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SECTION |.
INTRODUCTION

Chapter 1
Ammunition in General

GENERAL.

When venturing into any new field, one finds himself confronted
with many new terms and materials to such an extent that he often
becomes lost in a maze of confusion. It is, therefore, necessary to lay
a foundation of information that will aid in interpreting the material
which will follow.*

It is necessary for the ammunition inspector to have a wide and
complete knowledge of all the types of ammunition that he will come
in contact with in the line of duty, for he will be called on to pass
judgment as to the safe conduct of various operations. To do this,
he must know all the facts about the material in question. It might
be well to point out that all ammunition is inherently dangerous, for
its whole purpose of existence is to destroy or kill, but, if handled
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times, however, it must be given the fullest respect. A great portion .
of the accidents which do occur can be traced to some form of care-
lessness when the full measure of safety was not applied.

Nomeneclature. In his daily dutiesfthe ammunition inspector will
be called upon to discuss ammunition. Whether this discussion be
written or oral, the proper use of terms or proper nomenclature is
constantly required. All articles have specific names and designations
which must be used at all times. The purpose of this is to insure that
there will be no error in understanding, for some types of ammunition
are so nearly alike that only by the use of proper terminology can
they be distinguished. The habit of using proper nomenclature is one
that should be formed from the beginning.

Model Dgsignations. To distinguish a particular design, a model
designation is assigned at the time the model is classified as an
adopted type. This model designation becomes an essential part of
the standard nomenclature and is included in the marking on
the item. .

Prior to World War I, the number of the year in which the design
was adopted preceded by an “M” was used as the model designation;
for example, M1906. From the World War until July 1, 1925, it was
the practice to assign mark numbers. The word “Mark,” abbreviated
“Mk.,” was followed by a roman numeral; for example, Sheill, HE,,
Mk. IIL. The first modification of a model was indicated by the addi-
tion of MI to the mark number, the second by MII, etc. The present

% This Technical Manusl hes been published in wdvance of complete technicsl review in
order to provide a background f(or inspection of all types of mmmumition,
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system of model designation consists of the letter “M” followed by
an arabic numeral. Modifications are indicated by adding the letter
“A” and appropriate arabic numerals, Thus, M2A1 indicates the first
modification of an item for which the original model designation was
M2. In addition to the “A” modifications there are also “B” modifica-
tions. These may be either a change in the method of manufacture
of an item, or a change in the material used. Examples of this are the
M18B]1 steel cartridge case and the M1B1A1l primer. Certain items
standardized for use by both Army and Navy are designated by the
letters “AN" preceding the model designation; for example, AN-
M100A1, AN-Mk. 19, AN-Mk. IV, The two designations above, AN-
M100A1 and AN-Mk. 1V, indicate that the item is of Army design,
while the designation AN-Mk. 19, indicates that the item is of Navy
design. In recent years the Navy designations have been arabic
numerals, previously they were roman numerals and some of these
may still be found,

Classification by Standards.
Standard articles are those which are the most advanced and satis-

factory, and have been adopted by the Secretary of War. They are’

preferred for procurement to meet supply demands.

Substitute standard articles are those which do not have com-
pletely satisfactory military characteristics, but are usable substitutes
for standard articles. They are not normally in use, nor are they avail-
able for issue to meet supply demands. They may, however, be pro-
cured to supplement the supply of standard articles.

Limited standard articles are those which do not have as satis-
factory military characteristics as standard articles, but are usable
substitutes for standard articles. They are either in use or available
for issue to meet supply demands.

Classification by Issue and Manufacture. In making use of the
Standard Nomenclature Lists and Complete Round Charts, the status
of the ammunition may be found marked as “S” or “S&M.” In this
instance, the “S” indicates that the item is standard for issue only
and is no longer being manufactured. The “S&M?” indicates that the
item is standard for issue and is being manufactured.

Ammunition Lot Number. When ammunition is manufactured,
a lot oumber, which becomes an essential part of the marking, is as-
signed in accordance with pertinent specifications. This lot number is
stamped or marked on every item of ammunition unless the item is
too small. A group of these lots which for both engineering and sta-
tistical reasons can be considered to be of the same standard of
quality is called a grand lot. In addition to this lot number, there is
assigned to each complete round of fixed and semifixed ammunition
an ammunition lot number which serves to identify the conditions

-
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under which the round was assembled and the components used in
the assembly. This ammunition lot number is marked on every com-
plete round of fixed and semifixed ammunition (except where the
item is too small as in the case of small-arms ammunition) and on
all packing containers. It is required for all purposes of record includ-
ing reports on condition, functioning, and accidents in which the am-
munition is involved. To provide for the most uniform functioning, all
of the components in any one lot are manufactured under as nearly
identical conditions as practicable. For example, in the case of fixed
ammunition, all of the rounds in any one lot consist of:

1. Projectiles of one lot or grand lot (one type and one weight
zone).

2. Fuzes of one lot or grand lot.

3. Primers of one lot or grand lot.

4. Propellent powder of one lot,

DEFINITIONS.

A few basic definitions are essential if one is to attain complete
understanding of the material which is to follow.

Ammunition. Ammunition is defined as any.or all materials used
to charge weapons of war, including pyrotechnics in all of its forms.

There is one point in this definition that might not be clear.
“Weapons of Wat” refers to not only guns, howitzers, mortars, and the
like, but to airplanes and soldiers as well.

Caliber. Caliber is a term whig’:\ has widespread use in the field of
an ammunition inspector. Nearly all of the ammunition is measured
in calibers. A caliber is the diameter of the bore of the weapon be-
tween opposite lands. While it is used as a unit of measure and is
expressed in inches or millimeters, it has no unit in itself. Thus, if
it is said that the barrel of a particular weapon is 30 calibers in length
it does not mean that it is 30 inches or 30 millimeters long, but that
its length is 30 times the diameter of its bore between opposite lands.
To be of any use, caliber must refer to a specific weapon.

Lands. The lands in a weapon are the raised portions of the rifling
of the weapon, and the spaces between the lands are called grooves.

Complete Round. A complete round of ammunition is made up
of all the necessary components to a chain of events which will per-
form a desired function under the proper circumstances and at the
proper time. For example, a complete round of a high-explosive shell
wouid be made up of a projectile, an explosive filler, a fuze, a booster,
a propelling charge, a cartridge case, and a primer, Here, all of these
components are. necessary to bring about the desired function of the
shell and thus make up a complete round.

Small-arms and Artillery Ammunition. A most important divi-
ding line in ammunition is that between small-arms and artillery am-
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munition. This dividing line is based on 0.60 inch. Small-arms ammu-
nition is defined as ammunition fired in weapons whose bores are
0.60 inch or less in diameter, while artillery ammunition is defined as
ammunition fired in weapons whose bore is over 0.60 inch in dia- USEEERE—
meter. It is well to note that small-arms ammunition includes ammu-

nition which is 0.60 inch in diameter, and that anything over 0.60

inch must be considered as artillery ammunition, '

ARTILLERY AMMUNITION. i

Tactics and Ammunition, Artillery was first used mainly against
fortifications for the purpose of breaking down walls to allow the pass- '
age of foot troops in an attack. Because the hand weapons of the
defending forces were crude and of short range, the cannon of the
attacking force could be emplaced at close range. There was, there-
fore, no need for long-range fire, and artillery was put into position
in front of the foot troops. With the development of shoulder weapons
of increased range and accuracy, it became necessary for artillery to 3
seek positions at greater distances from the opposing forces and in
the rear of friendly troops who served to protect the artillery division. ;
These conditions called for greater range and power, which in turn - '
necessitated improved projectiles and propellent powders. The as-
signment of special missions to artillery brought about the develop-
ment of special ammunition with which to accomplish these missions. J{

Projectiles. A projectile is a missile, either solid or with an explo-
sive, chemical, or inert filler, propelled from a weapon by the force
of gases produced by a propelling charge.

Early projectiles fired from cannon were iron darts, wrapped with
leather, of a size to fit the bore. These continued in use up to the
sixteenth century, when they were replaced by spherical shot. One ! . §__,
example of this shot was roughly rounded stone balls chosen because
of their cheapness. Forged iron, bronze, and lead balls were tried, but
expense prevented their general adoption.

Also, since heavy metal shot necessitated the use of a correspond-
ingly large propelling charge, too great a strain was exerted on the
feeble artillery pieces of the period. This frequently caused rupture
of the cannon, Stone shot being about one-third the weight of iron,
the powder charge was reduced in proportion, effecting an additional
economy.

Both iron and stone shot occasionally were covered with lead to
preserve the interior of the bore by reducing the friction, and to
afford a closer fit between the shot and the bore, thereby improving
the obturation, preventing the escape of gases, and increasing the
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Shape. Since its inception, the demand for greater and greater
range has influenced the shape of the projectile. Toward the end of
the sixteenth century, cannon shot was made of cast iron and was
spherical in form. The spherical projectile was inefficient ballistically.
it was erratic in flight. Because of the crude methods of manufacture,
a tight fit could not be obtained between the projectile and the bore
of the cannon. Its rough surface increased air resistance and, by virtue
of its shape, a maximum surface in proportion to its weight was
effected by resistance. Nevertheless, the spherical form continued in
use up to the advent of rifled cannon (about 1860), when projectiles
were elongated to a cylindrical form with a pointed nose.

Factors affecting desired shape. The amount of air resistance de-
pends upon the size, shape, and “presentation” of the projectile. Size
is significant because of the greater number of air molecules to be
displaced by movement of the larger projectile. Shape of the pro-
jectile has an important effect on the manner in which the mole-
cules are shouldered aside. “Presentation” affects both the number of
air molecules displaced and the manner in which they are pushed
aside. A projectile of 2 feet in diameter displaces four times as many
molecules as does a projectile of 1-foot diameter, since the area of
the cross section of a projectile varies as the square of the diameter.
A cone with a base diameter of 2 feet, since its greatest cross section
is the same as a cylinder of the same diameter, displaces just as many
molecules as does the cylinder, but because of its pointed shape, it
effects the displacement more smoothly and consequently encounters
Jess resistance,

Weight exercises a great effect on the power to overcome resistance.
Thus, two cylinders of equal diameter and length composed of dif-
ferent materials, one twice as heavy as the other, would experience
the same resistance to travel through the air. However, the heavier
would possess double the ability of the lighter to overcome resistance.

Again, since length has little effect on resistance, a cylinder twice
the length of the original one and composed of the same material, if
solid, would be twice as heavy and would possess double the energy.
In order that a cone may possess the same energy as a cylinder of
equal diameter, it must be longer, since it otherwise would be of less
weight. As the length of a projectile is limited by certain other con-
siderations, the modern projectile represents a compromise, combin-
ing energy-oroducing effect by means of increased weight, and re-
sistance-reducing effect by means of the pointed nose.

The air resistance is affected in a marked degree by the shape of
the nose. It is found that in a shell in the usual form, the shape of
the shoulders is more important than that of the actual point. This
is explained by the fact that as air streams outward from the point
to pass over the shoulders of the shell, it leaves a partial vacuum
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near the point while the main air pressure comes near the shoulders.
When a projectile with a radius of ogive of 5 or 6 calibers is used,
the shape of the point becomes important in determining the direction
of the air currents which flow over the shoulders.

The ideal shape for a projectile intended to travel through the air
with the minimum.resistance would be one of streamline profile and
having a nose with an ogive curved for pushing aside the air mole-
cules with the least disturbance. It would also have a tapered or
conical (“boat-tailed”) tail to eliminate vacuum-forming eddies in its
wake. The flat, sawed-off bottom of the type of projectile in use prior
to World War 1 is inefficient, because the partial vacuum formed be-
hind the projectile during flight greatly retards it and causes un-
steadiness in flight. For this reason modern projectiles are of the
“boat-tailed” type.

Exterior of Modern Projectiles. Modern projectiles combine
weight and form in the most practical way to secure a maximum of
stability and a minimum of air resistance in flight.

Ogive. Starting with the point of the projectile and working to-
ward the rear, the first portion encountered is the curved portion of
the nose of the projectile. This is known as the ogive. The ogive
describes an arc whose center lies on a plane perpendicular to the
axis of the projectile, with 2 radius usually expressed in terms of
caliber. This radius formerly was two calibers for all projectiles, but
experiments have proved that a marked reduction in air resistance,
resulting in greater range, can be obtained by increasing the radius of
the ogive to as much as 10 or 11 calibers.

Bourrelet. Directly behind the ogive is a very carefully and ac-
curately machined portion of the projectile, known as the bourrelet.
It is this portion of the propectile which most nearly conforms to the
bore of the weapon. In action, it fcts as a forward bearing surface,
and also helps to center the projectile in the bore of the weapon. The
average bourrelet is about 1/6 of a caliber in width. By having only
a small band such as the bourrelet for a bearing surface, the amount
of resistance due to friction in the bore is greatly reduced as com-
pared to the friction which would be produced if the whole body of
the projectile were to contact the lands.

Body. The cylindrical portion of the projectile directly behind the
bourrelet and extending to the rotating band is commonly called
the body. This is slightly smaller in diameter than the bourrelet
and is usually 1 to 2 calibers in length,

Rotating band. The purpose of the rotating band is td cause rota-
tion of the projectile about its axis, in order to give it stability in
flight, If the projectile did not rotate in flight, it would Ay end over
end or tumble; its flight would be irregular and inaccurate, and the
range would be reduced. The rotating band, by engaging the lands

1"
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Figare 2 — Means of Obtaining Rotation, Early Projectiles

and grooves in the bore of the weapon, gives the projectile this ro-
tation.

Before the advent of the rotating band, many devices were tried
in order to obtain rotation, One means was to provide the projectile
with a series of studs which were fitted into the grooves of the rifling
as the projectile was inserted at the muzzle. This type of projectile
was known as the “studded” type.

A second type of projectile was the “Butler” type. This projectile
was fitted with a ring of brass at the rear of the projectile which

12
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would expand when acted upon by the pressure of the gases from
the propelling charge. This expansion caused the brass to fit into the
grooves of the rifling and thus gave rotation to the projectile.

Ancther early type of projectile was the “Hotchkiss” type. This
projectile was manufactured in three parts; the forward portion of
steel, a rear portion also of steel, and the two held apart by a lead
ring. When the round was fired, the rear portion forced against the
lead ring which expanded into the grooves and thus gave rotation
to the projectile,

A different method entirely was found in the “Whitworth” gun and
projectile. In this model, the weapon was fitted with a hexagonal bore,
twisted in the same manner as the rifling in the other types. The pro-
jectile was fashioned to fit the bore, its sides being provided with
flattened surfaces of a similar pattern,

With the introduction of breech-loading cannon, the problem of
giving rotation to the projectile was simplified. As previously ex-
plained, the raised portions between the grooves are known as the
lands. The bourrelet of the projectile has the approximate diameter

of the lands. At the rear of the projectile is a smooth band of soft -

metal which has the diameter of the grooves. The projectile is in-
serted into the smooth-surfaced chamber in the rear of the rifled
portion of the bore. and then is rammed forward. The grooves engage
the soft metal of the rotating band and hold the projectile in place
while the tube is elevated. On the explosion of the propelling charge,
the projectile moves forward and the lands eut into the rotating
band, causing it to conform to the rifling. This gives the projectile
a rotary motion about its long axis.

Since the band of a modern projectile completely fills the grooves,
it prevents the escape of gas past the projectiles and centers the
projectile in the bore. The front surface of the band is machined to
seat itself readily in the coned seat at the origin of rifling. This coned
seat is known as the forcing cone. -

The metal of the rotating band must be soft enough to flow readily
to fill the rifling grooves, and to prevent excessive wear of the lands.
It must be hard enough to prevent stripping under the resistance
met in rotating the projectile and to avoid fouling the bore. Both
copper and gilding metal seem to be favored as the best metals for
rotating bands.

Certain projectiles for the 155-mm gun have two rotating bands,
but generally there is only one rotating band /1 each projectile for
all guns and howitzers.

Fringing groove. During firing, a small amount of the copper of
the rotating band is forced back behind the bend and along the sur-
face of the projectile in the rear of the band. The pressure of the
released gas at the muzzle of the piece and the centrifugal force of

>
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rotation combine to throw out this excess metal in a radial direc-
tion, so that it becomes a fringe around the rear part of the band,
When this fringe is excessive and irregular, it builds up air resistance,
lessens the stability in flight, and causes decreased range and de-
creased accuracy. This fringing is eliminated to a great extent by
cutting a fringing groove around and in the rear of the band.

Boat-tail. In order to reduce the vacuum forming eddies at the
base of the projectile in flight, the base is tapered to an angle of
from 6 to 8 degrees. These vacuum eddies, if present, tend to hold
back the projectile and thus reduce the range.

Base plates. Artillery projectiles containing high explosives are
fitted with base plates. These are designed to prevent the hot gas
of the propelling charge from coming in contact with the explosive

COPPER CUP *‘J
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Fiqure 4 — Base Plate Assembly
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filler of the shell through possible defects in the base. Three types
of base plates are in use,

The older type, common to all calibers, consists of a slightly dished
brass plate covering a lead disc, the brass plate being crimped to
the base of the projectile.

The new type, for small and medium calibers, has a disc of sheet
brass or steel sweated to the base of the projectile with solder, or
a steel disc welded to the base of the projectile.

For the larger calibers, the base plate assembly consists of a
copper cup covering a lead disc. The copper cup is held in a dove-
tailed groove in the base of the projectile by means of a strip of
lead calking wire, which is hammered down to fill the groove com-
pletely and to bend the flange of the copper cup. However, in large
caliber projectiles that are not fitted with base fuzes, the steel disc
is welded to the base.

Painting. All projectiles are painted primarily for the prevention
of rust. The color of the paint, however, is varied for the different
types of projectiles and thereby becomes a basic means for identifi-
cation. The explanation of the color scheme is as follows:

1. Projectiles filled with high explosive, such as amatol, explosive
D, TNT, etc, are painted olive drab and stenciled in yellow.

2. Shrapnel and low-explosive shells are painted red. This indi-
cates that they contain a charge of low explosive.

3. Projectiles that are solid or filled with an inert filler are painted
black.

4. Ammunition to be used for practice is painted blue. This paint-
ing holds even though the projectile may be solid or filled with a
black powder (low-explosive) spotting charge.

5. Chemical shell are painted with a blue-gray base color, stenciled
with a color which corresponds to its chemical classification, and have
circumferential painted bands of the same color.

Projectile Fillers.

Solid shot. The earliest projectiles were spheres of solid metal and
depended for their effect upon their weight and velocity, no attempt
being made to produce effect by explosion at the target.

Case shot. The first departure from the solid type of projectile
came with the advent of case shot. Case shot can be traced back to
the early part of the fifteenth century; it retained_ its original form
throughout the entire period of its use. It was irended for use at
close quarters when a volley of small shot was required.

Case shot consisted of a cylindrical container of tin with a cast
or sheet iron bottom and top plate. The container was filled with
small round shot and the voids were packed with sawdust to prevent
undue movement of the balls due to the shock of discharge. The
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shock of discharge disrupted the case, and the balls were scattered
shortly after leaving the muzzle of the cannon. Case shot was very
effective against troops at short range owing to the wide pattern
made by the spreading shot, but when the range exceeded 500 or 600
yards, there was practically no effect.

Grapeshot. A variation of case shot, known as grapeshot, consisted
generally of three tiers of cast iron balls separated by iron plates and
held in place by an iron bolt which passed through the center of the
plates. The effect of grapeshot was similar to that produced by case
shot.

Explosive shell. Explosive shell do not appear to have been in gen-
eral use before the middle of the sixteenth century. About that time,
hollow balls of cast iron were fired from mortars. The balls were al-
most completely filled with gun powder; a small space was filled with
a slow-burning composition. The slow-burning composition was
ignited by the flash of discharge, and burned until the flame reached
the bursting charge. As there was no way of accurately regulating the
time of burning, some of the projectiles burst during flight, but many
of them did not explode until a considerable time after they had
struck the ground. With the development of more accurate fuzes,
these projectiles became formidable missiles against fortifications, and
were used with some effect against personnel in the open.

Modern shell, made of forged steel, are filled with high explosive,
and upon burning a predetermined time, or upon impact, explode
with terrific energy, breaking up the shell walls into several hundred
fragments. Depending upon the fuze employed, they are designed
either to burst in the air or promptly on impact, for effect against per-
sonnel, or to penetrate a short distance before explosion for the pur-
pose of destruction. '

Armor-piercing. Armor-piercing projectiles consist essentially of a
steel shell to which is attached, usually by crimping, a steel armor-
piercing cap, and to this cap is attached, by screw threads or crimp-
ing, a windshield for ballistic purposes. The projectile may be either
filled with explosive D or may be inert. A very important part of the
modern armor-piercing projectile is the cap. Against face-hardened
armor, projectiles which would be useless without the cap are, with
its assistance, able to penetrate in bursting condition. The cap is
made of high-carbon chrome steel and heat treated so that the por-
tion directly in front of the point of the projectile is very hard while
the skirt is very tough. The period during which the cap performs its
functions is so very short and the forces which act on it are so great
that it is impossible to say exactly what takes place, but certain
theories have been advanced and seem to be borne out by experi-
ment. It is now generally accepted that the principal function of the
cap is to place the armor under great stress, flaking the hardened
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surface and destroying it, permitting the projectile body to reach the

inner layers at an instant when they are already stressed in a favor-
able direction. The cap also lends lateral support to the point at the

‘instant of impact, preventing a deformation which would result in

disintegration of the projectile before perforation could be accom-
plished. .

‘The cap also performs the valuable function of increasing the angle
of obliquity at which penetration or perforation will take place, thus
tending to avoid ricochet.

The function of the windshield is to increase the ballistic efficiency
of the projectile by enabling it to overcome more readily the retard-
ing effect of the atmosphere with a consequent increase in range. The
windshield is mede of brittle material and shatters on impact with
the target.

The steel shell, or body, finally does the actual penetrating of
the armour plate, and if loaded with an explosive filler, will explode
after penetrating.

Shrannel. The chrannel nraiectile was develoned durine the latter

ed. 4 00 SAraph: proyecie eopeCc C ng € 8uct

part of the eighteenth century as a result of the lack of an effective
projectile for use against troops in the open beyond the range of case
shot.

The original shrapnel was a spherical shell filled with lead musket
balls mixed with the bursting charge. With the advent of rifled guns,
the form of the shrapnel! projectile has changed, but its character has
remained. Modern shrapnel cases are made of forged steel. The lead
balls are contained in a matrix of smoke-producing compound and
are separated from the. base charge by a steel diaphragm. They are
provided with a time fuze designed to cause the projectile to burst
either during flight or on impact. Shrapnel is designed to carry the
balls to a point over the heads of troops and, by the functioning of the
fuze and base charge, to scatter the balls with increased velocity
over a considerable area. !

Chemical shell. Chemical shell are a development of World War I,
resulting from the desire to transfer quantities of chemicals into
enemy territory. Chemical projectiles are filled with chemical com-
pounds designed to produce casualties, or with smoke-producing
compositions for use in screening certain areas from view. Very little
effect is produced by fragmentation, since the bursting charge is just
sufficient to crack the projectile and scatter the chemical filler. In
firing chemical shell, it is important that the shell burst before enter-
ing the ground, in order that the chemical be spread instead of being
concentrated in and near the shell crater.

Fuzes.
Early fuzes. A fuze is a mechanical device to function the projectile

17
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at the time or place desired. Proper functioning of projectiles depends
upon accurate and efficient fuzes.

It may be said that fuzes, from the start, have had more influence
on the effectiveness of artillery than any other single item. Early ex-
plosive shell and shrapnel, more often than not, were wholly ineffec-
tive because of uncertain fuzes.

Early fuzes not only were inaccurate and uncertain of action, but
also were dangerous to use. Many accidents resulted from prematures
caused by defective fuzes. Even with the most modern fuzes in use
today, a certain percentage of duds may be expected, and the safety
devices are not infallible.

The first fuzes used were short iron or copper tubes filled with
slow-burning composition and screwed into the fuze hole of the shell.
The slow-burning composition was ignited by the flash of discharge
and, when consumed, transmitted the flame to the bursting charge of
the shell. There was, at first, no means of regulating the time of burn-

ing. Later, about the end of the seventeenth century, the fuze case .

was made of wood, so that by boring a hole through the outer casing
into the composition, the fuze could be made to burn approximately
for a given time before exploding the shell; or the fuze could be cut
to the correct length for the same purpose.

Early attempts to produce percussion fuzes were unsuccessful, but
the discovery of mercury fulminate in 1799 finally afforded the means
of attaining this object. Some 50 years elapsed, however, before a
satisfactory fuze was made. This was the Pettman fuze, in which a
roughened ball covered with a detonating composition was released
by the discharge of the piece. When the shell struck any object, the
ball was thrown against the interior walls of the fuze, thereby explod-
ing the composition and, consequently, the bursting charge of the
shell.

World War I types. Much ingenuity and labor have been expended
in the effort to produce safe and accurate fuzes for all purposes.
World War I types were satisfactory, in general, for their purpose of
detonating or exploding the bursting charge at the time and under
the circumstances desired. However, safety devices were not suffi-
ciently refined to insure complete safety against premature action in
transportation and loading, and during travel through the bore of the
piece.

Another serious disadvantage of World War I types of detonating
or delay action. This necessitated a supply of all three types in the
field

Later types. Most of the disadvantages enumerated above have
been overcome in the recently developed fuzes. These are explained
in the chapters dealing with fuzes.

18
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Adapters and Boosters. Since the small detonator contained in
the fuze is not powerful enough to insure complete detonation of the
shell filler, it is necessary to have a slightly larger quantity of high
explosive, more sensitive than the shell filler, to amplify the detonat-
ing wave and insure the detonation of the filler. This intermediary
filler is the booster. In recent years, boosters have been designed to
be assembled directly to the projectile, the old “adapter-boosters”
being discarded. The fuze is customarily screwed into the booster.
Boosters are used in all high explosive and chemical shell for all guns
and howitzers.

The old “adapter-boosters” consisted of an adapter and a booster
which were held together as one piece. The adapter was designed
to decrease the diameter of the nose of the shell so that the fuze
could be screwed into place. The booster was simply a casing of
high explosive.

The term “boBster,” when applied to chemical shell, is converted
to “burster,” as the function of this component is to break up the shell
and disperse the chemical filler. The burster charge is therefore
greater than in the high-explosive booster.

Propellants. A propellant is an explosive which, upon burning,
propels the projectile from the tube of the gun. It is the final link
in the low-explosive train.

Early propellants. The earliest propelling powder was black pow-
der, of about the same composition as we know it today. In the six-
teenth century, it was used in the form of a fine powder or dust, but
owing to the difficulty of loading this fine dust into the muzzle of
small arms, a granular form was developed about the year 1600, and
contin in use for more than 200 years.

Smokeless powder. Smokeless powder came into use about 1890,
and guickly replaced black powder as the universal propellant for
artillery projectiles.

The first Army Ordnance experiments with smokeless powder were
with nitrocellulose-nitroglycerine, or “double-base” powder, which
type was used in small-arms ammunition until 1906.

The smokeless powder now used consists essentially of a gelati-
nized nitrocellulose in the form of short multiperforated grains. The
United States and other countries have developed powders in the
form of long tubes or flat ribbons and cords which usually contain a
certain percentage of nitroglycerine.

Because of their hotter gases of combustion, nitroglycerine powders
produce more erosion in the bore of the piece than nitrocellulose.
For this reason, the latter are generally used as propellants.

A full discussion of smokeless powder will be found in the chapter
covering low explosives.
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Propellent Containers. According to the method of assembly for
transportation and for loading into the piece, ammunition is classified
as “fixed,” “semifixed,” or “separate-loading” (unfixed).

Fixed Ammunition. This type comprises a cartridge case (which
contains the propellant) whose base contains the primer, and whose
forward opening is crimped to the projectile so that the entire round
is integral ‘and all components are loaded into the weapon in one
operation.

Semifixed Ammunition. This type differs from fixed ammunition
in that, while the projectile and cartridge case are issued assembled
and are loaded into the gun as a unit, the cartridge case is not per-
fnanently attached to the projectile, but may be removed at the fir-
ing point for the purpose of varying the amount of propelling charge
as desired.

Separate-loading Ammunition. The distinguishing characteristic-

of separate-loading ammunition is that it requires two or more opera-
tions to be loaded into the breech of the gun. The propellant and
primer are loaded separate from the projectile. The propellant is con-
tained in either cartridge bags in definite quantities, or loosely in an
uncrimped cartridge case. In the former instance, the amount of pro-
pelling charge may be varied as desired. The primer is generally
inserted after the breechblock has been closed.

Primers. A primer is used to ignite the propelling charge of
smokeless powder. The primer is loaded with a charge of black pow-
der which, in ammunition for small calibers, is sufficient to ignite
the propelling charge. In the larger calibers, additional ignition pow-
der is required.

With fixed and semifixed ammunition, the primer is forced into the
base of the cartridge case before loading the propelling charge.

With bag-loaded (separate-loading) charges the primer is inserted
in the firing mechanism in the breech of the cannon. Primers for
separate-loading ammunition are of the obturating type, in that the
body of the primer is thin, so that, when the primer charge explodes,
the primer will be expanded and pressed tightly against the inner

surface of the primer cavity, thus preventing the escape of propelling
charge gases to the rear.

Classification. The general classification of primers is based on the
method of firing or initiating the ignition, as follows; percussion, fric-
tion, electric, combination percussion-electric, and igniting. The de-
tailed description and functioning of these types will be taken up in
the chapters covering the complete rounds.

20
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Chapter 2
Safety

GENERAL.

In the line of duty as an ammunition inspector, the full meaning
of safety must be kept in mind at all times. This is indicated by the
fact that the “Ordnance Safety Manual” is the inspector’'s “Bible.”
No matter what the operation or procedure may be, the inspector’s
thought should always be, “Is it safe?”

There are several references where general safety regulations may
be found, such as, The Ordnance Safety Manual, Safety Bulletins,
TM 9-1900, and other manuals. However, while the regulations cover
a wide field, there are times when it becomes necessary for an inspec-
tor to rely on his own judgment and common sense in arriving at
a decision. For this reason, one should always keep an eye open for
safety features and precautions while studying this text. Without some
basic knowledge of the article being handled, common sense soon
becomes little more than pure guess work. A Stud}' of accidents which
have occurred in the handling, shipping, and storage of explosives and
,ammunition shows that in practically every instance where the cause
‘could be determined, the accident has been due to circumstances
which may be classed as avoidable.

There are two prime requisites which must be considered when
determining a safe practice; safety for personnel, and safety for the
ammunition. With respect to personnel, the inspector should be con-
stantly on the alert to forestall any practice which might cause injury
or death to any worker. With respect to ammunition, the inspector
should see that it is handled, stored, and shipped in such a manner
that no deterioration, damage, or destruction may result.

= 1ieel f arcidan

SAFETY REGULATIONS. .

Personnel. All personnel handling ammunition should be im-
pressed with the fact that their safety as well as that of others de-
pends upon the intelligence and care exercised by themselves and
their fellow workers.

The number of persons engaged in or around an operation should
be kept at a minimum, but never should one person be allowed to
carry on an operation of a hazardous nature.

Unauthorized persons should not be permitted to tamper with or
disassemble any components. Serious accidents may result.

Safety shoes should be worn at any operation where explosive dust
is present; particularly in the case of black powder or high-explosive
operations. Safety shoes of the noninsulating type are mandatory
for black powder operations.

2
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Smoking must be absolutely prohibited in any magazine or maga-
zine area, or around freight cars, motor trucks, or boats in which
there are explosives or ammunition.

No portable lights other than approved electric lanterns and flash-
lights are to be used in magazines or around explosives and ammuni-
tion in freight cars, motor trucks, or boats.

Ammunition. Explosives and ammunition should be handled care-
fully. Containers should not be tumbled, dragged, thrown, or dropped
on each other or on the floor.

All tools used when repairing, opening, or closing containers filled
with explosives should be of nonferrous or nonsparking materials.

Explosives and ammunition should not be exposed to moisture or
fiampness or to the direct rays of the sun for any long period. If it
is necessary to leave boxes temporarily outside of magazines or cars,
they should be covered with a tarpaulin which is so placed that air
can circulate freely through the pile.

If explosives spill or sift from a leaky container, all work must be
stopped until the explosives have been swept up and removed and
any remaining particles or dust have been neutralized with water.

When ammunition is to be stored, it must be stored in accord-
ance with the current ordnance drawings in such a way that the
piles are stable and cannot tip.

CONCLUSION,

The general precautions mer tioned above are but an indication of
the many rules and regulations to be followed. As additional mate-
r.ial is discussed, safety regulations will be brought out and empha-
sxzed In addition, every ammunition irispector should become fa-
miliar with the safety regulations as set forth in section II, page 5
of the Ordnance Safety Manual (0.0. Form No. 7224), and should,
govern his actions in the field accordingly. If all safety measures are
applied and strictly observed, the number of accidents which occur
can be reduced to a very small percentage of the present total.
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Chapter 1
Information Topics

GENERAL.

Engineering Drawings. Engineering drawings were developed to
portray an object of the inventor’s mind in such a way as to enable
someone other than himself to construct the item. Word descriptions
proved entirely inadequate, Chinese, the language of Confucius, who
said, “Oné picture is worth a thousand words” still uses line drawings
of objects as letters of its alphabet.

Photographs were considered, but dismissed at once, for the simple
reason that one cannot photograph what is in a person’s mind. Thus,
the only alternative was found to be line drawings. Through constant
use they underwent considerable development until in the present
day, carefully made linegrawings, laid out according to certain sim-
ple, ‘universally understood rules, act as our basis for transmitting
precise information between various phases of production. It is a
decided advantage, therefore, to anyone interested in almost any
phase of production to understand these simple rules that he might
be able to read the language of engineering drawings. Persons inter-
ested in the inspection and inaintenance of manufactured items are
certainly not an exception. ,

Reproduction of Engineering Drawings. There are many means
of reproducing the original drawing. One of the most common is the
blueprint, so called because of its blue background which results from
a chemical action on exposure to light. It is made by exposing a
piece of sensitized paper in contact with the tracing of the drawing
to sunlight or electric light.

Other types of reproduction are blue line prints (blue lines on a
white background), black line prints (black lines on a white back-
ground), and photostat prints. Photostats are commonly used in the
Ordnance Department and consist of white lines on a dark back-
ground when taken directly from the tracing; brown lines on a white
background when taken from the original photostat. They are made
by taking a picture of the draftman’s tracing with a large, specially
designed camera.

Why Ammunition Inspectors Should Understand the Language
of Mechanical Drawing. Some of the instances in which prints are
of value to the ammunition inspector are as follows:

1. The construction of the buildings in which ammunition com-
ponents are stored will show such factors as ventilation, floor load
limits, floor finishing, and lightning rod equipment. The lay-out of the
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Figure 6 — Wedge
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area, described as a general map, is used to determine what explo-
sives and ammunition may be stored in a given magazine or building.

2. The approved methods of piling and stacking and the proper
use of dunnage in storing ammunition and explosives are shown on
ordnance drawings.

3. The loading and staying of explosives and ammunition for
various means of transportation is described on ordnance drawings.
Bureau of Explosives Pamphlets Nos. 6 and 6A are evidence of the
wide use of drawings since they show the loading and staying in
railroad cars.

4. Proper packing, stenciling, painting, and marking of ammuni-
tion components are illustrated with ordnance prints.

5. Ammunition components may be identified by looking through
drawings of that particular class of ammunition.

6. Prints may be used to determine items for inspection by ob-
serving how the component is assembled, the importance of each
part in the assembly, wha§ explosive materials are contained, where
they are located, under what circumstances the explosive train might
be initiated and what parts are liable to damage due to rough han-
dling or deterioration.

7. Drawings are used as guides in breaking down assembled com-
ponents, such as fuzes, and in renovating and reconditioning ammuni-
tion and containers of ammunition components and explosives.

8. The ordnance drawings covering a particular component of
ammunition are statements of authority as to how that component
should be made, loaded, assembled, packed, marked, shipped, and
stored.

INFORMATION TOPICS.

Description of an Object by Line Drawings. The shape of an ob-
ject is putlined by using lines which represent edges. Only one face is
viewed at a time; thus the complete drawing is made up of a number
of outlines or views. Enough views are made to completely describe
the object. Usually this takes three views, namely, top or plan view,
front elevation, and side elevation (figs. 5 and 6). The top view is
directly above the front elevation, and the side elevation is either
to the right or left of and on the same level with the front elevation.
If the object is so complex as to require a bottom view, it will be
directly below the front elevation. Two views may be sufficient to
show the exact shape of the object with the three dimensions; length,
width, and thickness. However, it should be recognized that a three-
view drawing is easier to read. Notice the letters on the objects (figs.
5 and 6) and check the corresponding edges on the different views
which are also lettered.

25
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Figure 7 — Tube

It will be noticed in figure 7 that the front and top views are the
same. Therefore, the top view could have been eliminated. It is quite
common to show only two views of a cylindrically shaped object.

In order to be sure that each part of an article, composed of two
or more parts, will fit together and function as intended, an assembly
drawing is made. This drawing is made before any of its parts are
drawn and at this stage is called a lay-out drawing. The final assem-
bly drawing is made after the parts are drawn and is used as a check
on the assembled parts and to aid interested personnel in visualizing
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Figure 8 — Block — Isometric
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RA PD 15089

Figure 9 — Block — Perspective

the article as a whole. The principles of mechanical drawing that are
used in making detail drwings are also used in assembly drawings.
However. when two parts adjoin one another, one line represents the
two touching surfaces of each part.

Types of Lines Used in Engineering Drawing. Visible lines rep-
resent visible edges of objects and are shown by heavy full lines.
(Figure 7 gives examples of all lines discussed in this paragraph.)
Some of the edges of line drawings are invisible and are indicated by
short dashes, somewhat lighter than visible lines. Lines running
through the center of an object are indicated by long, uniform dashes
separated by short dashes and are much finer than visible or invisible
edges. Dimension lines are of approximately the same weight as cen-
ter lines. and are drawn parallel to the direction of measurement and
14 inch or more from the outline of the view. These lines are broken,
usually near the center, for dimension figures, and are terminated at
the extension lines by small arrowheads. Extension lines are full lines,
comparable in weight to center lines, drawn at right angles to the
dimension line at a point about !, inch.from the outline and ex-
tended about 13 inch past the dimension line.

RA PD 15092

Figure 10 — Block — Perspective
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Isometric Drawings. An isometric drawing represents the object
approximately as it appears to the eye. Its base lines are drawn at 30-
degree angles, It is made up of parallel lines in their true lengths.
Note that the block in figure 8 appears to be slightly distorted at the
corner marked “A.

Perspective Drawings. The perspective drawing shows the object
as it truly appears to the eye, and is drawn from one or more points
outside of the drawing to a center or vertical line, measured from the
horizontal plane (figs. 9 and 10).

Scales. Obviously objects cannot always be drawn to exact size,
The draftsman therefore, must either reduce or enlarge all dimen-
sions of the object to a size which will make a drawing easily read.
The scale used is always shown on the drawing and may be expressed
in several ways.

Examples: % (size doubled)
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Measuring the dimensions from a drawing is called “scaling” It

is seldom safe to scale a drawing for a dimension because the drafts-

man may change just a dimension in preference to changing a whole

drawing. If it is necessary to find a dimension in this manner, the

draftsman or some responsible person connected with the drawing
should be consulted at once.

Dimensions and Notes.

1. Drawings are dimensioned the exact size of the piece, regardless
of the scale of the drawing (fig. 11).

2. Only a minimum number of dimensions will be given. It is good
practice for draftsmen to dimension an object so that it is not neces-
sary for a_workman to make any calculations. This is not always fol-
Jlowed, however, so it is sometimes necessary to find a dimension by
adding two or more dimensions or by subtracting one dimension from
another (fig. 11).

3. Completely round elements such as holes are shown by dia-
meter dimensions (fig. 11A). Elements that are partially round are
shown by radii (fig. 11A). If the center of the radius lies outside the
drawing a jog is made in the dimension line (fig. 11B).

4. Six kinds of holes commonly found on machine drawings are:
Cored (left rough in the casting); drilled (drilled with a twist drill);

2

-

—ig

™ 9-1904

INTERPRETATION OF ORDNANCE DRAWINGS;
USE AND CARE OF MEASURING TOOLS

FIGURE 1A - /‘

FIGURE 11B

FIGURE 11C+——- - -

5- I6NS~3
MAJOR DIAM.-.S000
MINOR DIAM.-.3750
PITCH DIAM.-.4375

RA PD 15104

29



™ 9-1904 i
AMMUNITION INSPECTION GUIDE

4ORILL
.260 REAM

M ] '% i P i
"'*z*“-z* ~a “la bk
T T T T T 12
L TR B | I,”
R E I B I N
el oy e I
| 1
n (| i
|30 it 1 BN
V - . P
AV
¢ /" 7
o [T ,,
/; /,, /’/
RA PD 15103

SECTION A-A
Figure 11 — Slider

reamed (reamed with a reamer, accurate); broached (broached with
a broach, very accurate); bored (bored in a lathe or mill); tapped
(threaded with a tap).

Cored, drilled, reamed, and broached holes are usually indicated
as shown on figure 11. Bored holes are indicated as shown in figure
11C. Tapped holes are threaded holes. They are shown as indicated
in figure 11D. The American Nationa!l form of thread is adopted as
the Ordnance Department standard. For technical data, dimensions,
etc., consult the latest revision of the Report of the National Screw
Thread Commission.
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5. Where accuracy is required, decimal dimensions are used.

Sections. The purpose of sectioning is to show the shape of cores,
thickness of stock, interior mechanisms, and assembly. When a com-
plex object is drawn, the number of invisible lines required may be-
come confusing (figs. 11, 12, and 13). The object may be considered
sawed in two on the plane indicated by the section lines A-A (figs.
11 and 13), and only the parts cut by the saw are sectioned. The
sectioned parts are filled in with cross-hatching shown on “Symbols
for Ordnance Materials.” The section line may be passed through the
important parts of the object it is desired to show, regardless of their
position (section A-A, fig. 13). Invisible lines, back of the cutting
plane, are not ordinarily shown in sectioning because their presence
might make the section confusing and thus defeat its purpose. Sections
taken through the width or diameter of objects are called cross sec-
tions, and those taken through the length are longitudinal sections.

Chapter 2

Regulations Covering Ordnance Drawings
for Ammunition Division Materiel

GENERAL.
Classification, and Nambering.

Classification of drawings and model designations will be assigned
by the keeper of the standard nomenclature record. Serial numbers
of drawings will be assigned by the prints section.

All ammunition division tracings will be classified by giving each
article a class and division number, as C12, Div. 107; C122, Div. 47;
etc., and will be placed on “D” size sheets. The “D” size sheet is 40
by 24 inches.

Piece Marks. Each detail on every ordnance drawing will be given
a piece mark, On ammunition division tracings, piece marks shall
consist of the entire drawing numn.ber followed by a letter, viz., 73-3-
116A, and these piece marks shall be placed immediately following
and ordinarily on the same line with the name of the part. Piece
marks should be lettered beginning at the upper-left-hand corner of
the sheet across the top half, then the bottom half, from left to right.
In any quarter of the drawing, the same process shall be followed.
In case of one piece mark in the left half of the sheet, it shall be “A,”
then “B" upper right quarter, and “C” lower right quarter. In case
of one piece mark in the right half of the sheet it shall be “B,” and the
left quarter “A,” and the lower left quarter “C.” Liquid parts and
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such articles as glue, shellac, solder, putty, wax, etc., shall not be
given piece marks.

Titles. On detail tracings, the title will consist of the name of the
component and under it the word “Details.” On tracings of assembled
views, the title of the article will be given followed by the word
“Assembly.”

Revision of Tracings. The revision number and date of revision
will be indicated in the revision block. The piece mark of the part
will be followed by the same number as indicated in the revision
block; if part 115E is revised for the first time under the fourth re-
vision of drawing 73-3-115, the new piece mark would be 115E4.

KINDS OF DRAWINGS.

General. Drawings of ammunition division material show either
the details of the item or the assembly of items into more complete
articles, ) .

A set of drawings for an item may consist of one or more of the
following series, including therein a list of parts, list of drawings,
list of specifications, and list of components, etc.: detail drawings;
component-assembly drawings: loading assembly drawings; complete-
round assembly drawings; marking drawings, or packing, and mark-
ing drawings; and illustration drawings.

The title of each tracing will indicate the information included
thereon, or as much thereof as is considered necessary.

The information to be placed on any one tracing and the arrange-
ment thereon will depend on the item under consideration. Some
tracings will contain only details; while others will contain details,
an assembly or assemblies, list of parts, etc.

Detail Drawings. Details will sometimes be found on the same
sheet with assemblies, while at other times the details will take up
the standard size sheet of 40 by 24 inches. In the latter case, the
tracing will be ruled into quarters, and ordinarily not more than four
parts will be shown in any quarter. Beneath the detailing of each part
will appear the following, in the order given:

Full name of part and piece mark.

Material as “Commercial brass, type I, composition “B,” half
hard.

Finish required, if any.

The detail drawing will show the assembly drawing number to
which it pertains. in general, parts common to two or more items
will be detailed only once and the drawing on which they appear will
be listed on the assembly drawing of the item. An assembly complete
within itself will not be redetailed for each round or item but will
be treated as a component.

Example: Swivel loop, 82-3-135.
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All artillery ammunition should be drawn pointing to the right.
All bombs should be drawn pointing to the left.

Tolerances. Tolerances will be unilateral and will be expressed in
one direction only.
Examples: 1.749 — 0.003 g — 14y
Bilateral tolerances may be used when dimensioning from center
to center of holes, center to center of radii, and for size of angles.
Examples: 1.749 + 0003 32°30° 0" + 0 32'0”
‘The basic dimension will be carried to the same number of decimal
places as is required by the tolerance and vice versa.
Examples: 1.80 — 0.01
0.4000 — 0.0005
1.125 — 0.010
2800 — 002

Component Assembly Drawings. Where appropriate, rope grom-
mets, shipping bands for bombs, etc., wiil be shown on the assembly
drawings. This component assembly drawing shall include besides the
assembly: a complete list of drawings, and where there is room; a
list of parts; a list of specifications; one or more details may be
shown.

The title of this drawing shall consist of the name of the com-
ponent or item and under it the words “Assembly,” etc.

The list of drawings will indicate all drawings necessary for the
manufacture of the component shown on the assembly. The draw-
ings will be listed numerically and titles of all drawings will be indi-
cated. At the end of this list of drawings covering the manufacture of -
the component, the assembly drawing of the packing box for the
components, the drawing indicating the marking of the component.
and the marking drawing of the packing box, etc, will be included.

The list of parts will cover only the parts of the component shown
on the assembly and will include the following columns: line number:
name of part; number required per component; piece mark; material;
approximate unit weight; approximate gross weight of raw stock per
1,000 assemblies; remarks.

List of Specifications. If the drawing calls for a specification, the
specification will be listed, and other specifications referred to therein
wili be listed if necessary for the manufacture or inspection of the
article covered by the drawing. Then, in turn, all specifications re-
ferred to in these, which are necessary to the manufacture or inspec-
tion of the article, will be listed until the end of the chain. For ex-
plosive mixtures, the specification for each exglosive entering the
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mixture will be listed. The following statement will appear with each
list of specifications. “Specifications referred to in these specifications
and not listed hereon, shall not apply.”

Where space does not permit, the “List of parts” and “List of
specifications” should be placed on supplementary drawings bearing
the same number as the assembly drawing but followed by the letter
“A” on the drawing showing “List of specifications,” and by the letter
“B” on the drawing showing the “List of parts.” The “List of parts”
and “List of specifications” may be placed on one drawing bearing
the same number as the assembly drawing but followed by the letter
“A.” The title of the supplementary drawing shall consist of the com-
ponent and under it “Assembly,” “List of specifications,” etc.

Loading-assembly Drawings. Loading drawings will show the
loaded and assembled item ready for shipment by the loading plant.
In addition to an assembled view of the item loaded, a “List of parts,”
“List of specifications,” and a “List of drawings” will be included.

Complete-round Assembly Drawing. Assembly drawings for all
fixed and semifixed ammunition (both fuzed and unfuzed complete
rounds), hand and rifle grenades shipped fuzed or unfuzed, and
pyrotechnics, should show the particular round or grenade in the
“as-issued” state before packing. This complete round drawing should
include, besides the assembly drawing, a list of components, etc. The
title should consist of its name and under it the words “Assembly,
etc.” Drawings showing bombs in the “as-shipped” condition will be
treated as loading drawings.

The “List of components, etc.” will include not only the main com-
ponent parts but such other materials as NRC compound, shell grease,
etc., used in assembling the round, as well as the packing box and
marking instructions. This list will have the following columns: line
number; name of component; drawing number or piece mark; specifi-
cation; approximate weight per unit assembly; approximate gross
weight per 1,000 assemblies; remarks.

Marking Drawings or Packing and Marking Drawings. Pack-
ing and marking drawings are made for all packing boxes, containers,
and crates. In addition to the proper marking for the box, container,
or crate, there will be placed on this drawing a “List of parts,” “List
of specifications,” and a “Table of weights” of the box plus the
contents.

Bomb (Assembly, Complete) Drawings. For every bomb, there
shall be prepared a drawing which will show the bomb with all com-
ponents assembled thereto as dropped from the plane. This drawing
will give the over-all length of the bomb, maximum diameter, center
of gravity, position of suspension lugs with respect to each other and
relative to the nose end of the bomb, the distance of the top surface
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of the suspension lugs from the outside of the bomb body, and the
maximum and minimum projected width of the fins. In the case of
small fragmentation, and chemical bombs, the distance of the leading
edge of the fin from the suspension lug will be given. A table listing
the components with approximate weights and assembly drawings
therefor will be shown. The drawings will bear the title “Bomb—
assembly, complete” and will be placed in class 82, division 0.

Iustration Drawings. For each caliber of separate-loading ammu-
nition an illustration drawing should show the complete round in the
gun chamber. For each round of fixed and semifixed ammunition
(except where covered by a complete round drawing) an illustration
drawing should show the complete round including fuze. These draw-
ings will indicate all important dimensions.

Other Drawings. There are other drawings used by renovation and
surveillance not included in the above such as for small-arms am-
munition and drawings for piling and stacking ammunition and ex-
plosives in magazines. However, if the inspector learns how to use
the drawings described herein, he should have little trouble in inter-
preting others because practically the same principles are involved.

Chapter 3
Use and Care of Measuring Tools

GENERAL.

The lives of troops and the accomplishment of their missions in
bringing a war to a successful close are dependent on the quality of
workmanship in their ammunition. For example, an imperfectly ma-
chined bourrelet on an artillery projectile will cause faulty ballstics
which will result in the loss of the shell’s effectiveness, and may en-
danger the lives of friendly troops.

Measuring tools are the inspector’s means of checking ammunition
components to insure that they are manufactured in such a way as to
fulfill their purpose. The ability of the ammunition inspector to per-
form his duties in seeing that ammunition is furnished in a condition
that will meet the requirements of the using arms is dependent, to a
great extent, upon his knowledge of the use and care of measuring
tools.

RULES.
The simplest measuring device is the rule. The mechanic’s 6-inch
flexible rule is most commonly used and the inspector should be able
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Figure 17 — Narrow, Hook, and Caliper Rules

SCRIBERS.

_ The scriber (fig. 19) is used for marking lines on metal, especially
in cor?nection with the use of a rule. Centers can be located with it
by using it to draw two intersecting lines and marking the intersec-
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Figure 18 — Applications of é-inch Rule
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Figure 19 — Scriber

tion with a prick punch. The bent end is convenient for marking the
inside of cylindrical objects or partially closed recesses. Keep the
scriber sharp and use it like a pencil with only enough pressure to
make a clear mark.

SQUARES.

Squares are used for measuring angles or locating and laying out
centers on round work. Figure 20 shows the commonly used types.
The solid square is convenient and accurate for measuring right
angles only; the carpenter’s steel square is used by carpenters for
laying out woodwork and, quite often, by mechanics for lay-out jobs
on large metal surfaces, The combination set is often used and famili-
arity with its numerous applications should be acquired. The illustra-
tion of combination set in figure 20 shows it equipped with a protrac-
tor head and a center head, as weii as the stock 90-degree and 45-
degree head. These accessories are readily removable, so that the one
needed can be quickly attached to the blade. A number of common
applications of the stock and center heads is shown in figure 21. The
protractor head is used for measuring angles other than 45 or 90 de-
grees. Be sure that the blade and accessories of the combination set
are kept clean, or inaccurate measurements may result; apply a small
amount of oil to the blade occasionally with a rag to keep it from
rusting, '

CALIPERS.

General. Calipers are used for measuring diameters and distances,
or comparing distances and sizes. The three common types are inside
calipers, outside calipers, and hermaphrodite calipers, as shown in
figure 22,

Outside Calipers. Outside calipers are used for measuring outside
dimensions as, for example, the diameter of a piece of round stock
(fig. 23). The caliper should first be set approximately to the dia-
meter of the work; then, while held at right angles to the center line
of the stock, adjusted until the points bear lightly on the surface of
the work. Move the points back and forth slowly while adjusting
them in order to get the “feel.” When the adjustment has been made,
the diameter can be read from a rule as shown in figure 23.

Inside Calipers. Inside calipers have curved legs for measuring
inside diameters, such as the diameters of holes, the distance between
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FIRM JOINT SCREW ADJUSTING SPRING OUTSIDE
CUTSIDE CALIPERS CALIPERS

" FIRM JOINT SCREW  SPRING INSIDE HERMAPHRODITE
ADJUSTING INSIDE CALIPERS CALIPERS
CALIPERS
RA PD 15148

Figure 22 — Calipers
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RA PO 15147

Figure 23 — Measuring Round Stock w/Ouwfside Calipers
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Figure 24 — Measuring a Diameter w/lInside Calipers
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Figure 25 — Three Uses of Hermophrodite Calipers

two surfaces. the width of slots. and other similar jobs. To measure
the inside diameter of a hole with inside calipers. first set them
approximately to the size of the hole: then. holding one leg against
the wall of the hole, adjust the other leg until it just touches the
point exactly opposite, as shown in figure 24. The dimension can then
be determined with a rule or a micrometer as shown. With practice.
one can caliper a hole to an accuracy of one half-thousandth of an

inch.

RA PD 15152

Figure 26 — Dividers
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PLUG GAGE

RING GAGE

RA PD 15153
Figure 27 — Plug Gage and Ring Gage

Hermaphrodite Calipers. Hermaphrodite calipers are generally
used to scribe arcs, or as a marking gage in lay-out work, as shown in
figure 25. To adjust them to a rule, set the scriber leg slightly shorter
than the curved leg; then with the curved Jeg against the end of the
rule, adjust the scriber leg to the desired graduation on the rule.
Hermaphrodite calipers should not be used for precision measure-
ments. ’

DIVIDERS.

Dividers are tools for measuring distances between points, for
transferring distances directly from a rule, or for scribing circles or
parts of circles. Figure 26 shows a pair of dividers of a type com-
monly used. They are convenient for dividing spaces into equal parts
or determining the dimensions of irregularly shaped work. Keep the

RA PD 1514

Figure 28 — Outside Caliper [snop) Gage
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points of dividers sharp, and use only enough pressure on them to
make a clear scribed mark on the work.

FIXED GAGES.

General. Gages are tools for measuring or transferring distances
or dimensions, usually within one one-thousandth of an inch or less.
They are made both adjustable and nonadjustable; this section deals
only with gages which are nonadjustable or fixed. A fixed gage is
made with extreme accuracy to some fixed standard of measurement
or shape, so that when it is applied to a piece of work, the standard
is transferred to the work. For example, if a mechanic wants to fix
two surfaces, say six-thousandths of an inch apart, he will adjust
them until a piece of metal gnown to be six-thousandths of an inch
thick will just fit between them. Such a piece of metal would be a
fixed gage. Fixed gages are generally made, either individually or in
sets of two or more, for some specific operation, or for transferring
some particular measurement, such as gaging thickness, threads, diam-
eters, depths, and so on.

Types of Fixed Gages. A fixed gage can be obtained for prac-
tically any close measurement; thickness gages and screw thread
gages are examples of fixed or nonadjustable gages. Plug gages and
ring gages (fig. 27) are used in production work to check inside and
outside dimensions for size and to see that finished parts are within
the manufacturing tolerance. ( Tolerance is the allowable variation in a
dimension that is permissible without rejection of the finished part
when inspected.) Fixed gages are usually made in pairs, either in one
piece or two units. For instance, a plug gage generally has a “go”
end, and a “no go” end. If the “go” end of such a gage will enter a
finished hole and the “no go” will not, the hole is within the tolerance
for which the gage was designed. If the “go” end of the gage will
not enter the hole, the hole is too small. If the “no go” end of the
gage, being slightly larger than the “go” end, does enter the hole,
the hole is too large. Plug gages are used by the ammunition inspec-
tor for such purposes as checking the mouths of cartridge cases, size
of primer holes, and so en. Plug thread gages and ring thread gages,
are similar, except that they are threaded to check the accuracy of
inside or outside threads. Outside caliper or snap gages (fig. 28), also
used almost exclusively in production work, are for checking the
dimensions of round or flat surfaced pieces; inside caliper gages (not
illustrated) are used much as a plug gage for checking inside dimen-
sions. The profile and alinement gage simulates the chamber of an
artillery weapon and is used for gaging assembled artillery rounds
to insure their fitting properly into the weapon. Flush pin gages are
often used for measuring depths of booster cavities, etc.
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The flush pin gage consists of a pin which runs through a body
as illustrated in figure 30. The upper surface of the body is divided
into two parts, A and B. The opposite surface of the body rests on
the top of the cavity whose depth is to be measured. When the top
of the pin is flush with surface A, the other end of the pin is 3.61
inches from the ‘lower part of the body or the top of the cavity.
When the top of the pin is flush with surface B, this distance is 3.58
inches. Thus, if the depth of the cavity is to fall within the tolerance
of 0.03 inch (3.61 — 3.58 === 0.03 inch), the pin must either be flush
with surfaces A or B, or be between the two surfaces. In using the tool,

RA PD 15156

Figure 30 — Flush Pin Gage
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Figure 31 — Outside Micrometer — Sectionol View
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Figure 32— Common Types of Micrometers
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insert it into the cavity and check with the thumbnail for the proper
position of the top of the pin.

Using Fixed Gages. All fixed gages are made for measuring some
specific dimension. Handle them carefully; any strain imposed on
them by forcing them over or into a piece of work or by dropping
them can distort them enough to spoil their accuracy. See that their
measuring surfaces, as well as the surfaces of the work, are clean
and smooth; do not, under any circumstances, force a gage on any
job. They are instryments of extreme precision; check them peri-
odically with some standard to make sure that they have not changed
in size because of wear or damage.

MICROMETER CALIPERS.

General. The micrometer is the most commonly used adjustable
gage, and it is important that the inspector understand its mechanical
principles, construction, use, and care. Figure 31 shows a 1-inch out-
side micrometer caliper with the various parts clearly indicated. Be-
fore making any attempt to use the tool, the user should become
familiar with its nomenclature, especially the frame, anvil, spindle,
barrel (or sleeve), screw, and thimble. Micrometers are generally in-
tended to measure distances to one ten-thousandth of an inch; the
measurement is usually expressed or written as a decimal, so the
user should also know the method of writing and reading decimals.

Decimals. The decimal system is a method of expressing fractions
and mixed numbers. For example, 2.000 inches written decimally in-
dicates exactly 2 inches, accurate to within one-thousandth of an
inch. :

All figures to the left of the decimal point are whole numbers; all
figures to the right of it indicate parts of whole numbers. Starting
from the decimal point and moving to the right, the first digit indi-
cates tenths; second, hundredths; third, thousandths; fourth, ten-
thousandths; and so on. Thus, 2.3 is read two and three-tenths; 1.85
is read one and eighty-five hundredths; 4.071 is read four and seventy-
one thousandths; 0.2318 is read twenty-three hundred eighteen ten-
thousandths. (When there is no number to the left of the decimal
point, the quantity indicated is less than one.)

Types of Micrometers. Three types of micrometers are com-
monly used: the outside micrometer, the inside micrometer, and the
depth micrometer (fig. 32). The outside micrometer is used for
measuring outside dimensions, such as the diameter of a piece of
round stock. The scréw thread micrometer is used to determine the
pitch diameter of screws (fig. 32). The inside micrometer is used for
measuring inside dimensions, as, for example, the inside diameter of
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a tube or hole, or the width of a recess. The depth micrometer is used
for measuring the depth of holes or recesses.

Selecting Micrometers. All three types of micrometers are usually
made so that the longest movement possible between the spindle and
the anvil is 1 inch. This movement is called the “range.” The frames
of micrometers, however, are available in a wide variety of sizes, from
1 inch up to as large as 24 inches for special work. The range of the
l-inch micrometer is from 0 to 1 inch; in other words, it can be
used on work where the part to be measured (between the spindle
and the anvil) is 1 inch or less. The 2-inch micrometer has a range
from 1 inch to 2 inches, and will measure only work between 1 and 2
inches thick; a 6-inch micrometer has a range from 5 to 6 inches, and
will measure only work between 5 and 6 inches thick. It is necessary,
therefore, that a person, in selecting a micrometer, first find the ap-
proximate size of the work to the nearest inch, and then select a
micrometer that will fit it. For example, to find the exact diameter
of a piece of round stock; if it is found, by using a rule, that the dia-
meter is approximately 5Y4 inches, a micrometer with a $- to 6-inch
range would be required to measure the exact diameter. Similarly,
with inside and depth micrometers, rods of suitable lengths must be
fitted into the tool to reach the desired dimension within an inch,
after which the exact measurement is read by turning the thimble.
The size of a micrometer is sometimes given as the size of the largest
work it will measure and sometimes as its range.

Mechanics of Micrometer. The micrometer actually records the
endwise travel of a screw during a whole turn or any part of a turn.
The micrometer screw.has a pitch of 40 threads to the inch; in other
words, if the screw is turned 40 times, it will move the spindle ex-
actly 1 inch either toward or away from the anvil. A clockwise turn
moves the spindle toward the anvil: a counterclockwise turn moves
the spindle away from the anvil. Therefore, by simple arithmetic, it
is plain that a single turn of the screw moves the thimble 1, or
0.025 of an inch (1.000 inch divided by 40 equals 0.025 inch).

READING MICROMETERS.

Thimble and Barrel Graduations. Remember that, if the sleeve
of the micrometer is turned through one complete revolution, the
micrometer opens or closes 0.025 inch. Hence, to change the opening
0.001 inch. the thimble should be turned to only one twenty-fifth of
a revolution. To divide the inch into 1,000 parts by using the micro-
meter, therefore. the problem invoived is to. count the number of
complete revolutions, plus any part of a revolution in twenty-ffths,
that the sleeve makes to set the spindie and anvii exactiy against the
work being measured. For this purpose, the barrel and thimble of all
micrometers are marked as shown in figure 33. The revolution line
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Figure 33 — Graduations of Micrometer

on the barrel should be understood first. It is graduated in lines 0.025
inch apart, so that each complete revolution of the thiml?le moves
it exactly 0.025 inch along the barrel, or from one graduation to the
next. Two complete revolutions move the thimble 0.050 inch, three
revolutions 0.075 inch, and four revolutions 0.100 inch (Y4 inch).
The numbers at every fourth graduation on the revolution line in-
dicate, therefore, tenths of an inch (4 x 0.025 inch equals 0.100
inch). Assuming, for exampie, that the micrometer is closed and the
screw is turned counterclockwise through four revolutions, the edge
of the thimble would exactly coincide with the fourth graduation on
the revolution line (marked 1) and the micrometer would be opened
11, inch. If the edge of the thimble coincides with the next gradua-
tion on the barrel, five revolutions would have been made so the
micrometer would be opened 0.125 inch (0.100 inch plus 0.025 inch).
The graduations on the barrel are numbered from 0 to 10. Tl?e user
should become thoroughly familiar with them before considering the
graduations on the thimbie. .
The graduations on the barrel of the micrometer, as explained
above, divide the inch into parts of twenty-five thousandths each; the
graduations on the thimble further divide the inch into single .thou‘
sandths, by indicating each twenty-fifth of a revolution of the thimble
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(complete revolution moves the thimble 0.025 inch which, when
divided by 25, gives 0.001 inch). When the micrometer is closed,
the edge of the thimble will coincide with O on the barrel, and 0 on
the thimble will also coincide with the revolution line. As the thimble
is turned, each time a graduation on the thimble passes the revolution
line on the barrel, the micrometer opens 0.001 inch.

Procedure in Reading. With practice the inspector can read a
micrometer correctly at a glance; however, in learning to do so, the
following procedure is recommended; using pencil and paper, find
the largest number on the revolution line between 0 and the edge of
the thimble. Use the middle reading in figure 33 as an example; this
figure is 2. Write it as 0.200 inch. Then add it to the number of un-
marked graduations between this figure and the edge of the thimble,
which in the example being used is 1, or 0.025 inch. Write this down
under 0.200 inch, already written. At this point, if the 0 graduation
on the thimble coincided with the revolution line, the reading would
be complete, as follows: '

0.200
0.025

0.225 inch, final reading
However, the 0 graduation on the thimble and the revolution line do
not coincide, so it is necessary that the number of graduations be-
tween the 0 on the thimble and the revolution line be added to the
0.225-inch reading. In this example, there is one such graduation.
Write this as 0.001 inch, and the complete addition is as follows:

0.200

0.025

0.001

0.226 inch, final reading
Therefore, in the example being used, the micrometer is open 0.226
inch. Using a similar procedure with the top reading in figure 33
the result works out as follows:
0.300 (largest number on revolution line between 0 and edge of
thimble)
0.000 (number of unmarked graduations between this and edge
of thimble)
0.004 (number of graduations on the thimble between 0 and the
revolution line)

0.304 inch, final reading
Use the same procedure again with the bottom reading in figure 33.
If the reading is taken correctly, the final answer will be 0.224. It
should be noticed particularly in this last example, that the edge of
the thimble appears to coincide with the 0.025 graduation on the bar-
rel; but if this were true, the 0 line on the thimble would coincide
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Figure 34 — Vernler Scale

with the revolution line, which it does not do. In other words, unless
the 0 graduation on the thimble coincides with the revolution line,
the third figure of the final reading cannot be 0.

THE VERNIER SCALE,

General. Operations are sometimes encountered where measure-
ments in thousandths of an inch are not accurate enough. Most mi-
crometers have a vernier scale on the barrel for reading measure-
ments in ten-thousandths; no person should attempt to use this scale,
however, until ne has thoroughly mastered the reading in thousandths.

The fundamental idea behind the vernier scale is to divide a line
of known length into equal parts, and to compare the length of those
parts with those on a line the same length as the first one, but divided
into one less part. Figure 34 shows the bar divided into 25 parts
which would correspond to the divisions on a thimble of a micrometer
caliper; each division represents 0.001 inch, The vernier scale is di-
vided into ten parts and is exactly the same length as nine divisions
on the bar. Consequently, each division on the vernier must be 0.0001
inch (0.001 + 10 = 0.0001) smaller than the division on the bar in
order to make ten divisions on the vernier equal nine divisions on
the bar. In figure 34, 0 on the vernier coincides with 0 on the bar;
the next graduation to the right on both vernier and bar will be
0.0001 inch apart; the second pair 0.0002 inch apart, and so on, until
the graduations coincide again at 10 on the vernier. If the bar is
moved so that its first division corresponds with the first division
on the vernier, the zeros on vernier and bar will be 0.0001 inch apart.
If the second divisions are made to coincide, the zeros will be 0.0002
inch apart, and so on. Thus, the number of the line on the vernier
that coincides with a line on the bar will give the fractional reading
of a division on the bar.

57



™ 9-19o€:

' AMMUNITION INSPECTION GUIDE

VERNIER\ THIMBOLE

o le Cfs’r

¢ 20

7IMImm |

p ‘ REVOLUTION LINE

RA PD 15141

Figure 35 — Vernier Scale Applied to Micrometer

Vernier Scale Applied 10 Micrometer. Figure 35 shows how this
principle is applied to the micrometer. The vernier consists of ten
divisions marked on the barrel which equal in over-all dimension.
nine divisions on the thimble. To obtain a correct reading in ten-
thousandths in the example in figure 3S. first find the reading in
thousandths by the method described above, which in this case would
give:

0.300 (largest number on revolution line between 0 and edge

of thimble)

0.050 (number of unmarked graduations on the barrel between

3 and edge of thimble)

0.019 (number of graduations on the thimble between 0 and the

revolution line)

0.369 inch, final reading
Now to read the vernier, find the vernier scale graduation that coin-
cides with a graduation on the thimble. In this example, the figure is
5. Write this as 0.0005 inch, and add this to the reading in thou-
sandths already obtained, and the result is:

0.369 (reading in thousandths)

0.0005 (vernier reading)

0.3695 inch. final reading in ten-thousandths
Figure 36 shows two further examples of the vernier scale applied
to the micrometer. Following the procedure previously outlined, the
example on the left is read thus:
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0.4000 (largest number on revolution line between 0 and edge
of thimble)

0.0500 (number of unmarked graduations on barrel between 4 and
edge of thimble)

0.0190 (number of graduations on thimble between 0 and revolu-
tion line)

0.0000 (number on vernier scale which coincides with a gradua-
tion on thimble)

0.4690 inch, final reading in ten-thousandths
Use the same method on the example on the right in figure 36. If
the reading is taken correctly, the answer is 0.4697 inch.

Alternative Method for Reading Micrometer. A method of read-
ing the micrometer may be defined in a few simple steps as follows:

1. Count the number of divisions on the revolution line between 0
and the edge of the thimble.

2. Multiply the above number by 0.025 inch.

3. Count the number of graduations on the thimble between 0
and the revolution line.

4, Multiply the above number by 0.025 inch.

5. Find the number of the line on the vernier scale that coincides
with a division on the thimble.

6. Multiply the coinciding vernier scale line number by 0.0001
inch.

7. Add results of stéps 2, 4, and 6. This sum is final correct reading.
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Figure 37 — Measuring Flut Surfaces With Micrometers

USING MICROMETERS.

Measuring Flat Surfaces. Figure 37 shows two uses of the out-
side micrometer in measuring the distance between two flat surfaces.
The inspector should first of all select the right size micrometer for
the work (in the first case a 0 to l-inch size, as the work is less than
1 inch across). The micrometer should be opened far enough to slip

<k

CORRECT READING 141283 INCHES

USING A 18-17 INCH QUTSIDE
MICROMETER
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Figure 38 — Mecasuring Round Stock With Micrometers
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over the work freely; then, the micrometer being held in the left
hand, the thimble is turned clockwise until the spindle and the anvil
lightly touch the work. A very light pressure only is required; if the
tool is turned up too tight on the work, the frame will almost surely
be sprung out of shape and the reading will be inaccurate. Most
micrometers are equipped with a ratchet stop (fig. 32) on the end
of the thimble which prevents the operator from closing the tool too
tightly. This ratchet stop is so made that it will slip and click when
a certain amount of pressure is applied to it, and so prevent the
spindle from moving farther. If the micrometer being used is fitted
with a ratchet stop, it is recommended that the operator make use
of it to avoid damaging the micrometer. Take the reading of the
micrometer while it is still on the work. Finally, open the micrometer
and remove it from the work. The readings in figures 37 and 38 may
be interpreted for further practice in reading the micrometer.

Measuring Round Surface. Figure 38 shows two operations in
measuring the diameter of round stock. When the correct size micro-
meter is selected, the procedure is the same as in measuring across
the flat surface. Care must be used to see that the work is measured
at points exactly opposite each other; this can be done by sliding the
micrometer back and forth across the piece until the right “feel” is
obtained.

) CYLINDER
; WALL

RA PD 15145

CORREGT READING-4.125 (4 1/8) INCHES
Figure 39 — Measuring Inside Diameters With Micrometers
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Figure 40 — Telescoping Gage

Measuring Inside Diameters. Figure 39 shows the correct posi-
tion of an inside micrometer for taking the inside measurement of a
round piece of work. such as the diameter of the mouth of a cartridge
case. Proceed by first finding the approximate diameter with a rule:
then select an extension rod of the proper length and attach it to the
micrometer. The number of inches a rod will measure is stamped on
each one. Be sure both the rod and the micrometer are. thoroughly
clean, that the rod is turned up the full distance possible. and that
it is securely in place. Neglect of any of these precautions may result
in an incorrect measurement. When the extension rod has been prop-
erly set, place the end of the rod against one side of the hole and
turn the sleeve of the micrometer until the head barely touches the
other side at a point exactly opposite. Then read the dimension while
the micrometer is still in the work. Never let the micrometer bear
heavily enough to hang in the work with the hand removed from it.

Another method commonly used for measuring smaller work.
where an inside micrometer will not fit conveniently. is to use a tele-
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scoping gage (fig. 40). The telescoping gage should be adjusted until
it exactly touches points directly across from each other; it is then
locked by turning the stem; then it is removed, and the dimension is
measured with an outside micrometer. For very small holes, the type
of inside micrometer shown in figure 41 is convenient; the illustration
shows clearly its use and the correct method of reading the measure-
ment obtained with it.

Measuring Depth of Recesses. Figure 42 shows the depth micro-
meter used to measure the depth of a hole. The inspector should first
be sure that the surface of the work around the top of the hole is
clean and smooth; any burs should be removed with a fine, smooth,
flat file. With the base of the micrometer set firmly against the flat
surface, as shown, turn the sleeve clockwise until the pin just touches
the bottom of the hole. If the micrometer is equipped with a ratchet
stop, it should be used. The measurement can then be read in the

usual manner,

ADJUSTMENT OF MICROMETERS.

General. Micrometers often get out of adjustment, and should
not be used until set back to their proper position. If the frame has
been badly bent, it must be straightened:before any adjustment is at-
tempted; if it is sprung only 0.002 or 0.003 inch, the error can be
compensated by the adjusting arrangements. The two adjustments
possible on any micrometer are adjustment for wear of the screw and
adjustment for position of the spindle.

Adjustment for Wear of Serew. Constant use of a micrometer
will slightly wear the threads of the screw. In order to adjust the too!
to compensate for this wear, proceed as follows:

1. Turn the thimble counterclockwise unti] the compression nut
at the top of the hub can be reached with a spanner wrench provided
with the tool.

2. Turn the compression nut a slight amount to the right and try
the screw to see if it is tight.

3. If it is not tight, continue to turn the compression nut until the
screw has a firm, easy “feel.”

Adjustment for Position of Spindle. To compensate for wear on
the end of the spindle of a micrometer. proceed as follows:

1. Loosen the cap with the wrench: this will make it possibie to
turn the thimble and the spindle independently of each other. Hold
the spindle stationary and turn the thimbie counterciockwise about
one-fourth of a turn. Then let go of the spindle and turn the thimble
to the correct 0 reading. Test this reading as follows:
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Figure 41 — Inside Micrometer for Small Holes

2. Let go of the thimble, and back the spindle away from the anvil
with the fingers, then, again turning the thimble and letting go of
the spindle, close the micrometer; if 0 on the edge of the thimble
coincides with the revolution line, and the edge of the thimble coin-
cides with the 0 graduation on the barrel, the micrometer is properly
set. If not, continue adjusting until they do coincide, and tighten the
cap.

3. To adjust a micrometer larger than a l-inch size, the gage block
must be used between the anvil and spindle to test for the correct 0
reading.

PRECAUTIONS IN THE USE OF A MICROMETER.

Normal use of the micrometer does not involve danger to the
operator, but certain precautions should always be taken to prevent
damage to the tool itself, since it is a delicate instrument. Most
micrometers are ruined by being closed too tightly on the work. Only
a very light pressure is needed to obtain an accurate measurement.
If the micrometer has a ratchet stop, it should be used. It should
never be dragged from the work; it should first be opened and then
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Figure 42 — Depth Micrometer

removed. The tool should never be swung back and forth by the
thimble to secure the correct adjustment; always hold the frame sta-
tionary-and adjust the micrometer by turning the thimble. Both the
micrometer and the surfaces being measured must be clean to give
accurate readings. In using large micrometers (24 to 36 inches), care
is needed to see that the frames are not handled roughly, or sprung
out of shape. When using the larger micrometers in cold weather, it
is good practice to use a piece of cloth or waste between the hand and
the frame, as the heat of the hand may expand the frame enough to
cause a variation in the reading. The tool should not be laid where
it will be dropped to the floor, or where it will pick up abrasive
particles.
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SECTION Iil.
EXPLOSIVES

Chapter 1
Introduction, Military Explosives

GENERAL.

When discussing any subject, it is necessary to build up a back-
ground and most particularly a vocabulary. This is especially true
of the explosives used by the Ordnance Department, since people in
widely scattered establishments must communicate with each other
and use commonly understood terms in their communications. It is,
therefore, necessary to know some fundamental definitions:

Explosive. A gaseous, liquid, or solid substance, or mixture of sub-
stances, which upon application of a blow to a small portion of its
mass, or by a rise in temperature, is converted in a small space of
time into other substances more stable, which are mainly gases or
vapors, but may include solids. The chemical changes thus produced
result in a sudden rise in temperature and pressure in the surround-
ing medium. '

Upon analyzing this definition, it will be found that three essential
characteristics are required in an explosive, These are namely:

1. Method of initiation; flame, spark, shock, or blow.

2. Rapidity of reaction; extremely rapid.

3. Results of reaction; rise in temperature and pressure in the sur-
rounding medium.

Any substance to be properly termed an explosive must conform
to all of the above points. For example, if a small amount of sodium
chloride solution were poured from one test tube into silver nitrate
solution in another test tube, a white precipitate would form with
great rapidity. Even though one of the conditions (rapid reaction)
was fulfilled, the others were not, and thus the mixture of substances
would not be considered an explosive. Also, if a small amount of
hydrochloric or nitric acid were poured into a small amount of sodium
carbonate solution an effervescence would be noted. Even though
two of the conditions were fulfilled (a formation of gases and thus
pressure if confined, and a rapid reaction), the third was not, and
thus the mixture of substances would not be considered an explosive.
If, finally, a small amount of black powder is ignited, all of the re-
quired characteristics of an explosive as listed above will readily
be observed.

Ali explosives, however, are not used by the military. A military
explosive may be defined as “An explosive both suitable for and
used for military purposes.” As an example, let us consider dynamite
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or even its mother substance, nitroglycerin. Both are commonly used
in industrial fields, yet neither is suitable or used for military pur-
poses, particularly not in ammunition.

HIGH EXPLOSIVES AND LOW EXPLOSIVES.

Military explosives are divided into a class of low explosives or
high explosives. These two groups differ generally in three major
characteristics; namely, method of initiation, rapidity of reaction, and
results of reaction. A brief chart will best serve to visualize these
differences.

| Low Explosives High Explosives
Method of initiation | Flame or spark Blow or shock
Rapidity of reaction | Slower, deflagration Faster, detonation
Results of reaction Displacement, power | Shattering, brisance

It must be remembered that the comparison above is general in
nature. Exceptions to any one of the generalities may be found. For
example, lead azide and mercury fulminate, both commonly classed
as high explosives, may be, and many times in their military uses,
are initiated by flame or spark. Black powder, on the other hand, is a
low explosive but may be caused to detonate if ignited while con-
fined. Normally however, high explosives and low explosives will each
exhibit characteristics in line with the above chart. Variations in
normal conditions, however, can be used to cause practically any de-
sired change in the characteristics of any one substance.

Upon being ignited, low explosives will burn rapidly, but yet slower
than the reaction of a high explosive. Rapid burning of this nature,
rapid combustion, the same as the burning of paper or wood although
much faster, is termed deflagration.

Deflagration is a comparatively slow transformation consisting of
a rapid combustion.

Low explosives as a result of their deflagration exhibit a char-
acteristic known as power.

Power may be defined as the ability of an explosive to displace
its surrounding medium.

As an example, smokeless powder in the chamber of a gun, when
ignited, does not burst the gun, but displaces its surrounding medium,
the only movable portion of which is the projectile. A charge of TNT
in the chamber of a gun however would burst the gun. TNT is a high
explosive, smokeless powder a low. This gives an insight into the
probable uses of low and high explosives. Low explosives are most
commonly used as propellants, while high explosives are most com-
monly used as bursting charges in various components of am-
munition.

High explosives are normally initiated by blow or shock, either
produced by mechanical means or by the explosion of a preceding
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high explosive in the explosive train. The high-explosive filler of a
projectile, for example, is initiated by the detonation of a booster
which precedes it. The booster is functioned by the shock of a de-
tonator in the fuze which precedes it. The detonator in the fuze is
initiated, perhaps, by a blow from a firing pin. Upon being so initiated,
the high explosive undergoes a very rapid reaction termed detonation.

Detonation is a very rapid transformation, not instantaneous, but
starting at a given point and traveling in all directions away from that
point with a high but measurable velocity.

The travel of the detonation is termed the wave of detonation or
the detonating wave. Its rate may be so high as to exceed even 7,000
meters per second (approx. 23,000 ft per sec). It is this extreme
rapidity that causes the results of the reaction of a high explosive
to differ so greatly from the results of the reaction of a low explosive.
The high explosive is so rapid in its transformation that the sur-
rounding medium is shattered. This shattering is directly related to
the rapidity of the reaction. It is termed brisance.

Brisance may be defined as the capacity of an explosive upon
detonation to shatter its surrounding medium.

FURTHER REFERENCES:
TM 9-2900; FM 5-25; OS 9-18, Vol. L

Chapter 2
Low Explosives

BLACK POWDER.

Historical. The origin of black powder has been attributed by
various authorities to the Chinese, the Arabs, or the Hindus. It has
been proven that alchemists of medieval days were familiar, to a
certain extent, with the properties of mixtures of saltpeter, sulfur,
and charcoal. References to black powder may be found in history
as early as 1250 AD. Progress and development led to use of black
powder as a propellant until 1870 when it replaced all other devices
in use for this purpose. Today, however, its use as a propellant has
been discontinued, but it retains its utility in the form of spotting
charges, delay elements, and safety fuse.

Manufacture. The manufacture of black powder is not technically
complicated, since black powder is nothing more than a very intimate
mechanical mixture of saltpeter, sulfur, and charcoal. However, be-
cause of the great sensitivity of black powder to initiation by prac-
tically any means, unusual precautions must be observed in its
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Figure 43 — Gruson Powder Mill
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manufacture. A summary of the main steps in the manufacture, of
black powder follows:

Standard composition; 75 percent potassium or sodium nitrate,
15 percent charcoal, 10 percent sulfur.

Black powder made with potassium nitrate is known as Army
black powder while black powder made with sodium nitrate is known
as commercial or as sodium nitrate black powder. Sodium nitrate is
commonly referred to as Chile saltpeter.

AMMUNITION INSPECTION GUIDE
-

1. Pulverization and mixing. In the “wet” method of mixing, which

is the most used method, the charcoal and sulfur, in the specified
proportions, are pulverized in a ball mill. The ball mill is a device
consisting of a revolving steel cylinder in which iron or steel balls
do the crushing. The pulverized charcoal and sulfur are then stirred
into a saturated solution of saltpeter at a temperature of about 130
C (265F). The mass is then spread on a floor to cool, after which
it is ready for incorporation. The lumps formed in the cooling are
easily broken.

2. The edge-runner or wheel mills. After being mixed by the above
method, the material is spread on the bed plate of a wheel mill. The
wheel mill consists of two cast iron wheels, with nonsparking plows
of phosphor-bronze. These wheels revolve on an axle, which in turn
rotates about a central axis, the wheels rolling on the bed plate of the
wheel mill. The wheels are in contact with the bed plate if it is
wooden, but are suspended slightly above it if the bed plate is of
cast iron. A safety device is included which consists of independent
suspension of the wheels permitting an upward movement to prevent
violent crushing of any possible lumps. The wheels weigh from 5 to 8
tons each. The plows are set in opposite directions, the plows on the
inner wheel throwing the material to the outside, the plows on the
outer wheel throwing the material to the inside. The process is car-
ried on for about 3 hours at 10 rotations per minute. Water is added
to maintain 3 to 4 percent water content (safety precaution). A
wheel cake or clinker which forms must be broken before the next
operation. The wheel mills thoroughly mix the ingredients, insuring
a close mechanical contact between the ingredients.

3. Pressing. In order that the powder exhibit uniformity of bal-
listics, it is necessary that it be of uniform density. To achieve this
uniform density, the mix from the edge-runner mills is placed on
aluminum press plates which are then stacked on a small trolley.
The trolley is then run over the bed plate of a vertical hydraulic
press. A pressure of 1,200 pounds per square inch is applied and held
for varying lengths of time. Cakes about % inch thick by 24 inches
square are the result. These cakes are broken with wooden tools and
transported to the corning mills.
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4. The corning mills. The press cake is cracked or granulated in
the corning mill by feeding the cake between crusher rolls. Mechan-
ically-operated shaking screens separate the dust and coarse grains
from the finished grains; the coarser lumps pass through successive.
crushing rolls, four sets of crushing rolls being the usual number per
mill. The dust is generally passed back to the edge-runner mills but
may also be used as meal black powder. The corning operation is
considered the most hazardous of the various operations in the manu-
facture of black powder. Many devices, of which the following are
typical, have been employed to reduce the loss of property and life
in the corning mill to a minimum: '

One of each set of crusher rolls is held by springs so that the
roll may give, rather than violently crush extraordinarily hard lumpd:

The broken press cake is fed to the corning mill by a conveyor
which passes over the top of a steel barricade.

All personnel are excluded from the building during the operation.

5. Finishing. Rounding or polishing the grain is accomplished by
tumbling in a revolving wooden cylinder. Drying is generally accom-
plished by forcing a current of warm air through the cylinder while
the powder is being polished, or the powder may be removed from
the cylinder and dried in stationary wooden trays. To glaze the
grains, a small quantity of pulverized graphite is added to the powder
while the powder is warm from the tumbling process and the process
is continued for about a half hour. The drying and glazing process,
when carried out on the single operation plan, requires approximately
8 hours.

Grades and Uses. Army black powder.

Composition: potassium nitrate, 75 percent; charcoal, 15 percent;
sulfur, 10 percent.
Grade A.

Glazed.

No. 1. Igniting charges, certain primers, saluting charges.
No. 2. Unassigned.

No. 3. Special uses.

No. 4. Base charges for shrapnel, base charges for fuzes, primers,
smoke-puff charges, bursting charges for practice projectiles, burst-
ing charges for certain subcaliber shell, and spotting charges for prac-
tice bombs.

Unglazed.
No. 5. Pellets for primers and fuzes.
No. 6. Pellets for primers and fuzes.

Meal or fuze powder. Loading time train rings.
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Classes and Uses. Sodium nitrate black powder.

Composition: sodium nitrate, 75 percent; charcoal, 15 percent; sul-
fur, 10 percent.

Class A; saluting charges.

Y. JEgy

Both the above grades are based on granulation, for Army black
powder grade A, No. 1 is the coarsest granulation and meal or fuze
powder the finest. For sodium nitrate powders, Class A is the coarser
and Class B the finer.

The sodium nitrate black powder is more hygroscopic than the
potassium nitrate black powder, and therefore is used where absolute

dependability is not required.
Control of the Burning Rate of Black Powder.

To slow the rate.

1. Compress the powder into pellets, time train rings, or other
devices.

2. Increase the charcoal content at the expense of the nitrate con-
tent.

3. Increase the sulfur content at the expense of the charcoal con-
tent. (Note—lessens the uniformity of the burning rate.)

4. Incorporate adulterants such as red or white clay. (Note—ab-
sorption of moisture acts as an adulterant.)

5. Substitute other nitrates for potassium nitrate. Barium nitrate
is sometimes used for this purpose.

6. Substitute hardwood (oak) charcoal for softwood (willow or
alder) charcoal.

7. Substitute coal (powdered) for charcoal.

To speed the rate.

1. Confinement of burning black powder speeds the rate of burn-
ing. In some cases detonation may result. (Note—speed is not desired
but must be considered.)

Comparison of effect of confinement and compression. By virtue
of its method of manufacture black powder has a porgrs structure.
Therefore, if the powder is compressed into pellet form, the porosity
is lessened and the penetration of hot gases into the interior of the
pellet is hampered, thus reducing the burning rate. On the other hand,
if the powder is burned in confinement (or as a result of greater than
atmospheric pressure), the penetration of hot gases into the interior
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of the grain will be enhanced. This will result in a faster rate of
burning and a quicker consumption of the grain.

BURNING RATE

BURNING RATE

LLOADING PRESSURE
OR
COMPRESSION

PRESSURE INTRODUCED
BY CONFINEMENT OF THE
BURNING POWDER

RA PD 15172

Reasons for Discontinuance of Use of Black Powder as a Pro-

pelling Charge.

1. Flash and smoke of discharge too great, revealing gun positions

day and night.

2. Intense heat and violent pressure developed during discharge
caused excessive erosion of the gun barrels.

3. Solid residue or ash left in the chamber after combustion proved
dangerous to loading of succeeding charges, particularly in the case

of separate loading ammunition.

4. Rate of burning difficult to control. Control of burning rate is

essential for uniform ballistics.

5. Unstable in storage; it is hygroscopic. Absorbed water acte as
an adulterant and slows the burning rate.

6. Dangerous to handle. Black powder is easily initiated by spark.

flame, friction, and other means.

Products of Combustion of Black Powder.

Goseous—44 percent .
Gaseous Products percent by volume

COy-—carbon dioxide. ... .. 49.0
CO—carbon monoxide. .. .. 12.5
Ny—nitrogen ............ 330
H.—hydrogen ........... 20
CH;—methane ........... 04
H,S—hydrogen sulfide. . . .. 25
H,O—water vapor........ 0.6

Uses of Black Powder.

Solid—$%6 percent
Solid Products percent by weight

K,CO;—potassium

carbonate ....... 61.0
K280, —potassium sulfate. . 15.0
K,S—potassium sulfide....14.5

S—sulfur ............... 9.0
KCNS—potassium
sulfocyanide .. ... 0.2

KNO;—potassium nitrate.. 0.3

1. Miners safety fuse which is composed of a core of compressed
black powder enclosed in an insulated wrapping. It -burns at a rate
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of 32 to 40 seconds per foot. It is recognizable by its smooth, white,
outer wrapping.

2. Instantaneous blasting fuse which is a core of loose black pow-
der enclosed in an insulated wrapping. No delay is imposed on the
rate of burning. It is recognizable by its welted or braided red outer
wrapping.

It is necessary, in order td achieve snaximum safety, to burn an
experimental length of about 1 foot of the fuse being used to deter-
mine its burning rate. One can easily see the danger or hazard coin-
cident with mistaking instantaneous fuse for safety fuse.

It will also be noted that there are two spellings for the word
fuse (fuze). By common practice in this country, the word “fuze” is
applied to a mechanical device for producing explosion or detonation
in artillery projectiles, bombs, or grenades, while the word “fuse” re-
fers to the cord or casing filled with black powder or high explosive
such as is used in blasting and mining work for setting off charges of
explosive.

At the present time, any stocks of instantaneous fuse. not the prop-
erty of the engineers, on hand in depot storage should be destroyed.
Stocks which are engineer property should be marked with a red tag
for issue only as directed by the Chief of Ordnance. Such issue will
be for experimental purposes or to meet special situations.

Black Powder Charges. The assembly of blank ammunition for
cannon and assembly of saluting charges will be conducted in ac-
cordance with speciai insiructions furnished by the Chief of Ordnance.

Blank ammunition may be loaded with either:

1. Army black powder in bags.

2. Sodium nitrate black powder in bags.

3. Sodium nitrate black powder in pellet form.

Sodium nitrate black powder is available commercially and at a
cost somewhat less than Army black powder, which contains potas-
sium nitrate. Commercial sodium nitrate black powder pellets
wrapped in cellophane are being used extensively. The pellet form
of this powder greatly facilitates loading and reduces assembly
hazards. Pellets are supplied in single and double units for reduced
and full charges, respectively. Because sodium nitrate black powder
is more hygroscopic than Army black powder, additional care is nec-
essary in storing and handling, to prevent exposure to moisture.

Precautions similar to those applying to the assembly of other
smmunition will be-followed in assembling blank ammunition and
saluting charges. Particular caution must be exercised because of the
treacherous nature of black powder. The following general safety
regulations will be complied with in the assembly of blank ammuni-
tion and saluting charges:

¢
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1. Black powder operations should be conducted in special build-
ings which will not be used for other purposes at the same time.

2. The floor of the building in which black powder is handled will
be surfaced with suitable material,

3. Intraplant quantity-distance requirements for high explosives
as given in the Ordnance Safety Manual will be followed.

4. Absolute cleanliness will be maintained at all times in and
around each operation.

5. Noninsulating safety shoes will be worn by personnel in all
assembly operations.

6. All equipment will be electrically grounded, and it should be
determined by test that all parts of the equipment are effectively
grounded.

7. Empty metal containers which have held black powder will be
thoroughly washed inside with water before they are disposed of.
Serious explosions have occurred with supposedly empty cans.
Wooden containers will be destroyed by burning.

8. Safety tools only will be used in opening or closing containers
or in handling black powder.

9. Processes should be so laid out as to bring about frequent
grounding of operators.

Packing and Marking. The standard container for Army black
powder is a metal keg of 25-pound capacity built in accordance with
ordnance specifications, or a commercial drum of equal quality and
capacity complying with Interstate Commerce Commission regula-
tions.

Black powder in the form of igniting charges may be packed in
airtight, metal-lined containers, complying with Interstate Commerce
Commission regulations; but the amount of black powder packed in
one container is limited to 50 pounds.

In addition to the marking prescribed by Interstate Commerce
Commission regulations, the following identifying data should appear
on Army black powder containers: ordnance contract number; manu-
facturer’s name; plant symbols or key letter; name and grade of
material; army lot number; net weight and gross weight.

Storage and Shipping. Ordnance drawings show the recom-
mended method of piling black powder in metal containers. This
method will be followed when new stocks are received or existing
stocks are repiled.

Present ordnance drawings recommend storage of black powder
metal containers with longitudinal seams on the side, with lip down
so that moisture will drop off rather than run into the seam. This
is in a pyramided stack. It is suggested, that since rusting occurs at
points where the metal cans contact each other, that a pile built up
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with battens between each layer will afford better protection against
moisture. The use of separators on the battens to prevent even a side
contact of the cans may be found effective. It should be noted that
this is a suggestion. There is no present authority for storage in this
manner.

When black powder is shipped or received, each container will be
inspected for holes, such as those made by nails, which are visible
only upon close examination. Damaged containers will not be re-
paired; the contents will be transferred to new or serviceable con-
tainers.

Metal containers for export shipment will be crated. Usually two
containers are packed in each crate.

Surveillance. Since black powder deteriorates with the absorp-
tion of moisture, and the cans in which it is stored are subject to
rust, a thorough inspection of this material in storage will be made at
least once each year. One or more containers from each lot will be
opened at the time of the annual inspection, and if there is any doubt
as to the serviceability of the powder, the Chief of Ordnance will
be notified of the existing conditions.

Maintenance. Repainting of containers and repacking of black
powder contained in damaged or unserviceable containers constitute
the principal maintenance activities. Black powder containers are
subject to condensation of moisture, which rusts metal drums or kegs,
so repainting is necessary to keep containers serviceable. Repainting
will not be done in a magazine in which explosives or ammunition
are stored. It may be done in a nearby empty magazine, or in clear

weather in the open at least 100 feet from the nearest magazine. The"

quantity of black powder at or near such operations will be limited
to 100 pounds. The marking on repainted containers will be checked
carefully to see that it is a facsimile of the old.

The metal caps on certain types of black powder containers deteri-
orate in storage. Replacement of these caps is allowed, but the same
safety precautions as outlined above for repainting containers will
be followed.

Operations such as the removal of black powder from containers
and its transfer from unserviceable to serviceable drums will be con-
ducted in strict compliance with applicable portions of the safety
regulations for black powder charges, as described in the following
paragraph.

i i e+ fires sta
Fires. Most black powder fires start from sparks, and ignition

results in an explosion so quickly that no attempt can be made to
fight the fire. Every effort will be made to prevent fire from reaching
stores of black powder, but if this fails, fire-fighting forces will be
withdrawn at least 800 feet from the fire, and will protect themselves
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against an explosion by seeking any cover available, or by lying flat
on the ground.

If an explosion should occur, every effort will be made to prevent
flames from spreading to adjacent mazagines. Fire-fighting forces
must be cautious in approaching a fire which may involve black
powder to avoid being trapped or injured by an explosion.

Safety Precantions. Black powder is regarded as one of the worst
known explosive hazards. When ignited unconfined, it burns with ex-
plosive violence, and will explode if ignited under even slight con-
finement. It can be ignited easily by very small sparks, heat, or
friction.

Most explosions of black powder originate from sparks, and the
safety rules contained in the following paragraphs will be strictly
enforced and obeyed.

A container will not be opened in a magazine in which explosives
or ammunition are stored. This will be done only in a room or build-
ing free from all other explosives or ammunitior, or in suitable
weather in the open at least 100 feet from the nearest magazine.
The quantity. at or near such an operation will be limited to 100
pounds.

Safety tools only will be used in opening or closing containers, or
in other operations involving black powder.

- Safety shoes will be worn in all rooms in which black powder is
handled, and by all persons engaged in handling black powder; the
wearing of nonconductive shoes such as rubber is prohibited.

If the handling of black powder is carried on over a concrete
floor, the floor will be covered with a tarpaulin, or other suitable
material.

Loose black powder is extremely dangerous. Whenever it is neces-
sary to handle loose black powder, not over 50 pounds of powder
in open containers and 50 pounds in closed containers (100 pounds,
total) will be pef...aueu at or near such operation

If black powder is spilled on benches or floors, all work will be
stopped until the powder has been removed and the explosive hazard
of any remaining dust or fine particles has been neutralized with
water.

Rooms or buildings in which black powder is handled will be in-
spected frequently for the presence of black powder dust; and all
such dust will be immediately removed with water.

SMOKELESS POWDER.

General. Smokeless Powder is considered in this chapter because
of its succeeding black powder as a propellant. There are so many
variations in the rate of burning of the various granulations and
formulas of smokeless powder that it should be considered as a
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Figore 46 — Flow Sheet — Manufacture of Smokeless Powder

T™ 9-1904
EXPLOSIVES

class 2 explosive, except as noted under “Fires,” below, with hazards
largely limited to combustion with intense heat, rather than as a true
low explosive.

In the latter part of the nineteenth century, smokeless powder of
various forms was considered for use as a propellant. Its rapid devel-
opment toward this end soon led to its replacing black powder for
this use. At present, smokeless powder is the only propellant used.
Its many advantages over black powder as a propellant include:
accurately controlled burning rate; it is nonhygroscopic; it produces
much less flash and smoke when fired; and it is much less hazardous
in handling and storage..

Manufacture. The manufacture of smokeless powder may be con-
sidered as the result of eight major steps. These steps are best ex-
plained by the following outline:

I. PURIFICATION OF THE RAW COTTON.

A. Digestion. The purpose of this step is to remove the vegetable
oils, resins, and other extraneous material in the cotton.

1. Cook. 6 hours, 2 percent caustic soda solution at 72 pounds per
square inch pressure and 152 C temperature.

2. Wash. With water.

3. Bleach. A 22 percent solution of. commercial bleach for as
short a time as is necessary to decolorize. 36 C.

4. Excess bleach is destroyed with sulfuric acid.

5. Wash and dry.

B. Picking. If uniform nitration is to be obtained, it is essential
that the cotton be of uniform low moisture content, or uniform
physical condition, and free from lumps or other extraneous mate-
rials. The picking process and the drying process, which follows it,
together achieve this uniformity of condition.

1. Picking machine. Cotton torn apart and fluffed by toothed
rollers revolving at 1,000 revolutions per minute.

2. Air-blast. Cotton blown through fiues and past baffles to the dry
house. The baffles separate the fibers from the dust which settles into
elbows or traps in the flues.

C. Dry House. Entering cotton contains about 8 percent of mois-
ture. Treatment reduces this to about 0.5 percent.

1. Continuous drier. Cotton carried by conveyor through a long
chamber heated to about 100 C. Weighted directly from belt into
containers for transportation to dry house.

2. Chamber drier. An alternative method, more costly and less
economical of time. The cotton is placed in long chambers which are
tightly closed and heated to 105 C by a hot air blast. The time for

)
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a 2,500-pound charge is 24 hours. The end of the process is indi-
cated by a laboratory test of the cotton showing a moisture content
of less than 1 percent. Cotton transferred in fiber containers, carry-
ing 32 pounds each, to the nitrating house.

II. NITRATION OF THE PURIFIED CELLULOSE.

A. Systems Used. DuPont mechanical dipper. Centrifugal. Thomp-
son displacement. Pot.

1. The DuPont mechanical dipper process is the most frequently
used because it is more economical of time, and also because the
fumes are negligible. : '

The nitration. Four iron or stainless steel nitrators arranged for
handling from a central point. Charge per nitrator is 1,500 pounds
of mixed nitric and sulfuric acid and 32 pounds of cotton. The tem-
perature of the acid is about 30 C. The cotton is drawn beneath the
acid charge by vertically revolving paddles revolving at 60 revolu-
tions per minute. Nitration continues for 24 minutes after which dis-
charge valves in the bottom of each nitrator are opened dropping the
nitro cotton and acid into centrifugal wringers below each nitrator.

The centrifugal wringer is a device, similar to a centrifuge, which
rotates at first slowly at 300 revolutions per minute and later as fast
as 1,100 revolutions per minute. This latter rate is held for 312
minutes. The cotton is forked from the wringer into an immersion
vessel below, from whence it is pumped or transferred by gravity to
the boiling tub house. The heavier acid has been whirled ofl into
catch basins where small residual amounts of nitrocotton are allowed
to settle out. .

HI. PURIFICATION OF THE NITRATED CELLULOSE.
A. The Preliminary Boiling. The purpose of this step is to re-

move lower nitrated bodies and other impurities. The first boil lasts
16 hours, and is done in a solution of 0.1 to 0.3 percent suluric acid.
Three neutral water changes are then made, the second and third

coming at 8-hour intervals. The entire process consumes 40 hours.

B. Pulping. The purpose of this operation is to macerate the
fibers of the nitro cotton in order to liberate free acid absorbed
within the fiber. Also a finer state of division is obtained. The Jordan
engine used in this process is a conical rotor in which are set broad
bladed knives. These knives macerate the fibers as they are pushed
through by a large volume of water. The desired degree of fineness
is indicated by a clean break of a squeezed dry handful of material.
Actual fineness is shown by laboratory test.

C. Poaching. The purpose of this process is to neutralize the acid
liberated during the pulping process. It is similar to the preliminary
82
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boiling except that it is carried out in a first water which is alkaline
rather than acidic. The solution of first water is made up by dis-
solving 1 pound of SODA ASH (sodium carbonate) to a gallon of
water. Seven and a half gallons of this solution are used to every
3,000 pounds of dry nitrocellulose. The other waters used are neu-
tral and there are four rather than three changes. Ten cold water
washes conclude the process.

D. Tests. At this stage of the process, various tests are per-
formed on the nitrocellulose to indicate various properties which
are of importance to later steps in the process. It is tested for:

1. Stability of the pyrocotton by KI test (potassium iodide and
heat test at 134.5 C).

2. Percentage of nitrogen in the pyrocotton.

3. Solubility of the pyrocotton in the ether-alcohol mixture.

4. Degree of fineness.
5. Ash,

E. Screening. The purpose of this process is to remove any lumps
or foreign materials. It is carried out in a Packer screen which is a
brass plate having slits 0.025 inch wide. The pyrocotton is drawn
through the slits by suction. Lumps are returned to the pulping
process.

F. Wringing. The purpose of this process is to remove me-
chanically the larger amount of water present in the pyrocotton so
that the dehydration with alcohol is accomplished with the minimum
amount of water present. The wringer is a perforated brass basket
lined with 24-mesh screen. This is revolved at 950 revolutions per
minute for about 7 minutes. The moisture content will average 26 to
28 percent after this process.

EXPLOSIVES

IV. FORMATION OF THE CoL1IOID,
The purpose of this step is to put the nitrocellulose in a form in
which its ballistics can be controlied.

A. Dehydration. The nitrocellulose as it leaves the previous step
contains about 28 percent of moisture. The dehydration process re-
moves this moisture and leaves in its place the required amount of
alcohol solvent. The nitrocellulose is placed in a hydraulic press, and
a pressure of 250 pounds per square inch is applied to squeeze out a
portion of the excess moisture. One and a quarter pounds of alcohol
per dry weight pound of nitrocellulose is then added under pressure
and the pressure in the press is raised to 3,500 pounds per square
inch. The first portion of alcohol combines with residuai moisture
and is forced out leaving a block practically free of moisture. The
remaining portion is that amount of alcohol necessary as a solvent
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B. Breaking. The dehydrated block of nitrocellulose from the
press is broken up to enhance the next process. The block is broken
by being thrown against prongs and wire screens in a rotating drum.
This produces small lumps which readily lend themselves to the
mixing process.

PLUG"F
RA PD 15174

C. Mixing. At this point, the ether necessary as a solvent for i
formation of the colloid is' added. In solution with the ether is the
diphenylamine necessary as the stabilizty. The finished powder will
contain 092 to 1.10 percent diphenylamine. The mixing is accom-
plished in a water-cooled tank in which agitators rotate in opposite
directions, thus kneading the material in the mixer. The ether is
poured in rapidly to minimize evaporation, and the material is kept
in closed containers from this point onward, for the same. purpose.

CLOSING SCEW -D

28" PIPE TAP
WATER OUTLET .25 PIPE TAP

WATER INLET,

L
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D. Pressing. The mechanical action of three pressing operations
completes the formation of the colloid.

1. The preliminary blocking press. Hydraulic press similar to the
dehydrating press. The material is formed into a cylindrical block at
3,500-pound per square inch pressure.

2. The macaroni press. The block from the previous process is run
through one 12-mesh-per-inch steel plate, two 24-mesh-per-inch steel
screens, and one 36-mesh-per-inch steel screen at a pressure of
3,500 pounds per square inch.

3. The final blocking press. The material is again formed into a
cylindrical block at a pressure of 3,500 pounds per square inch in a
press similar to the preliminary blocking press. The colloid has now
changed its appearance from a mass resembling light brown sugar
to a dense, elastic, translucent brown or amber substance.

PINS-E

WATER JACKET-C

DIE BODY-A

V. GRAINING AND CUTTING.

The granulation of the powder is one of the major factors in con-
trol of the burning rate. The block of colloid from the previous proc-
ess is forced in horizontal or vertical hydraulic presses through steel
dies. The press head may be equipped with 1 (16-in. gun powder)
to 36 (small-arms powder) dies. The material issues from the press
in strands which are led over. pulleys to the cutters. The cutters are
finely adjusted and control the length of the grain very closely.

4

Figure 47 — Powder Die Assembly for Cylindrical Grains

PIN PLATE PERFORATED
WITH SUITABLE SIZE

PIN PLATE

DIA. OF GREEN .GRAIN

VI. SOLVENT RECOVERY. f

An excess of solvent is used to enhance formation of the colloid.
The solvent recovery process removes the greater portion of this
excess. The equipment used for this process varies but the cycle of
operations is the same in all cases. Warm air is circulated through
the powder in a closed chamber, and then passed over cold condenser
coils where it loses the solvent it has picked up. The cycle is re-
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Figure 48 — Typical Powder Grains
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peated as long as necessary; large calibers requiring a greater length
of time than smaller calibers. The rate of recovery'is carefully con-
trolled in order that an even removal of solvent wil] be obtained,
and in order that shrinkage may be controlled.

VII. DRYING.

A certain amount of solvent is retained in the powder by specifica-
tion as an additional factor in control of the burning rate. The dry-
ing process removes residual solvent to this point. It is more finely
controlled than the solvent recovery process. Three processes are in
use,

A. Airdry. The most satisfactory from standpoint of stability.
The powder is placed in bulk in narrow bins and subjected to heat.
The time necessary to drive off the required amount of solvent, and
the necessary temperature increases with larger calibers of powder.
Laboratory test of samples indicates the end of the process. Control
is essential since increase in percentage of retained volatiles reduces
the rate of burning and the energy content of the powder. Thirty to
90 days are usually necessary.

B. Water-dry. The most satisfactory from the standpoint of time
consumed. Warm water is circulated through the powder at a tem-
perature of 25 C to 55 C. The powder after a few days of this treat-
ment is air dried for another few days..The moisture content will, of
course, be higher than that of air dried powders.

C. Continuous-dry. The powder is slowly run through a chute
as warm air is passed through it. Baffles in the chute retard its prog-
ress. A shaking device controls the rate of progress. This process is
most economical of time, and is also satisfactory from the standpoint
of stability and fineness of control. 100,000 pounds of 75-mm pow-
der may be dried by this system in 24 hours.

VIII. BLENDING.

In order to obtain uniformity of ballistics, lots of powder are thor-
oughly mixed or blended. This blending insures that all charges man-
ufactured from a lot of powder will have similar ballistics. Lots range
in size from 15,000 to 50,000 pounds for small arms and minor
calibers to 100,000 pounds for larger calibers. The operation consists
of transferring the powder by gravity from an upper to a lower bin. A
baffle fans out the powder and insures proper mixing. A continuous
cycle is the most recent development. Two buildings are placed 100
feet apart, each with upper and lower bins. Powder is transferred by
conveyor belt from lower bins of one to upper bins of the other.
Four complete cycles complete the blending. The powder is weighed
into storage containers from the blending operation.
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Disadvaniage of Early Nitrocellulose Powders. The straight ni-
trocellulose or NC powders, if exposed to the atmosphere, were sub-
ject to change. Exposure to a humid atmosphere will cause absorp-
tion of water and a resultant reduction in the rate of burning and
in energy. It will also cause deterioration of the powder by hydroly-
sis. As previously stated, the ether-alcohol solvent is ngt entirely re-
moved, but is allowed to remain in percentages ranging from 3 to 7.5
percent for purpose of controlling ballistics. If the powder is exposed
to a warm dry atmosphere, this residual solvent will escape with a
resultant increase in the burning rate and energy of the powder. Bal-
listics will thus be affected.

Another objection to the NC powder was the large, brilliant muzzle
flash produced upon firing. This flash aided the enemy in locating
gun positions during night firing. The flash was caused by unburned
propelling charge gases meeting the outside air at kindling tempera-
ture. Ignition and muzzle flash resulted.

Materials Added 10 FNH and NH Powders.

Diphenylamine (D.P.A.). This substance stabilizes the smokeless
powder by combining with nitrous fumes given off as a result of de-
terioration. When nitrocellulose reacts with water, it hvdrolyzes and
reverts back to cellulose and free acid. The free acid is given off in the
form of acidic gaseous oxides of nitrogen. The presence of these
acidic fumes causes acceleration of the deterioration. The reaction
builds up heat as it progresses until finally the kindling temperature
of the nitrocellulose is reached and spontaneous ignition results.
Diphenylamine by chemically combining with the acidic fumes pre-
vents this acceleration of reaction as long as any of it remains present
and uncombined. It thus prolongs the stable life of the powder.

Dibutylpthalate (D.B.T.). This substance is used as a cooling agent
and as an inhibitor of hygroscopicity. It is an oily viscous liquid and
is inert in the explosive sense. Since it is inert explosively, it cools the
gases from the propelling charges below their kindling point and thus
prevents muzzle flash when they reach the outside air. Since it is
oily and viscous, it acts to sheer off water and thus overcomes the
hygroscopic tendencies of the nitrocellulose. It is added during the
mixing process of the formation of the colloid and replaces a portion
of the volstile solvent necessary to the old NC powder. In this way,
it reduces the percentage of volatile constituents present and thus
the possibility of loss of volatile ingredients.

Dinitrotoluene (D.N.T.). This is used as a coat on certain small-
arms powders to control the burning rate. Used as dinitrotoluene oil
in larger calibers, it aids in reducing hygroscopicity. In reducing per-
centage of volatiles present, and being explosive in nature to a certain
extent, it compensates, to a degree, for the loss in potential caused
by incorporation of the explosively inert dibutylpthalate.

?
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The terms FNH and NH are related to the caliber of weapons in
which the powder is used. As weapons increase in caliber, the powder
charge also increases, and at a rate in excess of the increase in length
of gun barrel. In larger weapons, therefore, not enough D.B.T. can be
added to cool unburned gases before they reach the muzzle of a com-
paratively shorter barrel, as related to the increase in weight of the
charge. Generally speaking, FNH and NH powders have the same
composition, the flashlessness depending upon the weapon in which
the powder is used. '

The potential of FNH and NH powders is somewhat lower than
that of NC powders due to the addition of the inert cooling agent.
However, it is not so much lower that the FNH and NH powders can-
not be used in the same weapons as the NC powders without modifica-
tion of the weapons.

Control of Burning Rate of Smokeless Powder. Three funda-
mental factors influence the burning rate of smokeless powder. These
will best be considered individually:

1. Size and shape of grain. The rate of burning of a grain of pow-
der is said to be degressive when the burning surface of the grain
is reduced as the grain consumes itself. This results in the intensity
of burning, and thus the amount of gases produced, lessening con-
tinually as the grain is consumed. Grains which exhibit a degressive
rate of burning include strip, cord, and monoperforate types (fig. 49).

Conversely, the rate of burning is said to be progressive when the
burning surface of the grain increases as the grain consumes itself.
This results in the burning rate, and thus the amount of gases pro-
duced, increasing continually as the grain is consumed. Progressive
burning is exhibited by multiperforate rosette or multiperforate cylin-
drical grains (fig. 49). It will be noted that perforated grains have
either one or seven perforations. There are no intermediates.

When the multiperforate cylindrical grain burns, slivers which burn
degressively are formed as the perforations enlarge through burning
and meet the decreasing outer surface. In such weapons as the 12-
inch seacoast mortars the barrel is not sufficiently long to allow com-
plete burning of these slivers, and they are thus expelled from the
muzzle in the unburned state. To reduce the amount of powder thus
wasted, the sliverless grain was developed. This is commonly known
as rosette (fig. 50).

2. The percentage of volatile and inert ingredients and retained
moisture. The moisture retained in smokeless powder acts as an adul-
terant in the same way as it would in black powder. That is, it slows
the burning rate and reduces the energy of the powder. The moisture
reduces the energy of the powder and its rate of burning directly.
For example, if a powder of 100 units of nitrocellulose has an energy
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Figure 49 — Forms of Powder Grains

of 100, a powder of 99 units of nitrocellulose and one unit of mois-
ture will have 99 units of energy.

Alcohol, ether, diphenylamine and other carbon and hydrogen
compounds have a greater effect than does moisture because they
utilize some of the energy of the powder to burn themselves. Their

Miize some O 1INe energy ol e PY 10 it

Water ...........cc000000200......10
Alcohol ...... ... . il 2.5
Graphite ..........................25
Diphenylamine .................. ... 4.0
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Figure 50 — Burning Grains

Other substances of like nature would influence the energy of powder
in ratios corresponding to their carbon content and the readiness with
which they will take part in the reaction.

3. The web average. The web of a powder grain is defined as
the least burning thickness between parallel surfaces on a diameter.
This factor is used as a control of the burning rate of multiperforate
grains. As shown by the diagram (fig. 50), these grains will have two
webs, an inner and an outer web. The web average is an average
of these webs as shown. Powders having a thicker web are slower
burning, and powders having a thinner web are faster burning.

Generally speaking, web thickness increases with caliber. How-
ever, shorter barreled weapons such as the howitzer and mortar will
require thinner webs to achieve complete burning. Also, the larger
the capacity of the powder chamber, the thicker the web of the
grains. ‘

Finai Dimensions Factors in Design of Powder. Generaily speak-
ing, the weight of the projectile effects the design of powder since
the heavier the projectile the thinner is the web required, consistent
with the maximum chamber pressure.

Also, the greater the velocity désired the thicker is the web re-
quired, consistent with the maximum chamber pressure.

The maximum chamber pressure of any weapon is a constant.
Therefore, an increase in weight of the projectile or an increase in
velocity will require a slower burning powder, or in other words one
of thicker web.

Causes of Deterioration in Smokeless Powder. Moisture causes
hydrolysis of nitrocellulose with the evolution of nitrous fumes. Pres-
ence of fumes will cause acceleration of the deterioration, a building
up of heat, and finally spontaneous ignition of the powder.
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A specified percentage of volatile solvents and moisture is allowed
to remain in the finished powder as a control of burning rate. Any
change in this content will result in a change in ballistics, thereby
making the powder useless from a ballistic standpoint.

Heat will accelerate any chemical reaction. Moisture and heat will,
therefore, cause the powder to deteriorate more quickly than moisture
alone.

Smokeless powder is kept in airtight containers. Fluctuating tem-
peratures to extremes set up expansions and contractions which may
cause leaks in the containers, and thus allow moisture to enter and
volatiles to escape.

Packing and Marking. Smokeless powder is packed in accord-
ance with the following general rules. Specific requirements for pack-
ing are covered in ordnance drawings, specifications, and directives.

The standard container for multiperforated nitrocellulose powders
with web thickness of 0.019 inch and above is an all steel box of
110-pound capacity, constructed in accordance with ordnance draw-
ings.

Standard containers for most double base powders, single perfor-
ated powders, and all powders with web thickness less than, 0.019
inch are metal-lined wooden boxes, constructed in accordance with
ordnance drawings.

For temporary storage, or transportation to loading plants, most
powders may be packed in fiber containers in accordance with in-
structions issued by the Chief of Ordnance.

In addition to the marking required by Interstate Commerce Com-
mission regulations, the following data should appear on smokeless
powder containers: initials of the manufacturer whose formula is
used; type of powder; manufacturer’s initials; lot number; year of
manufacture; caliber of gur. for which intended; net weight.

Storage. The methods of piling bulk smokeless powder in boxes
are shown on ordnance drawings. These drawings will be followed
when new stock is piled, or existing stock rearranged.

Smokeless powder containers (bulk) are piled in double ranks,
tops toward the aisles, and inclined at a 20-degree upward angle.
This angle is to allow for insertion of methyl violet paper in con-
tainer of powder undergoing inspection, without spilling of powder
from the containers. Powder not as yet requiring inspection need not
be stored at this angle. When restoring bulk powder containers which
require inspection, a point should be made of keeping the methyl
violet paper inserts uppermost.

The stability and useful life of smokeless powder are adversely
affected if it is stored in a damp atmosphere or subjected to high
temperatures. A combination of the two is particularly bad. Maga-
zines for smokeless powder should be dry, and the ground around
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them should be well drained. They should have a8 minimum varia-
tion in temperature and a free circulation of cool, dry air, except that
a ftee circulation of air is not ordinarily required for smokeless pow-
der stored in igloo magazines. Small-arms powders in bulk are stored
in the same manner as cannon powders. As they may deteriorate
more rapidly than cannon powders, the selection of proper storage
magazines and the maintenance of good storage conditions are most
important.

Smokeless powder in containers will not be exposed to the direct
rays of the sun for any long period of time. Containers which cannot
be piaced promptly under cover will be covered with a tarpaulin
placed so that air can circulate through the pile.

Rough handling of smokeless powder containers is prohibited, as
seams may be opened in the containers or liners thus allowing air
and moisture to enter the container, creating conditions which may
seriously affect the life of the powder.

Surveillance. All bulk smokeless powder, except those lots man-
ufactured within 15 years of date of inspection, will be inspected in
accordance with the following procedure (see also, OFSB 3-13).

Each box will be opened. If the powder smells of nitrous fumes,
or if the N/10 methyl violet paper has turned white, that box will
immediately be segregated and subsequently be disposed of in ac-
cordance with regulations in OFSB 3-13. If neither of the above de-
fects are found, a new dated N/10 methyl! violet paper will be placed
in the box, and the box returned to storage. If the amount of defec-
tive powder in any one lot equals 10 percent of the lot, the balance
of the lot will be inspected thereafter at 6-month intervals.

Separate-loading propelling charges follow the same scheme ex-
cept that inspection is not started until the powder has reached an
age of 20 years from date of manufacture. Also the bags shall be
removed from the - cartridge-storage case for charges for 155-mm
gun, 6-inch gun, 8-inch gun, 10-inch gua; 155-mm and 240-mm
howitzers; and 12-inch mortars, and inspected for brown spots, odor
of nitrous fumes, and general deterioration of the bag.

With charges for 12-inch, 14-inch, and 16-inch guns, the bags will
not be removed unless the N/10 methyl violet paper shows signs
of discoloration.

Segregated charges will be disposed of in accordance with regula-
tions in OFSB 3-13. Satisfactory charges will be returned to storage
with a new dated methyl violet insert.

Where the number of defective charges in any one lot reaches
10 percent, the balance of the lot will thereafter be inspected at
6-month intervals.

Maintenance. The principal maintenance activities are the repair
of damaged containers and the replacement of defective covers and
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gaskets. Containers for bulk powder are not ordinarily air-tested in
storage. They are substantially made and should not develop leaks
after they have been filled and air-tested, unless they have been sub-
jected to extremely rough handling.

Powder will not be stored or shipped in damaged containers. The
outer or wood container usually can be repaired or replaced without
removing the contents of the inner container. This work will be done
in a suitable room or building, free from all other explosives or am-
munition, or in clear weather, in the open, shaded from the sunlight
at sufficient distance to comply with quantity-distance requirements,
but in no case closer than 100 feet from any building containing ex-
plosives or ammunition. Safety tools will be used.

When the inner metal container is damaged, or when powder is
to be repacked in new or serviceable containers, all repacking will
be done in a suitable room or building, free from all other explosives
or ammunition, where the powder will not be exposed to a damp
atmosphere or the direct rays of the sun. Each container, in which
powder is to be repacked, will be air-tested both before and after it
is filled. This will be done with the air-testing apparatus used for
testing the containers for separate-loading propelling charges, and
using a special cover fitted with an air-test hole. The amount of
powder at or near repacking operations will be limited to that in one
open container and nine closed containers. The distance from nearby
buildings containing explosives will be in accordance with the intra-
plant quantity-distance table, and in no case less than 100 feet. The
inner metal container will not be repaired or soldered until precau-
tions have been taken to insure that it contains no loose grains of
powder or powder dust. Safety tools only will be used.

Fires. Careful study of the reports of several smokeless powder
fires, which have occurred at ordnance establishments, shows that
bulk powder in storage constitutes an unusual and severe fire hazard
which in most cases can be confined to the building in which it origi-
nates. If a fire is discovered in a magazine, there is little chance that
the building can be saved, and the efforts of the fire-fighting forces
will be confined to protecting adjacent magazines. Because of the
intense heat generated by burning smokeless powder, all fire-fighting

‘equipment must be halted at least 200 yards from the fire, and all
available cover utilized by the fire-fighting forces. A areful watch
will be maintained for burning embers and grass fires in order to
prevent the fire from spreading. If a fire occurs in a magazine or
repacking room where empioyees are working, and involves only a
small amount of loose powder (not more than 150 pounds), an effort
shouid be made to control and prevent the spread of the fire.

NOTE: All types of smokeless powders, are class 2, except for the
extremely fine flake powder of high nitroglycerine content used in
9%
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trench mortar ignition cartridges, which are class 9. In the case of the
latter type, the powder will be stored as class 9 explosives as regards
quantity-distance tables. Personnel engaged in combating fires involv-
ing this type powder will use the same precautions as for bulk high

explosives.

EXPLOSION HAZARDS OF SMOKELESS POWDER.

When smokeless powder, other than the extremely fine flake pow-
der, in bulk, of high nitroglycerine content as used in trench mortar
ignition cartridges, is stored in magazines in containers or propelling
charges, there is no evidence to indicate that fires will rise to any
unusual hazards. Cases have been reported in which pressures suffi-
ciently great to result in structural damage have occurred but which
involved the burning or explosion of smokeless powder under cir-
cumstances not ordinarily encountered in the storage of the material
in standard containers. It is known that pressures may develop when
extremely fine bulk flake powder of high nitroglycerine content is
burned under normal storage conditions; for this reason, powders of
this type are considered class 9 explosives and are to be stored and
handled as such. Normally, when other types of smokeless powders
are burned under conditions encountered in storage, dangerous pres-
sures do not develop. There is, however, evidence that explosions
of nitrocellulose powders up to large grain sizes are capable of being
propagated from box to box when initiated by the detonation of a

high-explosive charge.

Safety Precautions. Smokeless powder exposed to extremely ad-
verse conditions of moisture and temperature for a long period of
time may ignite spontaneously. Care will be taken to protect powder
from excessive temperature and moisture, as such conditions hasten
decomposition. It always must be protected from the direct rays of
the sun. If powder becomes wet or damp, or if there is any reason
to suspect that it has been exposed to moisture, it will be segregated
from other powder until it has been found satisfactory by stability
tests. When leaking containers are discovered, an examination of the
contents will be made for the odor of decomposing powder and the
evolution of reddish fumes. If any such condition is observed, the
powder will be segregated or disposed of in accordance with perti-
nent Ordnance Field Service Bulletins.

Powder will always be stored in containers, but should powder be
spilled or powder dust accumuiate, it wiii be removed immediateiy,
as loose powder and powder dust are dangerous fire hazards. Drag-
ging powder boxes over smokeiess powder grains has been the cause
of serious fires. Extreme care will be taken to guard against powder
dropping into cracks and crevices or lodging in places where it may
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remain over a long period of time without being detected. It is be-
lieved that many fires have occurred from this cause.

In opening containers or repairing damaged boxes containing
smokeless powder, safety tools will be used, and if powder is being
repacked, the floor will be covered with tarpaulins, and safety shoes
will be worn.

COMPOUND PROPELLANTS.

Ballistite. A double base compound propellant is a powder com-
posed of nitrocellulose and nitroglycerine.

A single base compound propellant is a powder composed of nitro-
cellulase and other explosive factors.

Ballistite is our best example of a double-base powder. It is com-
posed of: 60 percent nitrocellulose; 39 percent nitroglycerine; 0.75
percent diphenylamine; coating graphite.

It may be found in use as a propellant for trench-mortar ammuni-
tion and as a propellant for shotgun shells.

It is of satisfactory stability, the oily nitroglycerine content over-
coming hygroscopic tendencies of the nitrocellulose.

E. C. Blank Powder. E. C. Blank powder is our best known
single-based compound powder. It is composed of: 80.4 percent, nitro-
ceilulose; 8.0 percent potassium nitrate; 8.0 percent barium nitrate;
3.0 percent starch; 0.6 percent diphenylamine.

It is used as a bursting charge for fragmentation hand grenades
and as a filler for small-arms blank ammunition.

Storage. Compound propellants require similar precautions in
storage and handling to those discussed for smokeless powder earlier
in this chapter. They are not identical, however, and further study
should be made before extensive handling of these powders.

FURTHER REFERENCES:
TM 9-2900; 0.0. 7224, Ordnance Safety Manual.

Chapter 3

High Explosives
GENERAL.

When the entire field of high explosives is considered, the term
“military high explosives” has a restricted application to a small num-
ber of substances. Those substances whose rate of decomposition is
so rapid as to preclude their use as propellants, but which on the
other hand bring about a very disruptive action are known as deto-
nating substances, or more commonly as high explosives. The selec-
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tion of various substances for use as a military high explosive are
dependent on various factors.

Requirements for a Military High Explosive. The following fac-
tors must be considered in the selection of a substance for military
use as a high explosive:

1. Availability of raw material. There are many high explosives
which are excellent for use, but cannot be used for military purposes
because the materials for their manufacture are not available in this
country or from friendly neighbors. It js needless to mention that high
explosives whose basic materials are available only in enemy territory
are unsuitable for use as a military high explosive.

2. Cost of manufacture. Another factor to consider is the cost of
manufacturing processes. The basic material may be available, but
the machinery, the technical skill required in manufacture, and the
danger involved may be so restrictive as to make the cost of ite
manufacture too expensive. An important point to note is the quantity
of explosive desired for military use. That explosive which is used in
oreat quantity must cost less than the explosive used in smaller
quantities, For example, the TNT which is used in the greatest quan-
tity as a military high explosive costs $0.14 to $0.25 a pound; tetry!
which is used in smaller quantities as a military high explosive costs
$0.60 to $1.00 a pound while mercury fulminate which is used in the
least amount as a military high explosive costs $3.25 a pound.

3. Stability in storage. Military high explosives must not undergo
decomposition in storage. Military high explosives manufactured to-
day may be used years later, and therefore must be stored. High ex-
plosives which would deteriorate and be subject to change over a
period of time not only under favorable conditions, but even under
adverse conditions of storage, such as high temperature and humidity
are not desirable for military use.

4. Hygroscopicity. A substance is defined as hygroscopic when it
shows a tendency to absorb moisture. Such a characteristic, evidenced
in a high explosive, indicates the possibility of this explosive to deteri-
orate in storage, or to corrode the casing in which it is inclosed.

5. Reaction with metals. High explosives far military use are usu-
ally loaded in metal shells, projectiles, and casings. A high explosive
which reacts with metals will not only corrode its container, but in
many instances will produce new, very sensitive explosive compounds:
picric acid, for example, produces metallic picrates. These new com-
pounds or high-explosive salts which are produced are much too dan-
gerous to handle for military use.

6. Sensitivity to shock incident to loading, handling, and shipping.
A high explosive used for military purposes must be loaded into the
shell, handled, and shipped in large quantities. Many times it under-
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goes rough treatment during this procedure, treatment which will
occur even with reasonable care in handling the explosive. A high
explosive which will detonate under shocks which are unavoidable
in its transit from the coarse high explosive to the firing point is de-
cidedly not suitable for military purposes.

7. Sensitivity to setback action in the weapon. The force of set-
back that takes place in the barrel of the weapon illustrates a basic
principal of physics. From Newton's law, it is known that objects at
rest tend to stay at rest and that objects in motion tend to stay in
motion. Setback is the force due to this fundamental principal of
inertia. The shell with high-explosive filler and all its components
are at rest when the shell is placed into the weapon. Suddenly the
shell is propelled forward at a very high velocity. All components
in that shell tend to fall back toward the base of the shell, and do
so with terrific impact. Many high explosives under such conditions
may explode. A high explosive for military use which is reasonably
well loaded must not detonate in a weapon under such conditions.

6. Brisance or shattering effect. A very obvious requirement for a
military high explosive is its ability to shatter its surrounding medium
when properly initiated. A substance must have brisance or shatter-
ing effect to be considered suitable for a military high explosive.

9. Suitability for its purpose. Not all high explosives have the same
brisance nor the same ability to be initiated by various external
forces. A military high explosive on the basis of its characteristics is
assigned to a certain use or purpose which is determined mainly by
its brisance and sensitivity. It must be suitable for the requirements
set forth for that purpose to be considered as suitable for military
use. A further study of this point will be made in the chapter deal-
ing with explosive trains.

It must be kept in mind that not all high explosives employed to-
day for military use fulfil all the requirements desired, but several
of the requirements are absolutely essential. Therefore, some disad-
vantages may be overcome in such a way that the military high
explosive will meet the requirements deemed necessary for its use.
For example, picric acid reacts with metals. This disadvantage can be
overcome by painting the inside of the shell with a nonmetallic and
acidproof paint. The requiréments as listed, therefore, can be con-
sidered as those which depict the ideal military high explosive.

TRINITROTOLUENE (TNT).

General. Although trinitrotoluene was known as early as 1863,
it was not suggested as an explosive until about 1890, and its impor-
tance from a military standpoint dates from 1904. Since that time,
it has appeared as the principal constituent of many explosives, and
has been used by itself under such various names as triton, trotyl,
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tolite, trilite, trinol, tritolo, etc. It is commonly known in this country
by the abbreviation TNT. The term trinitrotoluol. which is more
generally used than trinitrotoluene, is less correct from the chemical
point of view than the latter.

The importance of this explosive is based upon its relative safety
in manufacture, loading, transportation, and storage, on the fact that
it is not hygroscopic, on the lack of any tendency to form unstable
compounds with metals, and upon its powerful, brisant, explosive
properties.-

Properties. Color and solubility. TNT usually resembles in ap-
pearance, light brown sugar, although in different grades of refinement
or purity its color and appearance vary. When pure, it is a crystalline
powder of very pale straw color. It dissolves readily in ether, acetone,
alcohol, and various other solvents, but it is practically insoluble in
water.

Classification. TNT is classified in U. S. Army Specifications into
two grades designated as grade I, with a setting point of 80.2 C
minimum, and grade II, with a setting point of 76.0 C minimum.
Grade 1I is obtained directly by the nitrating process, while grade I
must be prepared by recrystallization or by special chemical treat-
ment of grade II material.

Safety precaution. Both grades of TNT are slightly toxic, and it
is necessary that proper precaution be taken by those engaged in its
manufacture or handling to avoid inhaling the vapors or dust from
the molten or crystalline material. Good ventilation in manufactur-
ing or shell loading plants is highly essential, and personal cleanliness
should be enforced. All clothing should be changed upon the begin-
ning and completion of work.

Stability. TNT is one of the most stable of high explosives, and
when properly purified may be stored over long periods of time with-
out alteration, It is quite insensitive to blows or friction, but can be
detonated by severe impact between metal surfaces. When ignited
by flame, it burns rapidly without explosion. Burning or rapid heat-
ing of large quantities especially in closed vessels may, however, cause
violent detonation. It should therefore be melted in equipment so

-arranged that the maximum temperature of the melting unit cannot

exceed 105 C.

Chemical action. While TNT has no tendency to form compounds
with metals, thereby producing sensitive salts, it will react with
alkalies such as sodium hydroxide or sodium carbonate to form un-
stable sodium salts which are quite sensitive. For this reason, the
use of alkalies in purification of TNT is not permissible.

Detonation. TNT in crystalline form detonates readily under the
influence of a No. 6 detonator (containing 1 gram of mercury ful-
minate). When compressed to a high density, it requires a No. 8
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detonator (containing 2 grams of mercury fulminate), and when cast,
it is necessary to employ a booster charge of presﬁd tetryl, or an
explosive of similar high brisance, to insure completé detonation.

TNT may be classed as a “quick acting” explosive. It detonates at
a rate varying from about 5,200 meters per second for loosely com-
pressed material to nearly 7,000 meters per second for material cast
or compressed to its maximum density.

Decomposition. The decomposition of TNT on explosion may be
regarded as occurring according to one or both of the following re-
actions:

2C¢H,(CH3) (NO,); =12 CO + 2CH, + H, + 3N,
2CgH.(CH,3) (NO,),; =12 CO + 5H, + 3N, + 2C.

The deficiency in oxygen as indicated by both of these reactions is
always apparent from the black smoke produced by the explosion
of TNT. This deficiency of oxygen may be compensated for by addi-
tion of such substances as ammonium nitrate or sodium nitrate in
various proportions, the resulting mixtures being designated as amatol
and sodatol, respectively. '

Manufacture. Manufacture of TNT involves the following proc-
esses:

1. Nitration of: toluene to mononitrotoluene; mononitrotoluene to
dinitrotoluene; dinitrotoluene to trinitrotoluene.

2. Washing the finished product until free of acid.

3. Purification by remelting and chemical treatment or recrystal-
lization.

4. Granulation, screening, and drying.

The detailed procedure involved in each of these steps will not
be discussed here. It may be found in TM 9-2900, and other refer-
ences indicated at the close of this chapter.

Uses. Bursting charge. Grade I TNT is slightly more expensive
than grade II because it requires the additional purification. Grade I
is used as the bursting charge for high-explosive shell, either alone
or mixed with an equal weight of ammonium nitrate to form 50/50
amatol. (The TNT, in either case, being melted so-that the shell
is filled by a casting or pouring process.) Grade II is used only
in 80/20 amatol, where it is mixed in the molten state with four
times its weight of ammonium nitrate and filled into high-explosive
shell by hand stemming or by means of a screw filling machine.

A charge of about 1% pounds of cast TNT in a 75-mm high-
explosive shell weighing about 10 pounds breaks up the shell into
approximately 400 fragments retained on a 4-mesh screen.

Other military uses for TNT are as a bursting charge for rifle
grenades, airplane drop bombs, naval submarine mines, depth bombs,
and as a constituent of propellent powder. In airplane bombs, it has
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the disadvantage that penetration of the bomb by a rifle bullet may
cause an explosion of the charge. This is also true of amatol, which
is used extensively in drop bombs.

Demolitions. TNT is also used for military purposes in demolition
work on bridges, railroads, etc, and for land mines placed under
enemy trenches or fortifications. For demolition work carried on by
the Corps of Engineers, the TNT is made up in the form of small,
highly compressed blocks inclosed in a fiber container which protects
them from crumbling in handling and renders them waterproof.

Airtight seal. TNT is used in conjunction with other explosives,
such as amatol, to seal the amato!l from moisture and to act as an
efficient explosive to receive the detonating wave from the booster.

Blasting work. TNT has been demonstrated to be suitable for all
kinds of blasting work where 40 or 60 percent dynamite is used and
to give practically equal effects. It is well adapted for “adobe” shoot-
ing or “mud capping,” terms applied to breaking up large rocks or
boulders by means of a charge of high explosive placed on the rock
and confined only by means of a shovelful of mud or wet earth
thrown over it. Only quick-acting explosives can be successfully used
for such work. Even in drill holes containing water, TNT gives excel-
ient resuiis because of the fact that it is insoluble in water. How-
ever, its use for blasting has been negligible because of the fact that
it is expensive as compared with commercial dynamites.

Detonating fuse. “Cordeau Bickford,” a trade designation for deto-
nating fuse, consists of a flexible lead tube, smaller in diameter than
a lead pencil, filled with TNT. It is quite extensively used in certain
blasting operations, especially for insuring complete detonation of
large charges of dynamite. The detonating fuse, being passed through
the entire length of the charge and detonated at its external end by
means of an ordinary blasting cap, transmits its high rate of detona-
tion to the entire charge of dynamite.

AMMONIUM PICRATE (EXPLOSIVE D).

General. The use of ammonium picrate as an explosive was pat-
ented by Nobel in 1888 (Mosenthal, Jour. Soc. Chem. Ind., Vol. 18,
p. 447, May, 1899), although even prior to that time Brugere made
use of a mixture of ammonium picrate and sodium nitrate as a
propellent explosive.

The importance of ammonium picrate as a military explosive is
due entirely to its marked insensitiveness to shock and friction, which
makes it well suited for use as a bursting charge in armor-piercing
projectiles. From the standpoint of brisance, however, this explosive
is inferior to TNT. )

Properties.

Color and solubility. Ammonium picrate is soluble in water, crys-
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tallizing from its solution in orange-yellow needles darker in color
than picric acid. It resembles picric acid in its bitter taste and prop-
erty of dyeing the skin, clothing, etc,, of those engaged in its manufac-
ture or handling.

Hygroscapicity. It has a much greater tendency to absorb moisture
than has picric acid, samples having been found to absorb over 5
percent by weight of water during storage for 1 month in an atmos-
phere saturated with moisture.

Chemical action. Like picric acid, ammonium picrate can react
with metals to form metallic picrates, but it reacts with much less
readiness than picric acid; in fact, when dry its action is almost neg-
ligible. Wet ammonium picrate reacts slowly, especially with copper
or lead, to form picrates which are particularly sensitive and dan-
gerous.

Heat action. Ammonium picrate does not melt on heating, but ex-
plodes when heated to a temperature of about 300 C. Small traces
of metallic picrates may however lower this ignition temperature
appreciably. )

Senfitfvi(y. Ammonium picrate is the least sensitive of all military
explosives used as the bursting charge for shell. Its insensitiveness to
shock accounts for it being given preference over TNT or amatol as
the bprsting charge for armor-piercing, base-fuzed shell. It is also
more insensitive to detonation by means of mercury fulminate than is
TNT. At a pressure of about 12,000 pounds per square inch the two
explosives have the same densities, about 1.48.

Toxicity. Like TNT and picric acid, ammonium picrate liberates
free carbon on explosion, giving a black smoke. The products of explo-
sion, although more disagreeable in odor, are less poisonous than
those from TNT and picric acid in that they contain less carbon
monoxide.

Manufacture.

}"rocess. The manufacture of ammonium picrate consists in the
main of a simple neutralization of picric acid by means of ammonia
elthgr alone or in combination with ammonium carbonate. This proc-
ess is not .attended with any serious manufacturing difficulties or dan-
gers, provided one excludes the possibility of leaking ammonia pipes
_ Detailed presentation of the manufacturing methods méy be founci
in references listed at the close of this chapter.

Use. As has been mentioned, ammonium picrate is used as the
bursting charge for armor-piercing shell on account of its insensitive-
ness to shock which permits the shell to pass through the 'armt;r
without exploding. Owing to the fact that it cannot be melted with-
out decomposing, it must be loaded into the shell by pressing T};e
interior of the shell is covered with a suitable nonmetallic pai'nt or
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varmish. It has no commercial use as an explosive, although it enters
into the composition of numerous patented blasting explosives which

have not been used to any great extent.

Storage.

Regulations. Storage of ammonium picrate is governed by the same
regulations as are applicable for the storage of TNT both as to type
of magazine and rules for handling, and special regulations governing
this particular explosive are not necessary.

Special precautions. Ammonium picrate which has been pressed at
a shell-loading plant and removed from a shell is very much more
sensitive to shock or blow than new material, and there are cases on
record where serious accidents have happened in the loading of shell
with ammonium picrate so treated. If it becomes necessary to store
this material, special precautions should be observed to protect it
against shock or fire, and it preferably should be stored in a building
by itself.

Although less sensitive than TNT, ammonium picrate can be ex-
ploded by severe shock or friction, is highly inflammable, and when
heated to a high temperature may detonate. It is therefore necessary
that it be treated with proper care as a high explosive.

Magazines. Since it absorbs moisture, it should be stored in dry
magazines and protected from dampness. Moisture, however, has no
effect on ammonium picrate except to reduce its explosive strength
and its sensitiveness to detonation.

Containers. Ammonium picrate is always stored in wooden con-
tainers because of the possibility of its forming metallic picrates in
contact with metals, especially when moist.

PICRIC ACID.

General. Picric acid or trinitrophenol was first adopted as a mili-
tary high-explosive by the French Government in 1886 under the
name of melinite, and has since been used to a greater or less ex-
tent by almost all countries with or without addition of various mate-
rials intended to reduce its melting point. The British explosive desig-
nated as lyddite and the Japanese explosive schimose are both cast
picric acid, and various names are given to other shell explosives
the chief component of which is picric acid.

Properties.

Color and solubility. Picric acid is a lemon-yellow, crystalline solid,
only slightly soluble in cold water but soluble in alcohol, benzene, and
other organic solvents. A very small amount is, however, sufficient to
color a large volume of water a distinct yellow color. It likewise stains
the skin of workmen, colors clothing, hair, and everything else with
which it comes in contact, and has an exceedingly persistent, dis-
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agreeable, bitter taste. Its property of coloring is utilized in the dye

industry, and in fact, picric acid was long known as a dyestuff before )

its explosive nature was discovered. It has no t¢ndency to absorb
moisture from the air.

Heat action. Picric acid melts at a temperature of about 122 C
when pure, and is ususally required for explosive use to have a melt-
ing (or solidifying) point of at least 120 C.

Chemical action. Being an acid, it has the property of combining
with ammonia and alkalies and with many of the metals, forming
salts which are called picrates. Some of the picrates are much more
sensitive than picric acid itself, and it is therefore necessary that
formation of these picrates be avoided by keeping picric acid from
direct contact with those metals with which it readily reacts.

Precautions. Picric acid is not as toxic as TNT and the chief dan-
ger in connection with its use is probably the fumes given off from
the molten explosive in loading shell. While practically no trouble
from poisoning results in manufacture or handling of picric acid, care
must be taken, however, to avoid breathing the large amounts of
picric acid dust that may arise in screening or packing ‘the dry
material.

Stability. Picric acid is entirely stable. It has no tendency to de-
compose at any temperatures which it might meet in storage. On
sudden heating at temperatures much above its melting point
(122 C) it may explode, although many cases are noted where con-
siderable quantities of picric acid have burned without explosion.
Presence of any trace of explosive that will detonate more readily
such as metallic picrates may cause sudden detonation of burning
picric acid.

Detonation. It has about the same sensitivity to shock or friction
as TNT and is somewhat more readily detonated by means of a
detonator. Picric acid is one of the most powerful of military explo-
sives. Its high strength or concussive effect is due to its high rate of
detonation which, for the cast or highly compressed explosive, is about
7,000 meters per second, slightly greater than that of TNT under
the most favorable conditions. By both the Trauzl lead block test and
the ballistic pendulum test, picric acid shows appreciably greater
strength than TNT, being exceeded only by tetryl and TNA. The
results of these methods of testing are confirmed by actual fragmen-
tation tests of high-explosive shell where it is found that a larger
number of shell fragments are produced from picric acid than from
TNT at equal loading densities.

Use. The fact already noted that picric acid combines readily
with some metals to form picrates which are unduly sensitive to fric-
tion, shock, or heat has been detrimental to the use of picric acid for
military purposes in spite of the fact that it is a stronger explosive
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than TNT. When a nonmetallic lining is used for the shell cavity as
for instance, certain lacquers, varnishes, or paints, danger of formation
of these salts is obviated to a great degree. Introduction of TNT as
a military explosive has resulted in gradual abandonment of picric
acid by practically every country except France where it was largely
used during World War 1. In the United States, it is used for con-
version into “Explosive D" or ammonium picrate which is used in
base-fuzed shell for seacoast cannon. Picric acid has also found use
as a booster explosive and even as a substitute for part of the mer-
cury fulminate charge in detonators.

Picric acid has been used extensively in the form of mixtures with
other nitro compounds. Such mixtures, having a lower melting point
than picric acid, can be melted and cast at temperatures below 100 C.
The mixtures are more generally practicable because of the hazard
involved in melting picric acid at the relatively high temperature re-
quired. Some of the compounds which have been used with picric
acid are trinitrotoluene, trinitrocresol, trinitrobenzene, and the dinitro
and mononitro derivatives of phenol, cresol, and naphthalene. Little,
if any, change in brisance results from the addition of the trinitro
compounds, but the addition of the mono and dinitro compounds
causes a reduction in brisance in proportion to the amount added.

Storage. Rules governing storage of dry picric acid are the same
as for TNT. Dimension of magazines should not exceed 42 by 26
feet. It is necessary that all dust accumulating from dry picric acid
should be carefully removed from any point in or around the build-
ings, conveyors, or cars. Although dust originating from this source
is not as dangerous as that from black powder, it is nevertheless a
matter of record that serious explosions have been caused from this
source. Safety shoes must be worn in every instance where picric acid
is being handled. v .

NITROSTARCH EXPLOSIVES.

General. During World War I, certain explosives having nitro-
starch as a base were used under the designations “Trojan grenade
explosive,” “Trojan trench-mortar shell explosive,” and “Grenite.”
These explosives were frequently referred to as “nitrostarch,” but
it should be noted that pure nitrostarch was not used alone as a
military explosive, the nearest approach to it for military purposes
being grenite, which was about 95 percent nitrostarch, the balance
being a binding material added for the purpose of granulating, The
two Trojan explosives which were practically identical in composition
contained approximately 25 percent nitrostarch with ammonium ni-
trate, sodium nitrate, and small amounts of materials added for the
purpose of stabilizing, reducing sensitiveness and hygroscopicity, and
neutralizing any possible acidity of other ingredients.
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These nitrostarch explosives were used for the reason that at the
time the United States entered the war a decided shortage of TNT
was indicated and investigation showed nitrostarch explosives to be
entirely suitable for trench warfare purposes and to offer the advan-
tages of low cost and ample supply of raw materials, etc.

AMMUNITION INSPECTION GUIDE

Properties. .

Color and solubility. Nitrostarch is a white, finely divided
material similar in appearance to ordinary powdered starch. When
observed under the microscope, there is no appreciable difference
between nitrated and unnitrated starch until the granules areAreated
with iodine, which colors the unnitrated starch blue but does not
affect the nitrated product. Nitrostarch is insoluble in water and does
not gelatinize or form a paste when heated with water, thereby differ-
ing from starch. The grade of nitrostarch ordinarily employed con-
tains from 12.50 to 12.75 percent nitrogen; that prescribed for
military purposes contains at least 12.80 percent. All nitrostarch is
readily soluble in acetone, solubility in ether-alcohol in general in-
creasing as the nitrogen content decreases. It has no great tendency
to absorb moisture from the atmosphere beyond the amount of 1
to 2 percent.

Trojan grenade or trench-mortar shell explosive differed greatly in
appearance and in certain of its properties from straight nitrostarch,
being of grayish-black color and of about the consistency of ordinary
brown sugar, having a slightly damp feel and tendency to pack under
compression due to the small amount of mineral oil contained as an
ingredient. This oil, besides decreasing the sensitiveness of the ex-
plosive to ignition and to shock or friction, helped to reduce its
attraction for moisture, the mixture of ammonium nitrate and sodium
nitrate which it contained being very hygroscopic. In spite of this
coating of oil, the Trojan explosive when spread out in a thin layer
in a damp atmosphere rapidly absorbed moisture to such extent that
it became decidedly wet. Under ordinary working conditions, there-
fore, great care was taken in loading this explosive to avoid absorp-
tion of an undesirable amount of moisture.

Grenite, which was almost entirely pure nitrostarch with addition
of a small amount of oil and a binding material, differed greatly in
appearance from Trojan explosive, being in the form of small, white,
hard granules which flowed freely without sticking together. Since
it contained no ammonium nitrate or other hygroscopic materials,
Grenite had no particular tendency to absorb moisture even in damp
atmospheres.

Sensitivity. Pure dry nitrostarch is more sensitive to impact than
TNT but less sensitive than dry guncotton or nitroglycerin. As
mentioned above, it is highly inflammable and readily ignited by the
slightest spark such as may result from friction, and like black
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powder, burns with explosive violence. It is readily detonated by a
mercury fulminate detonator.

Trojan explosive and Grenite were both much less sensitive than
straight nitrostarch, being required to pass the pendulum friction test
of the United States Bureau of Mines and the rifle bullet test when
packed in pasteboard containers. In heavy metal containers, these
explosives frequently ignited and burned when penetrated by a rifle
bullet, and in rare instances exploded under this test. Trojan explo-
sive was especially insensitive to ignition, being rather difficult to
ignite with the flame of a match when spread out unconfined. When
once ignited, however, especially in any quantity, it burned freely
with a light-colored smoke.

Detonation. Nitrostarch explosives were readily detonated by mer-
cury fulminate detonators, a No. 6 detonator containing 1 gram of
fulminate composition, producing complete detonation unless the
explos.ive had been rendered unduly insensitive by absorption of
excessive moisture or by other cause.

Stability. Early attempts to manufacture nitrostarch resulted in
production of material which was unstable, and numerous statements
found in literature of explosives refer to nitrostarch as being un-
satisfactory for use as an explosive because of sensitivity and in-
stability. However, manufacturers in this country succeeded in
placing on the market nitrostarch explosives which proved highly
satisfactory in these respects and found considerable application as
blgsting explosives., Developments led to a product which met re-
quirements prescribed for military explosives. However, the Trojan
f:xplosive if allowed to absorb undue quantities of moisture, especially
in a warm atmosphere, tended to deteriorate, being quite similar to
nitrocellulose in this respect.

Use.

Trojan explosive. The Trojan nitrostarch explosive was used
as the bursting charge for hand grenades, rifle grenades, and trench-
mortar shell. It was well adapted to such purposes, but was not
considered for use as a bursting charge for high-explosive gun shell.
Its physical consistency was such that it was loaded into grenades
through the small filling hole by means of vibrating machines, the
faxplosive being “jarred” into the grenade through small funnel open-
ings. Trench-mortar shell were loaded by hand-stemming.

Grem‘te. Grenite was used only for grenades and was considered
too sensitive for use as a trench-mortar shell explosive, Bein

1os?
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and “free-running,” it was readily loaded into the grenades through
funnel openings, no attempt being made to pack it to a high density.

Nitrostarch. Nitrostarch has been considered for the manufacture
of smokeless propellent powder and numerous attempts have been
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made to develop a satisfactory powder of this type, but the problem
cannot as yet be considered solved.

Nitrostarch explosives, similar to Trojan grenade explosive, have
been used for a considerable number of years as blasting explosives
for use in mining, quarrying, and other engineering operations, and
have met with considerable success as substitutes for the more expen-
sive nitroglycerin explosives, bt ]

There has recently been adopted, after thorough investigation, a
nitrostarch demolition explosive as a substitute for TNT. This explo-
sive is somewhat similar to that used during the World War, but the
formula has been modified by raising the nitrostarch content and the
replacement of the ammonium nitrate with barium nitrate. It can be
consolidated into blocks in the same manner as TNT, and in compari-
son tests it has been found that the TNT formula for computing small
charges are directly applicable to the nitrostarch demolition explosive.

Storage. Storage of nitrostarch explosives, in general, is mainly a
fire risk, that is, the danger accompanying storage is more one of fire
than of explosion. However, burning may proceed at such a rate as to
be almost explosive in nature, and the fact that nitrostarch can be
exploded by impact should not be overlooked.

Magazines. Magazines should be kept at as low temperatures as
possible in order to avoid as much as possible the tendency of nitro-
starch to undergo decomposition on heating. A reasonably dry atmos-
phere in magazines is also essential for the Trojan explosive. This
explosive was not suitable for storage in bulk in wooden containers
because of its hygroscopicity. Even when loaded into grenades it
tended to absorb moisture. Long contact of the explosive with the
metal parts of the grenade, either iron, brass, or copper, resulted in
corrosion,

Handling. There is no danger of poisoning of any kind connected
with the handling of nitrostarch explosives.

TETRYL.

General. The high explosive commonly known as tetryl is trinitro-
phenylmethylnitramine, It is a derivative of benzene and is therefore
in the same class of aromatic nitro compounds as TNT, Tetryl was
first synthesized by Mertens in 1877. It did not acquire prominence
as a military explosive until World War I when it was used as a
booster explosive.

Properties.

Chemical and physical. Tetryl is a fine crystalline powder of a
yellow color, practically insoluble in water but soluble in acetone,
benzene, and other solvents. It is readily recrystallized and can
therefore be obtained in very pure condition if desired. It melts
when pure between 129 C and 130 C. Tetryl is poisonous when
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taken internally, and precaution is necessary in its manufacture, espe-
cially regarding the dust encountered in bandling and packing the dry
material. It has a higher nitrogen content (24.4 percent) than any
other military explosive, Tetryl is practically nonhygroscopic, absorb-
ing less than 0.1 percent moisture when stored for several days in a
saturated atmosphere.

Stability and sensitivity. Tetryl is stable at all temperatures which
may be encountered in storage. When heated above its melting point,
it undergoes gradual decomposition and explodes when exposed to a
temperature of 260 C for 5 seconds. It is more sensitive to shock or
friction than TNT, being of about the same order of sensitivity as
picric acid. It is slightly more sensitive to detonation by means of
mercury fulminate than TNT, and is readily exploded by penetration
of a rifle bullet.

Detonation. Tetryl has been found to have a rate of detonation
somewhat higher than the maximum rate obtained with TNT (7,000
meters per second). Strength tests such as the Trauzl lead block test
shcw tetryl to be stronger than any other military high explosive,
the average expansion produced in the lead block for the more
common military high explosives being as follows: tetryl, 320 cubic
centimeters; picric acid, 300 cubic centimeters; TNT, 260 cubic
centimeters.

Use. Charges. The high-explosive strength and brisance of tetryl
would seem to adapt it for use as a bursting charge, but its sensitivity
to mechanical shock is such that if used as a shell filler it would not
withstand shock of discharge of the gun. It is, however, sufficiently
insensitive that when compressed into a booster it is perfectly safe.
In this condition, it is readily detonated by the detonator in the fuze
of the shell, and the violence of its detonation insures a high order of
detonation of the bursting charge.

Tetryl has been adopted as a booster explosive. Formerly it was
combined with TNT (grade I), the two explosives being usually
loaded separately into the booster casing in the form of highly com-
pressed pellets.

Detonator. It is also used in detonators for both military and com-
mercial purposes as a base charge, the tetryl being pressed into the
bottomn of the detonator shell and then covered with a small priming
charge of mercury fulminate, lead azide, or other initiator.

Storage and Handling. The same precautions should be observed
in storage and handling of tetryl as in the case of other sensitive high
explosives. It should be kept dry because moisture interferes with its
effectiveness. It must be properly protected from bullet fire in brick
or hollow tile magazines with iron doors and window shutters.
Detonators, blasting caps, fuzes, dynamite, etc., must not be stored
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with tetryl. Rubber soled shoes should be worn in magazines and
every precaution taken to prevent ignition or explosion from friction
or blows due to rough handling.

MERCURY FULMINATE.

General. Mercury fulminate is one of the explosives used for bring-
ing about detonation of high explosives. It detonates completely and
with great violence on ignition by means of a flame such as the spit
from a fuze or by means of an electrically heated wire. This fact,
together with its property of initiating detonation of other explosives,
makes it a most suitable detonator material.

Properties.

Color and solubility. Mercury fulminate is a heavy, crystalline
solid, white when pure, but ordinarily of a faint brownish yellow
or grayish tint. It has practically no tendency to absorb moisture
from the atmosphere. It is only slightly soluble in water, 100 parts
of water at 15.5 C (60 F) dissolving less than 0.01 part of fulminate,
and may be kept in contact with water for long periods of time with-
out undergoing change.

Size of crystals. Size of the crystals of mercury fulminate is an
important factor, since it has been determined that very finely divided
fulminate consisting mostly of fragments of crystals and usually con-
taining an excessive amount of impurities is less efficient in detonating
value and strength than larger crystals. In specifying the size of crys-
tals desired, however, consideration has been given to the possibilities
of controiling this feature in manufacture and also to the fact that
there is some reason to believe that very large crystals of fulminate
are more sensitive to friction or shock than smaller ones. As indicated
below, U. S. Atﬁ:y specifications for mercury fulminate prescribe
definite limits for the size of the crystals.

Impurities. Mercury fulminate is required by U. S. Army specifica-
tions to be at least 98 percent pure and the amounts of impurities
which it may contain are strictly limited. The most objectionable
impurities are:

Free metallic mercury, for the reason that it readily attacks copper
or brass with which it may be in contact when loaded into fuzes,
detonators, or primers, causing the metal to become brittle.

Acidity, which would cause deterioration of the explosive composi-
tion and corrosion of metal parts.

Insoiubie materiai such as sand and grit, which might cause expio-
sion of the dry fulminate in loading operations.

If improperly manufactured or incompietely washed, the fulminate
may also contain various compounds of mercury which might produce
decomposition and would certainly diminish explosive efficiency.
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Stability. Mercury fulminate has been kept for long periods both
dry and wet, and is believed to undergo practically no change when
properly manufactured and stored. However, when stored either wet
or dry at tropical temperature gradual deterioration takes place. It
has been found that when stored at 35 C (95 F), mercury fulminate
deteriorated to the point of malfunctioning in about 3 years and at
50 C (122 F) it deteriorated to practically the same degree in 10
months. It is never stored in quantity in dry condition except when
loaded into detonators, fuzes, or primers for the reason that when
dry it is readily detonated by friction or shock. Whereas, the great
majority of high explosives will burn without detonating when ignited
by a flame especially if a relatively small amount of the explosive
is ignited, mercury fulminate is one of the so-called “primary” or
“initiating” explosives which detonate completely on being heated to
their ignition point by means of a flame or hot wire.

The presence of even small amounts of moisture in mercury ful-
minate greatly reduces its efficiency, and as little as 1 percent is said
to cause failure to detonate. However, fulminate completely saturated
with water may be detonated by detonation of dry fulminate in con-
tact with it

Sensitivity. By usual methods of determining ignition temperature,
mercury fulminate detonates at a temperature of about 180 C (about
356 F), but under varying conditions detonation may result at much
lower temperatures. Sensivitity to shock is much greater at elevated
temperatures than under storage conditions.

When loaded into commercial detonators, mercury fulminate is
usually compressed at pressures of about 3,000 pounds per square
inch. In this condition, its explosive properties are not appreciably
different from those of loosely compressed material. At greater densi-
ties obtained by higher pressures, there is a gradual reduction in
sensitivity, until at such extreme pressures as 25,000 to 30,000 pounds
per square inch fulminate entirely loses its property of detonating
when ignited and will only burn. In this condition, it is referred to as
“dead pressed.” If, however, such highly pressed fulminate is initiated
by loose fulminate or other initial detonating agent, it will detonate
at even higher rates than are obtainable at low densities.

Although fulminate can be pressed under very high pressures with-
out explosion, the presence of any particles of sand or grit is very
dangerous in any pressing operation. Presses for loading are always
carefully protected by heavy barricades, and no one is permitted

The readiness with which dry mercury fulminate detonates from
the efiect of biows or frictiop is the chief reason for the fact that its
transportation and storage in the dry state is not permitted. Tests

. with a special type of impact machine showed that mercury fulminate
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detonated from the blow of the falling weight dropped from a height
of only 2 centimeters (about 0.8 inch), while TNT in the same
apparatus required a drop of about 120 centimers (48 inches).

Detonation. For a number of years, mercury fulminate was consid-
ered to have special properties which made it an especially favorable
initiating agent and numerous theories were advanced to account for
its so-called “unique” properties. As a matter of fact, mercury ful-
minate has been used only because of its extreme sensitivity to flame
or impact. In all other respects, mercury fulminate is inferior to other
high-explosives such as TNT, tetryl, and picric acid as a detonating
agent For example, mercury fulminate has a rate of detonation of
about 4,000 meters per second as compared with 6,800 meters per
second for TNT under the same conditions. In the Trauzl lead block
test, mercury fulminate produces an expansion of 213 cubic centi-
meters and TNT 260 cubic centimeters. The trend in military and
commercial detonators for the past several years has been gradual
replacement of the major portion of the fulminate charge with some
high explosive to increase efficiency of the detonator, the fulminate
being used only as a cover charge to initiate detonation of the high
explosive forming the base charge in the detonator.

Use. Mercury fulminate is used only for the purpose of bringing
about the detonation of other high explosives or the ignition of
propellent explosives. In detonators for commercial or military use
it may be used alone or mixed with from 10 to 20 percent of potas-
sium chlorate. The usual grades of detonators contain from 15 to 30
grains of fulminate or its equivalent.

The ignition of propellent explosives, for example, smokeless or
black powder in small arms cartridges, is effected by the flame from
a primer or cap, the charge of which is usually a composition contain-
ing mercury fulminate mixed with other flame-producing materials
such as potassium chlorate and antimony sulfide. The primer is
initiated by impact of the firing pin.

Storage. Mercury fulminate is always stored thoroughly saturated
with water.

When left in the barrels during storage, regular inspection must be
made to insure that the barrels are kept always full of water and
are not leaking.

Fulminate must not be stored with any other explosives for the
reason that explosion of even a relatively small amount of dry
fulminate may cause detonation of the wet material, effect of which
might be to detonate any other high explosives stored in the same
building.

In case of breakage, or other cause by which wet fulminate may
be spilled on the floor, it must not be allowed to dry out before
cleaning up. Dry fulminate is very sensitive to friction and must be
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handled with extreme care. Spilled fulminate may be destroyed by
washing floors, benches, etc, with a saturated solution of sodium

thiosulfate (photographer’s “hypo”).

AMATOL.

General. Amatol is a mixture of ammonium nitrate and TNT. Due
to the shortage of toluene during the early stages of World War I,
the British Government developed this explosive and adopted it after
exhaustive tests as a bursting charge for high-explosive shell. The
United States Government shortly after its entrance into World
War I and for similar reasons authorized its use as follows: 50/50 for
shell from 75-mm up to and including 4.7 inches; 80/20 for shell
from 4.7 inches up to and including 9.2 inches. The ingredients are
mixed by weight. The first figure refers to ammonium nitrate, the
second to TNT.

Properties. Amatol is hygroscopic, insensitive to friction, but can
be detonated by severe impact. It has no tendency to form dangerous
compounds with metals other than copper. It is more insensitive to
explosion by initiators than TNT. 50/50 amatol has approximately
the same rate of detonation and strength as TNT, but 80/20 amatol
is slightly lower in rate of detonation and brisance. On detonation
the ammonium nitrate oxidizes the excess carbon of the TNT with
the result that 80/20 amatol produces a white smoke on detonation
and 50/50 amatol produces a black smoke which is not as dark
as that produced by straight TNT.

Manufacture. 50/50 amatol.

Ammonium nitrate as received may contain some moisture and
must be dried to a moisture content of not more than 0.25 percent.
Caking may have occurred in barrels or drums in which it was
shipped. To break up the lumps, it is often necessary to first run the
material through a crusher, after which it is dried to the proper mois-
ture content. After drying, the material is screened to remove any
foreign material with which it may have become contaminated. It is
now ready for addition to molten TNT. The speed of adding ammo-
nium nitrate to TNT can be increased greatly if the ammonium
nitrate can be added while it is still hot. It must be added at a rate so
that no solidification of the molten TNT takes place in the melting
kettle. Proportions for use in mixing 50/50 amatol range from 45
percent to 55 percent ammonium nitrate. This variation is permitted
to take care of the various granulations, fine material requiring more
TNT than coarse material. Temperature of the mixture when it is
ready for pouring into the shell is 80 C to 85 C.

80/20 amatol. 80,20 amatol is a plastic mass resembling wet brown
sugar and cannot be loaded by the casting method. The principal
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difficulty experienced with 80720 amatol is to obtain ammonium
nitrate which has proper granulation. With very fine material, plas-
ticity of the mass is such that when loaded the density falls below
the point desired, namely, not less than 1.38. With coarse material
molten TNT ic not completely absorbed, and a relatively large
amount leaks out in the extruding operation which results in a charge
of low density. It is, therefore, essential that granulation be such as
to give a mixture which will not permit leaking of TNT and which
will be sufficiently plastic to consolidate well from the extruder. It
has been found that a mixture of coarse and fine material is the most
suitable for this operation. Granulation requirements are through a
No. 10 U, S. standard sieve not less than 99.0 percent; through a
No. 10 on No. 35, 32 to 48 percent; through a No, 100, 15 to 30

Preparation of 80/20 amatol is conducted in a mixing kettle having
a capacity of about 500 pounds of amatol. The correct amount of
ammonium nitrate is added to the kettle and heated to the point
where solidification of TNT will not occur. When the ammonium
nitrate has been raised to at least 90 C, molten TNT is added, and
the charge thoroughly mixed for 15 minutes. At the end of this time,
it is transferred to the extruding machine from which it is forced
into the shell by means of a screw working inside of a steel tube.
‘This machine is counterweighted so that the material is forced into
the shell under a definite pressure.

LEAD AZIDE.

General. Lead azide was first prepared and identified by Curtius
in 1891, and in 1893 Will and Lenze began an investigation of lead
azide as a military explosive. About 1910, commercial manufacture
of lead azide was started abroad and has continued up to the present
time. Since 1931 it has been produced commercially in this country.
This commercial lead azide is free from needle crystals having a
maximum dimension greater than 0.1 mm.

Properties. Lead azide (PbN,) is an initiating compound used
for bringing about detonation of high explosives. It is sensitive to
flame but is too insensitive to be used alone where initiation is by
impact of a firing pin. Lead azide is practically insoluble in water
and its hygroscopicity at 30 C and 90 percent relative humidity is
only 0.03 percent. It is not easily decomposed by heat as shown by
surveillance tests where it has been stored for 15 months at 80 C
without any noted impairment in sensitivity or brisance.

Storage. Lead azide is always stored thoroughly saturated with
water, It is stored and handled in the same manner as mercury ful-
minate. Spilled lead azide may be destroyed by washing floors,
benches, etc, with a solution of ammonium acetate.
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PENTAERYTHRITE TETRANITRATE (PETN).

General. Pentaerythrite tetranitrate, commonly known as PETN,
is derived from the nitration of pentaerythritol. PETN is considered
by the Interstate Commerce Commission as an initiating agent. It
must be packed wet with not less than 40 percent by weight of water
in metal barrels, or wooden kegs, in which the material is packed in
cloth or rubber bags.

Sensitivity. PETN is more sensitive than tetryl, but not as sensi-
tive as mercury fulminate.

Uses. PETN is used in detonating cord, commercially ’known as
Primacord. Primacord is a flexible, waterproof fabric tube 135, inch
{0.203 inch) in diameter with an explosive core of PETN; which
has the velocity of detonation of about 20,300 feet per second. In
this form, PETN is quite insensitive to shock, flame, or friction, and
requires a cap to detonate it. It is now issued in 100-foot spools, is
greenish yellow in color, and has a relatively rough waxy surface.
These characteristics are not definitely dependable, however, for
positive identification of present or future issues.

The extreme violence of a primacord explosion is sufficient to
detonate high explosives in intimate contact with it. Hence, it is
valuable for safe priming of charges in drill holes and for the simul-
taneous firing of a number of charges at some distance apart.

PETN has a second use in that it is used in conjunction with TNT
to form pentolite, a bursting charge for certain types of ammunition.

TRIMONITE.

Trimonite, like amatol is specified as a substitute explosive for
shell and bomb loading.

It is composed of 88 percent picric acid and 12 percent alpha-
mononitropaphthalene. The reason for using 12 percent alphamononi-
tronaphthalene is to obtain a mixture which can be melted in melting
kettles using not more than 10-pound steam pressure. Picric acid
melts at 120 C which prohibits its use as a casting explosive if low-
pressure steam equipment is the only type available. However, by
mixing 12 percent alphamononitronaphthalene with picric acid, the
material becomes fluid at about 100 C and can be cast without
any trouble.

Trimonite reserhbles 50/50 amatol in all its characteristics, with
the single exception that it is likely to form sensitive compounds with
metals. Provision must be made, therefore, that it will not come in
contact with metal, such as zinc or lead. It has one advantage over
TNT in that there is no danger of exudation.

In all tests conducted to date, no results have been obtained which
would prohibit its use, and in case cf an emergency it could be loaded
with equipment available for the loading of TNT or 50/50 amatol.
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TRIDITE.

Tridite consists of approximately 90 percent picric acid and 10
percent dinitrophenol. It was formerly specified as a substitute
explosive for shell and bomb loading, but has been replaced as a
substitute by trimonite. It has similar advantages to those of trimo-
nite, and adaptability of these two explosives is almost identical,
however, is more dangerous to load because of the toxicity of its
fumes which accompany its melting.

TETRYTOL.

Tetrytol is a mixture of tetryl and molten TNT. As some of the
tetryl goes into the solution, the mixture can be successfully cast
with as high as 70 percent tetryl and 30 percent TNT by weight.
The principal use and advantage of tetrytol is in loading boosters
and bursters by the cast method. These items were previously loaded
with dry tetryl which was pressed into pellets and then reconsolidated
by pressing into the burster or booster casing. The mixture is agitated
until ready for casting to prevent separation or precipitation. The
use of tetrytol loaded into boosters and bursters has been approved
except where the loaded item ‘s plunged into or surrounded by a hot
bursting charge, such as in the case of auxiliary boosters in general
purpose bombs, where a remelt of the tetrytol might occur. The
advantages of casting over the pellet reconsolidation, especially in
long burster tubes, is tremendous from a standpoint of simplicity of

operations, safety, and cost of equipment.

PENTOLITE.

Pentolite is a mixture of PETN and TNT. The 50/50 mixture
results in a considerable increase in the brisance of TNT as measured
by the rate of detonation. It is more sensitive to shock and friction
than TNT, and where booster cavities have to be drilled, a mixture of
10 percent PETN and 90 percent TNT is used for the booster
surround.

50/50 pentolite in the dry state is packed in the same manner as
TNT. It is loaded by the casting method, 5 pounds of steam pressure
on a steam jacketed open kettle being sufficient to melt the dry
material. As the dry material melts, it must be constantly agitated
to keep the PETN in suspension, as only a small portion of it goes
into solution with the TNT. This agitation, usually by air-driven
propellers or hand paddles, must be continued until the material is
cast into the ammunition being loaded.

The stability of pentolite iS not as favorable as that of straight
TNT. Long periods of storage under high temperature may result in
a separation of the material and the loss of its greatest effectiveness
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as an explosive of high brisance. Every effort must be made to store
it in a cool, dry place.

GENERAL SAFETY PRECAUTIONS PERTINENT TO HIGH
EXPLOSIVES.

Safety shoes will be worn in repacking rooms or buildings, and
whenever loose high explosives are handled. The wearing of safety
shoes by personnel handling high explosives in boxes or other con-
tainers is at the discretion of the commanding officer, who should
be guided in his decision by éxisting conditions. Boxes containing
high explosives will be opened and repaired with safety tools. Con-
tainers will not be opened in a magazine in which explosives or
ammunition are stored.

TABLE OF USES AND LOADING METHODS OF HIGH EXPLOSIVES

Explosive Main Use Methed of Loudind, If Any
TNT Bursting charge Casting or pouring
Amatol 50/50 Bursting charge Casting or pouring
Amatol 80/20 Bursting charge Extrusion

Basis for making
other explosives

Picric Acid

Explosive D Bursting charge for Tamped in increments
AP, shells

Trimonite Bursting charge Cast

Tridite Bursting charge Cast

Nitrostarch Demolition work Pressed

Tetryl Booster Pressed in pellets

Lead Azide Detonator or initiator  Pressed

Mercury Fulminate Detonator or initiator Pressed

Tetrytol Burster charge Cast

Pentolite " Bursting charge Cast

PETN Detonating cord Pressed
(Primacord)

FURTHER REFERENCES: TM 9-2900; FM 5-25; Ordnance
Safety Manual; Picatinny Test, Vol. II.

Chapter 4
Explosive Trains

GENERAL.

During the study of ammunition, there is usually much discussion,
and confusion, over the subject of explosive trains. In reality, those
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Figure 51 — Explosive Train Fragmentation Hand Grenade

explosive trains contained in ammunition are very simple; most of
the confusion is a result of the numerous components which may be
interposed in the basic train to gain the functioning desired from a
particular train. An explosive train is nothing more than a series of
explosions, the arrangement being such that control is gained over the
explosions and the desired effect is accomplished.

Classes. There are numerous explosive trains found in ammuni-
tion, some of which are closely related and others which differ in many
ways. Any of the explosive trains may, however, be roughly divided
into one of the two general classes below:

I.  PROPELLENT CHARGE EXPLOSIVE TRAINS.

A. Low-explosive Traiuns.

II. BURSTING CHARGE EXPLOSIVE TRAINS.
A. Low-explosive Trains.
B. High-explosive Trains.

In all explosive ammunition, one or both of the above trains will
be found.

PROPELLENT CHARCGE EXPLOSIVE TRAINS.

Small Arms. Propelling charge explosions are utilized to force
the projectile from the weapon toward its target. A simple example

118

EXPLOSIVES

PROPELLING CHARGE

PRIMER

119

T

x o

X

RA PD 15176

(

TM 9-1904

Figure 52 — Explosive Train Small-arms Cartridge



™ 9-1904 ¢

AMMUNITION INSPECTION GUIDE
PRIMER

AUXILIARY
CHARGE

PROPELLING
CHARGE

RA PD 15177

Figure 53 — Components Used in tie Propelling Charge
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Figure 54 — Primer Showing Auxiliary Charge Contoined
in Primer Body

of this train is found in a round of small-arms ammunition (fig. 52).
The components used in this train are a percussion primer and a pro-
pelling charge. The primer converts the mechanical energy received
from the firing pin of the weapon into a flame. The flame passes

AUXILIARY

0%0%0%0
I 2 %0%0%0%
0%0%0%0
% %0%0%

/> QS A0
RA PD 1517¢

Figure 55 — Primer Showing Auxiliary Charge Divided Between
Primer and Igniting Charge
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through the vent leading to the powder chamber and ignites the pro-
pelling charge. The gases from the propelling charge explosion push
the bullet out through the bore of the weapon. The train of explosions
present in this series are the explosion of the primer and the explosion
of the propelling charge. '

Artillery. The propellent charge explosion of a round of artillery
ammunition will show a slightly different train from the one in small-
arms ammunition. In this train we have a primer and a propelling
charge as illustrated (fig. 52), but in addition to these components, it
is necessary to place an auxiliary charge of black powder between the
primer and -the propelling charge (fig. 53). The addition of the
auxiliary charge is necessary because the small flame produced by the
primer is not of sufficient intensity to properly initiate the large
amount of propelling charge powder which is normally contained
in a round of artillery ammunition.

The auxiliary charge may be contained in the body of the cannon
primer, making an assembly of the primer and auxihary charge
(fig. 54), or it may be divided between the primer body and the
igniter pad (fig. 55). In either case, its function is the same, the
arrangement being such as to give the best ignition to the propelling
charge. The series of explosions in this train are the explosion of the
primer, auxiliary charge, and propellent charge.

BURSTING CHARGE EXPLOSIVE TRAINS,

General, Bursting charge explosive trains may be classified as
high-explosive trains or as low-explosive trains. Shrapnel projectiles
and fragmentation hand grenades are examples of those containing
low-explosive trains. Rifle grenades, bombs, and artillery shell are
examples of those containing high-explosive trains.

Low Explosive. In the case of shrapnel the components contained
in the explosive train are a percussion primer, a powder time train of
black powder, a magazine charge of black powder, and a base charge
of black powder (fig. 56). The action is initiated by the firing pin
within the fuze striking the primer, the flame thus set up is trans-
mitted through the components named to the base charge. The explo-
sion of the base charge forces the lead balls out of the body of the
projectile.

The low-explosive train contained in the fragmentation hand
grenade may be easily traced by reference to figure S1. The action of
this train is started by a spring-driven firing pin striking the primer
in the fuze. The flame from the primer is transmitted through a length
of safety fuses to the black powder igniting charge at the end of the
fuses. The explosion of the igniting charge initiates the action of the
bursting charge of E. C. Blank Powder.
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Figore 57 — Basic Chain of Components — High-explosive Train
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High Explosive. High-explosive trains are very simple basically,
but as the need for various actions arise the train becomes compli-
cated. If we remember the basic chain of components which must
be present in all high explosive trains, the picture will be clearer
(fig. 57). The basic chain of components which must be present in
all high-explosive trains used in ammunition are:

1. A detonator.

2. A booster.

3. A bursting charge.

‘The detonator sets up a high-explosive wave when initiated by the
stab action of a firing pin or a flame. This detonation is so small and
weak that it will not initiate a high order detonation in the bursting
charge unless a booster is placed between the two. The booster picks
up the small explosive wave from the detonator and amplifies it to
such an extent that the bursting charge is properly initiated (fig. 58).

To gain the action necessary to control the time and place at
which an explosive projectile will function, it is necessary to incorpo-
rate other components in the high-explosive train. The action desired
may be a hurst in the air, a burst instantly upon impact with the
target, or a burst shortly after the projectile has penetrated the target.
The components which may be used to give these various actions are
a primer, a black powder delay pellet or train, an upper detonator,
or any combination of these components arranged in such an order
that the desired effect is gained. Regardless of the arrangement of the
components the basic chain will remain the same, other components
being placed in front of the basic chain.

THE HIGH-EXPLOSIVE TRAIN, COMPARISON OF THE BASIC STEPS

Cost Per Amount
Step Explosive Unit Welght Used Sensltivity Brisence
Detonator | Lead Azide Most Least Most Least
or

Mercury

Fulminate
Booster Tetryl Intermediate | Inter- Inter- Most

mediate mediate
Bursting TNT, Amatol, | Least Most Least Inter-
Charge ete. mediate

The action for causing a projectile to burst in the air may be ob-
tained by placing a primer, which is fired when the projectile leaves
the weapon, and a black powder time train in front of the basic
chain (fig. 59).

The primer is fired upon discharge from the weapon, thus igniting
the time train rings. The time train rings burn for the length of time
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for which they were set previous to firing and then initiate the action
of the detonator, booster, and bursting charge.

For bursting the projectile promptly upon impact with the target,
a superquick or instantaneous action is necessary. This action is usu-
ally obtained by placing an upper detonator in the extreme front of
the fuze and a lower detonator in the body near the booster charge
(fig. 60). Upon impact with the target, the upper detonator is fired
by the stab action of the firing pin which is set directly above it. The
explosive wave thus started passes through the flash tube of the fuze
to the lower detonator, to the booster, and in turn to the bursting
charge. By placing an upper detonator in the extreme front of the
fuze, the wave is started instantly upon impact and the mechanical
problem of fuze design is greatly reduced.

To allow penetration of the target by the projectile, a delay action
is necessary. This is obtained by placing a primer and a delay ele-
ment ahead of the detonator (fig. 61). In some instances, this com-
bination of primer and delay are inserted between an upper and a
lower detonator. In such cases, the action starts off as a detonation,
is converted into a flame by the primer, and into a detonation again
by the lower detonator. In most cases, however, the action is started
by the action of a firing pin on the primer without the use of an
upper detonator.

It may be noticed that no mention has been made of mechanical
actions utilized to effect bursting in the air. Action produced by
mechanical means is not a part of the explosive train, hence only
time action derived from explosive action is given.

Chemical Shell. A variation of the high-explosive train is found

in chemical shell. In this train, there is no large bursting charge such’

as is found in high-explosive shell as it is only necessary to rupture
the shell case and allow the chemical contents to escape. The actual
bursting or rupturing of the shell is accomplished by the booster or
an auxiliary booster charge. The boosters contained in chemical shells
are usually larger than those contained in high-explosive shell of
corresponding size. In chemical shell of more recent design, the shell
body is ruptured by an added component called the burster. The com-
ponents contained in the explosive train of the older type chemical
shell are the detonator, usually upper and lower as superquick action
is needed, and a booster.

The components used in the newer type chemical shell are the
detonator, usually upper and lower, a booster, and a burster. The
burster is a charge of tetryl which is contained in a thin aluminum
case. This charge extends through the chemical filler to the base of
the shell body. Upon functioning, a better rupturing effect is abtained
than with the older type in which all of the explosive charge was
concentrated in the nose of the shell.
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Figure 60 — Arrangement of Components for Superquick Action
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Figure 61 — Arrangement of Components for Delay Action
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DUDS AND LOW ORDER DETONATIONS.

General. In considering the high-explosive bursting charge trains,
it is taken for granted that the explosives would function properly.

"Occasionally, however, a dud or low order detonation may occur.

Duds. A dud is said to occur when a shell fails to explode. This
condition is the result of a component which fails to function, or fails
to completely function.

A dud can result from many causes which are often inherent in the
high-explosive bursting train. Some of these can be listed as follows:

1. Improper initiation.

2. Deterioration of one component.

3. Poor contact between the steps of the train.

4. Omission of a component.

5. Foreign materials obstructing the function of a mechanical com-
ponent which takes part in the action of the expiosive train.

Low Order Detonation. A low order detonation is said to occur
when the shell explodes incompletely. The detonation is in the nature
of a burning instead of a shattering wave. It is well to note, in contra-
distinction to a dud, a low order detonation is the result of a com-
ponent functioning completely but improperly. The detonating wave
is slowed down.

A low order detonation in the high-explosive bursting train will
result from the following causes:

1. Improper initiation.

2. Deterioration of one component.

3. Poor contact between the steps of the explosive train.

4. Low density of the shell filler.

5. Exudation.
A low order detonation can be detected in the following manner:

1. By the low report produced after the shell has expioded.
2. By the color of the smoke produced; for example:

Color of Smoke for Color of Smoke for
Explosive High Order Detonotion Lew Order Detonation
TNT Black White
50/50 Amatol Black White
Explosive D Black Yellow
80/20 Amatol White White

3. Examination of shell body; unexploded fragments of explosive.
The shell body may be split instead of properly shattered into effi-

cient fragments.

CONCLUSION.
In conclusion, it may be well to reiterate that each and every ele-
ment must function properly or the entire round of ammunition is

13



™ 9-1904
AMMUNITION INSPECTION GUIDE
lost. If a 5 cent primer fails to function, not only may a shell costing

hundreds of dollars be wasted, but a life may be lost, or perhaps
even the results of battle may be determined. '

Chapter 5
Exudation

GENERAL.

Shortly after World War I, when large amounts of TNT and
amatol loaded shell were stored, it was noticed that the TNT and
50,50 amatol loaded shell seemed to be undergoing some sort of
deterioration evidenced by the emission of an oily, tarry material and,
in some cases, a gas. Because of the lirge number of shells showing
this deterioration, it was considered a serious problem and imme-
diately an investigation was begun. As a result of that investigation, it
was possible to arrive at conclusions as to the various causes for exyda-
tion, the remedies, and also the effect of exudation upon serviceability
of the sheli.

CAUSES.

The principal causes of exudation were found to be of two types,
physical and chemical. These causes are: _

1. The presence of impurities in the TNT as a result of manufac-
ture.

2. The use of alcohol shellac in the booster cavity, and alcohol for
cleaning threads in the nose of shell. Also, the occasional use of
alcohol for recrystallizing TNT in the “purification” process.

3. The introduction of impurities by the ammomium nitrate used
for amatols whose compositions are:

(50/50)—NH NOj3, 50 percent; TNT 50 percent by weight
(80/20)—NH ;NO,, 80 percent; TNT 20 percent by weight

Impurities in TNT as a Result of Manufacture. The first cause, of
manufacturing impurities, is a physical cause. The manufacture of
TNT involves the reaction of toluene with nitric and sulfuric acids,
to form trinitrotoluene. This reaction is controlled by the close control
of temperatures and concentration of the acids.

However, even with the best possible control of conditions, it is
still impossible to completely control side reactions, which are dem-
onstrated below.

If A and B are the raw materials and C is the product desired,

A + B — C should be the reaction.
However, in organic reactions, C is very often only one of several
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possible products, so that while C may be the product preponderantly
formed, another or several other products may be formed in small
amounts, as indicated by
A + B == C (99 percent)
D, E, (1 percent)

Furthermore, it can be seen that if the materials A and B do not
react completely, the final product will also have them in it, as an
impurity, so that where we originally started to prepare pure C, we
have ended up with a mixture of A, B, C, D, E, etc. down the alphabet.

Although these impurities are present in only small quantities, they
still exert an appreciable influence on the properties of the final
product.

In the case of TNT, the manufacturing impurities usually consist
of ircompletely reacted material such as dinitrotoluene, and the
isomers of TNT, that is, those materials which have the same compo-
sitions, but in which the molecules are arranged in a different fashion.

Close control of conditions cuts those down to a minimum. How-
ever, during World War I, the grades of TNT used were of a low
degree of purity as determined by melting point (or setting point)
indicating sizable amounts of impurities.

To indicate the effect of these impurities, one can recall sprinkling
salt on ice to lower the melting point, thus causing it to liquefy where
ordinary water would be frozen. The DNT and isomers have the
same affect on the TNT, that is, they lower the melting point.
Chemically pure TNT melts at 80.75 C. Impure TNT may melt at
as low a temperature as 76 C. In the center portion of the cast is the
part that solidifies last, because the metal walls of the shell cool the
outside rapidly.

For the reason indicated above, any impurities would tend to con-
centrate in the center core because they solidify at a lower tempera-
ture. In these areas, the impurities and TNT form low melting point
mixtures, and if the shell should be exposed to elevated temperatures,
even such as are reached in the southern parts of the United States,
these low-melting point areas will liquefy and, due to expansion, will
force their way out through the booster cavity. Note that this is a
purely physical process; no gas is liberated and no reaction occurs. The
remedy obviously is to use only high purity TNT. It has been found
that TNT with setting point of 80.2 C or higher gave no exudation
trouble.

Introduction of Aleohol Intoe the TNT. It will be noted that the
cause of exudation discussed above creates no gas. Since gas is present
in some cases, further investigation was made to determine its source,
The gas liberated was found to be ethyl nitrite, which caused the
investigators to suspect ethyl alcohol which was used for cleaning,
and sometimes for “purification” of the TNT. By actual laboratory
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experiments, they were able to prove that TNT and alcohol react,
and they prepared in this manner the same material that exuded
from the shell. It will be noted that this is a chemical reaction.

To overcome this, the use of alcohol shellac for strengthening the
booster cavity and alcohol for washing the threads on the nose, was
discontinued, and acetone was substituted. Furthermore, the Army
Specifications were revised to prohibit use of alcohol in recrystalliza-
tion of TNT.

Introduction of Impurities by Ammoninm Nitrate in Amatol.
The third cause of exudation has been found in the case of the ama-
tols. Ammonium nitrate as commonly prepared, is made from the
ammonia that is liberated in the destructive distillation of coal. It
is a byproduct, and contains as impurities many of the organic break-
down products such as pyridine. These had been found to act in a
fashion similar to alcohol. The remedy is purification of the am-
monium nitrate or the use of ammonium nitrate which is prepared
in a different way, from pure products. The latter is a good deal more
expensive, and purification of the byproduct NH(NO; is usually
practiced.

It was noted by the investigators, that 50/50 amatol exuded while
80/20 amatol showed only rare cases of exudation. This was because
of the small amount of TNT and because the ammonium nitrate
itself absorbed most of the exudate.

One final problem arose which was baffling for some time. Some
samples of exudate showed red particles of an explosive compound
which was found to contain iron. It was shown that when alcohol
and TNT reacted in the presence of iron, this red material was
formed. The iron came from corrosion of the shell case by the exu-
date in the case of TNT shell, or by moisture in the ammonium
nitrate.

Several methods have been introduced to avoid this. One method
is coating the shell inside with an acidproof paint. The other is
controlling the moisture of the NH,NO;. Another is a TNT pour
on top of the amatol, called a booster-surround. The purpose of this
is to seal the hygroscopic ammonium nitrate from moisture.

AMMUNITION INSPECTION GUIDE

EFFECTS OF EXUDATION.

Fire Hazard. Since the exudate from TNT shell carries TNT, and
in some cases the explosive red iron compound with it, it is inad-
visabie to have it on the floor of a magazine. It is washed away
with hot water as soon as it is found. Regulations require a monthly
inspection of magazines containing shell and bombs, and one of the
purposes of this inspection is to find exudation and have it cleaned
up. Bulk TNT will not exude.
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Corrosion of Shell. Since exudate is often acid in reaction, it
corrodes the unprotected shell case and booster, When exudation
is found, the booster is removed and the cavity is cleaned. It may
be necessary to have this done regularly. Fortunately, however, this
condition js unlikely to be found in modern ammunition so that it
is only in war reserve ammunition that it may prevail.

Cavitation. Cavities in the filler are often another result of exuda-
tion. They may cause trouble in two ways. First, by desensitizing
the booster or the surrounding charge; and, second, by lowering the
density of loading, thereby decreasing the efficiency of the shell,
somewhat. The exudate contains some TNT, but is very much less
sensitive to detonation, so that the booster has a smaller chance
of causing a high order detonation when initiated by a Mark III
fuze, for example. However, it has been found that the M46 fuze
which has what is called a “Horse Detonator” compensates both for
desensitization of the booster and of the bursting charge, and gives
consistently high order detonations with the worst exuding shell
that can be found.

It was assumed at one time that cavitation was dangerous, since
during setback a premature might occur because of the crushing of
one piece of TNT against another, or against the shell wall, or
pinching of TNT exudate in booster threads. This was tested in
75-mm and 155-mm shell in 8 very bad state of deterioration from
exudation. They were fired at 12 ‘percent excess pressure to make
the worst possible combination of conditions. No prematures resulted
either in the gun or along the trajectory. It was, therefore, concluded
that for these two types of shell it was safe to use the exuding shell.
The restriction on their use was therefore removed and they are
cleaned with acetore and painted, when necessary, for morale. The
issue of exuding shell is given priority for training purposes with
a view to expending them.

Chapter §
High-explosive Loading

GENERAL.

In the consideration of high-explosive loading, it is well to note
that once 2 suitable bursting charge has been developed, the next
important step is to load it into the projectile or bomb cavity at the
proper density. Uniform density of loading is desired for the fol-
lowing reasons:

Low or nonuniform density of the charge in a shell will cause it
to “set back” on being fired, and “set forward” on impact. This might
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possibly leave a void around the fuze or booster at the instant of
functioning and result in a “dud” or “low order” detonation.

Voids or areas of low density within the explosive charge may
cause a “dying out” of the detonating wave, resulting in the explosion
of only a portion of the charge. This is also generally referred to as
a “low order” detonation.

Internal stresses combined with frictional heat from “set back” on
firing a high-explosive shell of low or nonuniform density is the
cause of premature explosions of shells while still in the gun barrel
(with resultant loss of life and materiel).

It may be said that practically all loading operations are made
with a definite aim in view; to completely fill the shell and bomb
cavities with high explosive to a predetermined satisfactory density
in a safe and uniform manner.

TRINITROTOLUENE (TNT).

Melting. TNT is supplied to loading plants packed in paper-
lined wooden boxes in the form of finely divided flakes or crystals.
It varies in color from light yellow to buff. Grade I TNT has a
minimum setting point of 80.2 C and Grade II has a minimum
setting point of 76.0 C. NOTE: At the present time, Grade I TNT
is being used exclusively in loading operations. It has been definitely
determined that the exudation of oily liquids from shells and bombs
loaded in the past was due principally to the residual impurities in
Grade II TNT. The fact that TNT melts at a temperature less than
the boiling point of water gives it a great advantage over most other

high explosives since it facilitates its manipulation for shell filling.

permitting it to be melted in steam jacketed kettles or on low-pressure
steam coils. The melt unit employs steam pressure not to exceed
"5 pounds. To insure this, an 11 foot water column or “leg” (open at
the top) is connected to the incoming steam line feeding the melt
unit. Should the pressure at any time exceed 5 pounds, this water
column will be blown out, releasing the incoming steam to the at-
mosphere, Prior to melting, flake or crystalline TNT is run through
a VY3-inch mesh sieve to remove all splinters, nails, lumps and extrane-
ous material. The screen for flake TNT has oblong openings ap-
proximately 14 inch by 12 inch.

Another great advantage of TNT, is that it does not corrode the
metal parts of ammunition or form sensitive compounds with metals
over long periods of storage. Each shell or bomb, however, is carefully
inspected for condition before loading. Interiors must be clean and
free of rust, scale, chips, grease, etc. A coating of black acidproof paint
is castomary for all interiors, and this must be thoroughly dry before
loading. NOTE: In some instances where shell are loaded with TNT
immediately after shot blasting the interiors, this paint is omitted.
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Precooling. TNT is loaded by means of the casting method; that
is, it is poured directly into the shell or bomb cavity and allowed to
solidify. The principal difficulty encountered in loading this material
is to obtain a solid cast of uniform density. TNT when passing from
the molten to the solid state contracts approximately 8 percent in
volume, and it is necessary to take care of this contraction in some
manner in order to overcome the cavities which will be produced by
normal shrinkage of the charge. The first step to overcome this cavi-
tation is to cool the molten TNT to between 79C and 80.5C, or to
the point where fine crystals appear in the molten mass. This cooling
process is done in large metal tubs provided for the purpose. As an
additional precaution to remove foreign materials, the molten TNT
is drawn off from the melt unit into the cooling tubs through a suit-
able 18-mesh brass or aluminum screen. Cooling is .accelerated by
mechanical agitation; by hand, with a wooden or aluminum paddle;
or both. The molten TNT is stirred continuously during the cooling
period. Mechanical agitation is recommended for preliminary cooling
point as tubs can be set under hoods and fumes exhausted. (TNT
fumes become very toxic over long periods of exposure.) As the

. molten mass approaches the proper temperature, it should be care-

fully observed in a good light to note the formation of the fine
crystals which reflect the light much like tiny flakes of gold leaf.
The trained eye of an experienced operator will be found entirely
adequate to determine when the molten mass is ready for casting.
In this manner, the amount of contraction which occurs in the shell

.is reduced nearly 50 percent. While this cooling reduces the amount

of cavitation, it also reduces the cooling time required in the shell
itself.

Pouring. Shells are filled either in one pour, or more than one
pour, depending on their size and shape. The one-pour operation
will be considered first and is described as follows:

Inspect the shell cavity to insure it is clean, evenly coated with
black acidproof paint, and thoroughly dry.

Insert a suitable funnel and pour in the molten TNT, filling the
funnel approximately three-quarters full.

Khe TNT first solidifies on the shell bottom and sides (fig. 62).
and then forms a ctrust over the top surface of the liquid in the funnel.
As the charge solidifies, contraction occurs causing the liquid in the
funnel to recede into the shell, forming a cavity under the top crust
in the funnel (fig. 63). No cavities will be formed in the shell charge,
provided there is encugh liquid TNT in the funnel to take care of all
shrinkage in the shell charge, and provided the liquid TNT in the
funnel is allowed to flow to all parts of the shell charge where
shrinkage is taking place. A good example of this is shown in figure
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64. All cavities due to shrinkage have been formed in the funnel
which is now loosened by a light tap and lifted out of the shell.

The principal cause of cavitation in the shell charge is illustrated
by figures 65 and 66. In this case, cooling takes place more rapidly
in the neck of the funnel than in the shell below and the TNT finally
“freezes” solid at this point. The liquid TNT in the funnel can no
Jonger flow into the shell and all further shrinkage that takes place
below this point results in a central cavity or “pipe” in the shell
charge. Three possible causes of this are:

The inside diameter of the funnel may be too small at the neck.

The funnel may be made of material that radiates heat too rapidly.

The outside circulation of cold air may be causing rapid cooling
at this point,

This condition may be corrected by:

Redesigning the funnel to enlarge the inside diameter of the neck.

The use of approved plastic funnels which are relatively poor
conductors of heat. _

The insulation of shells and funnels by hoods, baffles, or other
protection from drafts to prevent rapid cooling of the top portion
of shell.

The size and shape of some of the larger shell is such that it is
impracticable to obtain a suitable cast in one pour. When the opening
in the nose is of considerably smaller diameter than the shell cavity,
the TNT will freeze solid at this point long before the rest of the
charge has had time to cool. This difficulty is overcome by partially
filling the shell and allowing it to cool sufficiently before adding a
second or final pour. The casting of a 155-mm H. E. shell is described
as follows:

The shell is filled approximately two-thirds full and allowed to
cool until a thin crust has formed. The crust is then cut into small
pieces with a chisel pointed half-inch brass rod approximately 18
inches long. The crust is carefully cut away from the sides leaving
a round hole with no projecting ledges. Trained operators continue
cutting back the crust as it forms, carefully noting the condition of
the molten mass. As the molten core in the center of the shell grows
smaller in diameter, care must be exercised not to allow heavy or
large pieces of crust to fall in and choke it up, as a cavity will form
in the molten cote below the choke point. When the center hole in
the cast has reduced to about 1 inch in diameter, and the molten TNT
has reached a consistency of thin mush, the second pour should be
added by filling the shell to within approximately 2 inches from the
top. As the second pour is added, care must be exercised to be sure
there is no crust over the molten core of the first pour. An operator
should precede the bucket man and cut the crust in each shell with
a brass rod a few seconds before the second pour is added.
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Figure 64 — Shell Properly Loaded — Cavity in Funnel
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Continue cutting the crust on the second pour in the same manner
as described for the first. More care must be used as the molten
core in the center is smaller now and can be more easily choked with
dry chips falling into it. Keep it cut back and open in exactly the

- same manner as described for the first pour. Carefully watch the
consistency of the molten mass as it will probably cool much faster
than the first pour. When the central core has reduced to about 1
inch in diameter, and -the molten TNT is the consistency of thin
mush, the shells are ready to be topped off. This is done by inserting
a large funnel to protect the threads and with enough volume to act
as a riser. (If no other means of protecting the threads is used, this
funnel remains in the shell during all previous operations.) The same
care must be exercised in adding the top off pour as was used in
adding the second pour to break up any crust on top of the molten
core in the shell. An operator should precede the bucket man and cut
the crust in each shell with a brass rod a few seconds before the top-
off pour is added.

Fill the funnel approximately three-quarters full and allow to cool.
If previous instructions have been followed, all shrinkage that takes
place from now on in the shell will be filled from the reservoir of
molten TNT in the riser and solid cast shell of uniform density will
result. Common practice is to break the crust that forms on top of
the funnel during the cooling period, but this is not necessary, and
may even be harmful because if a a solid chip falls into and chokes
the narrow molten central core, a cavity will form in the shell below
the choked point.

Housekeeping. To assist in keeping the exterior of the shells
and pouring room floor free of TNT, spilled during operations, a
paper mat may be spread over the shells cutting openings for the
insertion of each funnel. As an alternate, brass mats may be used
with suitable openings for the nose of each shell. If a brass mat is
used, it should be wiped very lightly with a half mixture of kerosene
and paraffin oil to prevent the TNT from adhering to it. This liquid
mixture is also excellent for treating pouring from Hoors and any
metal or cement surface likely to become splashed with molten TNT,
as it prevents the TNT from sticking. Rubber pouring buckets of
soft latex have been found excellent for pouring TNT into shell as
the bucket can be quickly collapsed by the operator as soon as it is
empty (while still hot), causing the film of TNT adhering to the

inside tc flake off for reuse, Pouring funnels made of approved molded
plastic material have also been found highly satisfactory. These are
made to extend well into the shell nose protecting the threads during

the casting period.

RA PD 161 Drilling. Booster cavities are drilled, using a horizontal drill or
Figure 67 — Stenciling 155-mm Shells other suitable means to produce a booster cavity which will conform
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to that shown on the loading drawing. A twist drill of high-speed
steel has been found to be very satisfactory for this operation. Recom-
mended maximum speed for horizontal drilling machines is 120 revo-
lutions per minute. All explosive must be remoyed from the threads
of shells, using a bronze pick while the shell is rotated on a rotating
device. All loose particles of explosive must be removed from the
booster cavity. This is usually accomplished by a vacuum unit ap-
proved for use in hazardous operations. All explosive must be re-
moved from the exterior of the shell using a bronze scraper. Shells
which have been carelessly loaded will usually have a cavity or pipe
extending into the charge below the bottom of the booster cavity.
This condition should be carefully watched for at this point in the
operations, and such shell set aside pending decision of the inspector.

Determination of Specific Gravity. For the determination of spe-
cific gravity (density) of the cherge, there shall be selected one
empty bomb or shell from each 100 to be loaded. Each sample select-
ed shall be marked so that it can be identified after loading. The
test shall be accomplished as follows: Weigh each sample bomb or
shell empty and then fill with water, making allowance for space
occupied by fuze, booster, and weight of auxiliary boostere (if any).
Weigh each water-filled sample, then empty, and throughly dry for
loading. At the rate of 1 per 100, these samples will be loaded under
conditions identical in all respects with those employed in loading
other bombs or shells. After loading weigh each sample and calculate
the specific gravity of the charge as follows:

Specific Gravity = W, - W,

= Wy-W,

W, =weight of empty shell in pounds

W, =weight of water-filled shell in pounds

W =weight of loaded shell in pounds
If the »specifiic gravity complies with the requirements, the identi-
fication markings may be removed and the samples included in the
lot. The specific gravity of the TNT charge shall not be less than
1.54. If the specific gravity falls below this requirement the 100
shells or bombs represented by the sample will be held pending final
decision of the inspector as to the cause of the low density.

Splits. A visual examination of the charge is made as follows:
The United States shall provide one or more empty shells or bombs
of the type being loaded which shall be made into molds by halving
longitudinally, These halves shall be held together with bands or
other means and a gasket to prevent leaks while loading. From time
to time at the discretion of the inspector, and especially at the begin-
ning of loading operations, these split bombs or shells shall be filled
under conditions identical in all respects employed during regular
operations. After the charge has cooled, it is removed and examined
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by the inspector to enable him to judge whether there is any objec-
tionable cavitation or other defects. The molded charge is usually
split longitudinally by sawing with an ordinary hand saw. If the
conditions exhibited by the sectional charges are not satisfactory,
steps shall be taken immediately to remedy the faults that have
been disclosed. Additional valuable data may also be gained if water
weight determination of density is taken on all splits as described
above. -

AMATOL.

General. Amatol is a mixture of TNT and ammonium nitrate.
The percentage of each is determined by weight and may be mixed
in proportions varying from 50/50 to 80/20, the latter figure in each
case representing the percentage of TNT. Ammonium nitrate is a
white crystalline material which when finely ground, resembles table
salt in appearance. When pure and dry it melts at 170C. (Compare
this with TNT.) Its chief drawback is that it is very hygroscopic,
quickly taking up moisture from the air. For this reason, amatol must
be carefully sealed from the atmosphere. Unlike TNT, amatol has
quite a corrosive effect on metals especiaiiy i#f moisture is present.
The great value of ammonium nitrate is that it opens an enormous
supply of an easily procurable and cheap material, practically non-
explosive by itself, which when mixed with as little as 20 percent
of TNT provides an explosive practically of the same brisance as
TNT alone. The available supplies of TNT can therefore provide a
far larger quantity of high-explosive ammunition than would be
possible without the use of ammonium nitrate. When mixed with
various percentages of TNT, it will flow in the molten state and can
be loaded by casting. When only 20 percent TNT is mixed with 80
percent nitrate (80/20), the mass is too stiff to pour and must be
extruded or tamped while hot into the shell or bomb cavities.

Casting Method of Loading Amatol. When ammonium nitrate is
received in hermetically sealed containers, it is fed directly into a sifter
to screen it to the proper size. Lumps which fail to pass the screen
are shoveled into a rotary nitrate cutter and thence back into the
screen. The screened nitrate is placed in 50-pound covered buckets
and taken to the mixing house and elevated to the third floor level.
After carefully weighing, a charge of nitrate (approx. 800 1b) is placed
in a steam jacketed rotary mixer known as a preheater where its
temperature is raised to 82.1 C (180 F). This requires approximately
45 minutes.

In the meantime, a charge of TNT is being melted in a melt unit
on the second floor (same as that used in TNT loading). The weight
of this charge is such that when mixed with the charge of nitrate, the
desired percentage of each will result. When all the TNT has melted,
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it is drawn off into a steam jacketed mixing kettle equipped with
a mechanical agitator and kept at a temperautre of 85C (184 F).
The agitator is started and the operator opens a valve which allows
the hot nitrate from the preheater on the third floor above to feed
siowly into the moiten ketile of TNT where it is thoroughly mixed
and blended by the agitators. The dryness of the nitrate is essential,
as with moist nitrate the amatol does not flow well or mix well, the
moist nitrate crystals collecting together as lumps. Specifications
require that ammonium nitrate contain not more than 0.25 percent
moisture. After the entire charge of nitrate has been added, the blend-
ing and mixing in the kettle is allowed to continue until the entire
_charge appears to be fluid and no lumps of nitrate appear. For bombs
which are to be loaded with approximately 60/40 amatol, it is desired
that the amatol contain as high & percentage of ammonium nitrate
as possible and still flow from the mixing kettle. This percentage
depends on the fineness of the ammonium nitrate and may vary from
55 to 65 percent. The amount of ammonium nitrate used may vary
from batch to batch and no attempt should be made to hold a uni-
form percentage. The amount used in each batch will be determined
by the fluidity of the mix. The addition of ammonium nitrate to the
molten TNT should stop at the point where the mixture will flow
from the mixing kettle and at the point where the addition of more
ammonium nitrate would prevent the mixture flowing from the mix-
ing kettle. )

From this point, the molten amatol i cast in the same manner as
described for TNT, except for the fact that amatol is usually loaded
with one pour, cooled .until the central core is about ready to set
up or has become “mushy,” and topped off with TNT, using a riser
as in the case of other TNT loading. This provides a TNT surround
for the booster, seals the charge of amatol against moisture, and
prevents corrosion of the booster case which would otherwise occur
if it were in direct contact with the amatol, The interiors of all shells
and bombs are given a coating of black acidproof paint prior to load-
ing with amatol.

In the case of bombs which have both nose and tail fuzes, it is
necessary to provide a TNT surround in both nose and tail to protect
the fuze cavities from corrosion and seal the amatol charge against
amoisture, In loading a bomb through the tail opening, it is apparent
that the TNT surround for the nose fuze must be poured in first. A
separate melt unit is provided on the ground floor of the amatol
mixing house to supply molten TNT for the purpose of casting TNT
surrounds. The following operations are performed incident to load-
ing a bomb with amatol by the casting method:

1. Remove nose plug and tail cap.
2. Inspect bomb interior and repaint if necessary,
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3. Remove all grease from bomb and threads.

4. Insert fuze seat iiner in nose of bomb sealing threads with ani-

mal glue.

5. Gauge fuze seat liner and insert nose plug.

6. Place bomb in loading rack. Insert auxiliary booster with special
tool.

The bomb is now ready for TNT bottom pour to surround the nose
fuze seat liner; the depth of this pour is shown on the loading draw-
ings. TNT prepared in accordance with specifications is poured into
the bomb to a depth somewhat above the joint between the fuze

* seat liner and auxiliary booster in accordance with the loading draw-
" ing, and allowed to cool. After the crust is formed, it is cut down

with a brass rod every half hour, taking care not to disturb the core
that forms around the auxiliary booster. When the molten charge
becomes almost stiff, smooth off the surface with a rod by submerg-
ing any crust or chips and allow to set.

Amatol prepared in accordance with preceding paragraphs is drawn
into a cooling tub end agitated with a paddle to cool it to a tem-
perature of between 80C and 85C. (82C or 1796F is recom-
mended.) The molten amatol is then transferred into pouring buck-
ets and poured into the bomb cavity to a depth as shown on the
loading drawing. In loading smaller bombs, a funnel is used to avoid
splashing, After the required charge is placed in the bombs, they
are transferred to a cooling room where the crust is broken down
and cut back in the manner described for TNT. When the amatol
charge has become quite stiff and the molten central core has re-
duced to approximately 4% inches in diameter, the TNT surround
is poured as shown on the loading drawing.

If a tail auxiliary booster is required, it is inserted just prior to
this pour and held in place with a special tool. In this case, the
breaking down of the TNT crusts is done around this tool, taking
care not to disturb the auxiliary booster until the charge around it
has cooled. The booster cavity may be formed or drilled at the dis-
cretion of the contractor. In either case, a riser must be used for the
last pour to eliminate cavitation due to shrinkage. The forming opera-
tions usually require the addition of two or three increments of
molten TNT and several special tools are required. Complete in-
structions for forming of drilling operations may be obtained from
the Chief of Ordnance.

After drilling or forming the booster cavity, threads should be
thoroughly cleaned and freed from all explosive and foreign mater-
ial. If chemical cleaner is used, no material other than acetone should
be used. Care must be taken to prevent the acetone from soaking
into the charge. Final assembly of the bomb should be completed
as specified by the respective drawings.
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Steps should be taken to reduce the waste of amatol scrap to the
absolute minimum, Such scrap as is obtained from the cooling tubs
and pouring pails can be utilized by puddling it into hot molten
bomb castings while thin and friable scrap may be placed into the
amatol mixing kettle after the TNT bas been introduced and before
the charge of ammonium nitrate is added so that remelt is obtained.
In this latter instance, the granulation of the scrap should not ex-
ceed in size the clearance between the moving and stationary paddles
of the amatol mixing kettle.

Density determination, selection of samples, and examination of
the explosive charge by means of a split bomb will be carried out in
the manner prescribed for TNT. The specific gravity of 50/50
amatol should not be less than 1.50.

Extrusion Method of Loading 80/20 Amatol. 80/20 amatol is a
mixture of 80 percent ammonium nitrate and 20 perecent TNT. This
material is not fluid enough to use the casting method and has to be
handled by the extrusion method. The ammonium nitrate used for
this work is prepared in the same manner as that for 50/50 amatol.
From this point, the procedure changes for the 80/20 mixture. The
ammoniun nitrate is first placed in the amatol mixing kettle and
heated to approximately 95 C. The proper proportion of TNT is then
added in the liquid state and the mixing continued for at least 15
minutes or until the entire mass has become plastic and of uniform
composition. The mixed 80/20 is then transferred to the hopper of
the extrusion machine. The hopper of this machine will hold approx-
imately 250 pounds which is sufficient to load 16 155-mm shells.
The hopper is steam heated so that the material is maintained in
the plastic condition throughout the process. From the hopper, the
material is fed into the shell by means of a steel screw operated
inside of a steel tube. The shell is first placed on the carriage
of the extrusion machine and allowed to run forward so that the end
of the screw is within 2 to 4 inches of the base of the shell. At this
point, a second trip action disengages the screw so that the shell
can be removed from the carriage. A counter weight placed on the
carriage of 200 pounds to 300 pounds maintains a steady pressure
against the extruding amatol and thus solidifies the charge within
the shell.

A number of difficulties arose during World War I in connection
with the loading of 80/20 amatol These difficulties were due to
the type of ammonium nitrate which was furnished. If the ammonium
nitrate is of fine granulation, low densities will be obtained due to
insufficiency of the TNT to fill in the spaces between the crystals.
If the crystals are too large, liquid TNT leaks from the extruder
and also causes low density. For 2 years, Picatinny Arsenal investi-
gated the loading of 80/20 amatol for the purpose of determining
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the type of ammonium nitrate which should be used. The work on
granulation has been completed and with a proper control of granu-
lation, no difficulty is encountered with obtaining satisfactory density
of the charge. The ammonium nitrate intended for use in the man-
ufacture of 80/20 amatol is listed under specification 50-1 1-59 as
“Class B” The granulations specified are those of commercial grade
of ammonium nitrate used in the manufacture of dynamite and no
increase in cost should arise.

Shells and bombs loaded with 80/20 amatol are topped off with
TNT surround. Density determination, selection of samples, and
examination of the explosive by means of a split will be carried out
in the manner prescribed for TN'T. The specific gravity of 80/20
amatol will be not less than 1.38.

TRIMONITE,

Trimonite is a mixture of 88 percent picric acid and 12 percent
alphanitronaphthalene. This material is loaded by the casting method
and is handled in the same manner as TNT. At the time of casting,
the charge resembles 50/50 amatol more than it does TNT, due to
the fact that all of the picric acid has not melted and is in suspension
in the liquid. The casting temperature of trimonite is from 95C to
105 C. Trimonite has practically the same explosive properties as
50/50 amatol. The cast charge has a density of not less than 1.60.
Work at Picatinny Arsenal has shown it to be an excellent explosive
for shell and bombs end the numercus tests at Aberdeen Proving
Ground have failed to indicate a single item which would militate
against its use as a shell and bomb filler. To date, however, it has
not come into general use for loading high-explosive ammunition.

EXPLOSIVE D.

General, Explosive D (ammonium picrate) is supplied to loading
plants in the form of finely divided crystals packed in paper lined
wooden boxes. It varies in color from canary yellow to reddish brown.
It does not melt on heating, but explodes when heated to a tempera-
ture of about 200 C. The only method of loading is tc press it into the
projectile cavity until the proper density is obtained. Ammonium
picrate can react with metals to form metallic picrates but when dry,
this action is almost negligible. Wet ammonium picrate reacts slowly,
especially with copper or lead, to form picrates which are particularly
sensitive and dangerous. Each projectile is carefully inspected before
loading and interiors must be clean and well coated with black acid-
proof paint, which has thoroughly dried, before loading. Explosive
D is used as a bursting charge for armor-piercing projectiles on ac-
count of its insensitiveness to shock, which permits the projectile to
penetrate the armor without exploding. It will absorb moisture from
damp atmosphere and should be stored in dry magazines.
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The Pressing Process. Projectiles are loaded with explosive D
behind barricades with hydraulic equipment. The shell must be placed
centrally under the ram of the press in order to make certain that the
ram does not strike the side walls of the shell. The weight of the
sheli must not rest on the false ogive, armor-piercing cap, or wind-
shield while pressing the charge, but must be supported at a point
on the shell wall immediately forward of the bourrelet. This support-
ing ring must be machined of special steel to very close tolerance in
order to prevent the projectiles from sticking in the support.

Explosive D is pressed into shell in increments of various sizes.
Starting in the nose of the shell a small amount of explosive D is
pressed with a ram of small diameter. The ram is then removed and
a larger amount of explosive D added and pressed with a ram of
larger diameter. As the height of the pressed charge rises, the diam-
eter of the shell cavity (which is usually cone shaped) increases,
and this allows an increase in the diameter of the ram used as well
as an increase in each successive increment of explosive. When the
cylindrical portion of the shell cavity is reached, the rammer diameter
and explosive increment have reached their maximum size and remain
constant until the shell is filled to the required height. Pressures re-
quired to obtain the desired density may vary from 7,000 to 20,000
pounds per square inch of pressing area of the ram, depending on
numerous factors described in the following paragraphs, Pressure per
square inch under the ram will be computed as follows:

PxA
Ay
P =Pounds pressure per square inch in press
cylinder (dial pressure)
A =Area of press cylinder in square inches
A; = Area of ram pressing surface in square inches

Experiments with all shapes of rams show that a flat ram is best,
The diameter of the rammer face must be carefully determined. A
properly designed ram reduces the danger of the operation by allow-
ing excess explosive D not pressed by the ram to have free escape
around the sides. This also produces more uniform densities; a larger
ram gives high densities on the sides, a smaller ram gives high den-
sities in the center. When loading is properly carried out, the major
portion of the explosive is held firmly under the ram while the excess
is given free escape around the sides without undergoing any com-
pression. Relative motion of the particles of explosive D which are
held firmly is negligible and the explosive D which escapes is still
in proper condition for incorporation in the next increment. If, how-
ever, the clearance is too small (clearance area less than 16 percent
of the cross section of the cavity, or ram not centrally located in the
cavity ), the escaping material will be compressed before it gets clear;
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and will not be in satisfactory condition for repressing. 1t will also
be noted that unless rams of small diameter are not made long
enough, some explosive D may be compressed by the enlarged upper
portion of the rammer shaft,

The amount of explosive for each increment and the size of ram
and estimated pressure for each have been recorded from actual load-
ing records and may be obtained from Picatinny Arsenal for a large
number of projectiles of various sizes. Where records are not avail-

-able, the rule for determining the size of the increment is that the

height of the increment after pressing should not exceed the diameter
of the ram by more than 25 percent. The diameter of the ram should
be approximately 88 percent of the diameter of the gavity at the in-
crement level after pressing. The pressure required to obtain the
specified density varies with the granulation of the explosive and
must be determined by actual test. Coarser grained explosive D is
relatively easy to press to the required density while a fine, light,
fluffy material is very hard to press. Granulation of the explosive is
now controlled by current specifications that allow not more than 20
percent to pass a No. 100 U. S. standard sieve.

Setting Up the Loading Procedure. In preparation for the loading
of shell, it is necessary to load the point increment into a projectile
in strict accordance with the procedure so far outlined, and carefully
note the following:

1. Weight of explosive.

2. Diameter of ram.

3. Maximum pressure applied and length of time the maximum
pressure was held before releasing. It may be necessary to vary this
time from 3 to 30 seconds. ‘

4. Diameter of shell cavity at top of pressed increment.
5. Total ieﬁgth of pressed increment.

6. Condition of explosive remaining unpressed.

7. Centering of ram with respect to shell cavity.

CAUTION: Care must be exercised during experimental work to
prevent the ram striking the shell cavity walls, especially on the first
increment where the cavity diameter is small and tapers to a point.

The shell is removed from the press and the increment is carefully
dug out by cutting it away from the side walls of the shell with a

chisel-pointed brass rod, All large pieces are saved for determination

of specific gravity by the mercury method. If uncompressed explosive
is found in the bottom of the shell cavity, one or more of the following
may be the cause and must be corrected: increment too large; ram
too large in diameter; not enough pressure applied; or a combination
of several causes. A properly pressed first increment will hold its shape
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to the point of the cavity and when care is used in cutting, a sample
for density calculation can be obtained from the cavity point.

Corrections are made, and the above is repeated on several shells
until a satisfactory increment of uniform density is obtained. The
specific gravity of all samples is carefully recorded and charts to show
a cross section of the cavity for each sample shell. Like procedure is
followed for all increments. When satisfactory results are obtained,
this procedure then becomes standard practice for loading the par-
ticular incremént involved.

After samples are removed for density determination of the incre-
ment under development, samples are further cut out until the shell
is entirely unloaded and the density of all previously loaded incre-
ments is checked. All results are checked against the points noted
above, and a chart is prepared for each experimental shell. If the
specific gravity runs higher than required, the possibility of increas-
ing the size of the increment should be investigated with a view of
reducing operating costs and increasing production. The use of more
pressure than is required to obtain specified density should also be
avoided. The foregoing procedure is continued until a standard
practice has been developed for each increment. The height to which
the last increment is pressed will be determined by a study of the
drawing of the shell being loaded. Excess explosive to be cut away to
allow seating of the base plug should be kept to a minimum.

The first projectile is loaded in accordance with the procedure
so far outlined. Samples are taken for specific gravity in accordance
with U. S. Army Specifications 50-15-1A. If the procedure has been
correctly developed, the specific gravity throughout the charge should
be satisfactory. If not, such corrections to the loading procedure as
may be necessary are made. A good plan is to select several shells at
intervals from the first day’s production and remove samples for spe-
cific gravity to check operations. These results should definitely prove
the quality of loading and if satisfactory, production should proceed.
The shells used for all previous tests should be thoroughly cleaned,
and the interiors should be recoated as required by the drawing.

Specific Gravity. The selection of sample shells for determination
of specific gravity of the explosive charge should be made by the in-
spector in accordance with U. S. Army Specification 50-15-1A. The
number selected varies from 1 for each 50 to 1 for each 1,000 shells
loaded, depending upon the type and caliber of the shell. Samples
for the determination of the specific gravity of the charge should be
taken from each increment of loading and should be sufficient in
number to represent all parts of the charge. The samples may be
taken with a core drill or by using a metal bar of nonsparking material
with a chisel point. Each of the samples of explosive should be cut
to approximately a ¥-inch cube, and the specific gravity should be
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determined on each sample by the mercury displacement method,
as follows:

Clean the samples so as to leave no sharp corners, and weigh ac-
curately on a laboratory balance. For determining the displacement,
use an apparatus consisting of a glass beaker with ground top, a piece
of glass of sufficient size to completely cover the top of the beaker,
and a semihard rubber perforated plate, pierced at each corner with
sharp pointed pins so that about ¥% inch of pin protrudes from each
side. Fili the beaker with clean mercury. Insert the rubber plate, and
level off the mercury by pressing down with a flat glass until it is even
with the top of the beaker. Place the sample beneath the prongs of
the rubber plate, and level the mercury as before. Catch the excess
mercury in a clean bowl. Weigh the mercury displaced, and calculate
the specific gravity of the sample as follows:

. . 13.54 W
Specific gravity = T'-
W =weight of sample in grams
W, =weight of mercury displaced in grams.

For armor-piercing projectiles the specific gravity should not be less
than 1.45 in all parts of the charge. For projectiles other thargarmor-
piercing, the specific gravity should not be less than 1.35 in all parts
of the charge.

After the last increment has been passed, the shell is removed to a
convenient location for assembly of the base plug, fuze, and base
cover. Excess explosive is removed from the projectile by means of a
cutter having a contour the same as the inner face of the base plug.
The amount of explosive removed should be such that the void be-
tween the inner face of the base plug and the explosive charge would |
not exceed 0.125 inch. Loose explosive left by the cutter should be
removed by an approved vacuum unit and the threads thoroughly
cleaned of all explosive dust. Waste explosives from drilling and
thread cleaning operations must not be reclaimed but should be de-
stroyed in accordance with safety regulations.

Base plugs are not interchangeable and both shell and plug must
be cold stamped with a serial number before removing the plug to

“insure reassembly in the shell to which it belongs. NOTE: All base
‘plugs and base fuzes are equipped with left-hand threads. The inner

‘face of the plug must be coated with black acidproof paint and dusted
lightly with flake graphite when thoroughly dry. A small quantity of
the specified lubricant is applied to the threads of the base plug and
the base plug is screwed into the projectile until it is properly seated
flush with the base of the projectile. The plug is unscrewed one or two

“turns, and paraffin is poured through the fuze hole until it completely

fills the void between the explosive charge and inner face of the plug.
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The base plug is immediately tightened in the projectile and the
paraffin is allowed to solidify.

A cutter having a contour which conforms to the contour of the fuze
body is inserted through the fuze hole and the fuze cavity is drilled
in the explosive charge. NOTE: Where a fuze seat liner is required,
it must be inserted prior to final assembly of the base plug. The
depth of this cavity should be such that when the fuze is assembied
any void existing between the fuze and face of the explosive charge
will not exceed 0.025 inch. All surfaces of the fuze coming in contact
with the explosive must be coated with black acidproof paint. All
Ioose explosives are removed from fuze cavity and fuze hole threads.
A small quantity of approved lubricant is applied to the fuze threads
before assembly. The fuze is screwed firmly in place until it seats flush
with the base plug. In most cases the fuze comes to a positive stop
against a shoulder in the fuze hole. Where a positive stop is not pro-
vided, the fuze is held in place with a locking pin. Wrench hole filling
plugs are inserted as required. The calking groove is thoroughly
cleaned and the base cover is assembled complete with lead disc. The
projectiles are painted and marked as required by specifications and
drawings.

In view of the fact that proper loading of projectiles depends abso-
lutely on the size of the increment, the size of the ram, the pressure
applied, and the granulation of the explosive, it can readily be seen
that the explosive operators must follow instructions to the letter. The
rate of application of the pressure and the time of holding the pres-
sure on the explosive must be uniform, as disr*ward of these points
alone can give a variation in density greater than allowed by spe-
cifications.

The foregoing information is to be used only as a guide where ap-
plicable to the various loading activities, Specific operations will be
governed by the drawings, specifications, operation studies, standard

practice sheets, and other instructions issued by the Chief of Ordnance.

TETRYL.

Tetryl has been recently adopted as a standard filler for small high-
explosive shells. It is first blended with a small percentage of graphite
or stearic acid and then pressed into pellet form (dry). These pellets
are made to fit the inside diameter of the cavity to be filled. The
correct number of these pellets are placed in the shell cavity and
reconsolidated by a final pressing operation. Operators are always pro-
tected by a shield or barricade when pressing tetryl. To date, tetryl
has been used principally as a filler for 20-mm and 37-mm high-
explosive shells,

TETRYTOL.
This is a mixture of tetryl and molten TNT. As some of the tetryl
goes into solution, the mixture can be successfully cast with as high
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as 70 percent tetryl and 30 percent TNT by weight. The principal use
and advantage of tetrytol is in loading boosters and bursters by the
casting method. These items were previously loaded with dry tetryl
which was pressed into pellets and then reconsolidated by pressing
into the burster or booster casing. The mixture is agitated until ready
for casting to prevent separation or settling. The use of tetrytol loaded
boosters and bursters has been approved except where the loaded
item is plunged into or surrounded by a hot bursting charge, such as
(auxiliary boosters in demolition bombs) where a remelt of the
tetrytol might occur. The advantages of casting over pellet recon-
solidation, especially in long burster tubes, is tremendous from a
standpoint of simplicity of operations, safety, and cost of equipment.

PENTOLITE.

This is a mixture of PETN and TNT. The 50/50 mixture results in
a considerable increase in the brisance of TNT as measured by the
rate of detonation. It is more sensitive to friction and shock than TNT
and where booster cavities have to be drilled, a mixture of 10 percent
PETN and 90 percent TNT is used for the booster surround.

50/50 pentolite is supplied in the dry state packed in the same
manner as TNT. It is loaded by the casting method, 5-pound steam
pressure on a steam jacketed open kettle being sufficient to melt the
dry material. As the dry material melts, it must be constantly agitated
to keep the PETN in suspension, since only a small portion of it goes
into solution with the TNT. This agitation, usually by air driven pro-
pellers or hand paddles, must be continued until the material is cast
into the ammunition being loaded,

The stability of pentolite is not as good as straight TNT. Long
periods of storage under high temperature may result in a separation
of the material and the loss of its greatest effectiveness as an explosive
of high brisance. Every effort must be made to store it in a cool,
dry place.
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SECTION IV,
CHEMICAL WARFARE AGENTS

Chapter 1
Chemical Agents

INTRODUCTION.

General. Chemical agents are many times referred to as the
weapons which can “shoot around corners,” due to their ability to filter
through small crevices and to settle in all recesses, thus seeking out
their victims. A great many people feel that, because of this, chemical
agents are too brutal and toco inhuman to be used by a civilized nation.
The facts from World War I prove otherwise. Of the 275,000 Ameri-
can casualties, more than one-fourth were caused by gas. Of the gas
casualties, only about 2 percent died. Of those caused by other
weapons nearly 25 percent died. In other words, the man wounded
by gas had about twelve times the chance to live, in comparison with
his fellow soldier suffering from the effects of the traditional weapon.
Those who have opposed gas weapons on the basis of inhumanity
have long since been halted by the facts.

No form of warfare is humane, for war is the negation of humanity.
Before one voncludes that gas warfare is too horrible for a civilized
people to tolerate, he should compare gas casualties with the injuries
resulting from high explosives, bullets, and bayonets. He should think
of the torture that comes to the man who has been bayonetted, before
death releases him, or to the man whose face has been shattered by
a bullet which destroys eyes, nose, and jaw, yet fails to bring the re-
lease of death. He should also remember that most gas casualties can
be avoided. Proper gas discipline and use of protective equipment can
reduce to a very small percentage the number of men put out of
action by chemical agents. A man in the open is helpless against the
missile weapons, there is nothing he can do to avoid injury by bullets,
flying pieces of metal, or shock of explosion. He can and should avoid
injury by gas.

History. The idea of using chemical agents in warfare was not con-
ceived as many believe in the days of World War 1. History shows
that the seed of chemical warfare has always been present in military
thought. Only a proper combination of conditions was required to
bring it to a vigorous life. The required conditions did not exist until
the latter part of the nineteenth century, and the proper combination
was not reached until the First World War.

The earliest recorded use of chemicals in military operations was
at the siege of Plataea, 428 B.C, where the Spartans used gas as an
offensive weapon against the Athenians. Wood. saturated with pitch
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and sulfur, was burned under the walls of the city in order to create
choking and poisonous fumes to assist the assault in subduing the de-
fenders. This operation would have been most successful if a sudden
rainstorm had not put out the fire. A similar operation at the siege of
Delium, 5 years later, was a complete success.

Ancient chronicles report that about the year 360 B.C.. the Greeks
used suffocating and incendiary mixtures formed of various chemical
substances easily ignited and hard to extinguish. They consisted of
pitch, sulfur, tow. and resinous wood chips. This compound was put
into pots which were thrown burning from besieged towns upon the
“tortoise,” the shelter under which the besiegers attempted to approach
the walls, Later, incendiary arrows and other incendiary devices shot
from catapaults came into use.

Greek fire was perhaps the most famous of all of the early means
of chemical warfare. This compound was a powerful incendiary which
produced suffocating fumes. Early writers state that it would ignite
when brought in contact with the water and float and burn on the
surface of the sea. The exact composition of Greek fire is not known.
The process for its manufacture was kept a close secret for several
hundred years. It must, however, have contained rosin, pitch, sulfur,
naphtha or petroleum, quicklime, and perhaps also saltpeter. It was
discharged from tubes in the bows of the ships.

At the siege of Petra, in the days of the Roman Empire, the Per-
sians used vases filled with a fire compound of sulfur, asphalt, and
naphtha. These were thrown into the city by mangonels, a military
engine for hurling rocks and javelins. When they broke, the com-
pound burst into flames which could not be extinguished and which
gave off choking gases.

Smoke was successfully used in a river crossing by Charles XII
of Sweden in 1701. Under cover of a thick cloud produced by burn-
ing damp strav, Charles was able to cross the Dvina and take position
in the face of superior forces before the enemy learned what was
happening.

During the siege of Sebastopol, 1855, Admiral Lord Dundonald
submitted a plan for the use of sulfur gas for the reduction of the
Russian forts. The English government admitted the plan was feasible,
but would not permit putting it into execution. The use of sulfur
was suggested at the siege of Charleston in the Civil War,

As a matter of fact, modern chemical warfare might just as well
have started during the War Between the States in 1862 as during
the World War in 1915. Only the failure of the War Department to
grasp the golden opportunity offered prevented this. Not only was
a practical scheme for using gas recommended, but the suggestion
incorporated the use of the very gas that the Germans used so
successfully at Ypres over 50 years later.
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During World War 1, the first gas attack of any consequence was
the famous gas cloud attack at Ypres in April 1915. The chemical
agent used in this attack was chlorine and the casualties numbered
about 5,000 men. Although the element of surprise was perfect, the

Germans failed to make the gains that were possible because they

failed to realize the effect the attack had on the Allied morale,

Chlorine was followed by phosgene, also developed by the Ger-
mans, in an attack which took place on December 11, 1915. This
attack was not successful because the Allies were ready for it.

Mustard followed next in line, being introduced by the Germans
near Ypres on July 12 1917. This marked the first use of a chemical
agent which would linger in one place for a great length of time
and thus render that area unfit for use.

From this period in the First World War, chemical agents were
developed in rapid succession by all nations, and new agents are
still being experimented with and adopted for use today.

GENERAL.

Most people, when the words “chemical warfare” are mentioned,
immediately think “poison gas.” As a matter of fact, in the Chemical
Warfare Service the agents are often referred to as “gases.” The term
“poison gas,” however, is a misnomer. Most of the chemical combat
substances are liquids and solids which are disseminated in the air
by various methods. Some are contained in shells, or bombs, which
explode and throw the liquid or solid agent into the air in drops or in
fine particles. Some solids, are vaporized by heat within a container

and pass into the air as a smoke, Others, generally liquids, are carried -

in tanks upon airplanes and released into the air to fall to the ground
as droplets or as a fine mist. A few, those which enter readily into
the gaseous state, can be released directly from cylinders, merely by
opening a valve, and form a dense cloud which is carried by the wind.

Definition. Whether these materials are called chemical agents,
combat chemicals, or poison gases, the terms all refer to any sub-
stance, useful in warfare, which by its ordinary and direct chemical
action, produces either a powerful physiological effect, a screening
smoke, or an incendiary action. Note the words “by direct chemical
action.” The active agent itself creates casualties directly. TN'T, picric
acid, smokeless powder, are all chemicals but they age useful in war
because they propel shell fragments or bullets by their explosion.
They exert their chemical effect indirectly and so are not spoken of
as chemical agents.

Requirements. Of the many thousands of poisonous substances
known to the chemist, the number that are important as agents of
chemical warfare may almost be counted on the fingers. One may
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point out very good reasons why there are so few effective combat
chemicals. Not only must the warfare agent have irritant or toxic pro-
perties sufficient to irritate or cause casualties in extremely low con-
centrations, but it must also possess suitable physical characteristics
and chemical properties, and meet rigid economic standards.

To find a material that will combine all requirements is practically
impossible. There are 10 requirements which the ideal war gas must
possess. To meet the ideal specifications, a chemical agent for our
armed services must be:

1. Effective in small concentrations.

2. Unreactive, and not so easily neutralized or destroyed.

3. Easily manufactured in large quantities.

4. Composed of raw materials easily procurable on the North
American continent or in the Western Hemisphere,

5. Cheap.

6. Easy to transport, compressible to a liquid.

7. Stable in storage and stable against shock of explosion.
8. Heavier than air.

9. Effective against all parts of the body; combination of lung, eye,
skin, and nose irritant.

10. Odorless, tasteless, colorless; not easily detected.

Al of these requirements obviously cannot be found in one chemi-
cal, they represent the ideal. Certain of them are essential. Every
agent must combine at least the first five.

It is because of the necessity of meeting these requirements, especi-
ally the first three, that we have so few agents from which to choose.

Obviously, any agent to be useful must be effective in extremely
small concentrations. It is necessary to understand how extremely
small the concentrations of the really powerful chemical agents can
be and still be effective. For example, one of the tear gases has a
pronounced irritant effect at a concentration of eight ten-thousandths
of an ounce (0.0008 ounces) in a thousand cubic feet of air. More
than an ounce of this material can be held in the hand. Suppose an
ounce of it is divided into 10,000 small parts. Then eight of these
parts are put into a box 10 feet high, 10 feet long, 10 feet wide, This
almost infinitely small quantity of tear gas inside the large box
would cause much discomfort if one were in it for 3 minutes. It can
thus he understood that hu small concentrations of chemiral agents,

almost infinitesimal quantities are referred to quantities whlch can
be disseminated in the air with little difficulty.

The most poisonous chemical that exists is valueless in warfare
unless it can be manufactured quickly and in sufficient quantity. The
chemical that is effective, cheap, and .easily manufactured, is of little
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use if protection against it is easily obtained. Consequently, one
quality of the ideal chemical agent is that it must not combine readily
with other substances, so that it cannot be easily destroyed or re-
moved. An unreactive chemical is sought, sin(.‘"-.'('he unreactive chemi-
cals are more likely to pass through a gas mask without being
filtered out.

Stability is important. The ideal agent should be stable in storage
and also stable against the shock of explosion. Even if the agent
were otherwise effective, it would not be used if it had a tendency
to break down into its elements after storage for several weeks or
several months, or if it would break down when fired in a shell. Lack
of stability was one of the reasons why the very poisonous hydrogen
cyanide, or hydrocyanic acid, proved to be a poor war gas. It was
unstable in storage and also unstable to shock. Since the last war,
suitable means have been found of stabilizing this poisonous material.

The chemical selected must not be too corrosive or it will destroy
the container and itself. Several agents, which might otherwise be de-
sirable, have to be used in glass-lined shells or containers because
of their corrosive nature. The use of special linings or special con-
tainers complicates manufacture, is expensive, slows down production.

To be used on the battlefield, a gas must be heavier than air, Gases
lighter than air rise and may have no effect on the man on the ground.
They dissipate too rapidly. The fact that hydrogen cyanide is just a
trifle lighter than air is another reason for its previous failure as a
war gas.

An agent that will affect all parts of the body is far more useful
than one which will affect only the lungs or the eyes or the skin. That
is one reason why mustard gas is such an extremely valuable war
material. If a man breathes it, he will become a dangerous casualty
through the effects of the gas on his lungs. A very small amount in
the surrounding atmosphere causes a powerful irritation on the eyes
over a period of time, If a gas mask is worn, a man’s lungs and eyes
are protected. However, mustard gas is still effective even against a
man wearing the gas mask, since it also affects the skin and causes
serious burns.

Finally, the ideal war gas should be odorless, tasteless, and color-
less. It would thus get in its deadly effect without the victim know-
ing it and making an effort to protect himself. No such toxic gas
exists, with the possible exception of carbon monoxide which has
neither color, odor, nor taste. However, although carbon monoxide
is extremely poisonous, cheap, easily available, and stable; it is lighter
than air and can not be compressed to liquid form, No method has
ever been found that would permit its use in large quantities on the
battlefield as a poison gas. Carbon monoxide, nevertheless, does cause
deaths in battle because some of it is formed in every explosion. When
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a high-explosive bomb or shell bursts in an inclosed space, men who
escape the effects of the blast sometimes die from the .effects of the
carbon monoxide produced. This, however, is an incidental effect and
carbon monoxide is not considered as an agent of chemical warfare.

Classification. Chemical agents are classified in various ways, de-
pending upon who is doing the classifying, and in what phase of the
subject the classifier is interested.

To obtain the color marking used on chemical ammunition, the
classification according to tactical use is taken as the basis. The
painting of chemical ammunition is as follows:

The round is painted a blue-grey base color to denote a chemi-
cal filler.

Then the round is marked with a band or bands and stencil, the
color of which is based on the type of agent used as the filler.

Casualty agents . ..........cciuveuenrnnsornrsceennuinns Green
Irritating or harassing agents ............ .. i, Red
Screening smoke agents . ......... P Yellow
Incendiary agents . .........ovuieiiineinrsreranennonns Purple

The number of bands on a round depends upon the persistency of
the agent used as a filler. By persistency is meant the time after
dispersal of the agent that it will be effective in the area in which
it was released. Agents which remain effective for over 10 minutes
are termed persistent, while those which remain effective for less
than 10 minutes are termed nonpersistent. Persistent agents are
marked with two bands and nonpersistent agents are marked with
one band.

According to their physiological effects, chemical agents are classi-
fied as lung irritants, vesicants, lacrimators, irritant smokes (sternu-
tators), screening smokes, and incendiaries.

The lung irritants are those agents which when breathed cause
irritation and inflammation of the bronchial tubes and lungs.

The vesicants are those agents readily absorbed through both the
exterior and the interior parts of the human body, resulting in the
production of inflammation, blisters, and general destruction of tissue.

Lacrimators are those agents which cause a copious flow of tears,
and intense, although temporary, eye pain,

Irritant smokes, also called sternutators, are those agents which
cause sneezing, coughing, lacrimation, headache, followed by nausea
and temporary physical disability.

Screening smokes are those agents which when burned, hydrolyzed,
or atomized, produce a dense obscuring smoke in air.

Incendiaries are those agents which are used primarily for setting
fire to materiel.
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YESICANTS.

Mustard, H, Dichlorethylsulfide, S(CHCH;)Cl,.

Properties. When pure, mustard is a transparent, amber, oily liquid
of 1.27 specific gravity, which boils with slight decomposition at 433.6
F, yielding a vapor 5.5 times as heavy as air.

Odor. It is almost odorless in ordinary field concentrations and in
strong concentrations resembles horseradish or mustard.

Persistency. Because of its low volatility, mustard gas is very per-
sistent in the field, varying from 1 day in the open and 1 week in the
woods in summer, to several weeks both in the open and in the woods
in winter. Its great persistency is the principal limitation on its use, as
it cannot be used on the tactical offensive where friendly troops have
to traverse or occupy the infected ground. However, by the same
token, mustard is particularly adapted for use in the tactical defen-
sive, to prevent the occupation by hostile troops of ground evacuated
on withdrawal. -

Physiological effect. Mustard is classified as a vesicant gas. At first
it acts as a cell irritant, and finally as a cell poison. The first symptoms
of mustard-gas poisoning appear in from 4 to 6 hours, but a latent
period up to 24 hours may occur. The length of the latent period

. depends upon the concentration of the gas. The higher the concen-
tration the shorter the interval of time between the exposure to the
gas and the first symptoms arising as a result of mustard-gas poisoning.

The physiological action of mustard gas may be classified as local
and general. The local action results in conjunctivitis or inflammation
of the eyes; erythema of the skin, which may be followed by blistering
or ulceration and inflammatory reaction of the nose, throat, trachea,
and bronchii.

It is of interest that racial susceptibility to toxic action of mustard
gas exists; the Caucasian is more susceptible than the Negro. There is
also an individual susceptibility to the toxic action of mustard gas,
particularly of the skin, and also of the respiratory tract.

Protection. Complete protective clothing plus the gas mask are
required for protection against mustard gas. A discussion of the pro-
tective equipment follows at the end of the discussion of chemical
agents.

First aid. To be effective, treatment must begin within a few
minutes after exposure. Immediate prophylaxis is effective only up
to 5 minutes after liquid contamination. It is of little value after ex-
posure to vapor because, in this form, most of the agent has pene-
trated the skin before the person reports for treatment.

Contaminated clothing must be removed quickly, using proper pre-
cautions (mask, gas proof gloves, apron, protective ointment) to
protect the attendant. Clothes must be placed in a covered metal con-
tainer until decontaminated.
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Great care must be taken in the removal of mustard from the skin;
otherwise the agent will merely be spread. The steps are as follows:

1. Gently apply dry pads to absorb any mustard remaining on
the skin.

2. Swab the area repeatedly with Protective Ointment M4, wip-
ing the ointment off thoroughly after each application.

3. Scrub the contaminated area with soap and water.
4. Pat the area dry with a towel. Do not rub.
5. Burn or bury the materials contaminated during the procedure.

In the event that Protective Ointment M4 is not available, step 2,
above, may be done with the application of sponges dampened with
kerosene, CARBON TETRACHLORIDE, or alcohol. When follow-
ing this procedure, the sponges should be damp with the solvent; if
dripping wet, they may dissolve the agent and spread it as they run
over the skin.

The eyes should be irrigated with a 2 percent solution of sodium
bicarbonate. The solution should be run directly into the eyes with
a rubber tube from an enema can or similar container. Petrolatum on
the edges of the eyelids will prevent their sticking together.

If it is likely that mustard has entered the mouth or nose, the
mouth and nasal passages should be rinsed and the throat gargled
repeatedly with 2 percent solution of sodium bicarbonate. The patient
should be kept quiet and warm to guard against bronchitis and
bronchopneumonia.

If nausea and vomiting indicate that contaminated materials have
been swallowed, the stomach should be washed out by repeated drink-
ing of warm 2 percent solution of sodium bicarbonate. This will induce
vomiting and wash out the irritant.

After decontamination, all persons with eye, nose, and throat burns,
and with extensive skin burns should be hospitalized. Skin burns must
be treated surgically as any severe extensive burn,

Lewisite, Chlorvinyldichlorarsine, CHCICH-AsCl...

Properties. Lewisite is an oily, colorless to light amber liquid, of
1.88 specific gravity, which boils at 374 F, yielding a dense vapor 7.1
times heavier than air. The freezing point of lewisite is 0 F.

Odor. Its odor faintly resembles that of geraniums.

Persistency. Lewisite is slightly less persistent than mustard. Under
average conditions, in summer, it persists for 24 hours in the open,
and from 2 to 3 days in woods. In winter it may last for a week
or more. _

Physiological effect. Physiologically, lewisite acts similarly to mus-
tard gas and in addition is a systemic poison when absorbed into the
body through the skin or lungs. It may, therefore, be classed as
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primarily a vesicant, secondarily a toxic lung injurant, and tertiarily
a systemic poison when absorbed in the tissues, Lewisite is then both
a general and local toxic of great strength. The effects of lewisite are
visible much more quickly than those of mustard.

Protection. Complete protective clothing plus the gas mask are re-
quired for protection against lewisite. A discussion of the protective
equipment follows the discussion of chemical agents.

First aid. Treatment must begin within 1 minute after exposure
to liquid lewisite to be really effective. Contaminated clothing must
be quickly removed with precautions to protect the attendant, and
treatment should be started while the clothing is being removed.

The contaminated areas should be swabbed immediately and re-
peatedly with hydrogen peroxide. Solutions with 10 or even 20 per-
cent available oxygen are best, but are somewhat unstable. The or-
dinary 2 percent solution available in drug stores will suffice. If
hydrogen peroxide is not available, a solution of 10 percent sodium
hydroxide in a 30 percent solution of glycerin in water, alternating
with 70 percent alcohol, is the second choice. The glycerin protects
the skin from the hydroxide. If no glycerin is available, 5 percent
sodium hydroxide in water may be used. Lacking all of these, the
solvents and technique described for liquid mustard must be used.
Following treatment, the skin should be washed with soap and water
and patted dry. All contaminated cloths or sponges must be burned
or buried.

It is important that patients contaminated with lewisite come im-
mediately under medical treatment. The doctor must open the blisters
as soon as possible to prevent further absorption of arsenic. In open-
ing the blisters, he must be careful to prevent infection and must
remember that the blister fluid itself is capable of producing burns.

Liquid lewisite in the eyes is an emergency. The eyes must be
rinsed immediately with 2 percent hydrogen peroxide. If that is not
available, they must be irrigated with 2 percent solution of sodium
bicarbonate. Delay may result in blindness.

Ethyldichlorarsine, ED, Ethyldichlorarsine, C;H;-AsCl,.

Properties. Ethyldichlorarsine is a clear, somewhat oily liquid of
1.7 specific gravity, which boils at 312 F, yielding a vapor 6.5 times]
jenser than air, i

Odor. It has a stinging odor similar to that of pepper in the nose.

Persistency. Ethyldichlorarsine has a persistency of about 1 hour.

Physiological effect. Although ethyldichlorarsine is a fairly power-
‘ul sternutator and vesicant agent, its primary action on the body is
1s a lung injurant. Its first effect in low concentrations is a respiratory
irritant. The effect upon the' eyes and upper respiratory tract is
:vanescent, while that upon the lower respiratory tract leads to mem-
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branous tracheitis and pulmonary congestion, edems, and preumonia.
Arsenic is absorbed rapidly and leads to systemic poisoning, char-
acterized by lowered temperature, toxic symptoms, anesthesia, and
depression.

On short exposure (less than § minutes), ethyldichlorarsine is not
a particularly efficient irritant for the human skin. On exposure
greater than 5 minutes, however, positive burns appear which increase
in severity with length of exposure. On the basis of rapidity of action,
extent of rubefaction, swelling and edema, and time of healing,
ethyldichlorarsine is about two-thirds as effective as mustard gas, but
for vesication it is only about one-sixth as effective,

Protection. Complete protective clothing plus the gas mask are
required for protection against ethyldichlorarsine. A discussion of the
protective equiptment follows at the end of the discussion of chemical
agents.

First Aid. Immediate measures are the same as for lewisite. Nose
irritation may be relieved by inhaling dilute chlorine from a small
amount of bleaching powder in a wide-mouthed bottle o: can. Re-
peated drinking of warm 2 percent sodium bicarbonate solution
should be used for vomiting.

CHEMICAL WARFARE AGENTS

LUNG IRRITANTS.

Chlorpicrin, PS, Nitrochloroform, CCI3;NO,.

Properties. Chlorpicrin is a colorless, oily liquid of 1.66 specific
gravity, which boils at 231.5 F, giving off a vapor 5.6 times heavier
than air.

Odor. Its odor is rather sweetish in nature resembling that of
fly-paper or anise.

Persistency. Chlorpicrin has a persistency of about 6 hours in the
open and 12 hours in the woods.

Physiological effect. It is a lethal compound which acts primarily
as a lung injurant. In toxicity, it is intermediate between chlorine and
phosgene.

In addition to its lung injurant effects, chlorpicrin is also a strong
lacrimator, and has the additional advantage of being capable of
penetrating gas mask canisters that are resistant to ordinary acid
gases, such as chlorine and phosgene. The injurious effects of chlor-
picrin also extend to the stomach and intestines, causing nausea,
vomiting, colic, and diarrhea. These conditions are difficuit to combat
in the field and often persist for weeks so that even slight cases of
chlorpicrin gassing frequently involves large casualty losses

Protection. The service gas mask will provide adequate protection
against this type of chemical agent.
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First aid. Absolute rest and warmth are essential. The patient
should be removed immediately to a pure atmosphere and made to
lie down, kept at absolute rest, and kept warm with blanketf, A
person affected by lung irritants should always be moved on a litter
or stretcher. He must never be allowed to walk. A light stimulant
or hot coffee may be given. A glass of milk or cream, if available,
will give marked relief from pharyngeal irritation, and the patient
should be hospitalized. In cases of splashes of liquid on the skin,
it should be washed off at once with alcoholic sodium sulphite, in
order to prevent ulcerations, Skin scratches and abrasions exposed to
chlorpicrin fumes or liquid develop a high degree of inflammation
and easily become infected.

Diphosgene, DP, Trichlormethyl-chloroformate, CICOOC-Cl;.

Properties. Diphosgene is an oily liquid of specific gravity 1.65. It
boils at 260.6 F, giving a dense whitish vapor 6.9 times heavier than
air.

Odor. It has an acrid odor which strongly resembles that of musty
hay, green corn, or ensilage.

Persistency. Diphosgene has a relatively short persistency of about
30 minutes on open ground.

Physiological effect. The toxicity of diphosgene is about the same
as that of phosgene. In fact, it is probable that the toxicity of diphos-
gene is not a specific property of that compound, but is derived from
the phosgene molecules into which it decomposes in the tissues of
the body.

Diphosgene is somewhat lacrimatory and thus causes watering ‘of
the eyes, as well as coughing, and occasional vomiting.

Protection. The service gas mask will provide adequate protection
against this type of chemical agent.

First aid. The first aid for this type of chemical agent is the same
as that given for chlorpicrin above.

Phosgene, CG, Carhonyl Chloride, COCl,.

Properties. At ordinary temperatures and pressure, phosgene is a
colorless gas which condenses at 46.7 F, to a colorless liquid of 1.38
specific gravity. Above 46.7 F, phosgene immediately evaporates, al-
though at a slower rate than chlorine, and gives off a transparent
vapor, 3.5 times heavier than air.

Odor. It has an odor which strongly resembles that of musty hay,
green corn, or ensilage.

Persistency. Because phosgene is a gas it is nonpersistent, remaining
in the open for up to 10 minutes. It will, however, remain in low
protected areas for as long as 30 minutes.
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Physiological effect. The toxicity of phosgene is over 10 times that
of chlorine. In high concentrations, which are often met in battle,
one or two breaths may be fatal in a few hours. Phosgene appears
to exert its physiological and toxic effects chiefly through the medium
of its hydrolysis products, hydrochloric acid, and carben dioxide. Its
effects upon the upper air passages of the body, where moisture is
relatively small, is therefore comparatively slight. With prolonged
breathing, however, sufficient phosgene is decomposed in the bronchi
and trachea to produce marked inflammation and corrosion. These
effects reach their maximum in the alveoli where the air is saturated
with water.

Unlike chlorine, phosgene produces but slight irritation of the
sensory nerves in the upper air passages, so the men exposed to this
ges are likely to inhale it more deeply than they would to equivalent
concentrations of chlorine or other directly irritant vapors. For this
reason, phosgene is very insidious in its action and men gassed with it
oft.en have little or no warning symptoms until too late to avoid
serious poisoning.

Protection. The service gas mask will provide adequate protection
against this type of chemical agent.

First aid. The first aid for this type of chemical agent is the same
as that given for chlorpicrin above. :

Chlorine, Cl, Chlorine, Cl,.

Properties. At ordinary temperatures and pressures, chlorine is a
greenish-yellow volatile gas. It is readily liquefied by moderate pres-
sure at ordinary temperatures. When liquid, it has a specific gravity
of 146 and when a gas it is 2.5 times heavier than air.

Odor. Chlorine has a highly pungént odor.

Persistency. Chlorine is a gas, and as such is nonpersistent. It re-
mains at the point of dispersal for a short length of time, up to
10 minutes.

Physiological effect. Chlorine has a very irritating effect upon the
membranes of the upper air passages. It causes violent coughing
immediately if small amounts are breathed. It can also be lethal on
continued exposure to the agent.

Protection. The service gas mask will provide adequate protection
against this type of chemical agent.

First aid. The first aid for this type of chemical agent is the same
as that given for chlorpicrin above.

LACRIMATORS.
Chloracetophenone, CN, Chloracetophenone, C;H;CO-CH,CL

Properties. When pure, chloracetophenone consists of colorless crys-
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tals, of 1.3 specific gravity, which melt at 138 F, and boil at 476 F,
yielding a vapor which is 5.2 times as heavy as air.

Odor. The odor of apple blossoms is characteristic of both the solid
and the vapor.

Persistency. In the solid form, chloracetophetione is very persis-
tent. However, in the vapor form, as usually released, it has a pér-
sistency of about 10 minutes. For this reason, it is classed as non-
persistent.

Physiclogical effect. Chloracetophenone, being a lacrimator, has the
effect of producing a copious flow of tears when breathed. In addition
to its lacrimatory effect, chloracetophenone is a decided irritant to
the upper respiratory passages. In higher concentrations, it is irritating
to the skin, producing a burning and itching sensation especialiy on
the moist parts of the body. *

Protection. The service gas mask will provide adequate protection
against this type of chemical agent.

First aid. The individual should be removed from the contaminated
air and face the wind with the eyes open. If irritation is marked,
the eyes may be irrigated with boric acid or a 2 percent solution of
sodium bicarbonate. The eyes must not be rubbed or bandaged.

Skin irritation may be treated by sponging with a solution of
4 percent sodium sulfite in 50 percent alcohol. Al symptoms usually
disappear within 1 hour.

Brombenzylcyanide, BBC, Brombenzylcyanide, C;H;CH-BrCN.

Properties. Brombenzylcyanide is a yellow-white crystalline solid
which melts at 77 F into a brownish oily liquid of 1.47 specific
gravity, and boils at 437 F, giving off a vapor which is 6.6 times
as heavy as air.

Odor. This substance has an odor similar to that of soured fruit,

Persistency. Its persistency in the open is 3 days; in woods, 7 days;
and in the ground, from 15 to 30 days.

Physiological effect. Brombenzylcyanide produces a burning sen-
sation of the mucous membranes and severe irritation and lacrima-
tion of the eyes with acute pain ir. the forehead,

Protection. The service gas mask is adequate protection against
this type of chemical agent.

First aid. The first aid for this agent is the same as that given for
chloracetophenone above.

STERNUTATORS (IRRITANT SMOKES).
Adamsite, DM, Diphenylaminechlorarsine, (CgH,),-NH-AsCl.
Properties. The impure commercial product used in chemical war-
fare is a dark brownish-green crystalline mass which partially liquefies
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at 320 F, but the major portion does not melt until a temperature
ot 374 F is reached. It has practically no vapor pressure or vapor
density, as it distills into the air in the form of minute solid particles.

Odor. Adamsite has an odor which closely resembles that of coal
smoke.

Persistency. The persistency of adamsite averages about 5 minutes
in the open both in summer and in winter.

Physiological effect. It strongly irritates the eyes and mucous mem-
branes of the nose and throat and causes violent sneezing and cough-
ing. It then produces severe headaches, acute pains and tightness in
the chest, and finally nausea and vomiting, The effects last for about
3 hours.

Protection. The service gas mask will provide adequate protection
against this type of chemical agent.

First aid. Remove to pure air. Let the patient inhale dilute chlorine
from a small amount of bleaching powder in a wide-mouthed bottle
or can. Headache may be controlled with 10 to 15 grains of aspirin.
There are no after effects and the person recovers within a few hours.

Severely exposed persons must be watched for suicidal tendencies.
Continue to reassure them that their symptoms will be of brief
duration and are not dangerous.

Diphenylchlorarsine, PD, Diphenylchlorarsine, (CgHjy)z-AsCl.

Properties. Diphenylchlorarsine is a white crystalline solid, of 1.4
specific gravity, which melts at 113 F. It boils with decomposition at
720 F. It has practically no vapor pressure or vapor density sas it dis-
tills into the air in the form of minute solid particles.

Odor. The characteristic odor of diphenylchlorarsine is comparable
to that of shoe polish.

Persistency. The persistency of diphenylchlorarsine is about §
minutes in either summer or winter.

Physiological eflect. The irritation begins in the nose, as a tickling
sensation, followed by sneezing, with a flow of viscous mucus, similar
to that which accompanies a bad cold. The irritation then spreads down
into the throat and coughing and choking set in until finally the air
passages and the lungs are also affected. Headache, especially in the
forehead, increases in intensity until it becomes almost unbearable,
and there is a feeling of pressure in the ears and pains in the jaws
and teeth. These symptoms are accompanied by an oppressive pain
in the chest, shortness of breath, and nausea which soon causes retch-
ing and vomiting. The victim has an unsteady gait, a feeling of
vertigo, weakness in the legs, and a trembling all over the body.

Protection. The service gas mask will provide adequate protection
against this type of chemical agent.
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First aid. The first aid for diphenylchlorarsine is the same as that
for adamsite given above.

SCREENING SMOKES.

HC Mixture, HC, Hexachlorethane-zine, Zn+ C,Cl,.

Properties. HC mixture is a combination of zinc dust, hexachlore-
thane, ammonium perchlorate, and ammonium chloride. When this
material is burned, it yields zinc chloride which passes into the air
in the form of a grayish-white smoke.

Odor. The odor of the smoke is rather acrid in nature.

Persistency. As the smoke is formed only as long as the particular
round is burning, the persistency of the smoke will continue only as
long as the burning continues.

Physiological effect. The zinc chloride smoke which is formed is
harmless to personnel. Its use being to screen off operatidhs from
the enemy.

Protection. As the smoke has no harmful effects there is no pro-
tection required against this agent.

First aid. No first aid is needed as far as the smoke is concerned.

If burns are produced from the burning agent, they should be treated
as for any other burn.

Sulfur Trioxide in Chlorsulfonie Acid, FS, $0.,-SOHCIL.

Properties. This mixture is a liquid of 1.91 specific gravity, which
freeezes at —22 F. On contact with the air, it fumes vigorously and
throws off dense white clouds composed of minute droplets of sul-
furous, sulfuric, and, hydrochloric acids.

Odor. The odor of this mixture is similar to that of burning matches.

Persistency. The persistency of this agent varies from 5 to 10
minutes.

Physiological effect. Although the smoke is harmless, it irritates the
skin and throat. Spray in the eyes may cause serious burns.

Protection. Because of the irritation to the nose and throat, and the
burns to the eyes, a gas mask is needed to prevent such action.

First aid. This consists of washing with large quantities of water.
In the eyes, this should be followed by irrigation with a 2 percent
solution of sodium bicarbonate.

Titanium Tetrachloride, FM, Titanium Tetrachloride, TiCi,.

Properties. Titanium tetrachloride is a colorless, highly refractive
liquid, of 1.7 specific gravity, which boils at 277 F and solidifies into
white crystals at —9 F. It reacts vigorously with the moisture in the

air, forming titanic acid hydrate and hydrochloric acid, with the
evolution of dense white clouds of acrid smoke.

174

T™ 9-1904
CHEMICAL WARFARE AGENTS

Odor. The smoke has an acrid odor.

Persistency. The persistency of this agent is appt_'oximatelynlo
minutes. "

Physiological effect. On account of its hydrochloric acid content,
titanium tetrachloride is acrid, but in ordinary field conditions it is
not sufficiently irritating to the respiratory system as to cause cough-
ing or other unpleasant physiological effects. The liquid may cause
slight irritation to the skin due to its acidic fature.

Protection. No piotection is needed against this. agent.

First aid, The first aid for this agent is the same as that given for
FS above.

White Phosphorus, WP, Yellow Phosphorus, P.

Properties. White phosphorus is & waxy solid, of 1.8 specific gravity,
which melts at 111 F, and boils at 549 F. It is chemically very active
and combines readily with oxygen in the air. Upon oxidation, the
phosphorus becomes luminous and in a few minutes bursts into vigor-
ous flames that can only be quenched by complete submersion in
water.

Odor. The odor of phosphorus is similar to that of burning matches.

Persistency. The persistency “of white phosphorus is about 10
minutes.

Physiological effect. While the vapors of white phosphorus are ex-
ceedingly toxic, thefe vapors are so quickly oxidized to phosphorus
pentoxide and phosphoric acid as to be harmless to men and animals
in ordinary field conditions.

In addition to its smoke value, phosphorus is of tactical importance
because of its burning effect upon both personnel and material. In
contact with the body, phosphorus produces burns that are slow and
difficult to heal; the firing of phosphorus against personnel has a
physiological value that greatly increases its tactical effectiveness.
Against material, however, the incendiary effect of phosphorus is
limited, as it only ignites readily combustible materials, so that here
it is inferior to thermite and other primarily incendiary materials.

Protection. No protection is required against the smoke derived
from white phosphorus. No satisfactory material has been found which
will give protection against the burning particles of the material and
still afford freedom of movement and comfort to the wearer under
working conditions.

First aid. Keep the burn wet with water or wet cloths. This will
stop the phosphorus from burning. Then apply large amounts of
copper sulphate solution. Continue this treatment for three minutes.
Remove the phosphorus particles (copper plated) by washing, or
with forceps and treat the injury like an ordinary burn.
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INCENDIARIES.

Thermite, TH, Thermite, 2A1-3Fe0.

Properties. Thermite is an intimate mixture of iron oxide and finely
powdered aluminum. It is in the form of a dark-gray granular mass.
When ignited, it burns with great rapidity and the evolution of
extreme heat, the iron oxide being reduced to boiling molten iron.

Odor, This material is odorless.

Persistency. The average thermite has a persistency of about
5 minutes. '

Physiological effect. There is no physiological effect derived from
thermite other than that of burns from the hot metal. If any of this
material gets on skin or clothing, it will cause severe burns.

Protection., No protection is needed for personnel other than that
of cover from the burring particles, -

First aid. Burns received from the hot metal may be treated the
same as ordinary burns.

PROTECTIVE EQUIPMENT.

Protective Clothing. Protective clothing is designed to protect the
body against vesicant agents. There are two requirements which
govern the kind of protective clothing needed. One requirement is to
provide protection for certain personnel engaged in filling operations
who might encounter large pools of the liquid or be subjected to
sprays of the agent from broken pipes and vessels in case of accidents.
The other is to provide protection for personnel required to handle
contaminated equipment, engage in decontamination operations, or be
protected from vapor or from airplane spray attacks. In the first
corisideration, a complete impermeable suit is required. It is not
recommended for any use except in potentially dangerous situations
where liquid mustard gas or lewisite in large quantities may likely
be encountered. In the second situation, permeable protective cloth-
ing provides ample protection for all cases where vapor, absorbed
mustard gas, or light spray of liquid gas is encountered.

Impermeable clothing. Impermeable suits are made of coated mate-
rials which will not allow liquid vesicants or vapors to pass through
them. Since there is no circulation of air, the wearer perspires exces-
sively and can wear this covering for only a relatively short time
because of exhaustion. There is no satisfactory method of neutralizing
liquid mustard gas on the garment, and accordingly it must be de-
stroyed when excessively contaminated. A suit of impermeable cloth-
ing consists of a l-piece working garment made of impermeable
material with an attached hood of the same material. Under this suit,
protective permeable underclothing and socks are worn. The foot
covering consists of treated shoes over which the legs of the imperme-
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able suit are buckled tightly. Boots of a type of rubber highly resistant
to mustard gas or lewisite penetration can be substitutvd for the
shoes, provided the trousers are pulled on over the boot leg. Highly
resistant rubber gloves and a gas mask are likewise worn.

Permeable clothing. The permeable type of clothing consists of
garments treated in such a manner that they afford reasonably safe
protection against vesicant chemical agents in the form of vapor and
small drops. The ordinary field uniform can be treated to provide
considerable protection, yet permit much comfort and serviceability.
However, specially designed garments add greater protection because
of the necessity of covering completely all parts of the skin. Each suit
includes one pair of socks, one pair of gloves, one pair of drawers,
one undershirt, one hood and one l-piece protective suit (coveralls).
For protection of the feet, the wearer treats his footgear with im-
pregnite issued for that purpose. It is sometimes advisable to include
a nontreated set of underwear with the above treated outfit because
of the allergy of some skins to the treated clothing. Protection of the
hands is afforded by the chemically treated cotton gloves which may
be supplemented by outer chemically resistant rubber gloves. For
protection of the face, eyes, and lungs, a mask must also be worn.

Gas mask. The gas mask protects the wearer’s eyes and respiratory
tract from the chemical agents.

The principle of operation of the gas mask is based on air filtration.
Air is drawn into the mask when the individual inhales, the mask
being so constructed that the air must pass first through a canister
containing a filtration system. This comprises a mechanical filter to.
prevent the entrance of smoke or dust, and a filter of charcoal and,
soda lime to absorb and neutralize toxic and irritating gases and
vapors. After being purified, the air is drawn into the face piece, and
after being inhaled and exhaled is expelled from the mask through
an outlet valve. Gas masks, as issued, will give full protection against
lung irritants, irritant smokes, and lacrimators in concentrations likely
to be encountered. They will not protect against gases encountered
in industry such as carbon monoxide and ammonia gas.

The service gas mask is the one that is commonly issued for the
use of inspectors in the field. This type of mask will afford protection
against all agents likely to be encountered under field conditions.
A tube of antidim compound is included in the carrier, and if applied
in 2 very thin film to both sides of the eyepiece, wiii assist in prevent-
ing fogging of moisture in the mask and from rain. The canister is
carried in a carrier under the left arm and is connecied to the face
piece by a noncollapsible rubber hose. It must be remembered that,
to be of any use, the gas mask must be correctly adjusted to the
wearer. Any leaks around the face piece will prevent the mask from
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performing its proper function of preventing the entrance of the
agent into th™ nasal passages.

FURTHER REFERENCES: 0.0. 7224, Ordnance Safety Manual;
FM 21-40, Defense Against Chemical Attack; Pamphlet No. 2, Chemi-
cal Warfare School, Edgewood Arsenal, Md.; Protection Against Gas,
US. 0CD, Washington, D. C; Chemicals in War, Prentiss; Gas
Warfare, Waitt.

178

T™ 9-1904
SECTION V.
SMALL ARMS AND TRENCH WARFARE
Chapter 1 ®

Smoll-arms Ammunition

GENERAL.

Small arms refers to those weapons normally accompanying foot
troops (infantry). They include rifles, automatic rifles, pistols, and
machine guns up to cal. .60 (0.60 inches diameter of bore) and also
shotguns. Small-arms ammunition is defined as “amunition fired in
weapons whose bore is 0.60 inches or less in diameter.” In ordnance,
small-arms ammunition is restricted to mean ammunition for those
small arms used in military service. These are:

1. Cal. .50 machine guns.

2. Cal. .30 carbines, rifles, semiautomatic rifles, automatic rifles,
and machine guns.

3. Cal. .22 pistols, rifles, and machine guns (for gallery practice).

4. Shotguns of 12-gage.

5. Cal. .45 automatic pistols, revolvers, and submachine guns.

6. Subcaliber tubes and adapters for artillery weapons which use
ammunition of similar size and type.

Caliber and Gage. The caliber of a weapon is the diameter of
the bore of the weapon between opposite lands, and in the instance
of small arms, is expressed in inches unless millimeters are specifically
mentioned. For example, cal. .30, means that the diameter of the
bore of the weapomsis 0.30 inches.

The gage of a shotgun refers to the number of lead balls of the
diameter of the bore required to weigh 1 pound. For example, the
diameter of the bore of a 12-gage shotgun is 0.785 inches, and it
takes 12 lead balls of this diameter to weigh 1 pound.

Classification. Dependent on its purpose, small-arms ammunition
is classified as follows:

Ball. This type is effective against personnel or light materiel
targets.

Armor-piercing. This type has a bullet containing a hardened steel
core. It is intended for use against armored aircraft and vehicles, con-
crete shelters, and other bullet resisting targets,

Tracer. This type has a bullet containing a chemical composition
which burns in flight. It is used for observation of fire, for incendiary
purposes, and for signaling.

Incendiary. This type has a bullet containing a chemical composi-
tion. It is used to start fires.

Blank. This type contains no bullet. It is used for simulated fire,
for signaling, and for salutes.
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5.45 MAX.
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:

A-CARTRIDGE, CARBINE, CAL..30, Mi
B-CARTRIDGE, BALL , CAL..45, MI9N.

G- CARTRIDGE, BALL, CAL..22, LONG RIFLE
D-SHELL , SHOTGUN, 12:GAGE.

€ - CARTRIDGE , BALL, CAL..30, M2

£ - CARTRIDGE, BALL, CAL..50, M2

RA PD 4507
Figure 68 — Types of Small-arms Ammunition
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Dummy. This type has no propelling charge or primer. It is used
for training. .

Gallery practice. This type has a reduced charge. It was forme;';_,'
used for gallery practice, but is now standard for guard ammunition.

Guard. This type has a reduced propelling charge. It is used for
guard purposes.

High-pressure test., This type has an augmented propelling charge.
It is used only in proof-firing.

Rifle grenade. This type has no bullet. It is used with the rifle
grenade,

Subcaliber. This type has a rimmed cartridge case. It is used in
subcaliber tubes and mounts of cannon.

Shotgun shells. These are used for guard purposes, target practice,
and hunting.

Complete Round. A complete round of small-arms ammunition
is known as a cartridge, and is made up of the following components:

1. Cartridge case.

2. Primer.

3. Propelling charge.
4. Bullet.

Cartridge Case. The cartridge case is the means whereby the
other components are assembled into a unit. It also provides a water-
proof container for the propelling charge. When the cartridge is fired,
the thin brass is forced against the walls of the chamber by the pres-
sure, thus preventing the escape of gases to the rear. This sealing
process is known as obturation. The extraction groove on the case
provides a means for extracting the fired cartridge case from the
weapon.

Manufacture. The cartridge case is made from a circular disc of
cartridge brass which is punched into the form of a cup and drawn
through successive dies into shape. The closed end is pressed into
shape to form the head which contains the primer pocket and vent.
An extractor groove is machined in the side of the head to provide a
grip for the mechanical extractor of the weapon. The case for pistol
ammunition is cylindrical; that for carbine ammunition tapers
slightly; that for rifle and machine gun ammunition tapers slightly
from the head to the shoulder {approx. three-quarters of its length),
then sharply at the shoulder to the cylindrical neck. After each
punching or drawing operation, the case is annealed to remove strains.

Primer. The primer which is crimped into the primer pocket in
the head of the cartridge case, consists of a soft metal cup, a priming
or percussion composition, a disc of shellacked manila paper, and an
anvil. A blow from the firing pin on the primer cup compresses the
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Figure 71 — Primers In Section

priming composition between the cup and the anvil, thereby produc-
ing a flame which passes through the vents in the anvil and cartridge
case, and ignites the propelling charge of smokeless powder. The
cup of the cal. .30 or cal. .50 primer is made of brass, whereas the
cup of the cal. 45 is made of gilding metal because the lighter blow
of the firing pins of pistols and revolvers necessitates a softer mate-
rial. The priming composition is inserted into the cup and is held in
place and protected from moisture and electrolytic action by the
paper disc. The brass anvil is inserted last.

Recent primers of the noncorrosive, nonmercuric type are used in
some cal. .45 cartridges and in the cal. .30 carbine cartridge. To func-
tion properly, primers must be free from such surface defects as folds,
wrinkles, scratches, scales, or dents. Other primer defects are cocked,
broken, or inverted anvils; scratched, torn, or dirty cups; and miss-
ing anvils, discs, or pellets.

Propelling Charge. The propelling charge consists of a quantity
of smokeless powder. The weight of the charge is not a constant. It
is adjusted for each powder ot to give the required veiocity with
pressure within the limits prescribed for the weapon in which it is
fired. The powder charge is assembled ioosely in the cartridge case.

Smokeless powder for small-arms ammunition is usually glazed
with graphite to facilitate machine loading, and thus presents a black
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polished appearance. Single perforated grains are usually used #\
small-arms propellants, Since the powder grains are small, they
ignite more rapidly and burn more quickly than cannon powder.
When abnormal temperatures prevail, small-arms powders are sub-
ject to rapid deterioration. Smokeless powder is not as sensitive to
friction as black powder, but all precautions used in handling black
powder should be observed for small-arms powders.

In general, there are two types of small-arms propellants; the
single base nitrocellulose type and the double base type. The double
base type is a mixture of nitrocellulose and nitroglycerine which
burns more rapidly than the single base type.

Bullet. The bullet consists, in general, of a core covered by a gild-
ing metal jacket. A cannelure is cut or rolled in the jacket to provide
a recess into which the mouth of the case may be crimped at
assembly.

The body of the bullet is cylindrical. The nose may be round, as
in the cal. .45 bullet, or ogival (curved taper) as in all service rifle
and machine gun bullets. The base may be “square” that is cylin-
drical, or “boat-tailed”; that is, having a conical taper.

Armor-piercing bullets contain a core of hardened steel. There
may be point or base fillers of lead or aluminum filling the spaces be-
tween the steel core and jacket.

Bullets of ball cartridges usually contain a slug of antimony hard-
ened lead except in the case of cal. .50, wherein the core is of soft
steel in order to insure similar ballistic properties for ball and armor-
piercing cartridges.

Tracer bullets contain a lead slug in the forward position, and a
chemical composition in the rear.

Incendiary bullets contairf an incendiary composition.

Special purpose bullets may vary in shape or composition. These
will be described in the section on the particular cartridge.

Accessories.

Clips. Cal. .30 cartridges for use in the M1903 and M1917 Service
Rifles, or for both rifle and machine gun use, are assembled in 5-round
clips; those for the M1 Rifle are assembled in 8-round clips. In time
of peace, the 8-round clips are nonexpendable items.

The S-round clip consists of a body and spring, both of brass. Stop
lugs on the exterior side of the body seat the clip in its slots in the
receiver of the rifle. The top edges of the sides are folded inward,

: : . mmnerns Pem b amdI oo oo b Ao
forming flanges which §t into the grooves i tne cartridge case heads,

holding the cartridge in place. The spring is provided with narrow
tongues which, when the clip is filled, are pressed iatoc the grooves
of the outside cartridges, holding them securely in the clip.

The 8-round clip consists only of a case made of steel. It is in-
dented near the base along the sides to form an inner rib which

185



™ 9-1904

AMMUNITION INSPECTION GUIDE

RA PD 4513

Figure 72 — 5-round Clip for Cal. .30 Cartridges

gl RA PD 194
Figure 73 — 8-round Clip for Cal. .30 Cartridges

engages the extractor groove in the cartridges. The sides are inclined
sufficiently to clamp the cartridges firmly in place. The cartridges
are held firmly in two staggered rows. It is immaterial whether the
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UNLOADED 4 pp ss15a
Figure 74 — Cartridge Clip for Cal. .45 Revolvers

uppermost cartridge of the loaded clip is on the left or right side
of the clip as the follower slide of the gun adjusts itself for either
loading. Experience in the field shows, however, that it is preferable
to have the uppermost cartridge in the right side of the clip. The
sides are curved at the ends to hold the cartridges securely in the
clip.

Cal. .30 dummy cartridges were formerly assembled in a special
clip. The present practice is to use the standard S-round clip without
tongues, marked for use with dummy cartridges. The Corrugated
Dummy Cartridge, cal. .30, M1906 may be used for instruction in
functioning when loaded into 8-round clips.

When used in the revolver, it is necessary to assemble the CART-
RIDGE, ball, cal. .45, M1911, into clips. These clips are packed sep-
arately for assembly in the field. Each consists of a semicircular piece
of steel with slots to hold the cartridge. Each clip holds three rounds.

Metallic belt links. For use in automatic weapons, cal. .30 and cal.
.50 ammunition is issued in metallic link belts. These belts are as-
semblies of unit links, one for each cartridge. Each link has two loops
fitting about one cartridge and a third loop fitting about one adjacent
cartridge. Thus, each cartridge in a metallic link belt, except the
cartridges on the ends, has two links attached to it. Each link is made
from strip steel. A blank form is stamped from the strip and the
blank is bent to form the circular loops. It is then heat-treated and

187



™ 9-1904 é—
AMMUNITION INSPECTION GUIDE

Figure 75—LINK, Metallic Belt, Figure 76—LINK, Metalilc Belt,
Cal, .30, M1 Cal. 50, M2

processed to prevent rusting. The links are manufactured to meet
specified extraction tests from prescribed steel plugs made in the
shape of cartiidges. LINK, metallic belt, cal. .30, M1, must with-
stand an extraction pull of 5 to 10 pounds and LINK, metallic belt,
cal. .50, M1, or M2, must withstand an extraction pull of 10 to 25
pounds.

GRADES OF SMALL-ARMS AMMUNITION.

Ammunition is manufactured to rigorous specifications and is in:
spected and tested thoroughly before acceptance. Since the various
types of weapons; rifies, ground machine guns, aircraft machine guns,
etc., have different requirements, production orders and specifications
call for the classification of lots for use in specific weapons, Varia-
tions in manufacture may occur because of problems of mess pro-
duction of ammunition. Considering variations from lot to lot and
the different requirements for each type of weapon, grades are as-
signed to each lot of ammunition, in accordance with acceptance
tests, to designate their use in the different types of weapons.

Current grades of all existing lots of small-arms ammunition are
established by the Chief of Ordnance as a result of inspection and
are published in OFSB 3-5. Grades are not marked on packing boxes
or on slips inside the box. No lot other than that of grade appropriate
for the weapon, as specified in the cuirent publication of OFSR 3.5,
will be fired.

The following grades have been established for cal. .30 and .50
ammunition as most appropriate for use in a specific type of weapon:
Aircraft machine gun . .........c0iiiiiiiiirinierinnenn.s AC
Aircraft machine gunorrifle. ............. ... ... ..., ACor R
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Figure 77 — Section of Cal. .30 Link Belt

Riffe............... Seeceseeeras s ace st annnanaas R
Ground machine gun...........c.cittiininnnenensonnnss MG
Unserviceable (not to be issued orused)...................... 3

Priority and Substitution. The following grades of cal. .30 and .50
ammunition may be used in the weapons specified below. They are
listed in the order of priority of issue and use. Indicated substitutions
may be made either by Field Service depots or in the field. No other
substitutions shouid be aiiowed.

For cal. 30: £

Grade AC; ACorR................... For aircraft machine guns

Grade AC; ACor R; MG; R......... For antiaircraft machine guns

Grade R; ACorR......... For rifles, semiautomatic and automatic
~ Grade MG; R; ACorR; AC............ For ground machine guns

Grade 3. ... . i s Not to be issued or used

EXCEPTION: CARTRIDGE, tracer, cal. .30, M2, is for use in

aircraft machine guns only.

For cal. .50:

Grade AC.......coiviiiiiiiinnn .. .For aircraft machine guns

Grade AC; MG...........covivenn For antiaircraft machine guns

Grade MG; AC....................... For ground machine guns

Grade 3. ... .. iieiinriiiiiii it Not to be issued or used
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EXCEPTION: CARTRIDGE, tracer, cal. .50, M2, is for use in
aircraft machine guns only.

The following grades have been established for cal. .45 ammuni-
tion:

Grade 1. For cal. .45 revolvers, pistols, and submachine guns.

Grade 2. For cal. .45 pistols and submachine guns only, When
available, this grade should be issued for these weapons in prefer-
ence to grade 1. '

Grade 3. Not to be issued or used.

For other calibers, the ammunition is considered serviceable unless
specifically designated grade 3 (not to be issued or used).

Linked, Clipped, and Belted Ammunition. The grades of indi-
vidual repacked lots of linked, belted, or clipped ammunition, cal. .30
and cal. .50, will not be listed in OFSB 3-5.

For the purpose of issuing and reporting repacked lots, their grades
will be considered as follows: .

All cal, .30 ammunition in 5- or 8-round clips will be grade R.

All cal. .30 ammunition in web belts will be grade MG.

All cal. .30 ammunition in linked belts will be grade AC.

All cal. .50 ammunition in linked belts will be grade AC,

All cal. .50 ammunition in linked belts with marking “Ground Ma-
chine Guns” on box will be grade MG.

All cal. .50 ammunition in linked belts in box, ammunition, cal. .50,
M2 (steel) will be grade MG.

All cal. .50 ammunition in web belts will be grade MG.

Examples of Grading Considerations.

Grade 3. When ammunition becomes unserviceable due to some
defects such as season crack, corrosion, or other defects, it is desig-
nated as grade 3. '

Ammunition which has lost its identity is also considered as grade
3. However, unidentified ammunition will not be classified as unserv-
iceable for this reason, until every effort has been made to establish
its identity. _

Grade 3 ammunition ordinarily will not be issued or used except
in the instance of ammunition which is grade 3 because of loss of
identity only. This ammunition may be issued for practice purposes
in the ground machine gun only.

It should be kept in mind that in order to positively identify
small-arms ammunition, the type, caliber, manufacturer, and lot
number must always be known, and that every precaution should be
made to maintain this information with a lot of ammunition in any
and all operations where the ammunition may become separated
from its original packing.

>
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Some of the considerations taken in grading of ammunition are
illustrated by the following examples:

Ammunition to be used in the bolt-action rifle requires that the
average net extraction effort shall not exceed 15 pounds. This is
essential for uniform and reliable action in a manually-operated
weapon but is of lesser importance in automatic and semiautomatic
weapons.

Ammunition for use in synchronized and remote controlled air-
craft machine guns must be of selected uniformity and have a mini-
mum variation in rate of ignition. These requirements are essential
to insure continuous feeding during combat use of aircraft guns,
where malfunctioning might result in destruction of propellers or
might create other hazards.

Due to the rugged construction of the ground type of machine
guns, the continuous control exercised by the operator, and the lower
rate of fire, less stringent test limits are required. Ammunition that
meets the general specifications for accuracy, pressure, dimensions,
etc., is satisfactory.

Regrading. Ammunition in storage is periodically retested to in-
sure that its characteristics have not changed. If changes have oc-
curred, as shown by surveillance tests, the ammunition is regraded

and the new grades published in OFSB 3-5.

Priority of Issue, Use and Sale. In order to provide a sequence
for the issuance of small-arms ammunition, the following priorities
of issue have been established:

1. Those lots marked with an asterisk in OFSB 3-5.
2. Lots containing less than 20,000 rounds.

3. Lots marked “Repacked-Liners Not Sealed.”

4. Lowest or oldest numbered lots.

Following this rule, ammunition which has had the longest or least
favorable storage will be issued first whénever practicable.

AMMUNITION, CAL. 30.

General. The ammunition described is designed for use in all
standard rifles and machine guns of cal. .30. It includes cartridges
of the following types: armor-piercing, ball, tracer, incendiary, blank,
dummy, guard, rifle grenade, and high-pressure test.

Cartridges which differ in the type of cartridge case, such as sub-
caliber, cal. .30, and carbine, cal. .30, will be described separately.

CARTRIDGE, Ball, Cal. .30, M1906.

General. While the cal. .30, M1, and cal. 30, M2, Ball Ammunition
have superseded the M1906 as standard items, the description of the
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latter is of value, in view of the stock of M1906 Ammunition that

remains on han|d.

Visual identification. This cartridge may be distinguished from the
M1 and M2 Ball Rounds by the color of the jacket of the bullet,
which is cupronickel and has a silvery appearance. Also, the numerals
on the head of the cartridge case run from “21” downward,

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs approxi-
mately 395 grains.

The bullet is pointed, having a square or cylindrical base, and
the length of the bullet is approximately 1.085 inches. It has a jacket
of cupronickel with a lead core hardened with antimony (97'2
percent lead and 2, percent antimony). The bullet is secured in the
neck of the cartridge case by crimping the mouth into a cannelure
on the bullet. The pull required to extract the bullet from the case
is 75 pounds (minimum bullet pull).

External ballistics, maximum range (approx.)............ 3,450 yd
Average maximum pressure. ................ 52,000 1b per sq in.
Velocity:
At 78 ft. ... o ittt ettt 2,640 ft per sec
At 53 ft. ... i i e it e 2,660 ft per sec
At muzzle ...... ..ttt iiiii ittt 2,700 ft per sec
Muzzle energy. ... cvveienrneeneeocrasassccsannnsss 2,429 ft-Ib

CARTRIDGE, Ball, Cal. .30, M1.

General. This cartridge is a limited standard item of issue and is
used in the same weapons and for the same purposes as the CAR-
TRIDGE, ball, cal. .30, M2,

Visual identification. This cartridge cannot be readily distinguished
from the M2 Ball Cartridge of late manufacture except by weight
and date.

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs approxi-
mately 420 grains.

The bullet consists of two parts, a lead alloy core, composed of 90
percent lead and 10 percent antimony, and a gilding metal jacket.
An alternative bullet having a gilding metal jacket and a core com-
posed of 972 percent lead and 2Y2 percent antimony may also be
used. The base of either bullet has a 9-degree taper, called a boat-
taj) The over-all length of the M1 Bullet is 1.32 inches, and that of

e Alternative Bullet, 1.265 inches. The mouth of the cartridge
imped into the knurled cannelure at assembly and a mini-
"1 of 45 pounds is required to remove the bullet from the

v
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External ballistics, maximum range (approx.)............ 5,500 yd
Average maximum pressure. ............. ....48,000 Ib per sq in.
Velocity:
At 78 ft. .. .. ittt it e it 2,600 ft per sec
. X - 7 T 2,620 ft per sec
Atmuzzle ... ...t iiiiiiiiir i 2,647 ft per sec
Muzzle energy. ... cvveveetanieectnnosrecssanasanss 2,675 ft-Ib

Accuracy. Average of mean radii of all targets at 500 yards, not
greater than 4.5 inches; at 600 yards, 5.5 inches, when fired from a
Mann accuracy weapon. Dispersions obtained from firings under
service conditions at all ranges are published in firing tables for the
weapons in which this ammunition is used.

CARTRIDGE, Ball, Cal. .30, M2,

General. This cartridge is a current standard item of issue and is
used in machine guns and rifles against personnel and light materiel
targets.

Visual identification. Cartridges of recent manufacture cannot be
readily distinguished from the M1 Cartridges by visual inspection,
although this can be done by weight and date. Cartridges manufac-
tured prior to September 20, 1940, could be readily distinguished
from the M1 Cartridges by their tin-coated, gilding metal bullet
jackets.

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs approxi-
mately 396 grains.

The *bullet consists of two parts, a lead alloy core, composed of
90 percent lead and 10 percent antimony, and a gilding metal jacket.
An alternative bullet having a gilding metal jacket, and a core com-
posed of 97%, percent lead and 2Y2 percent antimony may also be
used. The base of the bullet retains its cylindrical shape to the base
line. The over-all length of the M2 Bullet is 1.125 inches, and that
of the M2 Alternative Bullet is 1.103 inches. A minimum pull of 45
pounds is required to remove the bullet from i;he case.

External ballistics, maximum range (approx.)..". .......... 3,500 ya
Average maximum pressure. ................. 50,000 1b per sq in.
Velocity:
At 78 ft. ..t ittt et it 2,740 ft per sec
At 83 6. L. 2,755 ft per sec
At muzzle ... ...ttt iiiiannnnnns 2,805 ft per sec

Accuracy (from accuracy rifle ). Average of mean radii of all tar-
gets of 500 yards not greater than 6.5 inches; at 600 yards not
greater than 7.5 inches.
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CARTRIDGE, Armor-piercing, Cal. .30, M2,

General. This cartridge is a current standard item of issue and is
fired from machine guns and rifles. It is designed for use against
armored aircraft, armored vehicles, concrete shelters, and similar
bullet-resisting targets.

Visual identification. This cartridge may be identified by the addi-
tional cannelure and the blackened tip of the bullet.

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs approxi-
mately 414 grains.

The bullet consists of four parts: a gilding metal jacket, a tungsten
chrome steel core, a lead *“T"-shot point filler, and a gilding metal
base filler. The over-all length of this bullet is 1.370 inches and its
point is blackened for a distance of approximately 94, inch. The
base of the bullet is cylindrical down to the base line where it has
a slightly beveled edge. The mouth of the case is crimped into the
cut cannelure at assembly, and a minimum pull of 45 pounds is re-
quired to remove the bullet from the case.

External ballistics, maximum range (approx.)............ 3,500 yd
Average maximum pressure. ................. §0,000 1b per sq in.
Velocity:
At 78 ft. ... i e 2,715 ft per sec
At 53 ft. .. e e e, 2,730 ft per sec
Atmuzzle ....... ... ... e 2,775 ft per sec

Accuracy. Average of mean radii of all targets at 500 yards, not
greater than 9.0 inches; at 600 yards not greater than 10.0 inches.

CARTRIDGE, Tracer, Cal. .30, M1.

General. This cartridge is a standard item of issue and is used in
both machine guns and rifles. It is intended for use with either type
of ammunition to show the gunner, by its trace, the path of the bul-
lets. While tracer cartridges were primarily intended for machine gun
use, there are +ises wherein they can be advantageously used in
rifles; for example, for signal and incendiary purposes, target designa-
tion, and range estimation.

Visual identification. The cartridge is readily identified by its char-
acteristic red bullet point, red indicating the color of the trace.

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs ap-
proximately 396 grains.

The bullet consists of four parts: a gilding metal jacket, a lead
alloy slug, a tracer composition, and an igniter composition. The
over-all length of this bullet is 1.45 inches and the point is painted
red for a distance of approXimately 5;4 inch. It has a square base
which contains the igniter composition which is ignited by the propel-
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BULLET, BALL, CAL. .30, M2

BLA&CrIi14I
BULLET, ARMOR-PIERCING, CAL. .30, M2
5RED]

L

BULLET, TRACER, CAL. .30, Mmi
RA PO 4521

Figure 78a — Buiiets, Cai, .30

ling charge when the cartridge is fired. The tracer composition burns
with a bright red flame which enables the course of the bullet to be
followed by the gunner. The mouth of the cartridge case is crimped
into the knurled cannelure at assembly, and a minimum pull of 45
pounds is required to remove the bullet from the case.
Exterior ballistics, maximum range (approx.)............ 3,450 yd
Range of trace........ trace begins at a distance not greater than
125 yd from the weapon, and bullets con-
tinue tracing to 750 yd from the weapon

Average maximum presstre. ................. 50,000 Ib per sq in.
Velocity:
At 78 ft. ... .. e e 2,650 ft per sec
Atmuzzle ......... .. ... .. i 2,715 ft per sec

Accuracy. Average of mean radii of all {argets at 600 yards less
than 15 inches.

Trajectory. This ammunition is designed so that the bullet's trajec-
tory will cross the trajectory of Ball M2, and AP, M2 Ammunition of
the same caliber at approximately 600 yards.

CARTRIDGE, Incendiary, Cal. .30, M1.
General. This cartridge is a standard item of issue for machine

guns.

195



T™ 9-1904 i

AMMUNITION INSPECTION GUIDE
A-BASE FILLER-GILDING METAL
B~COMPOSITION, IGNITER
C-COMPOSITION. TRAGER
D- CORE-TUNGSTEN CHROME STEEL
£ - JACKET-GILDING METAL
F - POINT FILLER-LEAD "T"SHOT.

" G- SLUG-LEAD WITH ANTIMONY

BULLET. ARMOR—PIERCING, GAL..30, M2

RED-APPROX .

BULLET, TRACER. CAL.30, ML RA PD #11A
Figure 78b — Bullets, Cal. .30 — Sectioned

Visual identification. The cartridge resembles the CARTRIDGE,
ball, cal. .30, M2, in outward appearance, but it may be identified by
the light blue paint on the tip of the bullet.

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet.

The bullet consists of four parts: a gilding metal jacket, a hollow
steel cylindrical core, an incendiary composition, and a lead base
filler. The mouth of the cartridge case is crimped into the knurled
canneiure at assembiy and a minimum puil of 45 pounds is required
to remove the bullet from the case.

CARTRIDGE, Rifle Grenade, Cal. .30, M3.

General. This cartridge is used in cal. .30 Rifles, M1, M1903,
M1903A1, and M1917, for discharging antitank rifle grenades. This
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3.34 MAX, -

fl:

1

A— CARTRIDGE,, ARMOR-PIERCING, CAL..30, M2
B- CARTRIDGE, BALL, CAL..30, M2

G~ CARTRIDGE, TRAGER, AL ..30, Wi

D— CARTRIDGE, BALL, CAL..30, MI

E-— CARTRIDGE, BALL, CAL..30, M2, NATIONAL MATCH
RA PD 4522

Figure 79a — Cartridges, Cal. .30
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A-CARTRIDGE, BLANK, CAL..30, MIS09: .
B- GARTRIDGE, DUMMY, CAL..30, M2
G- CARTRIDGE, DUMMY, GAL.. 30, MISO6
D- CARTRIDGE , GUARD, CAL..30, M|
- E-CARTRIDGE, GUARD, CAL.30, MIS0O6 -
’ F- CARTRIDGE. HIGH PRESSURE TEST. CAL..30, MI

RA PD 4523
Figlre 79b — Cartridges, Cal. .30 — Continued
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cartridge must not be used in lieu of the cal. .30, M1909 Blank Cart-
ridge in automatic weapons, nor should it be fired in the direction of
personnel.

Visual identification. This cartridge may be identified. by the ab-
sence of a bullet and by the 5-petai rose crimp in the mouth of the
case.

Components. The cartridge consists of a cartridge case, primer, and
propelling charge, having no bullet. The complete assembly weighs
approximately 246 grains.

The case is the same as the standard cal. .30 case except for a
cannelure located about V4 inch from the mouth. A wad is seated
immediately above the cannelure after the propelling charge has
been inserted. A drop of red lacquer is applied to the wad, and the
mouth of the case is closed by crimping in the shape of a 5-leaf
rosette. The cartridge is first loaded with a charge of 5 grains of
black rifle powder, then with a progressive-burning small-arms pow-
der.

Exterior ballistics. The cartridge, grenade, cal. .30, M3, is loaded
to obtain a grenade velocity of 165 feet per second at 5.5 feet.

CARTRIDGE, Blank, Cal. .30, M1909.

General. This cartridge is a current standard item of issue and is
used in the U: S. Rifles, M1903 and M1917, for simulated fire dur-
ing maneuvers, for signaling purposes, and for firing salutes. It is also
used in the machine guns and automatic rifles equipped with blank
firing attachments, in order to operate these weapons for instructional
purposes.

Visual identification. It is readily identified since it has no bullet,
and furthermore, a cannelure is present in the neck of the cartridge
case,

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and a paper cup or wad of thin paper. Prior to
January, 1925, a felt wad was used but was discontinued due to
accidents caused by the clogging of gas escape holes in the blank
firing attachment of machine guns and a)utornatxc rifles. The complete
assembly weighs approximately 207 grains.

The cartridge case differs from the standard cal. .30 cartridge case
described previously, only in that the neck has a cannelure and that
the mouth is slightly rounded. Second class cartridge cases having
small dents, scratches, or other minor defects may be used in the
assembly of this ammunition.

The propelling charge for this cartridge differs from the standard
cal. .30 propelling charge in that E. C. Blank Fire Powder is used in
place of the standard smokeless powder.
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.l ~— PAPER CUP

l -———PAPER DISK

o | — FELT wAD
' RA PD 4524

Figure 80 — Blank Cartridges — Necks in Section Showing Wads

The paper wad or cup is inserted in the neck against the cannelure
and sealed in place with a few drops of shellac. The mouth of the
case is roll-crimped to keep the wad in place.

CARTRIDGE, Gallery Practice, Cal. .30, M1919.

General. This cartridge is now superseded by the cal. .22 ball
cartridge long rifle for gallery practice. Stocks on hand, however, are
retained for guard purposes, for use when the supply of CAR-
TRIDGE, guard, cal. .30, M1906, is exhausted. Cartridges of older
manufacture are labeled cartridge, gallery practice, but new manufac-
ture will be designated CARTRIDGE, guard, cal. .30, M1. This car-
tridge is described under that heading.

CARTRIDGE, Guard, Cal. .30, M1.

General. This cartridge was formerly the CARTRIDGE, gallery
practice, cal. .30, M1919, It is now standard for guard purposes, and
is used only in the cal. .30 rifle.

Visual identification. It is easily identified by its short, round nose,
lead bullet.

Components. The cartridge consists of a cartridge case, primer,
propelling charge and bullet. The complete assep’bly weighs ap-
proximately 346 grains. =

The bullet is composed of a lead alloy and has a round nose and

a cylindrical base. Its over-all length is approximately 0.815 inch

and it has two knurled cannelures. A pull of not less than 45 pounds

is required to remove the bullet from the case.
Exterior ballistics, maximum range (approx.)............ 2,500 yd
Average maximum Pressure. ................. 15,000 1b per sq in.

(191904
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Velocity: .
At 53 ft. . ittt iiiiiiii i i ettt 1,100 ft per sec
Atmuzzle ...... .. .. . ittt 1,200 ft per sec
Muzzle energy ........ccvvvunvnnnesosnosonnsonsnes 376 ft-Ib

Accuracy. At 100 yards, the group diameter will be not greater
than 6 inches.

CARTRIDGE, Guard, Cal. .30, M1906.

General. This cartridge is a limited standard item of issue and is
used in the cal. .30 rifle for guard purposes. Second class bullets and
cartridge cases may be used in the assembly of this cartridge.

Visual identification. This cartridge is readily identified by its six
short corrugations, called flutes, just below the neck of the cartridge
case,

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs 355
grains.

The cartridge case is essentially the same as the cal. .30 case pre-
viously described, except that it has six short flutes or corrugations
just below the neck.

The bullet consists of a cupronickel jacket encasing a lead alloy
slug. It has a cylindrical base.

Exterior ballistics, maximum range (approx.)............ 2,000 yd
Average maximum pressure. ................. 15,000 1b per sq in.
Muzzle veloCity. .. .o cvv vt iiiiecvennrnnnnns 1,200 ft per sec
Muzzle energY. .. vvuiviereneeinnenrneeensannenenenes 479 ft-1b

CARTRIDGE, Dummy, Cal. .30, M1906.

General. This cartridge is a current standard item of issue and is
used for training personnel in the operation of loading and unloading
rifles, and simulating rifle fire. Prior to January 15, 1240, this car-
tridge was assembled only with the M1906 Bullet. Since then, how-
ever, it has been permissible to also use either the M2 or M1 Ball
Bullet.

Visual identification. There are six longitudinal corrugations on
the tinned cartridge case. Before January 15, 1940, the cartridge
case contained an inert primer and three holes, 0.125 inch in diam-
eter, drilled through the case in alternate corrugations. Since that
date, the cartridge has been assempled without a primer and the
holes are omitted.

Components. The cartridge consists of a cartridge case and a bullet.
The complete assembly weighs 339 grains when assembled with
either the M2 or M 1906 Bullet, and 363 grains when assembled with
the M1 Ball Bullet. Second class components are used in the car-
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BULLET
Primer| Cartridge |
Cartridge. Status{ Cup Case REMARKS
Cal. .30 Ogive Base Jacket Point Core Base
Filler Filler
BALL M1 S Brass Brass Pointed | Tapered Gilding Metal Lead Cartridge case has numerals
. Antimony 25" and above on head
BALL M2 ~ S&M Brass Brass Pointed | Square Gilding Metal Lead Cartridge case has numerals /|
, Antimony 38" and above on head (38-
40 jacket tinned, 40-up not
tinned)
TRACER M1 SxM | Brass | Brass | Pointed | Square Gilding Metal | Lead | Tracer | Igniter | Tip of bullet peinted red
) Antimony { Mixture | Mixture
ARMOR-PIERCING M2 S&M Brass Brass Pointed | Square Gilding Metal Lead Tungsten | Gilding | Tip of bullet painted black
. (T Shot) } Chrome Metal
Steel
INCENDIARY M1 SkM Brass Brass Pointed | Square Gilding Metal ImendM iary Tip of bullet painted blue
ixture
RIFLE GRENADE M3 S&M | Brass Brass ' Mouth rose crimped
BLANK M19a9 S&M Brass Brass Mouth roll crimped
GALLERY PRACTICE Lead
M1919 S Brass Brass Rounded | Square
GUARD M1906 S Brass Brass Pointed | Square Cupronickel Lead
(6 Flutes) Antimony
GUARD M1 S&M Brass Brass Rounded | Square : Lead
DUMMY CORR. M1906 S Brass |Brass(tinned) H Cupronickel Lead
(Prior to 1-15-40) 6 Corruga- | Pointed | Square Antimony
tions
3 Holes :
—— _— . —f%
DUMMY CORR. M1906 S&M Brass(tinned) 4 ' May use M1906, M1, or
(After 1-15-40) 6 Corruga- M2 Bullets
tions
No Holes
DUMMY SLOTTED M1 Inert Brass Pointed | Tapered Gilding Metal Lead Range dummy
1 Slot near : Antimony
head
DUMMY M2 S&kM Brass(tinned)] Pointed | Square 5 ' Gilding Metal Lead Used in inspection of weapons
No Slot ’ Antimony Not issued to troops
HIGH-PRESSURE TEST Brass |Brass(tinned)| Pointed | Square . Gilding Metal Lead Used to test for breech pressure
M1 “TEST” on : Not issued to troops
head
7
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tridge assembly. The cartridge case is essentially the cal. .30 case de-
scribed previously, but is corrugated and tinned for identification

purposes.

CARTRIDGE, Dummy, Cal. .30, M1.

General. This cartridge is a standard item of issue for use when
assembled in clips with live ammunition on the range for detecting
and correcting flinching and faulty trigger squeeze. The use of these
cartridges in rifle practice requires that they be mixed with service
cartridges without visual detection by personnel. They must there-
fore closely resemble the service cartridges with which they are
mixed. The primers are inert and the cartridge cases do not contain
a powder charge.

Visual identification. These cartridges are identified by a longitudi-
nal slot, 0.06 inch wide, cut in the body of the case beginning at
the extractor groove and continuing to a point approximately 0.687
inch from the head. The depth of this slot tapers from 0.03 inch
at the extractor groove to 0.0 inch at the end farthest from the head of
the case. When this ammunition is assembled in clips with service
ammunition, the slot is hidden from view by turning it toward the
adjoining cartridge.

Components. The cartridge consists of a cartridge case, inert
primer, and bullet. The builet may be either the M2 or M1 Ball
Bullet depending on the type which is to be simulated. When using
the M2 Ball Bullet, the complete assembly weighs approximately 340
grains. When using the M1 Ball Bullet, the complete assembly weighs
approximately 364 grains. Second class components are generally used
in the assembly of these cartridges.

CARTRIDGE, Dummy, Cal. .30, M2.

General. This cartridge is used only in the inspection of weapons
and will not be issued to the service.

Visual identification. This cartridge is easily identified by its tinned
brass cartridge case and the absence of a primer. It differs from the
Dummy M1906 in not having corrugations in the case.

Components. The cartridge consists of a cartridge case, and bullet.
Second class components may be used in the assembly of this car-
tridge. The complete assembly weighs approximately 341 grains.

The cartridge case is the same as the standard cal. .30 case except
that it is tinned for identification purposes.

The bullet consists of a gilding metal jacket encasing a lead alloy
core. It is a ball M2 Bullet, and prior to September 20, 1940, was
tin-coated for further identification.
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CARTRIDGE, High-pressure, Test, Cal. .30, M1. This cartridge
is used for proof-firing rifles, automatic rifles, and machine guns. It
is loaded with a powder charge sufficient to give a breech pressure
of approximately 68,000 pounds per square inch. Due to this exces-
sive pressure, and the consequent danger involved in firing, the guns
under test are fired from a fixed rest under a hood by means of a
mechanical firing device. This cartridge may be fired only by au-
thorized personnel. .

Visual identification. This cartridge is identified by its tinned car-
tridge case. Some models have the word “Test” stamped on the head.

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs approxi-
mately 433 grains.

The cartridge case is the same as those used in the service car-
tridges and is further identified by being tinned.

The bullet consists of a gilding metal jacket encasing a hardened
lead core, and has a cylindrical base. Its over-all length is 1235
inches. The mouth of the case is crimped into the knurled cannelure
at assembly and a pull of not less than 40 pounds is required to re-
move the bullet from the case.

AMMUNITION, CAL. .45. ' .

General. The ammunition described in this discussion is designed
for use in all standard revolvers, pistols, and submachine guns of
cal. 45. It includes cartridges of the following types: ball, tracer,
blank, dummy, ‘and high-pressure test.

CARTRIDGE, Ball, Cal. .45, M1911.

General. This cartridge is a current standard item of issue and is
used in the Automatic Pistol M1911 and M1911A1, the Colt Revol-
ver M1917, the Smith and Wesson Revolver M1917, and the Thomp-
son Submachine Gun M1928 and M1928A1l against personnel. To
adapt it for use in the revolvers, it must be assembled in clips designed
for this purpose.

Components. The cartridge consists of the cartridge case, primer,
propelling charge, and the bullet. The complete assembly weighs
approximately 327 grains.

The bullet has a round nose and a flat base. It consists of two
parts, a gilding metal jacket and a slug of lead hardened with anti-
mony. In early designs, bullet jackets were made of cupronickel and
these have a silvery appearance. This was later changed to gilding
metal which was given a thin tin wash which;has a close resemblance
to the cupronickel jacket. The practice of tinning the jackets has
since been discontinued and the bullets of current design have the
natural copper color of gilding metal. The over-all length of the
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bullet is 0.68 inch. The mouth of the case may be crimped to the
bullet and a pull of approximately 40 pounds is required to remove
the bullet from the case.

Exterior ballistics, maximum range:

Inpistol .. ... iiiiiinriieiinanearannnenuaas--1,600vd
In submachine gun......... ... ittt ineennnns 1,700 yd
Pressure. .. ...vuit e iitct i it 14,000 1b per sq in.
Velocity:
Pistol:
At 258 It .. i i et ar i 820 ft per sec
Atmuzzle ..... ... it "...825 ft per sec
Submachine gun:
At 255 ft...ooeenenen it 885 ft per sec
Atmuzzle ... ... .. i i i i e, 990 ft per sec
Muzzle energy:
In pistol ... .. ittt ettt 329 ft-1b
In submachine gun............ ... ittt 383 ft-1b

CARTRIDGE, Tracer, Cal. .45, M1.

General. This cartridge was a standard item of issue for use in the
Thompson Submachine Gun M1928A1 for observation of fire and
incendiary purposes. It was also used for signal purposes in the auto-
matic pistol. The M1 Cartridges have now been declared grade 3
and are not to be issued.

Visual identification. The cartridge is readily identified by its red
tipped bullet, and the fact that the cartridge case has no cannelure.

Components. The cartridge consists of the cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs approxi-
mately 303 grains.

The bullet has a round nose and a cylindrical base. It consists of
four parts: a gilding metal jacket, which is painted red for approxi-
mately %} inch from the tip; a slug of lead hardened with antimony
in the forward portion of the jacket; a tracer mixture in the central
portion; and an igniter mixture in the rear portion. The over-all
length of the bullet is 0.857 inch. The case may be crimped to the
bullet and a pull of approximately 40 pounds is required to extract
the bullet from the case. ’

Exterior ballistics, average maximum pressure. . . . 18,000 1b per sq in.
Velocity, from submachine gun, at 25.5 ft. .. ......... 975 ft per sec
Range of trace. ....... ... ittt 200 yd

Accuracy. Fires within a mean radius of 8 inches at 100 yards.

CARTRIDGE, Blank, Revolver, Cal. .45, M1.

General. This cartridge is a current standard item of issue for use
in the Colt, and Smith and Wesson, cal. .45 Revolvers M1917, It is
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used for signaling purposes, firing salutes, training cavalry horses, and
in maneuvers where simulated fire is desired. It is fired from the
revolver without the use of clips, as the cartridge case has a rim for
extracting purposes.

Visual identification. This cartridge is identified by the absence of
a bullet.

Components. The cartridge consists of the cartridge case, primer
propelling charge, and a paper wad. The complete assembly weighs
approximately 123 grains. -

The cartridge case differs from the standard cal. 45 cartridge case
in that it is heavier and has a rim for extracting purposes.

The paper wad, inserted over the powder charge, is sealed in with
a coat of varnish, and the mouth of the case is roll crimped to a
diameter of §{4 inch.

CARTRIDGE, Dummy, Cal. .45, M1921.

General. This cartridge is a current standard item of issue and is
used for training personnel in the operation of loading and unloading
revolvers and to simulate firing. It is also used as a range dummy
cartridge in the automatic pistol. In this latter case, it is mixed with
live ammunition in pistol magazines, the purpose being to detect
and correct flinching and faulty trigger squeeze.

Visual identification. This cartridge is identified by its tinned case
which either has no primer or has holes drilled in the side of the case.

Components, The cartridge consists of a cartridge case, and a
bullet. The complete assembly weighs approximately 313 grains.

The case of the earlier design contained three 3-inch holes drilled
in the body of the case, equally distant from each other, and an inert
primer. In later design, the holes and the inert primer are omitted.
Both cases are tinned for further identification.

The bullet is the same as that in the CARTRIDGE, ball, M1911.

CARTRIDGE, High-pressure Test, Cal. .45, M1.

General. This cartridge is used for proof-firing cal. .45 weapons at
the place of their manufacture. It contains a powder charge that will
develop a breech pressure of approximately 20,000 pounds per square
inch, this pressure being 4,000 pounds in excess of that required in
cal. .45 service ammunition, Due to the danger involved in firing this
cartridge, it should only be fired from a fixed rest under a hood, by
means of a mechanical firing device, and only by authorized personnel.

I
Visual identification. It is readily identified by its tinned cartridge
case.
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A — CARTRIDGE, BALL, CAL. .45, M1

[

B — CARTRIDGE, BLANK, REVOLVER, CAL. .45, M)

€ __CARTRIDGE DMidtaas £zt ac saivasy
< CARVRIDGE, DUMMY | CAL. 45, MISZH

D — CARTRIDGE, HIGH PRESSURE TEST, CAL 45, M1
E-— CARTRIDGE, TRACER, CAL. .45, M1

Figure 81 — Cartridges, Cal. .45
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Componients. The cartridge consists of the cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs approxi-
mately 327 grains.

“The bullet is the same as that in the CARTRIDGE, ball, M1911.

AMMUNITION, CAL. .50.

General. The ammunition described in this discussion is designed
for use in all cal. .50 machine guns. It includes cartridges of the follow-
ing types: ball, armor-piercing, tracer, incendiary, blank, dummy, and
high-pressure test.

CARTRIDGE, Ball, Cal. .50, M2,

General. This cartridge is a standard cartridge for all cal. .50
machine guns.

Visual identification. This cartridge does not have any identifica-
tion markings and the tip of the bullet is not painted.

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs 1,800
grains.

The bullet consists of three parts; a gilding metal jacket, a soft
steel core, and a point filler of lead hardened with antimony. The
over-all length of the bullet is 2.29 inches. The base has a 9-degree
taper, beginning at a point 0.386 inch from the base. The mouth of
the case is crimped into the cannelure at assembly and a minimum
pull of 100 pounds is required to extract the bullet from the case.

Exterior ballistics, maximum range (approx.)............. 7,200 yd
Velocity:
At 78 ft. ... e 2,900 ft per:sec
At muzzle ..... ittt et 2,935 ft per’'sec
Maximum Pressure. ... .........ccoeeeenean.. 52,000 b per sq in.
Accuracy. At the time of acceptance, this ammunition will group

within mean radii not greater than 8.0 inches at 500 yards, or 9.0
inches at 600 yards, when fired from an accuracy rifle held in a
V-block.

CARTRIDGE, Armor-piercing, Cal. .50, M2,

General. This cartridge is a current standard item of issue for all
cal. .50 machine guns. It is designed for use against armored aircraft,
armored vehicles, concrete shelters, and similar bullet-resisting targets.

Visual identification. This cartridge may be identified by the
blackened tip of the bullet.

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs approxi-
mately 1,800 grains.
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BULLET, TRACER, CAL. .50, M1 ' '
Figure 820 — Bullets, Cal. .50

“RAPD B2% -

The bullet consists of three parts: a gilding metal jacket; a
tungsten-chrome steel core; and a point filler of lead hardened with

antimony. The over-all length of the bullet is 2.29 inches and the

point is blackened for approximately %, inch. The base has a 9-degree
taper beginning 0.386 inch from the base. The mouth of the case is
crimped into the cannelure at assembly, and a minimum pull of
100 pounds is required to extract the bullet from the case.

Exterior ballistics, maximum range (approx.)............. 7,200 yd
Maximum pressure . ..........c.oveeennnnnnn. 52,000 1b per sq in.
Velocity:
At T8 ft. .. .. i e 2,900 ft per sec
At muzzle ....... .. ... ... e, 2,935 ft per sec
210

™ 9-1904
SMALL AF.AS AND TRENCH WARFARE

A-COMPOSITION, IGNITER
B-COMPOSITION, SUB-IGNITER
C-COMPOSITION, TRACER
D-CORE-STEEL

E-CORE-TUNGSTEN CHROME STEEL
F-JACKET~GILDING METAL

G-POINT FILLER-LEAD WITH ANTIMONY
H-SLUG-LEAD WITH ANTIMONY

BULLET, BALL, CAL..50, M2

[BLACK-APPROX. &
NPT TG LOD LD e/ INF et 7 48 1 2 1t 1

BULLET..ARMOR-PIERCING, CAL..50, M2

RED-APPROX. 1%

.....

BULLET, TRACER, CAL..50, MI
i

RA PD 4512

Figure 82b — Bullets, Cal. .50 — Sectioned v

21



T™ 9-1904 é
AMMUNITION INSPECTION GUIDE

E BLACK

»
<€
3
Ly
.
.

A — CARTRIDGE, ARMOR-PIERCING CAL. .50, M2
. B— CARTRIDGE, BAti. CAL. .50, M2

C—CARTRIDGE, TRACER, CAL. .50, M1
RA PD 2117

Figure 83 — Cartridges, Cal. .50
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TIN COATED

R e TP |

3.9 MAX,

P S G YO ML w1 e s YR A = e

A — CARTRIDGE, BLANK, CAL. .50, M1
8 — CARTRIDGE, DUMMY, CAL. .50, M2

€ — CARTRIDGE, HIGH PRESSURE TEST, CAL. .50, M1
RA PD 4530

Figure 84 — Cartridges, Cal. .50 — Continued ¥
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Accuracy. At the time of acceptance, this ammunition will group
within a mean radius not greater than 8.0 inches at 500 yards, or
9.0 inches at 600 yards.

CARTRIDGE, Tracer, Cal. .50, M1.

Generai. The cartridge is standard for observation of fire in all
cal. .50 machine guns. It may also serve as an incendiary against
balloons and other readily inflammable targets. Care must be exer-
cised in the use of this cartridge to guard against its igniting dry
vegetation on the range.

Visual identification. This cartridge may be distinguished by the
point of the bullet, which is painted red to indicate the color of
the trace.

Components. The cartridge consists of cartridge case, primer, pro-
pelling charge, and bullet The complete assembly weighs approxi-
mately 1,760 grains.

The bullet consists of five parts: a gilding metal jacket; a hard-
ened lead slug which fills the forward end of the jacket; a tracer
composition which fills the central portion; an igniter; and subigniter
composition, which fills the rear portion. Unlike the builets for
armor-piercing and ball cartridges, this bullet is cylindrical to the
base. The base is open to permit the propelling charge to ignite the
tracer composition. The over-all length of the bullet is 2.4 inches.
The mouth of the case is crimped into the cannelure at assembly,
and a minimum pull of 100 pounds is required to extract the bullet
from the case.

Exterior ballistics, maximum range:

Bullet ... ... i i i e e e 3,500 yd
Trace..... The trace begins at a distance not greater than 250 feet
from the weapon; the range of the trace is about
1,600 yards.
Maximum pressure ...........c..vvvuuvnnn.. 52,000 1b per sq in.
Velocity: -
At 78 ft. e e 2,830 ft per sec
Atmuzzle . . ... ... ... 2,865 ft per sec

Accuracy. At the time of acceptance, this ammunition will group
within a mean radii not greater than 20 inches at 600 yards.

CARTRIDGE, Incendiary, Cal. .50, M1.

General. This cartridge is a standard item of issue for use in cal, .50
machine guns.

Visual identification. The cartridge resembles the CARTRIDGE,
ball, cal. .50, M2, in outward appearance, but it may be identified by
the light-blue paint on the tip of the bullet.
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Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet.

The bullet consists of four parts: a gilding metal jacket; a hollow
steel cylindrical core; an incendiary composition; and a lead base
filler. The mouth of the cartridge case is crimped into the knurled
cannelure at assembly, and a minimum pull of 100 pounds is required
to remove the bullet from the case.

Exterior ballistics—This information is not available at this time.

CARTRIDGE, Blank, Cal. .50, M1.

General. The CARTRIDGE, blank, cal. .50, M1, is a standard item
of issue designed for use in cal. .50 machine guns with a blank firing
attachment in order to operate the weapon for training purposes.

Visual identification. This cartridge is identified by the absence of
a bullet.

Components. This cartridge consists of a cartridge case, primer,
propelling charge, and wad.

The case has a slight annular groove about ¥ mch from the mouth,
which serves as a seat for the wad.

The wad is a disc punched out of strawboard sheet, 14 inch thick,
and is lacquered on both sides before the blanking operation,

The powder charge consists of 43 grains of E. C. Blank Fire
Powder. After loading, a heavy coat of lacquer is applied to the wad
and the mouth is crimped.

CARTRIDGE, Dummy, Cal. .50, M2.

General. This cartridge is standard for use in all cal .50 machine
guns for training purposes. It may also be used for testing the:
mechanism of the gun.

Visual identification. This cartridge is distinguished from live am-
munition by the cartridge case,“which is tin-coated, has three holes
drilled in the side and an empty primer pocket. It is distinguished
from the CARTRIDGE, dummy, cal. .50, M1, by the bullet which
is tin-coated.

Components. This cartridge consists of a cartridge case, and a
bullet.

The cartridge case is identical with service cases except, as noted
above, it is tin-coated and has three holes drilled about the midpoint.

The bullet consists of three parts: a tin-coated gilding metal
jacket, a soft steel core, and a point filler of hardened lead. The
mouth of the case is crimped into the cannelure at assemblg, and a
minimum pull of 100 pounds is required to extract the bullet from
the case.
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Primer| Cartridge
Cartridge Status Cup Case
Cal. .50 Ogive Base
BALL M2 S&M Brass Brass Pointed | Tapered
TRACER M1 S&M Brass Brass Pointed | Square
ARMOR-PIERCING M2 S&M Brass Brass Pointed | Tapered
INCENDIARY M1 S&M Brass Brass Pointed | Tapered
DUMMY M2 S&M Brass(tinned)| Pointed | Tapered
3 Holes
BLANK M1 S Brass Brass
HIGH-PRESSURE TEST Brass |Brass(tinned)| Pointed | Square
M1 “TEST"” on
head
Cartridge Primer | Cartridge
Cal. .45 Status | Cup Case
Ogive Base
BALL M1911 S&M | Gilding Brass Rounded Squ;e_ -
Metal
TRACER M1 SEM Gilding Brasge Rounded | Sguare
Metal
DUMMY M1921 S&M Inert 3 Holes* | Rounded | Square
None | No Holes*
BLANK M1 S&M Gilding Brass
Metal | Has extract-
ing flange
HIGH-PRESSURE TEST Gilding {Brass(tinned)| Rounded | Square
M1 Metal | “TEST” on
head
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BULLET
- REMARKS
Jacket Paint Core Base
Filler Filler
Gilding Metal Lead Soft Steel
Antimony
Gilding Metal Lead Tracer Igniter | Tip of bullet painted red
Antimony | Mixture | Subigniter
Gilding Metal Lead Tungsten Tip of bullet painted black
Antimony | Chrome
Steel
Gilding Metal Incendiary Tip of bullet painted blue
Mixture
Gilding Metal Lead Soft Steel
(tinned) Antimony
Gilding Metal Lead Slug Used to test for breech pressure
in two parts Not issued to troops
BULLET
REMARKS
Jacket Point Core Base
Filler Filler
Gilding Metal Lead 0ld jackets—cupronickel
Antimony Next jackets—gilding metal—
tinned
Present jackets—gilding metal
Gilding Metal Lead Tracer Igniter | Tip of bullet painted red
Antimony | Mixture Used in submachine gun
Gilding Metal Lead *Cartridge casc is brass
Antimony (tinned)
Fired in revolvers only
Gilding Metal Lead Used to test for breech pressure
Antimony Not issued to troops
217
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CARTRIDGE, High-pressure Test, Cal. .50, M1.

General. The CARTRIDGE, high-pressure test, cal. .50, M1, is used
for proof-firing cal. .50 machine guns at the place of manufacture.
The cartridge is loaded with a powder charge sufficient to develop a

breech pressure averaging 62,500 pounds per square inch for any .

L

involved in firing, the guns under test are fired from a fixed rest under
a hood by means of a mechanical firing device. This cartridge should
be fired only by authorized personnel.

Visuai identification. This cartridge is distinguished from other
cal. .50 cartridges by the tinned cartridge case. Dummy cartridges,
which also have tinned cartridge cases, have holes drilled through
the case.

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet. The entire assembly weighs 1,980
grains.

The case is made of tinned cartridge brass; in other respects it is
the same as the cases of other cartridges of this caliber.

The bullet consists of a gilding metal jacket and a core made up
of two slugs, a front slug and a rear slug. The mouth of the case is
crimped into the cannelure at assembly and a minimum pull of
100 pounds is required to extract the bullet from the case.

AMMUNITION, MISCELLANEOUS.

CARTRIDGE, Ball, Cal. .22, Long Rifle.

General. This cartridge has superseded the CARTRIDGE, cal. .30
gallery practice, M1919, and is used in the cal. .22 U. 8. Rifles M1922,
M1922MI1, and M2, and in cal. .22 machine guns, machine-gun
trainers, and pistols for gallery practice and training purposes.

Visual identification. Containers of this ammunition are marked by
the manufacturer with the caliber, type, and such trade names as
“Kleanbore,” “Lubaloy,” “Rustless,” “Tackhole,” “Copperhead,” etc.
Cal. .22 ammunition has the manufacturer’s lot number stamped on
the wooden packing box. This provides a means of identifying and
reporting any ammunition of this type which may become defective,

Components. These cartridges are purchased by the Ordnance
Department from several commercial manufacturers. They are all of
the same general appearance, but differ slightly in the shape of bullet,
powder used, and ballistic qualities. The cartridge, complete, weighs
approximately 53 grains. It consists of cartridge case, priming com-
position, propelling charge, and bullet. The cartridge case is made
of brass or gilding metal, and is of the rim-fire type; that is, the
priming composition is spun into a circular recess inside the rim
instead of being seated in the center of the case head as a separate
component. A blow from the firing pin at any position on the rim
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compresses the priming composition causing it to explode and ignite
the powder charge. The priming composition and charge of smokeless
powder may differ for each manufacturer. Cal. .22 long rifle ammuni-
tion contains a noncorrosive, nonmercuric primer composition. The
type of powder used is usually marked on the containers, and the
charge weighs approximately 1.7 grains. The bullet is made of lead.
Bullets of different manufacture differ slightly in shape, but all weigh
approximately 40 grains. .

Exterior ballistics. Cal. .22 long rifle cartridges of different manu-
facture vary somewhat in velocity and pressure. The following data
are approximate:

Maximum range, with the piece elevated at an angle

inorderof 30 degrees. .............ccviiinrnnnnnn. 1,500 yd
Average muzzle velocity. .. .. .cocvvinvnnnniennn 1,100 ft per sec
Average pPressure. . .......ceeveeevereeennes. 16,000 1b per sq in.

CARTRIDGE, Subcaliber, Cal. .30.

General. The cal. .30 cartridge, subcaliber is designed for firing
from the subcaliber tube of the 3-inch (15 pdr.) seacoast gun. Its use
for subcaliber practice with other types of cannon has been discon-
tinued. There are two types of cal. .30 subcaliber cartridges: the
CARTRIDGE, subcaliber, cal. .30, M1925; and the cal .30, sub-
caliber, cartridge old stock. Both types of cal. .30 subcaliber cartridges
are limited standard; the old stock on hand is given priority of issue.
Under no circumstances may the cal. .30, subcaliber, cartridge be
used in other than “Krag” type rifle barrel chambers.

Visual identification. Subcaliber cartridges are distinguished from
other cal. .30 types by the presence of an extracting rim on the car-
tridge case.

Components. This cartridge consists of cartridge case, primer, pro-
pelling charge, and bullet.

The cartridge case differs from that of other cal. .30 types, in
that it has an extracting rim instead of a groove.

The primer is assembled in a monel metal primer cup in order that
it may {unction without being punctured on the heavy blow of a gun
ﬁ_ring pin, and still function properly on the light blow of a rifle firing
pin

The propelling charge consists of approximately 35 grains of pyro
D. G. powder.

The bullet of the cld style cartridge is cylindrical, with a round
nose; the jacket is cupronickel; the filler, hardened lead: The bullet
of the M1925 is boat-tailed and pointed; the jacket is gilding metal.

Exterior ballistics, maximum range..................... 4,300 yd
Muzzle velocity. .. ... oottt it annan. 2,025 ft per sec
Average maximum Pressure. ................. 40,000 Ib per sq in.
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CARTRIDGE, Carbine, Cal. .30, M1.

General. This cartridge is a current standard item of issue for use
in the CARBINE, cal. .30, M1.

Visual identification. This cartridge can be readily identified by its
characteristic shape.

Components. The cartridge consists of a cartridge case, primer,
propelling charge, and bullet. The complete assembly weighs 195
grains. The cartridge case has a slight taper throughout its length. The
bullet consists of two parts; a lead alloy core, and the jacket. The
bullet weighs 110 grains.

Exterior ballistics, maximum pressure......... 31,000 1b per sq in.
Velocity:
At 53 ft. ... ittt ittt ia e 1,900 ft per sec
Atmuzzle. ... ... ... i 2,000 ft per sec

Accuracy. When test fired, it will group within a mean radius of
4 inches at 300 feet.

SHELL, Shotgun, 12-gage.

General. Shotgun shells are procured by the Ordnance Department
from several manufacturers for use in 12-gage sporting and riot-type
shotguns. They are intended for guard or combat use and for hunting
or trap shooting,

Visual identification. Shells for guard and combat use have a brass
head extending at least 1 inch along the case. Shells for sporting use
have a head extending only V2 inch along the case.

Components. The shell consists of a case, a primer, several wads,
a propelling charge, and a load of lead shot.

The case consists of a brass head and a paper case or shell body.
In guard or combat shells, the head extends a distance of 1 inch along
the case. (In some shells, the entire case is of brass.) In sporting
shells, the head extends %2 inch. The head is reinforced by a base of
compressed paper in which the primer pocket is formed. Some paper
shells have a steel reinforcement, called the lining, under the brass
head. The shell body is made of paper and waterproofed. The head
is attached to the shell body by crimping.

The primer is a commercial type suitable for ignition of the smoke-
less powder used.

The size of the leadshot for each type is as follows:

Guard or combat | S

uu.uva\.v...uun..--..-........--......-.....l‘UUUUULK}lIUl
No. 4 chilled shot
SPOrtiNg & ittt ettt ettt No. 7%, chilled shot

No. 9 chilled shot
The arrangement of the wads (paper and felt) is shown in the
illustration.
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CARTRIDGE, BLANK, CAL. .22, FIELD ARTILLERY TRAINER,
M2 AND M2A1

& —— LEAD BULLET
' —.984 MAX.—I

CARTRIDGE, BALL, CAL. .22, LONG RIFLE
Figure 850 — Cartridges, Cal. .22

RA PD 4531

}4—-——-——— 25 APPROX.————" RA PD 6305
Figure 85b — SHELL, Shotgun, 12-gage

e 1.7 APPROX sy

@

. CARTRIDGE, CARBINE, CAL. .30, Mi

A PP
t?_

CARTRIDGE SUBCALIBER. CAL. 30. MI1925
Figure 85¢ — Miscellaneous Cartridges

-

RA PD 4512

PACKING.

Packing Boxes. Standard wooden packing boxes are illustrated in
figure 86. The outer wooder®cover of the box is held in place by
six wing nuts. Some boxes have watertight, metal liners. The cover of
these liners is closed by soldering but can readily be torn or ripped
off by use of a wire handle provided for this pyrpose.

Due to the current shortage of metal, other forms of liners are
being used in place of the metal liners in some packing boxes. A liner
made of paraffin-coated cardboard is used in some instances. This
liner is but one-half the length of the metal liner, and two are
required to a wooden packing box.

Another substitute for the metal liner is the use of packing en-
velopes. These are used for cal. .30 rounds, Wwhen linked in the 100-
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round link belts.- The envelope is made of paper with a metal foil
liner. Twelve of these envelopes are used to a wooden packing box.

An all metal packing box is also used for some packings. This metal
box holds one machine gun belt (250 rounds) and four of these
boxes are packed in wire-bound crate.

Within Boxes—Cal. .30. For cal. .30, the following packings are
found within the wooden packing box:

1. Cartons (20 rounds per carton).

2, Clips in cartons {5 rounds per clip, 4 clips per carton).

3. Clips in bandoleers (5 rounds per clip, 2 clips per pocket, 6
pockets per bandoleer; or 8 rounds per clip, 1 clip per pocket, 6
pockets per bandoleer).

4. Machine gun (web) belts (250-round belt).

5. Metallic link belts (100-round belt).

Within Boxes—Cal. .50. For cal. .50, the following packings are
found within the wooden packing box: !

1. Cartons (10 rounds per carton).

2. Metallic link belts (265 rounds per link belt).

Within Boxes—Cal. .45. For cal. 45, the following packings are
found within the wooden packing box:

1. Cartons (20 rounds per carton).

RA PD 4014

2. Cartons (50 rounds per carton).

Within Boxes—Cal. .22, For cal. .22, the following packings are
found within the wooden packing box:

1. Boxes within cartons (50 rounds per cardboard box, 10 boxes
per carton, 20 cartons per wooden box). ’

- -

MARKING.

General. The marking of small-arms packing boxes is divided into
two groups: the older method; which covered cal. .30, cal. .45, and
cal. .50 cartridges in all packings: and the modified method; which
covers cal. .30 and cal. .50 cartridges when packed in clips, link belts,
and web belts. In both methods, the boxes are painted chocolate
brown and the stencil is in yellow,

Figure 86 — Color Band Marking for Small-arms Packing Boxes

Oler Method. To provide a means of identification as to type
and caliber, small-arms packing boxes were marked with color bands.
On boxes for cal. .30 and cal. .45 cartridges, the band is painted
vertically on the sides and horizontally on the ends. On boxes for
cal. .50 cartridges, the bands are painted diagonally on ends and sides.
Prior to 1933, the band was also painted across the top. Cal. .45 may
be distinguished from cal. .30 by the size of the box (cal. 45 is
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8-RD, CLIPPED ' S.xD. CLIPPED

RA PD 15193IA

CAL. .30 LINKED CAL 50 LINKED
Figure 87 — Symbol Marking for Small-arms Packing Boxes
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smaller) and by the band which is one-half the width, for cal. .45 of

that used for cal. .30.
The following color bands were used for each type:

Type Band
Ball . it e Red
Blank . ... ... i e e it e Blue
Dummy ... . e e s e ‘Green
Gallery practice ........c..ciiiuiiiiiineeanseaenonannnns Brown
Guard ....... P Orange
High-pressure test ...............¢c.0ciiiciiinnnnseens Yellow
Armor-pilercing. . . ..o ov e in it inennnnerinanenens Blue on yellow
T R Green on yellow
Incendiary. .......coiiviinin i Red on yellow
Riflegrenade. .. ........c.iviiririiniievnneennns 2 Blue bands

While this method has been superseded by the modified method
for certain packings (clips, link belts, and web belts), those boxes
already marked with the bands will not be changed, and rounds which
do not come under the provisions of the modified method continue
to use the appropriate bands.

In addition to color bands, each box of ammunition is marked
with complete information necessary for shipping, care, handling,
and use.

Modified Method. In this method, symbols representing the meth-
od of packing within the box (clips, link belts, web belts) are stenciled
on the box. These symbols are vertical, on the side and end, for
cal. .30 ammunition, and diagonal, on the side and end, for cal. .50
ammunition. Color bands, formerly used to indicate the type of car-
tridges in the box, are replaced by markings stenciled on the box
indicating the type, or types and ratio, of ammunition within the
box, for example:

“4 BALL M2, 1 TR MY”

Aside from the changes noted above, the packing boxes are marked
in the same manner as previously.

In view of the fact that both methods are now in service, it is to the
ammunition inspector’s advantage to be familiar with both methods.

SURVEILLANCE.

General. Surveillance includes, in part, the observation, inspection,
investigation, and test of explosives and ammunition both in storage
and in use. The Chief of Ordnance exercises general supervision over
the surveillance of explosives and ammunition, prescribes the tests,
and maintains the records of the condition of all lots in service and
in storage,

Description of Tests. Tests to which small-arms ammunition is
subjected for acceptance and, subsequently, for surveillance and grad-
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ing are visual examination; velocity test; pressure test; functioning
and casualty tests in specified weapons; hang-fire test; bolt-lift test;
accuracy test; tracer test; loading and unloading test. Some of these
tests are described below.

Visual inspection. Examination of sample for season cracks, corro-
sion, or other visual defects.

Velocity test. Standard methods are used for conducting velocity
tests. Screens are placed a definite distance apart and the velocity of
the bullet is calculated from the time of flight in traveling from the
first screen to the second. In the Boulenge test, the first screen is
placed 3 feet from the gun muzzle and the second screen is placed
150 feet from the first. The velocity determined from the time of
flight between the two screens is the velocity at 78 feet from the
muzzle. A modification of the above test, where distance is not avail-
able, requires the screens to be spaced 100 feet apart, and the calcu-
lated velocity is the velocity at 53 feet from the muzzle of the gun.
Other modifications of the test are to ascertain the velocities at the
same average distance from the muzzle of the gun.

Prossure test. This test is conducted in nracsure harrel The
ressure fesi. 1ms (est s conqucled in & pressure parrel, 1€

barrel has a small hole drilled in the side of the chamber into which
is inserted a small piston. On firing the cartridge, the pressure of the
gases forces the piston against a copper cylinder and compresses it.
The amount of compression of the cylinder is the index of the pres-
sure developed.

Hang-fire test. In this test, the cartridges are fired in a machine gun
at a disc revolving at a prescribed speed. By means of a mechanical
device the gun is synchronized with the disc; that is, the gun is
mechanically timed to fire at a given point on the disc each time it
makes a complete revolution. A small group of holes is produced on
the disc, which must not exceed 15 degrees for grade AC ammunition,
nor 28 degrees for other grades, when the disc speed is 1,800 revolu-
tions per minute.

Machine gun functioning test. A number of cartridges are fired in
a machine gun to determine the number of jams, ruptures, or other
mechanical defects.

Rifle functioning tests. A number of rounds are fired in a rifle
whose head space is specified.

Tracer test. Tracer ammunition is given a tracer test in which the
ammunition is fired in a machine gun. The number of shots failing
to trace the required distance and the number of muzzle bursts,
blinds, or other erratics are recorded.

Defects found on visual examination. The following defects may
be found in cartridges during examination:
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Season crack. A split in the neck of the cartridge case. Working
the metal in the drawing and tapering operations in the manufacture
of the cartridge case produces internal stresses or strains due to distor-
tion of the normal crystalline structure. This condition is further
aggravated by the insertion of the bullet. Rearrangement of the crys-
talline structure leads to failure of the metal along definite longi-
tudinal lines of least resistance. This is known as season cracking.
Exposure to severe weathering conditions or certain reagents hastens
the time of cracking. In order to prevent or decrease the tendency
to season crack, a final anneal is applied to the neck of the cartridge
case. This annealing allows the crystals to rearrange themselves in
their natural state without the metal cracking. In reporting season
crack in ammunition, care should be taken not to confuse this defect
with that known as “split necks” which occur when the ammunition
is fired.

Corrosion. There are varied stages of corrosion. The minor stages
do not necessarily raise the surface of the metal, but are more in the
nature of a harmless discoloration of the cartridge case. An examina-
tion of the case should indicate whether the corrosion has eaten into
and weakened the metal to such an extent that it may cause rupture
when the cartridge is fired.- True discoloration is the blackening of
the cartridge case, whereas corrosion adds other colors such as green,
red, yellow, blue, and white. Corrosion in the advance stages, through
some chemical action, appears to deposit a substance on the case
which will interfere with chambering the cartridge. In reporting corro-
sion, the degree of corrosion should be described. Discoloration is
really of minor importance since ammunition that is only discolored
will function as well as good ammunition, Advanced corrosion, how-
ever, is a serious defect and ammunition thus affected should not be
fired. The use of steel wool or other abrasives to remove corrosion
from cartridge cases is prohibited. =

Mouth pulled down. This defect would be attributed to the fact
that the mouth of the cartridge case was not concentric, and when
the bullet was seated it struck one side of the mouth of the cartridge
case and shoved the metal down, This defect occurs much more fre-
quently with a cartridge case whose mouth is annealed very soft, than
with a cartridge case whose mouth has no, or a very slight, anneal.
It is also possible that this defect may be caused by improper aline-
ment of the bullet loading machine.

Shoulder bulge. A pucker in the metal of the cartridge case at the
junction of the shoulder and body. This defect is generally caused
by the metal at that point being either too thin or too soft. It is also
caused by a maximum diameter bullet being seated in a cartridge
case having a neck of minimum diameter.

Oil dent. A smooth-surfaced indent in the cartridge case generally
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in or near the shoulder or neck. This defect is caused by an excess
of oil used in the tapering operation. Unless extremely large, so as to
greatly increase the density of loading, thereby,increasing the pres-
sure, this defect is negligible.

Draw scratch. A longitudinal scratch, varying in degree, on the
cartridge case. This defect is caused by grit or some other foreign
material in the final draw die and is due to the improper washing
of the material before reaching that operation. A cartridge having a
deep draw scratch will probably open up on firing with a consequent
loss in velocity. Also cartridge cases containing this defect will prob-
ably split in storage sooner than normal cartridge cases.

Split mouth. A split in the edge of the cartridge case. This defect
is caused by the plugging operation.

Folded neck. Overlapping of metal in the neck of a cartridge case
indi. ted by a longitudinal protuberance on the outside. This defect
is caused by the metal in the neck of the cartridge case being thinner
on one side than on the other and by insufficient annealing.

Scale. Inclusions of impurities in the metal which are sometimes
hidden. If hidden, and not discovered by the inspectors, it often causes
an irregular break in the cartridge case and loss of velocity due to
the escape of gas when fired. This defect is inherent in the metal
and is not caused by faulty manufacture. Scaly metal shortens the
life of the cartridge-making tools considerably.

Indent and bur. These defects generally arise from rough handling
of the cartridge cases during the process of manufacture. If cartridges
with these defects chamber in the rifle, there is no danger in using
them, unless the dent is so large that the density of loading is
increased to such an extent that a dangerous pressure would result.

Crease. This is very similar to a fold, and generally occurs in the
neck or shoulder of the cartridge case. It is caused by thin metal.

Thick head. The head of the cartridge case has a thickness of
metal greater than the maximum allowed. This defect generally
occurs during the adjustment of the head-trimming machine. It is
also sometimes caused by a chip of metal getting on the push-in feed
rod, thereby causing a cartridge case to be improperly chucked. Such
a defect will probably give trouble in extraction, as the extractor
is not able to function with an extremely large head.

Thin head. The head of the cartridge case has a thickness of
metal less than the minimum allowed. This defect happens during the
adjustment of the head-trimming machine. It will be the probable
cause of the extractor failing to function because it pulls through
the thin metal of the head and does not extract the case.

Round head. The head of the cartridge case which is beveled on
the outer edge so that it is practically round. This defect is generally

228

é tM 9-1904

SMALL ARMS AND TRENCH WARFARE

LOCATION OF SPLITS |
A-MOUTH — A
8- BETWEEN MOUTH AND BUL-

LET SEAT CANNELURE

C—IN SIDEWALL NEAR HEAD F
D —IN SIDEWALL EXTENDING IN-
TO EXTRACTION GROOVE
£ —IN SIDEWALL EXTENDING
INTO PRIMER POCKET
F —IN SIDEWALL OF SHOULDER
—}
°
F—1¢ ¢ "—l
D D
E % E —% {
e———y | = S———
E E
CAL. .45, MI9Il CAL..30 8 CAL..50
RA PD 4520

Figure 88 — Location of Splits in Cartridge Cases

found in a case which has been pocketed but not headed. It some-
times happens with a thin case which contains too little metal
in the head to properly form it. This defect causes trouble in extrac-
tion. At times a thick-headed cartridge, on account of the bevel given

L AMGTS d unin~-ncaGQl 4aftnigdge, on accoun

it, has an appearance of a round head.

Split bullets (tracer ammunition ). Longitudinai cracks in the bullet
which often rupture the neck of the cartridge case. In most cases, this
is due to impure tracer mixture which either has absorbed too much
moisture or liberated free mercury which amalgamates with the
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metal of the butlet causing the split. 'i‘his defect is very serious and
when found should be immediately reported.

Defects Found After Firing.

Misfire ( heavy blow ). The primer shows an impression of the firing
pin which indicates that a blow sufficiently hard to ignite a perfect
primer has been delivered. Such a misfire as described indicates that
the primer is defective. The defect may be from:

1. Thick metal in the base of the primer cup.

Thick primer pellet which cushions the blow.

. No priming pellet in the primer,

No primer pellet mixture between the primer cup and anvil.
No anvil.

. No vent hole.

. Various combinations of these defects.

Misfire (light blow), The primer is so lightly marked by the im-
pression of the firing pin that it indicates that the force of the blow
struck was not sufficient to ignite the primer. This may be caused by:

1. A mechanical defect in the weapon.

NS LA W

2. A short or broken firing pin.

3. A weak firing pin spring.

4. The bolt of the weapon not completely locked.

5. Grease in the firing pin hole which cushions the blow of the
firing pin.

6. Primer seated too deep in the primer pocket..

7. Improper angle of the shoulder of the cartridge case which
allows the cartridge case to go forward.

Hangfire. Delayed ignition of the powder in the cartridge may
be caused by a small or decomposed primer pellet, damp powder,
or a light blow of the firing pin caused by dirt or a defect in the
weapon. While a hangfire is a serious defect if the delay is long
enough to permit the bolt to be opened before the powder burns
completely, such a delay is rarely found in practice. Should a hang-
fire of several seconds delay occur, and the bolt be opened before
the powder explodes, injury to the firer or damage to the weapon,
or both, may result.

Pierced primer. Perforation of the primer cup by the firing pin.
This may be caused by an imperfect pin or very thin metal in the
base of the primer cup. There are various degrees of this perforation.
A very small perforation will show, by means of a discoloration around
the indent made by the firing pin, the escape of gas. The disc from a
large perforation may be blown into the action of the gun with such
an escape of gas as to lower the velocity of the bullet.
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Primer leak. Gas generated by the explosion of the powder charge
escapes between the walls of the primer cup and the primer pocket,
causing discoloration around the primer and the head of the cartridge
case. The discoloration may be slight, indicating a small primer leak;
or heavy, indicating a large primer leak. The primer leak may be
because of too small a primer, too large a primer hole, or excessive
pressure generated by the propelling charge.

Blown primer. On firing the cartridge, the primer is blown com-
pletely from the pocket of the cartridge case. Although this is a
serious defect. it is seldom encountered.

Primer set-back. Pressure developed by the explosion of the pro-
pellant charge forces the primer back against the face of the bolt.
On examination. it will be seen that the primer protrudes above the
head of the cartridge case. The set-back of the primer may be slight
or heavy and is due to a defective bolt, cartridge, or excessive
pressure.

Leak at back of case. The gas escapes into the action of the weapon,
The discoloration due to this escape of gas is along the body of the
cartridge case, .

Failure of case to extract. This may be due to a poorly formed
or weak extractor, or a defective cartridge.

Blowback. An escape of gas under pressure to the rear is commonly
referred to as a blowback. Pierced primer, primer leak, blown primer,
primer set-back, and ruptured cartridge, are known as blowbacks.

Split neck. The neck of the cartridge case splits in firing and is
accompanied by an escape of gas. This should not be confused with
a split neck due to season cracking which can be observed before
firing.

Split body. A more or less regular longitudinal split in the body
of the case which allows gas to escape, thereby reducing the velocity
of the bullet. This defect is generally found in cartridge cases which
have a deep draw scratch or in those which are made from defective
brass.

CARE, HANDLING, AND PRESERVATION.

General. The provisions contained in this section are of a specific
nature for small-arms ammunition only.

Care and Precautions in Handling.

Boxes. Small-arms ammunition, as compared with other types of
ammunition, is not dangerous to handle. Care, however, must be
observed to keep the boxes from becoming broken or damaged. All
broken boxes must be repaired immediately. All markings should
be transferred to the new parts of the box. The metal liner should be
air-tested and sealed if equipment for this work is available.
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Bozxes should always be opened by breaking the seals and un-
screwing the wing nuts. They should be opened carefully, as the
wooden boxes are used as long as they are serviceable. If the cover
of the metal liner sticks, it may be loosened by placing a piece of wood
inside the handle so as to get a better grip. The metal liner is expend-
able but should be turned in for salvage.

Ammunition boxes should not be opened nor the metal liner broken
until the ammunition is required for issue of use. Ammunition re-
moved from the airtight container, particularly in damp climates may
corrode, thereby causing the ammunition to become unserviceable.

Handling cartridges. After a box of ammunition has been opened
and the cartridges removed, the primer should be protected from
blows by sharp instruments as such a blow might explode the car-
tridges.

Ammunition should be protected from mud, sand, dirt, and water.
If it gets wet or dirty, it should be wiped off at once. Verdigris or
light corrosion should be wiped off. However, cartridges should not
be polished to make them look better or brighter. The use of abra-
sives is forbidden. If a cartridge case becomes so corroded that a
perceptible amount of metal is eaten away, it is dangerous to fire
and should not be used.

The use of oil on cartridge cases is prohibited. Greasing or oiling
cartridges used in machine guns and automatic arms cause the collec-
tion of dust and other abrasives which are injurious, Grease or oil on
cartridge cases or on the walls of the chamber in nonautomatic rifles
creates excessive and hazardous pressure on the rifle bolt. When
there is oil on the cartridge case, there is no adhesion of the case
to the chamber. When the case expands upon firing, the case slips
back, and the bolt receives a greater rearward thrust. An apparent
exception exists in the case of lead bullets. However, only the bullet
is waxed or greased as issued.

Ammunition should not be exposed to the direct rays of the sun
for any length of time. If the powder is heated, it is likely to cause
excessive pressure when fired and will affect the performance of the
ammunition.

Whenever cartridges are taken from cartons and loaded into belts
or clips, the latter should be tagged or otherwise marked so that the
ammunition may be identified as to lot number and manufacturer.
Such identification is necessary to prevent otherwise serviceable
ammunition from being placed in grade 3, because of loss of lot
number. )

Defective cartridges. Dented cartridges, cartridges with loose bul-
lets, or otherwise defective rounds should not be issued. Lots having
more than 5 percent of defective cartridges will be subjected to
100 percent inspection. Defective rounds will be culled out, the
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serviceable rounds repacked, and a report made to the Chief of
Ordnance. If 20 percent or more are defective, the lot is withdrawn
from issue and held for disposition. Particular attention should be
paid to incipient cracks which are not easily detected unless the
thumb is pressed against the bullet, thus exposing the crack in the
cartridge case. Defective cartridges will be considered as grade 3
ammunition.

No small-arms ammunition may be issued until it has been posi-
tively identified by ammunition lot number and grade, as published
in the latest revision of OFSB 3-5.

Storage.

Piling by lot. Small-arms ammunition should be stored and piled
according to type and ammunition lot number. Extreme care must
be exercised to prevent the mixing of ammunition lots in one pile.
When small-arms ammunition is received, issued, checked, stacked, or
restacked, reliable personnel should be in charge and a check made
of the ammunition lot number on each box.

Grade 3 ammunition. Whenever grade 3 ammunition is to be stored
it should, if possible, be segregated and plainly marked with some
sort of “issues prohibited” tags.

Protection. Whenever practicable, small-arms ammunition should
be stored under cover. This applies particularly to tracer and shotgun
ammunition. Tracer ammunition is subject to rapid deterioration if
it becomes damp, and may even ignite spontaneously. Shotgun shells
are not packed in waterproof metal-lined boxes except for overseas
shipment.

Although small-arms ammunition is packed in boxes with metal
liners, actual tests have shown that leaks in liners are developed in
handling and shipping to the extent of 8 percent in newly packed
ammunition, while in the older lots leaks have been found in as high
as 70 percent of the liners. The leaks, though small, will admit
moisture if the ammunition is exposed to the weather or extreme
variations in temperature.

Should it become necessary to leave small-arms ammunition in the
open, it should be raised on dunnage at least 6 inches from the
ground and the pile should be covered with a double thickness of
serviceable tarpaulin. Care must be exercised in using a tarpaulin to
give the pile sufficient ventilation and to avoid the building-up of
extreme temperature, especially in warm weather. Suitable trenches
should be dug to prevent water flowing under the pile.

Tracer ammunition storage. If practicable, tracer ammunition
should be stored separately from other ammunition.

High temperatures. Small-arms ammunition in storage should be
protected from extreme heat to avoid decompositjon of the propellent
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powder. The combination of high temperature and a damp atmosphere
is particularly detrimental to the powder.

Opened boxes. When only a part of a box is used, the remaining
ammunition should be protected against unauthorized handling and
use by fastening the cover firmly in place. Such boxes should also be
marked with a “light box” tag and be placed in a conspicuous place.

Fire hazard. If placed in a fire, small-arms ammunition does not
explode violently. There are small individual explosions of each car-
tridge, the case flying in one direction and the bullet in another.
In case of fire, it is advisable to keep personnel not engaged in fight-
ing the fire at least 200 yards distant, and have them lie on the
ground. It is unlikely that bullets and cases will fly over 200 yards.

FURTHER REFERENCES: OS 9-18, Vol. I, Ammunition General
(Small Arms); O.0. 7224, Ordnance Safety Manual; TM 9-1990,
Small-arms Ammunition; OFSB 3-5, Grades and Lot Numbers; SNL’s,
T-series TB 1990-1, Marking of Cartridge Packing Boxes.

Chapter 2

Hand Grenades

GENERAL.

Hand grenades form an important class of ammunition, especially
for trench warfare. They are a convenient type of ammunition which,
within certain limitations, enables the infantry to augment its primary
weapons with a missile somewhat similar in action to a shell or
bomb. Chemical hand grenades that produce clouds of irritant gases
are also effective in dispersing mobs, quelling riots, etc.

Types. Hand grenades are divided into three general types,
namely: explosive grenades containing a heavy charge of explosive,
chemical grenades which contain a chemical filler, and training
grenades developed for training in the use of grenades. At the present
time, the Chemical Warfare Service handles all chemical hand
grenades and there will be no discussion of this type.

GRENADE, HAND, FRAGMENTATION, MK. II, WITH HAND

GRENADE IGNITING FUZE M10AZ2,

General. The Fragmentation Hand Grenade Mk. 11, loaded with
E. C. Blank smokeless powder and assembled with the Hand Grenade
Igniting Fuze M10A2 is the standard for manufacture and issue. Its
function is to cause casualties due to fragments of the grenade body.
The grenade complete weighs approximately 20 ounces. This grenade,
as issued, is shown in figure 90.
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Figure 89 — Hand Grenades

Body. The Fragmentation Hand Grenade Body Mk. 11, is made of
cast iron. It is about the size and shape of a large lemon and is
designed to fit comfortably in the hand. The outside surface is deeply
serrated, horizontally and vertically, to assist in forming uniform
fragments of effective size when the grenade explodes. The opening
in the top is threaded for assembly of the fuze. The body weighs ap-
proximately 1 pound, empty.

Bursting Charge. The explosive filler or bursting charge consists
of 0.74 ounce of E. C. Blank smokeless powder. This is a commercial
type of semicolloided nitrocellulose, granulated into small shot-like
grains. It is generally pink or yellow in color and is associated with
the words “blank fire” in that its principal use has been for loading
blank ammunition for small arms.

FUZE, Igniting, Hand Grenade, M10. This is a mechanical de-
vice assembled to the grenade body which functions the grenade at
the time and under the circumstances desired. (For details, see
figure 90.) The fuze body (16, fig. 90) is threaded and screwed into
the opening in the top of the grenade body. A lever (10, fig. 90)
covers the top of the fuze body, one end being bent over to hook
under a protruding lip. The other end of lever extends downward
and is curved to follow the contour of the grenade body. A cotter pin
(11, fig. 90) with a ring (20, fig. 90) in the eye’ extends through
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1. FILLING WOLE SCREW (O1E CaSTI. 13. sPeinG.

2. BUARSTING CMARGE (E.C. BLANK POWDER). 1%, DISK ITiN FOIL).

3. IGNEITING CHARGE (BLACK POWDER!. 1%. PRIMER ASSEwelY, wK. v.

Y. CASE ICOPPER), 16. FUZE pODY.

5. COATED wiTm N.R.C. COMPOUND. 17. PRIMING CAP.

6. TIVE FUSE (COMMERCIALD. 18. FASHER {COVPOSITION!,

7. STRIKER. 19. GRENMADE B0DY.

8. FUZE SEALER. 20, RING.

9. STRIKER POINT. 21. WOOEL OF FUZE, WFG.'S I1MITIALS,
10, LEVER. A%D FUZE LOT NUMBER STARPED ON LEVENR.
11. COTTER PIN. 22, INSPECTOR'S STAup,

12. WINGE Pin. 2). GRENADE BODY MFG.°'S INITIALS.
i ORD s417

Figure 90 — GRENADE, Hand, Fragmentation, Mk. ll, w Hand
Grenade lgniting Fuze M10

holes in the lever and fuze body, holding the lever and striker
assembly (7, fig. 90) in place against the action of the spring (13,
fig. 90). The primer (15, fig. 90) is of the center fire type and is
known as the Mk. V. It contains a 0.4-grain charge of primer mixture
in a cup inverted over an anvil. When the cotter pin (11, fig. 90)
is removed and the lever (10, fig. 90) released, pressure from the
spring (13, fig. 90) rotates the striker (7, fig. 90) around the hinge
pin (12, fig. 90). The point of the striker impacts against the primer
cup and explodes the primer charge by crushing it on the anvil. The
flame from the primer charge flashes through the primer body and
ignites a 2-inch piece of commercial time fuse (6, fig. 90). This burns
for 2pproximately 5 seconds while conducting the flame to the igniting
charge (3, fig. 90) which then explodes and functions the grenade.
236
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RA PD 15194
Figure 91 — GRENADE, Hand, Fl;agmentcﬁon, Mk, Il

The igniting charge consists of 7 grains of loose black powder con-
tained in a copper case (4, fig: 90). The open end of the case extends
inside the stem of the fuze body and is crimped in place, the joint
being waterproofed by an application of green colored N.R.C. com-
pound. The primer end of the fuze is protected against the entrance
of moisture by a tin foil disc (14, fig. 90) which is sealed in place
with shellac varnish. Other components of the fuze are the fuze sealer

RA PD 1519S

Figure 92 — Grenade — Section View
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(8, fig. 90) and the composition washer (18, fig. 90). The fuze sealer
is a piece of sheet metal which fits around the fuze body just above
the threaded portion. Two projecting sides fit the triangular space
between the fuze body and lever, thus preventing the entrance of
mud, sand, or other foreign material into the firing mechanism. The
composition washer serves as a gasket between the fuze and grenade
body when the fuze is seated in place. Should the spring (13, fig. 90)
lose its strength or become “set,” failure of the fuze will result. It has
been found necessary to replace old springs with new ones after long
periods of storage. The complete fuze weighs approximately 3.22
ounces.

FUZE, Igniting, Hand Grenade, M10A1. The Al modificiation of
the FUZE, igniting, hand grenade, M 10, consists of a redesign of the
head of the fuze so that the fuze sealer washer is dispensed with
and yet the striking mechanism is completely enclosed as before.

FUZE, Igniting, Hand Grenade, M10A2. The A2 modification of
the FUZE, igniting, hand grenade, M10, consists of a change in the
explosive train. The length of the Bickford fuse is shortened from
2 inches to 1%}, inches, and between it and the primer are two delay
pellets of compressed black powder. The delay time remains 5
seconds, 2 seconds being obtained from the black powder pellet and
3 seconds from the shortened length of Bickford fuse. This modifica-
tion was found necessary in order to prevent the primer flame from
completely bypassing the Bickford fuse and igniting the igniting
charge directly when small diameters of Bickford fuse were coinci-
dentally associated with large inner diameters of the fuze stem.

Operation. The grenade is grasped in the throwing hand with the
lever held firmly against the grenade body. The first finger of the
free hand is inserted in the ring, gripping it firmly between the second
and third joints of the finger. The cotter pin is withdrawn by pulling
the ring. The grenade is then ready to be thrown. The thrower must
take every precaution after the cotter pin has been withdrawn, not,
to release his grip on the lever until the grenade is thrown. The
grenade is thrown with a full swing of the cocked arm as one would
throw a ball. The instant the grenade is released, the striker forces
the lever away and fires the primer as shown in figure 91. Five seconds
later the action of the fuze causes the grenade to explode. The body
bursts, forming many small fragments, some of which may fly over
200 yards. Personnel should be thoroughly familiar with the safety
precautions in the following paragraphs before attempting to fire live
fragmentation hand grenades.

Safety Precautions.
1. A live fragmentation hand grenade should never be thrown un-
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less cover is at hand behind which the operator and friendly troops
may secure shelter. Fragments may fly over 200 yards.

2. The grenade should not be armed by withdrawing the cotter pin
unless the grenade is to be thrown at once. If the lever is accidentally
released after the cotter pin is withdrawn, the striker will function
immediately and the grenade will explode in approximately 5 seconds.

3. If the striker is accidentally allowed to function. the grenade
should be thrown as far as possible and the thrower should seek
shelter, but if none is near he should drop flat on the ground and
lie prone,

4. If the grenade is accidentally dropped after the cotter pin has
been removed, it should be picked up and thrown immediately; there
is plenty of time if one does not hesitate. It will function in 4 or 5
seconds, but it can be thrown farther than one can run in that length
of time. The operator should throw himself flat on the ground, as
above, and warn others near him to do likewise.

5. It should never be assumed that one can guess when 5 seconds
have elapsed, and allow the striker to function a moment or so before
throwing the grenade. The material on the A2 modification of the
fuze should bear out the wisdom of this precaution.

6. Live grenades that fail to fire (duds) should be handled very
carefully in the manner prescribed in FM 23-30.

7. It should be kept in mind that the hand grenade is always
loaded and cocked. It is always pointed at you. It is safe and effective
when properly handled, but it is very dangerous when handled other-
wise.

Painting and Marking. Loaded Fragmentation Hand Grenades
Mk. II, are painted lustreless olive drab. The levers of the igniting
fuzes are stamped with the fuze model, lot number of loaded fuze,
and the fuze loader’s initials.

Packing. Loaded and fuzed fragmentation hand grenades are
packed in individual fiber containers, 25 grenades in containers per
wooden packing box.

GRENADE, HAND, OFFENSIVE, MK. liJA1l, UNFUZED
(ADAPTED FOR HAND GRENADE DETONATING FUZE,
M6A2).

General. Because of its structure, which is such that there is no
marked fragmentation, this grenade can be used more safely in the
open than can fragmentation hand grenades. It is used for demolition.

'Body. The body of this grenade is formed of laminated cartridge
paper and is fitted with light sheet metal plates crimped to the ends
of the body. In the center of the top, a threaded brass collar is
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crimped in place as an adapter for the FUZE, detonating, hand
grenade, M6A2. The grenade is cylindrical in shape.

Filler. The filler of this grenade is a pressed charge of flake TNT.

FUZE, Detonating, Hand Grenade, M6A2. This fuze is similar in
mechanical action to the FUZE, igniting, hand grenade, M10A2. It is
provided with a 5-second delay.

Painting and Marking. The loaded grenade body is black in color.
A yellow gummed paper sealer runs about the center of the body
and is printed with the type, the model, the lot number, the date of
loading, and the loader’s initials.

Packing. The loaded offensive hand grenade and the FUZE, deto-
nating, hand grenade, M6A2, are packed and shipped separately. The
loaded grenade bodies are packed 24 per box or 50 per box. The
fuzes are packed 25 per carton, 8 cartons (200 fuzes) and 1 wrench
(for field assembly of fuze to grenade) per box.

AMMUNITION INSPECTION GUIDE

GRENADE, HAND, TRAINING, MK. 1Al.

General. The training hand grenade is made of cast iron and is
approximately the same shape, size, and weight as a loaded Fragmen-
tation Hand Grenade Mk. II. A projection is cast on the top and
side to represent the fuze assembly. The Al modification consists of
the addition of a cotter pin and pull ring to a hole drilled in appro-
priate position through this projection. This more closely simulates
the operations involved in the throwing of a fragmentation hand
grenade. The training hand grenade is used for preliminary practice
in grenade throwing.

Painting and Marking. This grenade is painted black; that being
its only distinctive marking,

Packing. This grenade is packed 24 per box
FURTHER REFERENCES: SNL S4; OFSB 3-10; TM 9-1900,
TM 9-1985; FM 23-30; 0.0. 7224,

Chapter 3
Antipersonnel Mines and Booby Traps

GENERAL.

Antipersonnel mines are designed for effect against personnel and
are laid to perform a definite tactical mission. Antipersonnel mine
fields are used in antitank mine fields to give warning of enemy
mine removal parties as well as for effect against such parties. They
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should be given good cause to fear to advance into ). s localities; to
undertake new tasks, or to enter buildings or dugouts for shelter or
rest. To this end, mines and traps should have infinite variety in
their distribution and use, and should be particularly dangerous to
those who attempt to locat» or remove them.

Types. Two standard antipersonnel mines are provided; namely,
the MINE, antipersonnel, M2, which in action is similar to a small
trench mortar, projecting a shell about 6 feet into the air where it
explodes, and the MINE, antipersonnel, M3, which is a fragmenta-
tion type. The complete round of either type consists of the mine
itself, the firing device, and accessories such as trip wires which are
necessary to the proper functioning of the mine,

In addition to the above types, fragmentation hand grenade, dem-
olition blocks, and other adaptable ammunition items may be used
as either antipersonnel mines or booby traps by their being fitted
with standard firing devices.

FIRING DEVICES.

General. The following firing devices are manufactured especially
for use with antipersonnel mines or booby traps: Pull Firing Device
M1; Pressure Firing Device M1; Combination Firing Device M1;
Release Firing Device M1

These standard firing devices afford the following advantages over
improvisations: established supply; speed of installation; dependabil-
ity of mechanical functioning; resistance to weather; safety.
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A few of the many ways in which the above listed devices may be
used are as follows:

1. To fire antipersonnel mines.

2. To protect antitank mine fields from enemy attempts to clear
them.

3. To impede the advance of enemy troops.

4. To activate road mines.

5. To protect tactical barb wire from enemy attempts to cut the
wire. -

6. To set off booby traps in dwellings or other buildings which the
enemy is likely to use.

7. To set off explosive charges instantaneously when electrical
means are not available.

8. To prevent removal by the enemy of prepared demolition
charges or delay action mines.

9. To prevent temoval of railway equipment or other facilities
abandoned to the enemy.

10. To cause demolition of bridges by vehicles crossing them.

11, ‘To set off hand grenade antipersonnel mines.

12. To make the removal of other antipetsonnel mines or vehicle
mines in the vicinity more difficult.

These are only a few of the many and various ways in which these
devices may be used. The actual number of uses is limited only by
the ingenuity of the user. It is important to remember, however,
that the entire installation must be well camouflaged or it will be
discovered by the enemy. Standardization of location must be avoided
so that the enemy will be forced to suspect everything and will fear
to touch or move even the least suspicious object.

Pull Firing Device M1.

Description. The Pull Firing Device M1, is a nonelectrical
mechanism, designed primarily for use with a trip wire, for firing
mines or other explosive charges. A direct pull of from.3 to 5 pounds
applied to the trip wire releases the firing pin, which is driven by the
compression spring into a percussion cap fitted in the base. The per-
cussion cap fires a nonelectric blasting cap, attached to the base,
which in turn detonates the explosive charge. The device (fig. 93)
measures approximately 4% inches long by % inch in diameter.
It consists of a head, a housing tube, and a base. The head contains
a release pin, a safety pin, and a loading spring.The housing tube con-
tains the firing pin and the firing pin compression spring. The base
contains a recess intc which the percussion cap is placed, and a
projection to which a- nonelectric blasting cap is crimped when the
device is loaded. The firing mechanism consists of a firing pin, a
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compression spring, a release pin assembly, and a loading spring. The
split head of the firing pin is forced against pressure of the compres-
sion spring through a small opening or well, in the housing tube. The
release pin enters into and expands the split head of the firing pin
spindle against the sides of the well, thus preventing its return, al-
though the striker is under pressure from the compressior spring.
The release pin is held in position by the loading spring. Holes in
the main head and in the release pin allow insertion of a safety pin,
thus preventing accidental movement of the release pin from firing
the cap. A soldered joint is made between the main head and the
housing tube, so that this part of the device cannot be taken apart.
A short piece of flexible wire terminating in a loop is attached to the
housing tube at this joint. This is to be used as an anchorage for
the firing device. The ring on the release pin facilitates fastening the
trip wire to the device.

Funection. When the safety pin is removed, a pull of from 3 to 5
pounds applied through a distance of about !4, of an inch is sufficient
to overcome the resistance of the loading spring and cause the
tapered end of the release pin to be withdrawn from within the split
head of the firing pin. The split head of the spindle being no longer
forced against the well, slips through under the influence of the
compression spring. This forward movement of the firing pin con-
tinues until it strikes the head of the percussion cap contained in the
base of the device. The percussion cap is thus fired and detonates
the nonelectric cap crimped onto the base.

Packing. Pull firing devices are packed in boxes, each box con-
taining five devices complete with percussion caps and two 80-foot
spools of light trip wire. The box measures 4% by 4% by 1% inches.
Each box weighs 1 pound 3 ounces.

Pressure Firing Device M1,

Description. The Pressure Firing Device M1 is a nonelectrical
device designed to cause the detonation of antipersonnel mines or
other explosive charges when the device is subjected to a pressure
of 30 pounds or more. The device (fig. 94) is mounted on a rectan-
gular base plate, measuring 21 by 1%, inches and is composed of a
barrel, head, and base. The barrel contains the firing mechanism. The
head, permanently joined to the barrel, contains the trigger assembly.
The base, which screws into the barrel, contains a recess into which

a percussion cap fits and a prejection over which a nonelectric blast-

ing cap is crimped. (The base and percussion cap are identical with
those used on the Pull Firing Device M1.) The firing mechanism
consists of a striker assembly, a striker spring, a trigger assembly, and
a trigger spring. The striker assembly consists of a round spingle with
a turned down section of reduced diameter 33 of an inch from the
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end opposite the striker, the striker head, and a firing pin mounted
on the striker head. The trigger unit consists of a large, flat head
mounted on a trigger pin extending through the side and down into
the barrel. The trigger pin has a pear-shaped hole in it. The small
section of the spindle fits in the small end of the pear-shaped hole
so that the striker spring is unable to cause a movement of the
striker and firing pin. A safety clip extends around the trigger pin,
between the barrel and the trigger head. No appreciable movement
of the trigger pin against the action of the trigger spring is possible
until the safety clip is removed.

Funciion. When the safety clip is removed, a force of from 25 to
35 pounds applied to the trigger head through a distance of 3} of
an inch is sufficient to overcome the resistance of the trigger spring
and cause the trigger pin to move into the barrel, permitting the
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striker and firing pin to be driven forward and strike the percussion
cap. The percussion cap detonates the nonelectric cap attached to
the projection on the base.

Packing. These firing devices are packed in boxes containing five
devices each, complete with percussion caps. A full box weighs 1
pound 14 ounces. It measures 4% by 5% by 1% inches.

Combination Firing Device M1.

Description. This firing device combines the principles of the
Pull Firing Device M1 and those of the Pressure Firing Device M1
to give a firing device which may be set for either or both of the
actions. This device is standard for use on the Antipersonnel Mines
M2 and M3. It is a simple type firing mechanism containing a spring-
loaded firing pin, and a percussion cap. It may be fired by means of a
cord connected to the release pin ring, or by pressure applied to the
pressure cap (fig. 97). A pressure of 20 to 40 pounds on the pressure
cap or tension of 3 to 6 pounds on the release pin will cause release
of the firing pin and detonation of the mine. It is packed. with the

mines with which it is used, along with the necessary accessories

to proper function.

Release Firing Device M1.

Description. The Release Firing Device M1 is a nonelectrical fir-
ing device designed to operate when a restraining load is lifted from
it. The device (fig. 95) measures 2% by 1% by 1% inches, and
consists of a cube-shaped body containing the lever, spring and firing
pin, mounted on a nailing bracket. The end of the body is provided
with a female connection to take the standard firing device base used
on the Pull Firing Device M1 and on the Pressure Firing Device M1.
The firing mechanism consists of the latch, spring lever, spring, and
firing pin. When cocked, the device is restrained from firing as long
as there is at least a 2-pound load on the top face of the latch.
When the load is removed, the latch releases the spring lever which
springs down and strikes the firing pin, firing the percussion cap. The
latch normally is held in position by the safety pin which is so de-
signed that it cannot be removed easily except when there is at least
a 2-pound load on the top face of the latch. A nailing bracket is
provided by a thin plate ¥4 of an inch wide by 4 inches long, spot-
welded to the bottom of the body. Two Y4-inch holes are provided
on opposite sides of the device to permit the insertion of a nail or
stiff wire to act as an auxiliary safety device by blocking the spring
lever and preventing it from striking the firing pin.

Function. In order to remove the safety pin, a weight of at least
2 pounds must be applied to the exposed surface of the latch. After
the safety pin in removed, the removal of the load on the latch auto-
matically frees the spring lever which, propelled by the spring, swings
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through and strikes the firing pin at the end of its flight, firing the
percussion cap which detonates the blasting cap crimped to the base.
Use. The principal uses of this device are to activate antitank
mines, and to construct various types of booby traps.
Packing. Packed four per cardboard carton, with bases complete
with percussion cap, unassembled but in the same carton.

ANTIPERSONNEL MINES.

General. An antipersonnel mine may consist of any of the fol-
lowing:

1. Standard Antipersonnel Mine M2 (bounding type).

2. Standard cast iron encased Antipersonnel Mine M3.

3. Improvised antipersonnel mine.

Principles of employment. The following principles should be ob-
served in installing antipersonnel mines:

1. Concealment. They should be concealed carefully and camou-
flaged in order to make detection and removal difficult.

2. Terrain. They should be installed in likely avenues of enemy
approach.

3. Tactical purpose. Antipersonnel mines are laid to reinforce anti-
tank mine fields, barbed wire entanglements or other obstacles, and
to establish antipersonnel mine fields to block hostile avenues of ap-
proach. Their purpose is not only to secure‘effect against personnel but
also to give warning of their approach.

4. Change in methods. The utmost ingenuity should be exercised
in varying the method of installing and camouflaging antipersonnel
mines so as to keep the enemy in doubt as to what he may encounter.

5. Variety. Several different types of antipersonnel mines should
be employed in any one locality.

MINE, Antipersonnei, M2.

General. MINE, antipersonnel, M2, (fig. 96) is similar to a small
mortar, and projects a shell about 6 feet in the air, where it explodes.
Designed for use against personnel, it has an effective radius of about
30 feet. The shell weighs approximately 3 pounds, of which 12 per-
cent is high explosive. The shell fuze, which is ignited by the propel-
ling charge, contains a delay element that delays detonation of the
shell until it has attained the most effective height. This mine is
fired by the action of a pull wire or a pressure cap.

Description. The mine (fig. 96) consists of a base plate to which
a short length of thin-walled tubing is welded, and to which a Y4-inch
pipe nipple is threaded. The cavity in the base plate contains the
propelling charge, which consists of 20 grains of black powder assem-
bled in a small bag. The mortar tube, containing the fuzed shell, is
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sealed with a metal cap. Attached to the pipe nipple is a coupling
into which is fitted the primer and igniter assembly (the standard
firing device base with a black powder igniter crimped in place).
The primer is protected during handling and shipment by a metal
cap. The firing pin assembly of the firing device is shipped separately
in a tube, in the same box with the mine.

The firing device used with this mine is Combination Firing De-
vice M1. (See previous description and figures.)

Function. When either by a 3- to 6-pound pull on the trip wire,
or by a 20- to 40-pound pressure on the pressure cap the firing
pin is released, it is driven by its compression spring into the percus-
sion cap. This in turn ignites the igniter, the flame passing through
the pipe nipple to the propelling charge of black powder in the base.
The burning of the propelling charge ignites the fuze of the shell and
propels the shell into the air. The delay in the fuze delays detonation
of the shell until it has reached its most effective height (about 6
feet).

Painting and marking. The mine and the firing device are painted
olive drab, lustreless, except for the flange of the mine base, which
is painted yellow and embossed with the type and modei of mine, the
lot number, manufacturer’s symbol, and date of loading.

Packing. The mine is packed one per corrugated paper carton. The
carton contains the firing pin assembly in a fiber tube and 104 feet
of wire, The wire is used for making tripping devices and is either
olive drab or sand color. Ten such containers are packed in a wooden
packing case, 32 by 13%, by 9154, inches in over-all dimension, and
93.4 pounds in weight.

MINE, Antipersonnel, M3.

General. The MINE, antipersonnel, M3, is a fragmentation type
of land mine intended primarily for use against personnel. It con-
sists of a cast iron block containing TNT and a firing device. It has
an effective radius against personnel of 10 yards when fired at the

* surface of the ground. The effective radius is slightly increased when

the mine is used several feet above ground level, and is decreased
when the mine is buried in the ground. Fragments of the mine may
be thrown more than 100 yards and suitable protection should be
provided for friendly personnel within this radius.

Description. The MINE, antipersonnel, M3, is shown with prin-
cipal dimensions in figure 98. It is a cast iron casing 32 by 3% by
534 inches in over-all dimension. This casing is filled with a charge of
%, of a pound of flaked TNT. In two opposite sides and one end,
there are holes below which are fuze wells. Any one of these holes
may be used. As shipped, the holes are closed with plastic plugs. In
the end opposite the well is a filling hole which is closed with a disc.

The firing device used with this mine is the Combination Firing
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Device M1. (See previous description and figures.) In this instance,
the firing device is provided with a special blasting cap (U. S. Army
blasting cap, type A), which is crimped to the projection on the base
of the firing device. The firing device complete with blasting cap is
issued unassembled to the mine.

Function. When either by a 3- to 6-pound pull on the trip wire,
or by a 20- to 40-pound pressure on the pressure cap the firing pin
i is released, it is then driven‘by its compression spring into the per-
cussion cap. This in turn causes detonation of the blasting cap
crimped to the base of the firing device and of the bursting charge
of the mine. Fragments of the mine body will cover a 30-foot radius
effectively.

Painting and marking. The mine body and the firing device are
painted olive drab with the exception of the closing disc, which is
yellow. The mine body is stenciled in black with type and model, lot
number, and date of loading.

Packing. Six mines are packed in a wooden packing case, which
also contains six firing devices, The firing devices are packed in sealed
cylindrical fiber containers which, in turn, are packed in compart-
ments in one end of the packing box. The dimensions of the packing
box are 17% by 811{4 by 9, inches. As packed, the packing box
weighs 72 pounds. Packed in the box is a small wrench which fits
the square holes in the plastic plugs in the mine, and is used for un-
screwing them prior to assembling the firing devices. Six coils of
wire, for making tripping devices, are also packed in the box. Each
of these coils is 104 feet in length. Some of the wires are olive drab
and some are sand colored.

§ Improvised Devices.

General. The use of improvised devices as antipersonnel mines is
limited only by the material at hand and by the ingenuity of the
maker. Generally, these devices are not as effective as standard
devices for reasons stated previously.

FURTHER REFERENCES: TM 9-1940; The Ordnance Sergeant,
February 1943; SNL R-7.
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! Chapter 4
Rifle Grenades and Rociefs
- a RIFLE GRENADES.
General. Rifle grenades fall into three general types: antitank

grenades, practice antitank grenades, and fragmentation grenades.
! These types are designed to be fired from the cal. .30 rifle and the
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cal. .30 carbine. The various weapons used to project the rifle gre-
nades require certain accessories. '

The U. S. RIFLE, cal. .30, M1903, requires a launcher which is
attached to the muzzle of the rifle, and the CARTRIDGE, rifle gre-
nade, cal. .30, M3.

The U. 8. RIFLE, cal .30, M1903A1 and M1917, may also be
used to project rifle grenades. In such cases, each of the above rifles
requires a special sight and the M1917 Rifle also requires a special
launcher, desighed to fit this weapon in particular.

The cal. .30 carbine requires a special launcher and the CAR-
TRIDGE, grenade, carbine, cal. .30, M6. No further information is
available at the present time with regard to these accessorigr-for the
firing of rifle grenades from the carbine.

The original issue of antitank grenades to an individual soldier is
made by means of a kit which contains, in addition to a supply of
grenades and cartridge, the necessary auxiliary equipment for the
rifle with which he is provided. Subsequ?:\t issues consist of only rifle
grenades and cartridges until such time as replacement of the acces-
sories becomes necessary.

GRENADE, Rifle, H.E.;, M9. This is the originally developed

- antitank grenade, and is now standard for issue only since an im-

proved type has been developed. It has a sheet metal body and
weighs 1.5 pounds. It will detonate upon impact, provided the sur-
face struck and the angle of impact are such as to exert pressure on
the projection on the nose of the grenade (fig. 99).

GRENADE, AT, M9A1. This grenade also has a sheet metal body,
but weighs only 1.31 pounds. It is more sensitive than the M9 and
may detonate upon impact with soft earth. However, for certainty of
detonation, it should strike the target head-on, or nearly so. The
grenade consists of two principal parts: the high explosive head, and

" the stabilizer tube and fin assembly (fig. 99). The head of the

grenade is composed of the ogive, or forward rounded portion; and
the body, or rear portion to which the ogive is crimped. The charge
of the grenade is 50/50 cast pentolite with the exception of a 10/90
cast pentolite booster surround.

This type of charge is known by the name “shaped charged.” The
effect of such a shaped charge on armor plate is very unusual. It
appears to focus the detonating wave against a small area of the plate.
This focused and concentrated wave hits the plate with such terrific
force that a roughly cylindrical hole is driven through it. The metal
of the plate is raised to an incandescent heat and issues from the
rear of the hole in the armor in the form of a cone-shaped spray whose
angle of opening is approximately 90 degrees, This effect of the
shaped charge is alsa known as the “Munroe effect,” receiving this
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name from ihat of the discoverer of the effect of shaping charges.
Some figures substantiating the effect on armor plate will be pre-
sented in the sections dealing with antitank rockets.

The stabilizer assembly consists of these major parts: the fuze
body, which contains the fuze parts and which threads into the union;
the stabilizer tube, which attaches to the rear of the fuze body with
four rivet-like pins; and the fin, which is spot-welded to the rear
of the stabilizer tube.

The fuze is a simple impact firing device consisting of a spring
restrained striker, which on impact strikes a detonator of priming
mixture, lead azide, and tetryl, which in turn causes detonation of
a booster of tetryl. The wave from the booster in turn detonates the
bursting charge in the grenade body. The striker is held safe in
storage by a safety pin which clips to the stabilizer tube and passes
through the fuze body, at the same time engaging an annual groove
in the striker. This safety pin must be removed prior to firing the
grenade.

The stabilizer tube serves two purposes, an attachment for the
fin, and a support for the grenade on the launcher. The tube is slipped
over the end of the launcher. The fin, of course, stabilizes the flight of
the grenade,

It should be noted that the penetration of the grenade is not
achieved by its velocity, the initial velocity being in the vicinity of
150 feet per second, but entirely by the effect of the shaped charge.

GRENADES, AT, Practice, M11 and M11A1. These grenades are
dummy (inert) grenades, similar in size, shape, and weight to the
GRENADE, rifle, HE, M9, and the GRENADE, AT, M9A1, respec-
- tively. Each of these grenades consists of two parts, a head and a fin
assembly. When damaged by repeated use, the fin assembly may be
replaced. These grenades are used for target practice only.

CARTRIDGE, Rifle Grenade, Cal. .30, M3. This cartridge, used
in discharging rifle grenades, is a special type of blank cartridge, rec-
ognizable by the rose crimp at its mouth. Only this cartridge must be
used for this purpose. Neither ordinary blank ammunition nor ball
ammunition may be used.

LAUNCHER, Grenade, M1.The launcher, on which the grenade
is placed for firing, is an extension to the barrel of the rifle. A clamp
with a wing nut is provided for attaching the launcher securely to
the muzzle of the rifle. When the launcher is attached, the rifle may
be employed for firing ball ammunition; however, the bayonet can-
not be fixed. The rings and grooves on the launcher (fig. $9) act as
gas checks, slowing down the escape of the propellent gases from the
rifle grenade cartridge.

Recoil Pad. A rubber recoil pad is provided for protecting the
rifle stock when the rifle is fired with butt resting against a hard sur-
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face. The pad also lessens the shock of recoil when the rifle is fired
from the shoulder.

Painting and Marking. High explosive grenades are painted a
lustreless olive drab and stenciled in yellow with the model and lot
number. Practice grenades are painted black and stenciled in white
with the model and lot numbers,

Packing. GRENADES, rifle, HE, M9, and AT, M9A1, are packed
1 per fiber container, 10 containers and 11 cartridges per box.

GRENADE, AT, practice, M11, is packed 1 grenade and 1 car-
tridge per fiber container, 50 containers per box.

GRENADE, AT, practice, M11A1, is packed 1 per fiber container,4

50 containers per box,

CARTRIDGE, rifle grenade, cal. .30, M3, is packed 20 per carton,
100 cartons (2,000 rounds) per metal lined box.

GRENADE, Rifle, Fragmentation, Impact, M17.

General. The M17 Impact Fragmentation Rifle Grenade is an

antipersonnel grenade for use in conjunction with standard grenade -

launchers, grenade cartridges, and cal. .30 rifles. The grenade is fired
in a manner similar to the firing of the Antitank Grenade M9A1, ex-
cept for the range determination. An impact type of fuze fires the
grenade upon impact. The.maximum range when fired from a gre-
nade launcher on the M1917 or M 1903 Rifles is about 220 yards.

Description. The grenade consists of a serrated cast iron body to
which is fitted a tail assembly made up of a stabilizer tube and a
fin assembly. An impact fuze is located in the forward end of the
stabilizer tube. The firing pin is held in the unarmed position by a
safety pin, which fits in an annular groove around it, through a hole
in the fuze body, and clamps about the stabilizer tube. The safety
pin and fuze is identical to that of the Antitank Grenade M9A1.

Function. The grenade is fired from a grenade launcher fitted to
a cal. 30 rifle by using a standard rifle grenade cartridge (CAR-
TRIDGE, rifle, grenade, cal. 30, M3). The safety pin must be re-
moved before the grenade is fired. Upon impact, the fuze functions
and detonates the grenade, provided the surface struck and the angle
of impact are such as to exert pressure on the forward end of the
grenade.

Packing and marking. The grenades are painted lustreless olive
drab. Ten grenades in individual fiber containers and a carton of 11
rifle grenade cartridges are packed in a wooden packing box. Also
included in the box are 3 launcher positioning clips for use in range
determination.

ROCKETS.

ROCKETS, AT, 2.36-inch. The 2.36-inch AT rockets are
launched from the LAUNCHER, rocket, AT, M1. The launcher is
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an open tube approximately 54 inches long and 2.365 inches internal
diameter, equipped with hand grips, stock, firing mechanism, and
sights. The firing mechanism is electrical in nature, the ignition of
the rocket propelling charge being accomplished by the current from
a 2 dry-cell battery in the stock. The launcher may be fired from the
shoulder. There is no recoil, since propulsion of the rocket is by jet
action of the propelling gases. The range of the rockets ranges from
200 to 300 yards as an optimum, although longer ranges can be ob-
tained. The muzzle velocity is about 300 feet per second. Two types
of rocket are provided; namely, high-explosive and practice.

ROCKET, AT, 2.36-inch, M6 (fig. 101). This rocket is a high-
explosive projectile for use against tanks. It is 2114 inches long and
weighs 3142 pounds. The rocket consists of three principal parts: the
high-explosive head, the stabilizer tube, and the fin assembly.

The head consists of metal parts which are similar in function to
the parts of the AT grenade head. These parts are the ogive and the
body. The bursting charge is similar, both ip that it is a “hollow” or
a “shaped charge,” and also in its composition which is mainly 50/50
pentolite with a 10/90 pentolite booster surround. It is, however, a
heavier charge, weighing approximately 2 pound.

The stabilizer tube consists of two principal parts: the fuze body,
which threads into the union and contains the fuze mechanism, and
the powder tube to which the fuze body is permanently joined, and
which contains the propellent charge.

The fuze is similar in all its components to that of the AT
grenade. It is, however, of heavier construction, as is the entire rocket,
and contains heavier booster and detonator charges. The parts of the
fuze are a spring restrained striker; a detonator of priming mixture,
lead azide, and tetryl; and a booster of tetryl. The striker is held in
the unarmed position prior to loading into the launcher, by a safety
pin which engages an annular groove in the striker as it passes
through opposed holes in the fuze body. The safety pin clips to the
stabilizer tube and must be removed prior to firing of the rocket.

The powder tube or remainder of the stabilizer tube in this case
serves as a housing for the propellent powder and an electric safety
match or squib. The propellent powder is a monoperforated ballistite
type formed into rather long grains. The electric safety match with
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an igniting charge of black powder is located at the upper end of
the powder tube. Two contact wires pass down through the powder
tube and out through the nozzle portion of the fin assembly.

The fin assembly consists of three parts: the nozzle, which is a
venturi tube; the trap, which is a spider ring closing the nozzle open-
ing above the venturi and holding the propellent powder in place;
and finally, the fins themselves. The fins are six metal blades, each
spot-welded to_the outer surface of the nozzle at two points. Each
blade is notched at a point opposite the lower extremity of the noz-
zle. These notches are unpainted and one of them serves as a con-
tact for the electric safety match, one ignition wire being soldered to
it. The other contact is made by means of an insulated (with a fiber
strip) brass contact ring encircling the ogive. A brass connector strip
runs from the end of the body to this ring. To the end of the connec-
tor strip is soldered the other ignition wire from the electric safety
match, This ignition wire is taped to the stabilizer tube midway be-
tween fins and body.

Function. The safety pin is removed and the rocket inserted into
the rear opening of the launcher. It is held in place by a safety catch.
Firing is accomplished by establishing an electric circuit between
rocket and launcher. This causes ignition of the electric safety match,
the black powder ignites, and the propellent powder gases issue
through the nozzle, the venturi serving to increase their velocity. This
back blast serves to propel the rocket forward. There is no recoil and
the back blast should not affect the firer since the powder is designed
to be completely burned within the launcher. On impact with the
target the striker, due to inertia, drives forward overcoming its re-
straining spring. It strikes and causes detonation of a detonator of
priming mixture, lead azide, and tetryl, which in turn carries detona-
tion of a tetryl booster, a 10/90 pentolite booster surround, and a
50/50 pentolite bursting charge.

Effect. The rocket has effect against various targets as follows:

1. Armor plate. Penetration slightly in excess of 3 inches of
homogeneous steel armour plate at all ranges and at angles of impact
as low as 60 degrees from normal. A hole, roughly cylindrical and
about 1 inch in diameter, is blown through the plate, the force ex-
erted by the detonation being of such high order that the metal of
the armor plate is raised to a state of incandescence, and exits from
the back of the plate in a spray of several hundred particles. Such a
spray is cone-shaped with its angle of opening about 90 degrees. This
spray exerts antipersonnel effect to a distance of 30 yards and usually
causes explosion of ammunition it strikes.

2. Masonry. Penetration of brick walls and rock masonry not over
8 inches in thickness is accomplished with a burst having a powerful
1iast effect. '
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3. Siructural steel. Shattering effect against cast steels and such
materials as girders and railroad rails. Effect against a motor block
causes extensive damage, in most cases irreparable.

4. Wood. Penetration of up to 9 inches of pine timber, caused by
its blast action. Less than 1 inch of wood ordinarily will not cause
detonation.

5. Water. Water will not cause detonation of the rocket bursting
charge. :

6. Soil. Impact with the ground will not ordinarily cause detona-
tion except at ranges in excess of 300 yards. The trajectory is suffi-
ciently flat to cause the rocket to ricochet at shorter ranges without
detonating. At ranges from 300 yards to 650 yards, the extreme range,
impact usually does cause detonation except in very soft soil such as
mud. Bursts against the ground have much of the blast effect and all
of the appearance of 75-mm H.E. shell. However, it will be under the
most exceptional circumstances that this type of rocket will ever be
employed against personnel in the open.

Uses. The primary use of the rocket is of course against tanks, it
being highly effective against all known types of medium tanks. It,
however, has secondary uses as follows: :

1. Antitank mine. The rocket is placed, nose up, in a hole in the
ground about 2 feet deep, properly placed to achieve the desired
effect. It is fired electrically by attaching the ends of two wires to
the rocket ignition wires, one to the brass contact ring on the ogive,
the other to the fins. Ordinary twisted field telephone wire and the
dry-cell battery from the launcher suffice for this purpose. The rocket
may be placed in a road bed or set horizontally into the side of a
cut or bank.

2. Demolition. The rocket may be used for destruction of rail-
road rails, structural steel, disabled armored vehicles, and various
types of material. It may be placed in or near the object to be
destroyed, allowance being made for about a foot of travel before
impact. Ignition is accomplished as in the antitank mine use.

3. Booby traps. When used for this purpose, the rocket should be
sited to strike a hard surface such as masonry or heavy timbers to
obtain maximum effect of the blast. The ignition would be accom-
plished as above with a trip wire or similar device to make contact.

ROCKET, Practice, 2.36-<inch, M7, This rocket is similar in
shape, size, and weight to the high-explosive type. However, it is
provided with only a propellent charge, the head being inert. No
fuze is provided. The end of the stabilizer tube is extended to coun-
ter-weight the head and make the ballistics of this rocket similar to
that of the H.E. type. A safety pin passes through the stabilizer tube
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Figure 102 — Packing of ROCKET, AT, Mé

at the upper end and in order to make the detail of firing this rocket
similar to that necessary in the above H.E. type. Since there is no
fuze, it naturally serves no useful function. In all other respects the
rocket is similar to the H.E. type. It is used for target practice only.

Painting and Marking. The M6 Rockets (H.E. type) are
painted a lustreless olive drab and stenciled in yellow, while the prac-
tice type (the M7) is painted black and stenciled in white. The
stencil in each case includes the type, model, and lot number.
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Packing. Each of the above types is packed 1 per fiber container,
20 containers (20 rockets) per box.

FURTHER REFERENCES: TM 9-294, TM 9-1900; FM 23-30;
TC 104; SNL S-4, SNL S-9.

Chapter 5
Antitank Mines

GENERAL.

The antitank mine is an explosive device designed to be laid on
the ground or planted flush with the surface for defense against
armored cars and tanks. During the present war, with its great em-
phasis on e;.'it)Ored vehicles, the antitank mine has hecome a very
important device, being planted literally by the millions. Our mines
are rather light and their effect is to severely damage or break the
tread of a tank, stopping it, and leaving it open to the fire of other
antitank weapons.

Foreign mines are in some cases heavy enough to breach the belly
of a tank, as will our mines in isolated instances. Two types of mines
are provided, high-explosive and practice.

MINE, ANTITANK, H.E., M1.

General. This complete round (fig. 103) consists of three parts:
the Joaded mine body, the fuze, and a spider which fits over the fuze
to increase the effective size of its head.

The steel body is cylindrical, approximately 2% inches high and
7% inches in diameter. The flanged rim around the top is notched
in two places for assembling the spider. In the center of the top
is the fuze cavity, approximately 2 inches in diameter and 25} inches
deep. A carrying ring is attached to the side of the mine. A filling
hole, closed by a light, press-fit, metal cap is located near the outer
edge of the top of the body. The complete body and fuze, with the
spider, weighs approximately 10.4 pounds. The high-explosive filler
weighs 6 pounds.

The spider consists of a ring and two cross members, each with
a hook on either end, spot-welded together as shown in the illustra-
tion. The hooks engage the flange on the mine body and the center
of the spider rests on the striker head of the fuze.

FUZE, Mine, Antitank, H.E., M1. This fuze which is used only

in the HLE. mine contains its own booster. It consists (fig. 103) of a
striker assembly and a body which houses the detonator and booster.
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FUZE, MINE, ANTI-TANK, E
H.E., MI -

RA PD 4037

Figurz 103 — MINE, Antitank, H.E., M1
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The striker assembly, on the outer end of which is a 2-inch diameter
head, protrudes approximately 33 inch beyond the body of the fuze.
The firing mechanism, consisting of a firing pin and a compressed
spring, is contained within the striker assembly. A collar, attached to
the striker by shear pins, supports the firing pin in a cocked position
by means of two steel locking balls. Each of these rests in a recess
in the collar and is held in position by the shoulder of a similarly
located recess in the striker. A detonator of priming mixture, lead
azide, and tetryl is located in the fuze body directly beneath the fir-
ing pin. The lower part of the body contains the booster charge, which
consists of a ring pellet and a full pellet of tetryl. The ring pellet
encircles the lower end of the detonator. The striker head during
shipping and handling is supported by a safety fork attached to it
with a cord. On the outer surface of the fuze body are found two
steel locking balls, each spring actuated, and each protruding slightly
from the sides of the fuze body. These lock the fuze in the fuze
cavity.

Assembly. The following steps are required to assemble the com-
plete found:

1. Remove the spider from the bottom of the body.

2. Insert the fuze in the fuze cavity, pushing it down until it
latches. When thus assembled, the upper surface of the fuze body
is flush with the upper surface of the mine. Always be sure that the
fuze cavity is clear of foreign material before inserting the fuze.

3. Assemble the spider by alining, but not engaging, two of its
hooks with the two notches in the flange on the mine body. Engage
the other twg hooks beneath the flange. Next, press the first two
hooks through the notches, then rotate the spider approximately one-
eighth turn in either direction to secure the spider to the body.

4. Plant the mine, recording its location.

5. Withdraw the safety fork, thereby arming the fuze. The safety
fork should be left beside the mine, attached to its cord, never be-
tween body and spider.

Function. A force of 500 pounds directly on the striker head or
of 250 pounds on the rim of the spider is sufficient to force the
striker inward, breaking the shear pins. The striker recesses become
alined with the collar recesses and the locking balls are ejected from
the collar by the force of the compressed spring of the firing pin. The
firing pin spring also forces the firing pin down through the collar to
strike a detonator of priming mixture, lead azide, and tetryl. The
detonstion of this detonator causes, in turn, detonation of a tetryl
booster charge contained within the fuze, and of a TNT bursting
charge contained in the mine body.
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Figure 104 — MINE, Antitank, H.E., M1A1
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MINE, ANTITANK, H.E., M1Al.

General. Because of disadvantages which appeared in the strik-
ing mechanism of the FUZE, mine, antitank, HE.,, M1, a modification
of this fuze was developed to derive the Fuze M1A1l. This modifica-
tion consisted of separating the striking mechanism and detonator
from the booster, the booster being shipped assembled to the mine
body. The fuze (striking mechanism and detonator) is shipped in a
separate compartment-of the same box in which the mine bodies are
packed. The booster is held in a light steel cup which has five slightly
outwardly flared steel fingers. These lock the booster in place beneath
the flange at the top of the fuze cavity. The striking mechanism is
similar to that of the M1 Fuze, The same detonator, within a detona-
tor housing, protrudes from the base of it. The booster charge is of
tetryl and consists of a ring pellet and solid pellet; the ring pellet
once again accommodating the detonator.

The M1A1 Mine Body is similar to the M1 Mine Body except
that the spider is formed from one piece of sheet steel rather than
being composed of three members as formerly.

FUZE, Mine, Antitank, H.E., M1A2. The above described M1A1l
Fuze has been modified further by the changing of its detonator to
one more powerful. All other details are similar.

MINE, ANTITANK, H.E., M4,

In this round, the mine body differs only in that it is provided
with an activator well which is capable of taking an engineer firing
device with blasting cap. This enables planting of the mine in such
a way that any attempt at removal will result in detonation.

FUZE and BOOSTER, Mine, Antitank, H.E., M4. The fuze dif-
fers in that a cricket spring which both supports the firing pin and
propels it into the detonator, is substituted for the compressed spring
and steel locking balls. This overcomes the obvious disadvantage of
the cocked firing pin assembly formerly used. Also the detonator is
housed within the fuze body, not protruding as formerly.

The booster differs from the M1A1 Booster only in that there is
no ring pellet of tetryl, there being no necessity for it since the
detonator does not protrude.

MINE, ANTITANK, NONMETALLIC, M5, WITH FUZE, CHEMI-
CAL, MINE, ANTITANK, NONMETALLIC, M5.

The body of this mine is an inverted ceramic bowl, whose top is
threaded for assembly of the chemical fuze. A masonite disc forms a
container for the TNT bursting charge. Between this disc and a plate-
like ceramic base a shock absorber ring of neoprene rubber is assem-
bled. The entire assembly is contained within a hard paper shell
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Figure 105 — MINE, Antitank, Practice, M1
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which is separated from the ceramic parts by perforated asphalt
cushions. This protective outer covering is held in place by nonstretch
adhesive tape which allows compression action only. An activator
well, in the base of the mine, accommodates engineer firing devices.

The fuze, as well as the body, has no metal parts other than a
metal safety key which must be removed in order that the fuze can
be inserted in the mine, and a metal safety ring which must be re-
moved to arm the mine. The plastic fuze body contains a plastic
firing pin which, under pressure, breaks an acid ampule. The acid sets
off a priming mixture, which in turn causes detonation of a d=tonator,
a tetryl booster, and the bursting charge of TNT.

This mine has two advantages over previous types:

1. It is nonmetallic and therefore not detectable by the detectors
in use at the present time.

2. Due to its shock absorber ring, it is very insensitive to sym-
pathetic detonation and therefore is resistant to attempts to clear
paths through the mine fields with devices such as bangalore tor-
pedoes.

MINE, ANTITANK, PRACTICE, M1, WITH FUZE, MINE ANTI-

TANK, PRACTICE, M1.

The body of this mine is similar to that of the H.E. mine, differing
only in that it is empty (no bursting charge). Also, it is provided with
a cast iron former as a support to prevent crushing of the body. It
has no filling hole. Five, equally spaced, 1-inch diameter holes may
be found in the side of the mine body.

The FUZE, mine, antitank, practice, M1, is similar to the M1
H.E. Fuze except that a cal. .32 blank cartridge replaces the deto-
nator and a smoke-puff charge of black powder and red phosphorus
replaces the booster.

A FUZE, dummy (antitank mine), M1, is also provided. It is a
plastic simulation of the service fuze and is provided with a remov-
able safety fork. As its name indicates it is completely inert.

This mine can be used more than once by the provision of new
fuzes and, when necessary, the replacemerit of bent or broken spiders.

MINE, ANTITANK, PRACTICE, M1B1.

This mine body differs from the previous mine body in that it may
be sand-loaded to weight. A filling hole and filling hole cap are pro-
vided. Also, the body is without holes in the side. The cast iron former
is of smaller diameter and is located centrally within the body. Four
slotted openings are formed between it and the fuze cavity in the top
of the mine body. The same fuzes as in the previous round are used
with this practice mine.
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PAINTING AND MARKING.

HLE. types are painted a lustreless olive drab with yellow base and
black stencil. The H.E. fuze has a yellow striker head.

Practice types are painted blue and stenciled in white. The prac-
tice fuze has a red striker head.

PACKING.

Both types are packed in wooden boxes separated into six com-
partments by means of plywood separators. Five of these compart-
ments contain mine bodies to the bottom of which are nested the
spiders. In the case of the later (M1Al, etc.) H.E. types, the booster
is assembled in the mine body. The sixth compartment contains five
fuzes in a wooden separator.

The M5 Mines are packed four per box complete, no further data
being available at the present time.

Chapter &
Bangalere Torpedo

TORPEDO, BANGALORE, M1.

General. The bangalore torpedo is a tube or pipe filled with high
explosive, primarily used for blasting an opening through wire en-
tanglements or for clearing mine fields. In addition to these uses, it
may also be used as an antitank mine, or antipersonnel mine. Be-

cause of its high percentage of explosive charge, it may also be used
for demolition purposes.

Deseription. The TORPEDO, bangalore, M1, consists of a steel
tube 5 feet in length and 2% inches in diameter which is grooved
and capped at each end. The tube is filled with amatol, with about
4 inches of TNT at each end. The weight of explosive charge is
about 9 pounds. Each end of the tube is capped and contains a
recess or well to accommodate a detonator or blasting cap. Nose
sleeves which fit on the ends of the torpedo, and connecting sleeves
for assembling the torpedoes in multiple lengths, are provided. The
torpedoes and accessories are painted lusterless olive drab.

Detonator. Electric or nonelectric blasting caps may be used to
detonate the torpedo. If commercial blasting caps are used, a No. 8,
or stronger, blasting cap should be used.

A pull type detonator consisting of a blasting cap with an arrange-
ment for detonating it by means of a pull wire loop may be used.
A force of 15 pounds on the pull wire loop will cause detonation.
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Figure 106b — TORPEDO, Bangalore, M1 — Accessorles
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Figure 106c — TORPEDO, Bangalore, M1 — Accessories

Nose Sleeve. This is a rounded point which ﬁts' over.the end o.f
a torpedo (fig. 106). It contains a single spring clip which holds it
in place. It is used when multiple sections' are assemble.cl s!nd pus}}ed
along the ground. The nose sleeve is provided for ease in installation
and is not necessary for the proper functioning of the’ torpedo.

Connecting Sleeve. The connecting sleeve (.ﬁg. 106) is a short
tube into which the ends of two torpedo tubes will fit and be l_leld by
three spring clips. It is used when assembling the torpedoes in mul-
tiple lengths.

Torpedo Cap. The torpedo cap (he. 1_06) ﬁts on.the end ofht}llde
torpedo and is locked in place by a spring clip. It is used to ho
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the detonator in place in the recess in the torpedo. When the pull
wire detonator is used, the pull wire passes through the slot in the
cap and a cotter pin is passed through the ears of the cap and the
loop in the pull wire. The cotter pin then serves as a safety pin.

Detonator Wires. Hairpin wires are furnished to connect the loop
of the pull wire detonator to a fixed object or pull cord.

Packing. TORPEDQO, bangalore, M1, is packed 10 in a plywood
box, which also contains 10 connecting sleeves, 20 torpedo caps, 20
detonator wires, 1 nose sleeve, and 20 detonators. The dimensions of
the box in inches are 6333 by 157 by 53%. As packed, the box
weighs approximately 168 pounds.

Packed with each box of torpedoes is an instruction sheet which
shows how the components are assembled and how the torpedo may
be used as an antitank mine.

FURTHER REFERENCES: TM 9-1940; SNL R-7.

Chapter 7
- Trench Mortar Ammunition

HISTORY.

Experience in World War 1 emphasized the need of more exten-
sive and efficient artillery for the support of the land army. The in-
fantry needed a weapon which would support it when it outdistanced
its artillery forces. The artillery was merely able to give initial sup-
port. This resulted in terrific massacres of the infantry with the loss
of what had been gained. Some attempts were made to increase the
offensive power of the infantry by attaching field artillery batteries
and guns. However, flat trajectory weapons did not supply the
answer to the problem. The enemy dug in and the shells passed over
the trenches or hills where they were located. In addition, a 550-yard
minimum range of the artillery weapon and a 50-yard maximum
range of the hand grenade produced a definite void.

The earliest form of the trench mortar weapon was a crude affair.
It consisted of an arrangement of pipes and supports. Crude missiles
were hurled at the enemy by propelling charges. At the time of entry
into World War I, the United States did not number the trench
mortar as one of its standard weapons. Britain, however, had adopted
a standard 3-inch trench mortar weapon known as the Stokes Mortar.
This weapon had a high angle of fire, short range, and short parrel.
It was muzzle loaded and had a smooth bore. It fired a projectile
weighing 11.7 pounds a maximum distance of 750 yards. This weapon
at the time was the answer to a great need. It gave a decent range
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and much better accuracy than the crude affair of pipes. The weapon
served its purpose in that it supplied the needed support for the in-
fantry that the artillery fire lacked, and it servedto blast out machine
gun nests, barbed wire entanglements and other obstructions. It also
proved its efficiency by being a light weapon, firing a fairly heavy
shell, being simple to manufacture and easy to carry.

Brief Comparison of Weapons. The classification of gun, how-
itzer, and mortar no longer conveys the precise meaning it once did.
As formerly defined, a gun was a long, high-velocity weapon fired at
elevations not exceeding 20 degrees; a howitzer of equal caliber was a
shorter, lighter weapon, firing at higher elevations than the gun with
less velocity, and at targets that could not be reached by direct
force; the mortar was still a shorter weapon designed to fire at ele-
vations up to 65 degrees and to give plunging fire on the targets. The
distinction between gun and howitzer is less marked. The modern
gun carriage permits firing at high elevations. For example, the 16-
inch seacoast gun can be fired at elevations up to 65 degrees, and
antiaircraft guns can fire up to 85 degrees. On the other hand, the
increased ranges demanded of howitzers have necessitated longer,
heavier weapons to produce the velocities required. The factors of
weight and mobility, however, still justify provision of distinctive
gun, howitzer, and mortar types of mobile artillery. Considering
equal calibers, the gun will have the highest velocity, longest range,
and least mobility.

Purpose of the Trench Mortar Weapon.

1. To tear down barbed wire entanglements.
2. To blast troops out of trenches.

3. To destroy obstructions.

4. To reach dead space behind hills,

3-INCH TRENCH MORTAR AMMUNITION.

General. The 3-inch trench mortar shell consists of a cylindrical
steel casing, having a steel base and steel head screwed on at each
end of the casing. The steel head serves to close the nose of the shell,
and also seats the booster jacket and fuze. The steel base serves to
close the tail end, and seats the cartridge container. Depending on
the type of shell, the filler will either be TNT, WP, or inert filler
with black powder to act as a spotting charge.

The booster jacket which is seated in the steel head consists of
a l-piece drawn steel cup with a supporting flange formed on one
end. It serves to seat the booster charge consisting of mercury ful-
minate, tetryl, and TNT; or, in case of the practice shell, black
powder. The fuze which screws into the head is known as the Mk. VI,
all-ways percussion fuze. “All-ways,” because this fuze is designed to
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Figure 108 — B81-mm Mortar

function regardless of what position the shell may land, on nose,
tail, or side. “Percussion,” because this fuze has no detonating element
in it and functions on impact action. This fuze must be used on 3-
inch trench mortar shell because the shell is unstable in flight and
may land in any position.

The cartridge container consists of a short, steel tube threaded
at one end so as to screw on the steel base. The interior of the car-
tridge container is hollow, and into this cartridge container fits an
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ignition cartridge. Sixteen holes are drilled through the walls of the
cartridge container to permit the escape of gases after the ignition
cartridge is fired, and also to allow the ignition of powder rings which
are placed around the outside of the cartridge container.

The propelling charge consists of two main units:
1. The ignition cartridge.
2. Powder rings.

The igm:tion cartridge. This is known as the Mk. I green dartridge
and is similar in appearance to a blank shotgun shell. It consists of
a cardboard cylinder, which has a brass base containing a primer.
The rest of the ignition cartridge consists of 120 grains of loose
ballistite sporting powder. The ignition cartridge fits into the cartridge
container so that the primer fits flush with the end of the container,
and when the shell is dropped into the weapon the primer strikes
the firing pin of the trench mortar weapon. The flame produced from
the primer ignites the ballistite powder which propels the shell a
distance of 150 yards.

Powder rings. The powder rings consist of ring-shaped, silk cloth
bags, each loaded with 100 grains of ballistite or 110 grains of MR
No. 31 powder. The rings fit around the outside of the cartridge
container and are ignited by the flame from the ignition cartridge.
The shell may be fired by using the ignition cartridge alone, which
permits a range of 150 yards, or may be fired by using the cartridge,
and one, two, or three powder rings, depending upon the range de-
sired. This permits four zones of fire, giving ranges of approximately

150 yards to approximately 750 yards. Zone 1 firing is conducted by

using the cartridge only; zone 2, by using the cartridge and one
powder ring; 2one 3, by using the cartridge and two powder rings;
and zone 4, by using the cartridge and three powder rings. The
number of powder rings to be used is determined by the range de-
sired. More than three powder rings are never used, as excessive
pressure would be developed which might burst the mortar. Zone 4
is within the working pressure of the mortar, but use of this charge
is recommended only in case of necessity.

Types of Ammunition: H.E. shell, chemical shell, and practice
shell,

Class of Ammunition. Semifixed. Although all the ammunition is
designed to be loaded into the weapon in one operation, provisions
are made for adjusting the propelling charge at the point of fire.

Packing. The 3-inch trench mortar shell is sent to the field as un-
assembled, complete rounds. Three unassembled complete rounds are
packed per wooden box, with one extra propelling charge (a total of
12 powder rings and 4 ignition cartridges).
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Figure 109 — 3-inch and 81-mm Trench Mortar Ammunition Mk. |
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81-MM TRENCH MORTAR.

General. The first attempt to obtain more efficient trench mortar
ammunition was with the development of the 75-mm smooth bore
mortar in which the old 75-mm French type shell was modified by
tapering the shell from the bourrelet back to the base, and fitting an
aluminum fin in the base of the shell. The round was propelled by
means of an ignition cartridge inserted in a short cartridge case, and
with propelling increments inserted between the blades of the fin.
The stability of the round was not satisfactory, and the development
was sbandoned. A streamlined projectile with fin assembly was then
designed for the 3-inch trench mortar with poor results. Several at-
tempts were made with shell of different contours, but proved un-
satisfactory because proper stability was not obtained.

After World War 1, there was an early trend away from the low
powered, muzzle-loading Stokes mortar to breech and rifled mortars
which were mounted on wheels. The muzzle velocity, the range, and
the weight increased, but in so doing, the effectiveness of the trench
mortar was decreased in that it lost its simplicity. The weapon be-
came too cumbersome and unwieldly.

Moeanwhile the Edgar Brandt Company worked on the 81-mm
trench mortar which turned out to be simple in design, utilizing
ammunition which was stable in flight and had a long range. In 1931
and 1932, tests conducted by the War Department proved that this
mortar and ammunition were highly satisfactory. In 1932, manu-
facturing rights were purchased from Brandt Company. The weapon
itself was a refinement of the 3-inch trench mortar, consisting mainly
of a cross leveling mechanism, a better sight, and a heavier baseplate.
For simplicity and effectiveness, this mortar proved a remarkable
weapon.

Advantages of 81-mm over 3-inch Trench Mortar Ammunition.

1. The 81-mm ammunition is more stable in flight.

2, The 81-mm ammunition has a longer range.

3. The 81-mm ammunition comes to the firing line assembled,
ready for use.

4. The 81-mm ammunition utilizes a point-detonating fuze.

Types of 81-mm Ammunition: High-explosive shell, chemical
shell, practice shell, and training shell.

Class of Ammunition. 81-mm ammunition is classified as semi-
fixed; although the ammunition is designed to be loaded into the
weapon in one operation, provisions are made for adjusting the pro-
pelling charge at the point of fire.

Description. The ammunition itself is streamline in design. It has
a stabilizer assembly in the rear of the shell to produce stability in
. flight and to seat the propelling charge. The stability adds to the
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range, velocity, and accuracy of the projectile, and causee the pro-
jectile to strike point first, allowing the use of a point detonating
fuze. It comes assembled with fuze, propelling charge, and ignition
cartridge in place. The only operation necessary before loading the
shell into the weapon is to remove the round from its fiber container
and then pull the cotter pin or safety wire from the fuze and drop
shell into the weapon.

SHELL, H.E., M43. The shell was originailly adapted as the light
shell for the 81-mm mortar, It is designed for use against light tar-
gets such as machine gun nests, barbed wire entangléments and
personnel in the open.

Shell body. The body of this shell is constructed of forged steel.
It is tear-dropped in shape; that is, blunt nose and tapered tail. It
has a bourrelet machined near the nose of the shell consisting of
several annular grooves which serves to act as a forward bearing
surface and a gas check. The action of the propelling charge gases
expanding in the grooves and contracting to pass the raised portions
tends to slow the gases and prevent their passing the bourrelet. The
nose is machined and threaded to receive an adapter. The adapter
is threaded and acts as a bushing for a bakelite fuze well cup and
the fuze. The bakelite fuze well cup is fitted to the adapter before
it is assembled to the shell body and prevents the entrance of foreign
material into the fuze cavity prior to the assembly of the fuze to the
round. The fuze used is the Point- detonating Fuze M45. This fuze
has a selective element and can be set for either superquick or delay
action. (For details, see pages 295 to 298.) To the rear of the bourre-
let is a curved taper reducing the base of the shell to approximately
1% inches. The base is closed and machined so as to receive a
stabilizer assembly. The shell filler is 1.22 pounds of TNT. The total
weight of completely assembled round is 7.05 pounds. Entire length
of the fuzed shell is 13V4 inches.

Fin assembly. The fin assembly consists of a machined cartridge
container to which are attached six stationary fins. One end is closed
and threaded so as to be screwed on to the body of the shell. The
other end is machined and hollow inside so as to receive the ignition
cartridge. Several holes leading from the interior to the exterior
periphery of the cartridge container serve to conduct the flames
from the ignition cartridge to the propellent increments which are
seated in the fins,

The ignition cartriddge. The Ignition Cartridge M3, red, is similar
in appearance to a shotgun shell; the head is of brass and contains
the percussion primer; the body is of cardboard, red in color, and
contains 120 grains of finely granulate double base powder. It is de-
signed to fit into the hollow portion of the stabilizer assembly.
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The propellent increments. The propellent increments are in the
form of small half-round celluloid increments. These increments are
often referred to as “chocolate drops” due to their similar shape. Each
of these increments contains 100 grains of finely granulated double
base powder. )

A total of one ignition cartridge and a set of increments comprise
the full propelling charge (720 grains of ballistite). The increments
are held in the stabilizer assembly by small flanges on the fins and
may be removed to adjust the propelling charge.

Zones of fire and range. This shell has seven zones of fire. The
first zone of fire consists of the ignition cartridge. Zone seven consists
of the ignition cartridge and six increments.

Zone one has a range of approximately 100 yards.

Zone seven has a range of approximately 3,300 yards.

Marking and packing. The shell body is painted olive drab lustre-
less with yellow stencil to indicate H.E. filler. The stenciling includes
the following information: caliber of weapon, kind of filler, model
number of shell, and ammunition lot number.

For storage, shipment, and issue this shell is packed as a complete
assembled round with the fuze and propelling charge in place.

It is packed one round per individual fiber container, six containers
per bundle. Weight of a full bundle is 59 pounds. It may also be
packed one per individual fiber container, eight containers per wooden
box. Weight of a full box is 91 pounds.

Individual fiber containers are sealed with adhesive tape. The
color of the tape and stenciling indicate the type of the shell inside.

Metal plates are placed on the ends of each packing bundle. One
plate gives the number of rounds contained in the bundle, the nomen-
clature of the rounds, the lot number, and initials of the loading plant.
The plate at the opposite end gives the praper shipping name as listed
in SNL R4, the total weight of the loaded bundle, and cubic dis-

placement.

Packing bundles are held together by a rod passing through the
center of the bundle with a wing nut at the end. After assembling,
each bundle is sealed with a wire and lead seal. If this seal has not
been broken, the bundle may be considered as the original package,
positively identified by the metal plates at the ends of the bundle and
by the marking of the fiber container.

AMMUNITION INSPECTION GUIDE

SHELL, H.E., M43A1. This shell was designed to replace SHELL,

HE; M43_ It is standard for icsue and manufacture /S & MY where-

It is standard for issue and manufacture (S & M3,

as the SHELL, HE,, M43, is standard for issue (S).

Shell body. The body, filler, adapter, and bakelite fuze well cup
are exactly the same as in thé M43. The fuze used is the Point-deto-
nating Fuze M52, which has a superquick action. Due to the light
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RA PD 72320

Figure 110a — SHELL, H.E., M43A1, 81-mm Mortar
KIND OF FILLER- MODEL OF SHELL

fgy\dﬁ%%% -CALIBER OF MORTAR

we - BLUE (MARKING IN WHITE} ~-——
13.27 MAX, = o e

' RA PD 7235A
Figure 110b — SHELL, Practice, M43A1, 81-mm Mortar

weight and blunt nose of this shell, very little penetration can be
obtained. This shell, as the M43, is designed, therefore, to produce
fragments as its primary function against personnel in the open and
against barbed wire entanglements. Fragments to be efiective must
be above ground. The use of a superquick fuze to burst the sl'fell
above ground is therefore mandatory. For details in the functioning
of the M52 P.D. Fuze, see page 298 to 300.

Fin assembly. The fin assembly is similar to that previously de-
scribed. It differs in that the flanges on the fins for holding the pro-
pellent increments are omitted, as they are not necessary witl? the
newer type increments. Later models, without any change in designa-
tion, have the hollow end threaded in the inside so as to receive the
new percussion primer.
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M43A1 AND Ms&S

- SHELL, TRAINING, M68. 81-MM MORTAR.
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S ——————

RA FD 307778

Figure 110c — SHELL, Training, Mé8, 81-mm Mortar
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Ignition cartridge. The Ignition Cartridge M6, red, consists of a
cardboard container having approximately 120 grains of double base
powder. It supersedes the M3 red and differs from it in that the per-
cussion primer is no longer part of the ignition cartridge but a sepa-
rate component,

The percussion primer. The Percussion Primer M33 is a relatively
new component. The percussion primer is contained in an aluminum
head and is threaded so as to screw into the end of the cartridge
container after the ignition cartridge has been inserted. The advan-
tage of this type of percussion primer and ignition cartridge is that
the whole assembly will leave the mortar with the shell whereas the
older type ignition cartridge would, due to the force of setback, at
times leave its brass head in the trench mortar weapon, fouling the
firing pin and possibly causing a misfire in subsequent rounds.

Propellent increments. The Propellent Increment M1 consists of
square strips of double base powder sewn together to form incre-
ments. Passing thru these increments will be found holes to increase
the burning surface. These sheets are thin and flexible and will not
crumple or break as did the old celluloid containers of double base
powder used with the M43 Sheil. Each increment has 117 grains
of double base powder. Occasionally one corner edge of an incre-
ment will be cut away (notched) so as to bring the charge to the
desired weight and specification. The increments are held in the
stabilizer assembly by being placed diagonally in the holes of
the fins.

The percussion primer, ignition cartridge and six increments make
up the full propelling charge of a total of 822 grains of powder. The
increments may be removed to adjust the propelling charge.

Zone of fire and range. This shell has the same number of zones
of fire and approximately the same range as described for SHELL,
HE, M43,

Marking and packing. The shell body is painted olive drab with
yellow stencil. It is packed one per individual fiber container, six
fiber containers per bundle, one bundle per wooden chocolate-stained
crate for overseas shipment. The rounds are completely assembled,
ready to fire.

£

SHELL, Practice, M43A1. SHELL, practice, M43A1, is similar to
SHELL, HE, M43Al. The shell body, components used, and pack-
ing are identical to the shell previously described. It differs in that
the filler consists of 0.16 pound of black powder to act as a spotting
charge, and 1.06 pounds of inert filler such as wax, talcum, or rosin
which will not crack up in handling. The body is painted blue with
white stencil to indicate a practice shell.
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FUZE, P.D., M4S
ADAPTER

BAKELITE FUZE WELL Cup

SHELL BODY s

TNT FILLER

BOURRELET

FIN ASSEMBLY

{PROPELLANT

CARTRIDCE, IGNITION, M3

COLLAPSIBLE FIN ASSEMBLY

' 4—-—-—-— PROPELLANT INCREMENT
{SEME.SPHERICAL CELLULOID CONTAINER)

CARTRIDGE, IGNITION, M3

RA PD 2290t

Figure 111 — SHELL, H.E., M45, 81-mm Mortar
284

-t

i T™ 9-1904
SMALL ARMS AND TRENCH WARFARE

SHELL, Practice, M44. This shell is used for practice firing in
the 81-mm trench mortar weapon.

The body of the shell is made of cast iron and contains an inert
filler. A small amount of black powder (0.20 pound) is placed be-
low the fuze to give a spotting effect when the fuze functions. The
body shape, size, and weight are identical to the M43 Shell. It has
no adapter, however. The fuze screws directly into the nose of the
shell.

The shell body is painted blue with white stencil and is packed in
the same manner as SHELL, HEE. M43.

SHELL, H.E., M45. This shell is one of the early types adopted
for use in the 81-mm mortar. At the present time, this shell is standard
for issue but not standard for manufacture. The principal use of this
shell is against dugouts, heavy barricades, and underground structures
where a mining action is most effective.

Shell body. The body of this shell is constructed of forged steel.
1t is cylindrical in shape, having a tapered nose and tail. It has a bour-
relet machined on the body near the tail which serves as a rear
bearing surface and a gas check. There is no bourrelet at the front
of the shell. The nose is threaded to receive an adapter.

The adapter is threaded to receive the fuze well cup and fuze.
The use of an adapter bushing allows the shell to be loaded with less
difficulty and also permits the use of the same fuze for the 81-mm
and 60-mm shells. The fuze used is the P.D. M45 having a selective
setting for either superquick or delay action. For details as to func-
tioning of the M45 Fuze see pages 295 to 298. The base of the shell
is closed and threaded st as to receive a stabilizer assembly. The
shell filler is 4.48 pounds of TNT. The total weight of the completely
assembled round is 15.10 pounds. The entire length of the shell is
23Y; inches.

Fin assembly. The fin assembly consists of a machined cartridge
container to which are attached collapsible fins. One end of the car-
tridge container is closed and threaded to be screwed on the body
of the shell. The other end is machined and hollow inside to receive
the ignition cartridge. Holes in the cartridge container act to lead
the flame from the ignition cartridge to the propellent increments.

The propellent increments are held in place by the collapsible fins.
The fins are always being forced into their open position by com-
pressed springs. The fins are kept in position before firing by a small
copper wire tied around them. The blast of the propelling charge
shears the copper wire and permits the fins to open to a greater
diameter than the shell body after it has cleared the muzzle of the
weapon. This was designed to increase the stability of the shell by
increasing the fin surface.
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This type of fin assembly has not proved successful for several
reasons: :

During storage the springs which are always compressed will lose
their tension or become set.

The fins, due to their size, are delicate and the blast of the propel-
ling charge explosion will in many cases cause distortion.

Both of the above reasons tend to result in unstable flight and the
purpose for which this stabilizer assembly was designed is defeated.

The ignition cartridge. The ignition cartridge is the M3 red previ-
iously described.

The propellent increments. The propellant is in the form of half-
round celluloid increments previously described.

A total of one ignition cartridge and four increments comprise the
full propelling charge of 520 grains of double base powder.

The propelling charge may be adjusted to vary the range.

Zones of fire and range. This shell has five zones of fire. The first
zone of fire consists of the ignition cartridge itself. Zone five consists
of ignition cartridge and four increments.

Zone one has a range of approximately 100 yards.

Zone five has a range of approximately 1,275 yards.

Marking and packing. The shell body is painted olive drab lustre-
less with yellow stencil to indicate H.E, filler,

The shell is packed as complete and assembled rounds for storage,
shipment, and issue in the following manner:

One per individual fiber container, three rounds per bundle, or one
per individual fiber container, four rounds per wooden box.

SHELL, H.E., M56. This shell was developed to replace the HE.
Shell M45 and is standard for issue and manufacture (S & M). It
is used against dugouts, barricades, and underground structures
where a mining action is desired. This shell is a much more effective
one than the M45 due to the fact that it contains approximately 40
percent explosive filler as compared to 30 percent explosive filler of
the M45. The greater the percentage of explosive filler, without sacri-
ficing the penetrating ability of the shell body, the more effective is
the shell when used for mining effect.

The shell body. The shell body is constructed of forged steel. It
" is long and cylindrical in shape with a tapered nose and tail. It has
a bourrelet machined on the body near the base of the shell which
acts as a rear bearing surface and a gas check. There are three raised
portions around the shell near the nose to act as a forward bearing
surface. The nose is machined and threaded to receive an adapter.
The adapter is threaded to receive a fuze well cup and fuze. The fuze
used is the M53 P.D. which has a delay in action on impact. For
mining effect, penetration of the target produces the most effective
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results. The use of a delay action fuze, therefore, to allow penetration
is mandatory. For details of functioning of the MS3 P.D. Fuze, see
page 300 to 303. The base of the shell is closed, machined, and
threaded to receive the stabilizer assembly. The shell filler consists of
4.31 pounds TNT. The weight of the completely assembled round
is 10.77 pounds. The entire length of the shell with fuze assembled
is 22.89 inches. .

The fin assembly. The fin assembly consists of a long stem and
cartridge container made of aluminum alloy. Having stationary fins
formed at the open end of the cartridge container, the stem is closed
and threaded so as to be screwed to the shell body. The cartridge
container which is part of the same unit is hollow, machined, and
threaded at the open end to receive the percussion primer. There
are holes in the cartridge container near the fins so as to conduct the
flames from the ignition cartridge to the propellent increments which
fit around the cartridge container.

The ignition cartridge. The earlier shell of this model used the M3
Ignition Cartridge red. The later shell of the same model had the
fin assembly threaded so as to receive the M6 Ignition Cartridge and
percussion primer.

The percussion primer. The Percussion Primer M34 is of the same
construction and shape as the M33 previously described except that
it has a greater diameter.

The propellent increments. The Propellent Increment M2 is made
up of thin square sheets of double base powder sewn together. A
hole of the same diameter as the stem of the fin assembly is cut in
the center of the increment and a slit runs to the outer edge so
that the increments can be easily attached to the stem or removed
to adjust the propelling charge. In the latest manufacture, however,
the increments are held in place by a star shaped spring wire clip
known as a propellent holder. Each increment has 205 grains of
double base powder.

The percussion primer, ignition cartridge, and four increments com-
prise the field propelling charge; a total of 940 grains of powder.

Zone of fire and range. The shell has five zones of fire, The first
zone of fire consists of the ignition cartridge and percussion primer;
zone five consists of the ignition cartridge, percussion primer, and four
propellent increments.

Zone one has a range of approximately 300 yards.

AMMUNITION INSPECTION GUIDE

Zone five has a range of approximately 2,655 yards.

Marking and packing. The shell body is painted olive drab with
yellow stencil. It is packed one per fiber container, three fiber con-
tainers per bundle, and one bundle per wooden crate for overseas
shipment. The rounds are completely assembled ready for fire.
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Figure 114 — SHELL, Chemical, M57, 81-mm Mortar
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SHELL, Chemical, M57. This shell is used for the placing of
smoke screens and gas clouds with a secondary incendiary effect
when WP is used as its chemical filler.

Shell body. In general construction, this shell body has the same
outer characteristics as the High-explosive Shell M56. The nose of
the shell is threaded to receive the type of adapter peculiar to
chemical shell. The adapter is threaded internally to receive the
Point-detonating Fuze M52 which has a superquick action. All
chemical shell to produce efficient dispersion of filler must burst
above ground. A superquick action fuze is therefore used to produce
such action. For details, in function of the M52 P.D., see pages 298
to 300.

The chemical filler is loaded into the shell body, and then the
burster casing is pressed in place. The head of the Burster Casing
M2 is wider than the body of the burster casing and has a slight
taper; when pressed into place in the adapter sleeve it forms a gas-
tight seal and acts as a seat for the burster charge. A recess is ma-
chined in the base of the shell body internally so as to receive the
end of the casing, preventing it from becoming loose due to the shock
and jars incident to shipment. During the loading of the chemnical
filler and the pressing of the burster casing in place, there is no ex-
plosive charge present in the casing.

The Burster Charge M1 consists of tetryl pellets or tetrytol in a
thin aluminum or cardboard cylinder. It is placed in the burster cas-
ing prior to the assembly of the fuze to the shell. This construction
burster as compared to the old booster found in the 3-inch smoke
shell is much more efficient. The explosive charge runs through the
entire length of the shell and splits the shell from nose to tail upon
function of the fuze, allowing for the dispersion of all the chemical
filler in the shell. The old booster charge found in 3-inch smoke shell
split the shell near the nose where the booster charge was located,
and allowed a good deal of the chemical filler to remain in the base
of the shell.

The fin assembly, ignition cartridge, propellent increments, and
percussion primer are identical to those used with the High-explosive
Shell M56.

Three chemical fillers are loaded at the present time; WP smoke,
FS smoke, and H gas. The weight of the completely assembled round
varies with the filler used. The weights of the various rounds are:

Weight of Completely
Weight of Filler Assembled Round
Fliler {ib} {Ib)
wp 4.04 11.50
FS 4.59 12.00
H 3.15 1045

290

>

™ 9-1904
SMALL ARMS AND TRENCH WARFARE

The total length of the shell with the fuze assembled is 22.89
inches.

Marking and packing. Shell loaded with WP and FS are painted
a blue-gray base color with yellow stencil and one yellow band to
indicate a nonpersistant screening smoke filler. Shell loaded with H
are painted a blue-gray base color with green stencil and two green
bands indicate a persistant toxic filler.

Packing is the same as for M56 High-explosive Shell.

SHELL, Training, M68. The shell is designed to give the mortar
crew training in loading the weapons and practice in firing under
conditions which will not permit firing in more than the first zone,

Shell body. The body of the shell is cast iron. It is similar in shape
to the light HE. 81.mm shell which is tear-drop with a blunt nose
and tapered tail. It has a bourrelet on the body near the nose to act
as a forward bearing surface and gas check. At the tail end is a
recess which is threaded to receive a stabilizer assembly. The nose
end is closed and rounded with no provisions made to receive a fuze.
Its weight varies depending on its weight zone. Nine weight zones
are used with a minimum of 9.50 pounds for weight zone one, and
a maximum of 10.10 pounds for weight zone nine, weighed without
fin assembly and ignition cartridge.

The fin assembly and propelling charge. The fin assembly is of
the same construction and shape as previously described. It receives
the Ignition Cartridge M3. Several ignition cartridges are provided
with each round so that the shell can be fired more than one time.
There are no propellent increments used because the shell is designed
to be fired in the first zone only. The maximum range is 350 yards.

Marking and packing. The shell is painted black with white sten-
cil. On the shell body may be found a number of white squares (one
to nine) with a prick punch mark in the center of each to indicate
the zone weight.

Information as to the packing of the shell is not available at the
present time. However the complete round comes in separate units
consisting of shell body, ignition cartridge, and fin assembly.

TRENCH MORTAR FUZES.

General. The fuzes used with the 81-mm and the 60-mm mortar
ammunition are, except for the 60-mm illuminating shell, of the point-
detonating type. The stability of the shell in flight allows the use of
this type of fuze. The M45 Fuze, first used on the M43, M44 and
M45 Shells, is a point-detonating fuze having a selective feature
which allows the fuze to be set for either superquick or delay action
as desired. The superquick action is used for effect against light
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targets above the ground where no penetration is necessary, and
a fragmentation effect is desired such as against personnel and barbed
wire entanglements. The delay action is used against heavy targets
and underground structures where penetration is desired to produce
the most effective mining and concussion results,

Recently it was decided that each shell could be classified as for
use against light targets or as for use against heavy targets. Thus,
a single action fuze could be definitely assigned to each shell accord-
ing to its tactical use. All of the light shell (7 pounds or less) were
classified for use against light targets, as very little penetration could
be obtained due to their light weight and blunt construction. It is also
to be noted that the percentage of explosive filler as compared to the
percentage of metal components (approx. 17 percent) was designed
to destroy the light shell so as to produce efficient fragments which
can be effective only if distributed above ground. The M52 P.D.
Superquick Fuze was also assigned to the Chemical Shell M57, as
it is necessary to function the chemical shell above the ground to
obtain the proper effects and dispersion to its chemical filler. All'the
heavy shell of the H.E. type were classified for use against heavy
targets and for use where a mining effect was necessary. It is also
to be noted here that the percentage of explosive filler as compared
to the percentage of metal components (approx. 40 percent) was
designed to produce an efficient mining or concussion result with
heavy shell which would be most effective if allowed to penetrate
its target and then explode. The M53 P.D. Delay Action Fuze was
assigned to these shell.

The M45 P.D. Selective Fuze was declared limited standard (S).
It was a waste of one element to use a selective fuze on trench mortar
shell, because it was known before the shell ever reached the firing
point what action fuze was desired. The M52 P.D. superquick..and
the MS53 P.D. delay are standard for issue and manufacture (S & M).
It is interesting to note that the subdivision of a selective fuze into
two separate fuzes is in definite opposition to the trend in artillery
fuze design where the tendency is to combine two fuzes into one
selective or combination fuze. This is true because in artillery fuzes
the action desired varies with the condition at the field of battle.

Rounds used with these fuzes may be considered boresafe. The
detonating elements are positively separated from the booster until
the projectile has left the bore of the mortar. The fuzes are assembled
to their respective shell and stacked in place. They are, therefore,
being stored, shipped, and issued as a permanent part of the com-
plete round. Each fuze is stamped with its model number, manufac-
turer’s initials, and lot number for positive identification. The M45
can be obtained in a practice type. It has a black powder charge in
place of a tetryl booster charge, and is designated as a point practice
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fuze. The head is painted blue, and “Fuze, Point, M45, Practice” is
stamped on the body.

Point-detonating Fuze M45,

Description. The M45 Point- detonating Fuze is a selective, super-
quick, and delay action fuze, used to effect functioning of SHELL,
H.E. M45, fired from the 81-mm trench mortar. This shell and fuze
_ are now limited standard. The superquick setting is used when it is
7l T desired to obtain fragmentation of the shell above the ground, whereas
HH ) the delay setting is used for underground action. The fuze weighs
s approximately 0.52 pounds.

EHhT The fuze housing is made of aluminum. The head of the fuze fits
into the body so as to be able to turn on the body housing. The head
houses a comparatively short, but wide, striker which is flush with
the nose. The striker has two firing pins and is held in place by a
shear wire. Underneath the firing pins i§ a superquick element and a
delay element. One element is directly in line with a flash hole to
the body explosive charges, and the other element is in line with
i a dead flash hole depending on the setting. Located in the head are
| setting pins and setting pin springs which when in proper position
for either delay or superquick setting will engage recesses in the
body. On the external surface of the head are stamped “S.Q.” or “D,”
! to indicate the setting. The body houses the slider, slider lock, safety
I' pin, and set-back pin, with their respective springs. In the center and

at the base of the body is an inverted brass cup known as a lead cup.
, It is held in place by crimping, and contains a tetryl lead pellet. The
i base of the body is internally threaded to receive a booster cup, which
in turn houses a tetryl booster pellet. On the external surface of the
body is a marked line and an identification pin which indicates the
setting.

Setting. When set for superquick action the head is set so that
the “S.Q.” stamped thereon is in line with the line on the body. Identi-
fication pins are provided for setting at night. These pins are so
located that for superquick setting the heads of the pins are directly
in line and for delay setting, they are 180 degrees removed. Pressure
applied on the setting pin by the setting pin springs forces them to
engage in recesses in the body at the exact position of “S.Q.” and
“D” so as to restrain the head in proper position.

! Safety features. The M45 Fuze is boresafe, This is accomplished
i by assembling the detonator into a slider which in the armed position
: holds the detonator out of alinement with the explosive train. Arming

of the slider in the bore of the mortar is prevented by a safety pin,

the head of which bears against the bore, thereby retaining the slider
{ in the safe position, To prevent arming of the set-back pin, which
! holds the safety pin in position, a cotter pin is utilized, preventing
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the set-back pin from moving rearward against its spring during
handling.

Function when set for superquick action. The cotter pin is removed,
freeing the set-back pin. The shell is dropped down the bore of the
weapon. The force of set-back resulting from ignition of the propelling
charge causes the set-back pin to move down against the set-back pin
spring, freeing the safety pin. The safety pin, due to the action of
the safety pin spring, is forced out of the fuze until its head comes in
contact with the bore of the mortar. After emerging from the mortar
the safety pin is completely ejected by its spring from the fuze. The
slider is now free, and due to the action of the slider spring is forced
into the armed position, thereby bringing its detonator in direct aline- R
ment with the explosive train. The slideg,plso serves to close the BAABAAAARARAAN 4
hole left by the safety pin, so as to prevent the entrance of mud dSr L) :
dirt into the slider cavity which might interfere with the fuze func- ‘ )
tioning. The slider is locked in the armed position by a slider lock ; i
which is forced up into a recess in the slider by a slider lock spring. :

Upon impact with the target the striker is forced inward, breaking
the shear wire and carrying both firing pins into their respective
elements. The superquick firing pin ignites a primer which in turn
ignites a lead azide relay charge. The lead azide relay detonates, and
sends a wave to the detonator charge of lead azide and tetryl in the
slider. The wave from the detonator functions the lead charge of
tetryl. The wave from the lead charge of tetryl detonates the booster
of tetryl which amplifies the wave and sends it to the shell filler.
Simultaneously with the above action, the delay firing pin functions
its primer. If the superquick action functions properly, the delay .
action will proceed no farther. If the superquick f