-latch release is
unlocked, the cover-latch release is turned, and the
cover is raised. The ammunition belt is lifted from the
gun. The bolt is pulled to the rear, and the chamber and
T-slot are examined to see that they hold no rounds.
After this examination, the bolt is allowed to go
forward, the cover is closed and latched, and the trigger
is pressed.

Gun maintenance

The importance of a thorough knowledge of how to
care for, clean, and preserve the machine gun cannot be
overemphasized. Proper care, cleaning, and preserva-
tion determine whether this gun will shoot accurately
and function properly when needed. The bore and
chamber must be kept in perfect condition to ensure
accurate fire. Because of the close fit of working sur-
faces and the high speed at which the gun operates, it is
important that the receiver and moving parts be kept
clean, well-lubricated, and free of burrs, rust, dirt, or
grease.

To ensure proper care of the machine gun, it is
necessary to establish standard operating procedures
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Figure 3-61.—M60 machine gun: (A) Bipod mounted; (B) Tripod mounted.
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concerning the frequency at which the gun is to be
cleaned. This is normally done using the 3-M Systems
MRCs. TM 9-1005-213-10 also provides maintenance
instructions for this gun. Under combat conditions, it
may be necessary to clean the gun where it is mounted;
however, when possible, the gun should be
disassembled, cleaned, and oiled in a clean, dry
location where it is least exposed to moisture, dirt, and
so on. Be particularly careful to remove all sand or dirt;
it will act as an abrasive on moving parts, causing
excessive wear, sluggish operation, or malfunction. Do
not oil parts excessively. Excessive oil solidifies and
causes sluggish operation or complete failure.

Each gun should be cleaned as soon after firing as
possible, and each time it is taken to the field and
returned. Under combat conditions, the gun should be
cleaned and lightly oiled daily. Under ideal conditions,
where the gun is not used and is stored in a clean, dry
place, it may only be necessary to inspect, clean, and
lubricate the gun once a week. The threads on the gun
barrels must be protected against being burred while
handling and cleaning.

For more detailed information on the prescribed
cleaning materials, lubricants, and rust preventives to
be used in the .50-cal. BMG maintenance, refer to the
Army's FM 23-65 and TM 9-1005-213-10.

7.62-MM M60 MACHINE GUN

The M60 machine gun (fig. 3-61) is an air-cooled,
belt-fed, gas-operated automatic weapon. The machine
gun was originally developed for use by ground troops;
however, it is used on many types and classes of ships,
river patrol craft, and combat helicopters.

The essential features of the M60 are as follows:

Length 43.51in. (110.5 cm)

Weight 231b (10.4 kg)

Maximum range 3,725 meters (4,075 yd)

Maximum effective | 1,100 meters (1,200 yd)

range

Ammunition 7.62-mm ball tracer,
armor-piercing, incendiary,
and dummy

Rates of fire: 100 rpm

Sustained

Rapid 200 rpm

Cyclic 550 rpm
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The M60 has a front sight permanently affixed to
the barrel. The rear sight leaf is mounted on a
spring-type dovetail base (fig. 3-62). It can be folded
forward to the horizontal when the gun is to be moved.
The range plate on the sight leaf is marked for each 100
meters, from 300 meters to the maximum effective
range of 1,100 meters. Range changes may be made by
using either the slide release or the elevating knob. The
slide release is used for making major changes in
elevation. The elevating knob is used for fine
adjustments, such as during zeroing. Four clicks on the
elevating knob equal a 1-mil change of elevation. The
sight is adjustable for windage 5 mils right and left of
zero. The windage knob is located on the left side of the
sight. One click on the windage knob equals a 1-mil
change of deflection.

NOTE
1 mil equals 1 inch at 1,000 inches, 1 yard at

1,000 yards, 1 meter at 1,000 meters, and so on.

A safety lever is located on the left side of the
trigger housing. It has an S (SAFE) position and an F
(FIRE) position. On the SAFE position the bolt cannot
be pulled to the rear or released to go forward. The
cocking lever, on the right side of the gun, is used to pull
the bolt to the rear. It must be returned manually to its
FORWARD position each time the bolt is manually
pulled to the rear.

The M60 machine gun may be installed in
helicopters by use of special mounts installed in the

GMf0362

Figure 3-62.—M60 rear sight.




doors or escape hatches. The mount consists of an
ammunition can support, a spent round chute, a link
chute, and a stowage bag. The machine gun can be
easily installed and removed from the mount by use of
quick-release pins. Firing stops are incorporated into
the design of the mount to determine the azimuth and
elevation limits of the machine gun.

Operation

The machine gun is designed to function
automatically as long as ammunition is fed into the gun
and the trigger is held to the rear. Each time a round is
fired, the parts of the machine gun function in a certain
sequence. Many of the actions occur simultaneously
and are only separated for teaching purposes. The
sequence of operation is known as the cycle of
operation.

For ease of understanding, the complete cycle of
operation is discussed in the following eight steps:

1. Feeding: A round is positioned in the feed tray
groove.

2. Chambering: A round is stripped from the belt
and placed in the chamber.

3. Locking: The bolt is locked inside the barrel
socket.

4. Firing: The firing pin strikes and initiates the
primer of the cartridge.

BOLT
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5. Unlocking: The bolt is unlocked from the
barrel socket.

6. Extracting: The empty case is pulled from the
chamber.

7. Ejecting: The empty cartridge case is thrown
from the receiver.

8. Cocking: The sear engages the sear notch.

The cycle starts by putting a round in the feed tray
groove and then pulling the trigger, releasing the sear
from the sear notch (fig. 3-63). It stops when the trigger
is released and the sear again engages the sear notch in
the operating rod. When the trigger is held to the rear,
the rear of the sear is lowered and disengaged from the
sear notch. This allows the operating rod and bolt to be
driven forward by the expansion of the operating rod
spring. Now that the gun is functioning, the steps of the
cycle can be traced.

As the bolt begins its forward movement, the feed
cam is forced to the right, causing the feed cam lever to
pivot in the opposite direction and forcing the feed pawl
over the next round in the belt, ready to place it in the
feed tray groove when the rearward action occurs again.
As the bolt moves to the rear after the firing, the cam
roller in the top of the bolt forces the feed cam to the
left. The feed cam lever is forced to pivot, moving the
feed pawl to the right, placing a round in the feed tray
groove as shown in figure 3-64.
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Figure 3-63.—Sear disengaging from sear notch.
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Figure 3-64.—Feeding.

As the bolt travels forward, the upper locking lug
engages the rim of the cartridge. The pressure of the
front and rear cartridge guides hold the round so that
positive contact is made with the upper locking lug of
the bolt. The front cartridge guide prevents the link's
forward motion as the round is stripped from the belt.
The upper locking lug carries the round forward, and

BOLT MOVING FORWARD

the chambering ramp causes the nose of the cartridge to
be cammed downward into the chamber as shown in
figure 3-65. When the round is fully seated in the
chamber, the extractor snaps over the rim of the
cartridge, and the ejector on the face of the bolt is

depressed.
¢
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Figure 3-65.—Chambering.
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Figure 3-66.—Weapon locked, ready to fire.

As the round is chambered, the bolt enters the
barrel socket. The upper and lower locking lugs contact
the bolt camming surfaces inside the barrel socket and
start the rotation of the bolt clockwise. The action of the
operating rod yoke against the bolt camming slot, as the
operating rod continues forward, causes the bolt to
complete its one-quarter turn clockwise rotation (fig.
3-66). Locking is then completed.

FIRING PIN
SPOOLS

After the bolt reaches its fully forward and locked
position, the operating rod continues to go forward,
independently of the bolt, for a short distance. The
yoke, engaged between the firing pin spools, carries the
firing pin forward. The striker of the firing pin
protrudes through the aperture in the face of the bolt,
strikes the primer of the cartridge, and ignites it. This
action is depicted in figure 3-67.
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Figure 3-67.—Firing.
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Figure 3-68.—Unlocking action of gases.

After the cartridge is ignited and the projectile
passes the gas port, part of the expanding gases enter
the gas cylinder through the gas port. The rapidly
expanding gases enter the hollow gas piston, as shown
in figure 3-68, and force the piston to the rear. The
operating rod, being in contact with the piston, is also
pushed to the rear. As the operating rod continues to the
rear, the operating rod yoke acts against the bolt
camming slot to cause the bolt to begin its
counterclockwise rotation. The upper and lower
locking lugs of the bolt, contacting the bolt camming
surfaces inside the barrel socket, cause the bolt to com-
plete its one-quarter turn rotation (counterclockwise)
and unlock the bolt from the barrel socket. Unlocking
begins as the yoke of the operating rod contacts the
curve of the bolt camming slot and ends as the bolt
clears the end of the barrel socket.

While unlocking is going on, extraction is
beginning. The rotation of the bolt, in unlocking,
loosens the cartridge case in the chamber. As the
operating rod and bolt continue to the rear, the extractor
(gripping the rim of the cartridge) pulls the cartridge
case from the chamber. As the case is withdrawn from
the chamber, the ejector spring expands. The ejector
presses on the base of the cartridge case, forcing the
front of the spent case against the right side of the
receiver, as shown in figure 3-69. As the bolt continues
to the rear, the action of the ejector pushing against the
base of the cartridge case and the extractor gripping the
right side of the case cause the cartridge case to spin
from the gun as the case reaches the ejection port. The
empty link is forced out of the link ejection port as the
rearward movement of the bolt causes the next round to
be positioned in the feed plate groove.

As the expanding gases force the gas piston to the
rear, the operating rod is initially moved independently
of the bolt. The yoke of the operating rod acts against
the rear firing pin spool, withdrawing the firing pin
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from the primer of the spent cartridge case. The action
of the operating rod yoke continuing to the rear against
the rear firing pin spool fully compresses the firing pin
spring. As long as the trigger is held to the rear, the
weapon will continue to complete the first seven steps
of functioning automatically. When the trigger is
released and the sear again engages the sear notch, the
cycle of functioning is stopped and the weapon is
cocked.

Disassembly

Two types of disassembly procedures may be
performed on the M60 machine gun—general and
detailed. General disassembly procedures involve the
removal of most of the major groups and assemblies of
the weapon, while the detailed procedures consist of
removing the components of the major groups. Due to
the complexity of the detailed procedures, and the
many steps and parts involved, only the general
disassembly procedures are discussed here.

EJECTION
PORT
EJECTOR —
‘¢ EXTRACTOR
BOLT AN
GMf0369

Figure 3-69.—Extraction and ejection.



1—Barrel assembly w/bipod assembly
2—Trigger mechanism grip group
A—TLeaf spring
B—Retaining pin
C—Trigger mechanism grip assembly
3—Shoulder stock
4—Forearm assembly

C—Spring

5—Cover assembly and cartridge tray
assembly groups
A—Hinge pin latch
B—Hinge cover pin

D—Cover assembly
E—Cartridge tray assembly

GMf0370

6—Buffer assembly and operating rod
assembly groups
A—Retaining buffer yoke
B—Buffer assembly
C—Driving spring guide assembly
D—Spring
E—Operating rod assembly
7—Bolt assembly

Figure 3-70.—Major groups and assemblies of the M60 machine gun.

The M60 machine gun can be disassembled into
eight major groups and assemblies without the use of
force or special tools. These groups and assemblies are
shown in figure 3-70. Removal disassembly of all the
groups and assemblies is not necessary for general
disassembly. With the exception of the barrel assembly,
all disassembly can be done with a driftpin or a similar
pointed object.

General disassembly begins with the bolt forward,
the cover closed, and the safety on SAFE. Before the
weapon is disassembled, it must be thoroughly
inspected to make sure it is unloaded. As the weapon is
disassembled, place the parts (in the order in which they
are removed) on a clean, flat surface. This reduces the
possibility of loss of parts and aids in reassembly. The
parts are replaced in reverse order. The nomenclature of
each part is learned by naming it as it is removed and
replaced.

REMOVING THE STOCK.—To remove the
stock, raise the hinged shoulder rest and insert the nose
of a driftpin into the latch hole as shown in figure 3-71.
With the latch depressed, remove the stock by pulling it
directly to the rear.
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REMOVING THE BUFFER GROUP.—The
buffer assembly group consists of the buffer yoke and
the buffer. To disassemble the group, hold the palm of
the hand against the exposed buffer and press lightly.
Remove the buffer yoke from the top of the receiver as
illustrated in figure 3-72. Withdraw the buffer slowly.
Allow the drive spring to expand until the end of the
drive spring guide is exposed at the rear of the receiver.
Pull the buffer plunger from the drive spring guide (fig.
3-73).

HINGED SHOULDER REST

GMf0371

Figure 3-71.—Releasing the stock latch.
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Figure 3-72.—Removing the buffer group.

REMOVING THE OPERATING GROUP—
The operating rod assembly group consists of the
operating rod, drive spring, drive spring guide, and bolt
assembly. To remove the group, pull the drive spring
guide and spring from the receiver and separate them.
With the left hand, grasp the pistol grip and pull the
cocking handle to the rear until the bolt is separated
from the barrel socket. Continue to pull the operating
rod and bolt to the rear by pulling the cam roller as
shown in figure 3-74, view A.

When the operating rod and bolt are exposed ap-
proximately 4 inches to the rear of the receiver, grasp
them securely to prevent the bolt from "turning in," and
remove them from the receiver (fig. 3-74, view B).
Relax the grip and allow the bolt to rotate slowly. It is
not necessary to separate the bolt from the operating
rod.

REMOVING THE TRIGGER MECHANISM
GROUP.—The trigger mechanism grip group consists
of the trigger mechanism grip assembly (trigger
housing, sear, sear pin, sear plunger, sear plunger
spring, trigger pin, and trigger), trigger housing pin
(interchangeable with the sear pin), and leaf spring. To

DRIVE SPRING GUIDE

BUFFER

BUFFER PLUNGER

GMf0373

Figure 3-73.—Separating the buffer from the drive spring
guide.
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Figure 3-74.—Removing the operating group.
remove the group, press in on the front of the leaf spring
and rotate the front end down to clear it from the trigger
housing pin as shown in figure 3-75, view A. Pull
forward to disengage the rear notch from the sear pin.
Remove the trigger housing pin by pushing it to the left.
Slide the trigger housing slightly forward, rotate the
front of the housing down, and remove it (fig. 3-75,
view B).
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Figure 3-75.—Removing the trigger mechanism grip group.




REMOVING THE BARREL ASSEMBLY.—
The barrel assembly consists of the barrel, flash
suppressor, front sight bipod assembly, and gas
cylinder. To remove the assembly, raise the barrel lock
lever to the vertical position and remove the barrel
assembly by pulling it to the front as shown in figure
3-76.

General disassembly to this point leaves the
receiver group, cover assembly and cartridge tray
assembly groups, and forearm intact, and is sufficient
for general maintenance and cleaning of the M60
machine gun.

Assembly

The assembly procedures for the M60 machine gun
are basically the reverse of the steps taken during
disassembly. Starting with the receiver, each group and
assembly are attached in the following manner:

1. Make sure the barrel lock lever is in the vertical
position, as shown in figure 3-76. Insert the rear of the
barrel under the barrel cover and align the gas cylinder
nut with its recess in the forearm assembly. Lower the
barrel lock lever.

2. Engage the holding notch of the trigger
housing in its recess in the bottom of the receiver (fig.
3-75, view B). Rotate the front of the trigger housing up
and align the holes of the trigger housing with the
mounting bracket on the receiver. Insert the trigger
housing pin from the left. Engage the rear of the leaf
spring with the sear pin (fig. 3-75, view A). Make sure
the leaf spring is positioned so that the bent portion is
pressed against the side of the trigger housing. Rotate
the front of the leaf spring up and engage it with the
trigger housing pin.

3. Insert the end of the operating rod into the
receiver. Hold the rod with one hand. With the other

S

BARREL GROUP
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Figure 3-76.—Removing the barrel assembly.
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hand, push forward on the rear of the bolt, causing the
bolt to rotate until the locking lugs are in the vertical
position. With the cam roller up, push the operating rod
and bolt into the receiver until the end of the operating
rod is even with the rear of the receiver. Insert the drive
spring guide into the drive spring; then insert the
opposite end of the drive spring in the recess of the
operating rod, as shown in figure 3-77. Pull the trigger
and push in the drive spring until the head of the guide
is approximately an inch from the receiver (fig. 3-73).

4. Insert the buffer plunger into the drive spring
guide, as shown in figure 3-73. Push forward on the
buffer until the operating rod and bolt go fully forward.
Push in on the buffer until the recesses on the buffer are
aligned with the recesses in the receiver. Replace the
buffer yoke from the top of the receiver, as shown in
figure 3-72.

5. Align the guide rails of the stock with the guide
rails on the receiver. Push forward until the stock is
fully seated. A distinct click will be heard when the
latch engages.

6. To check for correct assembly, pull the cocking
handle to the rear and return it to its forward position.
Close the cover and pull the trigger. The bolt should go
forward.

NOTE

The bolt must be in the rear (cocked) position to
close the cover.

For further information on the M60 machine gun,
refer to the Army's TM 9-1005-224-24 and TM
9-1005-24-10.

CAM ROLLER

RECESS IN
OPERATING ROD
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Figure 3-77.—Inserting the drive spring.
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Figure 3-78.—25-mm M242 automatic gun.

THE 25-MM M242 AUTOMATIC GUN

The M242 is considered a minor caliber gun. The
25-mm M242 automatic gun (fig. 3-78) is a
short-range, up to 2,700 yards, surface-to-surface
weapon, designed for use aboard naval vessels
operating in coastal and inland areas. The gun is
mounted on the Mk 88 Mod 0 machine gun mount
to form the Mk 38 Mod 0 machine gun system (fig.
3-79).

GMf0380

GMf0379

Figure 3-79.—The Mk 38 Mod 0 machine gun system.

Gun operation is powered by an electric motor. The
power supply is a 24-volt battery located externally to
the gun. The electric motor, attached to the bottom of
the receiver, drives all the moving parts of the gun. The
gun consists of three major components, the feeder
assembly, receiver, and barrel (fig. 3-80).

Driven by the electric motor, the feeder assembly
transfers linked ammunition from the feed chute, strips
rounds from links, places rounds onto the bolt face, and
removes spent cartridge cases from the bolt. The M242

Figure 3-80.—M242 major components: A. Feeder assembly; B. Receiver; C. Barrel.
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bolt forward and rearward with a dwell time at each
position. The forward dwell time allows propellant
gases to disperse after firing while the rear dwell time
allows for the spent case to be ejected and a new
cartridge inserted.

is often referred to as a "chain gun" due to the design of
the bolt mechanism. As shown in figure 3-81, the bolt is
operated by a chain that is driven by the electric motor.
The chain master link includes the slider that fits into a
perpendicular track on the bottom of the bolt carrier. As
the chain is driven around the track, the slider moves the
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Figure 3-81.—M242 bolt operation.
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Figure 3-82.—M79 grenade launcher.

GRENADE LAUNCHERS

LEARNING OBJECTIVE: Describe the
controls, safeties and operation of the M79 and
Mk 19 Mod 3 grenade launchers.

The Navy currently uses two types of grenade
launchers—the M79 and the Mk 19 Mod 3 machine
gun. Both fire 40-mm grenade ammunition. However,
the ammunition is not interchangeable. The linked
rounds for the Mk 19 Mod 3 have a longer casing than
those intended for use in the M79.

40-MM M79 GRENADE LAUNCHER

The M79 grenade launcher (fig. 3-82) is a
break-open, single-shot weapon. It is breech loaded and
chambered for a 40-mm metallic cartridge case with
internal primer. Cartridges used with the M79 grenade
launcher are shown in figure 3-83.

YELLOW

CARTRIDGE, 40mm: HE
XM 381E1 OR XM 406E1

CARTRIDGE, 40mm: PRACTICE

GMNPO165 XM 382E2 OR XM 407E1

Figure 3-83.—Cartridges used with the M79 grenade
launcher.
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Figure 3-84.—Grenade launcher controls.

Controls of the M79 Grenade Launcher

The safety (fig. 3-84) is in the SAFE position when
pulled all the way back and in the FIRING position
when pushed all the way forward.

The barrel locking latch (fig. 3-84), when pushed
all the way to the right, permits the breech end of the
barrel to be swung up into the OPEN position. The
grenade launcher cocks as it opens.

The trigger guard (fig. 3-84) is shown in lowered
position. It can be released for setting to one side or the
other by pushing back the cylindrical housing at the
front. This makes it possible for a person wearing heavy
gloves or mittens to fire the grenade launcher. The
sighting equipment for the launcher is shown in figure
3-85.

Operating the M79 Grenade Launcher

The following procedures should be followed when
loading and firing the M79 grenade launcher.
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Figure 3-85.—Rear sight assembly.



Figure 3-86.—Loading the M79 grenade launcher.

PREPARATION FOR FIRING.—Check the
bore to be sure it is free of foreign matter or
obstructions. Check all ammunition to be sure the
proper type and grade are being used. Check launcher
to be sure it is properly cleaned. Inspect for malfunction
and other defects.

LOADING.—Point the muzzle of the launcher at
the ground and clear the area of all personnel.

Move the barrel locking latch all the way to the
right and break open the breech. If the safety is not
already on SAFE, this procedure will cause it to move
to SAFE, provided that the barrel locking latch is
moved to its full limit of travel.

Insert the projectile portion of the ammunition into
the chamber opening (fig. 3-86) and push the complete
round forward into the chamber until the extractor
contacts the rim of the cartridge case. Close the breech.

FIRING.—When the launcher is fired, you must
be in either a standing or prone position. In the standing
position, the butt is placed against the shoulder. In the
prone position, the butt is placed against the ground.
(See figs. 3-87 and 3-88.)

A detailed discussion of sightsetting is beyond the
scope of this course. However, to engage targets at
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Figure 3-88.—Firing the M79 from the prone position.

ranges from 50 to 80 meters (165 to 265 feet), the rear
sight frame assembly is placed in the lowered (called
the battle sight) position (fig. 3-85). Longer ranges are
fired with the rear sight frame in the upright position
(fig. 3-85) and the sight aperture bar set at the
approximate target range of the scale. TM
9-1010-205-10 provides detailed instruction on use of
the launcher's sights.

When firing grenades at targets within battle sight
ranges (50 to 80 meters or 165 to 265 feet), the operator
must be in a protected position. Targets that are within
80 meters (265 feet) of friendly troops must not be fired
upon.

Field-stripping the M79 Grenade Launcher

Field-stripping the M79 grenade launcher consists
of separating the fore-end assembly from the barrel and
receiver group and separating the stock from the
receiver group.

To remove the fore-end assembly, first use the
wrench assembly shown in figure 3-89 to remove the

2

GMNPO171
Figure 3-89.—Removing the fore-end assembly retainer screw.
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Figure 3-90.—Removing the fore-end assembly.
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Figure 3-91.—Removing the barrel group.

machine screw shown in the same figure. Then pull the
front end of the fore-end assembly away from the
barrel, as shown in figure 3-90, until the lug on the rear
sight base is clear of the hole in the upper surface of the
fore-end bracket. Keeping the lug clear of the hole, pull
forward on the fore-end assembly until it is free of the
receiver assembly.

To remove the barrel group from the receiver
group, first actuate the barrel locking latch and open the

Figure 3-92.—Removing receiver group attaching screw.

breech. Then, holding the stock and receiver stationary,
move the barrel rearward in the receiver until it is
disengaged from the fulcrum pin as shown in figure
3-91. Separate the barrel from the receiver group.

To separate the stock from the receiver group, use a
combination wrench assembly, as shown in figure 3-92,
and remove the pin-headed machine screw that secures
the stock to the receiver group.

For further information on the M79 grenade
launcher, refer to U.S. Army TM 9-1010-205-24 and
T™ 9-1010-205-10.

MK 19 MOD 3 MACHINE GUN
The Mk 19 Mod 3 machine gun (fig. 3-93) fires a

40-mm grenade with antipersonnel fragmentation and
light armor-piercing capability. It is an air-cooled,
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Figure 3-93.—Mk 19 Mod 3 machine gun.



Figure 3-94.—Major components of the Mk 19 Mod 3 machine gun.

belt-fed, blowback-operated, fully automatic weapon.
The Mk 19 Mod 3 machine gun is found on riverine
craft and surface vessels that are tasked to operate in
confined waters such as the Persian Gulf.

Major Components

The Mk 19 Mod 3 machine gun has five major
components as shown in figure 3-94. These are the
receiver assembly, feed slide assembly and tray, top
cover assembly, sear assembly, and the bolt and
backplate assembly.

RECEIVER ASSEMBLY.—The receiver assem-
bly (fig. 3-94, 1) provides support for the other major
assemblies of the weapon.

FEED SLIDE ASSEMBLY AND TRAY.—The
feed slide assembly and tray (fig. 3-94, 2) holds the
rounds in the feeder and indexes ammunition into the
firing position.

TOP COVER ASSEMBLY.—The top cover
assembly (fig. 3-94, 3) holds the feed slide assembly
and tray. It is opened by a latch (left side) for loading or
to clean and inspect the weapon.

SEAR ASSEMBLY.—The sear assembly (fig
3-94, 4) holds the receiver sear. Trigger action de-
presses the sear, releasing the bolt and allowing the bolt
to move forward for firing. The safety is attached to the
sear assembly. When activated, the safety slide blocks
the sear from being depressed by the operator as long as
the safety is on S (SAFE).

BOLT AND BACKPLATE ASSEMBLY.—
Located on the bolt and backplate assembly (fig.
3-94, 5) is the handgrips and trigger. When depressed,
the trigger operates the sear assembly that releases the
bolt for firing. The bolt is driven forward by a duel set
of operating springs set around guide rods.
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Operational Sequence

As described in the U.S. Army TM 9-1010-230-10,
the operation of the Mk 19 Mod 3 machine gun can be
broken down into three functions—loading/charging,
firing, and recoil/ejecting.

LOADING/CHARGING.—To begin operation
of the Mk 19 Mod 3 machine gun, with the weapon on
SAFE and the bolt in the forward position, raise the top
cover and load 40-mm ammunition into the feeder, as
shown in figure 3-95. With the female link first, feed the
belted 40-mm ammunition through the feed throat (fig.
3-95, view A) and into the feeder and across the first
pawl (fig. 3-95, view B). Now, move the slide assembly
to the left and close and latch the top cover.

FEED THROAT

FEMALE

SLIDE
ASSEMBLY

GMNPO177

Figure 3-95.—Loading the Mk 19 Mod 3 machine gun.
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CHARGER HANDLE LOCK

Figure 3-96.—Charging the Mk 19 Mod 3 machine gun.

To charge the weapon, grasp the charger handles
with palms down, as shown in figure 3-96, depress the
charger handle locks, and rotate the handles down.
Then pull the charger handles sharply to the rear. When
you feel the bolt latch in the rear position, push the
charger handles forward and up into the locked
position.

To load the first round, place the safety in the FIRE
position and press the trigger. The bolt will spring
forward and the first round will be loaded on the bolt
face in the extractors. This is called the half-load
position.

Depress the charger handle locks and pull the
charger handles to the rear a second time to load a round
into position for firing (full-load). Pulling the bolt back
a second time (fig. 3-97) delinks the round from the
belt. The curved rail on the vertical cam assembly
forces the round down the bolt face, out of the
extractors, and into the bolt fingers.

FIRING.—With the weapon in the full-load
condition, pressing the trigger causes the receiver sear
to release the bolt. The recoil springs force the bolt
forward (fig. 3-98). As the bolt travels forward, the
cocking lever is released and the bolt sear strikes the
receiver plate, pushing it rearward. This movement of
the bolt sear releases the firing pin, which strikes the
primer and fires the round.

GMNPO180
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Figure 3-98.—Mk 19 Mod 3 machine gun firing sequence.
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Figure 3-99.—Mk 19 Mod 3 machine gun recoil and ejecting
sequence.

RECOIL/EJECTING.—As a round is fired,
recoil pressure from the burning propellant acts to force
the bolt rearward (fig. 3-99). As the bolt moves
rearward, it extracts the spent cartridge, cams the next
round down the bolt face, which forces the spent
cartridge out the bottom of the gun, and moves the
feeder drive levers to move the next round into position
for delinking. Firing will continue automatically as
long as the trigger is depressed. When the trigger is
released, the bolt is held in the rear position by the sear
assembly with a round in the bolt fingers.

The Mk 19 Mod 3 machine gun should be kept
clean and lubricated as prescribed in the U.S. Army TM
9-1010-230-10 and the appropriate Navy 3-M Sys-
tems MRCs. Detailed disassembly, cleaning, and
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Figure 3-97.—Mk 19 Mod 3 machine gun loading operation.
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Figure 3-100.—40-mm grenade launcher, M203, mounted on the M16A3 rifle.

troubleshooting procedures are also found in these two
sources.

SUPPORT WEAPONS

LEARNING OBJECTIVE: Discuss and
identify the weapons used to support the
SEABEEs and special boat units.

As a GM you may be assigned to a SEABEE or a
special boat unit. These units have several support
weapons that are not normally found in the fleet. In this
section we will briefly discuss the M203, the AT4, and
the 60-mm mortar.

40-MM GRENADE LAUNCHER, M203

When equipped with the grenade launcher, the
MI16A3 rifle becomes the 40-mm grenade launcher,
M203, and loses its identity as the M16A3 rifle (fig.
3-100). As a GM attached to the SEABEEs as the
armorer, you may have to assemble the launcher
attachment on the M16. As a member of a landing or

SIGHT
LEAF

SIGHT
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SCREW
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ADJUSTMENT
MACHINE

BARREL
ASSEMBLY

ASSEMBLY GROUP

STOP
@ HANDGUARD & SIGHT
J

boarding party, or special boat unit, you will have the
responsibility of the employment, trajectory, method of
firing, firing effects, malfunctions, and care and
cleaning of the launcher attachment.

The 40-mm grenade launcher (M203) mounted on
the MI16A3 rifle is a lightweight, compact,
breech-loading, pump-action (sliding-barrel),
single-shot, manually operated weapon.

The launcher is approximately 16 inches in overall
length. It weighs approximately 3.6 pounds loaded; 3
pounds unloaded. It has a maximum range of 400
meters. Its area target range is 350 meters; its point
target range is 150 meters. The launcher consists of a
handguard and sight assembly group, receiver
assembly, quadrant sight assembly, and a barrel
assembly (fig. 3-101).

Handguard and Sight Assembly Group

The handguard portion of the assembly group
(refer to fig. 3-101) is a molded plastic protective cover

BARREL

TRIGGER

SAFETY

Figure 3-101.—40-mm grenade launcher, M203, controls and their identifications.



that fits over the barrel of the M16A3 rifle. The cover
prevents the operator from coming in contact with the
barrel when it becomes heated from rapid firing. The
heat produced by the rifle barrel dissipates through the
cooling holes and slots on the cover. The protruding
plastic tab on the left side of the cover prevents the
barrel latch of the grenade launcher from being
accidentally pressed when the weapon is laid on its
side.

The sight leaf portion of the assembly group is a
metallic folding blade sight. It provides range selection
from 50 to 250 meters in 50-meter increments. The
windage adjustment screw moves the blade element
horizontally, providing a windage adjustment
capability. The elevation adjustment machine screw,
when loosened, allows the blade element to be moved
vertically, providing an elevation adjustment capability.

Receiver Assembly

The receiver assembly (fig. 3-101) consists of an
aluminum receiver that houses the barrel latch, the
barrel stop, and the firing mechanism. The receiver
assembly attaches to the barrel of the rifle, mounting
the grenade launcher to the rifle. The receiver assembly
also contains the follower assembly, the trigger, and the
safety components that serve to fire or prevent
accidental firing of the grenade launcher.

The safety is just forward of the trigger, inside the
trigger guard. To fire the launcher, the safety must be in
the forward position (fig. 3-101). To place the launcher
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on safe the safety must be in the most rearward
position. The safety must be manually placed in either
of these position.

The barrel latch, when depressed, unlocks the
barrel so that it can be moved forward along the
receiver assembly. As the barrel and barrel extension
(which are interlocked with the cocking lever) move
forward, the cocking lever is forced downward. The
cocking lever, in turn, forces the spring-loaded firing
pin rearward. At the same time, the spring-loaded
follower follows the barrel extension forward. As the
barrel continues its forward movement, the barrel
extension disengages from the cocking lever. The
movement of the follower is restricted by the receiver;
the follower holds the cocking lever in the down
position. When the barrel is moved rearward, the
follower is driven rearward; the cocking lever again
engages the barrel extension, and the firing pin moves
slightly forward and engages the sear.

The barrel stop (fig. 3-101) limits the forward
motion of the barrel assembly. This prevents the barrel
assembly from sliding off the receiver assembly barrel
track during loading and cocking operations. When
depressed, the barrel stop allows the barrel assembly to
be removed from the receiver assembly for
maintenance.

Quadrant Sight Assembly

The M203 has a quadrant sight assembly (fig.
3-102), which connects to the carrying handle of the
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Figure 3-102.—Quadrant sight assembly.



LAUNCHER

Figure 3-103.—Launcher 84-mm, M136 (AT4), Heat.

M16 rifle. It consists of a sight arm, a range selection
quadrant, and mounting brackets. The sight arm
contains an aperture and post for sighting operations of
the launcher. The range selection quadrant has
embossed range graduations from 50 to 400 in
25-meter increments. The quadrant sight is used at
ranges in excess of the 250 meters that is covered by the
leaf sight. The 25-meter increments also allow for
better accuracy at a greater number of range variations
than the leaf sight.

Barrel Assembly

The barrel (refer to fig. 3-101) of the barrel
assembly is constructed of specially treated and
machined aluminum. The barrel extension is a
rectangular, chrome-plated steel bar. It attaches to the
barrel and provides a means of attaching the barrel to
the receiver assembly. The handgrip is a molded plastic
corrugated sleeve. When the grenade launcher is being
fired, the plastic handgrip allows the operator to hold
the launcher without any discomfort from the heat.

FIRING
MECHANISM
.

AT4

The launcher and cartridge, 84-mm M139 (AT4),
HEAT, is a lightweight, self-contained antiarmor
weapon. It consists of a free-flight, fin-stabilized
cartridge packed in an expendable launcher. It is issued
as a round of ammunition and requires minimum
operator maintenance. The launcher (fig. 3-103) serves
as a watertight packing container for transportation and
storage; however, when the launcher is placed in the
firing position, it serves to ignite and guide the rocket
on its initial flight toward the target. Once fired, the
launcher is designed to be discarded.

The AT4 is designed to withstand arctic, tropic, and
desert conditions or any combination of natural
environments. It may be used under conditions of
limited visibility. Target engagement, however, is
limited by the ability of the firer to detect and identify
the target visually and to determine the range to the
target.

Launcher

The launcher is a one-piece, disposable,
fiberglass-wrapped tube. The launcher has the follow-
ing components affixed to it (fig. 3-104).

e Transport Safety Pin. Provides safety for
transporting. It is attached to the launcher by a
lanyard.

e Cocking Lever. Cocks firing mechanism.

e Firing-Through Muzzle Cover. Keeps out
moisture and prevents foreign objects from
entering the muzzle.

SIGHTS

VENTURI

TRANSPORT
SAFETY PIN

CARRYING SLING

FIRE-THROUGH
MUZZLE COVER

COLOR-CODE
BAND

FORWARD
SAFETY

RED TRIGGER
BUTTON

SHOULDER STOP

Figure 3-104.—Launcher components.
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Figure 3-105.—Cartridge XM136 (AT4).

Color-Code Band. Indicates type of cartridge.
Sights.

1. Front sight. Consist of a sight blade, center

post, and right and left lead posts.

2. Rear sight. Consist of a sight blade, range
setting knob, range indicator, 2-mm

peephole, and 7-mm peephole.

Venturi. Performs two functions:

1. Protects the weapon from damage if

dropped.
2. Directs the flow of the backblast.

Forward Safety. Must be fully depressed and
held before pressing trigger button or launcher
will not fire.

Red Trigger Button. Fires the weapon.

Shoulder Stop. Helps stabilize the launcher on
the soulder.

Carrying Sling. Provides a means for carrying
the launcher.

Firing Mechanism.
Ammunition

The AT4 is issued as a round of ammunition. The
cartridge consists of a fin assembly with tracer element;
point-initiation, piezoelectric fuze; warhead body with
liner; and a precision-shaped explosive charge (it is the
only tactical ammunition for the AT4) (fig. 3-105). The
AT4 is used mainly as an antiarmor weapon; however, it
can be used against gun emplacements and bunkers.
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MORTAR

The 60-mm mortar (fig. 3-106) is a smooth-bore,
muzzle-loaded, high-angle-of-fire weapon. It consists
of a mortar barrel with a baseplug and a fixed firing pin
for drop firing. The mount consists of a bipod with
traversing and elevating mechanism. A spring-type
shock absorber absorbs the shock of recoil in firing.
The baseplate is a unit that supports and aligns the
mortar. For firing, the baseplug of the barrel passing
through the yoke of the bipod mount and secured to the
shock absorber. For transporting, disassemble the
mortar into three groups: barrel, bipod, and baseplate.
A telescope sight, the M64, is provided for adjusting
elevation and direction. The mortar can be hand carried
as three separate one-man loads or by one crew member
without disassembling it.

CANNON
M225

SIGHT UNIT
M64/MB4A1

BASEPLATE M7

Figure 3-106.—The 60-mm lightweight mortar (M224).



The mortar is fired by inserting a complete round
into the muzzle, fin assembly down. The elevation of
the barrel causes the round to slide toward the base of
the barrel. On reaching the base, a propelling charge on
the round is ignited by the firing pin. The pressure of the
gas produced by the burning propelling charge drives
the round up and out of the barrel. The fin assembly
stabilizes the round in flight.

The mortar can deliver fire at ranges up to
approximately 3490 meters. The sustained and
maximum rates of fire are related to the type of round
and charge being used.

The complete mortar weighs 46.5 pounds in the
conventional mode and 18 pounds in the hand-held
mode. This includes the cannon (14.4 pounds), the
bipod (15.2 pounds), the M7 baseplate (14.4 pounds)
and the M8 baseplate (3.6 pounds). The overall length
is 40 inches.

A variety of shells and fuzes have been developed
to make the 60-mm mortar a versatile weapon. It can be
used as either an offensive or a defensive weapon.

SPECIAL PRECAUTIONS FOR SMALL
ARMS

LEARNING OBJECTIVE: Discuss the
special safety precautions that every Gunner's
Mate should know before handling small arms.

Semiautomatic pistols in the hands of in-
experienced or careless persons are largely responsible
for the saying, "It's always the unloaded gun that kills."
It is a fact that many accidental deaths and injuries are
due to the mistaken belief that removing the magazine
of the pistol (or other magazine-fed weapons) is all that
is necessary to unload it. Nothing could be further from
the truth. To completely unload a pistol or other
magazine-fed weapon and render it safe to handle, it is
necessary not only to remove or empty the magazine,
but also to make absolutely certain the chamber is
empty. The only way this can be done is to pull back the
slide or bolt and inspect the chamber either visually or,
it if is dark, by feel. This should be done after the
magazine is removed and with the muzzle pointed
upward. Of course, if the chamber is loaded, the round
will be extracted and ejected when the slide is operated.
"I didn't know it was loaded" is never an excuse for the
accidental discharge of a weapon—especially for the
Gunner's Mate. All weapons must be considered loaded
when the slide or bolt is forward and/or the magazine is
in the weapon. It is safe only when the slide or bolt is
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locked in the open position, the magazine is out of the
weapon, and the chamber is visibly empty.

When handling revolvers, a simple visual inspec-
tion is sufficient to determine if any chambers in the
cylinder are loaded.

Keep the hammer fully down when the pistol or
revolver is not loaded. When the pistol is cocked, keep
the safety lock in the ON (SAFE) position until ready to
fire.

Let us review briefly some of the safety precautions
that apply to the handling of all small arms:

e Never point a weapon at anyone or anything you

are not ready to destroy.

Unless the weapon is to be used immediately,
never carry it with a round in the chamber.

Unless you are about to fire it, the safety of every
small arms weapon must always be in the SAFE
position. Always keep your finger away from the
trigger. When the safety is moved from the
SAFE to the FIRE position, many small arms
will fire if the trigger is pressed as the safety is
released.

Consider a gun loaded until you have opened the
chamber and verified that it is empty. It is not
enough to wail afterward, "I didn't know it was
loaded." The empty weapon is the dangerous
one.

Before firing any weapon, be sure there are no
obstructions in the bore.

Before firing any weapon, be sure the ammuni-
tion you are using is the right ammunition. For
example, the M14 ammunition cannot be used in
the M16 rifle. Nor should you try to use
illumination signals with shotguns, even though
they look much like shotgun shells.

Before firing, be sure there is no grease or oil on
the ammunition or in the bore or chamber.
Although lead bullets may be lightly waxed or
greased, there must never be any lubricant on the
cartridge case.

Keep ammunition dry and cool. Keep it out of
the direct rays of the sun. Keep ammunition
clean, but do not polish it or use abrasives on it.
Do not attempt to use dented -cartridges,
cartridges with loose bullets, or cartridges eaten
away by corrosion. Be particularly careful



with tracer ammunition, which can ignite
spontaneously if damp.

Misfires and hangfires can occur with small
arms ammunition as well as with other types. On
some weapons, like the automatic pistol, you
can recock and attempt to fire again without
opening the breech. If, after a couple of tries, this
proves unsuccessful, or if the weapon cannot be
recocked without opening the bolt, wait at least
10 seconds, then open the bolt and eject the
defective round. Defective small arms
ammunition should be disposed of according to
current regulations.

A misfire with blank cartridges may leave
unburned powder deposited in the bore; always check
the bore after any misfire and clean it if necessary.

If you experience a light recoil or report, clear the
weapon and check the bore for an obstruction. This
may indicate a partial burning of the propellant that
may not have been sufficient to force the bullet clear of
the muzzle.

WARNING

Never try to dislodge a bullet from the barrel by
firing another bullet.

SMALL ARMS MAINTENANCE

LEARNING OBJECTIVE: Discuss the
importance of proper maintenance on small
arms.

The cleaning, preservation, and care given to small
arms are determining factors in their operation and
shooting accuracy. You have undoubtedly heard that an
ounce of prevention is worth a pound of cure. This can
aptly be applied to the maintenance of all ordnance
weapons and equipment. To properly maintain these
weapons, a system of preventive maintenance must be
employed. The preventive maintenance procedures for
Navy small arms are set forth in the appropriate 3-M
Systems MRCs.

Preventive maintenance is the systematic care,
inspection, and servicing of material to maintain it in a
serviceable condition, prevent breakdowns, and assure
operational readiness. To maintain your small arms in a
state of readiness, they must be serviced (including
lubrication) each time they are used and periodically
when in stowage.
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Inspections of each weapon are an important part of
preventive maintenance. Inspections to see if items are
in good condition, correctly assembled, secure, not
worn, and adequately lubricated, apply to most items in
preventive maintenance procedures.

STOWAGE AND ISSUE OF SMALL
ARMS

LEARNING OBJECTIVE: Describe the
requirements for the security, stowage, and
issuing of small arms.

As a Gunner’s Mate, you are responsible for the
security, stowage, and issue of all small arms. The
increasing number of reported instances of ammunition
and weapon pilferage by dissident groups and
individuals indicates the necessity for stricter control of
storage, security, custodial responsibility, and
inventory reconciliation procedures for easily pilfered
items, which include small arms.

Small arms should always be stowed in an
authorized and secure stowage to prevent pilferage. A
strict accountability must be maintained at all times.
Department of the Navy Physical Security Instruction
for Conventional Arms, Ammunition, and Explosives
(AA&E), OPNAVINST 5530.13, contains detailed
instructions for the security of small arms and other
AA&E materials. This includes access control, key
custody, and storage requirements. Since this instruc-
tion is subject to frequent changes, we will not go into
any detail on its contents. However, you are strongly
encouraged to become familiar with the specifics of this
document and to make its contents the object of
frequent training and review in your work center.

Since all small arms are considered equipage, a
signature of subcustody is required before they are
issued from their normal place of stowage. Any type of
signed custody record may be used as long as it bears
the receiving individual's signature. Inside your armory
you should have a list of personnel who are qualified to
be issued weapons. Anyone who is not on that list
should not be able to draw a weapon from the armory. A
second consideration for issuing small arms is to
determine whether or not the requesting person is
authorized to draw a weapon at this time. Any
out-of-the-ordinary requests for weapons should be
prearranged and authorized. When in doubt, call your
chief, division officer, or the command duty officer.
Again, the important security measures are to keep the
weapon locked up and, when it is issued, to determine
qualification and authority, and to get a signature.



SMALL ARMS RANGE DUTIES

LEARNING OBJECTIVE: Discuss small
arms range duties and responsibilities both
ashore and afloat

As a Gunner’s Mate you may be assigned to duty at
one of the Navy's small arms ranges ashore. However,
you will certainly be routinely called upon to conduct
the small arms qualification firing of shipboard security
force and quarterdeck watch stander personnel. Both
cases require that you be proficient in range operation
and safety as well as marksmanship procedures.
Normally, every ship has two crewmen, usually
Gunner' Mates who have been to the Navy small arms
instructor school and are certified as range masters.
Certified range masters carry an 0812 or 0176 NEC.
NEC 0812 is permanent and qualifies the holder to run
a small arms range both aboard ship and ashore. NEC
0176 is valid for 3 years and qualifies the holder to run
shipboard ranges only. Even if you are not one of these
persons, you may be called upon to assist by acting as
an additional safety observer on the firing line, giving a
safety brief, providing marksmanship instruction, or
keeping score records.

Marksmanship procedures for each weapon are
contained in the TM or FM for that weapon.

HAND GRENADES

LEARNING OBJECTIVE: Describe the
type and purpose of the various hand grenades
used by naval forces.

A hand grenade is a small bomb with the user's arm
providing the motive power to get it to the target. Hand
grenades may be filled with explosives, explosives and
chemicals, or (for practice purposes) may be empty or
contain inert filler. Hand grenades come in many sizes,
shapes, and types and are designed to fulfill a wide
variety of purposes. They can be used for inflicting
material and personnel casualties, screening, signaling,
illuminating, demolition, harassing, and incendiary
action.

TYPES AND CHARACTERISTICS

The general types of hand grenades issued are (1)
training, (2) practice, (3) fragmentation, (4) offensive,
and (5) chemical. Each type is designed to do a special
job. For a summary of the characteristics and
capabilities of each hand grenade, refer to the Army
FM 23-30. Certain characteristics common to all hand
grenades are as follows:
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e The range of a hand grenade is relatively short.

The range depends on the ability of the
individual and the shape of the grenade. A
well-trained sailor should be able to throw the
fragmentation hand grenade an average of 44
yards, but may average only 27 yards with the
heavier white phosphorus smoke grenade.

The effective casualty radius of a hand grenade
is relatively small when compared to that of
other weapons. The term effective casualty
radius is defined as the radius of a circular area
around the point of detonation within which at
least 50 percent of the exposed personnel will
become casualties. The effective casualty radius
varies with the type of hand grenade used, so
casualties can and do occur at distances greater
than this radius.

Delay fuzes are used in all standard hand
grenades. Detonation of the grenade is not
on impact but after the delay element in the
fuze has burned. The fuze assembly (fig.
3-107) consists of a fuze body, safety lever,
safety pin, striker spring, primer, delay
element, and detonator or igniter. For fur-
ther information about the operation of the
fuze assembly, refer to FM 23-30. All
casualty-producing grenades (fragmentation,
offensive, and white phosphorus) have a 4- to
5-second delay. Because of this short delay,
personnel must stay alert when arming and
throwing hand grenades.
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Figure 3-107.—Functioning of the fuze.



PROCEDURES FOR THROWING

For greater accuracy and range, the grenade should
be thrown like a baseball, using the throwing motion
most natural to the individual. It is important to grip the
grenade properly. Figure 3-108 shows the proper
position of the grenade before pulling the safety pin.
First, cradle the grenade in the fingers of the throwing
hand. Hold the safety lever down firmly under the
thumb between the tip and first finger joint. In this way,
the grenade fits snugly into the curved palm of your
hand, giving you a firm, comfortable grip; but do not
relax your thumb pressure on the safety lever until you
throw the grenade.

The first steps in grenade throwing are to develop
good throwing habits and several throwing positions.
Four throwing positions are recommended: (1)
standing, (2) kneeling, (3) prone, and (4) crouch.

The procedures for throwing from the standing
position are as follows:

1. Stand half-facing the target, with your weight
balanced equally on both feet. Hold the grenade chest
high, using the correct grip (fig. 3-109, view 1).

2. Pull the pin with a twisting, pulling motion.
Cock your throwing arm to the rear (view 2).

3. Throw the grenade with a free and natural
motion. As it leaves your hand, follow through by
stepping forward with your rear foot (view 3). Observe
the point for probable strike, then duck your head to
avoid fragments or other effects.

GMNPO0189

Figure 3-108.—Proper way to grip the hand grenade.
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Figure 3-109.—To throw from the standing position.

4. Recover, then resume the original standing
position.

FM 23-30 explains the proper steps to be taken
when using any of the other positions.

SAFETY

The following safety precautions should be
observed when handling or using hand grenades:

1. Do not take any grenade apart unless ordered to
do so by competent authority.

2. Do not tamper with grenades and do not
recover or tamper with live grenades that fail to explode
(duds). These duds are recovered and destroyed only by
qualified personnel.

3. Do not pull the safety pin until you are ready to
throw the grenade. If the safety pin will not pull out
easily with a pulling-twisting motion, straighten its
ends. In the majority of cases, this will not be necessary.
Maintain a firm grip on the safety lever when removing
the safety pin.

4. After you pull the safety pin, throw the
grenade. Do not attempt to replace the pin to return it to
a safe condition.

5. When throwing a fragmentation grenade
without protective cover, drop immediately to a prone



position, face down, with your helmet toward the
grenade. Keep your arms and legs flat against the
ground. Other personnel in the area who are exposed
must be warned to drop to a similar position. Steel
helmets and body armor should be worn at all times
when using grenades.

6. Although little danger is involved in using
practice hand grenades, they require some degree of
care in handling and throwing. You can throw the
practice grenade a safe distance but, for the purpose of
training and to prevent injury from an improperly
loaded grenade, take cover. Wear the steel helmet, and
keep all other personnel at a safe distance. Practice
grenades that fail to function (duds) are not recovered
for at least 10 minutes and then only by trained
personnel.

7. Grenades are issued in the "with fuze" and
"without fuze" condition. They are not necessarily
shipped in separate containers. The detonator of a fuze
is very sensitive to heat, shock, or friction. Army FM
23-30 explains the safety precautions and steps taken
when fuzing hand grenades.

LANDING-PARTY EQUIPMENT

LEARNING OBJECTIVE: Identify the
various  components of  landing-party
equipment and discuss its proper assembly.

Landing-party or load-carrying equipment consists
of the items illustrated in figure 3-110. Each item has
been designed to make the job of carrying the
equipment you will need easier and more comfortable.
If you are a member of a boarding party, you may
substitute other needed items that are essential to your
mission. For example, you might want to replace the
entrenching tool with another canteen when boarding
foreign vessels. The U. S. Coast Guard is an excellent
source of information for other types of boarding
equipment and training.

The suspenders is one of the most overlooked
necessities. The suspenders move the weight of the load
from the waist to the shoulders where it should be. They
also have hooks to hang additional equipment. Figure
3-111 illustrates an example of the equipment
assembled. Remember, carry only the equipment

INDIVIDUAL FIGHTING LOAD CARRIERS

NOTE: MK17A1 GAS MASK COMES
WITH A SPECIAL CANTEEN CAP.

USE THIS CAP TO REPLACE
CONVENTIONAL CAP WHEN USING
GAS MASK.

EACH

PISTOL BELT, INDIVIDUAL EQUIPMENT, LARGE, 9D8465 - 00 - 001 - 6487

EACH CASE, SMALL ARMS AMMUNITION (30 - RD MAG) 9D8465 - 00 -001 -6482

EACH SUSPENDERS, BELT, INDIVIDUAL EQUIPMENT 9D8465 - 00 - 001 - 6471

CARRIER, ENTRENCHING TOOQL 9D8465 - 00 - 001 - 6474;
SHOVEL, D-HANDLE 5120- 00 - 878 - 5932

EACH

COVER 9D8465 -00 - 860 - 0256; CANTEEN 9D8465 - 00 - 889 - 3744;
CUP 9D8465 - 00 - 165 - 6838

EACH

EACH CASE, FIELD FIRST-AID DRESSING 9L6545 - 00 - 823 - 8165

GMNP0O191

Figure 3-110.—Load-carrying equipment.

3-54



FIRST AID
DRESSING/COMPASS
ASE

\~  ENTRENCHING
4 TOOL CARRIER

POCKET

Figure 3-111.—Assembled load-carrying equipment.
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needed to complete your mission, and keep your load as
light as possible. The assembled unit is usually worn
over an armored vest.

SUMMARY

In this chapter we discussed the small arms
currently in use by the Navy, their operation,
functioning, and maintenance. We described some of
the responsibilities of a Gunner's Mate relative to these
small arms, including range operations, security
procedures, and general small arms safety. We
described hand grenades, how they are used, and some
safety precautions pertaining to them. Finally, we
described some load-carrying equipment commonly
used by boarding parties.






CHAPTER 4

BASIC MECHANISMS

The purpose of this chapter is to explain some of
the fundamentals of mechanics and hydraulics to help
you better understand the ordnance equipment with
which you will be working in the fleet. We will also
introduce you to the air and power supplies that are
used by a shipboard gun system. The control
mechanisms of gun systems involve a combination of
mechanical, hydraulic, electrical, and electronic
devices. By studying this chapter, and the chapter that
follows (on electricity and electronics), you should
become familiar with most of the principles of how
these devices operate. Understanding how these
devices operate is the first step in becoming a good
technician. Pay particular attention to the references
listed throughout the text, which describe sources of
more detailed information on each topic. These
textbooks are included on the bibliography list of GM3
through GMC (from which advancement
examination questions are referenced).

MECHANICAL DEVICES

LEARNING OBJECTIVE: Discuss the
operating principles of the mechanical devices
used in ordnance equipment.

The movement and functioning of major systems
(directors, launchers, and gun mounts) are accom-
plished, in part, using one or more basic mechanical
devices. Our discussion centers on the functioning

TRAIN INPUT
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principles and applications of cams, gear trains, levers,
couplings, and bearings.

CAMS

A cam is an irregularly shaped device used to
transmit motion through a follower. The cam surface
contours are determined by the needs of the device the
cam serves. The follower may be used to operate any
number of other mechanisms.

In figure 4-1, we illustrate a face cam being used in
a cutout device for a gun firing circuit. The cam face is
contoured to correspond to the ship's firing and
nonfiring zones. Each position on the cam plate
corresponds to a specific position of gun train and
elevation. The low area corresponds to the positions in
which the gun may be safely fired; the raised area
corresponds to the areas where firing would endanger
permanent ship's structure. The cam is geared to the
train drive to rotate as the gun moves in train. The
follower is linked to move across the face of the cam as
the gun is moved in elevation. The follower is linked to
a switch in the firing circuit that opens when the
follower is raised by the high portions of the cam.

The face cam is one of many different styles. There
are also barrel cams and edge cams. The barrel cam is
similar to the face cam, but is cylindrical in shape, with
the cam surface on the inside or outside. Both face and
barrel cams are used in firing cutout mechanisms.

/

~— ELEVATION
INPUT SHAFT

CAM PLATE

Figure 4-1.—A face cam used in a firing cutout mechanism.
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Figure 4-2.—A. A barrel cam used as a firing cutout device in a 5''/54 gun; B. An edge cam positioning a hydraulic valve.

An edge cam is one that has the irregular surface
machined around its outer edge. It may be stationary,
with the follower attached to a nearby moving
component, or rotary. Edge cams are used to shift
valves, make or break switch contacts, and to position
other mechanical devices. Figure 4-2 shows some of the
uses of cams in ordnance equipment.

GEAR TRAINS

Gears are used in almost all types of ordnance
equipment. They are used to change direction of
motion, to increase or decrease the speed of applied
motion, and to magnify or reduce applied force. Gears
also give you positive drive. There can be, and usually
is, some slippage in a belt drive. Gear teeth, however,
are always in mesh so there can be no slippage. This is
true as long as the teeth are in good shape and not worn.

Gears in ordnance equipment are normally not

seen. They are usually encased in a gearbox, filled with

DRIVE GEAR
DRIVEN GEAR

o

Figure 4-3.—Gears used to reverse the direction of rotation.

a gear lubricant. You can be sure gears and gear trains
are at the heart of almost every type of machine.

Changing Direction of Motion

Figure 4-3 represents the fundamental concept of
reversing direction of rotation with gears. We have two
gears in this simple gear train: the drive gear and the
driven gear. The drive gear is rotating in a clock-
wise direction. This turns the driven gear in a
counterclockwise direction, reversing the direction of
rotation.

This quality is inherent in all gear trains; one gear
turning another will always reverse the direction of
motion. This is not always the desired result. To
overcome this, an idler gear is inserted between the
drive gear and the driven gear as shown in figure 4-4.
The idler reverses the direction of motion coming from
the drive gear. This allows the driven gear to be turned
in the same direction as the drive gear.

GMNP0196

SAME DIRECTION

Figure 4-4.—The function of an idler gear.
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Figure 4-5.—Gear configurations.

Another form of direction change performed by
gear trains is a change in angular direction. Figure 4-5
illustrates some of the different gear configurations
used to change angular direction of motion. The first,
and most common, is the bevel gear (fig. 4-5, view A).
Bevel gears can be used to turn just about any angle.
There are several different forms of bevel gears. The
difference is in how the teeth are cut. The rack and
pinion-type gear (fig. 4-5, view B) is used in cases
where linear motion is desired. The rack and pinion
gear is used in the rammer mechanism of the 5"/54 Mk
42 gun mount.

Worm gears (fig. 4-5, view C) are a special type of
gear train. They have a unique property that makes
them very useful for train and elevation drive trains and
ammunition hoists. A worm gear can transmit motion
in only one direction through the worm. In application,
this means that should you lose power half-way through
a hoist cycle, your hoist and ammunition will not
"free-fall" back to the bottom of the hoist.

Figure 4-5, view D shows a pinion and an internal
gear. Either can serve as the drive gear. This
configuration is used in most missile launcher and gun
mount train drives. The internal gear is mounted
stationary in the stand, while the pinion is part of the
mount or launcher. The train drive motor transmits
motion through a worm gear to the pinion, which walks
around the inside of the internal gear, moving the
mount or launcher with it.
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Changing Speed

Most hydraulic equipment is driven by a 440-volt
ac constant speed electric motor. To be efficient, these
motors have to spin at very high speeds. To be usable
for driving a hydraulic pump or anything else, the
output speed of the motor must be reduced. This is
accomplished through reduction gears. The reduction
gears are located in an oil-filled encasement, which
normally appears to be part of the drive motor housing.

Figure 4-6 will help you understand how this is
possible. Wheel A has 10 teeth that mesh with the 40

20 TEETH

10 TEETH

DRIVEN
GEAR —

GMNP0198

Figure 4-6.—Simple reduction gears.



teeth on wheel B. Wheel A will have to rotate four times
to cause wheel B to make one rotation. Wheel C is fixed
rigidly to the same shaft as wheel B. Therefore, wheel C
makes the same number of revolutions as wheel B.
However, wheel C has 20 teeth and meshes with wheel
D that has 10 teeth. This causes wheel D to rotate twice
for every one revolution of wheel C. If you rotate wheel
A at a speed of four revolutions per second, wheel B
will rotate one revolution per second. Wheel C also
moves one revolution per second, turning wheel D at a
speed of two revolutions per second. You get an output
speed of two revolutions per second from an input of
four revolutions per second, with a speed reduction of
one-half.

Almost any increase or decrease in speed can be
obtained by choosing the correct gears for the job.

Magnifying Force

Gear trains can be used to increase mechanical
advantage. The rule is: whenever you reduce speed with
a gear train, you increase the effect of the force applied.
The theory of this principle will not be discussed here.
For further information on gears and gear trains, as well
as the theories of how they work, see the Navy training
manual Basic Machines, NAVEDTRA 12199.

LEVERS AND LINKAGES

One of the simplest and most familiar types of
machines is the lever. Levers are used to overcome big

GMNPOQ199

Figure 4-7.—A simple lever.
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resistances with relatively small effort. The principle of
leverage is used extensively throughout ordnance
equipment.

The three basic components that comprise all levers
are the fulcrum (F), a force or effort (E), and a
resistance (R). Look at the lever in figure 4-7. You see
the pivot point (F, fulcrum); the effort (E) that you apply
at a distance (A) from the fulcrum; and a resistance (R)
that acts at a distance (a) from the fulcrum. Distances
(A) and (a) are the lever arms.

The application of leverage in ordnance equipment
uses mechanical linkages to transmit and increase
force. Figure 4-8 shows the mechanical linkages in a
5"/54 Mk 42 Mod 10 carrier ejector assembly. The
linkages act together to eject a complete round of
ammunition from the transfer station to the carrier tube.
The carrier tube must be completely open before the
round is ejected into it. Therefore, a time delay slot is
incorporated to allow the linkages to move, opening the
carrier before the transfer station ejectors actuate. For
further information on the fundamentals of levers and
linkages, see the Navy training manual Basic
Machines, NAVEDTRA 10624-A1.

COUPLINGS

In a broad sense, the term coupling applies to any
device that holds two parts together. For our purposes,
these two parts will normally be rotating shafts. In its
most familiar application, a coupling will permit one
shaft to transmit motion to another shaft that is, or may
be, misaligned. The misalignment may be intentional,
as in the case of an automobile drive shaft. The drive
shaft links the output shaft of the transmission in the
front of the automobile to the input shaft of the rear
drive unit. The engine and transmission are fixed to the
chassis, while the rear drive unit is spring-mounted to
the chassis to ride over bumps in the road. The
couplings (in this case universal joints) allow for the
efficient transmission of motion while at the same time
providing flexibility in the drive train. The misalign-
ment may also be unintentional or unavoidable because
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of wear or slippage. Figure 4-9 shows four types of
couplings commonly used in ordnance equipment.

The adjustable flexible coupling (also called
vernier coupling) joins two shafts by means of a
flexible metal disk with an adjustable element. By
loosening the clamping bolt and turning the worm, the
right-hand shaft can be turned. This type of coupling
can be found on nearly all types of guns in applications
that require finely adjusted mechanical outputs. A
flexible coupling is similar to this but does not contain
the adjustment feature.

The fixed sliding lug (Oldham) coupling is not as
rigid as its name implies. While it is not designed to
connect shafts that meet at an angle, it will transmit
motion and allow for some misalignment between
shafts that are parallel but fail to meet each other
exactly. Figure 4-9 shows the output shaft of a drive
motor linked by a fixed sliding lug to the input shaft of a
hydraulic pump located inside a fluid reservoir. This is
necessary for two reasons. First, if the shaft were
common to the two devices, when one device required
replacement, both would have to be replaced. Secondly,
any wear or misalignment in one device would cause
bearing or seal wear in the other device.

The universal joint is used in ordnance equipment,
as we said earlier, where the shafts intentionally meet at
an angle. Universal joints also have the advantage of
great strength, making them useful in heavy load
applications. Other connecting devices and adjust-
ments are discussed in chapter 8 under mechanical
adjustments.

BEARINGS

We must start our discussion of bearings with a
brief word on friction. Friction is the resistance to
relative motion between two bodies in contact.
Sometimes this resistance is useful. For example, it is
hard to walk on ice because there is very little friction
between your shoes and the ice. In ordnance, however,
friction is mostly unwanted. It takes effort to rotate
trains of gears, move levers and shafts, and so forth.
Friction in these mechanisms adds to the effort
required. Lubrication is one answer; this is discussed
later in chapter 8. It coats the surfaces of moving parts
in contact with one another and separates them by a
fluid film. In some cases, though, this is not enough.
Sometimes the speed of the moving parts or the load on
them is so great that the oil film will be thrown out or
ruptured. In this case bearings (and lubrication) are the
answer.
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Plain (Sliding) Bearings

Most often the parts that rub together are made of
steel. Sometimes the friction can be reduced
sufficiently by simply inserting a strip of softer metal,
such as bronze, between the two steel parts. This is the
theory behind the plain, or sliding, type of bearing. In
figure 4-10, you can see three applications.

In figure 4-10, view A, you see a gun slide
weldment in which the gun and housing move in recoil
and counterrecoil. The bearing strips (one is hidden)
inside the slide are made of bronze and support the
heavy housing as it moves forward and aft during firing.
The barrel bearing, also bronze, supports the barrel in
these movements. In (fig. 4-10, view B), you are
looking up at a sliding wedge type of breech
mechanism. The breech operating shaft, in its rotating
movement, raises and lowers the breechblock. Here, the
steel operating shaft is kept from coming into direct
contact with the steel gun housing and bearing caps (not
shown) by operating shaft bronze journal bearings. For
ease in assembly and disassembly, the bearings are in
two parts. Notice the oil grooves cut into the inside of
the bearing. These grooves distribute the lubricant
around the shaft from a zerk fitting on the bearing caps.

A
BEARING STRIP
(HOUSE GUIDE)

BARREL
BEARING

OPERATING

B BEARING SHAFT
BEARING

BREECHBLOCK
OPERATING SHAFT

GMNP0202

Figure 4-10.—Example of plain (sliding) bearings.



The bronze bearing blocks, up inside the
breechblock, transmit the rotating movement of the
operating shaft to a vertical movement to raise and
lower the breech. These are oblong bearings, riding in
slanted blockways in the block. They are lubricated by
means of oil holes drilled throughout their length.

Bearings With Roller Contact

The plain bearings we have just described will
reduce friction. A much more efficient type, however, is
that which inserts a rolling contact between the
stationary and moving elements of the mechanism. The
rolling elements are balls or rollers. The bearing
assembly usually is made up of three parts: the rolling
elements, a separator, and two races.

An ordnance application of roller bearings can be
seen in figure 4-11, view A. Here, they are used to
reduce friction between the rotating gun mount (base
ring) and the stationary stand. The horizontal rollers
support the weight of the mount. The upper race (roller
path) is part of the base ring. The lower race is part of
the stand. The separator keeps the roller bearings from
getting canted and running into one another. The
upright (radial) bearings reduce friction between the
base ring and stand when a sideways force is exerted on
the mount.

In (fig. 4-11, view B), you see tapered roller
bearings used in trunnions. In this application, they
allow the trunnions to rotate freely but restrict sideways
and up-and-down movement as the gun bucks during
firing.

Ball Bearings

The roller bearing assemblies just described can be
disassembled for replacement of parts, for cleaning,
and for examination. Ball bearings, on the other hand,
usually are assembled by the manufacturer and
installed as a unit. Like roller bearings, the ball bearings
reduce friction and, in some applications, prevent
unwanted movement.

Sometimes maintenance publications refer to roller
and ball bearings as being either thrust or radial
bearings. The difference between the two depends upon
the angle of intersection between the direction of the
load and the axis of rotation of the bearing. Figure 4-12,
view A, shows a radial ball bearing assembly. The load
here is pressing outward along the radius of the shaft.
Now suppose a strong thrust is exerted on the right end
of the shaft, tending to move it to the left. The radial
bearing is not designed to support this axial thrust. Even
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Figure 4-11.—Bearings with roller contact.

putting a shoulder between the load and the inner race
would not do. It would just pop the bearings out of their
races. The answer is to arrange the races differently, as
in (fig. 4-12, view B). Here is a thrust bearing. With a
shoulder under the lower race and another between the
load and the upper race, it will handle any axial load up
to its design limit.

The horizontal bearings shown in figure 4-11, view
A, are another example of a roller thrust bearing
assembly. The vertical roller bearings in the illustration
are called radial bearings. Sometimes bearings are
designed to support both thrust and radial loads, thus
the term radial thrust bearings. For an example of such
bearings see the tapered roller bearings in figure 4-11,
view B.
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Figure 4-12.—Ball bearings: A. Radial type; B. Thrust type.

HYDRAULIC MACHINES

LEARNING OBJECTIVE: Discuss the
principles of hydraulics and the application of

hydraulics in ordnance equipment.

Hydraulic machines are used throughout ordnance
equipment. They provide smooth and accurate train and
elevation movement for gun mounts and missile
launchers, and operate the loading systems. To
appreciate the usefulness of hydraulics, we need to
understand some basic characteristics and definitions.
In the practical sense, hydraulics is concerned with the
uses of a fluid-filled system in transmitting applied
forces and producing (or controlling) mechanical
motion.

FLUID CHARACTERISTICS

Let's deal first with the transmission of applied
force. There are two qualities of fluid that make them
useful as a means to transmit force. They are (1) they
take the shape of their containers and (2) they are not
compressible. Therefore, pressure applied to a fluid in a
closed container will be felt equally against the entire
inside surface of the container. The force is transmitted
equally in all directions as illustrated in figure 4-13.
This is true regardless of the shape of the container.
This means that it is not necessary for the tube
connecting the two pistons to be as large as the pistons
throughout. A connection of any size, shape, or length
will do, as illustrated in figure 4-14. The size of the line,
however, will determine the volume of fluid flow,
which, in turn, affects operating speed.
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In figures 4-13 and 4-14, the systems contain
pistons with the same area. This makes the output force
equal to the input force. Remember what we said
earlier—the force applied is transmitted to all surfaces
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Figure 4-13.—Force transmitted through fluid.
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Figure 4-14.—Transmitting force through a small pipe.



in the container equally. Now consider figure 4-15. The
input piston is much smaller than the output piston.
Assume the area of the input piston is 2 square inches.
With a force of 20 pounds applied to it, a pressure of 10
pounds per square inch (psi) will be felt throughout the
container, including the output piston. The upward
force on the output piston is therefore 10 pounds for
each of its 20 square inches, or 200 pounds. We have
effectively multiplied the applied force.

The system works the same in reverse. Consider
piston (2) the input piston and piston (1) the output. The
output force will be one-tenth the input force.

You should now have a basic understanding of
hydraulic principles. More information on hydraulic
principles and theory can be found in the Navy training
manual Fluid Power, NAVEDTRA 12964. This manual
has a wealth of information that will be very useful to
you as a Gunner's Mate.

SYSTEM COMPONENTS

Let's discuss some of the hydraulic components
that are used in ordnance equipment. We will cover
common system components: pumps, actuator pistons,
and hydraulic power drives.

Every hydraulic system has the same basic
requirements. It must have a tank to store an adequate
supply of fluid, a pump, and a device for removing
impurities from the fluid. Most systems also have a
mechanism for regulating the system output pressure
and a flask for storing fluid under pressure.

Reservoirs

The reservoir (fig. 4-16) is a basic component of
any hydraulic system. In most systems, the reservoir is
a separate component. It may also be used as a housing,
with the hydraulic pump inside submerged in fluid.
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Figure 4-15.—Multiplication of forces.
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Although its primary function is to provide storage
space for the system's fluid, it may also perform several
other functions. Reservoirs may be used to dissipate
heat, separate air from the system, and remove
contamination.

Reservoirs dissipate heat by radiation from the
external walls. Some are constructed with external
radiating devices such as cooling coils or fins. The
separation of air from the system is accomplished by
the design of the reservoir. Baffles are used to slow the
fluid as it returns to the reservoir. Air bubbles have a
greater chance of escaping to the surface when the fluid
is moving at a slow velocity. The tank is fitted with a
device that allows the air bubbles to escape while not
permitting contamination to enter. The separation of
contamination from the fluid requires some form of
filter or strainer.

Filtering Devices

Most malfunctions in a hydraulic system can be
traced to some type of contamination in the fluid.
Foreign matter in the system can cause excessive wear,
increased power loss, and clogged valves, which
increase maintenance costs. For this reason, every
effort must be made to prevent contaminants from
entering the system. Contaminants that do make their
way into the system must be removed before they can
cause damage. Filtration devices perform this function.

The filtering devices used in hydraulic systems are
most commonly referred to as strainers and filters.
Since they share a common function, the terms strainer
and filter are often used interchangeably. As a general
rule, devices used to remove large particles are called
strainers, and those used to remove small particles are
called filters.

A strainer will most often be found on the end of
the pipe used to supply fluid to a pump from the
reservoir. There it can remove any large particles that
could clog or damage the pump. Filters can be placed
anywhere in the system, but are usually located
between the pump and the pressure control device.
Pumps do not normally have small orifices, which
could easily clog. Pressure control devices, however,
use very small passages and pistons that must be kept
clear for proper operation.

Filters are classified as either full-flow or
proportional-flow. In the full-flow type filter, all the
fluid passes through the filtering element. In the
proportional-flow type, only a portion of the fluid is
passed through the filter. Because of the complex
nature of ordnance equipment, most systems use the
full-flow type of filter. Figure 4-17 illustrates a
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full-flow filter device (view A) and a common micronic
filter element (view B). This type of element is
designed to prevent the passage of 99 percent of solids
greater than 10 microns in size. The element is usually
made of disposable paper and is required to be replaced
at regular intervals. Notice that the full-flow filter
device is equipped with a bypass valve. Should the filter
become clogged, the bypass valve opens, allowing
unfiltered fluid to enter the system. This triggers an
indication to the system operator that the filter is
clogged. The system should be secured and the filter
replaced immediately. The system does not secure itself
under these conditions, since the filters could clog in
the heat of battle.
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Pressure Regulators

The control and unloading valves shown in figure
4-18 are used to regulate the operating pressure in an
accumulator power drive system. The operating range
of the fluid pressure for the functional description that
follows is assumed to be 950 psi to 1,050 psi.

The control valve and its piston maintain the
operating range of the system's fluid pressure by
controlling the position of the unloading valve. The
unloading valve (also called a bypass valve) is a
three-way, plunger-type directional valve. Its function
is to port the pump output to the accumulator during a
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Figure 4-18.—Control and unloading valves.

4-12



charge cycle, or to tank (back to the reservoir) during an
unloading cycle.

During an accumulator charging cycle (fig. 4-18,
part A), the spring holds the control valve in the DOWN
position. A drilled hole through the lower land of the
control valve ports system pressure (PA) from the
accumulator to the chamber between the control valve
and its piston. The piston has PA applied to both ends
and, therefore, does not affect operation of the control
valve during this portion of the cycle. However, PA is
only applied to the lower end of the control valve. The
position of the control valve is determined by the
amount of pressure in the accumulator system. As the
pressure increases, the valve moves upward against
spring pressure.

During the charging cycle, PA is also ported from
the upper chamber of the control valve to the
spring-loaded (large area) side of the unloading valve.
Pump output is also applied to the lower area around the
unloading valve's seat (small area). The combination of
spring pressure and PA on the large area keeps the
unloading valve on its seat. In this position, fluid
discharged by the pump is ported to the accumulator.

As fluid pressure in the accumulator increases, it
forces the control valve upward against its spring
pressure. When the pressure reaches 1,050 psi, the
lower land of the control valve blocks PA and the upper
land uncovers the tank line (fig. 4-18, part B). This
vents the pressure from the chamber between the
control valve and its piston and from the large area side
of the unloading valve.

With no pressure in the chamber between the
control valve and its piston, the piston moves upward
into contact with the valve. Because the piston is larger
in diameter (more working area for the fluid pressure)
than the control valve, the control valve moves further
up against spring pressure.

When the pressure is vented from the large area
side of the unloading valve, the pressure in the pump
output line, acting on the area around the unloading
valve's seat, overcomes spring pressure and shifts the
valve upward. This causes pump output to be
discharged to tank.

During the unload cycle, PA, acting on the bottom
of the control valve piston, holds the control valve in the
UP position against spring pressure. As the pressure in
the accumulator system decreases, spring pressure
overcomes fluid pressure, moving both the control
valve and its piston downward. When system pressure
decreases to 950 psi, the upper land of the control valve
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covers the tank line and the lower land opens the PA
line. PA enters the chamber between the control valve
and its piston. PA is also ported to the large area side of
the unloading valve, forcing it on its seat and beginning
another charging cycle.

Pressure Accumulator

Accumulator power drive systems are the most
common hydraulic power drives used in ordnance
equipment. Instead of having the output flow of the
system's pump being put directly to use operating a
mechanism, it is pumped into an accumulator flask.
The prime function of the accumulator is to store a
volume of fluid under pressure. As the system demands
fluid, it is supplied from the flask. The pressure
regulator we just described monitors the pressure in the
flask, keeping it within prescribed limits. Systems that
require a high volume of fluid under pressure will be
equipped with several flasks. The upper gun loading
system of a 5"/54 Mk 42 gun mount, for instance, has
six accumulator flasks.

Figure 4-19 illustrates the most common type of
accumulator—the gas-operated, bladder-type flask.
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Figure 4-19.—A gas-operated, bladder type accumulator.



This accumulator flask uses a nitrogen-filled bladder
inside a steel cylinder. The cylinder has a poppet valve
to keep the bladder from being pushed into the output
line by its nitrogen pressure when the system is not
energized. The bladder, filled with nitrogen to a certain
pressure, is compressed by the fluid as the cylinder fills.
When the upper level pressure is reached, fluid flow
from the pump to the accumulator is stopped. The
bladder pressure then continues to cause fluid flow,
maintaining system pressure. Without the accumulator
flasks, the system's pump could easily fall behind
system requirements during times of peak demand.

Pumps and Power Drives

The purpose of a hydraulic pump is to supply a flow
of fluid to a hydraulic system. The pump does not
produce pressure. The pressure is developed in the
system due to the system's resistance to fluid flow.
Pumps can be of several different types, but the most
common are the rotary gear pump and the axial piston

pump.

The rotary gear pump (fig. 4-20) operates by
trapping fluid at the inlet (suction) port and forcing it
through the discharge port to the system. The gear
pump is used throughout ordnance systems to supply
fluid flow at a variety of pressures. They are most
efficient, however, at pressures around 500 psi. There
are several configurations and modifications of the gear
pump. These will not be discussed in this text.
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Figure 4-20.—A rotary gear pump.
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The axial piston pump is used in most power drives
that require either a variable output or a high-volume
output. First, let's describe the principle of operation,
then we can show how they are used.

Figure 4-21 illustrates how the output of an axial
piston pump is varied. The pump uses pistons attached
to a movable tilt-plate. The pistons and cylinder barrel
rotate together, driven by an electric motor, between the
tilt-plate and the valve-plate. The tilt-plate is moved
either left or right by stroking pistons. The larger the tilt
angle, the longer the piston stroke and the larger the
quantity of pump output. The direction of flow is
reversed by reversing the direction of tilt. When the
piston stroke is on zero stroke, there is no pump output,
even though the pump is still rotating.

This configuration of the axial piston pump is used
primarily for the train and elevation power drives,
magazine ready service rings, and loaders on gun
mounts and missile launchers. The pump output is used
to drive a hydraulic motor. The only difference between
the pump (A-end) and the hydraulic motor (B-end) is
that the tilt-plate is set at a permanent angle. These
combination A-end pumps and B-end motors are
referred to as CAB units. Figure 4-22 illustrates a CAB
unit setup. The pump output is transmitted to the motor,
which operates just the reverse of the pump. The pump
takes a mechanical input and turns it into a variable
bidirectional hydraulic output. The motor takes a
variable hydraulic input and converts it to a variable
bidirectional mechanical output.

Another common configuration uses the same
pump but with a fixed angle tilt-plate. The pump has a
constant output that is supplied to an accumulator
system with a pressure regulator. This type is used to
power most gun mount and missile launcher loading
systems.

HYDRAULIC MECHANISMS

Now that we have seven the basic components of a
hydraulic system, let's take a look at a hydraulic
mechanism. Up to now, we have pumped the hydraulic
fluid from the reservoir through the filter and have it
regulated to the desired pressure. Now, let's have it do
some work.

Glance back to figure 4-8. This is the illustration of
the 5"/54 carrier ejector mechanism we used as an
example of a mechanical ordnance device. The linkages
in the ejector are operated by hydraulic pistons. The
pistons extend and retract to operate the ejector. The
fluid that moves the pistons is controlled electrically by
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solenoids. Figure 4-23 shows the inside of a solenoid
housing and valve block.

Notice that there are two solenoids attached to the
same linkage at opposite ends. The linkage has a pivot
point in the middle. The pivot is actually a shaft that
extends through the solenoid housing into a hydraulic
valve block. The linkage is keyed to the shaft so that
when one of the solenoids is energized and moves the
lever, the shaft will rotate. Inside the valve block (fig.
4-23), the shaft is attached to a valve. As the shaft is
rotated, it positions the valve. One position allows fluid
to be ported to one side of the piston, extending it. The
other position ports fluid to the other side of the piston,
retracting it. When fluid is ported to either side, the
other side is opened to allow the trapped fluid to return
to tank. A newer configuration of this same device that
has the solenoids and valve all in one component.
It is used on the newer Mk 45 gun mount. This
configuration is discussed in chapter 5.

For more information on hydraulic systems opera-
tion, see the Navy training manual Fluid Power,
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Figure 4-23.—Solenoid housing and valve block.
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NAVEDTRA 12964, and system maintenance pub-
lications.

THE HYDRAULIC-MECHANICAL
OPERATION OF A LAUNCHER
COMPONENT

LEARNING OBJECTIVE: Identify the
major hydraulic-mechanical components used
in GMLS and describe the operational function
of each component.

Now that we have covered a typical accumulator
type of power drive, the next logical step is to see what
its PA can do for a GMLS. In the next chapter we will
examine its electrical interlock control circuits. The
final object for the various extend and retract signal
paths was to energize a solenoid. The solenoid initiated
the hydraulic-mechanical actions that actually moved
the center guide.

We will first discuss the hydraulic components
associated with the center guide. We will then extend
the unit from its normally stowed position. As we
describe these hydraulic-mechanical operations, you
may find it helpful to compare the two hydraulic
schematics in figure 4-24 (extend cycle) and figure 4-25
(retract cycle).

CENTER GUIDE HYDRAULIC
COMPONENTS

The hydraulic components of the center guide
include the following:

1. A solenoid assembly

2. A directional control valve
3. A hydraulic cylinder
4. Two latches

All of the components are mounted in the guide arm
and are located directly above or near the center guide
casting.

The solenoid assembly (shown in figures 4-24 and
4-25) is identified as LCGA(B)1 and LCGA(B)2. Itis a
detente type of unit that is mounted to directional valve
UVGA(B)22. Hydraulic fluid from the solenoid assem-
bly controls the position of the directional valve.
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The center guide cylinder (fig. 4-26) contains a
movable piston UCGA(B)4 and four ball type of check
valves. These check valves function to restrict fluid
flow and slow down or cushion part of the stroke of
the piston. The lower pushrod of the piston connects
to the center guide casting and moves it. The upper
switchrod (and arm) of the piston actuates the extended
and retracted interlock switches SIGA(B)20 and
SIGA(B)19, respectively. The two spring-loaded
latches UCGA(B)S and 6 (refer to figs. 4-24 and 4-25)
extend outward to engage the arm on the switchrod.
The upper latch slides under the arm to lock the center
guide in its retracted position. The lower latch slides
over the arm to lock the center guide in its extended
position.

When the GMLS is secured, the center guide is
normally in the retracted position. It is held there by the
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Figure 4-26.—Center guide hydraulic cylinder.

upper latch. After the GMLS is activated, PA is
distributed throughout the hydraulic system. Both
latches are automatically retracted when PA overcomes
latch spring pressure. Since the solenoid is detented, PA
is also routed through it and the directional valve to
pressurize the bottom (or retract) side of the cylinder.
The center guide is held in the retracted position as long
as PA is available. The latches will not extend until the
GMLS is secured and PA drops below latch spring
tension. Figure 4-25 shows the equipment condition
just described.

EXTEND CENTER GUIDE OPERATION

The hydraulic-mechanical actions that extend the
A-side center guide begin when solenoid LCGA(B)1
energizes (fig. 4-24). The detente mechanism is
released and UVGA(B)12 shifts to the right. This pivots
the rocker arm which shifts UVGA(B)11 to the left.
The detente mechanism reengages. At this point, the
interlock control circuit has done its job and, in effect,
is no longer needed. The remaining actions are all
strictly hydraulic and mechanical.

When solenoid valve UVGA(B)11 shifts left, it
connects PA on the left end of the directional valve
UVGA(B)22 to the tank. By bleeding this fluid
pressure to the tank, the directional valve is free to be
shifted. When solenoid valve UVGA(B)12 shifts right,
PA is connected to the right end of UVGA(B)22. This
fluid pressure causes the directional valve to shift to the
left. It is very common to see solenoid valves control a
directional valve in this manner. By itself, the solenoid
assembly cannot handle the volume requirements of the
system, primarily due to its small size. By controlling a
larger directional valve, the volume requirements of the
system are satisfied.

The speed at which the directional valve
UVGA(B)22 can shift is regulated by the two orifices in
the end chamber lines. They are installed to prevent a
sudden shock to the cylinder. As UVGA(B)22 shifts, it
connects PA to the top (or extend) side of the cylinder. It
also connects the bottom (or retract) side of the cylinder
to the tank.

As PA enters the cylinder, the piston (UCGA(B)4)
moves down. This extends the center guide into
alignment with the front guide. The piston is tapered at
its ends. As it nears the bottom of the cylinder, it
gradually closes the tank port and buffs to a smooth
stop. The check valves at the top of the cylinder permit
a rapid, but controlled, acceleration of the piston. The
check valves in the bottom of the cylinder assist in the
buffering action as the piston nears the end of its stroke.

To complete the extend cycle, the arm on the
switchrod has now actuated interlock switch



SIGA(B)19. The switch sends an electrical signal to
the coil of control relay (center guide extended)
and energizes it. They open and solenoid LCGA(B)1
de-energizes.

RETRACT CENTER GUIDE OPERATION

The hydraulic-mechanical operations that retract
the center guide begin with energizing LCGA(B)?2 (fig.
4-25). They basically reverse the extend cycle actions.
We will not go into a detailed explanation of this
operation. Study and compare the extend and retract
hydraulic schematics and you will see the differences.
Retract time is 1.17 seconds.

The GMLS center guide hydraulic-mechanical
operation was relatively simple. A piston within a
hydraulic cylinder was made to move. Fluid power was
converted into a mechanical linear motion. Different
hydraulic actuators may convert this fluid power into a
rotary type of motion. However, the hydraulic power
source is still the same—an accumulator type of power
drive.

CAB TYPE OF POWER DRIVES

LEARNING OBJECTIVE: Identify the
major components of a CAB type of power
drive system used in GMLSs.

In addition to the accumulator type of power drives,
GMLSs also use CAB type of power drives. The main
purpose of a CAB type of power drive is to produce a
mechanical output. Through a drive train, this
mechanical output is used to move or position various
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GMLS equipments. Launcher carriages, guide arms,
loader chains, hoist chains, and RSRs are a few such
examples.

The secondary purpose of a CAB type of power
drive is to provide certain hydraulic fluid outputs.
These fluids are usually identified as servo fluid and
supercharge fluid pressures. The application of these
fluid pressures is normally limited to the CAB type of
power drive that produced them. This differs from an
accumulator type of power drive which produced PA.
PA was distributed throughout the entire general
loading system and, in some cases, to all guide arm
components.

A CAB type of power drive is a variable speed,
bidirectional hydraulic transmission system. Its main
element is a combined A-end/B-end unit or CAB unit.
A hydraulic pump (A-end) is joined to a hydraulic
motor (B-end) by a valve plate. Driven by a constant
speed electric motor, the A-end hydraulically drives the
B-end. The B-end converts fluid power into a rotary
mechanical motion. The speed and direction of B-end
motor rotation (output) is controlled by the A-end.

In the ordnance community, there is one other
version of the CAB unit. The unit is called a "Special
K" type of installation. It uses one A-end to drive two
B-ends. All units are separated by transmission lines. A
Special K unit is used by the Mk 13 GMLS RSR/hoist
power drive. The principles of operation and many of
the individual components are identical among the two
(CAB and Special K). We will concentrate on the CAB
type of unit.

A typical CAB type of power drive (fig. 4-27)
includes the following major components:

SUPPLY TANK

DUAL GEAR PUMP

'.H ELECTRIC MOTOR

ATE

Figure 4-27.—A basic CAB type of power drive.
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1. A-end
2. B-end
3. Dual gear pump

4. Power-off brake (not shown—see figures 4-25
and 4-26)

5. Main relief valve
6. Control assembly

As we describe these components, you may find it
useful to relate their operation to moving a missile
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launcher in train. The launcher can train in either
direction (left or right) at various speeds.

A-END

The A-end pump of a CAB unit is very similar to a
parallel (or axial) piston pump associated with an
accumulator type of power drive. The main difference
between the two is that the fluid output of an A-end can
be varied in its volume and direction. The major
components of an A-end are shown in the lower portion
of figure 4-28, an A-end and B-end combination.
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Figure 4-28.—A-end and B-end combination; CAB unit.
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The A-end drive shaft connects to the output shaft
of an electric motor. Usually this connection is through
a small reduction gear unit and a flexible coupling. The
drive shaft imparts rotation to a socket ring through a
universal joint. The drive shaft also rotates a cylinder
barrel through a sleeve and two lock keys. A bearing in
the center of the valve plate supports and holds the drive
shaft in place.

The socket ring has evenly spaced sockets for the
connecting rods that drive the axial pistons of the
A-end. The socket ring rotates within a tilt plate (fig.
4-29). The bowl-shaped tilt plate turns on two integral
trunnions that ride on bearings within the A-end
housing. The tilt plate does NOT rotate; however, it can
be moved or positioned through a limited degree of
travel by the action of the two stroking pistons. In a
neutral or zero-degree position, the face of the tilt plate
is parallel to the face of the valve plate. The tilt plate can
be turned or "tilted" a maximum of 20° either side of
ZERO position.

The two stroking pistons operate inside separate
cylinders located behind the tilt plate. Two sockets in
the tilt plate housing are for the connecting rods of these
pistons. The stroking pistons regulate the angle of the
tilt plate anywhere between its 40-degree arc of travel.
Any change in tilt plate angle is transmitted to the
rotating socket ring. Changing the position of the tilt
plate is commonly referred to as applying tilt to the
A-end or stroking the A-end. An external control
assembly varies the hydraulic fluid pressure(s) supplied
to the stroking pistons to apply tilt.

STROKING
PISTONS

TILT
PLATE

GMNP0221

Some CAB units have stroking pistons that are the
same size or of equal area. To apply tilt to this type of
A-end, the control assembly causes hydraulic fluid
pressure to increase on one of the pistons and to
decrease on the other. Other CAB units have stroking
pistons that are different in size. The area of one piston
(the large area piston) is twice that of the other (the
small area piston). In this case, the control assembly
continuously applies a fixed (or regulated) fluid
pressure to the small area piston. It also applies a
controlled fluid pressure, valued at one half of
regulated fluid pressure, to the large area piston.
(Remember the formula for force is area times
pressure—F = AP.) To apply tilt to this type of A-end,
the control assembly varies the controlled fluid
pressure to the large area piston. The regulated fluid
pressure applied to the small area piston remains
constant. With both types of installations, the tilt plate
and socket ring are made to move from their neutral
positions by an unbalance of forces.

The rotating cylinder barrel bears against and
forms a hydraulic seal on the face of the valve plate.
The barrel contains an odd number (usually nine) of
evenly spaced cylinder bores. They are open on the
valve plate end. Pistons in the cylinders are linked to the
socket ring by connecting rods. In response to the angle
of the tilt plate (and socket ring), these pistons perform
the pumping action of the A-end. Hydraulic fluid is
ported from the cylinder bores and into the valve plate.
A small amount of hydraulic fluid is also ported
through holes drilled in the pistons, their connecting
rods, and socket balls. This fluid is used to lubricate the
bearing surfaces in the socket ring.

TRUNNION

SOCKET
RING

TRUNNION

Figure 4-29.—T:ilt plate, socket ring, and stroking pistons.
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Figure 4-30.—Valve plate.

The valve plate (fig. 4-30) is like a hydraulic
manifold with seven internal fluid passages. It connects
the A-end to the B-end, both physically and
hydraulically. It also mounts external components. The
two main fluid passages have crescent-shaped ports on
the valve plate faces (A-end and B-end). These ports
separate the intake fluid from the pressurized discharge
fluid. Each of these passages is joined by another fluid
passage that leads to the main relief valve of the CAB
unit. A small-diameter passage from the relief valve
serves as a bleeder passage to the tank. The two
remaining passages extend through the valve plate.
They permit the free exchange or circulation of fluid
between the A- and B-ends. This fluid exchange aids in
dissipating heat generated within the CAB unit.

The operation of an A-end can be seen in the four
views of figure 4-31. Remember which components are
rotating—the drive shaft, the socket ring, the
connecting rods, the pistons, and the cylinder barrel.
Remember what the tilt plate and stroking pistons are
doing.

Figure 4-31, view A shows the tilt plate of the
A-end on exact neutral. While in this position, the
length of every piston stroke is zero. No pumping
action is taking place. If you are relating this operation
to training a launcher, it is not moving since the pump
of the A-end is not providing any output fluid. The fluid
pressure in the two stroking piston chambers is either
"equal” (if they are the same size) or "balanced" (if they
are of different sizes).

Figure 4-31, view B shows what happens to the
components of the A-end when a small degree of tilt is
applied to the tilt plate. The control assembly made the
bottom stroking piston extend. The connecting rod of
the stroking piston pushes the lower end of the tilt plate.
The tilt plate repositions the main axial pistons. As the
pistons move away from the valve plate, they draw fluid
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into their cylinders. Suction continues until they reach
the end of their intake stroke. Meanwhile, the cylinder
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Figure 4-31.—Basic operation of the A-end.



barrel has rotated far enough so that the pistons have
passed the intake port and are approaching the
discharge port.

Now, because of the tilt applied, the pistons reverse
and move toward the valve plate. Fluid is forced from
the cylinder and through the crescent-shaped dis-
charge port. Actually, several pistons are drawing
fluid in while several pistons are discharging. This
multiple-piston operation reduces pulsations in the
output of the pump. In this example, our missile
launcher is training slowly to the left.

Figure 4-31, view C shows the A-end with the tilt
plate at a greater angle. The pistons make longer
strokes. Longer strokes mean a greater fluid output
volume is supplied to the B-end. The missile launcher is
now training faster to the left.

Figure 4-31, view D shows the A-end with the tilt
plate positioned in the opposite direction. Note that
almost all of the components have reversed their
function. The upper stroking piston now becomes the
controlling piston. The intake and discharge lines have
reversed. However, the electric motor keeps the drive
shaft and all its driven components rotating in the same
direction. Our launcher is now training to the right.

B-END

The B-end is the hydraulic motor of the CAB unit.
Physically, it is very similar to the construction of the
A-end. A B-end converts fluid pressure from the A-end
into a rotary mechanical motion. In a CAB unit
installation, the B-end is secured to the opposite face of
the valve plate. In the Special K type of units, the
B-end(s) is/are separately mounted and receive fluid by
transmission lines.

The major components of the B-end are shown in
the upper portion of figure 4-28. The bearing housing,
the cylinder barrel housing, and the valve plate enclose
and support the other components of the motor. The
unit is sealed to prevent fluid leakage.

The output drive shaft of the B-end rotates on
bearings inside the bearing housing. The shaft connects
to the mechanical drive train units of the power drive
system. It also drives the response gearing of the B-end
that provides launcher position information to the
control assembly.

The socket ring of the B-end is mounted to the other
end of the drive shaft. The socket ring causes the drive
shaft to rotate. The socket ring is attached to the cyl-
inder barrel by connecting rods and a drive link and pin.

The cylinder barrel bears on and rotates against the
side of the valve plate face of the B-end. The cylinder
barrel is bearing-mounted to a stub shaft in the valve
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plate face. The cylinder barrel of the B-end has the
same number of cylinder bores as the A-end. The
cylinders are open at their lower end to receive and
return fluid to the A-end.

Just as the tilt plate of the A-end had to be tilted to
develop a pumping action, the B-end must also be
"tilted" to develop a rotation. In relation to the valve
plate, the socket ring in figure 4-28 is installed at an
angle. The socket ring of the B-end is normally placed
at (about) a 30-degree fixed angle. It is sometimes
referred to as the "fixed tilt plate" of the B-end.

In operation, the B-end responds directly to the
A-end. If the tilt plate of the A-end is on neutral, no
pumping action takes place and no fluid transfer is
accomplished. The B-end is not rotating in this
situation; the missile launcher is stopped.

In view A of figure 4-32, the A-end has gone off
neutral and is pumping. The output fluid of the A-end
acts on some of the pistons of the B-end and pushes

STATIONARY

HIGH-PRESSURE VALVE PLATE

LOW-PRESSURE
FLUID

CYLINDER
BARREL

CONNECTING
RODS

FIXED

TILT PLATE ROTATING

SOCKET RING

VIEW A - A-END ROTATION IN ONE DIRECTION

HIGH-PRESSURE
LOW-PRESSURE ' FLUID
FLUID

CYLINDER
BARREL

SHAFT
CONNECTING
RODS

FIXED
TILT PLATE

ROTATING
SOCKET RING

VIEW B - B-END ROTATION REVERSED
GMNP0224

Figure 4-32.—Basic operation of the B-end.



SUPERCHARGE
GEAR PUMP

DIVIDER
PLATE

DRIVE SHAFT
GMNP0225

Figure 4-33.—Dual gear pump assembly.

them. Because of the imposed angle of the "fixed tilt
plate," the drive shaft of the B-end starts rotating.

The speed and direction of rotation of the B-end are
factors determined by the A-end. The amount of tilt of
the A-end determines the speed of rotation of the B-end
(small tilt, slow speed; large tilt, fast speed). As long as
the A-end is on tilt, the B-end will continue to rotate.
When the tilt of the A-end is removed (returned to
neutral), the B-end will stop. The direction of rotation
of the B-end is determined by the direction of tilt
applied to the tilt plate of the A-end. View B of figure
4-32 shows the reaction of the components of the B-end
when fluid flow is reversed.
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The dual gear pump assembly (fig. 4-33) of a CAB
type of power drive is better known as the servo and
supercharge pump assembly. The pump housing is
physically mounted to the aft end of the electric motor.
When the motor is running, a common drive shaft turns
both gear pumps. (Meanwhile, the forward end of the
electric motor is also driving the A-end.)

The dual gear pump housing is similar to that
described with a single gear pump of an accumulator
type of power drive. (Refer to fig. 4-20.) A divider plate
separates the two pumping chambers. The larger
gearset belongs to the servo pump. The smaller gearset
is for the supercharge pump. Both pumps share a
common intake or suction port. They draw their fluid
through a suction screen/strainer in the main fluid
supply tank.

Two separate output lines direct the discharge
fluids to a valve block assembly. Here the fluids are
filtered, controlled, and regulated. The servo fluid
normally charges a small accumulator and is distributed
to the hydraulic system of the power drive. Servo fluid
pressure is the higher of the two and, as mentioned
before, normally ranges between 400 and 500 psi. It is
used for control purposes, primarily in the control
assembly of the power drive.

Supercharge fluid pressure is the lower of the two.
It does not charge an accumulator and only averages
around 100 psi. Supercharge fluid is supplied directly
to the CAB unit. Here it compensates for or replenishes
fluid lost through internal slippage and leakage.
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Figure 4-34.—Interaction between a basic CAB type of power drive and a control assembly.
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Figure 4-35.—Power-off brake.

POWER-OFF BRAKE

The power-off or brake of a B-end of a CAB type of
power drive is connected to the output drive shaft of the
motor of the B-end. (Refer to fig. 4-34.) When the brake
is released, the power drive and the driven equipment
are free to move. When the brake sets, it halts the
movement of the equipment during a power failure.
When the brake is set, it secures the equipment against
the roll and pitch of the ship. It also provides for manual
hand crank operations during emergency, installation,
or maintenance procedures. Some GMLSs use a
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pneumatic drive mechanism instead of a hand crank,
but the force is still applied to the power-off brake.

The main components of a power-off brake are
shown in figure 4-35. The lower end of the brake shaft
is coupled to the output shaft of the B-end through a
gear reduction unit. The other end of the brake shaft is
splined to a set of inner friction discs. These inner discs
are alternated with outer friction discs. The inner discs
rotate with the brake shaft as the B-end turns. The outer
set of friction discs is splined to a disc housing. The disc
housing and outer discs are fastened to a worm gear
drive. The worm shaft extends outside the brake
housing and provides for either manual or pneumatic
drive connections.

A spring-loaded pressure plate at the top of the
brake housing bears against the upper inner disc. The
pressure plate is operated by a brake-release piston.
Braking action occurs when the pressure plate presses
the rotating inner discs into (friction) contact with the
stationary outer discs. Through a positive gear-drive
relationship between the brake shaft and the drive shaft
of the B-end, the load (launcher) comes to a halt.

Figure 4-36 shows a simplified schematic of the
"set" and "released" positions of a power-off brake.
When the power drive is secured (fig. 4-36, view B),
there is no hydraulic fluid pressure (normally servo
fluid pressure) on (or under) the brake-release piston.
The spring- loaded pressure plate forces the friction
discs into a braking engagement. Manual or pneumatic
drive can now be accomplished by rotating the worm
shaft, commonly called driving through the brake.

™

] [ L ( | | |- oiscs

I 1T

11 1T
X1 11

18 - g

N
7|t | >woRM SHAFT

GMNP0228

VIEW B, SET

Figure 4-36.—Power-off brake operation.



During normal power drive operation, servo fluid
pressure is ported to the brake-release piston. By
"lifting the brake," the friction discs separate, as shown
in (fig. 4-36, view A). This action permits free rotation
of the brake shaft and the drive shaft/equipment of the
B-end.

When an operating power drive is shut down, either
normally or through a power failure, a power-off brake
solenoid ports the servo fluid pressure to the tank. The
pressure plate springs "set the brake." Should a sudden
power failure occur, the equipment will not come to a
screeching, abrupt stop. Hydraulically controlled
valves in a nearby valve block govern or meter the servo
fluid of the piston returning to the tank. This action
quickly sets, releases, sets (and so on) the brake to bring
the equipment to a smooth and controlled stop.

MAIN RELIEF VALVE

The main relief valve of a CAB type of power drive
serves two primary purposes. First, it protects the CAB
unit from excessive fluid pressure conditions. Second,
it prevents cavitation of the A-end by directing
supercharging fluid to the pump.

The main relief valve (also called a safety relief
valve) mounts to the outside of the valve plate.
(External location can be seen in figs. 4-27 and 4-28.)
The valve is connected into both main fluid passages
that join the A-end and B-end. In this manner it protects

the CAB unit when the A-end is tilted in either
direction.

The valve is classified as a compound-relief valve
since a small pilot valve controls a larger main valve.
The simplified schematics of the main relief valve (figs.
4-37 and 4-38) show its major component parts. The
valve works on the differential-in-pressure principle.
The area of the main valve plunger exposed in chamber
A is equal to the area exposed in chamber B. These two
areas combined are equal to that area exposed in all of
chamber C. Therefore, the fluid pressure in either
chamber A or chamber B must be slightly more than
twice the fluid pressure in chamber C to unseat the main
valve plunger.

Depending on the direction of CAB rotation, fluid
pressure (from the A-end) may build up in either
chamber A or chamber B. When the A-end is not
pumping, supercharge fluid pressure fills these
chambers. The main relief valve functions during
power drive start, normal, and excessive fluid pressure
conditions. The fluid pressures involved are
supercharge, servo, and a variable high pressure from
the A-end and the tank.

Start Condition Operation
To understand the operation of the main relief valve

when the power drive is initially started, you must
realize two facts. First, fluid pressures developed by
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Figure 4-37.—Start condition of a main relief valve.
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hydraulic systems do not instantly reach their normal
levels or values. It takes a few seconds for fluid
pressures to build up to a normal, or at least a minimum,
level before they can be effective. Second, tilt plates
"drift" or tend to come off neutral at the A-end when the
power drive is secured. This means that when the power
drive is restarted, the pistons of the A-end are
automatically positioned to start pumping to the B-end.
The B-end would rotate and move the equipment. This
could result in damage to certain components (like a
power-off brake). It is also dangerous to life and limb if
you are unable to jump out of the way fast enough.

The main relief valve performs two important
functions when a power drive is started. It directs
supercharge fluid, which builds to its low pressure (100
psi) very quickly, to the A-end and power-off brake
lines. This initially fills the system to compensate for
fluid lost through leakage or which "drained" from the
lines while the system was secured. The main relief
valve also prevents an off-neutral A-end from driving
the B-end through a set brake. Refer to figure 4-37 as
we see how these actions are performed.

Supercharge fluid enters the relief valve and
unseats the No. 1 and No. 2 ball type of check valves.
The No. 1 check valve permits fluid to fill chamber A
and one transmission line (A) to the A-end. The No. 2
check valve permits fluid to fill chamber B and the
other transmission line (B) to the A-end. The
double-check valve is also unseated. It allows
supercharge fluid to act on the pilot valve. The 100-psi
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pressure of supercharge fluid is not enough to shift the
spring-loaded pilot valve. Therefore, supercharge fluid
flows through the lands of the pilot valve plunger and
fills chamber C. It is also directed to the brake-release
valve. Supercharge fluid initially assists in keeping the
brake set until servo fluid pressure can build up and take
over.

Since the supercharge fluid pressures in chambers
A, B, and C are all equal and acting on the same-size
areas (A + B = C), they cancel each other. The large
spring of the main valve plunger is rated at about 75
pounds of force. It is the only force holding the valve
downward on its seat.

If the A-end is on neutral, there will be no problems
or pumping action. If the A-end is not on neutral, one of
the transmission lines (line A or line B) will be
pressurized. Let's say line A is the pressurized line.
Line B is the suction or return line.

As fluid pressure of the A-end enters chamber A, it
seats the lower ball of the double-check valve. It also
seats check valve No. 1 in the supercharge fluid
pressure line. Spring pressure on the pilot valve plunger
holds it downward. With the main valve held on its seat
by only a 75-pound spring force, any fluid pressure
above 75 psi of the A-end causes the main valve to lift.
The excess fluid pressure is ported back to the suction
line of the A-end (through line B) and bypasses the
B-end. The maximum fluid pressure buildup between
the A-end and B-end is limited to about 75 psi. That is
not enough to move the brake-held B-end.



When the power-off brake solenoid energizes, it
positions the release power-off brake and main relief
control valve. The valve is positioned so it ports servo
fluid pressure to the top of the main valve plunger. This
action seats the main relief valve. With servo fluid
pressure on top of the main valve, the pilot valve
regulates the pressure in the main relief valve.

Will the main relief valve stay in this condition?
No, because, as other fluid pressures build in the
system, the control assembly automatically returns the
A-end to neutral. Pumping action quickly stops and the
main relief valve returns to its seat.

Normal Condition Operation

When all system fluid pressures are available and
the GMLS is ready to operate, the main relief valve
assumes its normal condition (fig. 4-38). The pilot
valve is set to maintain about one half of the fluid
pressure of the A-end in its middle chamber. When the
A-end goes tilt, high-pressure fluid from line A flows
through the diagonal passage drilled in the bottom land
of the pilot valve. This high-pressure fluid fills the
chamber below the land and forces the plunger of the
pilot valve to rise. The lower land moves over variable
orifice M while the upper land moves toward variable
orifice N.

The plunger is now in its middle position; orifice M
is not quite closed and orifice N is just barely open.
Only a small amount of high-pressure fluid is allowed
to escape to the tank. Very minor overpressure
conditions can be relieved this way. Should a small
overpressure condition occur (beyond what the pilot
valve can handle), the main relief valve will unseat by a
few thousandths of an inch. The small overpressure in
line A is bypassed to low-pressure line B. In actuality,
both the pilot and main relief valves are constantly
making these minor adjustments or shifts to maintain
CAB unit fluid pressures within normal limits.

Excessive Fluid Pressure Condition Operation

Should the A-end develop an excessive fluid
pressure condition, the pressure in the lower chamber
of the pilot valve increases dramatically. (Refer to fig.
4-38.) The pilot valve shifts upward, fully closing
orifice M and opening orifice N. Fluid in chamber C is
vented to the tank through the plunger of the pilot valve.
This decreases the force or pressure holding the main
valve down.

The excessive fluid pressure in chamber A (or B)
now offsets the force of the spring of the main valve.
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The plunger of the main valve lifts. This action limits
pressure of the A-end in the CAB unit to a preset
maximum and prevents damage to the power drive.

CONTROL ASSEMBLY

The control assembly of a CAB type of power drive
is also known as a receiver-regulator. Basically stated,
the control assembly controls power drive operation.
Figure 4-34 shows the general relationship and
interactions of the control assembly with the rest of the
power drive components.

A control assembly is a complex arrangement of
electrical, hydraulic, and mechanical components. It
receives electrical signals that order the driven
equipment to a new position. Components within the
control assembly determine the difference between the
existing (or actual) position and the ordered position.
The difference (or error) is eventually transformed into
hydraulic valve movements. These valve movements
cause the stroking pistons to shift and apply tilt to the
A-end. This drives the B-end and driven equipment to
the ordered position.

As the equipment moves to the new position, it is
continually feeding back information to the control
assembly. This feedback is known as response and
involves A-end and B-end inputs. As the equipment
nears the ordered position, feedback reduces the
position-difference (or error) in the control assembly.
Through either a decreasing electrical error signal or a
mechanical limiting action, the angle of A-end tilt
decreases. This action decelerates the moving
equipment until it stops at the ordered position.

The description of a control assembly has
purposely been brief. In chapter 5, we will examine the
different types of GMLS control assemblies in more
detail. For now though, concentrate on the
hydraulic-mechanical aspects of a CAB type of power
drive, primarily the CAB unit.

76-MM 62-CALIBER GUN MOUNT
MARK 75 HYDRAULIC SYSTEM

LEARNING OBJECTIVE: Describe the
hydraulic system and components used in the
Mk 75 gun mount.

The hydraulic system for this gun mount pro-
vides hydraulic pressure for operation of the
ammunition-handling system and the cold recoil jacks.
The hydraulic power unit (fig. 4-39) supplies the fluid
system and develops the pressure for operation of the
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Figure 4-39.—Hydraulic power unit.

hydraulic components in the system. The five main
assemblies of the hydraulic power unit are the hydraulic
oil tank, the filter, the motor and pump, the
accumulator, and the bypass assemblies.

HYDRAULIC OIL TANK ASSEMBLY

The hydraulic oil tank assembly serves as a
reservoir and expansion chamber for the hydraulic
fluid. It also provides a static head of pressure for the
hydraulic system. Corrugated external surfaces on the
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tank help dissipate heat generated by the system. An oil
level indicator provides a means to quick-check the
quantity of hydraulic fluid in the system.

FILTER ASSEMBLY

A full-flow cartridge type of filter assembly
removes contaminants from the hydraulic fluid as the
fluid flows through the filter element. The filter is in the
return line to the hydraulic oil tank.



MOTOR AND PUMP ASSEMBLY

An electric motor drives a gear pump that supplies
hydraulic fluid under pressure to the several com-
ponents of the hydraulic system. A flexible coupling
connects the motor to the pump.

ACCUMULATOR ASSEMBLY

The accumulator assembly serves to cushion
pulsations in the hydraulic system. It also stores a
supply of pressurized hydraulic fluid to augment pump
delivery during brief periods of peak demand. A
nitrogen charge in the accumulator keeps a constant
pre-established head of pressure in the system. The
accumulator is connected to a pressure gauge and has a
safety valve to prevent damage from overpressures on
the system.

BYPASS VALVE ASSEMBLY

The bypass valve assembly reduces the starting
load on the electric motor and the pump. As the motor

e
—

SCREW FEEDER

/

starts, the bypass valve ports the pump output to the
tank until the motor reaches operating speed. When the
motor and the pump are shut down, the bypass valve
automatically dumps the accumulator pressure to the
hydraulic oil tank.

LOWER GUN-LOADING SYSTEM

The lower gun loading system supplies ammuni-
tion to the upper gun-loading system. A revolving
magazine and a screw feeder are the principal parts of
the lower gun-loading system.

Revolving Magazine

The revolving magazine (fig. 4-40) stows ammuni-
tion and delivers it to the screw feeder. Ammunition
stowage cells in the magazine are arranged in two
concentric circles—an inner circle and an outer circle.
The circles hold 70 ready-to-fire rounds of ammuni-
tion. As the magazine rotates, ammunition passes from
the outer circle to the inner circle.

REVOLVING MAGAZINE

ROUND IN
OQOUTER CIRCLE
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ROUND IN
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Figure 4-40.—Revolving magazine and screw feeder.



Screw Feeder through a hoist reduction gear assembly, rotates the
screw feeder and drives the hoist lift pawl assemblies.

The screw feeder (fig. 4-41) receives ammunition The revolving magazine is geared to the screw feeder so
from the revolving magazine and hoists ammunition to both the screw feeder and the revolving magazine rotate
the last station screw feeder for delivery to the upper in unison.

gun-loading system. A hydraulic motor, driving
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Figure 4-41.—Screw feeder and related components.
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UPPER GUN-LOADING SYSTEM

The upper gun-loading system (fig. 4-42) posi-
tions and holds ammunition for ramming into the
gun barrel chamber. A pair of rocking arm assemblies,
a loader drum assembly, and a transfer tray mecha-
nism assembly are the principal parts of the upper
gun-loading system.

Rocking Arm Assemblies

Right and left hydraulically operated rocking arm
assemblies (fig. 4-43) transfer ammunition from the
last station screw feeder to the loader drum. The two
rocking arms differ somewhat in configuration but

function in the same manner. Both arms pivot on a shaft
that passes through the left trunnion of the slide
assembly.

In operation, the rocking arms have a swinging
motion and move alternately in opposite directions.
When one arm is at the end of its upward travel to
deliver a round to the loader drum, the other is at the end
of its downward travel to take a round from the last
station screw feeder.

Hydraulically and mechanically operated clamps at
each end of the rocking arms hold ammunition while in
transit between the screw feeder and the loader drum.
When a rocking arm reaches the loader drum, the
clamps on the raised arm open to release a round to the
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Figure 4-42.—Upper gun-loading components.



loader drum. Simultaneously, the clamps on the
lowered arm close to take a round from the last station
screw feeder.

LEFT ROCKING ARM
ASSEMBLY

Loader Drum Assembly

The hydraulically operated loader drum assembly
(fig. 4-44) is synchronized with the operation of the
rocking arms. The loader drum has two shaft-mounted
disks (star wheels) with U-shaped cutouts to receive
ammunition from the rocking arms. A round received
by the loader drum is moved, one position at a time,
through four stations. From the last station, upon
completion of the firing circuit, a round is deposited in
the transfer tray for ramming into the gun barrel
chamber.

RIGHT ROCKING
ARM ASSEMBLY

A set of star wheels below the loader drum accepts
ammunition from the rocking arms and transfers it to
the loader drum. Another set of star wheels (not shown)
is geared to the loader drum. These star wheels receive

ammunition from the loader drum and deposit it into
Figure 4-43.—Rocking arm assemblies. the transfer tray.

LOADER DRUM ASSEMBLY

’ GMNP0236

STAR WHEELS

Figure 4-44.—Location of loader drum assembly.
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Transfer Tray Mechanism Assembly

The transfer tray mechanism assembly (fig. 4-45),
within the slide, receives ammunition from the loader
drum and positions it for ramming into the gun barrel
chamber. The transfer tray is connected to the upper
part of the slide and, through linkages, to the breech
housing support. During recoil and counterrecoil
actions of the gun, the transfer tray moves in an up and
down swinging arc.

As the gun moves in recoil, the transfer tray swings
from the DOWN position to the UP position. In the UP
position, the transfer tray is aligned with the loader
drum to receive a round.

The empty case tray is attached to the lower part of
the transfer tray frame. As the gun recoils, the empty
case tray moves up into alignment with the breech end
of the barrel to receive the spent cartridge case. As the
gun moves in counterrecoil, the loaded transfer tray
swings from the UP position to the DOWN position to
align the round for ramming into the barrel chamber.

RAMMER ASSEMBLY

The rammer assembly is within the transfer tray
mechanism assembly. Movement of the transfer tray
operates the rammer assembly. As the tray moves to the
DOWN position (in counterrecoil), the rammer
assembly extends, performing two functions: (1) it
rams a round into the gun barrel chamber and (2) it
pushes the ejected spent case of the previously fired
round out of the empty case tray into the empty case
ejector chute. The spent case then ejects through the
chute and out of the gun mount.

EQUILIBRATOR AND COMPENSATOR
ASSEMBLIES

The equilibrator and compensator assemblies (fig.
4-46) operate together to perform three functions:

1. Counterbalance the gun.

2. Compensate for the shifting center of gravity of
the barrel and breech assemblies that occurs during
recoil/counterrecoil and during elevation/depression
movements.

TRANSFER TRAY

EMPTY CASE
TRAY

Figure 4-45.—Transfer tray mechanism assembly.
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Figure 4-46.—Equilibrator and compensator assemblies.

3. Stop counterrecoil movement of the gun if a
short recoil fails to eject the empty powder case from
the gun barrel.

The equilibrator is attached to the bottom of the
carriage and extends down inside the revolving
magazine assembly. It consists of an equilibrator
cylinder assembly and two sets of coil springs. A steel
cable extends from a spring seat at the bottom of the
equilibrator to the elevation arc. In operation, the coil
spring tension pulls on the steel cable to counterbalance
the gun as it elevates and depresses.

The compensator assembly is a hydraulic cylinder
attached to the slide above and parallel to the gun
barrel. A hydraulic line connects the compensator
assembly to the equilibrator cylinder assembly in the
equilibrator.
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As the gun recoils and counterrecoils, the porting
of hydraulic fluid between the compensator assembly
and the equilibrator cylinder assembly changes the
position of the upper spring seat in the equilibrator.
This, in turn, varies the counterbalancing spring tension
on the steel cable attached to the elevation arc. As the
gun moves back in recoil, less counterbalancing force
is needed; conversely, when the gun moves forward
in counterrecoil, more counterbalancing force is
needed.

The compensator assembly prevents the flow of
hydraulic fluid into the equilibrator cylinder if a short
recoil fails to bring the gun back to the hooks position
(or if the hooks fail to engage the gun). This prevents
counterrecoil of the gun.



Figure 4-47.—Slide assembly.

SLIDE ASSEMBLY

The slide assembly (fig. 4-47) is suspended
between the two trunnion supports. The slide serves as
a support structure for the gun mount components that
elevate and depress. The main components of the slide
are the following:

Firing cutout mechanism
Counterrebounding mechanism

1. Breech mechanism

2. Recoil/counterrecoil system
3. Recoil/counterrecoil dampers
4. Cold recoil jacks

5. Gun port shield

6. Elevation arc

7. Trunnions

8.

9.

Only the recoil/counterrecoil system and cold
recoil jacks will be discussed in this chapter. For a
detailed description of the Mk 75 slide assembly, refer
to Technical Manual for 76-mm 62-Caliber Gun Mount
Mark 75 Mods 0 and 1, Description and Operation,
SW314-A0-MMM-A10 series.

Recoil/Counterrecoil System
The recoil/counterrecoil system (fig. 4-48) con-

trols movement of the gun during the recoil and
counterrecoil strokes. The system consists of two recoil
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cylinders, connected hydraulically to a recuperator, and
performs five functions:

1. Absorbs gun recoil force to ensure prescribed
recoil lengths

2. Maintains a nearly constant recoil force
throughout the recoil stroke

3. Stores energy to return the gun to battery

4. Regulates the counterrecoil stroke to keep it
within the prescribed rate-of-fire limits

5. Brakes recoil and counterrecoil movement at
the end of their strokes

RECUPERATOR

GMNP0240

RIGHT RECOIL
CYLINDER

Figure 4-48.—Recoil/counterrecoil system.
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Figure 4-49.—Location of cold recoil jacks.

The recuperator is a hydropneumatic device having
separate chambers for hydraulic fluid and nitrogen.
During the recoil stroke, the energy developed by the
recoiling gun is absorbed by the recuperator and the
recoil cylinders. The energy absorbed by the
recuperator is stored as pressure by compressing the
nitrogen. The energy absorbed by the recoil cylinders is

LEFT ROCKING ARM ASSEMBLY

SCREW FEEDER AND HOIST

dissipated by the resistance to the flow of hydraulic
fluid through throttling grooves between the stationary
and moving parts of the cylinders.

During counterrecoil, the energy, stored in the
recuperator as pressure, moves the gun from its
maximum recoil position to the gun-at-hooks position.
When the gun is released by the gun releasing
mechanism, the pressure stored in the recuperator
moves the gun to the in-battery position. In this phase of
counterrecoil, the recoil cylinders act as stroke
regulators and release energy stored by the recuperator
at a regulated rate.

Cold Recoil Jacks

Two hydraulic cold recoil jacks (fig. 4-49) are on
the forward part of the slide. The recoil jacks are
primarily for maintenance work to move the gun in and
out of battery. They also move the gun to the hooks
position in preparation for firing.

AMMUNITION-HANDLING SYSTEM

The ammunition-handling system (fig. 4-50) for
the gun mount moves ammunition from the revolving

HYDRAULIC POWER UNIT IS MOUNTED
ON THE RIGHT SIDE OF THE CARRIAGE
(NOT SHOWN)

SLIDE

LOADER DRUM
ASSEMBLY

REVOLVING MAGAZINE

Figure 4-50.—Ammunition-handling system.



magazine to the last station loader drum where the
ammunition is subsequently deposited into the transfer
tray, rammed, and fired. The ammunition-handling
system holds a maximum of 80 rounds of ammunition.
When a round is fired, each of the other rounds
advances one position.

The ammunition-handling system consists of the
revolving magazine, the screw feeder and hoist system,
the right and left rocking arm assemblies, the loader
drum assembly, and the hydraulic power unit. The
entire ammunition-handling system moves with the
gun mount in train. The loader drum, which is mounted
within the slide, moves with the gun in elevation.

The hydraulic power unit, mounted on the carriage,
provides the hydraulic pressure to operate components
of the ammunition-handling system. A hydraulic motor

REVOLVING
MAGAZINE

N %-\‘J
T

drives the revolving magazine and the screw feeder and
hoist. Hydraulic cylinders drive the rocking arm and
loader drum assemblies.

Ammunition is manually loaded into the revolving
magazine, which holds 70 rounds. The ammunition is
held vertically in two concentric circles of stowage
cells; each circle holds 35 rounds. The revolving
magazine turns when the hydraulic motor rotates the
screw feeder.

During rotation of the revolving magazine and
screw feeder (fig. 4-51), a round moves from the inner
circle of stowage cells to the screw feeder. When a
round leaves the inner circle of cells, a round from the
outer circle replaces it, leaving an empty stowage cell in
the outer circle.
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Figure 4-51.—Movement of rounds in revolving magazine.



When a round reaches the screw feeder, it is lifted the hoist as the screw feeder rotates (fig. 4-52). The
in a spiraling manner by hoist lift pawl assemblies of screw feeder, with a capacity of six rounds, delivers a
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Figure 4-52.—Ammunition flow diagram.
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round to the rocking arms. The rocking arms alternately The loader drum has a capacity of four rounds. As

raise the rounds to the loader drum (fig. 4-53). While the loader drum receives a round from the rocking arm,

one rocking arm is lifting a round to the loader drum, it rotates to deposit the round in the last station loader

the other arm is returning empty to take the next round drum and then into the transfer tray for subsequent

from the screw feeder. ramming and firing (fig. 4-54). The last station loader
LOADER

DRUM

&y

LEFT ROCKING ARM

GMNP0245

RIGHT ROCKING ARM

Figure 4-53.—Movement of rounds from screw feeder to loader drum.
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Figure 4-54.—Movement of rounds in loader drum.

drum is the last station of the ammunition-handling
system; a round at this station can advance to the
transfer tray only when all conditions of the firing
circuit are satisfied.

Upon completion of the firing circuit, the round in
the last station loader drum is moved onto the
transfer tray, rammed, and fired. At the same time, a
rocking arm takes a round from the screw feeder to the
loader drum. The screw feeder lifts a round to
replace the one removed by the rocking arm, and the
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revolving magazine delivers another round to the screw
feeder.

5-INCH 54-CALIBER GUN MOUNT
MARK 45 HYDRAULIC SYSTEM

LEARNING OBJECTIVES: Describe the
hydraulic system and components used in the
Mk 45 gun mount. Explain the mechanics of
pneumatic systems used in ordnance equip-
ment.
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The Mk 45 hydraulic system is divided into two
components: stationary and rotating (fig. 4-55). The
stationary gun-loading system components are in the
loader room and in the ammunition-handling room—a
compartment one or more decks below the loader room.
The stationary components are a loader drum, the fuze
setter, a hydraulic power source (lower accumulator),
and a lower hoist (if required). The rotating hydraulic
components are a cradle and rammer, a breech
mechanism, an empty case ejector, an empty case tray,
recoil-counterrecoil system, some components of the
slide, and a hydraulic power source (upper
accumulator). The slide itself is primarily a supporting
structure and a counterbalance for the gun barrel.

LOWER ACCUMULATOR SYSTEM

The lower accumulator system (fig. 4-56), mounted
in the loader room, provides the hydraulic power for
operating the lower hoist, the loader drum, the fuze
setter, and the upper hoist. The major components of
the system include a main supply tank, a header tank, a
main motor and pump, an exercise and emergency
power drive, hydraulic controls, and an accumulator.

Lower Hoist

The lower hoist (fig. 4-57) provides a means for
ammunition handlers (members of the gun mount crew)
to onload 5-inch 54-caliber ammunition into the loader
drum from a remote station. It also provides a means for
striking down ammunition into the ship's ammunition
room.
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Loader Drum

The loader drum (fig. 4-58) receives and stows
ready service ammunition, positions the rounds for fuze
setting, and ejects them—one by one—into the upper
hoist. A rotating drum indexes as a unit within the
cagelike support structure of the loader drum.
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Fuze Setter

The fuze setter (fig. 4-59), an electrohydraulic
device mounted atop the support structure for the loader
drum, sets mechanical time (MT) or control variable
time (CVT) fuzes on projectiles positioned for
mechanical fuze setting in the transfer station. The coil
assembly, at the base of the fuze setter, energizes to set
the ESFs electronically (electronically settable fuzes).

Upper Hoist

The upper hoist (fig. 4-60) receives a round from
the loaded drum and, in turn, transfers the round to the
cradle for ramming into the gun breech. Upon receiving
around, the upper hoist raises it to the cradle, a pivoting
tube attached to the rotating structure above deck. A
pawl on the open-end chain within the upper hoist tube
raises the round and then lowers it into position for the
next load cycle. Also, the upper hoist can receive
(unload) ammunition from the cradle. Ammunition
handlers remove the round through a projectile
unloading door and a powder case unloading door on
the upper hoist. The lower accumulator system operates
the raise cycle of the upper hoist. The upper
accumulator system operates the lower cycle of the
upper hoist. For example, if you have only the lower
system lit off and raise the upper hoist, it will not lower
until the upper system is energized.

UPPER ACCUMULATOR SYSTEM

The upper accumulator system (fig. 4-61),
mounted on the carriage, provides the hydraulic power
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Figure 4-61.—Upper accumulator system.



for operating the gun-loading components on the
rotating structure: the cradle, the rammer, the breech
mechanism, two recoil pistons, the empty case tray, and
the empty case ejector. The major components of the
upper accumulator system include a main supply tank,
a main motor and pump, an exercise and emergency
power drive, hydraulic controls, a main accumulator,
and an emergency accumulator. The main supply tank
also stores hydraulic fluid for the train and elevation
system.

Cradle

The cradle (fig. 4-62) is a pivoting tube that
transfers ammunition between the upper hoist in the
loader room and the slide in the rotating structure.
When in the DOWN position, the cradle aligns with the
upper hoist; when in the UP position, it aligns with the
gun bore.

Rammer

The rammer, a chain-operated pawl inside the
cradle, rams the round into the breech when the cradle

latches into alignment with the gun bore. The gun
barrel housing is a mounting block for the gun barrel,
the breech mechanism, and the two recoil pistons (or
cylinders).

Breech Mechanism

The breech mechanism (fig. 4-63) opens and closes
the breech, extracts spent powder cases or guided
projectile (GP) shrouds from the breech, and ejects gas
from the gun barrel. The main components are a
breechblock, an empty case extractor, and a gas ejector.

General Operation

When the rammer transfers a round from the cradle
to the breech or completes the loading of a (GP) powder
case behind a guided projectile (GP), the breechblock
lowers to close the breech, to connect a firing cable, and
to position a firing pin against the powder case primer.

When the round fires, recoil drives the gun barrel
housing rearward, or out of battery position. The
moving housing, which slides on horizontal keys in the
slide, drives the recoil pistons against hydraulic fluid to
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Figure 4-62.—Cradle and rammer.
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absorb the shock and bring the recoil movement to a
halt. Pressurized nitrogen then drives the counterrecoil
pistons forward to put the gun barrel housing in battery
position. The counterrecoil pistons also help buffer the
shock of recoil.
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Counterrecoil movement triggers the hydraulic
actions that raise the breechblock. With the
breechblock fully raised, two arms of the empty case
extractor pull the spent case out of the breech and into
the empty case tray. At the same time, the gas ejector



releases pressurized air into the breech to clear the gun
barrel of gases.

The empty case tray and the empty case ejector,
mounted atop the slide, receive the spent powder case
from the breech and eject it out of the gun shield and
onto the weather deck. An ejector pawl moves the
powder case from the empty case tray into an ejector
tube, which leads to an opening in the gun shield.

The gun barrel, which consists of a tube and a liner,
seats ammunition and, upon firing, imparts rotation to
the projectile. Interrupted threads in the tube lock the
barrel to the gun housing. Rifling in the liner imparts
clockwise rotation to the projectile.

Hydraulic Control System

The servo and supercharge hydraulic system (fig.
4-64) provides pressurized fluid to control and
replenish the power drives. The gear pump draws fluid
from the main hydraulic tank and discharges the fluid
through separate outlets. The fluid goes through filters,
then on to an auxiliary relief valve block, which
regulates the servo pressure to about 450 psi and the
supercharge pressure to about 150 psi. This valve block
also controls servo fluid to a solenoid-operated valve
that sets and releases the power-off brakes.

The supercharge fluid goes to the valve plate of the
hydraulic transmission. A series of check valves ensure
that the supercharge fluid is always available to replace
slippage losses in the transmission.

The servo fluid, through the electrohydraulic
transducer and servo valve, operates the stroking
pistons of the A-end. The servo accumulator stores a
small amount of fluid for periods of high demand. The
accumulator also reduces pressure variations of the
pump and pulsations of the relief valve.

For a more detailed description of the Mk 45
hydraulic system, refer to Technical Manual for 5-Inch
54-Caliber Gun Mount Mark 45, NAVSEA
SW323-D1-MMO-010 series.

ACTUAL GMLS POWER
DRIVES

LEARNING OBJECTIVE: Explain the
operation of power drive systems in the various
types of GMLSs.

Accumulator and CAB type of power drive systems
provide a GMLS with all the hydraulic fluid forces
needed to perform its functions. The primary difference
between the two systems involves what their output

| HYDRAULIC | __ GEAR
SERVO AND _ —» —P
< ELEVATION TRANSMISSION REDUCTION
SUPERCHARGE MOTOR —_>
GEAR PUMP UNIT
RECEIVER-
REGULATOR
N
oo | [ o
FILTER
FILTER AUXILIARY
RELIEF |
[——— vane
N BLOCK
N
V
RECEIVER-
SERVO REGULATOR
ACCUMULATOR GEAR
iy | HDRauLc | g  REDUCTION
Pl RANSMISSION

GMNP0256

Figure 4-64.—Train/elevation hydraulic system; block diagram.



does for the GMLS. Accumulator type of power drives
produces a supply of hydraulic fluid under pressure to
operate the general GMLS equipment. Electrically
controlled solenoids direct this pressurized fluid to
operate hydraulic cylinders, for example. CAB type of
power drives produces a mechanical output that is used
to position the launcher or operate a RSR and hoist. In
response to electrical order signals, the control
assembly governs the operation of the CAB unit.

We will now briefly examine the various power
drives of the individual GMLSs. Although you will
notice differences in design, physical appearances,
operating fluid pressures, and so forth, the basic
principles are similar.

MK 13 GMLS POWER DRIVES

The Mk 13 Mods 4 and 7 GMLSs have four
hydraulic power drive units. Basically there are very
few differences between the power drives of the various
mods. Operating fluid pressures do vary and only
average ranges will be noted.

The launcher guide power unit (LPU) is an
accumulator type of power drive located in the base
ring. It supplies PA to operate guide components and
the blast door. A gear pump charges three accumulator
flasks to develop an average operating pressure of
between 1,500- to 1,600-psi PA.

The magazine RSR/hoist power drive is a Special K
type of unit. One A-end drives the RSR B-end or the
hoist B-end. The power drive also produces servo fluid
and supercharge fluid pressures. Supercharge fluid
pressures are between 100 and 150 psi. Servo fluid
pressure is developed by charging an accumulator flask
and is about 400 psi for all mods. This fluid is supplied
to the components associated with RSR/hoist selection
and drive operations. Equipments include the inner and
outer RSR latches, the RSR positioner, the hoist chain
shifter, and the inner and outer hoist retractable rails.

The train and elevation power drives are CAB type
of units located in the upper part of the inner structure.
The power drives are similar and function
independently. Supercharge fluid pressure is about 150
psi for both train and elevation systems. Train servo
fluid pressure is developed by a small accumulator and
is about 525 psi for all mods. Elevation servo fluid
pressure, also developed by an accumulator, averages
around 440 psi.
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MK 26 GMLS POWER DRIVES

The Mk 26 GMLS (all mods) has four primary
power drive systems. Each power drive unit has a
unique emergency drive capability. Also, we will
encounter some different fluid pressure values.
Because the Mk 26 GMLS power drives are somewhat
different, especially in functional capabilities, we will
present them separately.

Train Power Drive System

The train power drive system has only one
purpose—to rotate the launcher in train. It is located
under the launcher platform and above the ICS. One
electric motor drives four pumps: (1) A-end, (2) lube
pump, (3) supercharge pump, and (4) servo fluid pump.

The main unit is the integrated hydrostatic
transmission and brake assembly (fig. 4-65). This
assembly is an in-line or straight CAB unit and
power-off brake mounted within one housing.
Physically it is different; functionally it is the same as
other GMLS CAB and power-off brake units. Study
this figure and compare it with figures 4-28 and 4-35.

A small lube pump circulates a lubricating oil
through the train reduction gear unit. The supercharge
pump delivers fluid to a supercharge accumulator.
Supercharge fluid pressure is developed to about 375
psi and replenishes lost fluid in the transmission unit.
The servo pump delivers fluid to a servo accumulator.
Servo fluid pressure is developed between 1,100 and
1,400 psi. It is used to operate the train control
assembly, positioner latch, and power-off brake.

Elevation Power Drive System

The elevation power drive system has two primary
functions. Through its integrated hydrostatic
transmission and brake assembly, it elevates and
depresses the guide arms. Through its accumulator
system, the elevation power drive supplies PA to
operate the guide arm components. The elevation
power drive is located within the launcher carriage. One
electric motor drives three pumps: (1) A-end, (2)
supercharge pump, and (3) guide arm PA pump.

The transmission unit and the supercharge pump
function like those of the train power drive system.
Elevation supercharge fluid pressure is only developed
to about 150 psi, however.
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Figure 4-65.—Mk 26 GMLS integrated hydrostatic transmission and brake assembly; typical for all main power drives.
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The guide arm PA pump (gear type) delivers a
volume of fluid to charge a piston type of accumulator
(fig. 4-66). Guide arm PA is developed between
1,350 to 1,525 psi. A portion of this fluid is also
ported to a pressure-reducing valve. This valve
provides a 1,100-psi output which is used to charge a
servo accumulator. Elevation servo fluid is derived
from the guide arm PA. It is used to operate the
elevation control assembly, position latch, and
power-off brake.

If the elevation power drive system is running but in
a standby or not operating condition, a guide arm
PA accumulator solenoid will energize. The
solenoid shifts a valve to block the output of the
accumulator to the guide arms. (Servo fluid flow is not
affected and remains available to the system.) This
action prevents hydraulic slippage in the guide arm
components and reduces the cycling rate of the
accumulator. It also reduces heat buildup in the
hydraulic fluid.

RSR/Hoist Power Drive System

The magazine hydraulic system consists of the
A-side and B-side RSR/hoist power drive systems.
They are identical units which are located within the
six-missile sections and hoist ends of the RSR
structures. The electric motor of each system (A and B)
drives three pumps: (1) A-end, (2) case circulation
pump, and (3) accumulator pump. We will only cover
one side/system.
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The integrated hydrostatic transmission and brake
assembly responds to orders from the RSR/hoist
control assembly. The B-end provides a mechanical
output to the RSR/hoist shifter assembly. Through this
unit, the RSR is indexed or the hoist is raised and
lowered.

The case circulation gear pump supplies a
low-volume, low-pressure circulating fluid to lubricate
and cool the transmission unit.

The accumulator pump (gear type) supplies fluid to
the RSR/hoist accumulator system. Part of the output of
the pump charges the PA/servo piston type of
accumulator flask. PA/servo is developed between
1,350 and 1,525 psi and is distributed throughout the
magazine equipments. These equipments include the
blast door, span rail, fin opener, RSR components, hoist
components, and the strikedown system. It also
operates the RSR/hoist control assembly and power-off
brake.

The other portion of the output of the accumulator
pump is applied to a pressure-reducing valve. This
valve provides the hydraulic fluid that charges a
supercharge accumulator flask. Supercharge fluid
pressure is developed to about 400 psi and is supplied to
the transmission unit.

Emergency Drives

Each of the four power drive systems has an
emergency drive capability. A small hydraulic motor is

FILTER
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Figure 4-66.—Piston type of accumulator; typical.



mounted to the B-end of each transmission unit. Its
output shaft is coupled to the power-off brake (fig.
4-67). When the small emergency drive motor is
activated, it mechanically drives through the brake and
moves the equipment. The Mk 26 GMLS does not have
a manual or pneumatic means to drive through its
power-off brakes.

Exercise and Emergency Accumulator Type of
Power Drives

The Mk 26 GMLS has three exercise and
emergency accumulator type of power drive systems.
They permit limited, but total, GMLS operation under
the following conditions:

1. During maintenance procedures
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2. While performing or completing necessary
GMLS functions should one or more main power drive
systems fail

3. For operating GMLS equipments at reduced
rates and fluid pressures when purging air from
hydraulic components during initial start-up or after
corrective maintenance actions

These exercise and emergency systems can be
operated from any normal, alternate, or emergency
440-volt ac ship power source. Power selection is made
at the PDC by the MCC operator. The major
components of the exercise and emergency systems are
hydraulically incorporated with components of the
main power drive systems. However, no tactical
operations can be performed using the exercise and
emergency systems (i.e., firing a missile).
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Figure 4-67.—Mk 26 GMLS emergency drive; typical arrangement for all power drives.
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RSR/HOIST EXERCISE AND EMERGENCY
ACCUMULATOR TYPE OF POWER DRIVE.—
The A- and B-side RSR/hoist exercise and emergency
power drives provide two alternate sources of hydraulic
operating pressure. They can operate the RSRs, hoists,
strikedown equipments, blast doors, and jettison
devices. They also provide fluid to operate the A- or B-
RSR/hoist emergency drive motors and the train
emergency drive motor.

The components of an emergency power drive are
shown in figure 4-68. A small electric motor drives a
small gear pump located inside the main fluid supply
tank for each RSR/hoist system. The output of the

pump charges a small accumulator flask. Exercise and
emergency fluid pressure is developed between 800 and
935 psi. The emergency fluid is then distributed to the
appropriate components of the GMLS listed in the last
paragraph.

Because of the small size and capacity of the
components of the emergency system, the GMLS
equipments operate at greatly reduced rates of speed.
Through the RSR/hoist emergency drive motor, the
RSR can be indexed slowly in either direction. When
selected, the hoist can be lowered with or without a
missile. However, because of a weight factor, it can
only be raised when it is empty.
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Figure 4-68.—RSR/hoist exercise and emergency accumulator system; power drive components.
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A manual transfer valve assembly (fig. 4-69) is
mounted to the bulkhead in the strikedown area. Two
hand-operated levers control four directional valves.
They route both PA and tank fluids from the RSR/hoist
power drives. These fluids are directed to the
strikedown mechanism and train emergency drive.
These "fluids" may be from either the main
accumulator systems or from the exercise and
emergency accumulator systems. In the OFF position,
the strikedown and train emergency drive equipments
are isolated from any hydraulic fluid supply. When
either lever is positioned to ON, operating fluid is
ported to these equipments. Locking pins prevent both
levers from being ON at the same time. In this manner,
hydraulic fluids cannot intermix between the A- and
B-side systems.

GUIDE ARM EXERCISE AND
EMERGENCY ACCUMULATOR TYPE OF
POWER DRIVE.—The third source of emergency
hydraulic fluid is the guide arm exercise and emergency
accumulator system. The components of this
emergency system are physically and hydraulically part
of the elevation power drive system. Reduced hydraulic
fluid pressure is developed to about 815 to 935 psi. It is
supplied to operate the guide arm components and the
elevation emergency drive.

A manual shutoff valve assembly is mounted inside
each guide arm structure. Each assembly consists of
two rotary valves turned by a common operating lever
(fig. 4-70). In the ON position, the valves port PA and
tank fluids between the guide arm components and the
hydraulic supply. These fluids can also be from the
main elevation accumulator system or the guide arm
exercise and emergency accumulator system. During
maintenance operations or in case of a failure in one or
more of the components of the guide arm, the valve
may be turned to OFF. Isolating the "bad" arm ensures
sufficient operating pressures are still available to the
other arm.

SAFETY

LEARNING OBJECTIVE: Identify safety
procedures that should be used while working
on power drive systems in GMLSs.

Safety is everybody's job. Awareness of danger,
knowledge of how to avoid it, and constant vigilance
are the three basic requirements for the prevention of
accidents.

Safety is both a result and a reflection of good
training. The crews of missile launching systems may
be trained so that every man knows how to do his job
thoroughly. However, the crew still cannot be
considered well trained unless every man is safety
conscious. Safe working habits must be impressed
upon every crewman through proper instructions,
constant  drills, and continuous supervision.
Carelessness, cockiness, and lack of training have led to
disaster while working with all types of ordnance
equipment and material.

Each piece of ordnance equipment has a specific
list of safety precautions to be observed during
operation and/or maintenance. Consult the safety
summary of the equipment OP. Study it thoroughly
before attempting to operate or repair any piece of
equipment with which you are not familiar.

Any high-pressure system, hydraulic or pneumatic,
is dangerous and may cause serious or fatal injuries
when improperly handled. Exercise great care when
operating any GMLS equipment.

HIGH-PRESSURE SYSTEM SAFETY RULES

The following safety rules are but a few of the many
that must be observed when operating or working on
hydraulic or pneumatic systems:

All hydraulic and pneumatic equipment should be
installed and operated in compliance with prescribed
safety precautions.
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Figure 4-69.—Manual transfer valve assembly; in strikedown area.
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Personnel should be thoroughly trained and
properly checked out on any high-pressure system
before being authorized to operate the system.

Do not mix air and hydraulic fluid in a pressurized
system. An explosive mixture could result (commonly
known as diesel-action).

Never use oil on gauges associated with pneumatic
systems. Do not use an oil gauge on an air system. Keep
gauges clean at all times. Check the accuracy of gauges
frequently as prescribed with maintenance requirement
schedules.

Light oils, benzene, or kerosene must never be used
as a cleaning or lubricating agent in a high-pressure air
system. These oils vaporize easily and form a highly
explosive mixture with compressed air.

Do not close or open air or hydraulic valves rapidly
unless authorized to do so.

Never manually actuate switches, solenoids,
relays, or valves on pneumatic or hydraulic systems
unless you are authorized and directed to perform these
actions.

Ensure that all flexible hoses are rigidly secured to
prevent them from flailing or whipping about if a
connection breaks under pressure.
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Inspect threads of air and hydraulic system
couplings before mating. Make certain they are free of
dirt, oil, and physical defects.

Adhere to test, inspection, and replacement
schedules for flexible lines. Never use worn, damaged,
or outdated materials.

Do not kink a high-pressure line or hose nor strike a
fitting or air line that is under pressure.

Before applying air or hydraulic pressure to any
connection, make sure that it is properly secured. Do
not attempt to loosen or tighten any high-pressure
connection while the system is under pressure.

Carefully bleed pressure from all lines before
removing or loosening them. Never disconnect any
pneumatic or hydraulic lines or equipment until the
accumulators have been dumped to the tank and zero
pressure has been verified in the system.

Immediately report any leak in an air or hydraulic
system to the work center supervisor or person
operating the equipment.

HYDRAULIC FLUID PRECAUTIONS

Most hydraulic fluids are flammable and can cause
skin irritation if prolonged contact occurs. Change
clothing immediately if drenched with hydraulic fluid
and wash thoroughly.



Hydraulic fluid becomes a hazard if it is sprayed,
heated to its flash point, or otherwise subjected to
conditions that cause vaporization. Hydraulic fluid
must never be stored in a missile stowage, testing, or
maintenance area. Do not handle hydraulic fluid in the
presence of electrical sparks or open flames. Hydraulic
fluid should be kept in closed metal containers. Bulk
supplies should be stored only in approved and
authorized areas.

Spilled fluids make a surface slippery. Wipe up
spilled or leaking fluid immediately. Oily rags and
clothing should be stored in a closed metal container to
avoid a potential fire hazard. They should be properly
disposed of at the first opportunity.

PERSONNEL SAFETY PRECAUTIONS

When working with high-pressure equipments, you
must wear approved safety glasses or face shields. Do
not direct high-pressure air against the deck,
workbench, or other equipments. Low-pressure air may
be used for certain specified maintenance-related
cleaning or drying tasks. Always obtain permission to
use low-pressure air for these purposes. Never direct
any pressurized air jet toward your (or a shipmate's)
body.

During any GMLS equipment operation, keep all
parts of the body clear of any component that moves as
a result of pneumatic or hydraulic pressure.

Safety precautions must be observed and common
sense used ALL THE TIME. Do not think that once you
have learned all the applicable safety rules you can sit
back and relax. Review them periodically, particularly
for those jobs seldom performed. Try to improve upon
any rules in effect. Safety is everyone's responsibility,
not just those who drew up the regulations. Many
accidents are caused by personnel who are so familiar
with their jobs they think they can take shortcuts.
Personnel who do not know the applicable safety
precautions often are the cause of accidents. We also
cannot forget the many tragic accidents caused by
practical jokers. However, in the majority of instances,
plain carelessness is the biggest threat. Stay alert!

AIR SYSTEMS

Most, if not all, ordnance systems use compressed
air in one way or another. Though the compressed air
supply system is not considered part of your ordnance
equipment, it is a critical support element. In many
cases, you may find that the lack of compressed air can
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stop the most carefully planned exercise. Many
Gunners have learned the hard way—you need to check
the availability of compressed air the day before an
important exercise. It is extremely important that you
know where your air comes from and who controls it.

The air supply system is operated and maintained
by the ship's engineers. Air systems are classified by
their operating pressures. In the ordnance world, we are
concerned primarily with high-pressure (HP) air. We
will briefly discuss the main applications of HP air in
gun systems.

HP air plants and systems are generally designed to
provide compressed air at a nominal operating pressure
of 3,000 psi or 5,000 psi. They are installed when one of
the ship's services requires a pressure in excess of 1,000
psi. They are also used when a ship's function requires a
flow rate that cannot be readily supported by either a
low-pressure  or medium-pressure  plant. HP
compressed air plants support high flow demand
systems by the addition of HP air storage flasks in the
system. Once an adequate quantity of compressed air is
stored in these flasks, the high flow rates and pressure
demands can be supported by way of pressure reducing
stations.

The primary use of HP air in a gun system is to
operate the gas ejection system. The gas ejection
system uses compressed air to evacuate gases and
unburned solids from the bore after firing. Gas ejection
is a high-flow system. The compressed air is pumped
from the engineering space to a flask in the vicinity of
the gun mount. The air is then routed through a reducer,
where it is regulated to system pressure, then up to the
gun where it is used. The same air is also used, without
passing through the reducer, to recharge the gun's
counterrecoil system after maintenance.

SUMMARY

In this chapter, we have looked at some of the basic
mechanical and hydraulic principles used in gun mount
equipment. We also discussed the Mk 75 and Mk 45
hydraulic systems, control equipment and HP air
systems that support gun mount operation. Most gun
mount casualties are mechanical or hydraulic
malfunctions; therefore, a thorough understanding of
mechanics and hydraulics is essential for the GM
rating. In the next chapter, we will discuss the control
circuits that regulate the operation of these devices. In
chapter 8, we will describe maintenance and repair
procedures for mechanical and hydraulic equipment.



CHAPTER 5

ELECTRICAL AND ELECTRONIC CIRCUIT ANALYSIS

There are many electrical and electronic circuits
used in ordnance equipment. These circuits perform
such jobs as power supply, lighting, loading system
control, train and elevation control, and overload
protection. All electrical circuits are made up of basic
electrical or electronic devices. These devices,
individually or working together, can delay, interrupt,
isolate, or integrate electrical and electronic circuits,
and prevent damage to equipment.

The purpose of this chapter is to provide functional
information of how these devices are used to operate
and control ordnance equipment. Portions of this
chapter are based on foundational information
contained in other training manuals. You are assumed
to have knowledge of the fundamental properties of
electricity and how to operate a multimeter to read
voltage, resistance, and amperes.

Before proceeding with this chapter, you should
review the information in Navy Electricity and
Electronics Training Series (NEETS) modules 1, 2, 3,
and 16, Introduction to Matter, Energy, and Direct
Current, NAVEDTRA 172-01-00-79; Introduction to
Alternating Current and Transformers, NAVEDTRA
172-02-00-85; Introduction to Circuit Protection,
Control, and Measurement, NAVEDTRA
172-03-00-85; and Introduction to Test Equipment,
NAVEDTRA 172-16-00-84, respectively.

First we will explain some of the more common
electrical and electronic devices used in gun mount
control circuits. Next we will describe the operation of
the two common types of control circuits and explain
the procedures used to locate common failures within
each circuit.

The final sections of this chapter are devoted to a
discussion of the fundamentals of synchros and
electrical safety. Safety precautions required for
working with electrical and electronic equipment are
provided throughout the chapter.

GUN MOUNT POWER SUPPLY AND
CONTROL CIRCUIT COMPONENTS

LEARNING OBJECTIVES: Describe the
electrical components used in a typical gun
mount power supply and lighting circuit, their
functions, and how they are tested.
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All the mechanical, electrical, and hydraulic
mechanisms in a modern gun mount are controlled by
the action and interaction of the various devices of the
control and power circuits. The control circuits regulate
the application of power to motors and to
solenoid-operated hydraulic valves. Operation of the
gun mount is performed sequentially. Barring a mal-
function, no action, hydraulic, mechanical, or electric,
can occur out of sequence because of the interlocking
action of switches, relays, and solid-state devices.

Power circuits are normally 440 VAC and are used
to operate the electric motors that power the hydraulic
pumps associated with the gun mount. Gun mount
control circuit voltage can be ac and/or dc of any value
up to approximately 30 VDC or 115 VAC. Control
circuit voltage is normally supplied by gun mount
transformers that step-down 440 volts ac.

CIRCUIT ELEMENTS

This portion of the chapter covers the more
common electrical devices used in power and control
circuits.

Indicator Lights

Indicator lights are used to indicate the position of
mount components or the status of switches, solenoids,
fuses, and control and power circuits. Figure 5-1 shows
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a simplified circuit with a light (LI) that indicates when
the motor is running. The letters L or LI are the
reference designations for lights on the schematics for
the older gun mounts; the new ordnance equipment
uses the designation DS.

Fuses

The fuse is the simplest form of a circuit protective
device. It consists of a metal alloy fusible element that
melts at a predetermined value of current. Thus, if a
circuit draws more current than the rated value of the
fuse, the fuse opens (blows), and the circuit
components are protected.

Fuses are rated according to the amount of current
they can safely carry; this current is usually measured
in amperes. The most common cause of fuse failure is
an overloaded circuit. There are, however, other causes.
Failure to set the fuse into its contacts properly can
cause a fuse to open.

On schematics for older gun mounts, fuses are
designated by the letters F or FA (fig. 5-1). Except for
the 76-mm/62-caliber Mk 75 gun mount, fuses are
designated FE on schematics of the newer gun mounts.

Switches

A switch is a device used for making, breaking, or
changing the connections in an electric circuit.
Switches are used extensively in gun mount control
circuits to start and stop motors, to turn indicating lights
on and off, to channel information from one point in the
system to another, and to shift system mode of
operation, to name a few of their many uses.

An essential function of any switch is to maintain a
good, low-resistance contact when the switch is closed.
A poor connection between switch elements produces
considerable resistance. This results in overheating the
contact area. When heavy current is being carried by
the switch and the switch contacts are opened, an arc is
produced. Therefore, switches should be opened and
closed quickly to minimize arcing. Usually, they are
designed to have snap action.

Switches are frequently classified by the number of
poles, by the throw, or by the number of positions. The
pole of a switch is its movable blade or contactor. A
switch may have one or several poles. The throw of a
switch indicates the number of circuits each pole can
complete through the switch. The number of positions a
switch has is the number of places at which the
operating device (toggle, shaft, plunger, and so on) will
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Figure 5-2.—Switch classification according to number of
poles and throws.

come to rest and, at the same time, open or close a
circuit. As you can see in figure 5-2, switches through
which only one circuit can be completed are called
single-pole, single-throw switches. Switches with two
poles, through each of which one circuit can be
completed, are described as double-pole, single-throw
switches, while those with two poles, through each of
which two circuits can be completed, are described as
double-pole, double-throw switches.

Switches are also classified by method of actuation
(push button, toggle, rotary) and by the trade name of
the manufacturer. An example of this is the
Microswitch.

ROTARY SWITCHES.—A rotary switch can
take the place of several switches. As the knob or
handle of a rotary switch is rotated, it opens one circuit
and closes another. This can be seen from an
examination of figure 5-3. Most rotary switches have
numerous layers called wafers or pancake sections. By
adding wafers, the switch can be made to operate as a
large number of switches. Rotary switches are used in
gun mount equipment to select modes of operation and
for many other functions.

Figure 5-3.—The J multipole rotary switch.



J Rotary Switch.—The J rotary switch (fig. 5-3)
consists of an equal number of rotors and pancake
sections. The number of sections required in the switch
is determined by the application. A shaft with an
operating handle extends through the center of the
rotors. The movable contacts are mounted on the rotors,
and the stationary contacts are mounted on the pancake
sections. Each section consists of eight stationary
contacts, designated A through H, and a rotor with two
insulated movable contacts spaced 180 degrees apart.
Figure 5-4 shows the contact array for all pancake
sections. Each movable contact is arranged to bridge
two adjacent stationary contacts. The switch has eight
positions. A detente mechanism properly aligns the
contacts in each position of the operating handle. In one
position, the rotor contacts bridge segments A-B and
E-F; in the next position, the rotor contacts bridge
segments B-C and F-G. Diagonally opposite pairs of
contacts are subsequently bridged for the remaining
positions. The various circuit leads are connected to the
proper pancake terminals. To transfer circuits, you just
turn the handle.

JR Rotary Switch.—The letters JR are the
designation for a family of rotary switches. These
switches (fig. 5-5), by a single motion, control a
number of switches called pancakes or wafers located
on the same shaft. To do this, the switch is built in
layers, or wafers, along the shaft of the switch handle
(fig. 5-5, view A). The number of contacts determines
the type of switching circuit. Usually all the wafers in
the JR switches are identical; that is, they may be all
make-before-break or break-before-make (fig. 5-5,
view B). Each wafer is in itself a separate switch (fig.
5-5, view C).

MOVABLE
CONTACTS
STATIONARY
CONTACT

GMNP0266

Figure 5-4.—The J switch contact arrangement.
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Make-before-break means that as the switch is
rotated the rotor contacts touch the next J pole before
breaking the previous contact. Break-before-make
means that as the switch is rotated the rotor contacts
leave the original pole before the movable contacts
touch the new pole. In rare cases you may find a switch
containing both types of switching arrangements. Extra
wafers are provided for use as spares.

As the handle of the switch is turned, the rotor
blades in all wafers turn simultaneously to make and
break the circuits. A detente wheel is incorporated in
each switch assembly to ensure proper positioning.
Also, a stop plate (fig. 5-5, view A) limits the rotation of
the switch by means of a stop pin. The pin is fixed in the
stop plate to prevent over travel.

The JR switch is smaller in size and more readily
disassembled than the J switch. These features result in
a saving of space and also facilitate repairs. The JR
switch is classified as a 1JR, 2JR, 3JR, or 4JR type.

The 1JR switch has only one movable contact per
section. This movable contact bridges two adjacent
stationary contacts.

The 2JR switch is the same electrically as the J
switch and is the type used for general ordnance
applications. The 2JR switch has two movable contacts
per section, 180 degrees apart. Each movable contact
bridges two adjacent stationary contacts.

The 3JR switch uses one of the stationary contacts
as a common terminal. This stationary contact is
connected, in turn, to each of the other stationary
contacts of the section by a single wiper contact. The
3JR is used for selecting one of several (up to seven)
inputs.

The 4JR switch has two movable contacts in each
wafer. The movable contacts bridge three adjacent
stationary contacts.

The JR switch is stacked in multiples of 5 sections
(up to 25 sections). In some cases, a switch with a
number of sections that are not a multiple of 5 has been
installed. If this switch must be replaced, a switch with
the next largest number of sections that is a multiple of
5 should be installed if space permits. It is preferred to
have all sections of a switch the same; but, if absolutely
necessary, a switch with some sections of one type and
some sections of another type can be provided.

The JR switches are rated at 115 volts, 60 Hz, and
10 amperes. The switch should not be used on dc
circuits because of the possibility of severely burned
contacts when operated slowly (teased).
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Barriers are also provided between sections to
prevent terminals from turning and shorting to adjacent
terminals.

If the sections are not uniform, the switch will be
designated JRSP, followed by the number of sections.

The stop deck on the JR switch (fig. 5-5, view A)
permits setting the switch to the number of positions
desired. By inserting pins or screws in the stop deck
immediately after the desired last position, you can
keep the switch from moving beyond that point.

INTERLOCK SWITCHES.—Interlock switches
include a large group of switch types that are actuated
manually, by mechanical linkage, or by hydraulic fluid.
They act as control or protective devices and are used
on all gun mounts.

Sensitive Switches.—The most common type of
interlock switch is the sensitive switch. There are
various kinds of sensitive switches with different means
of actuation.

These are small, short-traveling, snap-action
switches (fig. 5-6, view A). They are manufactured as
normally open, normally closed, and double-throw. The

GMNP0268

PUSH BUTTON

=
i )

o O
=X

(0o 0 0

TURRET
TERMINAL

v Nhe
COM
A no

SWITCH DIAGRAM

A.

latter has no OFF position. The microswitch is
frequently used in referring to this type of switch.

Sensitive switches are usually of the push-button
variety and are often used as interlock switches. These
switches usually depend on one or more springs for
their snap action. For example, the heart of the so-called
microswitch is a beryllium copper spring, heat-treated
for long life and reliable action. The simplicity of the
one-piece spring contributes to the long life and
dependability of this switch.

When a sensitive switch is used as an interlock, the
plunger (push button) is actuated by mechanical means.
The device for moving the plunger can include a
rotating cam, lever, wedge, or bellows arrangement.

Sensitive switches of the micro type are also used
as manual push-button switches on the control panels
for the 5"/54 gun mounts. Figure 5-6, view B, shows a
cutaway view of this type of switch. Note that this
switch has indicator lights built into the body of the
switch.

Proximity Switches.—Proximity switches, also
called Hall-effect switches, are extensively used on the
5"/54 Mk 42 Mods 9 and 10 and 5"/54 Mk 45 gun
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Figure 5-6.—A. Sensitive microswitch; B. Manual push-button switch.
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mounts. These switches (fig. 5-7) are magnetically
actuated devices that sense component positions. A
typical proximity switch consists of a switch circuit and
a housing with a bayonet connector on one end and an
epoxied magnetic-sensitive area on the other end. The
switch, enclosed in either a straight or a 90-degree
switch housing, is normally mounted on a stationary
component. The housing has a quick-disconnect
bayonet connector that connects the internal circuitry to
the gun mount control system cable.

In operation, the switch senses the position of a
magnetic field. The magnet, in a protective housing,
normally is mounted on a moving component. As the
actuator approaches (comes into proximity), the switch
actuates; as the actuator departs (not in proximity), the
switch deactuates.

Optical Switch.—The optical switch is found on
the upper and lower hoists of the Mk 45 Mod 1 gun to
indicate the presence or absence of a projectile or
propelling charge. The unit consists of an optical switch
(detector) and an infrared light transmitter. As a round
of ammunition breaks the light beam, the switch
deactivates. Micro, proximity, and optical switches all
provide inputs to the gun control circuits described in
the next section.

Other Types of Interlock Switches.—Transistors
and triacs can be used as switches in solid-state circuits.
More information is presented on these switching
devices later in this chapter.

Relays

A relay is simply an electromagnetically operated
switch. It is designed to open or close a circuit when the
current through its coil is applied and removed, or
varied in magnitude. The main parts of a relay are a coil
wound on an iron core and an armature that operates a
set of contacts. A simple relay and circuit are shown in
figure 5-8.

Looking at figure 5-8, if you close switch SI,
current flows through the coil, energizing the
electromagnet and drawing the armature upward. The
action of the armature closes the contacts and power is
applied to the load. More contacts can be added to the
armature so that other functions may be accomplished.
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The operating speed of a relay is determined by the
time between the closing of the coil circuit and the
closing of the relay contacts. In small specially
designed relays, like the ones in the 5"/54 gun mount
control circuits, the operating speed may be as low as 1
millisecond. The operating speed of a relay may be
increased by any technique that reduces eddy currents
in the core. Making the core of laminations is one
method of reducing eddy currents and thus increasing
the operating speed of a relay.

Another method is to place a resistor in series with
the relay coil and increase the operating voltage. This
will increase the speed of closing because, at the instant
power is applied to the relay, all the voltage will appear
across the coil and the magnetic field will build up
faster. The speed of relay operations can be reduced by
placing a heavy copper sleeve over the core of the coil.
This has the effect of a shorted turn. Current flow in the
sleeve opposes the field in the coil as it builds up or
collapses, thus delaying the relay's operation.

The type of material used for contacts depends on
the amount of current to be handled. Large power relays
usually have copper contacts and use a wiping action to
make sure of a good connection. Small relays may use
silver or some silver alloy, while in some applications
tungsten or some very hard material may be used that
will prevent contact burning or oxidation. In general,
relays that open and close with a fast positive action
cause much less trouble than those that operate slowly.
Relays that malfunction or fail completely should be
replaced. It is not good practice to repair them.

CONTROL RELAYS.—Control relays are used
in control circuits to perform switching operations
automatically and in the proper sequence.

OPERATING
SWITCH
CORE
LOAD colL S|
CONTACTS —|||||||||||
ARMATURE

GMNPO0270

Figure 5-8.—Simple relay circuit.
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Miniature-Type Control Relays.—Miniature
relays (fig. 5-9), often called "canned" relays, are
two-position hermetically housed relays with plug-in
pins that mate with a receptacle. Wiring from the
receptacle terminal arrangement completes electrical
circuits as appropriate. Basic internal components of
the miniature relay are a spring-return armature, a coil,
and six sets of contacts. (Each set consists of a common
contact, a normally open contact, and a normally closed
contact.) When the relay energizes, the normally closed
contacts (HB) open and the normally open contacts
(HF) close.

Time-Delay Relays.—Time-delay relays (fig.
5-10) impose controlled time lapses into electric
circuits. The relays consist of pneumatic timing units,
coils and switch housings, and wiring terminals. When
the coil energizes, the coil plunger acts on the
diaphragm in the pneumatic timing unit. Because the
relay contacts cannot make (or break) until the air
escapes from the diaphragm through an adjustable
orifice, the size of the orifice determines the delaying
interval. The gun mounts use two types of time-delay
relays: slow-make instantaneous-break (SMIB) and
instantaneous-make slow-break (IMSB).

POWER RELAYS OR CONTACTORS.—The
contactor (also called a power relay or motor contactor)
is a heavy-duty relay used to control motor circuits. The
coil of the relay is in the 115-volt start-and-run circuit,
while three of the contacts (designated A, B, and C) are
in the 440-volt motor circuit. Contact D is in the run
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portion of the start-and-run circuit. The D contact
supplies an input to the control circuit, which indicates
that the contact is closed. There are three sizes of
contactors (00, 1, and 3) used in gun mounts. Size 1 is
shown in figure 5-11.
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Figure 5-10.—Time-delay relay.
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The main components of the size 1 contactor are a
coil, an armature, a group of four stationary contacts, a
group of four movable contacts (linked to the armature
through a crossbar), an inertia shock latch, and an arc
suppressor box that encases the contact assemblies.

When the coil energizes, the resultant armature
movement pulls the crossbar upward and closes the
main contacts (A, B, and C) and the auxiliary contact
(D). This action, in turn, completes the 440-volt circuit
to the associated motor. An inertia shock latch prevents
the contactor from closing (if de-energized) or opening
(if energized) from inertia shock. When the contactor is
subjected to shock, a latch weight moves a slider bar to
momentarily lock the armature in position.

The main components of the size 00 and size 3
contactors are basically the same as those of the size 1,
except that the size 00 does not have an arc suppressor
box. The armature of a size 3 contactor pivots to close
its contacts, and it also has five sets of contacts (one
more auxiliary contact than the size 1). A kickout
spring inside the contactor on the size 3 opens the
contacts when the coil de-energizes. This spring also
prevents shock or vibration from closing the contactor.

OVERLOAD RELAY.—The overload relay (fig.
5-12) consists of a coil, a plunger, a dashpot, and a pair
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Figure 5-12.—Overload relay.

of switch contacts. The plunger is attached to a disk
suspended in an oil-filled chamber (dashpot). The coil
connects in series with an associated 440-volt motor
supply circuit and the switch contacts are in a 115-volt
start-and-run circuit for the motor.

During normal operation, the magnetic flux
induced by the coil is not great enough to cause an
appreciable movement of the plunger. However, if an
overload of sufficient magnitude and duration occurs,
the increased current through the coil draws the plunger
upward.

When the plunger and disk reach the end of their
upward travel, the normally closed contacts open in the
115-volt start-and-run circuit, de-energizing the motor
contactor which opens the 440-volt motor supply
circuit. With the motor circuit open, the overload relay
plunger drops and the relay resets.

Since the dashpot retards upward movement of the
plunger disk, the circuit does not break instantaneously
during an overload. Two conditions determine the delay
time: (1) the size of the orifice in the plunger disk
through which the oil must pass and (2) the magnitude
of the overload (strength of the magnetic field).



Circuit Breakers

Circuit breakers (fig. 5-13) have two purposes: (1)
to perform switching functions and (2) to provide
overload protection. Each circuit breaker consists of a
housing, a sealed trip unit, three movable contacts,
three fixed contacts, and three arc chutes. Gun mount
control systems use two types of circuit breakers—the
magnetic trip and the thermal-magnetic trip.

Magnetic trip circuit breakers are used in the
440-volt power supply lines. They provide in-
stantaneous protection against current surges up to
1,400 percent above the rated value of the circuit
breaker. These circuit breakers have a set of auxiliary
contacts (microswitches) that are wired into the control
circuit to indicate the actual position of the circuit
breaker contacts.

Thermal-magnetic circuit breakers are used in the
440-volt supply lines to the control transformer and in
the gunhouse heating and ventilating supply lines.
These circuit breakers provide instantaneous protection
against current surges up to 700 percent above the rated
value of the circuit breaker. A bimetal element,
connected in series with a coil, provides the protection
against sustained overloads.

ARC

OPERATING
MECHANISM

TRIP UNIT—»

(FRONT COVER REMOVED)

Solenoids

Solenoids convert electrical inputs from control
circuits into mechanical outputs that actuate mechan-
ical linkage or hydraulic valves.

All the solenoids consist of a coil and a movable
core or armature. When the coil is energized, an
electro-magnetic field is created that either pulls or
pushes the core. A mechanical linkage is attached to
and travels with the core. In response to core move-
ment, the linkage moves something. In most cases, that
"something" is a small hydraulic valve (known as a
pilot valve). Shifting the pilot valve redirects system
hydraulic fluid to (for example) a piston. The piston is
made to move so it extends or retracts a particular
GMLS or gun mount component (e.g., a latch).

The newer type of solenoid housing used in the Mk
45 gun system (fig. 5-14, view C) includes a
nondetented two-solenoid configuration and pilot
valve. (The function of the circuit board is described in
a later section of this chapter.) This unit virtually
replaces the older types of solenoid housings that were
attached to large valve blocks to control the operation
of hydraulic equipment. The small pilot valve in this
solenoid unit controls the flow of hydraulic fluid to

AUXILIARY —
CONTACTS

FIXED CONTACTS —c1 C2r—=
(NOT VISIBLE) :) C

CONTAGYS —{A1) @-

(MAGNETIC CIRCUIT
BREAKER)

- G-
415 &
_D =

(THERMAL-MAGNETIC
CIRCUIT BREAKER)

GMNP0275

TERMINAL
ARRANGEMENTS

Figure 5-13.—Circuit breaker and terminal arrangements.
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SWITCHETTE
SOLENOID ACTUATOR
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core Le

CIRCUIT BOARD

LEVER ARM
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SOLENOID
COIL LC3

TCH AR
(DETENT LEVER)
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SHAFT
g}\ LATCH
ARM
SOLENOID
LINK VALVE
LEVER
SOLENOID
SHAFT
SOLENOID SOLENOID
COIL LC2 COIL LC1
B
CABLE JACK

COILS

HOUSING

Figure 5-14.—Solenoids: A. Two-coil; B. Three-coil; C. Mk 45 gun solenoid unit.

system operating pistons. While many times smaller,
these units efficiently perform the same function as the
large solenoid housing and valve block configurations
described earlier. These units are also much easier to
maintain. When a solenoid malfunctions, the entire unit
is removed and replaced simply by removing four bolts.
The unit requires no adjustment and, because of its
configuration, it also requires fewer hydraulic seals that
can leak and lead to time-consuming repairs.

Therefore, a solenoid plays an important role in
GMLS and gun mount operation. It serves as the
primary link between the electrical control system and
the GMLS's hydraulic system.

The solenoid assembly shown in figure 5-14 is the
type used by the Mk 13 Mod 4 and Mk 26 GMLSs and
the Mk 45 gun mount. The housing of the assembly also

serves as part of the hydraulic valve block. Energizing
either coil pivots the lever arm. It shifts the (one) pilot
valve to redirect hydraulic fluid to the associated valve
block. De-energizing the coils allows the return spring
to shift the pilot valve back to neutral.

ELECTRICAL SYMBOLS AND REFERENCE
DESIGNATIONS

The symbols presently used to designate
electrical/electronic parts and assemblies in NAVSEA
drawings are specified in ANSI Y32.2-1975, Graphic
Symbols for Electrical and Electronics Diagrams. This
publication provides alternate methods for symbolizing
certain parts and should be consulted when a symbol is
not clearly understood. The electrical/electronic
schematic print section of your systems maintenance



manual will normally provide a description of the
symbols used. Figure 5-15 shows the electrical symbols
used in the reference drawings of gun mounts currently
in service.

In some modern gun mounts, other than standard
reference designations may be used for parts peculiar to
a particular system. In this event, the manufacturer
assigns reference designation letters and numbers.

Normally, the designations used by each manufacturer
are published in the OP for that particular gun mount.

In general, the electrical components or devices
used in a modern gun mount (5"/54 Mk 42 Mods 9 and
10 and the 5"/54 Mk 45) are identified by a combination
of letters and numbers or groups of letters and numbers.
Table 5-1 is a partial listing of first- and second-group
designations used on the 5"/54 Mk 42 Mods 9 and 10

COAXIAL CABLE ﬁ |— CAPACITOR
!
—VWW—
—_— SHIELDED WIRE — RESISTOR
+—> TIEPOINT _J _J
POTENTIOMETER
| GROUND CONNECTION
- @ NPN TRANSISTOR
0‘7 CHASSIS GROUND
—e— CONNECTOR @ PNP TRANSISTOR
- ILLUMINATING OR INDICATING 44 DIODE
——O— LAMP, LETTERS ADDED
WITHIN SYMBOL DENOTE
—( }“ LAMP COLOR
@ ZENER DIODE
PUSHBUTTON INDICATING LAMP,
LETTERS ADDED WITHIN HALF KLIP-SEL
CIRCLE DENOTES SIDE OF SYSTEM TRANSIENT
IN OPERATION SUPPRESSOR
J) ELEMENT OF ANY
MANUALLY/MECHANICALLY TRIAC
OPERATED SWITCH.
? NORMALLY OPEN OR CLOSED
NO. N.C. AS INDICATED
@: SYNCHRO
| CONTACTS OR ANY MICROSWITCH
OR RELAY, NORMALLY OPEN
OR CLOSED AS INDICATED
No. l NG, @ TACHOMETER
}:)§ CIRCUIT BREAKER
b 6 ¢ ELECTRIC MOTOR
COIL OF A SOLENOID
OR RELAY :DQ LOUDSPEAKER
g l I g TRANSFORMER :&J TELEPHONE JACK
|- BATTERY
b 1 o FUSE _i I I ER

GMNP0277

Figure 5-15.—Electrical symbols.
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Table 5-1.—Electrical Component Designations

MODERN NOMENCLATURE
DESIGNATIONS
AR Amplifier
BC Motor (control synchro, servo, etc.)
BP Motor (electric power)
CA Capacitor
CB Circuit breaker
CR Diode
DS Light, bell, buzzer (warning device)
EP Control panel
FE Fuze
GC Generator (control, synchro, tach, etc.)
GP Generator (electric power)
KC Relay (control)
KP Relay (power, contactor)
KT Relay (time delay)
LC Solenoid
LH Solenoid housing
QA Transistor
RA Resistor
SI Switch (interlock)
SM Switch (manual)
TC Transformer (control)
TP Transformer (power)
VA Tube

5"/54 Mk 42 Gun - Third Letter

Major Assembly Codes

A and B
Cand D

Loader drums
Lower hoist
Elevation

Carrier

Upper hoists
Cradles

Fuze setters
Transfer trays
Rammer

Empty case tray and ejector
Train

Breech mechanism

5"/54 Mk 45 Gun - Third Letter

Major Assembly Codes

NX—SunmoZ-oRITHoQ®

Breechblock and housing
Cradle

Elevation

Firing

Hoist

Lower hoist

Loader

Empty case ejector

Fuze setter

Rammer

System

Train

Loading system, general
Indicators (warning, communication, misc.)
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gun mounts and the Mk 45 gun mounts. The first two
letters identify a specific type of component. The third
letter identifies the major equipment assembly within
which the component is located. The number that
follows the third letter indicates the number of the
device within the assembly. For example, SIHI is an
interlock switch (SI) used in the left upper hoist (H) and
the number 1 distinguishes this particular switch from
all other switches in the hoist.

As is often the case, there is one modern gun mount
(76-mm/62-caliber Mk 75) in which both the electrical
symbols and designations are not all consistent with
other gun mounts. For example, a relay is designated
with a number followed by the letter K, followed by
another number (1K1, 2K1, and so on). The symbol for
a relay is a rectangular box.

CONTROL CIRCUITS

LEARNING OBJECTIVES: Describe elec-
tronic control circuit components, how they
function, and proper troubleshooting proce-
dures.

Modern control circuits allow a single operator to
control the entire operation of a gun system from one
electrical panel. Low-voltage components and wiring
are used to control the flow of high-voltage power to
drive motors and solenoids. Imagine the size of a switch
or push button that would be required to control 440
VAC 3-phase power to a gun drive motor. Most guns
have three to five drive motors. This alone would
require a second panel and operator just to start and stop
the drive motors.

We will begin this section by examining the control
circuit used to energize the train drive motor of a 5"/54
Mk 42 gun mount. This circuit is a good example of the
older type of transistorized gun control circuits. Later,
we will describe the newer solid-state logic circuits
used to control the 5"/54 Mk 45 gun system. You will
see how a circuit that looks fairly complicated at first
glance actually is made up of individual one-function
circuits. These smaller circuits are made up of just one
or two simple devices (and their associated wiring) and
do just one job. When properly connected to other
one-function circuits, they can act automatically to start
or stop current flow in a circuit, combine or divide these
circuits, and act as safety devices to protect equipment
and personnel. The transistor is the component that
makes all this possible, so that is where we will begin.
We will also describe the control circuits used in the
newer 5"/54 Mk 45 gun system.

TRANSISTORIZED CONTROL CIRCUITS

A transistor is a solid-state device constructed of
semiconductor materials. Transistors are capable of
performing many of the functions of different types of
electronic and electrical components such as electron
tubes, interlock relays, switches, control relays, and
current amplifiers. In gun system control circuits,
transistors are used as electronic switches that control
the flow of current.

In most cases, transistors are more desirable than
tubes for ordnance equipment because they are smaller,
require no warm-up power, and operate at low voltages
with comparatively high efficiency.

Semiconductors are the basic components of a
transistor. How these materials behave and the
electrical conduction properties that give the transistor
its basic characteristics are explained in NEETS
module 7, Introduction to Solid-State Devices and
Power Supplies, NAVEDTRA 172-07-00-82.

Transistors are classed as either PNP or NPN,
according to the arrangement of impurities in the
crystal. The schematic symbols for both types are
similar but not identical, as illustrated in figure 5-16. A
heavy straight line represents the base, and the two lines
slanted toward the base represent emitter and collector
terminals. An arrowhead in the emitter line always
points toward the N-type material. Thus, if the arrow
points toward the base line, the base is of N-type
material. Since the base is always of the opposite type
of material from the emitter and collector, the transistor
is of the PNP type. Similarly, if the arrow points away
from the base line (toward the emitter), the transistor is
of the NPN type. In other words, the arrow points
toward the base in PNP transistors and away from the
base in NPN transistors.

L coLLEcTOR c
N

BASE &— p. . B
N emirer E

(A) DEVICE AND SCHEMATIC SYMBOL : NPN

= Cc

—] COLLECTOR

BASE &— B
[ EMITTER E
(B) DEVICE AND SCHEMATIC SYMBOL : PNP

GMNP0D278
Figure 5-16.—Transistor schematic symbols.



Recall that we said transistors are used as electronic
switches to control the flow of current in a circuit. Let
us now explore how this is possible. Transistors used as
switches are operated in one of two conditions: (1) the
transistor is reverse bias (nonconducting) to open a
circuit, or (2) the transistor is forward bias (conducting
heavily) to close a circuit. Under these conditions, it
acts as a simple ON-OFF toggle switch.

A transistor conducts when it is forward biased and
stops conducting when it is reverse biased. An NPN
transistor is forward biased when the -electrical
potential felt at the base is HIGH in relation to the
electrical potential felt at the emitter. A PNP transistor
is just the opposite; it is forward biased when the
potential at the base is LOW in relation to the emitter.
To illustrate the principle of electrical potential, think
of a garden hose with the water pressure turned on.
With the nozzle turned off, no water flows through the
hose, but water pressure is felt at the nozzle.

LOGIC CIRCUITS

Logic circuits function just like the transistorized
circuits we just described; they just look different. The
basic component of both systems is the same—the
transistor. However, instead of individual transistors
attached to a circuit board and wired together to form a
circuit, logic circuits use silicon chips printed or etched
with several transistors and a circuit. The etched
circuits are designed to perform a standard
summarizing function. They take several inputs in and
provide one output. We will describe the operation of
logic circuits as we examine the circuit used to close the
breechblock of a Mk 45 Mod 1 gun mount.

Logic Symbols

The silicon chips in a logic circuit, called "gates,"
come in five varieties: AND, OR, NAND, NOR, and
inverter. The most commonly used are the AND, OR,
and inverter gates. Table 5-2 illustrates the symbol for

Table 5-2.—Logic Circuit Symbology

GATE SYMBOL

DESCRIPTION

AN AND GATE IS A LOGIC CIRCUIT HAVING TWO OR MORE
INPUTS AND A SINGLE OUTPUT. THE OUTPUT IS LOW ONLY
WHEN ALL INPUTS ARE LOW. A HIGH RESULTS WHEN ONE
OR MORE INPUTS ARE HIGH.

AN OR GATE IS A LOGIC CIRCUIT HAVING TWO OR MORE
INPUTS AND A SINGLE OUTPUT .V THE CUTPUT IS LOW WHEN
AT LEAST ONE INPUT IS LOW AND IS HIGH WHEN ALL OF THE
INPUTS ARE HIGH.

NAND

A NAND GATE IS A LOGIC CIRCUIT HAVING TWO OR MORE
INPUTS AND A SINGLE OUTPUT. THE OUTPUT IS HIGH ONLY
WHEN THE INPUTS ARE ALL LOW.

ARE HIGH, THEN THE OUTPUT iS LOW.

IF ANY OR ALL INPUTS

NOR

ANOR GATE IS LOGIC CIRCUIT HAVING TWO OR MORE
INPUTS AND A SINGLE OUTPUT. THE OUTPUT IS LOW ONLY
WHEN ALL THE INPUTS ARE HIGH.
INPUTS ARE LOW, THEN THE OUTPUT IS HIGH. WHEN BOTH
INPUTS ARE WIRED TOGETHER, THE NOR GATE IS USED AS
AN INVERTER TO CHANGE THE LOGIC CIRCUIT LOW TO A
HIGH INPUT TO A SOLENOID DRIVER.

IF ANY OR ALL OF THE

INVERTER

FYLIAUUG

AN INVERTER IS A LOGIC CIRCUIT THAT RECEIVES ONE
INPUT AND PROVIDES A SINGLE OUTPUT OF THE OPPOSITE
STATE. IF THE INPUT IS LOW , THEN THE OUTPUT IS HIGH.
IF THE INPUT IS HIGH, THEN THE QUTPUT IS LOW.

GMNPO279

5-15



each gate and provides a brief description of its

function.

Logic Circuit Operation

Figure 5-17 shows a typical logic circuit that uses
inverted and buffered switch outputs to trigger a
solenoid driver. The solenoid driver, in turn, controls a

This circuit consists of AND gates, OR gates, and
an inverter. The numbers within the gates identify the
printed circuit board in the EP2 panel on which the
circuit is located. The numbers on the input and output
lines of the gates identify the terminal pin that connects
to that point. The circled numbers in figure 5-17 are
added for ease in identifying items as we illustrate the
operation of the circuit.

solenoid that initiates a gun-loading cycle, in this case
closing the breech of a Mk 45 Mod 1 gun.

QCB2-2
OPEN BREECH
CIRCUIT NOT
ENERGIZED 22
(1157 23
SiC4-1 S B o

CRADLE LATCHED

TO HOIST

(1454)
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|
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GATE 2
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(1645)
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|

|
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|
|
|
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(1656) I

/
62 HL

£

39 53
1 38 np 36
BREECH E.‘“5 3“3

GATE 1
INPUTS

69
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Inputs to the logic gates are identified by both
alphanumeric nomenclature and a brief description of
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Figure 5-17.—Typical logic control circuit.
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what the input means. The input SIB4-1 (BREECH
PARTIALLY CLOSED) to gate 1 comes from the
number 1 output leg of the inverter buffer associated
with SIB4 (fig. 5-18). When the breech is partially
closed, the switch is activated and the high switch
output through the inverter buffer produces a low logic
input at input pin 45 of gate 1. Remember, gate 1 is an
AND gate and requires all inputs to be LOW to produce
a LOW output.

The inputs to gates 1 and 2 in figure 5-17 initiate the
operation of breech closing solenoid LHB1-LC1 in the
normal mode of operation, AUTO LOAD. The six
inputs indicate that the gun-loading system has
delivered a complete round into the breech of the gun,
the LOWER CRADLE circuit is energized, and the
cradle has moved clear of the slide. With these
conditions met, gates 1 and 2 pass a LOW logic signal
to gates 3 and 4 respectively. Since gates 3 and 4 are OR
gates, they require only one LOW input to produce a
LOW output. The two LOWs from gates 3 and 4 are
applied, with another LOW from summary circuit
QCXS, to gate 5. When all inputs to gate 5 are LOW it
passes a LOW to gate 6, which is an inverter. With a
LOW input, the inverter passes a HIGH output to the
solenoid driver. This solenoid driver, unlike the type
used in the Mk 42 gun system, does not control the
current flow to the solenoid. The output of the solenoid

+25VDC
+25VDC +5VDC
+5VDC
DCRTN
S1B4
BREECH PARTIALLY
CLOSED
PROXIMITY SWITCH
EXB8-15-F
EXB8-2-b
JEX4-b
EP2-219-b
102-R2
8-71 885
INVERTER BUFFER CIRCUIT 8-86
865 8-63 8-69 8-67
PC80-K1B® 31-24 LHB1-LC1[ 59-79
LHC1-LC1@ 56-15 AL P INPUT | 99-39
LHC1-LC1 @ 56-41 (1466)
CYCLE TIMER @ 92-39
LHR1-LC1 @ 59-54
LHR1-LC2 @ 60-18 TEST
LHR1-LC2 @ 60-78 CODE
LHB1-LC1 @ 62-51
LHB1-LC1 @ 62-45
& PINPUT @ 99-26
(1476) (NOT USED) (NOT USED)
gggé GMNP0281

Figure 5-18.—Inverter buffer circuit for SIB4.
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driver is used to forward bias a transistor circuit located
in the solenoid housing. This energizes the solenoid by
allowing current to flow through the coil to DC
RETURN. The A and B legs of the +25 VDC solenoid
supply, point 7, represent a primary and secondary
power supply to the solenoid.

Troubleshooting Logic Circuits

The Mk 45 Mod 1 gun system is equipped with a
microprocessor that monitors the gun's sequence of
operation through equipment position switch inputs.
Notice the last output destination on the 1 and 2 legs of
the inverter buffer circuit shown in figure 5-18. pP
INPUT indicates that switch output is supplied to the
microprocessor. On the EP-2 panel there is a Test/Fault
Code Keyboard and Display (fig. 5-19) that is used to
interface with the microprocessor. To test the output of
a switch or summary circuit, the operator need only to
type in the test number for that circuit or switch. The
result of the test is displayed as a 0 or a 1 in the
Test/Fault Code Display above the keyboard. A zero (0)
indicates a LOW output and a one (1) indicates a HIGH
output. In this case, the test number for SIB4 is 1476 for
leg 1 and 1466 for leg 2 (fig. 5-19). The test code
number is displayed in brackets along with the circuit
or switch input/output identification (note the same
number [1476] in the SIB4-1 input to gate 1 in fig.
5-17).

TEST/FAULT CODE DISPLAY
®) ®
E_' 1Z 1z 0z '.']
N [ |
™
© ©
TEST CODE SELECTED DISPLAYS
© ©
S
IR B
©) ©)
TEST CODE SELECTION
TEST
6 7 |2 KEYBOARD
NO GO //
(ON LINE
P
TEST
2 3 ENTER
) 1 ||cean
GMNP0282

Figure 5-19.—Test/Fault code keyboard and displays.



Logic circuit failures are isolated much the same as
they are in the older types of control circuits. Refer to
figure 5-17 again as we walk through a typical
troubleshooting routine. You have verified equipment
position and determined that the equipment stopped at
the CLOSE BREECH step in the loading sequence. The
first problem is to isolate the fault to one side of the
circuit. This is done by entering the test code for
QCBI-1,[1633]. ALOW would indicate the problem is
in the right side of the circuit, in gate 6—the solenoid
driver or the solenoid. Let us assume we read a HIGH
here, the problem is in the left side of the circuit. Since
there are no test codes for gates 3, 4, and 5, we skip over
to the switch inputs for gates 1 and 2. If all the inputs to
gates 1 and 2 are LOW, the problem is on board 62. A
HIGH at any of these test points would lead you back
through the inverter buffer circuit for that input. In this
case we will assume a HIGH input is detected at
SIB4-1. Refer to figure 5-21 as we examine the inverter
buffer for SIB4. Since we have read a HIGH at leg 1,
test code [1476], we can assume the inverter buffer is
functioning if we read a LOW on leg 2, test code
[1466]. This leads us back to the proximity switch.
After verifying that the switch is in proximity, we test
the switch by checking switch input at point 8-71. This
is accomplished using a circuit card extender. The
circuit card extender allows you to take input and
output readings on a particular circuit card while the
system is energized. The circuit card extender provides
an extended circuit card jack with test points for each
pin connection. A LOW reading at pin 8-71 would
indicate a bad proximity switch.

WARNING

The system should always be de-energized when
removing electronic components to avoid shock
hazard and damage to the equipment.

If a fault is isolated to a circuit card, the system
provides a test slot to verify your diagnosis. Simply
insert the suspected card in the test slot and enter the
appropriate test code for that type of card.

Fault Codes

In some cases, a malfunction in the system will be
detected and presented as a fault code on the Test/Fault
Code Display. The fault codes are defined in volume 1
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of the system OP along with a systematic procedure for
isolating the defective component.

SYNCHRO CIRCUITS

LEARNING OBJECTIVE: Discuss the
purpose and advantage of synchros in naval
ordnance equipment.

Synchro is the name given to a wide variety of
position-sensing devices used to convert mechanical
signals to electrical signals or to convert electrical
signals to mechanical signals. The name synchro comes
from the word synchronize that means "to happen or
take place at the same time." All synchros are
self-synchronous; hence, the name is most descriptive
of their basic action.

PURPOSE OF SYNCHROS

The purpose of synchros is the precise and rapid
transmission of data among equipments and stations.
The change in course, speed, and range of targets, and
the changes in a ship's position (related to a target's
position) must be acted upon in a minimum of time.
Speed and accuracy of data transmission are most
important. Without the position-sensing device known
as the synchro, the offensive and defensive capability of
the fleet would be greatly limited. Navy ships rely on
synchros for rapid data transmission within weapons
systems in such equipments as computers, fuze setters,
sightsetters, guns, and missile launchers. Gun system
power drive controls make extensive use of synchros.

ADVANTAGES OF SYNCHROS

The flexibility of synchros over mechanical
mechanisms, such as gearing and shafting, gives them
marked advantages; for example:

e The controlling unit can be a long distance from
the controlled unit.

Any obstacle in the path can easily be bypassed
by leading connecting wires around it.

The synchro system uses very little electrical
power and eliminates the necessity of
mechanical linkages between widely separated
units.

Besides the advantages of using synchros over
mechanical mechanisms, there are other advantages:



They provide continuous, accurate, and
visual  reproduction of  important or
need-to-know information between widely sep-
arated stations.

They have good reliability, requiring minimum
maintenance.

They are small in size, providing a significant
saving in space and weight.

They have a wide adaptability without sacrific-
ing precision.

Synchro systems are important in the ordnance
field in controlling naval weapons because of their
accuracy and speed. Experience with naval weapons
control and operation of ordnance readily proves the
importance of the synchro mechanism. A point to
remember is that naval weapons controlled from
remote stations must use synchro systems for their
control. A well-placed shot can save many lives, and the
accuracy of a weapon depends upon the correct
operation of the synchro system.

Classification of Synchros

Synchros work in teams. Two or more synchros
interconnected electrically form a synchro circuit.
Basically, synchros can be divided into three
classifications: (1) transmitters, (2) receivers, and (3)
differentials.

The synchro transmitter is located at the controlling
station; its output is an electrical order signal. These
synchros were originally called synchro generators, but
are now functionally classified into two types: (1)
torque transmitter (TX) and (2) control transmitter
(CX).

Torque and control transmitters are mechanically
identical. However, the types of systems in which they
are used differ. Torque transmitters are used in systems
that require a mechanical output (dials and so forth),
while control transmitters are used in systems that
require an electrical output.

The synchro receiver is located at the station being
controlled, and its output can be either electrical or
mechanical, depending on the type of synchro used.
These synchros are functionally classified into the
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following types: (1) torque receiver (TR) and (2)
control transformer (CT).

Torque receivers are used where the rotors must
perform a mechanical function, such as positioning a
dial or valve. The main difference between torque
receivers and torque transmitters is in their rotors.
Rotors of torque receivers have a damper, while rotors
of torque transmitters do not. Torque receivers were
originally known as synchro motors.

Control transformers are used where an electrical
signal output is required. It is safe to say that all power
drives controlled by amplifiers also have control
transformers.

The synchro differential is used to add or subtract
two signals and to transmit the result either to another
synchro or as a mechanical output. In either case, the
differential can always be identified by its rotor (R)
leads. All other synchros have only two rotor leads
while the differential has three. Functionally,
differentials are classified as (1) torque differential
transmitter (TDX), (2) control differential transmitter
(CDX), and (3) torque differential receiver (TDR).

A mechanical device known as an inertial damper
is used to prevent oscillation or spinning when the
torque synchro receiver's rotor turns in response to a
sudden change of a received signal. The most common
type of inertial damper consists of a heavy brass
flywheel that is free to rotate around a bushing attached
to the rotor shaft. A tension spring on the bushing rubs
against the flywheel so that they turn together during
normal operation. If the rotor shaft tends to change its
speed or direction of rotation suddenly, the inertia of the
damper opposes the changing conditions, and the
resulting friction between the spring and the flywheel
dampens the tendency to oscillate. Because of the
inertia damper, torque receiver and transmitter
synchros are not completely interchangeable; a receiver
may be used as a transmitter, but a transmitter is not
suitable for use as a receiver.

Synchro Symbols

A synchro consists of a rotor (R) and a stator (S).
The letters R and S are used to identify rotor and stator
connections both on the synchro and in wiring
diagrams and schematics. Synchros are represented by



the symbols shown in figure 5-20. The symbols shown
in parts (A) and (B) are used when it is necessary to
show only the external connections to a synchro, while
those shown in parts (C), (D), and (E) are used when it
is important to see the positional relationship between
rotor and stator. The small arrows on the rotors in parts
(©), (D), and (E) indicate angular displacement of the
rotor; in this illustration the displacement is zero.

Synchro Terms

Some standard synchro terms that you will use are
defined as follows:

Rotor position: Amount of rotor offset from zero
position, measured in degrees, minutes, or seconds

Electrical zero: Standard position used as the
electrical reference point from which all angular
displacements are measured (not necessarily the zero
position of the dial)

Angular position: Counterclockwise (viewed from
the shaft extension end) angular rotor displacement
from electrical zero position

Direction of rotation: Clockwise or counter-
clockwise rotor rotation, determined when facing the
shaft extension end of the synchro

Increasing reading: Reading transmitted to a
synchro when numerical value of the information
transmitted increases

TRANSMITTERS, RECEIVERS

BASIC PRINCIPLES OF SYNCHROS

Synchros are electromagnetic devices; therefore, a
review of magnetism will be necessary to understand
synchro principles.

A bar magnet illustrates the magnetic field and pole
relationship of the synchro. The lines of force flow
from the south pole to the north pole inside the magnet,
as shown in figure 5-21.

Two bar magnets, shown in figure 5-21, illustrate
the actions of like and unlike poles in bar magnets.

Three bar magnets, spaced 120 degrees apart, and a
removable bar magnet free to pivot within the ring of
mounted magnets show basic synchro principles (fig.
5-22). If the ring of three magnets is fixed, the single
pivoted magnet moves so that its south pole is in line
with the north pole of magnet #1. Since its north pole is
attracted equally by the south poles of magnets 2 and 3,
it will remain between the two. The pivoted magnet,
therefore, aligns itself with magnet #1. The three
magnetic fields combine to form one resultant magnetic
field. If the three magnets are now rotated 120 degrees
and held in that position, the resultant magnetic field is
also rotated through 120 degrees. The pivoted bar
magnet will turn in the same direction so that it remains
aligned with the resultant magnetic field of the three
stationary magnets. This illustrates the action of a
torque synchro receiver.
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Figure 5-20.—Schematic symbols for synchros.
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Figure 5-21.—Repulsion and attraction.

Three dc electromagnets could be used in place of
the three permanent magnets mounted on the ring, and
the effect on the magnet pivoted in the center would be
the same. By feeding the proper amount of current in,

RESULTANT
MAGNETIC FIELD

FREE TURNING @

MAGNET

RING OF THREE
MAGNETS
TURN AS UNIT

Figure 5-22.—Pivoted bar magnet.

the proper bar magnet can be made to rotate in either
direction. The permanent magnet pivoted in the center
could also be replaced by an electromagnet (fig. 5-23).

Because synchros operate on ac voltages, the
magnet (R1, R2) pivoted in the center is energized by
an ac source; the fixed magnets (S1, S2, S3) are also
energized by the ac source through another set of coils.
The arrangement is shown in figure 5-26.

The pivoted electromagnet will react in the same
manner as the bar magnet did when dc voltage was
applied. The pivoted electromagnet will assume a
position that depends upon the magnetic field
established by the stator coils.

If the 115 VAC is applied to the rotor, at a given
instant the flux takes the directions shown by the arrows
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Figure 5-23.—Synchro primary magnetic field.
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in figure 5-24. Both flux loops cut the S2 winding, but
only one cuts the S1 and S3 windings. If a voltmeter
could be placed directly across the S2 winding, it would
indicate 52 volts; across the S1 and S3 windings, it
would indicate 26 volts.

The coils of the stator are Y-connected (shown
upside down in these illustrations). The stem of the Y is
one coil and the branches of the Y are two other coils.
They have a common connection, but no lead is brought
out from this point.

SYNCHRO SYSTEM

Torque synchro transmitters and receivers are used
often in ordnance equipment to transmit information
electrically from one point to another. The synchro
transmitter sends out the signal and the synchro
receiver receives it.

These synchros are connected in such a way that
any amount of rotation of the transmitter rotor causes
the rotor of the receiver to turn the same amount. The
receiver either indicates the value of the signal by
turning a dial, as shown in figure 5-25, or positions a
light mechanical load, such as the valves shown in
figure 5-26.

If it is desired that a director control a gun by use of
a torque synchro system, the transmitter rotor will be
geared to the director so that when the director is
moved, the rotor of the transmitter is also moved. An
electrical signal representing the amount of rotation of
the transmitter rotor is transmitted over wires to a
synchro receiver located at the gun. This signal causes
the rotor of the synchro receiver to turn, or attempt to
turn, the same amount that the transmitter rotor has
turned. If the synchro receiver is connected to a power
drive through a servo system, as shown in figure 5-27, it
will control the drive and thereby cause the gun to turn
the same amount as the director.

In synchro transmission, any movement of the rotor
in the torque synchro transmitter produces a
corresponding movement of the rotor in the torque
synchro receiver. The position of the rotor of a synchro
receiver always conforms to the position of the rotor in
a synchro transmitter.

If reversing the direction of rotation of a receiver
becomes necessary, it is done by interchanging stator
leads S1 and S3; S2 represents electrical zero.
Changing the S2 lead would introduce an error of 120
degrees.
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B. STATOR VOLTAGE

Figure 5-24.—Effective stator voltages.
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Figure 5-25.—Torque synchros used to position a dial.

ELECTRICAL ZERO

If synchros are to work together properly in a
system, it is essential that they be correctly connected
and aligned in respect to each other and to the other
devices, such as directors and guns, with which they are
used. Needless to say, the best of ordnance equipment
would be ineffective if the synchros in the data
transmission circuits were misaligned electrically or
mechanically. Since synchros are the heart of the
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Figure 5-26.—Torque synchros used to move valves.
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Figure 5-27.—Basic synchro system.

transmission systems, it only stands to reason that they
must be properly connected and aligned before any
satisfactory shooting can be expected.

Electrical zero is the reference point for alignment
of all synchro units. The mechanical reference point for
the units connected to the synchros depends upon the
particular application of the synchro system. As a GM
on board ship, your primary concern with the
mechanical reference point will be the centerline of the
ship for gun train and the standard reference plane for
gun elevation. Remember that whatever the system, the
electrical and mechanical reference points must be
aligned with each other.

A typical example of proper alignment is a TX-TR
synchro team coupled to a gun director, so adjusted that
the gun position can be read on the TR dial. The gun
director is at zero when the gun points directly toward



the ship's bow (fig. 5-28). A TX is coupled mechan-
ically to the director, and a TR is connected electrically
to the TX. If this system were set up without paying any
attention to the position of the TX rotor, it would
indicate the gun position accurately if the TR dial were
set on zero when the gun director read zero. If the same
synchros remained in the same system, it would not be
necessary to position them more accurately. Sometimes
TRs and TXs become defective and must be replaced. If
another TX were put into this system without checking
the TR dial, its rotor probably would be positioned
differently from that of the original TX. The TR would
follow the new TX, and the TR dial would read
incorrectly. To overcome this difficulty, a zero degree
point is needed, which is standard for all synchros. In
the preceding example of the gun director, the system
first should have been aligned so that all synchro rotors
were at electrical zero, and all dials read zero when the
gun director was on zero degrees. Then, any synchro
could be replaced, without introducing error into the
system, by installing the new synchro with its rotor on
electrical zero when the gun director was on zero
degrees. The electrical zero provides a standard way
of aligning synchro units when they are connected
together in a synchro system.

There are two ways this alignment can be
accomplished. The most difficult way is to have two
GMs, one at the transmitter and one at the receiver or
control transformer, adjust the synchros while talking
over sound-powered telephones or some other
communication device. The better way is to align all the
synchros to electrical zero. Units may be zeroed

TR

individually and only one GM is required to do the
work. Another advantage of using electrical zero is that
trouble in the system always shows up in the same way.
For example, in a properly zeroed TX-TR system, a
short circuit from S2 to S3 causes all receiver dials to
stop at 60 degrees or 240 degrees.

In summary, zeroing a synchro means adjusting it
mechanically so that it will work properly in a system
where all other synchros are zeroed. This mechanical
adjustment is accomplished normally by physically
turning the synchro rotor or stator.

MAINTENANCE AND TROUBLESHOOTING
SYNCHRO SYSTEMS

One of the duties aboard ship will be to keep the
synchro systems that are used in ordnance equipment in
good working order. This means that GMs must be
familiar with the do's and don'ts of synchro
maintenance and repair.

The following is a list of don'ts:

e Do not attempt to zero a synchro system that is
already accurately zeroed because of a desire for
practice. Quite often this results in misalignments.

e Do not attempt to take a synchro apart, even if it
is defective. A synchro is a piece of precision equip-
ment that requires special equipment and techniques
for disassembly. If the synchro is faulty, return it to the
supply department if they require it for turn-in and draw
a replacement.

WHEN DIRECTOR IS ON ZERO DEGREES....
SYNCHROS MUST BE AT ELECTRICAL ZERO

8§20

ROTOR AT 0°

GMNPO291

Figure 5-28.—System zero.



e Never attempt to lubricate a synchro. A synchro,
unlike an electric motor, does not require periodic
lubrication.

e Never force a synchro into place; drill holes into
its frame, use pliers on the threaded shaft, or use force
to mount a gear or dial on the shaft.

Signal lights indicate either overload conditions or
blown fuses. An overload indicator is actuated by
excess current flowing in the stator windings. In one
form of indicator, a neon lamp is connected to the stator
leads by means of two transformers. The primary,
consisting of a few turns of heavy wire, is in series with
two of the stator leads; and the secondary, consisting of
many turns of fine wire, is in series with the lamp. The
turn ratio is such that when excess current flows
through the stator windings, the neon lamp lights. For
example, when the difference in rotor positions exceeds
approximately 18 degrees, the lamp lights, indicating
that the load on the receive shaft is excessive.

Fuse indicators are panel lights that glow when a
fuse in the rotor circuit blows. If excessive current flows
in the rotor windings due to a short circuit or excessive
mechanical overload, one of the fuses will glow and the
neon lamp across that fuse will light. Another type of
blown fuse indicator uses a small transformer with two
identical primaries and a secondary. With both fuses
closed, equal currents flow through the primaries that
induce mutually canceling voltage in the secondary. If a
fuse blows, the induced voltage from one primary is
present in the secondary and the lamp lights.

Synchro maintenance and troubleshooting is a very
complex undertaking in modern ordnance equipment,
and skilled personnel with ordnance rates work jointly
to maintain the synchro systems in a high degree of
readiness. The Navy Handbook, MIL-HDBK-225
(AS), is devoted to synchro troubles and should be used
during analysis of synchro system casualties. The
tables contained in this publication are useful tools for
learning the many problems that may exist in synchro
systems.

If the casualty exists in the transmitter, all receivers
will be affected. If the casualty exists in a receiver, only
that receiver will be affected, except in the case
of shorted stator leads, when all synchros will be
affected.

A list of synchro casualties and effects on a typical
synchro system follows:

1. S1 and S3 shorted—rotor locks on 0 degrees or

180 degrees.
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S1 and S2 shorted—rotor locks on 120 degrees

or 300 degrees.

3. S2and S3 shorted—rotor locks on 240 degrees
or 060 degrees.

4. S1, S2, and S3 shorted—rotor spins.

5. R1 or R2 shorted—rotor aligns as 090 degrees
or 270 degrees from the signal; fuse blows.

6. RI1 or R2 open—rotor aligns at 0 degrees or
180 degrees; proper rotation, poor torque.

7. S1 open—rotor oscillates over S1 or 180
degrees from S1.

8. S2 open—rotor oscillates over S2 or 180
degrees from S2.

9. S3 open—rotor oscillates over S3 or 180
degrees from S3.

10. R1 and R2 reversed—rotor aligns 180 degrees
from signal; proper rotation, good torque.

11. S1 and S2 reversed—rotor aligns at 120
degrees from signal; reversed rotation, good
torque.

12. S2 and S3 reversed—rotor aligns at 240
degrees from signal; reversed rotation, good
torque.

13.  S1 and S3 reversed—rotor aligns at O degrees;

reversed rotation, good torque.

Synchro units require careful handling at all times.
For more information on synchros, refer to the Navy
Electricity and Electronics Training Series (NEETS),
module 15, Principles of Synchros, Servos, and Gyros,
NAVEDTRA 172-15-00-80.

CIRCUIT FAILURES

LEARNING OBJECTIVE: Discuss general
electrical and electronic system maintenance
and repair.

The failure of a circuit to function properly usually
is caused by a break in the circuit (open), a short circuit
(a circuit that permits current to bypass a part of the
circuit), or a grounded circuit (this permits an undesired
path of current return to the source).

Any of these faults affects the current and voltage
values and causes the circuit to function improperly.

Open circuits may result from dirty or loose
connections, improperly installed wire, mechanical
damage, faulty installing or repair, and vibration. If



connections are clean and tight, no resistance is added
to the circuit.

Short circuits are low-resistance paths or shortcuts
that cause the current to bypass the load. The current
from the source passes through the short instead of the
load, causing the load to function improperly. Most
shorts are accidental. They occur when vibration wears
away the insulation, when salt water gets into
connection boxes, when heat melts away insulation, or
when carelessness brings two conductors together.

A grounded circuit is one in which one side of the
path is connected to ground either intentionally or
accidentally. An intentionally grounded circuit uses a
ground that is the ship's hull, equipment chassis, and so
forth, as one side of the line or one conductor. If the "hot
side" conductor of a grounded source touches ground
accidentally, a short circuit results. Power circuits in the
Navy are not grounded and must be insulated from
ground at all times. One side of this circuit may be
grounded accidentally and no harm will result, but if
both sides are grounded, a short circuit is the result. An
ungrounded circuit has a safety feature. If anyone
accidentally touches one side of an ungrounded circuit,
there will be no path for current flow through the body
to the other side of the source. This is one reason why
power circuits in the Navy are insulated from ground.

TYPES OF CIRCUIT CHECKS

There are three basic circuit checks used to locate
shorts, grounds, and open circuits within electric and
electronic equipment: (1) voltage (volt) checks, (2)

FUSE-BLOWN LAMPS (AMBER)

12V, 18V, AND 28V CIRCUITS
e N

current (amperes) checks, and (3) resistance (ohms)
checks.

Voltage checks reveal the amount of potential force
present to move electrons in a circuit.

Current checks show the actual amount of current
flowing through the circuit.

Resistance checks tell the resistance characteristics
of the circuit; that is, how much opposition the circuit
offers to the flow of current.

With the proper use of test equipment, failures in
electric and electronic circuits can be detected and
isolated to specific components by using one of these
three checks.

Since volts, amperes, and ohms are units of
electrical measure (Ohm's law is explained in NEETS,
module 1), some measuring device must be used to
measure them. One device used for this purpose is the
multimeter. The Simpson AN/PSM-4A and 260 series
are the most commonly used types of multimeters. The
specific operating procedures for these meters are
contained in the manufacturer's manual. Multimeters
and other test equipment are also covered in
NEETS, module 16, Introduction to Test Equipment,
NAVEDTRA 172-16-00-84.

GROUND DETECTION INDICATOR

Another type of current measuring device you
should be familiar with is the ground detection
indicator. A ground detection indicator is a continuous
monitoring system designed to detect a first ground.
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Figure 5-29.—Gun control panel.



Because the power distribution and control circuits are
powered by ungrounded currents, the first ground will
not always cause a malfunction. However, if the first
ground is not discovered, and a second develops, the
result could be an illogical and destructive sequence of
gun mount operation. The reason for this action is that
the two grounds act as an electrical conductor between
the grounded components. A ground detection
indicator will produce audio and visual indications if a
gun system develops a short or ground.

For example, if a ground were to occur in the 5"/54
automatic loading system, and it was not corrected,
perhaps nothing would happen. Operations might be
normal. If a second ground develops, however, and
some safety interlocks are energized due to the
grounded circuit, the equipment could be damaged and
personnel might be injured. The elimination of grounds
and potential grounds is preventive maintenance and
the responsibility of the GM.

When the ground detector indicator indicates that
some part of the gun system is grounded, the GM must
determine the location and cause of the ground by using
a multimeter. Ground detection indicators are being
installed on all new gun and missile systems.

MK 75 GUN MOUNT CONTROL SYSTEM

LEARNING OBJECTIVE: Identifty and
describe the Mk 75 gun mount control system.

The Mk 75 gun mount control system consists of
the equipment used to distribute power to the gun
loading and gun laying systems. It includes equipment
required to activate, control, monitor, and test gun
mount operations, and equipment required to prevent
excessive gun barrel temperatures during firing
operations. The gun mount control system also includes
equipment required to prevent ice from forming on the
gun port shield and the roller path assembly during cold
weather operations.

This section will cover only a general description
of the Mk 75 gun mount control system. For a more
detailed and in-depth description, refer to Technical
Manual for 76-mm 62-Caliber Gun Mount Mark 75
Mod 0 and 1, SW314-A0O-MMM-A10/GM MK 75 0-1,
series.

GUN CONTROL PANEL (GCP)

The gun control panel (GCP) (fig. 5-29 and table
5-3), located in the ammunition handling room,

Table 5-3.—GCP: Controls and Indicators

Item on Panel nomenclature | Designation | Description Position/ Function
figure 5-29 indication
1 SAFETY KEY --- -- --- Locks SERVO SYSTEM
AND SERVICES and
HYDRAULIC UNIT circuit
breakers to prevent
unauthorized activation of
the gun mount
2 SERVO SYSTEM | CB1 Circuit breaker | O Disconnects 440-VAC
AND SERVICES power from distribution
circuits
I Connects 440-VAC power to
distribution circuits
3 HYDRAULIC CB2 Circuit breaker | O Disconnects 440-VAC
UNIT power from hydraulic unit
I Connects 440-VAC power to
hydraulic unit
4 440V 60 HZ DS24 Indicating lamp | On Indicates 440-VAC power
AVAILABLE (white) (60-Hz for Mod 0 or 400-Hz
(Mod 0) or for Mod 1) available at GCP
440V 400 HZ
AVAILABLE
Mod 1)




Table 5-3.—GCP: Controls and Indicators—Continued

Item on Panel nomenclature | Designation | Description Position/ Function
figure 5-29 indication
5 115V 400 HZ DS25 Indicating lamp | On Indicates 115-VAC 400-HZ
AVAILABLE (white) power available at GCP
6 28V ENERGIZED | DS26 Indicating lamp | On Indicates +28-VDC power
(white) supply energized
7 115V 400 HZ IN | DS27 Indicating lamp | On Indicates 115-VAC 400-Hz
PANEL (white) power distribution circuits
energized
8 440V 60 HZ MAIN | DS28 Indicating lamp | On Indicates main transformer
TRANSFORMER (white) energized
(Mod 0) or
440V 400 HZ
MAIN
TRANSFORMER
(Mod 1)
9 440V 60 HZ DS29 Indicating lamp | On Indicates 440-VAC power
HYDRAULIC (white) (60-Hz for Mod 0 or 400-Hz
UNIT (Mod 0) or for Mod 1) available for
440V 400 HZ operation of hydraulic power
HYDRAULIC unit motor
UNIT (Mod 1)
10 LOCAL/ S1 Two-position LOCAL Connects control of gun
REMOTE rotgtr);l selector mount to GCP
SWite REMOTE Connects control of gun
mount loading system,
firing, gun laying, and barrel
cooling to FCS
11 BARREL DS38 Indicating lamp | On Indicates barrel temperature
TEMPERATURE- (yellow) is 150 to 250°C
HIGH
12 BARREL DS39 Indicating lamp | On Indicates barrel temperature
TEMPERATURE- (red) over 250°C
DANGEROUS
13 BARREL DSI15 Indicating lamp | On Indicates barrel cooling
COOLING-ON (green) system in operation
14 BARREL P7 Push-button Pressed Activates barrel cooling
COOLING-ON switch system
15 BARREL DS14 Indicating lamp | On Indicates barrel cooling
COOLING-OFF (red) system not in operation
16 BARREL P8 Push-button Pressed Deactivates barrel cooling
COOLING-OFF switch system
17 ELEVATION-ON | DS20 Indicating lamp | On Indicates elevation servo
(green) system in operation
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Table 5-3.—GCP: Controls and Indicators—Continued

Item on Panel nomenclature | Designation | Description Position/ Function
figure 5-29 indication
18 ELEVATION-ON | P1 Push-button Pressed Activates elevation servo
switch system
19 ELEVATION-OFF | DS19 Indicating lamp | On Indicates elevation servo
(red) system not in operation
20 ELEVATION-OFF | P2 Push-button Pressed Deactivates elevation servo
switch system
21 TRAINING-ON DS22 Indicating lamp | On Indicates train servo system
(green) in operation
22 TRAINING-ON P3 Push-button Pressed Activates train servo system
switch
23 TRAINING-OFF | DS21 Indicating lamp | On Indicates train servo system
(red) not in operation
24 TRAINING-OFF P4 Push-button Pressed Deactivates train servo
switch system
25 HYDRAULIC DS6 Indicating lamp | On Indicates hydraulic power
UNIT-ON (green) unit in operation
26 HYDRAULIC P5 Push-button Pressed Activates hydraulic power
UNIT-ON switch unit
27 HYDRAULIC DS5 Indicating lamp | On Indicates hydraulic power
UNIT-OFF (red) unit not in operation
28 HYDRAULIC P6 Push-button Pressed Deactivates hydraulic power
UNIT-OFF switch unit
29 REVOLVING P11 Push-button Pressed Starts and maintains opera-
MAGAZINE switch tion of revolving magazine,
(spring-returns hoist, and screw feeder
to deactivated . .
ition) Stops operation of revolving
position Released magazine, hoist, and screw
feeder
30 ROCKING ARMS | P9 Push-button Pressed Starts and maintains opera-
switch tion of rocking arms and
(spring-returns loader drum
to .tc‘leactlvated Released Stops operation of rocking
position) arms and loader drum
31 MOUNT P10 Push-button Pressed Starts and maintains opera-
LOADING switch tion of revolving magazine,
(spring-returns hoist, screw feeder, rocking
to deactivated arms, and loader drum
position) Released Stops operation of revolving

magazine, hoist, screw
feeder, rocking arms, and
loader drum
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Table 5-3.—GCP: Controls and Indicators—Continued

Item on Panel nomenclature | Designation | Description Position/ Function
figure 5-29 indication
32 RATE OF FIRE S4 Five-position 10 Selects rate of fire at 10
REGULATOR rotary selector rounds per minute
switch 20 Selects rate of fire at 20
rounds per minute
40 Selects rate of fire at 40
rounds per minute
60 Selects rate of fire at 60
rounds per minute
MAX Selects maximum rate of fire
33 MISALIGNMENT | S2 Two-position ON Allows firing circuit to be
toggle switch completed if gun mount is
not within 25 minutes of the
position ordered by FCS
OFF Prevents firing circuit from
being completed if the gun
mount is not within 25
minutes of the position
ordered by FCS
34 GUN READY TO | DS8 Indicating lamp | On Indicates gun mount ready
START (green) for operation
35 GUN IN REMOTE | DS1 Indicating lamp | On Indicates gun mount under
(green) control of FCS
36 GUN READY TO | DS2 Indicating lamp | On Indicates gun mount ready to
LOAD (green) load a round
On and Indicates no round in last
flashing station loader drum
37 ROUND IN DS3 Indicating lamp | On Indicates breechblock up
BARREL (green) and gun in battery
38 GUN READY TO | DS10 Indicating lamp | On Indicates gun ready to fire a
FIRE (green) round
On and Indicates gun mount not
flashing aligned with FCS signal or in
a nonfiring zone
39 ELEVATION DS30 Indicating lamp | On Indicates elevation
HANDCRANK IN (red) handcrank engaged with
power drive
40 TRAINING DS31 Indicating lamp | On Indicates train handcrank
HANDCRANK IN (red) engaged with power drive
41 REVOLVING DS32 Indicating lamp | On Indicates revolving
MAGAZINE (red) magazine handcrank
HANDCRANK IN engaged with power drive

5-30




Table 5-3.—GCP: Controls and Indicators—Continued

Item on Panel nomenclature | Designation | Description Position/ Function
figure 5-29 indication
42 ELEVATION DS33 Indicating lamp | On Indicates elevation securing
LOCK IN (red) mechanism engaged
43 TRAIN LOCK IN | DS34 Indicating lamp | On Indicates train securing pin
(red) engaged
44 GUN INLOCAL | DS16 Indicating lamp | On Indicates control of gun
(red) mount at GCP
45 GUN IN DUMMY | DS7 Indicating lamp | On Indicates control of train and
DIRECTOR (red) elevation of the gun mount
by dummy director
46 FORWARD DS41 Indicating lamp | On Indicates forward strut of
STRUT (red) hydrofoil deployed and
DEPLOYED firing zones modified
(Mod 1 only)
47 SPENT CASE DS35 Indicating lamp | On Indicates no empty case in
ABSENT (red) empty case tray
48 ROUND IN DS36 Indicating lamp | On Indicates no round in last
LAST STATION (red) station loader drum
ABSENT
49 GUN IN BAT- DS37 Indicating lamp | On Indicates gun in battery but
TERY EMPTY (red) breechblock open
50 RECUPERATOR | DS40 Indicating lamp | On Indicates recuperator pres-
PRESSURE (red) sure below 72 (£2) kg/cm2
INSUFFICIENT
51 SERVO SYSTEM | DS23 Indicating lamp | On Indicates either or both train
OFF (red) and elevation servo systems
not in operation
52 MISFIRE DS9 Indicating lamp | On Indicates breechblock up,
(red) gun in battery, and firing pin
released
53 FIRING CUT-OUT | DS17 Indicating lamp | On Indicates barrel pointing into
ZONE (red) a nonfiring zone
54 MISALIGNMENT | DS18 Indicating lamp | On Indicates gun mount not
(red) aligned within 25 minutes of
ordered position
55 PERSONNEL IN | DS13 Indicating lamp | On Indicates personnel inside
MOUNT (yellow) weather shield of gun mount
have actuated switch 453
56 --- TB1 Train position | 0 to 360 Indicates position of gun
indicator dial degrees mount in train
57 TRAIN SWITCH | S3 Three-position | LEFT Trains gun mount to the left
toggle switch in local control
Center Off
RIGHT Trains gun mount to the right

in local control
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Table 5-3.—GCP: Controls and Indicators—Continued

Item on Panel nomenclature | Designation | Description Position/ Function
figure 5-29 indication
58 --- TB2 Elevation -15 to 490 | Indicates position of barrel
position degrees in elevation
indicator dial
59 ELEVATION S6 Three-position | DEPRESS Depresses barrel in local
SWITCH toggle switch control
Center Off
ELEVATE Elevates barrel in local con-
trol
60 FIRE DS4 Indicating lamp | On Indicates firing circuit com-
(red) plete
61 ELEVATION— DS12 Indicating lamp | On Indicates barrel at elevation
IN STOW (green) stow position
POSITION
62 TRAIN— DS11 Indicating lamp | On Indicates gun mount at train
IN STOW (green) stow position
POSITION
63 TRAIN SPEED S5 Two-position REDUCED | Reduces train speed to 26
LIMIT SWITCH toggle switch VELOCITY | degrees per second
(maximum) when in remote
control/dummy director
NORMAL Keeps train speed at normal
VELOCITY | velocity in remote control
64 LAMP CHECK PX Push-button Pressed Turns on indicating lamps on
switch face of GCP, except for
DS24, DS25, DS26, DS27,
DS28, DS29 (and DS41 on
Mod 1)

provides the intermediate link between the fire control
system (FCS) and the gun mount. The GCP includes
solid-state plug-in modules which contain the
electronic control circuits for the systems of the gun
mount. The GCP also includes transformers, circuit
breakers, indicating lamps, control switches, train and
elevation position dials, and the train and elevation
toggle switches.

needed for the electrical and electronic systems and
components of the gun mount. Circuit breakers permit
the distribution of this power to the hydraulic power
unit, the servo system, and the other electrical systems
of the gun mount. Indicating lamps provide visual
indications of the gun status and permit the GCP
operator to monitor gun mount systems.
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Control switches permit local control of the gun
systems for maintenance and test purposes. Control
switches also enable the GCP operator to load
ammunition to the last station loader drum. The train
and elevation position dials permit these positions to be
monitored from the GCP. Train and elevation toggle
switches permit local control of the train and elevation
systems (at low speed only).

When the gun mount is operated in remote control,
the GCP receives control inputs directly from FCS.
When the gun mount is operated in the remote mode,
the GCP is normally used to monitor system functions
and gun status.
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Figure 5-30.—Inside top cover of GCP.

The equipment of the GCP is organized into
compartments. Each compartment permits ready
accessibility for maintenance and testing. An interlock
switch under each compartment cover opens the GCP
circuit breakers when the cover is removed. The
following locations provide access to equipment and
test points at the GCP:

3. Inside bottom compartment
4. Rightside
5. Leftside

Inside Top Cover

The top cover of the GCP is hinged in the back and

1. Inside top cover secured in the front with capscrews. With the top cover
2. Inside top compartment open (fig. 5-30), access is provided to the components
listed in table 5-4.
Table 5-4.—Inside Top Cover of GCP
Item on Designation Nomenclature Description/function
figure 5-30
1 CBl1 SERVO SYSTEM | Provides 440-VAC 3-phase power to GCP circuitry
AND SERVICES when positioned to I; de-energizes 440-VAC 3-phase
circuit breaker power when positioned to 0
2 CB2 HYDRAULIC Provides 440-VAC 3-phase power to GCP circuitry
UNIT circuit breaker | when positioned to I; de-energizes 440-VAC 3-phase
power when positioned to 0
3 TB1 through | Terminal boards Provide connection points for GCP circuitry
TB11
4 I1 Control panel Trips SERVO SYSTEM AND SERVICES and
interlock switch HYDRAULIC UNIT circuit breakers when top
cover is opened (provided BATTLE SHORT switch
is positioned to NORMAL)
5 --- Switch and counter | Refer to table 5-12 GCP: Controls and Indicators
board assembly (Top Cover Open)
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Figure 5-31.—Inside top compartment of GCP.

Inside Top Compartment

The top compartment of the GCP (fig. 5-31) is also
secured with cap-

protected by a cover plate

screws. With the cover removed, access is provided
to the plug-in modules and components listed in table
5-5.

Table 5-5.—Inside Top Compartment of GCP

Item on Designation | Nomenclature Description/function
figure 5-31
1 1J1 Power supply Provides +12- and -12-VDC power supplies,
module demodulator signals, stickoff voltage, and brake
release and silicon-controlled rectifier (SCR) module
oscillator start signals
2 112 Elevation amplifier | Contains coarse and fine demodulator output circuits,
module changeover and time-delay circuits, upper and lower
limit adjustment circuits, and elevation amplifier
circuits
3 113 Train amplifier Contains coarse and fine demodulator output circuits,
module changeover and time-delay circuits, and train
amplifier circuits
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Table 5-5.—Inside Top Compartment of GCP—Continued

Item on Designation | Nomenclature Description/function
figure 5-31
4 1J4 Signal ramp module | Contains ramp reference circuit, phase consent
circuit, contouring circuit, and misalignment circuit;
provides high and low nonpointing zone signals for
train and elevation limit-stops
5 1J5 SCR module Provides increasing and decreasing orders for
elevation motor
6 1J6 SCR module Provides increasing and decreasing orders for train
motors
7 137 SCR module Provides increasing and decreasing orders for
elevation motor
8 1J8 SCR module Provides increasing and decreasing orders for train
motors
9 2J1 Relay and switch Contains firing and loading relays 1K1 through 1K7
module
10 2]2 Relay and switch Contains train and elevation start relays 2K1 through
module 2K12
11 2J3 Relay and switch Contains firing, barrel cooling, and hydraulic power
module unit start relays 3K1 through 3K12
12 2J4 Relay and switch | Contains 400-Hz changeover relays 4K1 through
module 4K11
13 2J5 Relay and switch Contains synchro phase changeover relays 5KI1
module through 5K14
14 2J6 DC control module | Contains current drive circuits, rate of fire circuit, and
logic circuit
15 217 Logic module Contains loading and firing electronic logic circuits
16 2J8 Power supply Provides +18-VDC power supply for electronic logic
module circuits
17 K2 Hydraulic unit Energizes electric motor for hydraulic power unit
contactor
18 --- Filter board Provides filtering for sawtooth transformer T2
circuits; contains capacitors Cl through C6 and
resistors R1 through R6
19 TB12 Terminal board Connects SCR outputs to train and elevation motors
20 13 Control panel Trips SERVO SYSTEM AND SERVICES and

interlock switch

HYDRAULIC UNIT circuit breakers when access
cover is removed (provided BATTLE SHORT switch
is positioned to NORMAL)
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Figure 5-32.—Inside bottom compartment of GCP.
Inside Bottom Compartment secured with capscrews. With the cover re-

moved, access is provided to the components listed in
The bottom compartment of the GCP table 5-6.

(fig. 5-32) is also protected by a cover plate

Table 5-6.—Inside Bottom Compartment of GCP

Item on Designation Nomenclature Description/function
figure 5-32
1 T1 Main transformer Supplies 170-VAC 6-phase, 115-VAC

3-phase, and 20-VAC 6-phase power for elec-
tric motors and most electrical systems of the

gun mount
2 T2 Signal ramp (sawtooth) | Provides 50-VAC 6-phase power for signal
transformer ramp and phase consent circuits in signal ramp

module 1J4

5-36



Table 5-6.—Inside Bottom Compartment of GCP—Continued

Item on Designation Nomenclature Description/function
figure 5-32
3 T3 Indicator supply Provides 28-VAC power for:
transformer 1. 440V 60 HZ AVAILABLE lamp (Mod 0) or
440V 400HZ AVAILABLE lamp (Mod 1)
2. Safety interlock circuit rectifier plate in GCP
4 T4 Indicator supply For Mod 0, provides 28-VAC power for 440V 60
transformer HZ MAIN TRANSFORMER lamp or
For Mod 1, provides 28-VAC power for 440V
400 HZ MAIN TRANSFORMER lamp
5 TS Indicator supply For Mod 0, provides 28-VAC power for 440V 60
transformer HZ HYDRAULIC UNIT lamp or
For Mod 1, provides 28-VAC power for 440V
400 HZ HYDRAULIC UNIT lamp
6 T6 Indicator supply Provides 28-VAC power for 115V 400 HZ
transformer AVAILABLE and 115V 400 HZ IN PANEL
lamps
7 12 Control panel interlock | Trips SERVO SYSTEM AND SERVICES and
switch HYDRAULIC UNIT circuit breakers when
access cover is removed (provided BATTLE
SHORT switch is positioned to NORMAL)
8 TI1-F1 through Fuses Provide circuit protection for 170-VAC supply
T1-F24 from T1
9 MCL module Motor Current Limiter | Prevents excessive current draw by train and
(MCL) module elevation electric motors
10 D1 through D6 28-VDC rectifier boards | Rectify 20-VAC power from T1
(DK)
11 D7 through D11 | Rectifier boards (PR) Rectify 28-VAC power from T3 for:
1. Interlock switches
2. 440V 60 HZ AVAILABLE lamp (Mod 0) or
440V 400 HZ AVAILABLE lamp (Mod 1)
12 R1 through R3 Motor feedback Provides current feedback from motors
resistors
13 FL1 through FL6 | Filters Remove stray frequencies (noise) from
170-VAC supply (FL4 through FL6 are directly
behind FL1 through FL3)
14 CB3 Convenience outlet Provides circuit protection for convenience
circuit breaker outlet
15 CB4 Shield lighting circuit | Provides circuit protection for gunhouse red and
breaker white lights
16 CB5* 28-VDC circuit breaker | Provides circuit protection for +28-VDC supply
17 CB6* 28-VDC circuit breaker | Provides circuit protection for +28-VDC supply

* CB5 and CB6 control 20-VAC (6-phase) power which is rectified to obtain +28-VDC.
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Figure 5-33.—Right side of GCP.

Table 5-7.—Right Side of GCP

Item on Designation | Nomenclature Function
figure 5-33
1 COM Test point Provides common return for test purposes
2 FG Test point Provides function generator input for elevation frequency
response test
3 36X Test point Provides 36X DC elevation error signal
4 TACH Test point Provides signal from elevation tachometer
5 1X Test point Provides 1X DC elevation error signal
6 FG Test point Provides function generator input for train frequency response
test
7 36X Test point Provides 36X DC train error signal
8 TACH Test point Provides signal from train tachometer
9 1X Test point Provides 1X DC train error signal
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Table 5-7.—Right Side of GCP—Continued

Item on Designation | Nomenclature Function
figure 5-33
10 COM Test point Provides common return for test purposes
11 J12 Connector jack | Provides test jack for proximity switches, solenoid units,
misalignment circuit, and firing cutout circuit (refer to table 5-8)
12 J11 Connector jack | Provides input for elevation dummy director
13 J10 Connector jack | Provides input for train dummy director
14 J18 Connector jack | Provides connection for cable W0O10
15 J7 Connector jack | Provides connection for cable W007
16 J8 Connector jack | Provides connection for cable W008
17 12 Connector jack | Provides connection for cable W002
18 J13 Connector jack | Provides connection for cable W013
19 J14 Connector jack | Provides connection for cable W014
20 --- Ground strap Provides chassis ground
connection boss
21 J301 Connector jack | Provides connections for sound-powered telephone lines into
gunhouse
Right Side and a ground connection. Table 5-7 is a list of the test

The right side of the GCP (fig. 5-33) contains 10

points and connectors. Table 5-8 lists the connector
jack J12 test points.

test points behind a protective plate, 10 connector jacks,

Table 5-8.—Connector Jack J12 Test Points

Connector test point pin

Function/circuit tested

J12-A
J12-B
J12-C
J12-E
J12-G
J12-H
J12-K
J12-M
J12-O
J12-R
J12-T
J12-V
J12-X
J12-7Z
J12-b
J12-d
J12-f
J12-h
J12-k
J12-m
J12-p
J12-r
J12-t
J12-v

Firing pin released proximity switch 3A4

Breechblock closed proximity switch 3A3

Round at last station loader drum proximity switch 3A1
Loader drum rotation complete proximity switch 3A5
Spent case in tray proximity switch 3A6

Loading tray up and empty proximity switch 3A2

Gun on hooks proximity switch 3A7

Right rocking arm down proximity switch 2A6

Left rocking arm down proximity switch 2A7

Round in transit screw feeder proximity switch 2A8
Round in last station screw feeder proximity switch 2A9
Screw feeder empty proximity switch 2AS

Rocking arms electrovalve 2HP1 return

Raise right rocking arm solenoid 2ZHP1D

Raise left rocking arm solenoid 2HP1S

Revolving magazine and screw feeder electrovalve 2HP2 return
Revolving magazine and screw feeder electrovalve 2HP2
Firing solenoid 3HY'1

Firing solenoid 3HY1 return

Misalignment circuit

Misalignment circuit return

Firing cutout circuit

Firing cutout circuit return

Proximity switch return
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Left Side contains 12 connector jacks. Table 5-9 lists the
connectors for Mod 0 and Mod 1.
For the Mod O, the left side of the GCP

(fig. 5-34) contains nine connector jacks—the Mod 1
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Figure 5-34.—Left side of GCP.
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Table 5-9.—Left Side of GCP

Item on figure 5-34

Designation

Nomenclature

Function

1

10

11

12

J1

J9

J3

J6

122

J5

J21

120

J19

J300

J16

J15

Connector jack

Connector jack

Connector jack

Connector jack

Connector jack

Connector jack

Connector jack

Connector jack

Connector jack

Connector jack

Connector jack

Connector jack

Provides
connection for
cable W001

Provides
connection for
cable W009

Provides
connection for
cable W003

Provides
connection for
cable W006

Provides
connection for
cable W086

Provides
connection for
cable W005

Provides
connection for
cable WO019

Provides
connection for
cable W088

Provides
connection for
cable W087

Provides
connection for
cable W300
(Mod 1 only)

Provides
connection for
cable WO016
(Mod 1 only)

Spare (Mod 1
only)
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Figure 5-35.—Microswitch.
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Figure 5-38.—Indicating lamp.

RS : ~

A\\=/4 GMNP0299

Figure 5-36.—Proximity switch.

=
CONTROL SYSTEM COMPONENTS GMNP0302
Figure 5-39.—Push-button switch.
The control system commonly wuses the
components shown in figures 5-35 through 5-43. Table
5-10 provides a brief description of the components and \
gives their function in the control system. The
designations of some components contain number
codes which indicate their general location. For
example, the first number in the relay designations used
in plug-in modules identifies the module (2J1 through
2J5) containing the relay. A relay with a designation
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Figure 5-40.—Toggle switch.
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Figure 5-37.—Fuses. Figure 5-41.—Module.
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Figure 5-42.—Synchro.

beginning with 4 (4K10, for example) indicates that the
relay is located in module 2J4.

Likewise, for any component designation
beginning with a number, the number indicates its
general location on the gun mount. A designation

Figure 5-43.—Circuit breaker.

beginning with a "l1" indicates the component is
mounted on a bulkhead; "2" indicates the component is
located on the training mass; "3" indicates the
component is located on the elevating mass; and a "4"
indicates the component is mounted on the weather
shield.

Table 5-10.—Control System Components

A mechanically actuated miniature switch that provides indications to

A switching device that provides indications to control circuits. Ferrous
metal actuators are mounted on moving components to actuate the switch
as the component nears the switch (moves into proximity). The gun mount

Circuit protection devices which melt (blow) and open the circuit if
current in the circuit exceeds the rating of the fuse. The amperage rating is
tailored to the specific circuit. The gun mount uses four sizes of fuses.

A light bulb providing quick-look verification of the status of the gun
mount. Indicating lamps are located on the GCP and on anti-icing junction

A manually actuated switch device used in the control circuits of the GCP.
A manual switch actuated when the projecting lever (toggle) is moved.

A plug-in device (similar to a printed-circuit card) containing the
electronic circuits and components of the control system. The GCP

A component of the servo system that converts the angular displacement
between its stator and rotor to an electrical error signal. The signal
controls gun mount movement in train and elevation.

Figure | Component Description/function
5-35 Microswitch
control circuits.
5-36 Proximity switch
uses 17 proximity switches.
5-37 Fuses
5-38 Indicating lamp
box assembly 1JB1.
5-39 Push-button switch
5-40 Toggle switch
5-41 Module
contains 16 plug-in modules.
5-42 Synchro
5-43 Circuit breaker

A power switch that provides overload protection. Two circuit breakers on
the GCP are manually actuated to activate the gun mount but
automatically deactuate in the event of an overload.
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BARREL COOLING CONTROL PANEL

The barrel cooling control panel (fig. 5-44) is
located on a bulkhead in the ammunition handling
room. Figure 5-45 shows the interior components of the
barrel cooling control panel. Table 5-11 provides a brief
description of the use or function of these components
in the control system.

This panel controls the flow of water to cool and
flush the gun barrel. Both salt water from the ship's fire
main and fresh water from the ship's supply are
connected to the panel for delivery to the gun barrel
water jacket. The flow of salt water cools the barrel
during firing; fresh water flushes the barrel cooling
system after firing to prevent excessive saltwater
corrosion.

ANTI-ICING SYSTEM

The anti-icing system uses thermostatically
controlled heating elements. These heating elements
allow the gun mount to continue to operate when the
above deck temperature is as low as -40EC. They
prevent ice formation from interfering with train and
elevation movements. The anti-icing system consists of
seven heating elements—one for train and six for
elevation.

The heating element for train is mounted on the
outside of the water shield. The controlling thermostat
is beneath the outer ring of the roller path assembly.

The six heating elements for elevation are on the
inner surface of the gun port shield. The thermostat is

ﬁ
2
M 1N
b
CLOSED
8ALT FRESH
.-5 WATER + WATER ] }
OPEN
SALT WATER L]
PRESSURE
\U \_/
C
BARREL COOLING
CONTROL PANEL
A SALT WATER TAP FRESH WATER TAP

GMNP0307

Figure 5-44.—Barrel cooling control panel.
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Figure 5-45.—Barrel cooling control panel—inside cover.

Table 5-11.—Barrel Cooling Control Panel (Inside Cover)

Item on figure 5-45 | Designation | Nomenclature Description/function
1 --- Manual shutoff | Opens and closes saltwater line to
valve barrel cooling control panel
2 --- Manual shutoff | Opens and closes freshwater line
valve to barrel cooling control panel
3 --- Quick-connect Provides self-sealing hose con-
coupling nection for freshwater supply to
gun barrel water jacket
4 --- Quick-connect Provides self-sealing hose con-
coupling nection for saltwater supply to gun
barrel water jacket
5 --- Diaphragm Opens and closes water line to gun
valve barrel water jacket
6 --- Pressure gage Indicates saltwater pressure to
barrel cooling control panel when
manual shutoff valve is open
7 1HP1 Solenoid valve Controls the diaphragm valve that
opens/closes saltwater line to gun
barrel water jacket (two models of
1HPI1 are in current use)
8 --- Manual control | Permits manual operation of 1HP1
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mounted in the gun port shield above and to the left of
the barrel. The heating elements for both train and
elevation receive power from junction box 1JB1 (fig.
5-46, Mod 0 gun mount; fig. 5-47, Mod 1 gun mount).

Junction box 1JB1 is located in the ammunition
handling room. It distributes 440-VAC power (60-Hz
for Mod 0 gun mount, 400-Hz for Mod 1 gun mount) to

the train heating element via the train anti-icing
junction box assembly 1JB2. Junction box 1JBI1
distributes power to the elevation heating elements via
the slip ring assembly and elevation anti-icing junction
box assembly 3JB2. Junction box 1JB2 is located above
deck on the underside of the water shield; 3JB2 is
located on the right side of the slide forward of the
trunnion.
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Figure 5-46.—Junction box 1JB1 (Mod 0 gun mount).
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Figure 5-47.—Junction box 1JB1 (Mod 1 gun mount).

The components of 1JB1 are a transformer, a
rectifier, four relays and associated diodes (two relays
in Mod 1), four fuses and fuse-blown indicators, and
four cable connectors. An indicating lamp and the
fuse-blown indicators are mounted on the cover to
permit quick verification of the operational status of the
anti-icing system.
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GUN MOUNT CABLING

Electrical cabling and barrel cooling piping
extending into the gun mount are routed through the
slip ring assembly. The slip ring assembly, through the
use of rotating electrical contacts and a rotary pipe
joint, allows unlimited training of the gun mount.



SLIP RING ASSEMBLY

The slip ring assembly (fig. 5-48) provides
continuous electrical connections between the cabling
of the stationary structure of the gun mount and the
cabling of the training mass. The slip ring assembly
also contains a rotary joint for the barrel cooling system
piping.

The slip ring assembly extends up the center of the
gun mount. The lower end of the slip ring assembly
contains plug-in connectors for the cabling on the
stationary structure. The lower end of the slip ring
assembly is prevented from rotating by guides mounted
to the deck, which engage a retaining lug on the
slip ring.

The shaft and upper end of the slip ring assembly
rotate with the gun mount in train. The upper end
contains plug-in connectors for the electrical cables on
the rotating structure. When the gun mount moves in
train, the upper end and the shaft of the slip ring rotates
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Figure 5-48.—Slip ring assembly.
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on bearings mounted on top of the lower end of the of
the assembly.

Brushes inside the shaft of the slip ring assembly
rotate around stationary ring-shaped conductors as the
gun mount moves in train. The ring-shaped conductors
maintain continuous electrical contact with the brushes
as the gun mount trains. Each wire going into or out of
the slip ring has its own ring and brush assembly.

AUXILIARY SYSTEMS

The three electrical auxiliary systems of the Mk 75
gun mount are the ventilation system, lighting system,
and the telephone system.

Ventilation System

Ventilation in the ammunition handling room is
provided by the ship's ventilation system. Ventilation
inside the gunhouse is provided by an exhaust fan
mounted in the weather shield above the entry hatch
(fig. 5-49). The fan motor operates on 115-VAC 60-Hz
power. The fan is controlled by the mount exhaust fan
on switch 254. Switch 254 is located on the outside of
the lower feed system support next to the train-securing
pin-operating handle.

GMNPO312

Figure 5-49.—Exhaust fan (inside view).



WARNING

Fumes resulting from gun firing contain
hydrogen, carbon monoxide, and other toxic gases
which are potential health hazards. The proper
operation of the gun mount ventilation system is
imperative when firing the gun.

Lighting System

Illumination inside the gunhouse is provided by
two fluorescent light fixtures (fig. 5-50) mounted on the
inside of the weather shield. One fixture is on the left
side of the gun mount; the other is on the right side.
Each light fixture contains three fluorescent tubes. The
two outer tubes are connected to the ship's white light
supply. The center tube has a red sheath over it and is
connected via the GCP to the ship's red light supply.
The red lights are on at all times. The white lights are on
when the ship's white light supply is on and when two
interlock switches are actuated. Circuit protection for
the gunhouse lighting system is provided by circuit
breaker CB4 in the bottom compartment of the GCP.

One of the interlock switches, the mount hatch
closed switch 4S1, is a manually actuated switch
located inside the entry hatch. In normal operation,
however, it is actuated when the entry hatch is closed.
The other interlock switch, mount white lights, on
switch 452, is a manually actuated switch located
inside the weather shield on the right side of the entry
hatch. When both switches are actuated and ship's
power is on, all lights (white and red) are turned on.
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In addition to the light fixtures, the gun mount has a
115-VAC convenience outlet located on the base of the
right trunnion support. This outlet provides power for
use inside the gunhouse. Circuit protection for the
convenience outlet is provided by circuit breaker CB3
in the bottom compartment of the GCP.

NOTE

The convenience outlet provides only a limited
amount of current. Equipment requiring more than 3
amps should NOT be connected to this outlet.

Telephone System

Shielded cable for two telephone lines is provided
from the GCP to the gunhouse for use with
sound-powered telephones. The telephone connector
jacks are located on the right side of the GCP (refer to
fig. 5-33 and table 5-7) and on the right trunnion
support (fig. 5-51). The telephone lines are routed
through slip ring assembly 2C1 and signal junction box
2JB1.

MISCELLANEOUS ELECTRICAL
COMPONENTS

There are three miscellaneous electrical com-
ponents in the GCP not involved in the gun control
system. The three components are the GCP blowers, the
ROUNDS COUNTER CC, and the ELAPSED TIME
COUNTER CO.
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Figure 5-50.—Light fixture.
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Figure 5-51.—Sound-powered telephone jack box (J302).
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Figure 5-52.—GCP blowers.
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Figure 5-53.—Switch and counter board assembly.
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GCP Blowers

Two GCP blowers (one intake, one exhaust)
circulate air inside the GCP to prevent excessive
temperatures  from  damaging the electrical
components. The blowers are mounted on the back of
the GCP, on top of air ducts leading into the GCP (fig.
5-52). The blower motors receive 115-VAC 3-phase
power (60-Hz for Mod 0, 400-Hz for Mod 1) from the
main transformer T1, and are on whenever the SERVO

SYSTEM AND SERVICES circuit breaker is
positioned to I (see fig. 5-29 and table 5-3).

Rounds Counter CC

The ROUNDS COUNTER CC is located inside the
top cover of the GCP. The counter CC is operated by a
solenoid which is energized when a round is fired, and

allows the gun crew to monitor the number of rounds
fired (fig. 5-53 and table 5-12).

Table 5-12.—GCP: Controls and Indicators (Top Cover Open)

Item on Panel Designation | Description Position/ Function
figure 5-53 nomenclature indication
1 ROUNDS CC Digital counter | 0 through 9999 | Indicates number of rounds fired
COUNTER
2 ELAPSED CO Digital counter | O through 9999 | Indicates elapsed-time  115-VAC
TIME 400-Hz power is applied to gun mount
COUNTER in hours
3 400 HZ S7 Two-position BYPASS Allows 115-VAC 400-Hz power to be
POWER toggle switch supplied from  GCP  without
SUPPLY positioning SERVO SYSTEM AND
SERVICES circuit breaker to |
NORMAL Requires SERVO SYSTEM AND
SERVICES circuit breaker to be
positioned to I for 115-VAC 400-Hz
power to be supplied from GCP
4 SERVO S8 Two-position BYPASS Bypasses the 5-second delay on
SYSTEMS toggle switch energizing servo systems start circuit
START ..
NORMAL Causes a 5-second delay on energizing
DELAY servo systems start circuit
CUT-OUT Y
5 --- S9 Spare  toggle | - - - Not used
switch
6 SERVO S10 Two-position BYPASS Allows gun mount to load and fire in
SYSTEMS toggle switch remote without energizing either/both
INTERLOC servo systems
K CUT-0UT Allows gun mount to load and fire in
NORMAL .
remote only when both train and
elevation ser