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The terms training manual (TRAMAN) and
nonresident training course (NRTC) are now the
terms used to describe Navy nonresident training
program materials. Specifically, a TRAMAN in-
cludes a rate training manual (RTM), officer text
(OT), single subject training manual (SSTM), or
modular single or multiple subject training manual
(MODULE); and an NRTC includes nonresident
career course (NRCC), officer correspondence
course (OCC), enlisted correspondence course
(ECC), or combination thereof.

Although the words ‘‘he,”” ‘‘him,’’ and “‘his”’
are used sparingly in this manual to enhance
communication, they are not intended to be
gender driven nor to affront or discriminate
against anyone reading this text.

DISTRIBUTION STATEMENT A: Approved for public release; distribution is unlimited.

Nonfederal government personnel wanting a copy of this document must write to Superintendent of Documents,
Government Printing Office, Washington, DC 20402 OR Commanding Officer, Naval Publications and Forms Center,
5801 Tabor Avenue, Philadelphia, PA 19120-5099, Attention: Cash Sales, for price and availability.
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PREFACE

This Training Manual (TRAMAN) and the Nonresident Training Course (NRTC) form a self-study
package that will enable personnel in the Aviation Ordnanceman rating to fulfill certain requirements
of their rating. Designed for individual study, this includes subject matter that relates directly to the
occupational standards of the Aviation Ordnanceman rating at the second and third class levels. The
NRTC includes learning objectives and supporting items designed to lead students through the TRAMAN.
The occupational standards used as minimum guidelines in the preparation of this manual are found
in the Manual of Navy Enlisted Manpower and Personnel Classifications and Occupational Standards,
NAVPERS 18068-D.

The following definitions apply to the WARNINGS, CAUTIONS, and NOTES found throughout
this Training Manual:

WARNING

Procedes a procedure or practice which, if not correctly followed, could result in personnel
injury or loss of life.

CAUTION

Precedes a procedure or practice which, if not strictly observed, could result in damage to or
destruction of equipment.

NOTE

Precedes or follows an operating procedure or condition which is essential to amplify.

The TRAMAN contains Review Subsets in each chapter. These consist of a group of questions
designed to cover the learning objectives found in the chapter. Answering these questions is the way
for you to learn material, which will help you successfully complete the NRTCs. The answers to each
group of questions can be found by turning the page.

This Training Manual and the Nonresident Training Course were prepared by the Naval Education
and Training Program Management Support Activity, Pensacola, Florida, for the Chief of Naval
Education and Training.

1990 Edition

Stock Ordering No.
0502-LP-213-1800

Published by
NAVAL EDUCATION AND TRAINING
PROGRAM MANAGEMENT SUPPORT ACTIVITY

UNITED STATES
GOVERNMENT PRINTING OFFICE
WASHINGTON, D.C.: 1990



THE UNITED STATES NAVY

GUARDIAN OF OUR COUNTRY

The United States Navy is responsible for maintaining control of the
sea and is a ready force on watch at home and overseas, capable of
strong action to preserve the peace or of instant offensive action to
win in war.

It is upon the maintenance of this control that our country’s glorious
future depends; the United States Navy exists to make it so.

WE SERVE WITH HONOR

Tradition, valor, and victory are the Navy’s heritage from the past. To
these may be added dedication, discipline, and vigilance as the
watchwords of the present and the future.

At home or on distant stations we serve with pride, confident in the
respect of our country, our shipmates, and our families.

Our responsibilities sober us; our adversities strengthen us.

Service to God and Country is our special privilege. We serve with
honor.

THE FUTURE OF THE NAVY

The Navy will always employ new weapons, new techniques, and
greater power to protect and defend the United States on the sea,
under the sea, and in the air.

Now and in the future, control of the sea gives the United States her
greatest advantage for the maintenance of peace and for victory in
war.

Mobility, surprise, dispersal, and offensive power are the keynotes of
the new Navy. The roots of the Navy lie in a strong belief in the
future, in continued dedication to our tasks, and in reflection on our
heritage from the past.

Never have our opportunities and our responsibilities been greater.
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CHAPTER 1
EXPLOSIVES AND AMMUNITION

The composition and function of a complete
round of ammunition determine its purpose. Each
piece of ammunition has its own characteristics
that determine its use as a military explosive. The
demands for ammunition that fulfill Navy
requirements make it necessary for explosives to
perform in a specific manner.

EXPLOSIVES

Learning Objective: Recognize the various
classifications of explosives to include their
purpose and use. Identify the purpose and
use of chemical agents to include military
gases, screening smoke, incendiaries, and
simulated military gases. Identify the types
of explosives and recognize their appli-
cations.

An explosive must be insensitive enough for
you to safely handle it using common handling
equipment. It must be powerful enough to
produce damage or activate another explosive. It
must also remain stable over an extended period
under varied conditions. The requirements of
sensitivity, power, stability, handling, and
availability are considered when manufacturing
an explosive. However, manufacture must not be
economically prohibitive.

EXPLOSIVE TERMINOLOGY

Common military explosive terminology and
definitions are discussed in the following
paragraphs.

Brisance. Brisance is the speed at which an
explosive develops its maximum pressure. In a
brisant explosive, the maximum pressure is
attained so fast that it shatters any material in
contact with it and all surrounding material.
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Deflagration. Deflagration is the uncontrolled
burning of explosives without detonation.

Explosion. An explosion is defined in a variety
of ways. A simple definition that fits all types of
explosives is a@ loud noise and the sudden going
away of things from the place where they have
been. Another definition states that an explosion
is a rapid and violent release of energy, not
necessarily involving an explosive substance.
NAVSEA OP 4 defines an explosion as a chemical
decomposition or transformation with the
evolution of heat and the formation of decom-
position products, some of which are gaseous.

Explosives. An explosive is a material (either
a pure, single substance or a mixture of
substances) capable of producing an explosion by
its own energy.

High-order detonation. High-order detonation
is the complete detonation of a mass of high
explosives at maximum rate.

Hygroscopicity. Hygroscopicity is the tendency
of a material to absorb moisture. Since moisture
reduces the sensitivity of an explosive, explosives
must be protected from moisture absorption to
prevent deterioration.

Load density. Load density is the weight of
the explosive per unit volume. A cast explosive
has a high load density—more of it fits in a given
space than if it were in powder form.

Low-order detonation. Low-order detonation
is the incomplete detonation of a mass of high
explosives. It progresses at a low rate of
detonation. An explosion may be identified by the
color of the smoke it produces. White or yellow
smoke shows a low-order and black smoke shows
a high-order detonation.

Rate of detonation. The rate of detonation of
an explosive is defined as its burning speed. Some



explosives burn slowly while others burn very
rapidly. Explosives that burn very rapidly
detonate and are termed high explosives.
Explosives that burn slowly are termed /ow
explosives.

Although the word burning describes an
explosion, the process is quite different from
burning of the usual sort. Ordinary burning, such
as the flame of a match, occurs in the presence
of oxygen. Explosives and propellants are
manufactured so the oxygen necessary for burning
is contained in the explosive proper and in a
concentrated form.

Sensitivity. Sensitivity is an important feature
of military explosives. Sensitivity is the ease with
which an explosive can be detonated. Explosives
must be safe to handle. They must withstand
severe shock before the start of the chemical
reaction or detonation. The strength of the
impulse required to explode or set off an explosive
may vary considerably. Some explosives are
exploded by the slightest touch. Others require a
moderate blow or flame. Some other explosives
require a violent blow and cannot be exploded in
the open by a flame. ‘

Shock. Shock is the values of pressure at the
front of the shock wave. Different targets, both
above and below the surface, respond mainly
either to the shock front or to the whole shock
wave.

Stability. Stability is the ability of the explosive
to remain unaffected by storage conditions. Some
explosives (like smokeless powder) decompose
with age, even under the best conditions. They
require frequent checking.

CLASSIFICATION OF EXPLOSIVES

Explosive substances are classified by their
reaction, composition, or service use. Military
explosives are divided into two general classes
according to their rates of decomposition. These
are high explosives and low explosives. They are
further classified according to use.

Classification by Reaction
Explosives are classified as high explosive or

low explosive. Both categories are discussed
briefly.

HIGH EXPLOSIVE. A high explosive is
characterized by the extreme speed at which it
decomposes. This action is known as detonation.
When initiated by a blow or shock, a high
explosive decomposes almost instantaneously.

LOW EXPLOSIVE. Usually, a low explosive
is a solid, combustible material that decomposes
rapidly, but normally does not explode. This
action is known as deflagration. Normally, low
explosives do not start a detonation. However,
under certain conditions, they react like high
explosives, and they detonate.

Classification by Composition

Explosives are divided into explosive mixtures
and explosive compounds according to their
composition.

Explosive mixture. Explosive mixtures are
composed of distinct substances. They are
carefully prepared and mechanically mixed in
varying proportions. Black powder is a typical
example of an explosive mixture.

Explosive compound. Explosive compounds
are homogeneous substances. Their molecules
contain the oxygen, carbon, and hydrogen
necessary for combustion.

Classification by Service Use

So far, you have learned that explosives are
classified based on characteristics. From your
standpoint, a more practical classification is their
service use.

Propellants and impulse explosives. These
explosives propel projectiles from guns, propel
rockets and missiles, launch torpedoes, and launch
depth charges from projectors. They are low
explosives.

Disrupting or bursting explosives. These
explosives damage the target under attack. They
are high-explosive charges. They are used alone
or as part of the explosive charge in mines, bombs,
depth charges, missile and torpedo warheads, and
in projectiles as a burster charge.

Initiating explosives. The initiation of an
explosive reaction requires the application of



energy. Propellants are commonly ignited by the
application of flame. Disrupting explosives are set
off by a severe shock. The device used to initiate
a propellant is known as a primer. The device used
to initiate a disrupting explosive is known as a
detonator.

Auxiliary explosives. These are large propellant
charges and relatively insensitive disrupting
explosives. They require an intermediate charge
to increase the flame or shock of the initiating
explosive for proper reaction of the main explosive
charge. The intermediate or auxiliary explosive
used with propellants is known as an ignition
charge. It consists of a sufficient quantity of
flame-producing material to engulf the propellant
grains. The auxiliary explosive used with disrupting
explosives is called a booster. It consists of a
quantity of high explosives more sensitive than
the burster charge.

Pyrotechnic substances. Military pyrotechnic
substances are used to send visual signals,
illuminate areas of interest, simulate other
weapons or activities, and as ignition elements
for certain types of weapons. Pyrotechnic
compositions are low explosives because of their
low rates of combustion.

The functional characteristics of pyrotechnic
compositions are their luminous intensity
(candlepower), burning rate, color, color value,
and efficiency of light production. For military
use, pyrotechnic compositions must have accept-
able explosive as well as burning characteristics.

CHEMICAL AGENTS

A military chemical agent is a substance that
produces a toxic (casualty) or an irritating
(harassing) effect, a screening smoke, incendiary
action, or a combination of effects. These agents

include compounds and mixtures other than

pyrotechnics. They are used as fillers in artillery
shells, mortar shells, grenades, rockets, and
bombs. They are classified according to tactical
use, physiological effect, and purpose.

Military Gases

A military gas is any agent or combination of
agents that produces a toxic or irritating
physiological effect. Military gas is a solid, liquid,
or gas, either before or after dispersion. The
military gas is classified as persistent if it remains
effective at its point of release for more than
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10 minutes. If it becomes ineffective within
10 minutes, it is classified as nonpersistent.
Military gases are further classified according to
their toxic and irritating effects.

Screening Smoke

A screening smoke is a cloud that consists of
small particles of solids, liquids, or both. It is
dispersed and suspended in the air.

Incendiaries

An incendiary may be a solid, liquid, or a
gelled semiplastic material. Its heat is intense. Its
heat and flame can start fires and scorch
combustible and noncombustible materials. It can
injure and inactivate personnel.

Simulated Military Gases

Simulated military gases are mild nontoxic
harassing agents (substitutes for the real agent)
designed specifically for training purposes.

TYPES AND APPLICATIONS
OF EXPLOSIVES

High explosives are used for destruction,
and they must meet two requirements. First,
they must deliver the largest charge possible.
Second, they must use the most effective explosive
available.

@ This first requirement governs the selection
of the burster or main charge.

® The second requirement is to cause detona-
tion of the burster with maximum effect
by an acceptable safe means.

This will usually mean using the smallest
possible amount of suitable primary explosives.
In practice, maximum efficiency is often achieved
by using a very small primary charge to explode
a secondary or intermediate charge. The inter-
mediate charge builds up the initiating shock to
obtain full detonation of the burster charge. Such
an intermediate charge is known as a booster.
The combined system of the primary charge
and booster charge forms an explosive train.
The explosive train and the main charge
(bursting charge) form the explosive system of the
weapon.
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Figure 1-1.—Typical high-explosive train.

.The basic high-explosive train (fig. 1-1)
consists of the detonator, booster, and bursting
charge. High-explosive trains are modified by
auxiliary boosters, time delays, and primers. An
explosive train could consist of a primer delay
element, detonator booster, and main charge.

High-explosive charges are loaded into their
containers by one of three methods:

1. Cast-loading. The liquid substance is
poured into a container and solidifies.

2. Press-loading. These explosives have no
liquid and are pressed into their container.

3. Extrusion. Combining some explosives
results in plastic mixtures. They are loaded
by the extrusion method. A pressure system forces
the plastic mixtures into the projectiles and bomb
casings.

Service explosives used in the Navy are varied.
They constantly undergo changes; however, some
explosives are standard throughout the Navy.
Some of these explosives are discussed in the
following paragraphs.

Propellants

Propellants are classified as single base,
double base, and composite. Single-base pro-
pellants include compositions that are principally
gelatinized nitrocellulose. They do not contain
high-explosive ingredients such as nitroglycerin.
Double-base propellants are predominately
nitrocellulose and nitroglycerin in composition.
Composite propellants are compositions that
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contain mixtures of fuel and inorganic oxidants.
They do not contain-a significant -amount. of
nitrocellulose or nitroglycerin. There are also
combinations of composite and double-base
propellants.

In a digressive burning propellant, the surface
area of the grains decreases as they burn. A
neutral burning grain is a single perforated grain.
As it burns, its inner surface increases, and its
outer surface decreases. The result is that the total
surface remains the same. In progressive burning
(a multiperforated grain), the total burning area
increases because it burns from the inside at the
same time.

The Navy uses many different types of
propellants. The more frequently used types are
black powder and smokeless powder.

Black powder. Black powder is a low
explosive. It is a mixture of potassium nitrate or
sodium nitrate, charcoal, and sulfur. It is
hygroscopic and deteriorates rapidly when
exposed to moisture. It’s a dangerous explosive
to handle, because it’s easily ignited by heat,
friction, or sparks. Although black powder is no
longer used as a propellant or a projectile bursting
charge, it is used in ammunition and ammunition
components.

Smokeless powder. Smokeless powder (fig.
1-2) is used as a propellant for gun and rocket
ammunition. It is manufactured under uniform
conditions. It is grained to a uniform size in the
form of flakes, strips, sheets, balls, cords or
perforated cylindrical grains. Figure 1-3 shows
grain configurations of smokeless powder used
in missiles and rockets. Some of the more
frequently used types of smokeless powder are
guncotton, ballistite, and Cordite N.

Guncotton is a nitrocellulose of high nitrogen
content. It is used to manufacture single-base and
double-base propellants. Guncotton is used in
electric primers and in electrically initiated
detonators. In most propellants, guncotton is
blended with pyrocellulose where an increase in
nitrogen content is needed. It is sometimes
referred tq by various names such as pyropowder,
pyrocellulose, or nitrocellulose.

Ballistite is a double-base powder used as a
rocket propellant. It is composed of two
explosive substances, nitrocellulose and nitro-
glycerin, blended with diphenylamine, which acts
as a stabilizer. It burns with a considerable
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strength and brisance are inferior but sufficient
to detonate high explosives. Because of their
sensitivity, they are used in munitions for initiating
and intensifying high-order explosions.

Mercury fulminate. Mercury fulminate is a
heavy, nonhygroscopic, crystalline solid. When
dry, it is sensitive to heat, friction, spark, flame,
and shock. It is so sensitive that there are many
accidents, especially during manufacturing. Do
not let mercury fulminate contact materials such
as aluminum, magnesium, zinc, brass, or bronze.

Lead azide. Lead azide has a high ignition
temperature. It is less sensitive to shock and
friction than mercury fulminate. It is also less
" brisant than mercury fulminate. Lead azide is the
detonator of major-caliber base-detonating fuzes,
point-detonating fuzes, and auxiliary detonating
fuzes. It is also used in priming mixtures.

Lead styphnate. Lead styphnate is particularly
sensitive to fire and static electricity discharge.
When dry, it can be detonated by static discharges
from the human body. Lead styphnate does not
react with metals. Also, it is less sensitive to shock
and friction than mercury fulminate or lead azide.
It is used as a component in primer and detonator
mixtures. It is stable in storage, even at elevated
temperatures.

Tetracene. Tetracene is slightly hydroscopic.
It explodes readily from flame, producing a large
amount of black smoke. It is more sensitive to
impact than mercury fulminate. Also, it is more
brisant when initiated by tetryl or mercury
fulminate than when self-initiated by fire.

Diazodinitrophenol (DDNP). Diazodinitro-
phenol is less sensitive to impact but more power-
ful than mercury fulminate and lead azide. The
sensitivity of DDNP to friction is much less than
mercury fulminate, but it is about the same as that
of lead azide. DDNP is used with other materials
to form priming mixtures, particularly where a
high sensitivity to flame or heat is desired.

Auxiliary Explosives

Explosives used as auxiliary explosives are less
sensitive than the primary high explosives used in
initiators, primers, and detonators. However, they
are more sensitive than high explosives used as
filler charges or bursting explosives. As high
explosives used for booster purposes, auxiliary
explosives fall in the intermediate range of
sensitivity. The explosives discussed in this
section are tetrytol, tetryl, pentaerythritolte
tranitrate (PETN), and granular TNT.
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Tetrytol. Tetrytol is a cast mixture of tetryl
and TNT. It is a tetryl mixture used in burster
tubes for chemical bombs, in demolition blocks,
and in cast-shaped charges.

Trinitrophenylmethylnitramine (TETRYL).
Tetryl can be initiated from flame, friction, shock,
or sparks. It burns readily and can detonate if
burned in large quantities. Tetryl is the standard
booster explosive. It is sufficiently insensitive
when compressed to be used safely as a booster
explosive.

Pentaerythrite tetranitrate (PETN). PETN is
one of the strongest high explosives. It is more
sensitive to shock or friction than TNT or tetryl,
and it is never used alone as a booster. Its primary
use is in booster and bursting charges of small
caliber ammunition, in upper charges of detona-
tors in some land mines and shells, and as the
explosive core of primacord.

Trinitrotoluene (TNT). Trinitrotoluene is
commonly known as TNT. It is found in many
explosives, such as amatol, pentolite, tetrytol,
torpex, tritonal, picratol, ednatol, and com-
position B. It was used under names such as
Triton, Trotyl, Trilite, Trinol, and Tritolo.

In a refined form, TNT is a stable high
explosive. You can store it for long periods of
time. TNT is relatively insensitive to blows or
friction. It is nonhygroscopic and does not form
sensitive compounds with metals. However, it is
acted on by alkalides to form unstable compounds
that are very sensitive to heat and impact. TNT
may exude an oily brown liquid. This exudate
oozes out around the threads at the nose of the
shell and may form a pool on the floor. The
exudate is flammable and may contain particles
of TNT. Carefully remove pools of exudate. TNT
is used as a booster or as a bursting charge for
high-explosive shells and bombs.

Bursting Explosives

The Navy uses several high explosives as
burster charges (fillers) for bombs, torpedoes,
mines, warheads, and shells. When combined in
various percentages and combinations, these
explosives produce high explosives with varying
degrees of sensitivity, brisance, rate of detonation,
and other characteristics. The principle bursting
explosives, and some of the more common
derivative explosives, are discussed in the
following paragraphs.

Cyclotrimethylenetrinitramine (RDX). RDX
is also known as cyclonite, or hexogen. It is a
white, crystalline solid used in mixtures with other




explosives, oils, or waxes. It is rarely used alone.
RDX has a high degree of stability in storage and
is the most powerful and brisant of the military
high explosives.

RDX compositions are mixtures of RDX,
other explosive ingredients, and desensitizers or
plasticizers. Mixed with other explosives or inert
material at the manufacturing plants, RDX forms
the base for the following common military
explosives: composition A, composition B, com-
position C, HBX, H-6, and cyclotols.

Composition A is a wax-coated, granular
explosive consisting of TDX and plasticizing wax.
There are five varieties of composition A—com-
position A-1, A-2, A-3, A-4, and A-5. Compo-
sitions A-4 and A-5 are not widely used.
Composition A is used as the bursting charge in
Navy 3- and 5-inch projectiles.

Composition B consists of castable mixtures of
RDX and TNT. In some instances, desensitizing
agents are added to the mixture. Composition B
is used as a burster in Army projectiles and in
rockets and land mines.

Composition C is a plastic demolition
explosive consisting of RDX, other explosives,
and plasticizers. It can be molded by hand for use
in demolition work and packed by hand into
shaped-charge devices. Compositions C-3 and C-4
are the only plastic explosive presently being
used, but C-1 and C-2 are still found.

HBX-1 and HBX-3 are binary explosives that
are castable mixtures of RDX, TNT, powdered
aluminum, and D-2 wax with calcium chloride.
These explosives are used in missile warheads and
underwater ordnance.

Cyclotol is manufactured in three formu-
lations by varying mixture percentages of RDX
and TNT. Cyclotols are used for loading shaped-
charge bombs, special fragmentation projectiles,
and grenades.

H-6 is a binary explosive that is a castable
mixture of RDX, TNT, powdered aluminum, and
D-2 wax with calcium chloride added. H-6 is used
as the standard bursting charge for general-
purpose bombs.

Minol 2. Minol 2 is a binary explosive that is
a castable mixture of TNT, ammonium nitrate,
and powdered aluminum. Minol 2 is used as a
bursting charge when TNT is scarce. NEVER use
Minol 2 aboard ship.

Ammonium picrate (explosive D). Ammonium
picrate is the least sensitive to shock and friction

of all military explosives. It is well suited as a
bursting charge in armor-piercing projectiles.
Explosive D is used as a bursting charge for
armor-piercing shells. It is used in other types of
projectiles that must withstand severe shock and
stress before detonating.

REVIEW NUMBER 1

Q1. When talking about explosives, what is
meant by the term brisance?

Q2. An explosive is hygroscopic because

Q3. The sensitivity of an explosive describes

Q4. Explain the term “‘high explosive’’.

Q5. Explosives can be classified in many ways.
List the classifications of explosives by ser-
vice use.

Q6. List the uses for chemical agents.

Q7. How is an explosive train formed?

Q8. List the three classifications of propellants.
Q9. Describe the use of initiating explosives.

Q10. Tetrytol is an auxiliary explosive made up

of




AMMUNITION

Learning Objective: Identify the various
types of ammunition and recognize their
purpose. Identify the purpose and use of
CADS to include personnel escape devices;
racks, launchers, and dispensers; and
miscellaneous cartridges. Identify the
service life requirements for CADS and
identify appropriate aircraft logbook
entries. Recognize 20-mm M50 aircraft gun
ammunition configuration. Identify M50
20-mm gun cartridges and recognize their
uses.

Ammunition is an all-inclusive term for
explosive combinations or devices that burn or
detonate rapidly and violently. Gun ammunition
includes everything needed to fire a shot.
Ammunition also includes such weapons as hand
grenades, rockets, bombs, and depth charges. The
final definition must be broader: The term
ammunition applies to the complete charge for
any type of weapon involving explosives and to
all the components of the charge.

TYPES OF AMMUNITION

As an AO, you don’t know all the types of
ammunition used by the Navy. However, you

Al

A2.

A3.

A4.

AS.

A6.

A7.

AS8.

A9.

Alo.

REVIEW NUMBER 1 ANSWERS

In explosives terminology, the term ‘‘brisance’’ defines the speed
that an explosive develops maximum pressure.

A hygroscopic material tends to absorb moisture. Therefore, a
hygroscopic explosive tends to absorb moisture, and it becomes
less sensitive and deteriorates.

The term “‘sensitivity’’ describes the ease with which an explosive
can be detonated. It is an important feature of military explosives
because explosives must be handled without causing detonation.

An explosive can be classified by different means; one way is by
reaction. Within this classification, explosives are termed either
““high explosives’’ or ““‘low explosives.’’ A high explosive is an
explosive that decomposes extremely fast. This action (decom-
position) is known as ‘‘detonation’’.

Explosives classified by service use are propellants and impulse
explosives, disrupting or bursting explosives, initiating explosives,
auxiliary explosives, and pyrotechnic substances.

The military uses chemical agents for toxic and irritating effects,
screening smoke, incendiary action, or combination of agents.

An explosive train is formed by the combined system of the primary
charge and booster charge.

Propellants are classified as single-based (made up of gelatinized
nitrocellulose), double-base (nitrocellulose and nitroglycerine), and
composite (compositions that contain mixtures of fuel and inorganic
oxidants).

Initiating explosives are used to initiate and intensify high-order
explosions because they don’t burn, but they do detonate if ignited.

Auxiliary explosives aren’t as sensitive as primary high explosives
used in initiators, primers, and detonators. They are more sensitive
than high explosives used as filler charges or bursting explosives.
One type of auxiliary explosive is tetrytol, which is a cast mixture
of tetryl and TNT.
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should know the various types of ammunition
used in naval aviation. In this chapter, you will
learn about these types of ammunition.

Gun Ammunition

There are four types of gun ammunition—
bag, semifixed, fixed, and small arms. The
difference between the first three depends on how
the charges are assembled. In bag ammunition,
the primer, propelling charge, and projectile are
separate units. In semifixed ammunition, the
primer and propelling charge are contained in one
unit, while the projectile is separate. In fixed
ammunition, all three components are assembled
as a complete unit.

Bomb Ammunition

Bomb ammunition is characterized by thin-
walled containers loaded with relatively large
bursting charges. This ammunition depends upon
the destructive blast of the explosive for effect,
not the penetrating qualities of the container.
Bomb ammunition includes torpedo warheads,
mines, depth charges, and aircraft bombs.

Rocket Ammunition

Rocket ammunition includes rocket motors,
heads, and fuzes. The motor contains a propellant
and igniter. The warhead may be a high explosive,
chemical, or practice head. Normally, the fuze
contains a detonator or booster. Different types
of rocket ammunition may or may not be stowed
together. Stowage depends on the types of
ammunition involved and the safest stowage
facility available.

Guided Missile Ammunition

Guided missile ammunition consists of a
variety of ordnance materials such as rocket
motors (solid or liquid propellant), igniters, fuzes,
warheads, and possible boosters or auxiliary
rockets. Normally, service guided missiles are
received as all-up-rounds (AURs). Exercise,
dummy drill, or practice missiles are received as
unassembled units.

Pyrotechnic Ammunition
Pyrotechnic materials are mixtures of oxidizing

agents and combustibles (powders such as
magnesium and chlorate mixtures). Other

compounds may be added for particular purposes
such as to color the flame or smoke. Pyrotechnic
ammunition may be further divided into three
classes according to their service use—signaling,
illuminating, and marking.

Chemical Ammunition

Chemical ammunition includes all projectiles,
bombs, grenades, candles, or other containers of
compounds. Its purpose is to produce gas, smoke,
or fire. Free fluids or gases released from aircraft
tanks, projectors, or sprayers are also designated
as chemical ammunition. Chemical ammunition
is classified by type of filler or type of container
and as a projectile, bomb, or grenade. The
classification used for storage purposes is by type
of chemical filler.

Demolition Ammunition

Demolition ammunition includes explosives
used for blasting, eliminating hazards to naviga-
tion and obstacles to amphibious landing,
destroying equipment to prevent capture by the
enemy, and demolition of materials. Demolition
charge blocks, consisting of either pressed TNT
or cast TNT and tetryl, are issued to ships for
general use. These charges are detonated by
blasting caps set off by electric current.

AMMUNITION IDENTIFICATION

Ammunition identification is an important
part of ordnance handling and administration.
Ammunition identification tells you the service/
nonservice type of ammunition, class of explosive
contained in the round, Mark (Mk) and modifica-
tion (Mod) numbers, lot numbers, and color codes
representing the explosive hazards.

Service Ammunition

Ammunition intended for operational use is
classified as service ammunition. The warhead
contains explosives, pyrotechnics, or chemical
agent filler. If required, the propellant is of
service or reduced charge weight. Aircraft service
ammunition is identified as either armament (kill
stores) or ordnance (search stores).

Nonservice Ammunition

Ammunition used for training personnel is
classified as nonservice ammunition. This



Table 1-1.—Ammunition Color Codes

COLOR

INTERPRETATION

Yellow

(1) Identifies high explosives.

(2) Indicates the presence of explosive, 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

(1) Identifies ammunition that contains irritant or toxic agents when used as
an overall body color except for underwater ordnance.

Gray With Red Band(s)

(1) Indicates the ammunition contains an irritant (harassing) agent.

Gray With Dark Green
Bands(s)

(1) Indicates the ammunition contains a toxic agent.

*Black

(1) Identifies armor-defeating ammunition, except on underwater ordnance.

Silver/Aluminum

(1) Identifies countermeasures ammunition.

Light Green

(1) Identifies smoke or marker ammunition.

Light Red (1) Identifies incendiary ammunition or indicates the presence of highly
flammable material.
*White (1) Indicates illuminating ammunition or ammunition producing a colored light;
exceptions, underwater ordnance, guided missiles, and rocket motors.
Light Blue (1) Identifies ammunition used for training or firing practice.
*Orange (1) Identifies ammunition used for tracking or recovery.
Bronze (1) Identifies Dummy/Drill/Inert ammunition used for handling and loading
training.
Nonsignificant Colors
Olive Drab (1) All ammunition items.
Black (1) For lettering.
White (1) For lettering.

(2) For guided missiles and rocket motors.

*NOTES: The following colors when applied as stated have NO identification color coding significance:

a. The colors GRAY, ORANGE, BLACK, WHITE, BRICK RED OR GREEN on underwater ord-
nance, such as mines and torpedoes, and the color WHITE on guided missiles or rocket motors.

b. The colors BLACK and WHITE when used for lettering.
c. The color WHITE when used in diamond shaped figures on ammunition.
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ammunition may be actual service (tactical)
quality or may be specially modified or loaded
practice ammunition, inert training, inert dummy/
drill, or exercise/recoverable ammunition.

PRACTICE/TRAINING AMMUNITION.—
This ammunition is designed for training, practice,
or systems testing purposes. It is actually
launched, fired, or dropped. It may be a modifica-
tion of service ammunition designed specifically
for practice. Practice ammunition may or may not
contain explosive or pyrotechnic materials.
Practice ammunition may be either expendable
or recoverable, depending upon the device
involved.

DUMMY DRILL/INERT AMMUNITION.—
This ammunition is completely inert ammunition.
It is used to represent the service ammunition for
display purposes, testing weapons, and weapons
handling operations. It is also used to develop
assembly, testing, and handling proficiency of
personnel without actually firing or launching the
ammunition.

EXERCISE/RECOVERABLE AMMUNI-
TION.—This is service ammunition that is
functional in all respects except for the explosive
payload. The payload furnishes operational data
by the substitution of recoverable exercise
components. Pyrotechnics, dye marker, or
explosive fittings may be attached to or
incorporated in the ammunition.

Painting

Painting (table 1-1) is the application of the
final body coating to ammunition, ammunition
components, Oor ammunition containers by
authorized activities. Usually, paint color iden-
tifies the use or explosive hazards of the
ammunition; however, sometimes it has no
meaning.

Marking

Marking (table 1-2) is the application of
colored spots, bands, or symbols on ammunition,
ammunition components, or ammunition con-
tainers. Markings, by their color or shape, iden-
tify ammunition fillers or the presence of specific
ammunition components.

Chemical filler ammunition, ammunition
components, and ammunition containers are iden-
tified by bands that are color coded (table 1-1).
Chemical fillers (table 1-3) are identified by

marking symbols placed on a line parallel to the
colored bands.

Table 1-2.—Marking Symbols

is always white.

SYMBOL MEANING

CCC Color burst of the same color as the
marking symbol is loaded in the item.

DDD Dye marker of the same color as the
marking symbol is loaded in the item.

TTT Tracer of the same color as the marking
symbol is loaded in the item.

WP or PWP | Smoke/incendiary mix is loaded in the
item; marking symbol is always light red.

0000 Flechette-loaded item; marking symbol

Table 1-3.—Chemical Filler Symbols and Band Colors

SYMBOL CHEMICAL FILLER BAND
Harassing Gases
CN, CNB | Chloracetophenone Red
CNC, CNS (Tear Gas)
BBC Bromobenzylcyanide Red
(Tear Gas)
BZ Bromobenzyl Red
CS O-Chlorobenzal-malono- Red
nitrile
DM, DA, | Adamsite type Red
DC
Smoke
WP White phosphorus Light Red
PWP Plasticized white phosphorus | Light Red
FM Titanium tetrachloride Light Green
FS Sulfur trioxide- Light Green
chlorosulfonic acid
HC Hexachloroethane Light Green
Incendiary
TH3, Thermite/Thermate Light Red
TH4 Thermate
NP Napalm Light Red
IM Incendiary oil Light Red
PT1, PTV | Incendiary mixture Light Red




Lettering

Lettering is the use of letters, words,
abbreviations, or numerals on ammunition,
ammunition components, or ammunition con-
tainers. Lettering is put on ammunition by die
stamping, stenciling, decals, etching, or rubber
stamping. Lettering identifies the type, mark and
modification, ammunition lot number, and
loading information of the ammunition item.
Lettering applied in black or white has no color-
code significance.

Mark and Modification Designation

Except for all-up, ship-launched, underwater
rockets and guided missiles, Navy ammunition,
ammunition components, or ammunition con-
tainer are assigned a mark (Mk) number. The Mk
number is an Arabic numeral and represents a
basic design. It is followed by a modification
(Mod) number to represent a less than major
change in design. For example, the mark/
modification number assigned to a general-
purpose bomb without a change to the basic
design is Mk 82 Mod O. If a minor change to the
basic design is incorporated, it is designated
as Mk 82 Mod 1. If further changes are
incorporated, the modification designations are
assigned in sequence, Mod 2, Mod 3, Mod 4, and
so forth.

Some explosive devices and ordnance or
armament (such as cluster weapons and bomblets
used in cluster weapons) are designated by groups
of letters and numbers. An example of this type
designation is BLU-99-A-T-1B or BLU-7A/B
(table 1-4). Other letter-type designators such as
BRU, SUU, FAE, etc., are discussed in other
chapters of this TRAMAN.

U.S. Army ammunition retains the Army
identifier that uses a letter, numeral, and letter
and numeral system. For example, the model
is designated M23. The first modification
of this model is designated M23Al, and
subsequent modifications are designated by
M23A2, M23A3, etc. If an item was jointly
developed by the Navy and Army, the model
identifying designation is preceded by the
letters AN (Army/Navy). For example, a model
is designated AN-M173. The first modification
of this model is designated AN-M173A1. Later
modifications are designated as AN-M173A2,
AN-M173A3, etc.
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Table 1-4.—Item Identification Designations for Cluster

Munitions

Item Identification BL
Unit U
Model Number 99
Modification A
Trainer-Dummy T-1
Installation B
Bomb or Mine BLU
Seventh Model and TA

First Modification
Unit Must Be Expended | /B

on Mission

Department of Defense Identification
Code (DODIC) and Navy Ammunition
Logistic Code (NALC)

The Department of Defense Information Code
(DODIC) is a four-digit code assigned by the
Defense Logistics Services Center (DLSC). It
identifies ammunition and explosive items (non-
nuclear) within the supply system applicable to
all the armed forces. The Navy Ammunition
Logistic Code (NALC) is a four-digit code
assigned by Ships Parts Control Center (SPCC).
It identifies Navy-unique items of ordnance.

The DODIC and NALC are interchangeable
terms and are included as part of the letter
identification contained on ammunition and
ammunition components. These codes are used
specifically for logistic control and ammunition
administration.

If an ammunition item or ammunition com-
ponent has been modified, a DODIC/NALC code
is assigned to the modified item. For example,
Mk 105 Mod O is assigned code A811 and
Mk 105 Mod 1 is assigned code A894. A complete
listing of DODICs/NALCs is contained in
Navy Ammunition Logistics Codes, NAVAIR
11-1-116B/TW010-AA-ORD-030.

Ammunition Lot Number

An ammunition lot is a quantity of ammuni-
tion assembled from uniform components under
similar conditions. A lot is expected to function
in a uniform manner. Each ammunition lot is
assigned a code number (ammunition lot number)
that identifies all ammunition items assembled as
part of that lot. For specific ammunition lot



numbers, you should refer to Identification
of Ammunition, NAVSEA OP 2238/NAVAIR
11-1-117.

CARTRIDGES AND CARTRIDGE-
ACTUATED DEVICES

High performance jet aircraft require the use
of cartridge-actuated devices (CADs). Cartridge-
actuated devices are highly reliable and easy to
maintain. The cartridges undergo rigid quality
control throughout their design and manufacture.
However, their performance in cartridge-actuated
devices is dependable only when they have been
properly handled and installed.

All cartridges and cartridge-actuated devices
now in use are not covered in this TRAMAN.
However, the cartridges used in personnel escape
devices; racks, launchers, dispensers; and
miscellaneous cartridges are discussed in the
following paragraphs.

Personnel Escape Devices

The design, special control features, and space
limitations of many high-speed aircraft make it

necessary for the pilot and crew to carry out a
sequence of emergency operations before they can
escape. Cartridge-actuated devices perform
several functions concurrently or in sequence to
ensure pilot/crew escape. Some of the functions
performed by these cartridges and CADs are
canopy jettison, seat ejection, lap belt and
parachute opening, and ejection seat drogue chute
activation.

Normally, AOs are not responsible for the
actual installation of cartridges and cartridge-
actuated devices used in personnel escape
systems. They are responsible for properly stow-
ing, handling, and issuing these cartridges and
devices.

Mark 37 Mod 0 impulse cartridge. The
primary use of this impulse cartridge is to actuate
a harness and foot retainer release actuator before
the ejection seat has been catapulted from the air-
craft. The cartridge (fig. 1-4, view A) consists of
a cup-type case, a percussion primer, booster, and
main charge. The open end is crimped over a
closure disk.

CLOSURE
CASE g DISK

BOOSTER
CHARGE

PRIMER

MARK 37 MOD O
A

CASE
DELAY PLUG
ASSEMBLY
FIRE SPACE
PERCUSSION
PRIMER

BOOSTER CLOSURE DISK

DELAY ELEMENT

MAIN CHARGE

MARK 35 MOD 0
B

TWO SECONDARY CATAPULT
CARTRIDGES

REDUCED CHARGE PRIMARY
CATAPULT CARTRIDGE

220.744

Figure 1-4.—Impulse cartridges used in personnel escape systems.
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Mark 35 Mod 0 delay cartridge. The delay
cartridge is used to activate a harness-release
actuator after the ejection seat has been catapulted
from the aircraft. The cartridge (fig. 1-4,
view B) consists of a case, a percussion primer,
a delay train, booster, main charge, and closure
disk. The cartridge is fired by a mechanically
operated firing pin and has a nominal delay
time.

M397 reduced charge primary ejection
cartridge set. These ejection cartridges are
packaged and issued in sets. They are identified
by NAVAIR drawing numbers or by NALCs.
The seat ejection reduced charge cartridge
set is identified as NAVAIR Dwg 2519696
(fig. 1-4, view C). It includes a total of
three cartridges—two secondary catapult car-
tridges (NAVAIR Dwg 2519696-1) and one
reduced primary catapult cartridge (NAVAIR
Dwg 2519696-2). These cartridges are used in
the Martin-Baker Ejection Seat. When fired
in sequence, they provide recoil forces and
ballistic gases sufficient to eject the seat and its
occupant from the aircraft.

Racks, Launchers, and Dispensers

Impulse cartridges are used as a power source,
in the form of gas pressure, in stores release and
ejection systems on aircraft. Detailed operation
of racks, launchers, and dispensers is discussed
later in this TRAMAN. Some of the more
common impulse cartridges are discussed in the
following paragraphs.

Mark 1 Mod 3 impulse cartridge. This impulse
cartridge actuates a refueling hose guillotine in an
emergency, operates the release ejector mechanism
free or eject stores from an aircraft, or operates
other cartridge-actuated devices. The cartridge
(fig. 1-5, view A) is electrically initiated. It has
an aluminum cup-type case, with an integral head
and sides. The booster and main charge are
separated by a celluloid cup. The charged end of
the cartridge is closed with a paper cover sealed
with varnish. A plastic shipping and handling cap
is telescoped over the charged end of the case. This
is removed before installing the cartridge in the
breech of the ejector mechanism.

CCU-44/B impulse cartridge. This impulse
cartridge releases and ejects stores from an

aircraft in flight. The cartridge (fig. 1-5,
view B) is electrically initiated. It has an aluminum
cup-type case with integral head and sides.
The booster and main charge are separated
by a celluloid cup. The charged end of the
cartridge is closed with a paper cover sealed
with varnish. A plastic shipping and handling
cap is telescoped over the charged end of
the case. It is removed before installing the
cartridge in the breech of the mechanism.
The CCU-44/B is a replacement for the
Mk 2 Mod 1 and Mk 125 Mod O impulse
cartridges.

Mark 19 Mod 0 impulse cartridge. This
impulse cartridge is normally used for the
emergency jettison/release of stores loaded on
aircraft during flight. The cartridge (fig. 1-5,
view C) is an electrically initiated, case-grounded,
screw-in cartridge. It consists of a body,
ignition element, hollow metal plug, and main
charge. The open end is crimped over a sealing
disk. The electrode of the ignition element
is separated from the body by an insulator.
A hollow metal plug is threaded inside the
body between the igniter assembly and the
propellant charge.

CCU-45/B impulse cartridge. This impulse
cartridge releases and ejects stores from aircraft
in flight. The cartridge (fig. 1-5, view D) is
electrically initiated and consists of a case, an
ignition element assembly, and propellant. The
cartridge case is crimped over a consumable
closure assembly. The CCU-45/B is a replacement
for the Mk 9 Mod O and Mk 124 Mod O impulse
cartridges.

Mark 131 Mod 0 impulse cartridge. This
impulse cartridge is installed in chaff dispensers.
It is the power source for expelling chaff or decoy
flares from the dispenser. The impulse cartridge
(fig. 1-5, view E) consists of a two-pin, glass-to-
metal seal assembly inside a cylindrical steel
casing. It is crimped over a scored metal closure
on the output end.

Miscellaneous Cartridges

Miscellaneous cartridges discussed in the
following paragraphs include explosive bolt (Mk
57 Mod O), cable cutter, and fire-extinguisher
cartridges.



Digitized by GOOS[Q



Aircraft fire extinguisher cartridge. The air-
craft fire-extinguisher cartridge, NAVAIR Dwg
2519590, releases fire extinguishing agents into the
area surrounding an aircraft engine fire. The
cartridge (fig. 1-6, view C) consists of an
aluminum casing, with a threaded end, enclosing
electrically fired dual squibs. The output end of
the cartridge is crimped over a brass slug.

Service Life

Cartridges used in cartridge-actuated person-
nel escape devices installed in aircraft must
function perfectly the first time. If the device
malfunctions or fails to fire when needed, severe
injury to or death of aircrew members could
result. Also, the aircraft could be damaged or
destroyed.

If a cartridge installed in miscellaneous
cartridge-actuated device, store suspension, or a
release/ejection rack and launcher malfunctions,
material damage or loss of equipment could
result. Also, possible serious injury or death of
personnel may occur.

Cartridges are carefully designed and manu-
factured. However, their performance in car-
tridge-actuated devices is dependable only when
they have been properly handled and installed.
Since individual cartridges cannot be tested, the
responsibility for proper functioning is in the
hands of ordnance personnel.

The service life of a cartridge or cartridge-
actuated device is defined as the specified periods
of time during which a CAD is allowed to be
used. Periods of time are affected by the
environment, which result in assigned time limits
designated as shelf life and installed life. To
determine service life expiration dates, both the
shelf life and installed life must be computed.

SHELF LIFE.—CAD:s are issued to the Fleet
in hermetically sealed containers. To compute the
shelf life expiration date, the hermetic seal on the
CAD container must not be broken. If the
container is opened or the seal broken, the start
or installed life expiration date has begun. When
you open a hermetically sealed container, use
indelible ink and mark the date you opened the
container on the outside of the container. Also
mark the date on each CAD inside the container.

You can compute the shelf life expiration date
of a CAD by using its lot number (table 1-5).
There are two methods used to compute lot
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Table 1-5.—Derivation of Lot Number

KEY DEFINITION
a Lot sequence number
b | Manufacturer’s identification symbol
c Month of production (two digit)
d | Year of production (two digit)
e Month of production (single alpha)
JAN —A MAY—E SEP —J
FEB —B JUN —F OCT—K
MAR—C JUL —G NOV—L
APR —D AUG—H DEC—M
f Interfix number
g Lot suffix (alpha)
Example:
Lot Number,
Method 1: 11 ABC 0588
Key: (@) (b) (0)(d)

(Note that (c) and (d) will be used to
compute service life.)

Example:

Lot Number,
Method 2: XYE 88 E 001-011A

Key: () (@ (o () () (g)

(Note that (d) and (e) will be used to
compute service life.)

numbers. Use the following steps to compute the
shelf life expiration date.

1. Refer to the lot number stamped on the
outside of the container or on the cartridge
casing.

NOTE: In method 1, lot number 11 ABC
0588 is used. In method 2, lot number
XYE 88 E 001-011A is used.

2. Get the shelf life (number of months and
years) for the individual CAD from the CADs
descriptive data text in Cartridges and Cartridge-
Actuated Devices for Aircraft and Associated
Equipment, NAVAIR 11-100-1.2.

NOTE: In this particular case, the shelf life
is § years.



3. Add this figure (shelf life) to the month and NAVAIR 11-100-1.2. Get the installed life figure

year of manufacture determined from the CAD (number of months or years). In this particular
lot number. case, the installed life figure is 30 months.
NOTE: The month and year of manufac- 2. The installed life expiration date is then
ture for method 1 is determined by key (c) computed by adding 30 months to the date the
05. This represents the fifth month of the hermetically sealed container was opened. For
year. Key (d) 88 represents the year 1988. example, the container was opened on 0588
The resulting sum (date) is the shelf life (MAY 88) + 30 months installed life = 1190
expiration date of the CAD in question. (NOV 90) installed life expiration date).
The date of manufacture = 0588 + 5 years
shelf life = 0593, the shelf life expiration When you find the shelf life expiration date
date. and the installed life expiration, compare the two

NOTE: To compute the shelf life ex-
piration date of the lot number shown in
method 2, use key (d) 88. It represents the
year 1988. Key (e) E represents the month
of May. Then compute the expiration date
using the same procedures as above. be 1190 (NOV 1990)
INSTALLED LIFE.—You compute the

installed life expiration date using the following Aircraft Logbook Entries

dates. The date that expires first determines the
CAD’s service life expiration date. In this
particular case, you found the shelf life ex-
piration date as 0593 (MAY 1993) and the
installed life expiration date as 1190 (NOV 1990).
Therefore, the service life expiration date would

steps:
NOTE: Remember, the installed life start Only stores release CADs are exempt
date begins the date the hermetically sealed from aircraft logbook entry requirements.
container is opened. Before each CAD is installed in the stores
release mechanism, check the CAD to make sure
1. Determine the CADs installed life by the service life expiration date has not been
referring to the CAD’s descriptive data text in exceeded.
EXTRACTOR GROOVE NECK
RIM SHOULDER
\ HEAD
PRIMER POCKET TYPE OF CASE

W7 ot \‘1

= /\\A

Z

MFGRS INTERFIX LOT YEAR OF
SYMBOL NUMBER SERIAL MANUFACTURE
NUMBER

220.746

Figure 1-7.—M103 (brass) and M103B1 (steel) cartridge cases.
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When a CAD is installed in an aircraft system,
a log entry is made in the aircraft logbook,
identifying the item installed by DODIC/NALC,
lot number, serial number (if applicable), and
computed service life, (for example, M688/70-
IHM-5078 393/0980 or M688/ABC78E001-
011A/0980).

For detailed information concerning CADs,
you should refer to NAVAIR 11-100-1.2. This
manual gives the function, description and
location, operation, identification and handling,
service life, and CAD safety.

CRAFT GUN AMMUNITION
20-MM M50 CONFIGURATION

M50 configuration ammunition for the M61A1
Navy aircraft gun is issued in the form of
cartridges (rounds). A complete service cartridge
assembly consists of a cartridge case, electric
primer, propellant, projectile, and fuze. All
service cartridges have matched ballistics and are
electrically primed.

Classification

The M50 configuration ammunition currently
issued is classified as follows:

1. Dummy Cartridge M51A1B1, M51A2
(steel), or M254 (plastic)

2. High-Pressure Test Cartridge, M54Al
(HPT)

3. Target Practice Cartridge, M55A2 (TP)

4. High-Explosive Incendiary Cartridge,
MS56A3 (HEI)

5. Target Practice-Tracer Cartridge, M220
(TP-T)

6. High-Explosive Incendiary-Tracer Car-
tridge, M242 (HEI-T)

Cartridge Components,
General Description

The cartridge components for M50-configured
ammunition as used in a complete round are
discussed in the following paragraphs.

CARTRIDGE CASE.—The M103 (brass) and
the M103B1 (steel) cartridge cases (fig. 1-7)
are marked longitudinally. The caliber/case
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designation is on the first line. The manufacture
symbol, interfix number, lot serial number, and
year of manufacture is on the second line. The
M103 case is loaded for use with all service
ammunition, and the M103B1 is used with the
MS51A1B1/M51A2 dummy cartridges.

PROPELLANT.—AIl M50-configured car-
tridges are loaded with (double-base) ball spherical
propellant.

MS52A3B1 ELECTRIC PRIMER.—The elec-
tric primer (fig. 1-8) is used in all current M50
configurations. It consists of an open-ended brass
cup that contains a brass button insulated from
the cup by a plastic liner. The firing pin of the
gun contacts this button. The ignition charge (a
conductive explosive mixture) is in contact with
the other side of the button. This is retained by
a paper disk and a metal support cup. The
electrically initiated primer ignites the propellant
charge.

NOTE: The primer explosive element is
sensitive to electromagnetic and elec-
trostatic energy.

PROJECTILES.—AIl projectiles, except
the HPT, have essentially the same external

BUTTON CuP
INSULATOR PRIMER MIX
SUPPORT
/ CuUP
PN
7\ s 5
35 .v. /D‘sc
220.747

Figure 1-8.—M52A3B1 electric primer.
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Figure 1-9.—M505A3 point-detonating fuze (unarmed).

configuration. The rotating band is a copper alloy
swaged into a circumferential groove near the aft
end of the steel body.

FUZE MS505A3 POINT-DETONATING
(PD).—The PD fuze (fig. 1-9) consists of a body
assembly, a rotor assembly, and a booster
assembly. The fuze has a delayed arming distance
of 20 to 35 feet after it leaves the muzzle of the
gun. Before firing the HEI projectile, the rotor
and the firing pin are locked in position by the
rotor safety spring. (The rotor contains the
detonator, which is out-of-line with the firing
pin.) Centrifugal force causes the spring to
open, allowing the rotor to move in-line with
the firing pin. The fuze functions when the
nose of the fuze is crushed against the target,
forcing the firing pin against the detonator.
The detonator, in turn, initiates the booster. The
booster detonates and initiates the projectile’s
explosive charge.

TRACER.—A tracer mix is direct-loaded
into a cavity machined in the base of the TP-T
and HEI-T projectiles. It is used in assembling
the M220 and M242 cartridges, respectively. The
tracer is ignited by the heat and pressure of the
propelling charge. The tracer is visible for about
1,280 yards of projectile flight.
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M51A1B1/M51A2 Dummy Cartridges

Dummy cartridges (fig. 1-10, view A) are
completely inert assemblies. They are used for drill
and testing the feeder assembly of a weapon. The
dummy cartridge is assembled with the M51A1B1/
MS51A2 projectile and M103B1 cartridge case to
simulate the service cartridge. The two cartridges
are the same except for a change to the
annulus/primer pocket. The cartridge contains
approximately 635 grains of inert material. This
material produces an average overall weight equal
to that of the other M50-configured ammunition.

MS54A1 High-Pressure Test Cartridge

The M544A1 cartridge (fig. 1-10, view B) is
used only for proof firing of the gun at the place
of manufacture. The projectile is made from a
solid steel bar. It has a standard rotating band.
The M103 or M103B1 cartridge case is used with
the M52A3BI electric primer.

MSSA2 Target Practice Cartridge

The M55A2 cartridge (fig. 1-10, view C) has
no explosive filler in the projectile. The solid nose
is made of aluminum alloy. The projectile shape
and ballistic properties are similar to those of the
other M50-configured ammunition. The cartridge
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is used for practice firing, boresighting weapons,
and testing new guns. The M103 cartridge case
- and M52A3B1 electric primer make up this
cartridge.

MS56A3 High-Explosive
Incendiary Cartridge

The M56A3 or M56ES projectile is used in the
MS56A3 cartridge (fig. 1-10, view D). The
projectile is loaded with an incendiary and
explosive composition, giving the combined
effect of the blast of a high-explosive charge plus
a fire-starting ability.

Both the M56A3 and M56ES are loaded with
aluminized composition A-4. The major differ-
ence between the projectiles is their construction.
The MS56A3 has a base plate to prevent ignition
of the HEI charge by the propellant. The M56ES5
does not have the base plate and has approxi-
mately 10 more grains of A-4. Both cartridges use
the M103 case, M52A3BI electric primer, and the
MS505A3 PD fuze.

M220 Target Practice-Tracer Cartridge
The M221 projectile is used with the M220

cartridge (fig. 1-10, view E). The M221 projectile
is similar to the MS55A2 projectile, except

it incorporates a tracer in the base of the
projectile.

M242 High-Explosive
Incendiary-Tracer Cartridge

The M242 projectile is used with the M242 car-
tridge (fig. 1-10, view F). The projectile has a
tracer in the base and aluminized composition A-4
in the forward section. It has a combined effect
of a high-explosive charge plus a fire-starting
ability. The projectile is assembled with the
MS505A3 PD fuze, the M103 case, and the
M52A3BI1 electric primer.

M254 Dummy Cartridge

The M254 cartridge (fig. 1-10, view G) is made
of plastic. It is an alternate to the M51A1B1/
MS51A2 steel dummy cartridge. You can tell
the difference between the M254 and live
ammunition by its appearance and by the feel of
its nylon composition. M50 configuration
characteristics are shown in table 1-6.

Identification
Ammunition is identified by the color the

projectile is painted and by the lettering on the
body of the projectile.

Table 1-6.—M50 Configuration Ammunition Characteristics

Cartridge Approximate Unit Weight (grains)
Total
Designation Type |MI103 | M52A3B1 | Propellant | Projectile wt. Remarks
case Electric (grains)
primer (approx.)
MS51A1B1/MS1A2 | Dummy | 1,775 None 635 1,520 3,850 M103A1 Steel case
(inert) (min)
MS54A1 HPT | 1,855 22 590 1,965 4,392
MS55A2 TP 1,855 22 590 1,521 3,935
MS6A3 HEI 1,855 22 590 1,565 3,965 |MS5S05A3 fuze re-
quired
M220 TP-T | 1,855 22 590 1,470 3,935
M242 HEI-T | 1,855 22 590 1,535 3,865 |MSO5A3 fuze re-
quired
M254 Dummy | n/a None None n/a 4,005 Plastic
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LAST LINE

SECOND LINE
FIRST LINE

PR R PPRRRT RN

ROTATING BAND

YEAR OF MANUFACTURE

CALIBER AND
TYPE OF CARTRIDGE

CARTRIDGE DESIGNATION
SYMBOL OF MANUFACTURER
INTERFIX NUMBER

LOT SERIAL NUMBER

220.750

Figure 1-11.—Example of color coding and marking for M50 configuration ammunition.

LETTERING.—The lettering (fig. 1-11) is
stenciled in waterproof marking ink around
the body of the projectile. The first line of
lettering identifies the caliber and type of
cartridge; for example, 20MM HEI, 20MM TP,
or 20MM HEI-T. The second line gives the
cartridge designation; for example, M254,
MS5A2, or M220. The last line consists of
a code number that identifies the manufacturer,
interfix number, lot serial number, and year
of manufacture. The color of the letters has no
meaning.

COLOR CODING.—The color codes for the
M50-configured 20-mm ammunition are listed in
figure 1-12. You can see exactly where colors are
located on the projectile. The projectile (fig. 1-12)
is divided into sections marked A, B, C, and D.
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The sections on the projectile match the color code
to columns in the figure.

By looking at figure 1-12, you can identify
high-explosive incendiary-tracer round M242.
First, find the projectile and its color code in
column A. Then, look at section A of the
projectile. This section of the projectile isn’t
painted; therefore, section A of the projectile
remains the natural color of the metal (copper).
Look at column B and find the color for
section B. Refer to section B of the projectile. This
area is painted yellow (high explosives), and
section Bl is painted red (incendiary). Use the
same procedures for sections C and D. Also note
the red T markings in the section B area just
outside of the Bl section. The red T, and in
some cases orange T, shows the presence of an
incendiary explosive (tracer).



Color of Painting

Color

ROTATING BAND

Projectile Type of
A 8 C D Lettering
Dummy Chromate | Chromate Chromate Chromate Black
MS51A1B1/M51A2 finish finish finish finish
High Pressure Test No paint Purple Purple Purple Black
MS4A1 (HPT) {copper)
Target Practice (TP) No paint Blue Blue Blue White
M55A2/M55A28B1 (copper)
M55A3/M55A381
High Explosive No paint Yellow No paint No paint Black
Incendiary (HEI) (copper) | Red band (chromate) | (chromate)
M56A3/M56A4 in B, area
Target Practice No paint Blue Blue Blue ng:aenw:h
Tracer (TP-T) (copper) T'sg
M221 (M220 carmdge) (at location 81)
High Explosive No paint Yellow No paint No paint Blac;ev;i!h
Incendiary-Tracer (copper) Red band {chromate) (chromate) T's
(HEI-T) M242 in B, area (below B1)
Plastic Dummy No paint No paint | No paint No paint Black
Cartridge (white (white (white (white
M254 plastic) plastic) plastic) plastic)
A B c lep
—-i Bl hes—
i | — - ,'
| .
L= -
| =1
> | — L]
| - 1
= .

Figure 1-12.—Color coding, marking, and sectionalized projectile of M50 configuration ammunition.
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BOTH ENDS

DOD CARTRIDGE IDENTIFICATION CODE
FEDERAL STOCK NUMBER OF CARTRIDGE
SYMBOL OF CARTRIDGE MANUFACTURER
““S”’ IF STEEL CARTRIDGE CASE

LOT NUMBER OF CARTRIDGE

Nhwe-

INSPECTOR'S STAMP

MONTH AND YEAR OF CARTRIDGE MANUFACTURE
. TYPE AND MODEL OF CARTRIDGE

AVERAGE WEIGHT OF PACKED CONTAINER

. TYPE OF PROJECTILE

. COAST GUARD CLASSIFICATION

220.752

Figure 1-13.—Ammunition container M548 (typical).

Ammunition Container M548

The M548 container (fig. 1-13) is made of
metal. The lid is attached by quick-release latches
at both ends. Required information about the
ammunition contained inside is listed on the
outside of the container. Do not break the
moisture-resistant seal between the lid and the
container until the ammunition is to be used.

NOTE: M50 series ammunition is nor-
mally packed in the M548 container as
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loose rounds (not prebelted). The Linkless
Ammunition Loading System (LALS)
eliminated the requirement for prebelted
ammunition.

The rounds are packed in the container in
layers. There are cardboard partitions between
each layer and between the rounds on all sides of
the container. Each round has a tubular-shaped
cardboard protector around the projectile. Use
these cardboard partitions and tubular protectors
when repacking the ammunition in the containers.




For additional information concerning
M50-configured ammunition, refer to Ammu-
nition for Navy 20-mm Aircraft Guns, NAVAIR
11-1-119.

REVIEW NUMBER 2

ol.

List the types of ammunition.

02.

Describe the purpose of ammunition
identification.

03.

Explain the difference between service and
nonservice ammunition.

Q4. The DODIC and the NALC are used to

When installed in chaff dispensers, what
cartridge expels chaff from the dispenser?

Q5.

Q6.

Define the following terms: service life,
shelf life, and installed life.

What CADS are exempt from aircraft
logbook entry requirements?

Q7.

Q8. Match the term with its definition.
TERM DEFINITION
M55A2 cartridge  Used to proof-fire guns

when manufactured
M54A1 Used for drill and
testing feed assemblies
in weapons
M51A1IBI/M51A2 Used for practice
firing, boresighting
weapons, and testing
new guns

HAZARDS OF ELECTROMAGNETIC
RADIATION TO ORDNANCE (HERO)

Learning Objective: Recognize HERO
classification standards. Identify HERO
hazards. Identify the uses of the EMCON
bill.

The functional characteristics of electrically
initiated ordnance cause hazards of electro-
magnetic radiation to ordnance (HERO). Ord-
nance that presents a HERO problem include
cartridges, cartridge-actuated devices, and 20-mm
ammunition. The ordnance electroexplosive
devices (EEDs) may be accidentally initiated or
their performance degraded by exposure to radio
frequency (RF) environments. Ordnance is more
susceptible to RF environments during assembly,
disassembly, handling, loading, and unloading
operations.

The term RADHAZ (radiation hazards)
applies to radio frequency (RF) electromagnetic
fields of sufficient intensity to—

® produce harmful biological effects in
humans, and/or

® cause spark ignition of volatile com-
bustibles or actuate electroexplosive
devices.

Although the effects of RADHAZ are important,
this chapter limits discussion to HERO hazards.

HERO ORDNANCE CLASSIFICATIONS

The susceptibility of ordnance to RF environ-

. ments is determined by a testing program
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sponsored by the Naval Sea Systems Command
(NAVSEASYSCOM). Tests are conducted in the
maximum RF environment the ammunition or
ordnance systems may be subjected to in its
stockpile-to-launch sequence. This data is
the basis for the three HERO classifications
assigned to ordnance—HERO safe ordnance,
HERO susceptible ordnance, and HERO unsafe
ordnance.

HERO Safe Ordnance

An ordnance item is classified as HERO safe
if it meets the following criteria:
® Percussion initiated

@ Sufficiently shield protected so all EEDs
contained by the item are immune to adverse



effects (safe and/or reliable) when the item is
used in its expected RF environments

® General HERO requirements are observed

HERO Susceptible Ordnance

An ordnance item is classified as HERO
susceptible if proved (by tests) to contain EEDs.
HERO susceptible ordnance can be adversely

affected by RF energy. The safety and/or
reliability of the system is in jeopardy when the
system is used in its expected RF environments.

HERO Unsafe Ordnance

An ordnance item is classified as HERO
unsafe if it meets the following criteria:

@ Its internal wiring is physically exposed.

Al.

A2.

A3.

Ad.

AS.

A6.

A7.

AS8.

REVIEW NUMBER 2 ANSWERS

The types of ammunition include gun ammunition, bomb ammuni-
tion, rocket ammunition, guided missile ammunition, pyrotechnic
ammunition, chemical ammunition, and demolition ammunition.

Ammunition identification allows you to find the sertype of
ammunition (service/nonservice), class of explosive contained in
the round, Mk and Mod number, lot number and color codes to
identify explosive hazards.

Service ammunition is operational ammunition while nonservice
ammunition is used for training personnel.

The DODIC identifies all ammunition and nonnuclear items in the
supply system, and it applies to all the armed forces. The
NALC is assigned by the Ships Parts Control Center (SPCC) and
identifies Navy-unique ordnance items.

When installed in chaff dispensers, the Mk 131 Mod 0 impulse
cartridge expels chaff from the dispenser.

The service life of a cartridge is the specified period of time during
which a CAD can be used. The shelf life of a cartridge is the period
of time that a cartridge can remain in the inventory with the
hermetically sealed container unopened. The installed life of a
cartridge begins on the date its hermetically sealed container is
opened.

Stores release CADS are exempt from aircraft logbook entry
requirements.

The M55A2 target practice cartridge is used for practice firing,
boresighting weapons, and testing new guns.

The M54A1 high-pressure test cartridge is used to proof-fire guns
when manufactured.

The M51A1B1/M51A2 dummy cartridge is used for drill and testing
feed assemblies in weapons.
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@ Tests are being conducted on the item that
result in additional electrical connections to the
item.

® EEDs having exposed wire leads are
handled or loaded.

® The item is being assembled or dis-
assembled.

® It is disassembled.

HERO EMISSION CONTROL
(EMCON) BILL

Ordnance items classified as HERO unsafe are
protected from electromagnetic radiation by
putting them in a completely enclosed all-metal
container. (NOTE: Ordnance in a wooden or
plastic container or on a metal pallet is as
exposed as if the container or pallet were not
there).

HERO unsafe ordnance should NEVER be
exposed to an RF environment. However, the
requirement for assembly, disassembly, handling,
loading, and unloading exposes ordnance to some
degree. If exposure cannot be avoided, ordnance
should be exposed only in essentially RF-free
designated regions, such as below deck or in RF-
shielded buildings.

The commanding officer is responsible for
making sure that HERO unsafe ordnance is
not handled in RF environments. Sometimes
operational commitments require HERO unsafe
ordnance to be exposed to RF environments such
as the flight deck, hangar deck, or weather decks.
A degree of relief from HERO REF restrictions is
obtained by following the command HERO
EMCON bill.

The HERO EMCON bill depends upon two
factors—(1) the amount and type of ordnance that
is involved, and (2) a knowledge of the RF envi-
ronment at locations where presence, handling,
and loading occur.

The HERO EMCON bill contains a list of all
HERO susceptible and HERO unsafe ordnance
items on board and their allowable RF envi-
ronmental levels. It also includes a list of all
transmitter-antenna combinations on board and
their output power. By reducing or securing
certain transmitter-antenna combinations,
allowable RF environmental levels can be
maintained.
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Normally, to ensure that proper conditions are
met in a given ordnance-handling situation, two
actions are taken:

1. All on-board transmitters are listed.
2. The action each operator is to take when
a given HERO EMCON condition is set.

For example, in HERO condition 1, a
transmitter operator may switch the transmitter
to STANDBY. In HERO condition 2, the same
operator may restrict transmission to 100 watts,
or perhaps there is no transmission restriction at
all.

The AO is the most important factor in
avoiding a HERO unsafe situation. You deter-
mine if an ordnance item is HERO safe, HERO
susceptible, or HERO unsafe. Before moving a
HERO unsafe item from an RF-free environment,
you must request, through strike operations or
ordnance control, the proper HERO condition.
You make sure that the ordnance item remains
in an RF-free environment until the word has been
passed that the proper HERO condition has been
set.

For detailed information concerning all
aspects of electromagnetic radiation hazards, refer
to Electromagnetic Radiation Hazards, NAVSEA
OP 3565/NAVAIR 16-1-529, volumes I and II.

REVIEW NUMBER 3

List the three HERO ordnance classifi-
cations.

Ql.

Ordnance is HERO safe if it meets what
criteria?

Q2.

Name the environment to which HERO
susceptible and HERO unsafe ordnance
should not be exposed.

03.

Q4. What is the HERO EMCON bill?

What information can you find in the local
HERO EMCON bill?

0s.



SAFETY PRECAUTIONS and carefully handling ordnance. The phrase

Learning Objective: Recognize the impor-
tance of safety precautions when working

with ordnance.

“The life you save may be your own’ is
a good one, especially when you handle
ordnance. It is your responsibility to make
sure that safe, approved practices and pro-

Accidents caused by explosives are pre- cedures are used when you handle ord-
vented by preplanning, ordnance training, nance.

Al

A2.

A3.

A4.

AS.

REVIEW NUMBER 3 ANSWERS

The three HERO ordnance classifications are HERO safe, HERO
susceptible, and HERO unsafe.

HERO safe ordnance must be percussion initiated and shielded
enough so that EDDs are safe when used in RF environments.

HERO susceptible and HERO unsafe ordnance should not be
exposed to RF environments.

The HERO EMCON Bill contains a degree of relief from HERO
RF restrictions.

THe HERO EMCON Bill contains a list of all HERO susceptible
and HERO unsafe ordnance items on board the command.
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CHAPTER 2

AIRCRAFT BOMB AMMUNITION
AND ASSOCIATED COMPONENTS

Aircraft bomb ammunition is released over
enemy targets to reduce and neutralize the
enemy’s war potential. This is done by destructive
explosion, fire, nuclear reaction, and war gases.
Aircraft bomb ammunition is used strategically
to destroy installations, armament, and personnel;
and tactically in direct support of our land, sea,
and air forces engaged in offensive or defensive
operations.

For safety reasons, some bomb ammunition
is shipped and stowed without the fuzes or
arming assemblies and associated components
installed. This ammunition must be assembled
before use. Other types, such as cluster bomb
units (CBUs), are shipped and stowed as complete
assemblies, with fuzes or arming assemblies and
associated components installed.

Bomb ammunition is designed to be carried
either in the bomb bay of aircraft or externally
under the wings or fuselage. The general character-
istics and basic principles of operation of bomb
ammunition and its associated components are
described in this chapter. Bomb ammunition

assembly procedures are discussed in chapter 15
of this manual.

GENERAL-PURPOSE BOMBS
AND FIN ASSEMBLIES

Learning Objective: Identify the purpose
and use of general-purpose bombs to
include shipping configuration, fuze wells
and charging circuits, suspension lugs,
arming wire assemblies, and fin assemblies.

Low-drag, general-purpose (LDGP) bombs
are used in most bombing operations. Their cases
(bomb body) are aerodynamically designed,
relatively light, and approximately 45 percent of
their weight is made of explosives. General-
purpose bombs may use both nose and tail
mechanical or electric fuzes and conical or
Snakeye fins.

The general-purpose bombs currently in use
are the LDGP Mk 80 (series). The specifications
for the individual bombs are listed in table 2-1.

Table 2-1.—Specifications for General-Purpose Bombs

Mk 82 Mk 83 Mk 84
Weight class (pounds) 500 1,000 2,000
(kilograms) 226.8 453.5 907.0
Assembled weight (pounds) 531 985 1,970
(kilograms) 240.8 446.7 893.4
Filler weight (pounds) 192 445 945
(kilograms) 80.1 201.8 428.6
Assembled length (inches) 86.9 118.4 151.5
(centimeters) 220.7 300.7 384.8
Diameter (inches) 10.75 14 18
(centimeters) 27.3 35.6 45.7
Suspension (inches) 14 14 30
(centimeters) 35.6 35.6 76.2
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The basic difference between the bombs listed in
table 2-1 is their size and weight. The following
description of the Mk 80 (series) bomb is
applicable to all bombs within the Mk 80 (series)
unless otherwise noted.

SHIPPING CONFIGURATION

The bomb body (fig. 2-1) is shipped with a
plastic plug installed in the nose and tail fuze well

to prevent damage to the internal threads and to
keep out moisture. The aft end of the bomb body
has a metal shipping cap installed. Plastic lug caps
are installed in the suspension lug wells, and a
plastic plug is installed in the fuze charging recep-
tacle well. Some bombs contain a hoisting lug
packaged in the tail fuze well.

Bombs are shipped on metal pallets. The
number of bombs loaded on each pallet depends
on the bomb size. For example, six Mk 82 bombs

CHARGING RECEPTACLE

WELL PLUG G
PLASTIC SHIPPIN
LUG CAP
LUG CAP PLUG
SCREWS (4)
END DISC
PLASTIC SHIPPING PLUG ' V.GROOVE WASHERS
u{[; Jos
SUPPORT cup SPACER
HOISTING LUG SHIPPING CAP

CHARGING RECEPTACLE

220.753

Figure 2-1.—LDGP bomb Mk 80 (series)—exploded view (shipping configuration).

SUSPENSION LUG
WELLS

HOISTéNG LUG

FWD CHARGING
TUBE

FWD FUZE
WELL

AFT CHARGING
TUBE

AFT FUZE
WELL

FUZE CHARGING
RECEPTACLE

Figure 2-2.—Sectional view of typical LDGP bomb Mk 80 (series).
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can be shipped on a pallet, three Mk 83 bombs
can be shipped on a pallet, and two Mk 84 bombs
can be shipped on a pallet.

FUZE WELLS

The bomb body (fig. 2-2) is designed with a
nose and tail fuze well. These wells are internally
threaded to receive either mechanical or electric
fuzes.

FUZE CHARGING CIRCUIT

The forward and aft charging tubes (fig. 2-2)
are installed at the factory and contain the
electric fuze wire harness. When electric fuzing
is used, the wire harness provides a path for the
charging current from the fuze charging receptacle
to the forward and aft fuze wells.

SUSPENSION LUGS

There are two suspension lug wells (fig. 2-2)
for the installation of suspension lugs. The
suspension lugs are spaced 14 or 30 inches apart,
depending upon the size of the bomb. Suspension
lugs are used to attach the weapon to the aircraft
bomb racks. An internally threaded well for the
installation of a hoisting lug is located between
the suspension lugs, at the center-of-gravity (CG)
position on the bomb. The hoisting lug is used
for handling purposes only.

IDENTIFICATION

The high-explosive filler of the bomb (Tritonal
80-20 or H-6) is identified by the yellow stenciled
nomenclature on the bomb body and yellow
band(s) around the nose. The lot number is
stenciled in white ink on the forward end of the
bomb. All Mk 80 (series) general-purpose bombs
currently being used aboard ships are required to
be thermally protected. Thermally protected
Mk 80 series bombs can be identified by the words
THERMALLY PROTECTED in the identification
legend, a bumpy exterior surface, and two yellow
bands around the nose.

ARMING WIRE ASSEMBLIES

Arming wire assemblies (fig. 2-3) are used for
arming procedures during ordnance evolutions.
The primary function of arming wire assemblies
is to maintain ordnance components in a safe
condition until actual release of the bomb from
the aircraft.

Normally, the wires consist of one or two brass
or steel metal strands attached to a swivel loop.
Safety Fahnstock clips (fig. 2-3) or safety clips
MAU 166/182 are attached to the ends of the
arming wires after installation. They prevent
premature or accidental withdrawal of the arming
wires from the component.

NOTE: Safety clips are used vice Fahn-
stock clips unless otherwise specified.

C?*~\N<:SAFETY CLIP
L\

FERRULE

e

AFT LUG

FAHNSTOCK CLIPS

e

220.181

Figure 2-3.—Arming wire assemblies.
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Table 2-2.—Arming Wire Data

Arming Wires/

Leg Lengths

Swivel & Loop Accessory Kit
Assembly Ferrule

Safety Clip

MAU-166
Swivel & Loop
Assy only

Arming Adapter
Self Adjusting

Hardware Type Material Dia. (in.) (in.)
MK 1 Mod 0 Single Brass 0.064 57.0
MK 2 Mod 0 Double Brass 0.064 57.0
MK 3 Mod 0 Single Steel 0.032 57.0
MK 4 Mod 0 Double Brass 0.064 96.0
MK 9 Mod 0 Single Brass 0.064 90.0
MAU-182/A Arming Wire

Normally, arming wire assemblies are shipped
in spiral-wound fiber tubes, overpacked in a
wooden box. Generally, the safety Fahnstock clips
are packed in the tubes with the arming wires. The
most commonly used arming wire assemblies are
listed in table 2-2.

Arming wire installation procedures are
discussed in the TRAMAN where the use of
arming wire assemblies is required.

FIN ASSEMBLIES

Fin assemblies, used with the Mk 80 (series)
LDGP bombs, provide stability to the bomb.
They cause the bomb to fall in a smooth, definite
curve to the target, instead of tumbling through
the air.

The fin assemblies, except the MAU-91A/B,
are shipped on metal pallets. Each individual fin
is crated in a lightweight, disposable metal crate
(fig. 2-4). Some fin assemblies are shipped with
bomb lugs attached to the shipping crate,
depending upon the particular NALC.

Two types of fins are described in this part
of the TRAMAN-—conical and Snakeye. The
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conical fin is used for the unretarded mode of
delivery, and the Snakeye fin assembly can be used
for either the unretarded or retarded mode of
delivery.

Conical Fin

The conical fin assembly (fig. 2-5) is steel,
conical in shape, and has four fins to provide
stability. Access covers, attached by quick release
screws, are located on the sides of the fin body,
providing access for dearming and inspections.
There is a drilled or punched hole at the top and
bottom of the forward end of the fin body. This
hole is used to install an arming wire when the
bomb is being configured for electric tail fuzing.
The fin is attached to the aft end of the bomb,
and is secured in place by tightening the fin
setscrews into the V-groove of the bomb.

The conical fin may be used with all Mk 80
(series) bombs. The basic difference between types
of conical fins is their physical size; the larger the
bomb, the larger the fin.

Snakeye Fin Assemblies

Snakeye fin assemblies are used with the Mk
82 and Mk 83 LDGP bombs. They are capable



COVER

BOMB FIN

MK 26 MOD 0
BOMB FIN
CRATE ——

SUSPENSION

34 5/8 IN,
ASSEMBLED
HEIGHT

Figure 2-4.—Fin crate Mk 26 Mod 0 for Mk 15 fin.

of delivering bombs at high speed and low altitude
without the danger of damaging the aircraft from
ricocheting bombs or fragments. A physical
description of both fin assemblies and the
principles of operation are discussed in the
following paragraphs.

MK 15 AND MODS SNAKEYE FIN
ASSEMBLY.—The Mk 15 and Mods bomb fin

V-GROOVE

BOMB SET SCREW CONICAL FIN

Figure 2-5.—Conical fin.
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Figure 2-6.—Mk 15 fin with Mk 82 bomb body.
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SPRING METHOD
MODS 1 AND 2

A RETAINING RING/GARTER

FIN ATTACHING METHODS FOR THE MK I5 FIN

B SETSCREW METHOD
MODS 3 AND 4

C PLUNGER/SLEEVE
MODS 1 AND 2

SHOCK ABSORBER TYPES

D CONVOLUTED STEEL
MODS 3 AND 4

Figure 2-7.—Fin support tubes.

assembly (fig. 2-6) is a retarding fin. It is used
with the 500-pound LDGP, Mk 82 and Mods
bomb. The fin assembly presents a low-drag
configuration when dropped in the unretarded
position and a high-drag configuration when in
the retarded position.

The fin support tube is the main structure of
the fin. It provides a means of attaching the fin
assembly to the bomb. On the Mod 1 and Mod
2 fins, the fin support tube (fig. 2-7, view A) is
attached to the bomb by a retaining ring in the
V-groove of the bomb. The retaining ring expands
in a semicircular groove in the flange of the fin
support tube. On Mod 3 and Mod 4 fins, the fin
is attached by eight setscrews (fig. 2-7, view B).

On the Mod 1 and Mod 2 fins, the shock of
fin opening is absorbed by a plunger that expands
a sleeve (fig. 2-7, view C). On the Mod 3 and Mod
4 fins, the shock is absorbed by the crushing of
a convoluted steel tube (fig. 2-7, view D). The fin
support tube has a fuze mounting ring for
attaching the tail drive of a mechanical tail fuze.

The fins are spring-loaded and secured in the
closed position by a spring-loaded release band.
The release band lever (fig. 2-8) is prevented
from opening by a cotter pin, which stays installed
until an arming wire is installed. A guide tube that
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reduces arming wire breakage comes with each
Mod 1, and it must be installed externally on the
fin assembly. On the Mods 2, 3, and 4 fins, the
guide tube is an integral part of the fin. The
fin assemblies have drilled holes at the top and
bottom of the forward end for installation of
arming wires when the weapon is being configured
for electric tail fuzing.

RELEASE
BAND
LEVER

REMOVE TAG PRIOR TO

FLIGHT, REMOVE COTTER
PIN ONLY IF ARMING WIRE
INSTALLED AND RETARDED
DROP REQUIRED.

GUIDE TUBE
SLOT

220.758
Figure 2-8.—Fin release band for Mk 15 fin.
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Figure 2-9.—MAU-91A/B and B/B fins with ADU-320/B adapter on bomb body Mk 83.

MAU-91A/B AND B/B SNAKEYE FIN
ASSEMBLY.—The MAU-91A/B and B/B fin
assembly (fig. 2-9) are retarded tail fins used with
the 1,000-pound LDGP bomb Mk 83 and Mods.
This fin assembly can be dropped in either the
retarded or unretarded position.

The MAU-91 fin consists of four folding drag
plates with links, a support flange, and a support
tube. An energy absorber, made of aluminum
honeycomb tubing, is located on the support tube
between the stationary collar and the sliding
collar. The sliding collar is driven against the
energy absorber, causing it to compress and
deform. A channel located on the top drag plate

2-8

holds the fin release wire until it is pulled
out at bomb release. The drag plates are held in
the closed position by a release band secured by
a fin release wire pin located in the latch of the
release band. The band tabs fit into slots located
near the end of each drag plate. The band is
securely attached to the bottom drag plate by a
stainless steel clamp, which prevents damage from
the band striking the aircraft after release.
The MAU-91 fin is attached to the Mk 83
bomb by fin adapter ADU-320/B (fig. 2-10). The
adapter is secured to the aft end of the bomb by
eight setscrews. The fin support flange has eight
teeth that mate to ears on the fin adapter. A garter
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DESTRUCTORS

Learning Objective: Identify the purpose,
use, and operation of destructors.

The destructor mine consists of an LDGP
aircraft bomb and a Mk 75 modification kit. The
Mk 75 modification kit (fig. 2-13) contains the
Mk 32 arming device, Mk 59 booster, Mk 42
firing mechanism, and all necessary hardware (less
battery and fin assembly) to convert an LDGP
bomb to an air-laid mine. The firing mechanism
of the Mk 42 arming device requires the use of

a Mk 95 battery, which must be installed during
assembly procedures.

With the Mk 75 kit installed, a Mk 82 LDGP
bomb (500 pounds) becomes a Mk 36 DST, a Mk
83 LDGP bomb (1,000 pounds) becomes a Mk
40 DST, and a Mk 84 LDGP bomb (2,000
pounds) becomes a Mk 41 DST. The Mk 36 and
Mk 40 DST can be dropped in the retarded or
nonretarded mode of delivery. The installation of
a conical fin provides nonretarded (free-fall)
delivery only. The installation of a Snakeye fin
assembly provides the pilot with the in-flight
option of releasing the DST in the retarded or
nonretarded mode. The Mk 41 DST is configured

Al

A2,

A3.

A4,

AS.

A6.

A7.

Al

A2.

A3.

REVIEW NUMBER 1 ANSWERS
Normally, low-drag general-purpose (LDGP) bombs are used in
bombing operations. Currently, Mk 80 (series) LDGP bombs are
used.

Bombs are shipped on metal pallets because of their increased
capacity and for grounding purposes over wooden pallets.

Suspension lugs are used to fasten the weapons to the aircraft bomb
racks.

The two types of bomb fins are the conical and Snakeye fins.

The Mk 15 fin is used with the Mk 82 bomb in either a low-drag or
high-drag configuration.

The ADU-320/B adapter is used to mate the MAU-91A/B fin to the
Mk 83 bomb.

The three modes of delivery used with Snakeye fins are the retarded
mode, used during low-level bombing; nonretarded mode, in which
the weapon free falls to the target,; and the jin-flight selected moded
(pilot option), where the pilot selects either the retarded or
nonretarded mode of delivery.

REVIEW NUMBER 2 ANSWERS
Laser-guided bombs detect a target illuminated by a laser beam.
Electrical tail fuzes are used in laser-guided bombs.
The wing assembly is mounted on the aft end of the bomb

body to add aerodynamic stability and lift for in-flight
maneuvering.
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Figure 2-13.—Typical destructor configurations.
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STRIPES

220.595
Figure 2-14.—DST identification markings.

with a conical fin for nonretarded delivery only.
DSTs are identified by the standard LDGP bomb
markings plus white stripes (fig. 2-14).

Additional information on DSTs may be
found in Destructor Mk 36, 40, and 41, all Mods,
NAVSEA OP 3529.

REVIEW NUMBER 3

Q1. What modification kit is used to make
LDGP bombs into destructor (DST) mines?

Q2. Name the bomb used to make the Mk 40
destructor.

Q3. Name the DST that can only be dropped
in the nonretarded mode.

FIRE BOMBS

Learning Objective: Identify the com-
ponents of the Mk 77 Mod 4, CBU-
" 55A/B, and CBU-72/B fire bombs.
Describe the function of the Mk 77
Mod 4, CBU-55A/B, and CBU-72/B fire
bombs.

A fire bomb is a thin-skinned container of fuel
gel designed for use against dug-in troops, supply
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installations, wooden structures, and land
convoys. Fire bombs rupture upon impact and
spread burning fuel gel on surrounding objects.
One or more igniters and fuzes are used to ignite
the fuel gel mixture upon impact. Fire bombs are
used primarily for low-level attacks.

Currently, the Navy has three fire bombs
available for use. They are the Mk 77 Mods 2 and
4, and the fuel-air explosive (FAE) bomb clusters
CBU-55A/B and CBU-72/B.

MK 77 MOD 4 FIRE BOMB

The Mk 77 Mod 4 fire bomb (fig. 2-15) holds
approximately 75 gallons of fuel gel mixture and
weighs approximately 500 pounds when filled.

NOTE: The Mod 4 differs from the Mod
2 because the igniter adapters have been re-
moved, and the filler holes are 31° down
instead of in line with the suspension lugs.

The Mk 77 Mod 4 container is cigar-shaped,
nonstabilized (will tumble end over end when
released from the aircraft), lightweight, and made
of aluminum. It has a 14-inch suspension between
the lugs and has two filler holes that are 31 degrees
down from the top of the container. The filler
holes are covered by filler caps secured by retainer
rings. The filler caps prevent foreign objects from
getting inside the container during shipping and
storage. They provide a sealed closure after the
container is filled with fuel gel before fuzing. The
filler holes also provide for the installation of the
primary fuzes. During fuzing procedures, the filler
caps are removed and replaced by igniters, which
seals the closure.

The primary fuzing system (fig. 2-15) consists
of the igniter Mk 273 Mod 0 with the M918 fuze
or the initiator Mk 13 (igniter Mk 273 Mod 1
with the Mk 343 fuze). The Mk 77 Mod 4 also
has provisions in the nose and tail for an
alternate fuzing system (fig. 2-15) using the
AN-M173A1 fuze and the AN-M23Al1 igniter.

Functional Description

When the fire bomb is released from the
aircraft, the arming wires are pulled from the
fuzes. The fuzes become armed. When the bomb
impacts the target or the ground, the container
ruptures, spreading the fuel gel mixture over the
area. The fuzes detonate, rupturing the igniters,
which, in turn, ignite the gel mixture.
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Figure 2-15.—500-pound fire bomb Mk 77 Mod 4 (exploded view).
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Figure 2-17.—Fuel gelling unit Mk 1 Mod 0 (typical setup).

Mark 1 Mod 0 Fuel Gelling Unit

The Mk 1 Mod 0 fuel gelling unit (fig. 2-17)
is a 220- or 440-volt ac, electrically driven unit,
designed for use by shore-based or shipboard
squadrons. This unit replaces all other incendiary
mixers. The gelled fuel flow rate of the unit is
approximately 48 gallons per minute.

SOLUTIONS.—Solution A is a crystallized,
distilled cottonseed, unsaturated fatty acid with
an additive containing a mine and esopropanol.
Solution B is a mixture of concentrated caustic
soda and caustic potash. These solutions must be
used in sets of two (a 55-gallon drum of solution
A and a 30-gallon drum of solution B). This
mixture combination produces approximately 900
gallons of gel, or enough gel to fill 12 to 14 fire
bomb casings.

FUEL.—The fuels that can be used in the Mk
1 Mod 1 fuel gelling unit are aviation gasoline
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80/87, 100/130, and 115/145 octanes, combat
automotive gasoline (mogas), or aviation turbine
fuel, JP-4 or JP-5.

FILLING.—A typical fuel gelling system
setup is shown in fig. 2-17. The mixing unit draws
gelling solutions A and B from the drums through
suction hoses and fuel through an aircraft pressure
fuel supply hose/nozzle and puts it directly into
the unit where it is mixed with the solutions and
gelled. The gelled fuel is then pumped through
a gel discharge hose to fill the fire bomb
cases.

The fire bomb cases are filled to within 1 1/2
inches of the bottom of the filler holes, with the
filler holes at the 12-0’clock position. This space
gives a minimum airspace of three percent in the
bomb to prevent rupture because of expansion of
the fuel gel mixture.

For detailed information concerning the fuel
gelling unit Mk 1 Mod 0 and mixing instructions,
refer to NAVAIR 19-1-112.
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Figure 2-18.—Fuel-air explosive bomb cluster CBU-55A/B.

FUEL-AIR EXPLOSIVE
BOMB CLUSTER CBU-55A/B
AND CBU-72/B

The CBU-55A/B (fig. 2-18) and CBU-72/B
(fig. 2-19) are fuel-air explosive (FAE) bomb
clusters. They are air-to-surface, free-fall, un-
guided weapons delivered from low-speed or high-
speed fixed-wing aircraft. The CBU-55A/B bomb
cluster may also be delivered from rotary-wing
aircraft. The weapons are effective against
personnel in defensive positions, light material
targets, booby traps, foliage, and in clearing
helicopter landing zones.

Components

The SUU-49A/B bomb dispenser is used with
both the CBU-55A/B and CBU-72/B bomb
clusters. The dispenser contains three BLU-73A/B
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fuel-air explosive bombs and contains both high
explosives and ethylene oxide fuel. Ethylene
oxide fuel is a clear, colorless, flammable,
toxic liquid having a characteristic ether-like odor.

Both bomb clusters have mechanical time
fuzes installed in the nose of the bomb
dispenser. The FMU-83/B fuze is used with the
CBU-55A/B, and the Mk 339 Mod 1 is used with
the CBU-72/B. Fuzing is the only difference
between the two weapons. The bomb clusters
weigh approximately 520 pounds and are delivered
to the fleet completely assembled as all-up-rounds
(AURs).

SUU-49A/B BOMB DISPENSER.—The
SUU-49A/B bomb dispenser (fig. 2-18 and fig.
2-19) is an aluminum cylinder equipped with the
following:

® Nose fairings
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Figure 2-19.—Fuel-air explosive bomb cluster CBU-72B.

A strongback and hard-shell area for
handling/chocking purposes

Arming wires

@ Extractors

® Thruster mechanism

® Four fins that are folded for shipping,
storage, and handling

The lower and upper dispenser fins are
unfolded manually. The upper fins are unfolded
manually before flight or by the thruster
mechanism upon release from an aircraft. The
upper nose fairing contains holes for inserting a
lifting bar for handling. An observation window
assembly (fig. 2-18 and fig. 2-19) is mounted
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on the rear bulkhead for detection of leaking
fuel. There is a leak detector decal next to the
observation window assembly. The leak detector
disk can be seen through this window. If you find
the leak indicator disk white or red as the color
on the leak indicator decal, the bomb cluster
is hazardous. Handle it according to current
disposition instructions. A leak indicator disk may
turn orange, pink, or brown from environmental
exposure, but it will still turn red if a leak
occurs. The fuze covers (fig. 2-18 and fig. 2-19)
are used to protect the installed fuzes during
ground handling only, and they are removed
before flight.

FMU-83/B AND MK 339 MOD 1 MECHAN-
ICAL TIME FUZE.—The purpose of the
mechanical time fuzes used with the FAE
weapons is to initiate the communication link
assembly, resulting in removal of the rear
bulkhead.
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Figure 2-20.—Mechanical time fuze assembly FMU-83/B.

FMU-83/B Mechanical Time Fuze.—The
FMU-83/B fuze (fig. 2-20) is installed in the
nose of the CBU-55A/B bomb cluster. It
is an air-armed, air-discriminating, mechanical
time fuze. The air-discriminating feature means
the fuze must be subjected to a minimum
of 50 knots velocity before it can arm. A
safe/arm indicator, located on the left side
of the fuze, indicates the safe/arm and time
setting conditions of the fuze. A tubular
projection that contains the function-time
setting device is located near the safe/arm
indicator. A fuze function-time setting from
1.0 to 9.7 seconds must be set before flight.
The fuze will fail if set at less that 1.0
second or more than 9.7 seconds. An arming
wire and warning streamer/safety pin are
installed through the center post at the top
of the fuze; it must be removed before
flight.

Mk 339 Mod 1 Mechanical Time Fuze.—The
Mk 339 Mod 1 fuze (fig. 2-21) is installed in the
nose of the CBU-72/B bomb cluster. It is an air-
armed, air-discriminating mechanical time fuze.
The air-discriminating feature means the fuze
must be subjected to a minimum of 225 knots
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velocity before it can arm. Fuze functioning
time is preset with 1.2- and 4.0-second time delay
options.

BLU-73A/B FUEL-AIR EXPLOSIVE
BOMB.—Three BLU-73A/B bombs (fig. 2-22)
are packed in the SUU-49A/B bomb dispenser,
which is an aluminum cylinder containing
ethylene oxide. An FMU-95/B fuze is mounted
at the forward end and a stabilizer (parachute)
with skirt is attached to the aft end of
each bomb. A burster charge extends through
the center of the bomb, and two cloud detonators
are installed in the side of the bomb opposite
each other. Each bomb weighs 132 pounds.
The FMU-95/B bomb fuze consists of an
extendable probe with a piezoelectric crystal
mounted in the tip, a backup inertial firing
pin, a detonator, and a pyrotechnic delay
element. When extended, the probe is approx-
imately 4 feet in length. A self-destruct device
(pyrotechnic delay) provides for positive detona-
tion of the burster charge if the fuze is armed
and fails in its primary or backup firing mode.
The cloud detonators contain a firing pin, delay
element, out-of-line safety device, and detonator
pellet.
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Figure 2-22.—Fuel air explosive bomb BLU-73A/B.
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Figure 2-23.—Tail fin thruster mechanism.

THRUSTER MECHANISM.—The thruster
mechanism (fig. 2-23) holds the two upper fin
assemblies in the folded position and unfolds the
fin assemblies when the bomb cluster is released
from the aircraft. An extractor is attached to the
aircraft and thruster arming wire, and upon
release, the thruster arming wire pulls the firing
pin pull rod, which fires the impulse cartridge.
Gases drive the fin lock aft and release the
fin assemblies from the folded position. The
expanding gases then drive the yoke forward,
pulling the fins into the open position by means
of fin-actuating cables. The upper fins may also
be opened manually before flight.

Functional Description

As you read this section, look at figure 2-24.
When a bomb cluster is released from the aircraft
(view A), the arming wire is withdrawn from the
mechanical time fuze, starting the arming cycle,
and, if applicable, from the thruster mechanism
to extend the two upper fin assemblies. If the
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option time wire is withdrawn on the CBU-72/B
bomb cluster, the fuze will function at the option
time set in the fuze.

After preset time delay has elapsed, the fuze
fires, initiating the explosive communication link
and the mild detonating charge that removes the
rear bulkhead assembly. Removal of the rear
bulkhead (view B) causes extraction and deploy-
ment of the stabilizer (parachute) attached to the
aft BLU-73A/B bomb. Drag forces produced by
the stabilizer (parachute) extract the aft bomb
from the dispenser (view C); this, in turn, extracts
and deploys the center bomb stabilizer
(parachute).

Extraction of the forward bomb is a similar
process to that of the aft bomb. After 2.2 to 2.3
seconds have elapsed, the fuzed probe extends
from the FMU-95/B fuze (view C), completing
the arming cycle.

Upon ground impact (view D), the probe or
inertial firing device detonates the fuze and the
bomb burster charge. The burster charge ruptures
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the bomb, dispersing fuel into an aerosol cloud,
and, at the same time, propelling the cloud
detonators into the cloud. After a preset delay,
the cloud detonators fire and initiate the cloud.
If the probe or inertial devices fail to initiate the
burster charge, a self-destruct device (pyrotechnic

delay) detonates the charge 2 minutes after fuze
function begins.

Handling and Shipping

Both the CBU-55A/B and CBU-72/B bomb
clusters are shipped and stored in either the
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Figure 2-25.—Bomb cluster shipping and storage container CNU-194/E.
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CNU-194/E (fig. 2-25) or CNU-208/E (fig. 2-26)
reusable shipping and storage containers. The
CNU-194/E container holds one fully assembled
bomb cluster, and the CNU-208/E holds two fully
assembled bomb clusters. The containers consist

of metal upper and lower shell assemblies. The
bomb clusters are secured to the lower shell by
the shock-dissipation cradles. When the upper and
lower shell assemblies are mated and latched, a
rubber gasket provides an environmental seal. Do

HOLDDOWN ASSEMBLY
CABLE ASSEMBLY HANDLE

BOMB CLUSTER
(REF)

Figure 2-26.—Multipurpose shipping and storage container CNU-208/E.
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not open them until the weapons are actually
ready for use.

The CNU-194/E container has two view
ports on the aft end of the lower shell
assembly; one is an observation window with
a leak indicator disk for the container, and
the other is an observation window giving
visual access to the bomb cluster’s leak indicator
disk. The CNU-208/E container has three view
ports—one for observation of a leak indicator
disk for the container, and two for the
observation of each bomb cluster.

REVIEW NUMBER 4
QlI. List the three fire bombs that the Navy uses.

Q2. The Mk 77 and Mods fire bomb will hold
and, when filled,

weighs

Q3. Fire bomb cases are filled to within 1 1/2
inches of the filler holes in the Mk 1 Mod
0 fuel gelling unit. What is the reason for
this action?

04.

5.

Q6.

Q7.

08.

09.

What type of delivery is used with
CBU-55A/B and CBU-72/B fuel-air ex-
Dplosive (FAE) bomb clusters?

Name the bomb dispenser used with both
types of bomb clusters.

If you handle the SUU-49A/B bomb
dispenser, how can you check for a fuel
leak?

Before the Mk 339 Mod 1 can arm, it has
to attain what velocity?

The fuze function time on the FMU-83/B
can be set from 1.0 to 9.7 seconds. What
happens if the function time is set below 1.0
or above 9.7 seconds?

What fuze is used with the CBU-72/B
FAE?

Figure 2-27.—Antitank bomb cluster Mk 20 Mods 2, 3, 4, and 6, and antipersonnel/antimaterial bomb cluster CBU-59/B.

2-26



QI10. List the shipping containers used to ship
CBU-55A/B and CBU-72/B bomb clusters.

ANTITANK BOMB CLUSTER
MK 20 MODS AND ANTI-
PERSONNEL/ANTIMATERIAL
BOMB CLUSTER CBU-59/B

Learning Objective: Identify the purpose
and use of the various configurations of
the Mk 20 and Mods antitank bomb cluster
and the CBU-59/B antipersonnel/anti-
material bomb cluster. Describe the
function of the Mk 118 Mods 0 and 1
antitank bomb and the BLU-77/B bomblet.

The antitank bomb cluster Mk 20 Mods 2, 3,
4, and 6 and the antipersonnel/antimaterial bomb
cluster CBU-59/B (fig. 2-27) are air-launched,
conventional free-fall weapons. The Mk 20 and
Mods are used against armored vehicles, and the
CBU-59/B is used against light material and
personnel targets. Both weapons are commonly
referred to as CBUs (cluster bomb units).

The Mk 20 Mods and CBU-59/B bomb
clusters are delivered to the fleet as completely
assembled all-up-rounds (AURSs). Fuzes, suspen-
sion lugs, arming wires, wire extractors, and all
other necessary components are installed.

The difference between the Mk 20 Mods and
the CBU-59/B is the type of bomb/bomblets
found in the dispenser. The Mk 20 bomb cluster
weighs 490 pounds and contains 247 Mk 118 an-
titank bombs. The CBU-59/B weighs 750 pounds
and contains 717 BLU-77/B target discriminating,
shape-charge, airburst bomblets. The information
on configuration, functional description, and
shipping and storage containers of the Mk 7 bomb
dispenser and its associated components is
applicable to both cluster weapons.

MK 20 MODS 2, 3, 4, AND 6
BOMB CLUSTER AND CBU-59/B
CONFIGURATIONS

The configurations of the Mk 20 Mods and
the CBU-59/B bomb clusters (table 2-3) consist
of a Mk 7 Mod 2, 3, 4, or 6 bomb dispenser, a
Mk 339 Mod 0 or Mod 1 mechanical time fuze,
the Mk 118 Mod 0 or Mod 1 antitank bombs, or
the BLU-77 antipersonnel/antimaterial bomblets.

Table 2-3.—Bomb Cluster Mk 20 Mods and CBU-59/B Configurations

BOMB BOMB
CLUSTER DISPENSER FUZE EXPLOSIVE PAYLOAD

Mk 20 Mod 2| Mk 7 Mod 2 | Mk 339 Mod 0 247 Mk 118 Mod 0 antitank bombs with
Mechanical Time | Mk 1 Mod 0 fuzing system
Fuze

Mk 20 Mod 3| Mk 7 Mod 3 | Mk 339 Mod 0/1 | 247 Mk 118 Mod 0 antitank bombs with
Mechanical Time | Mk 1 Mod 0 fuzing system
Fuze

Mk 20 Mod 4 | Mk 7 Mod 4 | Mk 339 Mod 0/1 | 247 Mk 118 Mod 1 antitank bombs with
Mechanical Time | Mk 1 Mod 1 fuzing system
Fuze

Mk 20 Mod 6 | Mk 7 Mod 6 | Mk 339 Mod 1 247 Mk 118 Mod 1 antitank bombs with
Mechanical Time | Mk 1 Mod 1 fuzing system
Fuze

CBU-59/B Mk 7 Mod 4 | Mk 339 Mod 0/1 | 717 BLU-77/B bomblets with FMU-88/B
Mechanical Time | fuze
Fuze

MJU-5/B Mk 7 Mod 3 | Mk 339 Mod 0/1 | Chaff
Mechanical Time
Fuze
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Mk 7 and Mods Bomb Dispenser

The cargo section of the Mk 7 Mod 2 bomb.

dispenser (fig. 2-28) is the main structure of
the weapon and contains the bombs/bomblets.
A nose fairing is attached to the forward
end of the cargo section for aerodynamics and
fuze installation. It has an observation window
for viewing the safe/arm indicator on the
installed fuze. The mechanical time fuze Mk 339
Mod 0 is installed in the nose fairing and
is protected during ground handling by the
fuze cover assembly. The dispenser has two
linear-shaped charges secured longitudinally
inside the walls. When initiated, these shaped
charges cut the dispenser in half, from front to

rear, and the bombs/bomblets spread in free-fall
trajectories.

To stabilize the weapon after release from the
aircraft, a tail cone assembly is attached to the
aft end of the cargo section. The tail cone
assembly houses four, spring-actuated folding
fins. The fins are spring-loaded to the open
position and secured in the closed position
during ground handling by a fin release-band
assembly. The fin release band is secured in the
closed position by a safety cotter pin and by the
fin release wire.

The explosive content of the weapon is
indicated by a yellow band around the forward
end of the cargo section.

Al.

REVIEW NUMBER 4 ANSWERS

The Navy uses the Mk 77 Mods 2 and 4 fire bombs and CBU-55A/B

and CBU-72/B fuel-air explosive (FAE) bomb clusters.

A2.

A3.

Ad4.

AS.

A6.

A7.

AS.

A9.

Al0.

The Mk 77 and Mods fire bomb holds 75 gallons of fuel gel mix
and weighs about 500 pounds when filled.

In the Mk 1 Mod 0 fuel gelling unit, the fire bomb cases are filled
to within 1 1/2 inches of the filler holes so a minimum 3-percent
airspace exists to prevent bomb rupture because of expansion.

CBU-55A/B and CBU-72/B bomb clusters are delivered as
air-to-surface, free-fall unguided weapons from high- or low-speed
fixed-wing aircraft.

The SUU-49A/B bomb dispenser is used with both types of bomb
clusters.

There is an observation window assembly on the rear bulkhead of
the dispenser, and a decal is next to the window. If the indicator
disk is white or red as the color on the decal, the bomb cluster is
hazardous.

The Mk 339 Mod 1 must attain 225 knots velocity before it can arm.

If the fuze function time is set below 1.0 second or above 9.7
seconds, the fuze will fail.

The Mk 339 Mod 1 mechanical time fuze is used in the CBU-72/B
FAE. It is installed in the nose of the bomb.

The CBU-55A/B and CBU-72/B bomb clusters are shipped in the
CNU-194/E or CNU-208/E shipping containers.
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Figure 2-28.—Bomb cluster Mk 20 Mod 2 configuration.

2-29




OPTION TIME WIRE EXTRACTOR

FUZE TIME
SETTING HOLES

MK 339 MODS 0/1

FUZE COVER
ASSEMBLY

WARNING STREAMER WITH
SAFETY COTTER PIN

FUZE ARMING WIRE EXTRACTOR

9’
SUSPENSION LUG (2) of ‘.
. ! |’ ' Z .
FUZE ARMING | F
AND OPTION 1
: TIME WIRES L
(HIDDEN IN CONDUITS) D 2
NOSE FAIRING < FIN
ASSEMBLY / S RELEASE
BAND
ARM 7 ,
FUZEH«SJSEQTOR ~ ASSEMBLY
BSERVATION ~
© WINDOW CARGO SECTION

NOTE 2
COLOR BAND
(YELLOW) FIN RELEASE WIRE
(NOTE 3) (HIDDEN IN CONDUIT)

FUZE SETTING DIAL
OBSERVATION WINDOW

MECHANICAL TIME FUZE

TAIL CONE
ASSEMBLY

FIN RELEASE
WIRE
EXTRACTOR

MK 7 MODS 3,4 OR 6
BOMB DISPENSER

NOTES

1. BROKEN LINES (-———) APPLY TO
MK 20 MOD 4 WEAPON ONLY.

. LIGHTNING STREAK APPLIES TO

CBU-59/B WEAPON.

TWO COLOR BANDS APPLY TO MK 20

MOD 6 WEAPON ONLY. ALL OTHER

WEAPONS HAVE ONE BAND ONLY.

220.590.3

Figure 2-29.—Bomb cluster Mk 20 Mods 3, 4, 6, and CBU-59/B configuration.

The Mk 7 Mods 3, 4, and 6 bomb dispensers
(fig. 2-29) differ from the Mk 7 Mod 2, but
the physical appearance of the dispenser remains
basically the same. The most significant change
incorporated on Mod 3 and later Mods is
the Mk 339 Mod 1 fuze, which provides the
pilot with in-flight selection of the fuze function
time.
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The Mk 7 Mod 4 bomb dispenser differs from
the Mk 7 Mod 3 by modifying the dispenser
giving interface capabilities with a wider range of
military aircraft. The Mk 7 Mod 6 bomb dispenser
is the same as the Mk 7 Mod 3 except that the
outside of the Mod 6 cargo section is coated with
a thermal protective coating and has an additional
yellow band around the forward end of the cargo



section. The addition of the thermal coating
increases the overall weight of the Mod 6 to 505
pounds.

Mk 339 Mods 0 and 1
Mechanical Time Fuze

The purpose of the Mk 339 Mods 0 and 1
mechanical time fuze is to initiate the linear-
shaped charges located in the cargo section
walls.

Mk 118 Mod 0 and Mod 1
Antitank Bomb

The antitank bomb Mk 118 Mod 0 (fig. 2-30)
consists of a Mk 1 Mod 0 fuzing system, a shaped-
charge warhead, and fixed stabilizing fins. It is
loaded in the Mk 20 Mods 2 and 3 bomb clusters
only. In the antitank bomb Mk 118 Mod 1, the
fuzing system is a Mk 1 Mod 1, and the bombs
are loaded in the Mk 20 Mods 4 and 6 bomb
clusters only.

BLU-77/B Target Discriminating
Shaped-Charge Airburst Bomblet

The BLU-77/B bomblet (fig. 2-31) consists of
a shaped-charge, fragmenting warhead, stabilizing
fins, nose element, and a FMU-88/B fuze. The
BLU-77/B bomblets are loaded in the CBU-59/B
bomb clusters only (Mk 7 Mod 4 dispenser).

BASE FUZE

WARHEAD

ARMING
VANE

FUZE
SAFE/ARM
INDICATOR

WINDOW

220.591
Figure 2-30.—Antitank bomb Mk 118 Mod 0 and Mod 1.
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Figure 2-31.—Target discriminating shaped-charge airburst
bomblet BLU-77/B.

FUNCTIONAL DESCRIPTION

When either the Mk 20 or CBU-59/B bomb
cluster is released from the aircraft, the
arming wires (primary and/or optional arming)
are pulled sufficiently to arm the Mk 339
fuze and release the fins. The positive armed
fin release arming wire frees the fin release
band, and the movable fins snaps open by spring-
force.

When the primary fuze arming wire is
withdrawn from the Mk 339 Mod 0 fuze, the fuze
will function after a 1.2-second (primary) or
4.0-second (option) delay, depending upon which
setting was set in the fuze during weapon
preparation. Functioning of the fuze initiates the
linear-shaped charges in the dispenser; they cut
the dispenser case in half, and disperse the
bombs/bomblets. If the MK 339 Mod 1 fuze is
used and only the primary fuze arming wire is
pulled, the fuze will function 1.2 seconds after the
arming wire has been extracted. If the pilot selects
the option time (4.0 seconds), both the primary
and option arming wires must be pulled. If the
pilot selects the option time and the primary
arming wire is not pulled, the fuze will be
a dud.



Mk 118 Mods 0 and 1 Antitank Bomb

When the Mk 118 bomb separates from the
dispenser case, the base fuze arming vane rotates
and the fuze is armed. If the bomb strikes a hard
target, such as concrete or armor, the electric
detonator ignites the shaped-charge warhead
immediately. If the bomb strikes a soft target,
such as earth or sandbag, the bomb penetrates the
targets until deceleration lets the inertia firing pin
strike and initiate the stab detonator, causing
warhead denotation.

BLU-77/B Bomblet

When the BLU-77/B bomblet separates from
the dispenser case, the bomblet fuze is armed by
ram air entering the arming mechanism nozzle.
If the bomblet contacts a hard target, the striker

initiates the stab detonator, igniting an explosive
transfer assembly, which detonates the warhead.
If the bomblet strikes a soft target, the bomblet
penetrates the target until deceleration activates
the delay firing train. The delay firing train
functions when the inertia firing pin detonates
the stab primer, which ignites a delay element
and impulse cartridge. The cartridge gases
propel the warhead into the air (pop-out). At a
predetermined time, the delay element ignites the
stab detonator and explosive transfer assembly,
which detonates the warhead.

SHIPPING AND STORAGE
CONTAINERS

The Mk 427 Mod 0 and Mod 1 shipping and
storage containers (fig. 2-32) encase one fully
assembled Mk 20 or CBU-59/B bomb cluster. The

220.773

Figure 2-32.—Shipping and storage containers for Mk 20 and CBU-59/B bomb clusters.
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reusable containers consist of metal upper and
lower shell assemblies that are secured with either
16 quick release latches (Mod 0) or 18 ““T”
latches (Mod 1). A rubber gasket provides an
environmental seal when the upper and lower
shells are mated. External frame members are
welded to each half of the container so the
containers can be stacked six high and provide the
necessary fittings for ground-handling equipment.

The reusable weapon cradle Mk 18 Mod 0
(fig. 2-33) is used to ship and store two fully
assembled Mk 20 bomb clusters. The cradle
consists of plastic upper and lower shell
assemblies, shock-mounted on a metal cradle
assembly. The weapon cradle has forklift guides,
lifting eyes, handtruck brackets, and lift devices
to permit the use of handling equipment. Four
supports are provided on each cradle to aid in
stacking the cradle assemblies.

REVIEW NUMBER 5§

Q1. Name the cluster bomb used against
armored vehicles and the one used against
light material and personnel targets.

Q2. Name the main structure of the Mk 7 Mod
2 bomb dispenser.

03.

04.

Q5.

Q6.

Q7.

08.

The Mk 20 bomb cluster weighs

and contains bombs,
while the CBU-59/B weighs
and contains target

discriminating,. shape-charge, airburst
bomblets.

Name the component used to stabilize the
bomb after release from the aircraft.

Describe the purpose of the Mk 339 Mod
0 and Mod 1 mechanical time fuzes.

List the components of the Mk 118 Mod
0 and Mod 1 antitank bomb.

List the components of the BLU-77/B
target discriminating, shaped-charge air-
burst bomblet.

What shipping container is used to ship and
store the Mk 20 or CBU-59/B bomb
cluster?

220.774

Figure 2-33.—Weapon cradle Mk 18 Mod 0 for two Mk 20 bomb clusters.



HELICOPTER TRAP WEAPON
(HTW) MK 115 MOD 0

Learning Objective: Identify the purpose
and use of the Mk 115 Mod 0 (HTW).

The Mk 115 Mod 0 helicopter trap weapon
(HTW) (fig. 2-34) is a retarded bomb used for

clearing prospective helicopter landing sites. The
weapon consists of a high-explosive bomb, Mk
115 Mod 0, and bomb fuze Mk 374 Mods O and 1.

When the bomb is released from the aircraft,
the parachute assembly is deployed to stabilize,
retard, and orient the bomb vertically. At the
same time, the arming wire is withdrawn from the

Al

A2

A3.

A4.

AS.

A6.

A7.

A8.

REVIEW NUMBER 5§ ANSWERS

The Mk 20 Mods 2, 3, 4, and 6 cluster bomb is used against
armored vehicles. The CBU-59/B cluster bomb is used against light
material and personnel targets.

The cargo section is the main structure of the Mk 7 Mod 2 bomb
dispenser.

The Mk 20 bomb cluster weighs 490 pounds and h'lds
247 Mk 118 antitank bombs. The CBU-59/B weighs 750 pounds
and holds 717 BLU/77Bs.

The tail cone assembly, attached to the aft end of the cargo
section, stabilizes the bomb after it is released from the aircraft.

The Mk 339 Mod 0 and Mod 0 mechanical time fuze is used to
initiate the linear-shaped charges in the cargo section wall.

The Mk 118 Mod 0 and Mod 1 antitank bombs contain the
Sfollowing:

® Mk I Mod 0 fuzing system
® Shaped-charge warhead
® Fixed stabilizing fins

The BLU-77/B target discriminating shaped-charge airburst
bomblet contains the following:

® Shaped-charge, fragmenting warhead
® Stabilizing fins

® Nose element

® FMU-88/B fuze

The Mk 427 Mod 0 and Mod 1 shipping containers are used to ship
and store Mk 20 and CBU-59/B bomb clusters.
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Figure 2-34.—Mk 15 Mod 0 helicopter trap weapon.

Mk 374 nose fuze, and the fuze arms. The fuze
detonates the warhead instantaneously upon
impact.

Detailed information on the Mk 115 Mod 0
is contained in the High Explosive Bomb, Mk 115
Mod 0 (HTW), NAVAIR 11-5A-25.

PRACTICE BOMBS

Learning Objective: Identify the purpose
and use of practice bombs to include
subcaliber and full-scale practice bombs.

Practice bombs are used to simulate the same
ballistic properties of service bombs. Practice
bombs are manufactured as either solid, cast-
metal bodies or thin, sheet-metal containers. They
can be filled with wet sand to obtain the necessary
weight. Since practice bombs contain no explosive
filler, a practice bomb signal cartridge (smoke)
can be used for visual observation of weapon-
target impact.

The primary purpose of practice bombs is
safety when training new or inexperienced pilots
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and ground-handling crews. Other advantages of
practice bombs include their low cost and an
increase in available target locations.

Although not classified as practice bombs, the
Mk 80 (series), inert filled, LDGP bombs are
used for full-scale practice bombing. These bombs
are physically the same as the Mk 80 (series)
LDGP service bombs, but they do not contain
explosive filler and are painted blue. These bombs
provide full-scale training for assembly and
loading crews and pilots.

The general types of practice bombs are
subcaliber or full-scale practice bombs. Sub-
caliber means that the practice bomb is much
smaller in size and weight than the service
bomb it simulates. Full-scale practice bombs
are representative of service bombs in their size
and weight.

SUBCALIBER PRACTICE BOMBS

There are two types of subcaliber practice
bombs—the Mk 76 Mod 5 and Mk 106 Mod 4.
The two types are used for practice and are quite
different in design and appearance from each



STRIPE INDEXING HOLE
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220.198
Figure 2-35.—Mk 76 Mod 5 practice bomb.

other. Each type is discussed in the following
paragraphs.

Mk 76 Mod 5

The Mk 76 Mod § is a 25-pound, solid, metal-
cast, practice bomb (fig. 2-35). Its body is tear-
drop shaped and centrally bored to permit the
insertion of a practice bomb signal cartridge. The
after body, which covers the tail tube, is crimped
to the bomb body and has welded-on conical tail
fins. The bomb is designed with single lug
suspension, using the Mk 14 suspension lug.

The Mk 76 Mod § practice bomb is designed
for impact firing only. It uses the Mk 1 firing pin
assembly to initiate the practice bomb signal
cartridge. The bomb signal and the firing pin
assembly are held in the bomb by means of a
cotter pin.

The bomb is painted blue. The identification
nomenclature is stenciled in white letters on the
bomb body.

RETRACTABLE LUG \

COTTER PIN

0

—

—

| Q@ 0\ \ SIGNAL

SLEEVE

FIRING PIN HEAD
SAFETY PIN

Mk 106 Mod 4

The Mk 106 Mod 4 is a 5-pound practice bomb
(fig. 2-36). It is a thin-cased cylindrical bomb
used to simulate retarded weapon delivery.
The bomb is composed of the bomb body, a
retractable suspension lug, a firing device, and
box-type conical fins.

The firing device (fig. 2-36) consists of a safety
pin, a firing pin head, a cotter pin, a spring, and
a disc. The firing pin head is the main body of
the device and is threaded so it can be screwed
into the forward end of the bomb body. The
spring and disc prevent the practice bomb signal
cartridge from striking the firing pin, located on
the face of the firing pin head, until it meets
sufficient resistance to force the cartridge into the
firing pin. This resistance is normally met when
the weapon impacts the target. For added safety
during ground handling, install the safety pin
into the firing pin head and secure it by a cotter
pin. The safety pin and cotter pin are removed
before flight.

The Mk 106 Mod 4 is painted blue. Identifica-
tion nomenclature is stenciled in white letters on
the bomb body.

FULL-SCALE PRACTICE BOMBS

Full-scale practice bombs have the same
dimensions, weight factor, and configuration
abilities as the service bombs they simulate. The
bombs are filled with inert material to obtain the
proper weight.

BOMB BODY

220.200

Figure 2-36.—Mk 106 Mod 4 practice bomb.
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The full-scale practice bombs currently in use
are in the Mk 80 (series). They include the
Mk 82, Mk 83, and Mk 84 LDGP bombs. These
bombs are assigned a different NALC than their
service counterpart to differentiate between inert
and service bombs when requisitioning them
through the supply system. They can be
configured with the same bomb components
(fuzes, fins, lugs, and so forth) that are used
to configure service bombs. However, if the
use of fuzes is not desired, a Mk 89 Mod 0 bomb
spotting charge adapter can be installed in the tail
fuze well of the practice bomb to provide visual
observation of weapon/target impact.

REMOVE AFTER ARMING

WIRE HAS BEEN INSERTED.
IF BOMB IS NOT DROPPED

REPLACE BEFORE

REMOVING ARMING WIRE.

INSTRUCTION TAG

The Mk 80 (series) inert LDGP bombs are
painted blue. The new Mk 80 (series) inert LDGP
bombs have an olive-drab colored exterior and are
thermally protected, but they can be distinguished
from service bombs by a blue band around the
nose and by the 1-inch letters INERT stenciled
on the outside of the bomb body.

The Mk 89 Mod 0 bomb spotting charge
adapter (fig. 2-37) is designed for use in the tail
fuze well of the Mk 80 (series) LDGP inert bombs.
A practice bomb signal cartridge is installed in the
Mk 89 Mod 0, which provides visual observation
(smoke) of weapon-target impact.
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Figure 2-37.—Mk 89 Mod 0 bomb spotting charge adapter.
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The bomb spotting charge adapter is kept in
a safe condition during ground handling by
the installation of a safety cotter pin in
the safety pin sleeve. Once the arming wire
has been installed through the arming wire hole
in the safety pin sleeve, the safety cotter pin
must be removed.

REVIEW NUMBER 6
Ql. Describe the purpose of the Mk 115 Mod
0 helicopter trap weapon (HTW).

Q2. List the components of the Mk 115 Mod

0 (HTW).

03.

Describe the primary purpose of practice
bombs.

Q4.

List the two general types of practice
bombs.

Q5. List the types of subcaliber practice bombs.

Q6. What color are Mk 80 (series) inert LDGP

bombs painted?

BOMB DUMMY UNITS

Learning Objective: Identify the purpose
and use of bomb dummy units.

Bomb dummy units (BDUs) are used as
expendable or nonexpendable nuclear weapon
simulators for handling and aircrew training.
The more common BDUs are discussed in the
following paragraphs.

NOTE: Information on BDUs is limited
in this manual because of their security
classification.
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BDU-8A/B

The BDU-8A/B dummy unit (fig. 2-38) is a
training counterpart for the B43 special weapon.
The BDU simulates the B43 AMAC (aircraft
monitor and control) warning light circuits and
aerodynamic characteristics. The BDU consists of
a nose section, center section, and aft section.
The nose section contains ballast and is usually
damaged beyond repair after drop. The center
section is filled with concrete and contains two
suspension lugs 30 inches apart, two handling
fittings, a pullout cup, and all electrical
receptacles. The aft section houses a parachute
for use during retarded drops.

BDU-24/C

The BDU-24/C dummy unit is a practice
bomb that serves as an aircraft handling, loading,
and delivery training device for loading crews and
pilots. It simulates the B43 bomb physically,
aerodynamically, and ballistically. It gives AMAC
SAFE and ARM lamp indications for both free-
fall and retarded options. The BDU-24/C has a
recording system that monitors certain cable
connections, switch positions in the BDU, the
position of nuclear GRD-AIR (ground-air)
selector switch, and provides a permanent record
of the information when the unit is released from
the aircraft.

BDU-11A/E

The BDU-11A/E dummy unit is a practice
bomb that serves as an aircraft loading and
handling training device for the B57 special
weapon. It is used to train personnel in the use
of the aircraft monitor and control system and
aircraft response when handling and loading the
weapon.

BDU-12A/B

The BDU-12A/B dummy unit (fig. 2-39) is a
training device for the B57 special weapon. The
BDU simulates the BS7 AMAC warning light
circuitry and aerodynamic characteristics. This
BDU is usually reused after retarded drops with
minor refurbishing. The BDU consists of a nose
section, center section, and aft section. It has
30-inch suspension provisions, with the forward
suspension lug on the nose section and the aft
suspension lug on the center section. The center
section contains the electrical receptacle, an
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Figure 2-38.—BDU-8A/B.
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Figure 2-39.—BDU-12A/B.
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access door, and an initiator assembly (when
installed). The aft section contains a gas generator
(when installed), tail fins, and a parachute for use
during retarded drops.

BDU-20/C

The BDU-20/C dummy unit is a training
device for the B57 special weapon. It is used for
handling, loading, and delivery training of loading
crews and pilots. Usually it is reused after retarded
drops with minor refurbishing. The BDU-20/C
simulates the B57 weapon relative to cockpit
indications received in flight, as well as the
physical and aerodynamic characteristics of the
weapon.

BDU-36/C

The BDU-36C dummy unit is a training device
for the B61 special weapon. It is used for
handling, loading, and delivery training of loading
crews and pilots. It is designed to be reused with
minimum refurbishing after retarded drops. The
BDU-36/C simulates the B61 weapon relative to
cockpit indications received in flight, as well as
the physical and aerodynamic characteristics of
the weapon.

REVIEW NUMBER 7

Q1. What bomb does the BDU-24/C practice
bomb simulate?

Q2. Name the training counterpart to the B57
weapon.

Q3. Name the BDU that serves as a training
device for the B61 special weapon.

SAFETY PRECAUTIONS

Learning Objective: Recognize the safety
precautions to follow when working with
aircraft bomb ammunition and associated
equipment.

The hazards of bomb ammunition will vary
depending on the type and quantities of explosives
involved. Regardless of the particular weapons
being handled, potential hazards are always

REVIEW NUMBER 6 ANSWERS
Al. The Mk 115 Mod 0 HTW is used to clear helicopter landing sites.
A2. The Mk 115 Mod 0 HTW contains the following:
® Mk 115 Mod 0, high explosive bomb
® Mk 374 Mods 0 and 1 bomb fuze

A3. Practice bombs are primarily used for safety, when training new
or inexperienced pilots and ground-handling crews.

the full-scale bombs.

firing only.

A4. The two general types of practice bombs are the subcaliber and
AS5. The Mk 76 Mod 5 subcaliber practice bomb is used for impact
The Mk 106 Mod 4 subcaliber practice bomb is used to simulate

retarded weapons delivery.

A6. Mk 80 (series) inert LDGP bombs are painted blue.




present. Explosive bomb ammunition is hazard-
ous because of its tendency, when detonated,
to set off all explosive material that is near
it.

Although bomb ammunition containing high
explosives causes greater injury to personnel
and loss of equipment, the improper handling of
practice bombs causes more frequent injury to
personnel. When handling practice bombs, the
weight factor alone can cause severe injury or even
loss of limb. Dropping a practice bomb, even a
short distance, with a practice bomb signal
cartridge installed can cause the cartridge to
detonate, resulting in severe and permanent
injury to personnel.

Accidents are prevented through good design,
testing, and careful handling of ordnance.
Safety precautions must be followed. All
personnel involved in weapons handling must be
briefed on particular safety precautions before
actually handling weapons. All personnel who
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handle ordnance must be qualified and certified.
Newly assigned personnel, still under training, are
assigned as crew members and never permitted to
work alone until they are fully qualified and
certified.

Specific safety precautions for bomb ammuni-
tion are outlined in the publications for the
specific ammunition and the aircraft loading
manuals.

REVIEW NUMBER 8

Ql. Why is explosive bomb ammunition
hazardous?

Q2. Handling
more injuries than handling

causes




Al

A2,
A3.

Al

A2,

REVIEW NUMBER 7 ANSWERS

The BDU-24/C practice bomb is used to simulated the B43 special
weapon.

The counterpart to the B57 weapon is the BDU-20/C.

The BDU-36/C serves as a training device for the B61 special
weapon.

REVIEW NUMBER 8 ANSWERS

Explosive bomb ammunition is hazardous because of its tendency
to set off all explosive material near it if it is detonated.

Handling practice bombs causes more injuries than handling
bomb ammunition containing high explosives.
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CHAPTER 3

BOMB FUZES AND
ASSOCIATED COMPONENTS

In chapter 2, you learned that bombs must be
manufactured to withstand reasonable heat and
be insensitive to the shock of ordinary handling.
They must also be capable of being dropped from
an aircraft in a safe condition when in-flight
emergencies occur.

Bomb detonation is controlled by the action
of a fuze. A fuze is a device that causes the
detonation of an explosive charge at the proper
time after certain conditions are met. A bomb fuze
is a mechanical or an electrical device. It has the
sensitive explosive elements (the primer and
detonator) and the necessary mechanical/electrical
action to detonate the main burster charge. The
primer is fired by a mechanical action or an
electrical impulse, causing the detonator to
explode. The primer-detonator explosion is
relayed to the main charge by a booster charge.
This completes the explosive train.

FUZE TERMINOLOGY AND
BASIC FUZE THEORY

Learning Objective: Describe the operation
of mechanical and electrical fuzes. Identify
special safety features that are inherent in
bomb fuzes.

FUZE TERMINOLOGY

Some of the most common fuze terms that you
should know are defined in this section.

Arming time. The amount of time or vane
revolutions needed for the firing train to be
aligned after the bomb is released, or from time
of release until the bomb is fully armed. It is also
known as safe separation time (SST).

Delay. When the functioning time of a fuze
is longer than 0.0005 second.

3-1

External evidence of arming (EEA). A means
by which a fuze is physically determined to be in
a safe or armed condition.

Functioning time. The time required for a fuze
to detonate after impact or a preset time.

Instantaneous. When the functioning time of
a fuze is 0.0003 second or less.

Nondelay. When the functioning time of a
fuze is 0.0003 to 0.0005 second.

Proximity (VT). The action that causes a fuze
to detonate before impact when any substantial
object is detected at a predetermined distance
from the fuze.

Safe air travel (SAT). The distance along the
trajectory that a bomb travels from the releasing
aircraft in an unarmed condition.

BASIC FUZE THEORY

Fuzes are normally divided into two general
classes—mechanical and electrical. These classes
only refer to the primary operating principles.
They may be subdivided by their method of
functioning or by the action that initiates
the explosive train—impact, mechanical time,
proximity, hydrostatic, or long delay. Another
classification is their position in the bomb—nose,
tail, side, or multipositioned. In this TRAMAN,
mechanical and electrical fuzes are discussed.

Mechanical Fuzes

In its simplest form, a mechanical fuze is like
the hammer and primer used to fire a rifle or
pistol. A mechanical force (in this case, the bomb
impacting the target) drives a striker into a
sensitive detonator. The detonator ignites a train
of explosives, eventually firing the main or
filler charge. A mechanical bomb fuze is more



complicated than the simple hammer and primer.
For safe, effective operation, any fuze
(mechanical or electrical) has the following
features:

@ It must remain safe in stowage, while it is
handled in normal movement, and during
loading and down-loading evolutions.

It must remain safe while being carried
aboard the aircraft.

It must remain safe until the bomb is
released and is well clear of the delivery
aircraft (arming delay or safe separation
period).

Depending upon the type of target,
the fuze may be required to delay the
detonation of the bomb after impact for a
preset time (functioning delay). Function-
ing delay may vary from a few milliseconds
to many hours.

It should not detonate the bomb if the
bomb is accidentally released or if the
bomb is jettisoned in a safe condition from
the aircraft.

To provide these qualities, a number of design
features are used. Most features are common to
all types of fuzes.

Electrical Fuzes

Electrical fuzes have many characteristics of
mechanical fuzes. They differ in fuze initiation.
An electrical impulse is used to initiate the
electrical fuze rather than the mechanical action
of arming vane rotation.

An electrical pulse from the delivery aircraft
charges capacitors in the fuze as the bomb is
released from the aircraft. Arming and function-
ing delays are produced by a series of resistor/
capacitor networks in the fuze. The functioning
delay is electromechanically initiated, with the
necessary circuits closed by means of shock-
sensitive switches.

The electric bomb fuze remains safe until it
is energized by the electrical charging system
carried in the aircraft. Because of the interlocks
provided in the release equipment, electrical
charging can occur only after the bomb is
released from the rack or shackle and has begun
its separation from the aircraft; however, it is still
connected electrically to the aircraft’s bomb
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arming unit. At this time, the fuze receives an
energizing charge required for selection of the
desired arming and impact times.

SPECIAL SAFETY FEATURES

Some fuzes incorporate special safety features.
The most important safety features are detonator
safe, shear safe, and delay arming.

Detonator safe fuzes do not have the elements
of their firing train in the proper position for
firing until the fuze is fully armed. The elements
remain firmly fixed and out of alignment in the
fuze body while the fuze is unarmed. This
increases safety during shipping, stowing, and
handling of the fuze. The arming action of the
fuze aligns the firing train.

A shear-safe fuze does not become armed if
its arming mechanism is damaged or completely
severed from the fuze body. The arming
mechanism of the fuze protrudes from the bomb,
and it might be severed from the fuze body if the
bomb is accidentally dropped. Shear-safe fuzes
give additional security for carrier operations and
for externally mounted bombs.

Delay arming mechanically or electrically
slows the arming of the fuze. It keeps a fuze in
the safe condition until the bomb falls far enough
away from or long enough from the aircraft to
minimize the effects of a premature explosion.
Delay arming helps to make carrier operations
safe because a bomb accidentally released during
landing or takeoff ordinarily will not have
sufficient air travel, velocity, or time to fully arm
the fuze.

REVIEW NUMBER 1

Name the device that controls bomb
detonation.

ol.

Q2. The time or number of vane revolutions
needed for the firing train to align after a

bomb is released is the

Describe the functioning time of a fuze.

03.



Q4. The distance along the trajectory that a
bomb travels from the releasing aircraft in
an unarmed condition is the

Q5. List the two basic classes of fuzes.

Q6. Describe the basic principle of the mechan-
ical fuze.

Q7. What means is used to initiate an electrical
fuze?

Q8. List the three special safety features
incorporated into fuzes.

ARMING DELAY ARMING VANE

SETTING KNOB

(43A0)
WiL 9

M9 DELAY ELEMENT

SPRING-LOADED LOCKING PIN /
FOR DELAY ELEMENT

PERMANENTLY ATTACHED

MECHANICAL FUZES

Learning Objective: Identify the various
types of mechanical fuzes to include their
physical description and functional
operation.

There are many fuzes in use by the Navy to-
day. Some of the commonly used fuzes are
discussed in this TRAMAN. To keep up with
current fuzes, you should refer to Aircraft Bombs,
Fuzes and Associated Components, NAVAIR
11-5A-17, and Airborne Bomb and Rocket Fuze
Manual, NAVAIR 11-1F-2.

M904E2/E3/E4 MECHANICAL
IMPACT NOSE FUZE

The M904 (series) fuze (fig. 3-1) is a
mechanical impact nose fuze used in the Mk 80

(=J
J
QMNG WIRE GUIDE HOLE
INDEXING LINE
STOP SCREW

g "suwsn OBSERVATION WINDOW

THERMAL SHIELD

2 INCH THREADS

/ LOWER OBSERVATION WINDOW

/ BOOSTER

REVERSE SIDE OF
NOTICE TO ARMORER

NOTICE

DO NOT ATTEMPT TO RE-
INSTALL STOP SCREW WHEN

FUZE IS SET AT 20R 4 SECOND
SETTING
(OVER)

S~

Figure 3-1.—Mechanical impact nose fuze M904 (series).
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(series) LDGP bombs. The M904 (series) fuze is
installed in the nose fuze well of the bomb and
requires the use of an adapter booster. The fuze
is detonator-safe and contains two observation
windows through which you can determine the
safe/arm condition of the fuze. There is no
special locking feature designed into the fuze
for shear safety if the bomb is accidentally
dropped. However, detonation is unlikely if the
collar (forward end of the fuze) is sheared
off by the accidental drop before arming is
complete.

The fuze may be configured for a number
of preselected arming and functioning delays
needed by a mission. There are nine arming
delays from 2 to 18 seconds in 2-second incre-
ments, and any combination of six functioning
delays from instantaneous to 250 milliseconds
(0.250 seconds) may be selected. An internal

governor driven by the permanently mounted
arming vane allows relatively constant arming
times at release speeds ranging from 170 to over
525 knots.

Functioning times are determined by the
installation of a M9 delay element. Any one of
six delay elements may be installed. Each delay
element is identified by the functioning delay time
stamped on the element body—NONDELAY
(instantaneous), 0.01, 0.025, 0.05, 0.01, or 0.25
second.

Physical Description

The M904 (series) fuze contains approximately
1 1/2 ounces of tetryl in the booster located at
the base of the fuze body. The entire fuze weighs
about 2 1/3 pounds and is 9 1/4 inches long.

Al.

A2.

A3.

REVIEW NUMBER 1 ANSWERS
A fuze controls bomb detonation.

The time or number of vane revolutions needed for the firing train
to align after a bomb is released is the arming time.

The time required for a fuze to detonate after impact or a preset time

is known as the functioning time.

A4.

travel (SAF).

AS.

The distance along the trajectory that a bomb travels from the
releasing aircraft in an unarmed condition is known as the safe air

The two basic classes of fuzes are electrical and mechanical.

A6.

A7.

AS8.

The force used to initiate the mechanical fuze is like the hammer
and primer used to fire a rifle. A mechanical force drives a striker
into a sensitive detonator.

An electrical impulse initiates an electrical fuze.

The three special safety features incorporated into fuzes are
detonator safe, shear safe, and delay arming features.
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The M904E4 is a thermally protected fuze. It
is especially designed for use with the thermally
protected Mk 80 (series) general-purpose bombs
and the thermally protected M148E1 adapter
booster. This significantly increases the cook-off
time of the bombs subjected to intense heat or
flame.

ARMING DELAY TIMES.—Arming delay
times are inscribed into the face of the
forward nose retaining ring. A white indexing
line is scribed on the knurled delay setting
knob below the arming vane. The white
indexing line must be matched to one of
the indicated arming times to select the desired
arming delay. To select the required arming
delay time, depress the setting index locking
pin and rotate the knurled arming delay
setting knob until the white indexing line is
aligned with the desired arming delay time

stamped on the nose retaining ring. The
2- and 4-second arming times are for use
with retarded weapons, and are only set
by removing the stop screw located next to
the setting index locking pin. Never try to
reinstall the stop screw when either of these
two settings are used. The stop screw may
be reinstalled at any delay setting of 6 seconds or
more.

IDENTIFICATION OF ARMED FUZES.—
There are three conditions of the M904 fuze—
safe, partially armed, and fully armed. You can
verify the fuze conditions by looking through
the two observation windows in the fuze body
(fig. 3-1). To check the fuze condition, hold
the fuze vertically and look through the windows
perpendicular to the fuze body. Look at table 3-1.
It tells you what you’d see through the observa-
tion windows of the M904E2 fuze at various

Table 3-1.—Indications for Determining Conditions of M904E2 Noze Fuze

Condition | Time Setting Upper Lower
Window Window

Safe 18 and 6 **White stripe visible | Vacant or dark in
Seconds at both settings. color.

Partially | 18 and 6 White stripe not | Vacant or dark in

Armed Seconds visible at either | color.

setting. (If white
stripe is visible at
any setting other
than 18 or 6 secs.,
fuze is partially
armed.)

Armed Any setting. *Full red. *Red. Some fuzes
(Time setting have black letter
cannot be ““A” on red back-
changed.) ground.

*The fuze is dangerous to handle if either or both windows indicate the armed

condition.

**On some M904 fuzes, a thin red line may be visible even though the fuze

is safe.
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Table 3-2.—Indications for Determining Conditions of M904E3/4 Nose Fuzes

green background.

Condition Time Setting Upper Window Lower Window
Safe 18 Seconds White number ‘“18’’ on | Vacant or dark in color.
green background.
6 Seconds White number ‘6’ on

Partially Armed

18 and 6 Seconds

Green background with no
numbers visible. (If
numbers appear at other
than ‘18’ or ‘“6’’ second
setting or if numbers do
not match settings, fuze is
partially armed.)

Vacant or dark in color.

Armed

Any setting. (Time
setting cannot be
changed.)

*Red with black letter
“A’s.”” (Some green may
show at top of window.)

*Red with black Letter ““A.”’

*The fuze is dangerous to handle if either or both windows indicate the armed condition.

time settings and fuze conditions. Table 3-2 gives
the same information for the M904E3 and E4
fuzes.

Also, check the M904E4 to make sure the
thermal sleeve is firmly bonded to the fuze collar
and is not cracked.

NOTE: If the safe condition of any fuze
is in doubt, explosive ordnance disposal
(EOD) personnel should be notified
immediately.

Functional Description

The M904 fuze arms and functions by the
rotation of the arming vane and alignment of its
internal components. When the fuze is released
from the aircraft, the fuze arming wire is
withdrawn from the fuze arming vane, and the
arming vane is rotated by the airstream. Arming
vane rotation is controlled by the constant
arming action of the governor in the fuze. The
arming vane continues to rotate until the pre-
selected arming delay period (2 to 18 seconds)
elapses (ends). Once the arming delay period
elapses, the firing train is in full alignment and
ready to function.

At impact, the forward part of the fuze body
drives the striker body and firing pin down into
the M9 delay element. After the proper delay, the
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Ql.

Q2.

Q3.

04.

0s.

M9 delay ignites the relay, detonator, lead, and
booster, which sets off the main charge.

REVIEW NUMBER 2

What kind of fuze is the M904?

What bomb series is the M904 fuze used
with?

The M904 fuze has
arming delays, which you can set for 2 to
18 seconds in incre-
ments; there are any combination of
Sfunctioning delays
Jfrom instantaneous to 250 milliseconds.

The M904 is thermally protected. Why is
this important?

Describe the means you use to check the
condition of the M904 fuze.



Q6. If you can’t tell if a fuze is “‘safe,’’ you MK 339 MOD 0 AND

should notify MOD 1 MECHANICAL TIME
FUZE
Q7. The M904 arms and functionsby _____ The Mk 339 Mod 0 mechanical time fuze

(fig. 3-2, without the option time wire), Mod 0

NOTE

TOP OF BOMB CLUSTER
ROTATED 45 DEGREES
CLOCKWISE FOR CLARITY

15

14

Y

-‘—"

-

AT
S

g;:a I

4

1. FUZE SAFE/ARM INDICATOR 9. IMPELLER

2. TIMER STARTING PIN 10. IMPELLER BAND ASSEMBLY

3. TIMER STARTING PIN BRACKET 11. TIME SETTING OBSERVATION WINDOW
4. OPTION TIME SETTING ADJUSTMENT 12. OPTION TIME PIN

S. PRIMARY TIME SETTING ADJUSTMENT 13. INDICATOR OBSERVATION WINDOW

6. BAND RELEASE STUD AND NUT 14. NOSE FAIRING

7. FUZE ARMING WIRE 15. SLIDER RETAINER

8. SAFETY PIN ASSEMBLY

220.805
Figure 3-2.—Installed mechanical time fuze Mk 339 Mod 0 (without option time bomb cluster Mk 20 Mod 2 only).
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(fig. 3-3, with the option time wire), and Mod |
(fig. 3-4) are used with dispenser weapons and
have the following characteristics:

® Nose-mounted
@ Air-enabling
® Detonator-safe

The Mod 0 and Mod 1 fuzes are installed in
the Mk 20 Mods 2, 3, 4, and 6 bomb clusters and
the CBU-59/B bomb cluster. The Mod 0 fuze
without the option time wire configuration is
only used in the Mk 20 Mod 2 bomb cluster.
The Mk 339 Mod 0 and Mod 1 fuzes are installed
in the bomb clusters during assembly by
the manufacturer; therefore, the following
information on these fuzes is limited.

Physical Description

The Mk 339 Mod 1 fuze is similar to the
Mod 0 fuze. Several improvements are discussed
in the following paragraphs.

The primary and option functioning delays are
preset during assembly at the factory for both the

Mod 0 and Mod 1 fuzes. The fuzes are preset at
1.2 seconds for primary delay, and the option
delay is preset at 4.0 seconds. The Mod 0 fuze
(without the option time wire) is preset at 4.0
seconds on the option delay. The primary delay
is not used on this fuze. The primary delay is set
at zero time.

You already know the primary and option
delays for the Mod 0 and Mod 1 fuzes are preset
at the factory. These time delays can be reset
during weapon preparation to meet various
tactical requirements. The primary and option
time delays for the Mod 0 fuze can be adjusted
from 1.2 to 50.0 seconds by adjusting the primary
time setting dial (fig. 3-3, callout 5) and the
option time setting dial (fig. 3-3, callout 6),
respectively. The functional delays for both the
primary and option modes of the Mod 1 fuze can
be adjusted from 1.2 to 100 seconds in the same
manner.

You can tell if the fuze has shifted from the
primary to the option mode by the functional
mode indicator. You do this by checking the time
setting observation window for both the Mod 0
and Mod 1 fuzes. If the arming wire has been
accidently pulled during handling, the fuzes shift

Al
A2

A3.

Ad.

AS.

A6.

A7.

REVIEW NUMBER 2 ANSWERS

The M904 is a detonator-safe, mechanical impact nose fuze.

The M904 series fuze is used with Mk 80 (series) bombs.

The M904 fuze has nine arming delays, which you can set for
2 to 18 seconds in 2-second increments; there are any combination
of six functioning delays from instantaneous to 250 milliseconds.

It is important for the M904 to be thermally protected because
it increases the ‘‘cook-off’’ time of bombs subjected to intense
heat or flame.

There are three conditions of the M904 fuze—safe, partially
armed, and fully armed. You can check for these conditions by
looking in the two observation windows in the fuze body.

If you can’t tell if a fuze is “‘safe,’’ you should notify explosive
ordnance disposal (EOD) personnel.

The M904 arms and functions by rotation of arming vanes and
alignment of internal components.

3-8




to the option mode. Once the option wire is
pulled, the Mod 0 fuze is committed to the
option mode and cannot be reset to the primary
mode. However, the Mod 1 fuze can be reset to
the primary mode by reinstalling the option time
wire.

The fuze safe/arm indicator (callout 1 of figs.
3-2, 3-3, and 3-4) provides external evidence of
arming (EEA) for the Mk 339 Mod 0 and Mod
1 fuzes. The fuze safe/arm indicator is viewed
through the indicator observation window in the
upper nose fairing. Mod 0 fuzes (lots 1 through

NOTE

TOP OF BOMB CLUSTER
ROTATED 45 DEGREES
CLOCKWISE FOR CLARITY

“

|
\
4
12 9 6 \ v
. \ @) 2 OL)/ 70 ar— gy 5
13 L \_J\\' 7% 6
/ T \
2\ " - 7
/ 'a‘\‘ — = 9 8
ifa R 2
V8- eC
/‘,; N\ ~
\\v
1. FUZE SAFE/ARM INDICATOR 11. SAFETY PIN ASSEMBLY
2. OPTION TIME WIRE 12. BAND RELEASE STUD AND NUT
3. FUZE SETTING OBSERVATION WINDOW 13. IMPELLER
4. TIMER STARTING PIN 14. TIME SETTING OBSERVATION WINDOW
5. TIMER STARTING PIN BRACKET 15. IMPELLER BAND ASSEMBLY
6. OPTION TIME SETTER AND RETAINER 16. OPTION TIME PIN BRACKET
7. SAFETY PIN ASSEMBLY GUIDE TUBE 17. OPTION TIME PIN
8. NOSE FAIRING 18. FUZE SAFE/ARM INDICATOR OBSER-
9. PRIMARY TIME SETTER AND RETAINER VATION WINDOW
10. FUZE ARMING WIRE 19. SLIDER RETAINER
220.806

Figure 3-3.—Installed mechanical time fuze Mk 339 Mod 0 (with option time wire bomb-clusters Mk 20 Mods 3 and 4
and CBU-59/B).
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NOTE
=0 TOP OF BOMB CLUSTER
ROTATED 45 DEGREES
CLOCKWISE FOR CLARITY
A
9

1. FUZE SAFE/ARM INDICATOR 10. IMPELLER BAND ASSEMBLY

2. TIMER STARTING PIN 11. TIME SETTING OBSERVATION WINDOW

3. TIMER STARTING PIN BRACKET 12. OPTION TIME PIN

4. OPTION TIME SETTING ADJUSTMENT 13. INDICATOR OBSERVATION WINDOW

5. PRIMARY TIME SETTING ADJUSTMENT 14. NOSE FAIRING (REFERENCE)

6. BAND RELEASE STUD AND NUT 15. OPTION TIME WIRE

7. FUZE ARMING WIRE 16. RETAINER SLIDE

8. SAFETY PIN ASSEMBLY 17. CLIP

9. IMPELLER 18. SAFETY PIN ASSEMBLY GUIDE TUBE

220.807
Figure 3-4.—Installed mechanical time fuze Mk 339 Mod 1 (with option time wire bomb clusters Mk 20 Mods 3, 4, and
6 and CBU-9/B).
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option mode of delivery, both the arming wire and
the option wire are pulled out, initiating the
option time mode of the fuze. If only the option
time wire is pulled out on airborne release, the
fuze will dud. Both the fuze arming wire and
option wire must be pulled out for the fuze to
function in the option mode.

REVIEW NUMBER 3

What bombs are used with the Mk 339
mechanical time fuze?

Qol.

List the characteristics shared by the Mod
0 and Mod 1 of the Mk 339 fuze.

Q2.

The primary and option delays of the Mod
1 and 0 fuzes are set at the factory. What
means can be used to change settings for
tactical requirements?

Q3.

Q4. How can you tell if the fuze has shifted

Jfrom the primary to the option delay?

Describe what you will see in the observa-
tion window of a Mk 339 Mod 0 fuze for
the conditions listed below:

Qs.

Safe

Armed

Describe what you will see in the observa-
tion window of a Mk 339 Mod 0 (lots 15
or above) or Mod 1 fuze for the conditions
listed below:

Q6.

Safe

Armed
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MK 346 MOD 0 MECHANICAL
LONG-DELAY TAIL FUZE

The mechanical long-delay fuze Mk 346 Mod
0 is an all-mechanical clockwork fuze that is
used in the tail well of the Mk 80 (series) LDGP
bombs. The functioning delays are preselected for
the total number of hours, in increments of 15
minutes. The range of the functioning delay time
is from 30 minutes to 33 hours.

Description

The Mk 346 fuze (fig. 3-6) is approximately
6 3/8 inches long and threaded for a 2-inch
adapter booster well. For purposes of description,
the terms outer end and base end are used. The
outer end couples to the arming assembly; the base
end fits into the adapter booster well.

The input shaft and the delay functioning
setting shaft are located on the outer end of the
fuze. The input shaft is coupled directly to a
centrifugal clutch that engages the speed reduction
gear assembly when the input shaft reaches 1,200
rpm. The input shaft is fitted with a key that
engages a locking slot to prevent accidental
rotation. The key is automatically freed when
the arming assembly is fitted to the input
shaft.

The delay function setting shaft is located
in the outer end and may be rotated in either
direction by a screwdriver. The setting shaft is
coupled through a gear train to the dial, which
is seen in the time delay observation window.

The safe-armed band, visible through the safe-
arm window, is coupled to the speed reduction
gear. The red band covers the window when the
input shaft and clutch have rotated 45 revolutions,
thus completing the first stage arming. The
red band starts to appear after the input shaft
and the clutch have rotated approximately 22
of the required 45 revolutions. A slip clutch
lets the setting shaft rotate past the minimum or
maximum delay setting without further rotation
of the indicator dial or damaging the mechanism.

The base end of the fuze houses the timer,
firing pin, detonator-rotor, lead-in, arming shaft,
and the functioning delay indicator dial. On the
face of the base end plate is the toothed cam,




INPUT SHAFT

OBSERVATION
WINDOW

LOCKING KEY

INPUT SHAFT

FUNCTIONING
DELAY-TIME SET SCREW

SAFE-ARM WINDOW

BASE END

ANTI-REMOVAL CAM
220.208

Figure 3-6.—Mechanical long-delay fuze Mk 346 Mod 0.

which operates as an antiremoval device. The
arming shaft moves forward at impact to initiate
the timer mechanism; this allows the detonator-
rotor to align with the firing pin and release the
antiremoval cam.

Operation

After the bomb is released from the air-
craft, the arming assembly is freed from
the arming wire and allowed to rotate. After
approximately 45 revolutions of the input shaft
at 1,200 rpm or more, first stage arming is
complete. Usually this takes about 1.5 to 2
seconds. Upon impact, the second stage arming
is initiated, which aligns the fuze firing train,
starts the delay-to-burst timer, and releases
the antiremoval cam. After the preselected
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time on the delay-to-burst timer has expired,
the bomb detonates.

NOTE: First stage arming must be
completed before impact, and impact must
be sufficient to initiate second stage
arming.

Arming Assemblies Mk 3, 4, and 5 Mods

Mk 3, 4, and 5 arming assemblies are used
with the tail assemblies of LDGPs (except Mk 84)
and Snakeye weapons. They provide arming
action for the Mk 346 fuze. The arming assemblies
consist of a Mk 5§ Mod 1 or 2 fuze drive, an
adapter, an appropriate drive shaft, which couples
to the input shaft of the fuze, and a funnel guide.
The Mod of the drive unit denotes the Mod of
the assembly.
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end of the extension drive shaft contains identical
spring assemblies, which key the shaft to the
output spindle of the fuze drive and the input
shaft of the fuze. The drive shaft also depresses
the locking key on the input shaft of the Mk 346
fuze and frees the input shaft for rotation.

A funnel guide fits inside the thermal shield
and snaps over the outer end of the fuze. This
makes it easier to install the extension drive shaft
after the tail assembly is installed on the bomb
body.

THERMAL SHIELD MK 68 MOD 0.—The
Mk 68 thermal shield (fig. 3-9) protects the fuze
and adapter booster when used in the Mk 82 Mod
2 thermally protected bomb. The fuze is hand-
pressed into the booster. The base of the shield
covers the exposed portion of the adapter booster
after fuze/shield installation.

Identification of a Fully
or Partially Armed Fuze

Normally, the Mk 346 fuze is removed from
an unused bomb, returned to its shipping
container, reset, and reinstalled for a subsequent
mission. However, if an arming wire is lost or the
arming wire installation is faulty, first stage
arming can occur while the bomb is aboard the
aircraft. You can identify the first stage arming
condition by the red band covering all or part of
the safe-arm observation window on the body of
the fuze. You should examine all unused bombs
returned from a mission as soon as possible. If

FUNNEL GUIDE

THERMAL SHIELD

? MK 68 MOD O
€ b
et?&fi'ﬂaw”:
MK 346 FUZE
BASE END
220.635
Figure 3-9.—Mk 346 fuze with Mk 68 thermal shield

installed.
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evidence of a malfunction is present, immediately
remove the fuze from the bomb on the flight deck.
A partially armed fuze is safe for handling and
disposal; however, if the fuze is jarred or
dropped, complete arming may result.

Second stage arming of the fuze does not
occur unless first stage arming is complete and
the fuze is accidentally jolted or jarred. Then,
the fuze is locked in the bomb and isn’t easily
removed. This condition is unlikely, but it could
happen with a hung bomb, or with a bomb that
is inadvertently released because of a bomb rack
structural failure. This is a dangerous situation.
If a safe condition is in doubt, immediately notify
explosive ordnance disposal (EOD) personnel.

REVIEW NUMBER 4
Ql. What is the range of the functioning delay
time on the Mk 346 mechanical long-delay
tail fuze?

Q2.

At what point does second-stage arming of
the Mk 346 fuze begin?

The difference between the Mk 3, 4, and
5 arming assemblies is the

Q3.

A drive shaft color-coded red is used with
bombs.

4.

05.

What device is used to thermally protect the
Mk 82 Mod 2 bomb?

Q6.

How can you tell if first stage arming of
the Mk 346 fuze occurs?

MECHANICAL IMPACT
FUZE AN-M173A1

The AN-M173A1 mechanical bomb fuze (fig.
3-10) is an inertia-firing, impact, multiposition
fuze armed by vane action. The fuze, with the
M23A1 igniter, is installed in the fuze cavities of
fire bombs.
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end, and externally threaded at the other end. The
fuze well is located at the rounded end. The
igniter body is filled with white phosphorus (WP).

Upon impact, the fire bomb shatters and
spreads the gelled fuel. Simultaneously, the
instantaneous AN-M173A1 fuze functions and
bursts the AN-M23A1 igniter. When the igniter
bursts, the WP scatters and ignites spontaneously
upon exposure to the air. The burning WP then
ignites the gelled fuel.

WARNING

The AN-M23A1 igniter should be handled
carefully. WP ignites spontaneously upon
exposure to air, and its fumes are noxious.
Avoid dropping or mishandling the igniter.

MECHANICAL IMPACT FUZE M918

The M918 mechanical impact bomb fuze is an
inertia-firing, impact, multiposition fuze armed
by vane action. The fuze is used with the Mk 273
igniter and installed on the Mk 77 Mod 4 fire
bomb. The fuze is identical in appearance to the
AN-M173A1 fuze and functions in a similar
manner. The M918 has a much smaller booster
charge and functions with a 0.3-second delay. The
two fuzes are not interchangeable.

The Mk 273 Mod O igniter (fig. 3-12)
is a flanged, cylindrical container with a
fuze well designed for the M918 fuze. The
igniter body is made of aluminum alloy and
is filled with magnesium-Teflon powder and
pellets. The igniter, with an O-ring under
the flange, mounts in the filler holes of the
Mk 77 Mod 4 fire bomb and is secured by a
retaining ring.

O-RING v

MAGNESIUM ;
TEFLON N 1 ]1
POWDER ¢
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220.637
Figure 3-12.—Sectional view of Mk 273 Mod 0 igniter.
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REVIEW NUMBER 4 ANSWERS

The range of the functioning delay time on the Mk 346 mechanical
long-delay tail fuze is 30 minutes to 33 hours, in 15-minute
increments.

Second-stage arming of the Mk 346 fuze begins upon impact with
the target.

The difference between the Mk 3, 4, and 5 arming assemblies is
the length of the drive shaft.

A drive shaft color-coded red is used with Mk 82 (conical fin only)
bombs.

The Mk 68 Mod 0 thermal shield is used to thermally protect the
Mk 82 Mod 2 bomb.

You can tell if first stage arming of the Mk 346 fuze has occurred by
looking in the safe-arm observation window in the bomb body. If a
red band covers all or part of the safe-arm window, first stage
arming is complete.




Upon bomb impact, the 0.3-second delay of MECHANICAL IMPACT FUZE
the fuze lets fuel cover the target. When the fuze MK 343 MOD 0
bursts the igniter, it ignites the magnesium-Teflon

powder, which, in turn, ignites the magnesium- The Mk 343 Mod 0 mechanical impact fuze

Teflon pellets. These pellets then ignite the (fig. 3-13) is an instantaneous or 0.27-second

gelled fuel of the fire bomb. delay, inertia-firing, impact fuze. The fuze is
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Figure 3-13.—Mk 343 Mod 0 mechanical impact fuze.
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detonator safe, has an 80-KIAS (knots indicated
airspeed) minimum no-arm velocity, a 1 +0.2
second arming time (independent of the airspeed),
and a self-dud feature.

The firing assembly is basically the same as
the AN-M173A1 and M918, but the arming
method depends on two concurrent actions—
mechanical timer and vane rotation. The entire
upper fuze housing is enclosed and covered by a
prescored tear top (beer can style).

Operation

As the weapon separates from the aircraft, a
lanyard attached to the arming solenoid ‘‘pops”’
the tear top. This initiates the two separate and
simultaneous arming actions—

1. the arming vane pops up and rotates in the
airstream, and
2. the timing mechanism is started.

The vane rotates, withdraws the arming pin
from the firing mechanism, and frees the latch
pin (within 0.8 second), enabling the fuze.

At the same time, the timing gear rotates to
align a hole in the gear with the rotor release (gag)
rod (0.8 to 1.2 seconds). The rod pushes the latch
pin aside and pops up through the hole in the gear,
freeing the detonator rotor.

If the firing mode selector is set for delay, the
top of the rod is stopped by the option selector
lever. The detonator rotates, aligns with the delay
firing channel of the selector, and the fuze is
armed for delay firing.

If the fuze is set for instantaneous, the option
selector lever is to one side, and the rod moves
further upward, freeing the selector. The
selector rotates and aligns the instantaneous
firing channel with the instantaneous detonator.

Self-dud

Should the tear top be popped by any amount,
the timer can start rundown without concurrent
vane rotation. In this case, the hole in the timing
gear aligns with the gag rod (0.8 to 1.2 seconds),
the rod starts to move upward through the hole
and is retained by the latch pin held by the
arming pin. Continued timer rundown jams the
rod in this position.

If the tear top is completely pulled and the
vanes are exposed to deck winds of 80 KIAS or
less, timer rundown occurs before the arming pin
clears the latch pin, and the fuze self-duds. In
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either case, notify EOD personnel to dispose of
the fuze.

Igniter Mk 273 Mod 1

The Mk 273 Mod 1 igniter is the same as the
Mod 0, except the fuze well is designed for the
Mk 343 fuze only.

Initiator Mk 13 Mod 0

The Mk 13 Mod 0 initiator consists of a
Mk 343 Mod 0 fuze and Mk 273 Mod 1 igniter.
It is assembled, stored, and shipped as a unit,
and is used in the Mk 77 Mod 4 fire bomb. The
fuze and igniter are compatible only with each
other.

REVIEW NUMBER 3§

List the mechanical impact fuzes used with
fire bombs.

ol

Q2.

What type of explosive train is included in
the AN-M173A1 fuze?

Q3. List the igniters used with the AN-M173A1,
Mk 343 Mod 0, and M918 mechanical im-

pact fuzes.

Q4. What type of device is the AN-M173A1?

Q5. List the components that make up the Mk
13 Mod 0 initiator used with the Mk 353

Mod 0 mechanical impact fuze.

ADAPTER BOOSTERS

An adapter booster is needed to install
mechanical fuzes in the Mk 80 (series) general-
purpose bombs. The adapter boosters currently
in use are the M148/T45E, M148E1 (nose), and
the M150, T46 (tail).
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The M150 and T46 (series) adapter boosters
consist of two separate explosive components. The
primary adapter booster receives a 2.0-inch
diameter fuze. The T46 (series) contains a fuze
adapter sleeve for use with the 1.5-inch diameter
fuze. A hole is drilled through the threads of the
primary adapter booster for insertion of a
locking pin for use with the long-delay fuze. This
pin locks the adapter booster to the base plug of
the bomb and prevents removal of the adapter
booster while the fuze is installed. The M150 has
a yellow band around the adapter booster casing,
which indicates that it is loaded with explosives.

ELECTRICAL FUZES

Learning Objective: Identify the various
types of electrical fuzes to include their
Dphysical description and functional oper-
ation.

The Mk 344 (fig. 3-16) and Mk 376 (fig. 3-17)
electric bomb fuzes provide an all-electric
capability for the Mk 80 (series) bombs with either
conical or retarding fins, thermally protected
bombs, and laser-guided bombs (LGB). Electric
fuzes require an electric pulse from the aircraft
fuze function control (FFC) system. The FFC
gives in-flight selection of function delay and
arming delay times. The Mk 344 and 376 fuzes
are used with the Mk 43 target-detecting device

for airburst capability. They may also be used
with mechanical nose fuzes for additional fuzing
options.

DESCRIPTION

The Mk 344 Mod 0 and Mod 1 and Mk 376
Mod O electric tail fuzes are detonator safe. The
boosters contain 4.3 ounces of tetryl explosive.
They are classified HERO SAFE, and no unusual
RADHAZ precautions are required under normal
operating conditions. The Mk 344 Mod 0 and
Mod 1 fuzes are identical, except that the retard
sensor has been removed from the Mod 1. The
Mk 344 Mod 0 or Mod 1 is not used in the
retarded mode of delivery and should never be
configured for this type of delivery. The fuzes are
similar in appearance, but they are readily
identifiable by decals.

Four discreet dc voltages for in-flight
selection of functioning delay times are used in
the Mk 344 Mods and Mk 376 fuzes. Arming
delay times are automatically selected by the Mk
31 safety device.

MK 31 SAFETY DEVICE

The Mk 31 safety device is used to adapt the
fuze to the fuze well of the bomb, provide
mechanical safing of the fuze, and unlock the
timer-declerometer. The safety device contains a
pop-out pin that locks the fuze in an unarmed
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REVIEW NUMBER 5 ANSWERS

The fuzes used with fire bombs are the AN-M173A1, M918, and
Mk 343 Mod 0 mechanical impact fuzes.

An in-line explosive train is included in the AN-M173A1 fuze.
Because of the in-line explosive train, the AN-M173A1 fuze is not
classified as detonator safe.

The M23Al igniter is used with the AN-M173A1 mechanical
impact fuze, the Mk 273 Mod 1 igniter is used with the Mk 343
Mod 0 mechanical impact fuze, and the Mk 273 igniter is used with
the M918 mechanical impact fuze.

The AN-M173A1 is an incendiary device.

The components that make up the Mk 13 Mod 0 initiator used with
the Mk 353 Mod 0 mechanical impact fuze include a Mk 343 Mod 0
fuze and a Mk 273 Mod 1 ingniter.
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of the fuze charging voltage is important only with
respect to functioning delay. Arming is the same
in any case. A regulator in the fuze converts the
applied voltage to the required level and polarity.
It is then applied to the energy storage unit and
the 2.6-second timer. If the weapon decelerates,
the Mk 31 safety device senses the deceleration
and causes the retard switch to close. At 2.6
seconds, the timer completes its cycle and transfers
the voltage to the rotor-actuating bellows. The
bellows operate and turn the rotor to the armed
position.

If the weapon does not decelerate, the retard
switch does not close. The 2.6-second timer
continues to run. At 3.8 seconds, the Mk 31 safety
device causes the voltage to transfer to the input
of the rotor-actuating bellows. At 10.0 seconds,
the bellows operates and turns the rotor to the
armed position.

ARMING SAFETY SWITCH
MK 122 MOD 0

The Mk 122 Mod 0 arming safety switch
(fig. 3-18) connects the fuze control circuits of the
bomb in the aircraft to the electric fuze circuits
in the bomb. This switch provides an open
circuit and a RADHAZ shield to prevent electro-
magnetic radiation from entering the fuze circuits.

SWITCHING UNIT

SWITCHING
UNIT
RETAINING
NUT

N — BOMB-CHARGING
RECEPTACLE

*NOT PRESENT ON LATER PRODUCTION SWITCHES

LANYARD TAB*

While the weapon is loaded, the coaxial cable
of the switch is plugged into the receptacle of the
aircraft’s electrical arming unit. When the bomb
is suspended from the rack, the lanyard is attached
to a fixture on the rack or pylon. Upon bomb
release, the lanyard pulls the lanyard pin and
closes the fuze circuit. The lanyard is long enough
so the weapon separates from the bomb rack
suspension hooks before the lanyard pin is
pulled from the switch. This ensures that the fuze
does not receive charging voltages in case of
weapon release failure. The coaxial cable is longer
than the lanyard, which permits sufficient time
for the charging voltage to pass from the electrical
arming unit on the aircraft to the fuze electric
circuits on the bomb before the cable is pulled free
or breaks from the arming unit receptacle.

NOTE: The Mk 122 Mod 0 switch must
be installed and removed in a RADHAZ-
free environment.

MK 43 Mod 0 TARGET
DETECTING DEVICE

The Mk 43 Mod 0 target detecting device (fig.
3-19) is a proximity variable time (VT) nose
element that gives airburst capability for electric-
fuzed Mk 80 (series) bombs.

/< BOMB BODY
\ LONGITUDINAL AXIS

COAXIAL
CABLE

WARNING

DISCARD ENTIRE MK 122 ARMING SAFETY
SWITCH IF LANYARD BREAKS AWAY. DO
NOT ATTEMPT TO REPLACE THE LANYARD
PIN. DO NOT USE SEPARATED SWITCHES ON
A BOMSB.

220.812

Figure 3-18.—Mk 22 Mod 0 arming safety switch.



The Mk 43 Mod 0 TDD is compatible with
all electric tail fuzes and is identified by the dark
green color of the nose cone. Its internal circuitry
is powered by a thermal battery. The thermal
battery is initiated by +300 volts dc or by the
striker rod.

The MKk 43 is initiated mechanically (striker
rod) only when a delay airburst is desired. This
is the alternate method used to provide VT

operation when the fuze is not initiated with the
+300 Vdc. The conventional VT mode is selected
by initiating the fuze with +300 Vdc. When the
fuse is initiated with +300 Vdc, the Mk 43 operates
automatically.

The fuze circuitry produces a lobe pattern. It
radiates a pattern at right angles (fig. 3-20) to the
longitudinal axis of the weapon.

NOSE CONE
(DARK GREEN)

SAFETY
CcLip

220.642

Figure 3-20.—Mk 43 lobe pattern.
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When the Mk 43 is initiated by the con-
ventional method, fuze functioning occurs
instantaneously when a firing pulse is received
from the thermal battery. If the alternate method
is used (striker rod), the fuze is set for either of
the two functioning delays—DLY 1 for
0.015-second delay or DLY 2 for 0.100-second
delay. Detonation of the bomb is delayed by either
0.015 second or 0.100 second, depending on the
delay that is selected.

REVIEW NUMBER 6

Q1. All electric capability for Mk 80 with
either conical or retarding fins, thermally
protected bombs, and laser-guided bombs

is provided by

Q2. No unusual RADHAZ precautions are taken
when using Mk 344 or Mk 376 fuzes because

they are classified as

Q3. Name the electric fuze that is used for
retarded delivery of the Mk 80 (series)

bomb.

Q4. List the functions of the Mk 31 safety

device.

QS. What is the purpose of the Mk 122

Mod 0 arming safety switch?

Q6. What is the purpose of the Mk 43 Mod 0

target detecting device?

Q7.

What is used to power the internal circuitry
of the TDD?
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SAFETY PRECAUTIONS

Learning Objective: Recognize the safety
precautions to follow when working with
bomb fuzes and associated components.

Most fuzes contain a charge of high
explosives and must be handled carefully. When
compared to the burster charge, the amount of
explosives is small, but, the explosives in fuzes are
much more sensitive. Fuzes are manufactured to
meet all safety requirements when used properly.
However, the safety features designed in any
weapon or explosive component are only as
reliable as the person using it.

Fuzes are packed in sealed, moistureproof
containers. Do not unseal them until the fuzes are
required for use. Fuzes unpacked and not used
should be returned to their original condition,
repacked, and dated. Once the hermetic seal is
broken, these fuzes should be used before those
that are still hermetically sealed. Mk 344 or Mk
376 electric fuzes that have been removed from
their sealed containers and whose shipping caps
have been removed and repacked for more than
30 days must be disposed of according to current
directives. Additionally, dispose of electric fuzes
exposed to excessive moisture, regardless of length
of time.

Fuzes must be handled carefully at all times
and should never be dropped, tumbled, dragged,
or thrown. They should not be struck with a
hammer or any tool, either to open the container
or to align them in a stowage rack.

Fuzes should not be packed or unpacked in
the magazine. When a fuze is unpacked, it should
be examined to ensure that the shipping seals are
intact and that the arming stem is not unscrewed.
Safety cotter pins, shipping wires, and seals should
be left in place until the arming wire is assembled
into the fuze. Arming vane assemblies must not
be bent or distorted.

REVIEW NUMBER 7

Q1. What is the maximum length of time that
a Mk 344 or Mk 376 electrical tail fuze can
be used after they are removed from their
container?

Q2. In what location should you never pack or
unpack fuzes?
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REVIEW NUMBER 6 ANSWERS

All electric capability for Mk 80 with either conical or retarding
fins, thermally protected bombs, and laser-guided bombs is
provided by Mk 344 and Mk 376 electric bomb fuzes.

No unusual RADHAZ precautions taken when using Mk 344 or
Mk 376 fuzes because they are classified as HERO SAFE.

The Mk 376 electric fuze is used for retarded delivery of the Mk 80
(series) bomb.

The functions of the Mk 31 safety device are to adapt the fuze to
the fuze well of the bomb, mechanically safe the fuze, and to unlock
the timer-decelerometer.

The Mk 122 Mod 0 arming safety switch is used to open a circuit
and provide a RADHAZ shield to prevent electromagnetic
radiation from entering the fuze circuits.

The Mk 43 Mod 0 target detecting device is used to provide

airburst capability for electrically fuzed Mk 80 bombs.

A thermal battery, initiated by a +300 volts dc or striker rod,
is used to power the internal circuitry of the TDD.

REVIEW NUMBER 7 ANSWERS

Don’t use a fuze that has been removed from its hermetically sealed
container for over 30 days.

Never unpack fuzes from their containers in the magazine.
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CHAPTER 4

AIRCRAFT ROCKETS AND ROCKET
LAUNCHERS

The history of rockets covers a span of eight
centuries, but their use in aircraft armament began
during World War II. Rockets answered the need
for a large missile that could be fired without
recoil from an aircraft.

Since the airborne rocket is usually launched
at close range and measured in yards or meters,
its accuracy as a propelled projectile is higher than
a free-falling bomb dropped from high altitude.

AIRCRAFT ROCKETS

Learning Objective: State the principles of
rocket propulsion. Identify rocket
components to include motors, warheads,
and fuzes. Identify the purpose and use of
service rocket assemblies to include the
2.75-inch FFAR and LSFFAR and
5.00-inch FFAR.

There are two rockets currently used by the
Navy. The first is the 2.75-inch, folding-fin,
aircraft rocket (FFAR), known as the MIGHTY
MOUSE. The second, a 5.0-inch, folding-fin
rocket known as the ZUNI. The Mighty Mouse
and the Zuni are discussed in detail later in this
chapter.

ROCKET AND ROCKET FUZE
TERMINOLOGY

Some of the more common terms peculiar to
rockets and rocket components used in this
chapter are defined as follows:

Acceleration/deceleration. These terms apply
to fuzes that use a gear timing device in
conjunction with the setback principle described
above. Prolonged acceleration completes arming
the fuze, and deceleration or proximity initiates
detonation.

Igniter. The initiating device that ignites the
propellant grain. It is usually an assembly
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consisting of an electric squib, match
composition, black powder, and magnesium
powder.

Hangfire. A misfire that later fires from
delayed ignition.

Misfire. A rocket does not fire when the firing
circuit is energized.

Motor. The propulsive component of a rocket.
It consists of the propellant, the igniter, and the
nozzle(s).

Propellant grain. The solid fuel used in a
rocket motor, which, upon burning, generates a
volume of hot gases that stream from the nozzle
and propel the rocket (also known as the
propellant or propellant powder grain).

Rocket. A missile propelled by the sustained
reaction of a discharging jet of gas against the
container of gas.

Setback. This term is applied when internal
parts react to the acceleration of the rocket.
Setback is a safety feature designed into those
fuzes that use a gear timing device.

Thrust. The force exerted by the gases
produced by the burning of the rocket motor
propellant.

PRINCIPLES OF ROCKET
PROPULSION

Rockets are propelled by the rearward
expulsion of expanding gases from the nozzle of
the motor. The necessary gas forces are produced
by burning a mass of propellant at high pressure
inside the motor tube. Rockets function even in
a vacuum. The propellant contains its own
oxidizers to provide the necessary oxygen during
burning.
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Figure 4-5.—Fin protector in place.

nozzles (fig. 4-3, view A) or the fin-actuating
piston (fig. 4-3, view B) to the contact disc (fig.
4-3, views A and B) on the fin retainer. When the
rocket is placed in the launcher, the contact disc
is automatically in contact with an electrical
terminal that transmits the firing impulse to the
rocket.

The igniter in the 5.0-inch motor (fig. 4-4) has

an electrical lead wire post that protrudes through
the forward bulkhead closure. The electrical lead

SHIELDING

MOTOR

connects the igniter to the contact band. When
the rocket is placed in the launcher, the contact
band is automatically in contact with an electrical
terminal, which transmits the firing impulse to the
rocket.

Both the 2.75-inch and 5.0-inch rockets
are susceptible to radio-frequency energy
when they are not installed in the launch-
ers.

When stowed and shipped separately from the
launcher, the Mk 4 and Mk 40 motor fins are
covered with a fin protector (fig. 4-5), which is
an elongated steel can. A conical-coiled steel
spring riveted to the center of the base inside the
fin protector makes contact with the insulated
contact disc at the aft end of the fins. This shorts
out the igniter firing circuit to prevent accidental
firing of the motor.

If Mk 16 and Mk 71 motors aren’t shipped
and stowed in a launcher. They are shipped and
stowed in individual, padded, wooden crates. Fin
protectors are not used. Until actually loaded
into a launcher, a metal shielding band (fig. 4-6)
is always in place over the ignition contact
band.

BAND MK 16/71 MODS

I
B
-

WARNING
PR

| e |

WARNING

5N“L°"G BAND .”y
30003490219,

Figure 4-6.—Shielding band for 5.0-inch FFAR.



NOZZLE AND FIN ASSEMBLIES.—The
nozzle and fin assembly (fig. 4-7) used with the
Mk 4 and Mk 40 motors consists of a nozzle plate,
four nozzle inserts, a fin-actuating mechanism,
four fins, and a fin retainer contact disc.

The fins are attached by pivot pins to lugs
machined on the aft part of the nozzle plate.

PROPELLANT

Y~

When folded, the fins lie within the 2.75-inch
diameter of the rocket. The fins are notched
at the tips to allow attachment of a fin
retainer.

The fin-actuating mechanism is a steel cylinder
and a piston with a crosshead attached to its aft
end. When the rocket is fired, gas pressure from

DETENT GROOVE

NOZZLE PLATE

CYLINDER
AND PISTON

PILOT
PINS

STABILIZING

ROD

FIN HEEL

NOZZLE INSERT

FIN RETAINER
CONTACT DISC

220.815

Figure 4-7.—Nozzle and fin assembly (2.75-inch).

MOTOR TUBE\

MOTOR TUBE\

SCARFED NOZZLE

(8)

Figure 4-8.—Nozzle and fin assemblies. (A) Mk 4 Mods motor; (B) Mk 40 Mods motor.
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the motor operates the piston, cylinder, and
crosshead. The crosshead is pushed against the
heels of the fins, causing the fins to rotate on the
fin pivot pins to the open position after the rocket
leaves the launcher. After the fins have opened
to the final flight position, the crosshead prevents
the fins from closing.

There are four nozzle inserts and the detent
groove in the aft end of the nozzle plate. They
hold the rocket in position after it is loaded in the
launcher (fig. 4-8). The major difference between
the nozzle and fin assemblies used on the Mk 4

FOAM PLUG FIN RETAINER

FIN HEELS

FIN

SPRING LOADED PAWLS

Figure 4-9.—Mk 16 motor, nozzle, and fin assembly.

FIN

CARBON
INSERT
NOZZLE

and Mk 40 motors is the type of nozzle inserts
used.

The nozzle inserts of the Mk 4 motors are
standard, or straight cut (fig. 4-8, view A), while
the Mk 40 motor nozzle inserts are scarfed, or cut
at an angle (fig. 4-8, view B). The scarfed nozzles
used on the Mk 40 motor impart a stabilizing spin
to the rocket when launched at low initial-launch
speeds, such as from helicopters and low-speed
aircraft. A rocket using the Mk 40 motor is
designated a LSFFAR (low-speed, folding-fin,
aircraft rocket) and is used only on helicopters
or low-speed aircraft.

All Mk 16 motors have a single nozzle with
four straight folding fins (fig. 4-9) that attach to
the aft end of the motor tube by threads. To
protect the propellant grain from moisture and
to promote propellant grain ignition, the nozzle
opening is closed by a thin metal seal and a foam
plug. A light plastic fin retainer holds the fins
folded within the diameter of the rocket until
propellant ignition. On ignition, the fin retainer
is blown off. Gas pressure exerted on the heels
of the fins pushes the fins open as they emerge
from the launcher tube. The fins are then locked
in the flight position by the spring-loaded pawls.

The Mk 16 Mod motor has a modified igniter
and a modified nozzle and fin assembly. The
nozzle and fin assembly (fig. 4-10) contains four,
spring-loaded, wrap-around fins inside the motor
diameter. The steel nozzle expansion cone has
flutes that cause the rocket to spin during free
flight. This permits the rocket to be launched from

ONE FIN IN
OPEN POSITION

FIN RETAINER

__ FIN SPRING
FIN PIN

NOZZLE

YNOZZLE CLOSURE FLUTES

Figure 4-10.—Mk 71 Mod 0 motor, nozzle, and fin assembly.
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high-speed aircraft, helicopters, and low-speed
aircraft.

The Mk 71 Mods spring-loaded fins (fig. 4-11)
deploy after emerging from the rocket launcher
tube. They lock in place (open) by sliding into a
locking slot in the flange at the aft end of the fin
nozzle assembly. When not actually installed in
the launcher, the fins are held in the closed

PARTIALLY OPEN-LAUNCHED

FULLY OPEN-SPINNING 60 RPS

Figure 4-11.—Mk 71 Mods motor, nozzle, and fin assembly.
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position by a fin retainer band, which must be
removed when the rocket is installed into the
launcher tube.
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REVIEW NUMBER 1

List the two rockets currently used by the
Navy.

If a rocket does not fire when the firing
circuit is energized, it is known as
a

What is meant by the rockets thrust?

In rocket propulsion, the Venturi nozzle
decreases turbulence of escaping gases
and increases thrust. Gas pressure inside the
container provides about ___ |
and the escaping gases provide about

to move the container
forward.

List the three components of a rocket.

List the components of rocket motors.

What is the purpose of the inhibitor?

What rocket component is salt coated to
prevent unstable burning of the rocket
propellant?

When are rockets most susceptible to radio-
frequency (RF) energy?



Q10. Name the type of nozzle installed in the
Mk 40 rocket motor.

Ql11. Explain the difference between the M16
and Mk 71 rocket motors.

QI12. When should you remove the fin retainer
band on a Mk 71 rocket motor?

Warheads

Different tactical requirements demand
different types of rocket warheads be used with
airborne rockets. Warheads are classified as either
2.75 inch or 5.0 inch warheads. They may be
further classified as high-explosive, flechette,
smoke, flare, or practice. Warheads for 2.75-inch
rockets are normally received with the fuzes
installed.

BRAZING GROOVE

There are many different warheads, fuzes, and
motor combinations available. Therefore, the
following discussion is general. For specific
component information, you should refer to
Airborne Rockets, NAVAIR 11-85-5.

High-explosive warheads contain high-
explosive material (generally comp-B) surrounded
by a metal case. An internally threaded nose fuze
cavity permits the installation of a nose fuze or
an inert nose plug, depending on tactical require-
ments. Some warhead configurations require the
use of a base fuze. Base fuzes are installed at the
factory and should never be removed. High-
explosive warheads are painted olive drab and
may have a narrow yellow band around the nose.

There are several types of high-explosive
warheads and each is designed for a specific type
of target.

HE-FRAG WARHEADS.—High-explosive
fragmentation (HE-FRAG) warheads (fig. 4-12)
are used against personnel and light material
targets such as trucks and parked aircraft. Upon
detonation, a large quantity of metal fragments
accelerate to a high velocity. This action damages

MK | MOD S CONFIGURATION

L

MK 64 MOD O CONFIGURATION (WITH FUZE INSTALLED)

)

MK 63 MOD O CONFIGURATION (WITH FUZE INSTALLED)

Figure 4-12.—High-explosive fragmentation (HE-FRAG) warheads.



the target. The types of HE-FRAG warheads
currently in use are listed in table 4-1.

HEAT WARHEADS.—High-explosive
antitank (HEAT) warheads (fig. 4-13) are used
against armored targets such as tanks, bunkers,
and armored vehicles. The warhead contains a
shaped-charge. When detonated, it produces a

high-energy jet that penetrates armored targets.
The only HEAT warhead currently in use is the
Mk 5 Mod 0.

AT/APERS WARHEAD.—The high-
explosive antitank/antipersonnel (AT/APERS)
warhead (fig. 4-14) combines the effectiveness
of the HE-FRAG and HEAT warheads. The
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REVIEW NUMBER 1 ANSWERS

The two rockets currently used by the Navy are the 2.75-inch Mighty
Mouse and the 5.0-inch Zuni.

If a rocket does not fire when the firing circuit is energized, it is
known as a misfire.

Thrust is the force exerted by the gases produced
by the burning of the rocket motor propellant.

In rocket propulsion, the Venturi nozzle decreases turbulence of
escaping gases and increases thrust. Gas pressure inside the container
provides about 70% of the force, and the escaping gases
provide about 30% of the force to move the container
Sforward.

The three components of a rocket are the motor,
warhead, and fuze.

The components of rocket motors include the motor tube,
propellant, inhibitors, stabilizing rod, igniter, and nozzle
and fin assembly.

The inhibitor restricts or controls burning on the pro-
pellant.

The stabilizing rod is salt coated to

unstable burning of the rocket propellant.

prevent

Rockets most susceptible to radio-frequency (RF) energy whe<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>