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Introduction

The planning and manufacture of new models of weapons, the correct
maintenance of existing systems, the working out of rules for firing
which correspond to modern combat conditions and the tactical properties
of the weapon, and the skillful employment of these rules are impossible
without certain theoretical knowledge which is obtained as a result of
the study of a number of sciences which have the overall title of
artillery sciences.

The basic sciences among them include:

--Principles of the design and planning of materiel and ammunition--
the science of the principles of construction and planning of various
weapons systems and the ammunition for them.

--Theory of explosives--the science of the composition, chemical and
physical properties of explosives and of their practical employment and
essence of the burst phenomenon.

--Interior ballistics--the science of phenomena which occur within
the bore at the moment of firing and the laws of movement of a shell
(bullet) under the effect of powder gases.

--Exterior ballistics--the science of the laws of movement of a
shell (bullet) in the air and methods for determining the ballistic
characteristics of a weapon.

--Theory of firing--a science which works out the most expedient
rules for firing for various targets under various conditions on the
basis of the theory of probability and the theory of errors.

A certain minimum of knowledge which embraces basic information
from the sciences which have been enumaterated is necessary for each
officer regardless of the nature of his specific activity.

In the program of the military schools, this necessary minimum

theoretical knowledge represents one of the sections of firing training
which has the title "Principles of Fire."

-1-



Thus, "Principles of Fire' are a section of firing training
which provides the necessary knowledge from the field of artillery
sciences in a certain system and sequence and with consideration of
the specifics of small arms and mortars in the construction of the
materiel and in problem of ballistics and firing.

The appearance of more or less monotypic models of weapons in
considerable quantity invariably entails the working out of specific
procedures and rules for firing. Initially, these procedures and
rules for firing were transmitted orally, then they began to formulate
them as individual orders and documents, and only later did regulations
and manuals appear in which an important place was occupied by ques-
tions in the use of the weapon among other questions of military skill.

Thus, Peter I, in achieving the uniform armament of the Russian
regiments, devoted great attention to the correct and uniform training
of the soldiers in mastering the weapon. This found reflection in the
Military Regulation (1716).

In the subsequent development of problems for the practical em-
pioyment of artillery and small arms and in working out the most ex-
pedient procedures for their use, an important role was played by the
celebrated Russian military leaders Rumyantsev, Suvorov, and Kutuzov.

By the beginning of the 19th Century, the necessity became urgent
to generalize all the achievements of artillery practice and to
create an artillery science which could solve the problems connected
with the production and employment of various types of weapons.

The Mikhaylovskoye Artillery School which was founded in 1820
and then the Artillery Academy was the center which was called upon
to create a domestic artillery science and train highly qualified
cadres of artillerymen. The activity of the famous Russian mathe-
matician of the 19th Century, M. V. Ostrogradskiy was connected with
the Artillery Academy. The most important artillerymen-scientists,
M. V. Maiyevskiy, V. A. Pashkevich, N. A. Zabudskiy, and others
displayed their talents in the Artillery Academy.

In the works of the Artillery Academy, a significant place was
occupied by problems connected directly with small arms, with the
principles of their design, with the special features of ballistics,
etc.

The artillerymen-scientists and professors of the Artillery
Academy prepared a textbook for military schools. Such a textibook
was written in 1872 by the young and talented artillery, N. P. Pototskiy



who subsequently was an honored professor of the Artillery General
Staff Academies, with the consultation and participation of the famous
artilleryman V. N. Shklarevich. A considerably revised textbook by

N. P. Pototskiy, Modern Hand Arms, appeared in 1880. The quality of
this textbook can be judged from the fact that it underwent five
editions in a short time, was awarded the Mikhaylovskoye Prize (1881),
and received a high evaluation in the Russian and foreign presses.
This textbook was accepted for instruction in the military schools

of France, Spain, and Rumania.

In 1890, the artilleryman and mathematician and writer of many
textbooks, S. A. Budayevskiy, published the Course in Artillery for
military schools which was also awarded the Mikhaylovskoye Prize and
underwent twelve editions up to 1916.

Great popularity was enjoyed by the Course in Artillery written
by V. A, Pashkevich in 1882 for military schools and for those en-
tering the academy.

Thus, information on small arms or, as they were then called,
hand arms, were an inseparable part of the overall artillery course.

All these textbooks which were created by artillerymen for the
military schools provided very good general theoretical information
and they presented in an easily understood manner various problems
in firing, ballistics, and the principles of weapons design. But
they possessed one very important shortcoming: they did not devote
the required attention to the characteristic features of small arms
ballistics and, especially, to rules for firing.

Another center which created textbooks was the Offjcers School
of Musketry which was founded in 1857. One of the reasons for the
founding of this school was the necessity to raise the level of mus-
ketry which was revealed in the results of the Crimean War.

The Officers School of Musketry played a tremendous role in de-
veloping rifle training, working out rules for firing from small arms,
and inventing training and combat rifle instruments.

Just as in any educational institution which has its own specific
classification, the necessity appeared in the School to create text-
books, especially those on musketry. The first such textbook was the
Course on Hand Firearms which was prepared from the lectures given
in the Officers School of Musketry by Ostroverkhov and Larionov in
1858 and 1859. The textbook was written on a theoretical level for



for that time; however, it was not adapted for the practical needs

for the School. Therefore, in 1864 the School published a new text-
book called "A Theoretical Course on Hand Arms.'" The textbook was
written by a former teacher at the Mikhaylovskoye Artillery School

and Deputy Chief of the School for Theoretical Matters, A. Bel'yaminov-
Zernov. The course was intended for officers who are "preparing to

be managers of armorer shops and teachers in all branches of soldiers'
education." The textbook described well the rules for inspecting
weapons, their care and storage, the loading of cartridges, and the
rules for firing from rifles.

Subsequently, in connection with 'the repeated reorganization of
the School and the change in its classification and location, no
new textbooks appeared for a long time. Instruction was conducted
primarily from Manuals for Teaching Firing. The Manuals represented
brief final principles or. ballistics and the theory of firing, in-
structions for teaching firing and a description of existing models
of weapons.

The preparation of the manuals and the check of the practical
instructions presented in them were conducted directly in the School.
Subsequently, a chest commission was created in the School, the mem-
bers of which were involved in the work as necessary. There was only
one authorized worker in the Commission--a clerk. Nikolay Mikhaylovich
Filatov (1862-1935) who had completed the Artillery Academy was
assigned to this duty. Very capable, theoretically well prepared,
and knowing and loving musketry, N. M. Filatov applied much strength
to develop musketry. The creation of the principles of firing from
infantry weapons and the development of a wide circle of practical
problems for their combat use are connected with his name.

In 1897, N. M. Filatov wrote Brief Notes on the Theory of Firing--
a textbook for the students of the Officers School of Musketry.
This was the first textbook which pertained exclusively to small
arms and with consideration of all their special features. According
to its intention, Brief Notes on the Theory of Firing were to provide
an explanation of those final principles which were presented in the
Manual for the Teaching of Firing; even in its organization, the book
corresponded to the structure of the Manual. However, thanks to the
great experiance of the author and his profound theoretical knowledge,
the content of the book was expanded considerably and it was the first
textbook where theory was placed at the service of firing practice.

N. M. Filatov was the organizer of the journal Herald of the
Officers School of Musketry which was founded in 1900 in which ar-
ticles were published on all questions of the design and employment



of weapons and the teaching of firing and the rules of firing.

N. M. Filatov took an active part in this journal, sharing his
experience and providing consultations on the most varied problems
and was actually its first editor. V. G. Fedorov, the most im-
portant specialist on automatic small arms, also published actively
in the pages of the Herald.

In 1905, at the suggestion of N. M. Filatov, a Rifle Range was
organized which was the first truly scientific center for the design
and testing of small arms. N. M. Filatov was the first head of this
range and gave all his knowledge and experience to this cause.

Subsequently, being the head of the Officers School of Musketry,
N. M. Filatov devoted great attention to the introduction of auto-
matic weapons among the troops. A machine gun officers course was
organized in the School and tests were conducted on creating an anti-
aircraft machine gun mount.

The source of the bubbling energy of N. M. Filatov was his de-
votion to his people and his great and genuine patriotism. Therefore,
he accepted the Great October Revolution without any wavering and
immediately began to serve the true master of the country--the people.
In 1918, N. M. Filatov was appointed head of the Higher Infantry
School and then Chief of the Rifle-Tactical Committee. N. M. Filatov
gave much effort to training command personnel of the young Red Army
and equipping it with rifle armament.

After the Great October Socialist Revolution, N. M. Filatov
wrote a number of articles and books on musketry and worked on his
major work, Principles of Firing from Rifles and Machine guns which
was completed and published in 1926. Finding reflection in this work
was the entire tremendous experienced material which the author had
available, his profound theoretical knowledge, and his great tech-
nological experience. This work was not intended as a textbook but
it received wide desimination. Subsequently, after reduction in
accordance with the programs of the infantry schools, it underwent
eight editions under the title Brief Information on the Principles
of Firing from Rifles and Machineguns and was the only textbook for
the students of the infantry schools.

At the present time, the infantry of the Soviet Army is armed
with modern combat equipment and possesses powerful fire; its combat
qualities have changed significantly. Naturally, this requires im-
portant work for the further study of firing matters as applicable
to the development of new means of armament, for deepening the theory
of firing, and for improving its practice.




This textbook explains and provides the justification for those
principles which are written in the Manual on Firing Matters--
the Principles of Firing from Small Arms.




CHAPTER |

GENERAL INFORMATION ON THE MODERN WEAPONS OF A RIFLE
PODRAZDELENIYE

Depending on the methods of acting against the enemy, weapons are
divided into hand-to-hand and missile weapons.

A hand-to-hand weapon for destroying the enemy is applied in the
immediate proximity by puncturing, striking, etc. A missile weapon
is employed to inflict damage on the enemy from a distance. The
modern missile weapons are primarily fire arms (exceptions are hand
grenades and aerial bombs.)

A fire arm is a weapon with the use of which damage is inflicted
on the enemy by projectiles which are ejected by the energy of powder
gases., Fire arms are divided into small arms and artillery.

Small arms include pistols, revolvers, carbines (individual weapons),
and light, heavy and large-caliber machineguns (crew-served weapons).

Small arms may be non-automatic and automatic. In non-automatic
weapons, the energy of the powder gases is used only to impart motion
to the bullet. In automatic weapons, the energy of the powder gases
is used, in addition, to reload. Automatic weapons are called self-
firing if one can fire from them in bursts and with continuous fire
and they are called self-loading if one can fire from them with single
shots alone.

The basic components of small arms are the barrel, projectile,
and charge (powder charge.)

The barrel (Figure 1) of a fire arm represents a strong steel
tube. It accomplishes three functions: 1) it serves to direct the
flight of the projectile; 2) it represents a chamber in which the



combustion of the powder charge occurs; the gases which are formed in
this impart the required velocity of forward motion to the projectile;
3) it gives the projectile a rotational movement around its axis to
assure the stability of its flight in the air. 1In a rifled small arm
the barrel performs all three functions, while in mortars, it performs
only the first two and in some rocket systems--only the first (there-
fore, rocket weapons may also appear without a barrel; it is replaced
by a guide rail which does not have the shape of a tube.)

The barrel of a small arm has a breech, middle portion, and muzzle
end. The muzzle end terminates in a muzzle end face and the breech
ends in a breech face. The interior cavity of the barrel is called
the bore.

An imaginary straight line which passes through the center of the
bore is called the axis of the bore.

The barrel of a rifle weapon has a cartridge chamber inside which
serves as the place for the cartridge, a bullet chamber--for the loca-
tion of the projectile and to assure its gradual seating in the rifling,
and a rifled portion to impart a rotational movement to the projectile.
The walls of the rifled portion of the bore have grooves (slots) which
go along the rifling line and are called rifling and projections be-
tween them which are called lands. Each groove has a bottom and two
side faces. One of the faces of the grooves is the leading groove and
it experiences greater pressure on the part of the bullet. The leading
groove is called the active groove and the opposite one is the inactive
face. The barrels of all the rifled weapons with which the Soviet army
is equipped have grooves which twist from the left upward and to the
right (right rifling.)

Figure 1. Small Arms Barrel: 1, Breech face; 2,
Muzzle face; 3, Cartridge chamber; 4, Bullet chamber;
5, Grooves; 6, Lands.



The speed of the rotational moment of the projectile around its
axis depends on the angle of twist which is characterized by the
length of the rifling turns. The length of rifling turn is the dis-
tance in which the groove makes one complete revolution. The smaller
the length of rifling turn, i.e., the greater the angle of twist, the
greater the speed of rotational movement of the projectile around
its axis. In the small arms of the Soviet Army (except for large-
caliber machineguns), the length of rifling turn is 240 mm.

The caliber of a weapon is determined by the diameter of the
barrel which is measured between opposite lands (Figure 2).

The primary caliber of small arms of the Soviet Army is 7.62 mm,
and there also are weapons with a caliber of 9 mm, 12.7 mm, and
14.5 mm. The number of grooves also depends on the caliber. Thus,
a weapon with a caliber of 7.62 mm has four grooves and a machinegun
with a caliber of 14.5 mm--eight grooves. Very often, the caliber is
also used as a measure of length. The length of the barrel, length
of the rifled portion of the barrel, length of the rifling turn,
length of projectile, etc. is measured in calibers.

N

N
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2

Figure 2. Caliber of Weapon:
1, Groove; 2, Land; AB, Caliber.

The barrel of a 82-mm mortar represents a smooth-walled tube
with a base cap screwed onto it in which the striker which serves to
fire the round is located. The caliber of mortars is determined by
the internal diameter of the barrel. Since mortars do not have grooves,
the mortar rounds do not spin in flight; the stability of the rounds in
flight is provided by their tail unit.



The projectile inflicts direct damage on the enemy with its entire
mass or with the fragments of its body which are formed in the explo-
sion of the explosive contained within it. The projectiles have
various designs depending on their purpose.

The projectile of small arms is called a bullet. A characteristic
featurc of a bullet which distinguishes it from an artillery shell is
the absence of a special rotating band. The bullet is made of three
parts (Figure 3): the head of the projectile (ogival portion), the
driving portion, and the tail portion. The overall length of modern
bullets is about 5 calibers: the head of the projectile--2.5-3.5
calibers, the driving portion--1-1.5 calibers, and the tail portion--
0.5-1 caliber. The bullet consists of a core, the design of which
depends on the purpose of the bullet and a casing which, for modern
bullets, is made of steel or clad tombac (i.e., it is covered by a
layer of copper and zinc alloy.)

According to their purpose, bullets are divided into regular and
special-purpose bullets.

Regular bullets are intended to destroy living targets in the open
and which are covered behind light cover. The core of a regular bullet
may be lead with an admixture of antimony or it may be steel.

pﬁ—-a—I-lllI—l—'b ---—--I-C1
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Figure 3. A Bullet: a, Head of
projectile; b, Driving portion;
c, Tail portion.

Special purpose bullets are divided into armor-piercing, tracer,
incendiary, armor-piercing incendiary, ranginging-incendiary and armor-
piercing incendiary tracer.

The powder charge serves to impart a forward mortion to the pro-
jectile (bullet). The charge is made of powder. The weight of the
charge depends on the caliber and purpose of the projectile. Thus,
for the bullet for a Model 1933 pistol, the weight of the charge is
0.6 g, for a Model 1908 rifle bullet--3.25 g, and for tle bullet of a
14.5-mm machinegun--30.0 g. The striking compound of the primer
(initiating explosive) serves to ignite the charge.
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By means of the cartridge case, the projectile (bullet), powder
charge, and primer are connected into a single unit--a unitary car-
tridge (Figure 4). In addition, the cartridge case protects the charge
from the effects of external conditions and does not allow the break-
through of gases from the bore through the breech.

Figure 4. Unitary Cartridge:
1, Bullet; 2, Cartridge case;
3, Powder charge; 4, Primer.

The cartridges of small arms are divided into live cartridges and
auxiliary cartridges. Live cartridges include cartridges with regular
and special bullets while the auxiliary cartridges are training
cartridges, blanks, and small-caliber cartridges.

a
Figure 5. 82-mm Mortar Round: a, Fragmentation
round; b, Smoke round; 1, Body; 2, Fuse; 3, Ex-
plosive charge; 4, Smoke-forming substance; 5,
Fin; 6, Base charge; 7, Incremental charges.
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Firing from mortars is conducted with mortar rounds. The 82-mm
mortar has fragmentation, smoke, and other special rounds. Fragmen-
tation rounds are intended to destroy personnel and enemy weapons with
the fragments of the body of the round which are formed when it ex-
plodes under the effect of the explosive charge. Smoke rounds are
intended to blind (smoke) observation and command posts and enemy
weapons as well as to facilitate adjustment and target indication.

The 82-mm mortar round (Figure 5) consists of the body which is
filled with a fragmentation explosive--the explosive charge; located
in the body of smoke rounds in addition to the explosive charge is a
smoke-forming substance (yellow phosphorous); an impact (quick) action
fuse which serves to assure the bursting of the round at the target;

a fin which is intended to assure the stability of the round in flight;
a base charge in the form of a tail cartridge which is placed in the
tube of the fin; incremental charges in the form of rings which are
placed on the tube of the fin.

The division of the charge into a base charge and incremental

charges permits changing the amount of live charge and thereby changing
the muzzle velocity of the mortar round.
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CHAPTER ||

EXPLOSIVES

1. Burst Phenomenon

In general, a burst is an extremely rapid change in the state of a
substance which is accompanied by just as rapid a transformation of
its potential energy into the mechanical work of mortion or destruction.
With a burst, a sudden and abrupt increase in pressure occurs in the
atmosphere which surrounds the point of burst. The external distin-
guishing signs of a burst are: considerable sound, vibration of the
atmosphere, and frequently a flash of light.

The most widespread type of burst is the burst which is obtained
as the result of a rapid chemical transformation of a substance. How-
ever, the initial type of energy for a burst may also be electrical,
atomic, thermal and kinetic energy.

Explosives (VV) are those chemical compounds and mixtures which
are capable of very rapid chemical transformations under the influence
of external effects (a strike, a shaft of flame, friction, etc.) and
which are accompanied by the liberation of heat and the formation of
a large quantity of strongly heated gases which are capable of per-
forming the work of throwing or destruction.

The characteristic distinguishing features of a burst are:

1. A very high speed of transformation which is measured by inter-
vals of from hundredths to millionths of a second. For example, the
explosion of 1 kg of dynamite occurs in 0.00002 sec. and the burst
of a 400-g TNT charge occurs in 0.00001 sec. Surh an extremely rapid
transformation leads to a situation where the power of the explosives
exceeds by many times the power of other source of energy (combustible
substances), despite the fact that the supply of energy in the
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explosives is frequently less, for example, 1 kg of smoke powder--
one of the weakest explosives--would develop the power of about 20
million hp under conditions where all the heat is converted to work,
and 1 kg of TNT--about 55 million hp. No machines exist which are
capable of developing such collosal power.

2, The liberation of a large quantity of heat (the exothermic pro-
perty) which leads to the creation of high pressure at the point of
burst and, consequently, which causes the capability to perform
mechanical work. Thus, 1 liter (I) of nitroglycerine, in a burst,
liberates 2,400 large calories, developing a temperature of gases of
up to 3,800°.

3. The presence of a large quantity of gaseous burst products.
Thanks to the high temperature of the bursts and their capability for
expansion, the thermal energy is converted to mechanical work. The
quantity of gaseous products which are liberated in a burst can be
judged from the following figures: from a burst, 1 7 of pyroxylin pro-
vides 994 1 of gaseous products and 1 7 of TNT--1,104 I, i.e., on the
average 1 ! of explosives in a burst provides 1,000 I of gaseous
products.

The speed of explosive transformation depends on the composition
of the explosive, the method of inducing the explosive (mechanical,
thermal, electrical), and on the burst conditions (quantity of ex-
plosive, pressure, temperature). Depending on the speed of the process,
the explosive transformations may occur in two basic forms: combustion
and detonation,

Combustion occurs with a speed of from fractions of a millimeter
to several tens of meters per second; for example, smoke powder in the
open air burns with a speed of about 10 mm per second. In open air,
this process occurs without any significant sound effect. In a closed
container, the speed is increased and the process is accompanied by an
abrupt sound: combustion is characterized by a gradual increase in the
pressure of the gases and their capability to perform mechanical work
in displacing and throwing objects in the direction of least resistance.
Such a process is a shot in which the ejection of a projectile takes
place from the bore of a weapon under the pressure effect of the gases
which are formed during the combustion of the explosive.

Detonation proceeds with a speed which reaches several thousand
meters per second. It is characterized by a sudden jump in the pres-
sure at the point of burst, as a result of which the gases which are
formed perform work in the destruction, incandescence, and crushing
of surrounding objects. An example of detonation is the burst of an
explosive charge in an artillery shell. The explosive hexogen
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detonates with a speed on the order of 8,400 m per sec. Existing
between combustion and detonation are intermediate forms of explosive
transformations with which occur with a variable speed (up to

several hundreds of meters per second) which depends on the ex-

ternal pressure. With a sufficiently high pressure, combustion may

be transformed into detonation. All explosives can be detonated but
only a small portion of them (initiating) detonates from a mechanical
or thermal pulse. The majority of explosives detonate only in the

case where the detonation of another explosive occurred in the immediate
proximity of them. An explosive which is capable of causing the detona-
tion of another explosive is called a detonator.

2, Classification of Explosives According to Their Practical Employment

In accordance with their practical employment, all explosives are
divided into four large groups:

1) Initiating explosives,

2) Crushing explosives,

3) Throwing explosives (powder),
4) Pyrotechnical compounds.

Initiating Explosives

Initiating explosives are most sensitive to external influences;
they are easily detonated from an insignificant blow, shaft of flame,
friction, etc. Their basic property is an initiating capability, i.e.,
the capability to induce the detonation of other explosives. Initia-
ting explosives are used for loading flash igniters, detonating caps,
and demolition cord. The basic representatives of initiating explosives
are: mercuric fulminate, lead azide, lead styphnate, and others.

For loading the flash igniters of cartridges, striking compounds
are made consisting of a mixture of mercuric fulminate, potassium
chlorate, and antimony in various proportions as applicable to the con-
ditions for use.

The taultless operation of a combat cartridge depends to a large
degree on the quality of the flash igniter, its power, and sensitivity.
The insufficient power of the flash igniter may lead to a situation
where, with its ignition, only the closest layer of the power charge
is heated and the subsequent layers receive heat from them only after
some time interval, i.e., a hangfire occurs.
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Crushing Explosive

The basic form of explosive transformation for crushing explosives
is detonation. This group of explosives is widely used as explosive
charges of artillery shells, mortar rounds and grenades and is also
used in demolition work.

Crushing explosives possess considerably less sensitivity than
initiating explosives and usually detonate under the influence of the
latter.

The basic representatives of crushing explosives are: TNT, picric
acid, tetryl, hexogen, and others. Thus, for example, the explosive
charge of an 82-mm mortar round is made of pure TNT or an alloy of
trotyl with other explosives (trotyl with trinitronaphthalene) and the
explosive charge of hand grenades is made from trotyl or ammonal.

Throwing Explosive (Powder)

The basic form of explosive transformation for throwing explosives
(powders) is combustion which provides the opportunity to throw objects
in the direction of least resistance. A large part of the thermal
energy which is formed in the combustion of the powder is converted to
mechanical energy which is used to throw projectiles in fire arms.

Powder is divided into smoke and smokeless powder.

Smoke powder represents a mechanical mixture of 75% saltpeter, 10%
sulphur, and 15% charcoal. Such a percentage composition is most ad-
vantageous since it assures complete combustion of the charcoal. The
charcoal is a combustible substance, the saltpeter provides oxygen during
decomposition which is necessary for the combustion of the charcoal, and
the sulphur assures easy combustibility and serves as the binder in the
preparation of the powder.

The very name '"smoke' tells that these powders liberate a large
quantity of smoke when burning, i.e., solid combustion products (up to
50%). In their activity, smoke powders are considerably weaker than
modern smokeless powders. Therefore, the use of smoke powders in firing
as a powder charge was stopped long ago. In military affairs, smoke
powders are used as igniters (to facilitate the ignition of smokeless
powder) as a timer compound in fuzes, and as the combustible compound
in a safety fuze.

The basis of smokeless powders is pyroxylin--a crushing explosive
which is obtained as the result of processing plant cellulose with a

-16-



mixture of nitric and sulphuric acids. Pyroxylin, possessing good
explosive properties, is easily gelatinized (converted to a jelly-like
mass) under the influence of various solvents. Depending on the solvent
used, pyroxylin and nitroglycerine powders are distinguished.

To prepare pyroxylin powder, use is made of: pyroxylin No. 1
(high-nitrigen, containing from 12.9 to 13.3% nitrogen) in mixture
with pyroxylin No. 2 (low-nitrogen containing from 11.9 to 12.3%
nitrogen) or nitrocellulose (12.5-12.75% nitrogen), or pyroxylin No. 2
alone. Serving as the solvent is an alcohol ether mixture which does
not possess explosive properties.

Nitroglycerine powder is prepared from pyroxylin No. 2 which is
soluble in nitroglycerine (ballistite) or from pyroxylin No. 1 which is
soluble in nitroglycerine with an admixture of acetone (cordite).
Manufactured nitroglycerine powder contains 25-60% nitroglycerine which
is also a strong explosive and, consequently, a source of energy. Ni-
trogen powders are more powerful than pyroxylin powders but, in combus-
tion, they develop a cecnsiderably higher temperature which reduces the
endurance of the cubes.

The powders may lose their properties in prolonged storage. Special
substances are added to the powders to assure stability in their pro-
perties--stabilizers (diphenylamine).

Depending on its purpose, the grains of smokeless powder may have
various shapes: a cube, plate, strip, tube with one channel, tube with
seven channels, etc. (Figure 6).

Figure 6. Shape of Grains of Smokeless Powder:
a, Cube; b, Plate; ¢, Strip; d, Tube with one
channel; e, Tube with seven channels.
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All existing types of powders are designated by conventional size
(letters, numbers)--they are marked. Designated in marking are:
shape of grain, purpose, dimensions, lot, year of manufacture, plant
of manufacture,

Pyrotechnical Compounds

Pyrotechnical compounds represent a mixture of combustible sub-
stances (magnesium, phosphorous, etc.), oxidizers (chlorates, picrates,
and others), and cementers (shellac, rosin, and others). The explosive
properties are very weakly expressed among the pyrotechnical compounds;
however, under certain conditions they are capable of detonating.
Pyrotechnical compounds are used to create required pyrotechnical
effects. They are divided into illumination, signalling, tracer, and
incendiary compounds.

Illumination and signalling pyrotechnical compounds are used as
the charge of cartridges for the 26-mm signal pistol and other sig-
nalling and illumination means. Tracer and incendiary compounds are
used to manufacture special bullets (tracer, incendiary, etc.)
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CHAPTER 111

INFORMATION ON INTERIOR BALLISTICS

Ballistics is the science of the movement of a projectile. At
the present time ballistics are divided into two independent sciences:
interior ballistics and external ballistics.

The task of interior ballistics is the study of the movement of
a projectile in the bore and the phenomena which occur in this. The
task of external ballistics consists of the study of the flight of a
projectile in the air.

Interior ballistics study the amount of pressure of the powder
gases and the change in the velocity of a projectile in the barrel
of a weapon and determines the most advantageous characteristics of a
bore (length of bore, volume of powder chamber) and the lcading con-
ditions (weight of charge, dimensions and shape of powder) so as to
impart to a projectile of a given weight and caliber the required
muzzle velocity with a certain value for the greatest pressure of the
gases.

1. The Powder Combustion Process

With the effect of an external (thermal) pulse on a grain of powder,
it begins to burn. The powder combustion process is divided into three
phases: ignition, combustion, and the burning itself (Figure 7).

Ignition is the start of the deccmposition of a grain of powder
at one of several points under the influence of an external impulse.
To ignite a live charge, such an external impulse is the effect of
red hot gases which are formed in the combustion of the striking com-
pound of the primer (initiating explosive) from the striking of the
firing pin.

Combustion is the spreading of a flame over the surface of the
powder grain. Combustion proceeds at various speeds depending on the
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properties of the powder and the external pressure. With normal at-
mospheric pressure, the speed of combustion of a smoke powder is 1-3
meters per sccond and with increased pressure it increases several
times. Smokeless powder in the open air burns very slowly, with a
speed of 2-5 meters per second; however, with an increase in pressure
the speed of combustion of smokeless powder increases sharply and,
with a pressure of 10-20 kg/cm? its speed of combustion can be con-
sidered as instantaneous.

b)
TR =-Jaxcxcenue

Figure 7. Phases in the Combustion
of Powder: a, Ignition; b, Lighting;
¢, Combustion.

To assure the simultaneous combustion of the entire powder charge,
it is necessary that the pressure inside the cartridge case which is
created by the combustion of the striking compound of the primer exceeds
20 kg/cm’ which can also be accomplished in live cartridges. When all
grains of the powder charge do not burn simultaneously, a hangfire may
occur. In addition, a portion of the powder may not burn at all until
the moment that the projectile flies out of the bore; consequently,
this portion of the powder will not participate in imparting energy to
the projectile, as a result of which the muzzle velocity of the projec-
tile is reduced and the distance of its flight will be less.

The burning itself is the spreading of the decomposition reaction
deep into the powder grain perpendicular to its surface. Consequently,
the speed of burning is determined by the change in the smallest dimen-
sion (thickness) of the powder grain per unit of time.

The powder burning speed is a very important ballistic characteristic.
It has been established experimentally that the burning speed of the powder
depends on its composition, the density of the powder substance, external
pressure, and the temperature and humidity of the powder. Let us con-
sider the effect of these factors on the burning speed of the powder.



Powder composition. Powder of various composition, with other
conditions being equal, possesses various speeds of burning. Thus,
powders with a greater content of pyroxylin No. 1 or nitroglycerine
burn more rapidly and powder with a greater content of pyroxylin No. 2
burn more slowly. When it is necessary to reduce the burning speed
of the powder, flegmatizers are added to its composition (camphor,
vaseline). The more flegmatizer in the powder, the less its speed of
burning.

Density of the powder substance. The greater the Jensity of the
powder grain, the slower its burning speed. To obtain fast-burning
powders, the grains are made porous; the more pores, the easier the
flame penetrates deep into the grain and the faster the powder burns.
The density (specific gravity) of modern smokeless powders is 1.56-1.63
kg/decimeters.

External pressure. The powder burning speed increases with an in-
crease in the pressure in the surrounding atmosphere. Thus, in the open
air, smoke powder burns with a speed of about 10 mm/sec, and with an
increase in pressure its burning speed increases sharply; the burning
speed of smokeless powder in the open air is 0.8-1.5 mm/sec and, in
a closed container with a pressure of 500 kg/cm?, it reaches 50 mm/sec
and then increases directly proportionally to the increase in pressure.
In firing, consequently, the burning of the charge will occur with a
very great speed.

The pressure of the powder gases is connected with the density of
the loading.

The density of loading A is the ratio of the weight of the powder
charge w to the volume of the powder chamber W (cartridge case with the
bullet inserted):

b=g. )]
For small arms, the density of loading A = 0.80-0.90 kg/decimeter3.

For mortars, the density of loading is the ratio of the weight of
the base and incremental charges to the volume of the powder chamber;
the volume of the breech of the barrel up to the level of the greatest
diameter of a mortar round dropped in the barrel is taken as the volume
of the powder chamber. For 82-mm mortars, the density of loading
changes depending on the number of incremental charges; with a maximum
charge, for mortars A = 0.06 kg/decimeter3.

The change in the density of loading is permitted within very small
limits for each type of weapon. With an increase in the density of
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loading, the gases which are formed create greater pressure, thanks to
which the powder speed of burning increases. An extreme increase in

the density of loading may cause a jump in pressure which leads to

the bulging or bursting of the barrel. Therefore, to avoid accidents,
in firing from small arms it is not permitted to use cartridges with the
bullets seated too deeply.

A reduction in the loading density leads to a slowing down of the
powder burning.

Powder temperature. The higher the temperature of the powder
charge, the greater the powder burning speed since the expenditure of
heat on heating the powder is reduced and the decomposition reaction
itself proceeds more intensively. Accordingly, the lower the powder
temperature, the slower its speed of burning will be. Therefore, it
is necessary that prior to firing the ammunition must be under uniform
temperature conditions since a difference in the temperature of the
powder, causing different burning speeds of the powder and, consequently,
different muzzle velocities of the shells, will lead to an increase in
dispersion, i.e., to a worsening in the accuracy of fire.

Humidity of the fire. The higher the humidity, the more slowly
the powder burns since a portion of the thermal energy is used to con-
vert the water to vapor. With a considerable humidity, the powder
loses its explosive properties in general. Therefore, it is necessary
to protect the powder charges thoroughly from moisture. This pertains
especially to the incremental charges for the 82-mm mortar round.

The quantity of powder gases which are liberated in the burning of
the powder and the speed of gas formation depend on the shape and dimen-
sions of the powder grains.

In considering the process of powder burning in interior ballistics,
the following assumptions are adopted:

--All grains of the powder charge are uniform in composition, dimen-
sions and shape;

--Combustion of the powder charge occurs instantaneously;

--The powder grain burns in parallel layers with the same speed from
all sides (Figure 8).

These conditions provide the opportunity to consider the burning

process for one grain of powder alone and to draw conclusions for the
entire powder charge.
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Depending on the nature of the change in burning surface, the powders
are subdivided in the following manner:

a) Powder with a degressive shape--those powders, the surface of the
grains of which is continuously reduced as they burn. The supply of
gases per unit of time with such powders is reduced as the grains burn.
First, they provide a jump in pressure and then it quickly falls as the
projectile moves along the bore. They include the powders whose grain
has the form of a cube, plate, or strip (see Figure 8).

b) Powder with a constant burning surface--those powders, the surface
of the grains of which remain constant in burning and, consequently,
the supply of gases does not change per unit of time. They include
powders having grains in the form of a tube with one channel (see
Figure 8). Burning occurs simultaneously over the external and internal
surfaces of the tube. The outer surface is reduced and the inner surface
is increased. The overall surface remains practically unchanged.

c) Powders with a progressive form--those powders, the surface of the
grains of which is increased in burning. They include powders having
a grain, for example, in the form of a 7-channel tube (see Figure 8).
In the burning of such a grain, the surface of the channels increases
and this creates an overall increase in the surface of the powder grain.
And this also leads to an increase in the supply of gases per unit of
time. But the increase in the burning surface occurs only until the
moment that the powder grain decomposes, after which the small prisms
which are formed burn out like the powder with a degressive shape.

The progressive quality of burning may also be achieved by jacketing
the outer surface of the powder grains, i.e., by coating them with
special compounds which hinder combustion from the outer surface.

The use of progressive powders which provide a greater and greater
supply of gases with time assures the most uniform pressure in the bore.

The use of powders of one form or another depends on the type of
firearm and its design features. The shape of the powders which are
used for small arms depends on a great degree on the length of the barrel;
for a long-barreled weapon (carbine, machinegun) a flegmatized pyroxylin
powder is used, the grains of which have the shape of a tube with one
channel; for short-barreled weapons (pistols), a pyroxylin powder is used
which has the grains in the form of a thin plate. The use of such a
powder assures its rapid burning and a sudden increase in pressure,
Plate nitroglycerine powders are used for 82-mm mortars.
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Figure 8. [Caption illegible--Tr note].

2. The Phenomenon of a Shot

A shot represents the process of the very rapid transformation
of the chemical energy of the powder first to thermal energy and then
to the kinetic energy of the movement of the weapon (system shell-
charge-

Tr note--approximately five lines of text illegible.

--high temperature of the powder gases (2,500-3,500°C;
--short duration of the phenomenon (0.001-0.06 sec);
--the burning of a powder charge in a rapidly changing

Tr note--three lines illegible.
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To fire a shot it is necessary to send to the [Tr note--two words
missing] large cartridge, dependably close the bore [Tr note--three
words missing] on the trigger. When pressing [Tr note--four words
missing] trigger and firing mechanism [Tr note--three words missing]
striker [Tr note--four lines of text indistinct].

During the burning of the powder charge, gases are formed the quan-
tity of which increases and, consequently, the pressure increases. The
gases are spread in all directions, and in striving to expand, they
press against the walls [Tr note--three words missing] and on the bullet.
The pressure [Tr note--three lines of text missing] and the pressure on
the bullet forces it to cut into the rifling grooves [Tr note--two words
missing]. Thus, at first the increase in the pressure of the gases pro-
ceeds in a constant volume to a quantity which is necessary for the com-
plete cutting of the bullet into the rifling grooves. This pressure is
called the forcing pressure Po. For small arms, it reaches 250-500 kg/cm<.

The period of the shot phenomenon in which the burning of the powder
charge takes place in a constant volume and the pressure increases to P0

is called the preliminary period (Figure 9).

Next follows the first or basic period of the shot phenomenon during
which the burning of the powder charge takes place in a rapidly changing
volume. This period lasts from the moment when the forcing pressure is
achieved until the complete burning of the powder charge. Under the pres-
sure of the continuously increasing quantity of powder gases, the bullet
begins to move in the bore. The pressure increases quickly in the first
period, reaching a maximum of Pmax’ since during the first time interval

the rapid increase in the quantity of gases proceeds with a relatively
slow increase in the volume of the space behind the bullet. For small
arms, the maximum pressure reaches 2,500-4,000 kg/cm?. (In a rifle, the
maximum pressure is developed when the bullet covers a path of 4-6 cm).
However, the high pressure causes a considerably acceleration in the
movement of the bullet in the bore, i.e., a con iderable increase in the
space behind the bullet. Therefore, despite th: influx of new gases
the pressure begins to fall, reaching the value Pk at the end of the

burning of the powder charge, and the speed of the bullet continuously
increases to the value of V-

After completion of the burning of the powder charge, the influx of
new gases stops but, since the gases possess a large supply of energy,
their expansion continues and, as a result of this, the speed of move-
ment of the bullet increases. This is the second period of the shot
phenomenon in which the bullet moves under the influence of a constant
quantity of freely expanding gases; it lasts from the end of the burning
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of the powder charge to the moment that the bullet flies out of the bore.
During this period, the pressure continues to attenuate to the value Pd,

and the velocity of the bullet continues to increase to vy. For small

arms, P; = 200-600 kg/cm?2.
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Figure 9. Periods of a Shot, Curves of Pressure
and Speed of Movement of Bul-let.

In small arms, complete burning of the powder charge occurs by the
moment that the bullet is close to the muzzle end face; in systems with
short barrels (pistols) the complete burning of the powder charge does
not occur in general, i.e., the second period of the shot phenomenon is
actually absent.

The third period, or period of the aftereffect of the gasses, is
characterized by the fact that the gases which escape from the barrel
right behind the bullet continue to act on it. During this period, the
pressure of the gases drops sharply and the speed of the bullet still
increases somewlat until the pressure of the gases on the bullet equals
the resistance of the air. At this point, the velocity of the bullet
reaches its maximum value v .
max

Thus, the pressure of the powder gases in the cube at first in-
Creases almost instantaneously to the value PO’ then continues to in-

crease sharply to Pmax’ after which its drop to Pd begins at the moment

that the bullet flies out of the bore and a further drop occurs during
the period of the aftereffect of the gases. The velocity of the bullet
increases continuously, first quickly and then more slowly, reaching the
value of Weax
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For each period of the shot, interior ballistics have established
the exact regularities which show the dependence of the pressure of
the gases and the velocity of the bullet on the time and the path
covered. These dependences permit solving completely the basic problem
of interior ballistics: to calculate the velocity which a projectile
of given weight receives with a given gas pressure in the barrel.

3. Special Features of Firing from a Mortar

In comparison with firing from small arms, firing from an 82-mm
mortar has certain special characteristics.

The burning of the powder first takes place in the base charge and
then the powder gases break through the walls of the cardboard cartridge
case opposite the holes in the cartridge container and ignite the in-
cremental charges. Therefore, it is necessary to assure the rapid
burning of the powder in the base charge to ignite the incremental
charges as early as possible. This is achieved by employing 3 strong
flash igniter which assures the uniform burning of the base and incre-
mental charges.

A comparatively low speed of movement is imparted to the mortar
round; therefore, there is no necessity to achieve a high pressure in the
bore. The required amount of pressure is achieved with a low density of
loading in the area behind the mortar round which comprises 0.01-0.06 kg/dm3
for various charges. For the correct burning of the incremental charges
with such an insignificant density of loading, they are prepared from a
strong, rapidly burning nitroglycerine powder.

The density of loading in the base charge is considerably greater
than in the space behind the mortar round [Zaminnyy ob'yem] (0.50-0.60 kg/dm3).
As a result of this, the gases which flow out into the space behind the
mortar round expand greatly and are cooled, giving up a considerably por-
tion of their thermal energy to heat the walls of the tube and the round.
A large heat exchange also occurs due to the slow movement of the round
in the bore.

The tube of the mortar is smooth-walled; therefore, the forcing
pressure is practically equal to zero and there are no expenditures of
energy for the rotational movement of the mortar round.

As a result of the presence of a gap between the round and the walls
of the tube, a considerably portion of the gases (10-15%) breaks through
into this gap and their energy does not participate in imparting speed
to the round while in the small amms the quantity of gases which break
through is extremely insignificant.

-27.



v m/sec P kg/cm2

0 raasPe
306
\
200 \ ] 0
o=~ = S|
/1 :
o TN —
100 f— - *_4:
3o \1\‘ :p
0 o( l 2

A Tl
s =

Figure 10. Curves of the Pressure of Gases and
Speed of Round in the Bore of an 82-mm Mortar When
Firing at Maximum Charge.

In accordance with these special features, the phenomenon of a shot
from a mortar is divided into three periods (Figure 10).

1) The period from the moment of the combustion of the base charge to
the breaking through of the holes in the walls of the cartridge cases
and the escape of the gases into the space behind the round; this period
is similar to the preliminary period of the shot phenomenon from small
arms.

2) The first period--from the moment of the combustion of the incre-
mental charges and start of movement of the round to complete burning
of the entire powder charge. In mortars, the maximum pressure sets in

at the end of the burning of the powder charge, consequently pmax = Pk'

In firing at maximum charge from an 82-mm mortar, maximum pressure
reaches 400-450 kg/cm? and sets in when the round has covered a path
of about 7 cm.

3) The second period is from the complete burning of the powder charge
to the moment that the round leaves the bore. During this period, the
movement of the round occurs under the influence of a constant quantity
of freely expanding gases. For maximum charge, Pd is about 50 kg/cm?

and vq = 200-210 m/sec.
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L. The Special Features of Firing from a Jet-Powered Weapon

A jet-powered weapon is a weapon in which the projectile moves under
the influence of jet gases which arise during the burning of a powder
charge which is located directly in the projectile. In order to
clarify how a round is fired in a jet weapon, it is necessary to estab-
lish the essence of the reactive force.

— —
e

Figure 11. The Pressure of
Gases in a Closed Container.

Let us imagine a container which is hermetically sealed on all sides
and in which gases are located under some pressure (Figure 11). Since the
pressure is the same on all walls of the container, the containe. re-
mains stationary. If a hole is made in one of the walls of the container,
the force which operates on the wall with the hole will be less than the
force which is operating on the opposite wall since the area of the wall
with the hole has become less. The gases which are located in the con-
tainer under pressure greater than atmospheric pressure will begin to
escape, creating an additional force on the wall which does not have the
hole (Figure 12). The force which operates in the direction which is
opposite to the escape of the gases is called the reactive force (jet
force). With a sufficient amount of reactive force, the vessel is put
in motion.

The reactive force R is composed of two components.

The first component represents a difference in the forces which are
operating on the wall without the hole and on the opposite wall with the
Fkole. Numerically, it equals the difference in pressures inside the
container and outside it multiplied by the area of the hole:

R=(p—p)s,

where R' is the component of the reactive force;
p is the pressure within the container;
P, is the pressure outside the container (atmospheric);

S is the area of the hole.
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Figure 12. Pressure of Gases in a
Container Having a Hole in One of the
Walls.

The second component arises as a result of the escape of the gases
from the nozzle. Its size depends on the mass of escaping gases and the
speed of their escape. The value of this component can be determined
from the equation for the amount of movement of a body.

As is known, a change in the amount of movement of a body (the dif-
ference in the products of the mass of the body times the final and
initial velocity of its movement) equals the force impulse (the product
of the operating force times the time of its action):

R,t = mu — mu,,

where R2 is the operating force;

t is the time of operation of the force;
m is the mass of the body on which force R2 is acting;

u is the final velocity of the body;
Uy is the initial velocity of the body.
In this case, u is the speed of escape of the gases and uy = 0

since prior to the start of the action of the forces, the speed of escape
was equal to zero. Consequently:

Ryt = mu,
from which

Rlsl;l'v
but g

m——'-.

where G is the weight of the escaping gases;
g is the acceleration of the force of gravity which equals 9.81 m/sec?.

Then:
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where G is the weight of the gases which escape per unit of time and is

sec
called the per-second [sekundnyy] expenditure of gases.

Then:

Force R2 is directed in the direction of escape of the gases. But

according to the third law of mechanics, with the emergence of any force,
an equal and opposite force to it must arise. Consequently, with the
start of the escape of the gases a force arises which is directed in a
direction opposite to the direction of escape and equal in value to force
R2. We designate it R". Thus, the reactive force is also a force which

is composed of forces R' and R". Since both these forces have the same
direction:

= 3 == — _qe.'
R=R+R =(p—p)s + Fect, )

Let us analyze formula (2) and we see which values the reactive force
is dependent on and how. The amount of the reactive force depends on:

1) The pressure inside the container p. The greater the pressure inside
the container, the greater the reactive force. Consequently, in order to
create [Tr note--two words missing] a greater reactive force, it is
necessary to select that powder charge which would provide the greatest
possible quantity of gases with the least possible volume in the combus-
tion chamber (container).

2) On the external (atmospheric) pressure P, The less the external

pressure, the greater the reactive force. Consequently, in airless
space the conditions for the movement of a rocket projectile are more
favorable than in the air. In practical calculations for projectiles,
it is considered that in p-p_ = p, i.e., the amount of external pressure
is not considered. a

3) The area of opening small s. The larger the area of the opening, the
greater the reactive force. However, a very large opening is unsuitable
since, with an increase in the area of the opening, the escape of the
gases will occur more rapidly than the formation of gases from the
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burning of the powder charge, as a result of which pressure p will be
reduced and, consequently, the reactive force. In determining the area
of the hole, we proceed from the requirements for an increase in pres-
sure during the period of burning of the powder charge.

4) The per sccond expenditure of gases GSe The greater the per second

c”
expenditure of gases, the greater the reactive force. In turn, the
per second expenditure of gases is directly proportional to the pressure

inside the combustion chamber and the area of the hole.

5) The speed of escape of the gases u. The greater the speed of escape
of the gases, the greater the reactive force. With the escape of the
gases into an airless space, the speed of escape is greater since the
escaping gases do not encounter the resistance of the air. The speed of
escape, in turn, depends on the pressure of the gases within the com-
bustion chamber as well as on the dimensions and shape of the hole through
which the gases escape. To increase the speed of escape of the gases, it
is advantageous to have an expanding hole. In rocket projectiles, this
opening is called a nozzle.

By theory and experiment it has been established that one of the
most advantageous nozzle shapes is Laval's nozzle (Figure 13).

The smallest cross-section of the nozzle is called the critical cross-
section.

As a result of a series of complex transformations, formula (2) can
be given the following final form:

R=4s.p, (3)

where R is the amount of reactive force in kilograms;

¢ is the coefficient which depends primarily on the.relation of the
diameters of the exit and critical cross-sections of the nozzle (for
l.aval's nozzle, » = 1.5);

Sk is the area of the critical cross-section in cm?;

p is the pressure of the gases inside the reactance chamber in
kg/cm?,

Consequently, the basic factor which determines the amount of the
reactive force with a given shape and dimensions of the nozzle is the
amount of pressure inside the reactive chamber. Because at first the
increase in the quantity of gases occurs more rapidly than their escape,
the pressure in the gas chamber increases and at some moment achieves
maximum value. For modern rocket projectiles, the maximum pressure

Pmax + 200 kg/cm?. Then, the pressure of the gases is reduced until they
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become equal to the external pressure and the escape of the gases stops.
Thus, the reactive force also increases quickly at first to maximum value
and then is reduced to zero with a cessation of the escape of the gases.

AARARRAANS

e maan A AR A

Figure 13. Rocket Projectile and
Laval's Nozzle.

The amount of maximum reactive force can be determined from formula
(3). Assume there is a rocket projectile with a Laval nozzle whose area
of critical c.oss-section s, = 3 cm? and Ppax = 200 kg/cm?.

Then:
Ruu = ¢ Sy Pmar; Rinax == 1,53 200 =900 kg .

The reactive force which is formed imparts to the projectile a for-
ward motion in a direction which is opposite to the escape of the gases.
In order to give the projectile a certain direction of flight, it is
placed on a guide rail. With the combustion of the powder charge, a
reactive force is formed and the projectile begins .. move. The spced
of movement of the projectile increases as the powder charge burns.

The projectile acquires its greatest velocity Vmax % the moment when

the reactive force becomes equal to the force of air resistance in ab-
solute value. But for approximate calculations, it can be considered
that Vmax S€ts in at the instant of complete burning of the powder charge.

The velocity of the projectile at the moment of its separation from the
guide rail is called the velocity of separation Vs Neglecting the

projectile's friction against the guide rail and the force of air resis-
tance, one can determine approximately the velocity of separation Vo

and the maximum velocity v ___,
max

If we take the value of the reactive force as a constant and equal
to its mean value, the work of the reactive force on the path which
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equals the length of the guide rail will equal the kinetic energy of
of the projectile at the moment of separation:

%

R =g

where Rcr is the mean value of the reactive force; it is usually taken

i
as R__==R
cr 3 max;
[ is the length of the guide rail in meters;
q is the weight of the projectile in kg;
g is the acceleration of gravity which equals 9.81 m/sec?;
Yo is the separation velocity.

From this, it follows that:

/IR _1
v,=} ~—3l'—'. (4)

Example. Determine the velocity of separation of a rocket projectile
under the following conditions: Rmax =900 kg, . =2 m, q = 4 kg.

Solution. We determine Rcr:

2 2
Rc:=TR"‘"; Rﬂ=-§--900=600 kg.
We determine vo:
5Pl R
N e LY 20298 77 m/sec.

To determine the approximate value of Vnax® We use the equation for

the quantity of motion. Since we accepted that the velocity achieves the

value v . at the moment of complete burning of the powder charge it can

be considered that the product of the mean value of the reactive force
times the time for the complete burning of the powder charge (force im-
pulse) equals the product of the weight of projectile times the velocity
at the moment of completion of burning of the powder charge divided by
gravity acceleration (amount of movement):

q
Rcrtc = =L Vmax’

where t. is the time for the complete burning of the powder charge in sec;
Aep is the mean weight of the projectile (between its weight at

the start of the burning of the powder charge and at the end of the
burning in kg;
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Vo is the maximum velocity of the projectile in m/sec.
From this it follows that: :
- a0 O c8
max (R (5)

Example. Determine the maximum velocity of a rocket projectile
under the following conditions: Rcr = 600 kg, == 0.1 sec, Ay = 3.75 kg.

Solution:
R _tg
Voax T —o— . 600:0.1-9.81
ey ° 3.75 :

After attaining velocity v the rocket projectile moves in the

max’
air just as a regular projectile does, i.e., experience air resistance
and the effect of gravity.

5. The Strength and Durability of the Barrel

During the firing of a shot, a very great pressure of the powder
gases is formed on the walls of the barrel which should withstand this
pressure without being subjected to swelling or bursting. Since the
pressure on the walls of the barrel may fluctuate within certain limits
and, sometimes, under the influence of external conditions may be in-
creased considerably, the barrel should have a certain reserve of strength.
Reserve of strength means the relation of the maximum allowable pressure
at a given cross-section of the barrel to the pressure of the powder
gases at this same cross-section which has been calculated or found by
experiment. Usually, the reserve of strength is established equal to
1.5-2 at the given cross-section. Therefore, in the breech end of the
barrel where the pressure is greater, the walls of the barrel are thicker.
However, the thickness of the barrel walls is not determined by the
amount of pressure of the powder gases alone; significance is also had
by the resistance of the barrel to bending in case of chance blows;
therefore, the walls of the barrel are also thickened at the muzzle end.

If the pressure of the powder gases is within the limits of the
value for which the strength of the barrel has been calculated, the barrel
is only subjected to elastic deformations, i.e., under the effect of the
pressure the barrel expands along the circumference and, with cessation
of the pressure, it assumes its initial dimensions. If the pressure of
the powder gases for some reason exceed the value for which the strength
of the barrel has been calculated, the barrel may receive residual
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deformation, i.e., the expansion of the barrel along its circumference
may remain after cessation of the pressure too. Such a phenomenon is
called bulging of the barrel. In the majority of cases, bulging is
obtained when foreign objects land in the barrel (oakum, rag, sand,
soil and others). In striking the foreign object, the bullet slows
its movement. With the slowing down in the motion of the bullet, the
gases which are following the btullet are repelled from its base and
receive reverse motion. With a clash of the gases which are moving in
opposite directions, a pressure bound is created which exceed the value
for which the strength of the barrel was intended; the bulging of the
barrel occurs and, sometimes, its bursting (Figure 14).

In addition, in the operating process the barrel is subject to
crosion. All the reasons which case barrel erosion can be divided into
three basic groups.

ST AL I LSS

Foreign
objects

Figure 14. Bulging of the Barrel.

1. Causes of a mechanical nature. The periodic expansion of the bore
and its return to its initial size which occurs periodically changes the
mechanical qualities of the metal and a network of shallow cracks is
formed on the surface of the bore which embraces a larger and larger
surface with an increase in the number of shots. When the bullet cuts
into the rifling grooves, erosion of the bullet chamber occurs as a
result of the great friction. The movement of the bullet along the
bore causes the chipping of the metal in the cracks. The stream of
escaping powder gases has the same effect on the muzzle end of the barrel
as does the bullet which is cutting into the bullet chamber.

2. Causes of a thermal character. The high temperature of powder gases
(almost twice the melting temperature of steel), because of the very
brief time of ecffect, causes only a partial fusing of the surface of
the walls of the bore. The particles of fused metal are removed from
the bore by the stream of powdered gases. In addition, as a result of
the rapid and sudden change in temperature, the expansion and compression
of the barrel occurs which leads to a deepening of the cracks which have
been formed.

3. Causes ot a chemical nature. Fouling which is formed during firing
has a great effect on barrel crosion. The amount of fouling in the barrel




depends on the number of shots and the qualitative condition of the
barrel. The greater the number of shots fired and the worse the con-
dition of the barrel, the more fouling that remains. This can be seen
from a table prepared by V. N. Podduben on the basis of tests which

he has conducted (Table 1).

TABLE 1
Nunber! of Quantity of Fouling, mg
shots In a barrel In a barrel
not affected [affected by
by scaling scalin
10 39.9 k6.
25 48.0 100.4
100 60.0 178.3

The fouling consists of soluble (12-25%) and insoluble (88-75%)
substances. The soluble substances represents salts which are formed
during the burning of the striking compound of the primer, primarily
potassium chloride. The insoluble substances are tombac which is torn
from the jacket of the bullet; lead which is melted from the base of the
bullet; tin from the melted foil which covers the striking compound of
the primer; copper and brass from the cartridge case; iron which is
torn from the bullet; and ashes which are formed in the burning of the
powder charge. The soluble salts absorb moisture from the air. The
solution which is formed causes corrosion. Thus, corrosion occurs
primarily as a result of the products of decomposition of the striking
compound of the primer. Moreover, in the presence of salts the copper,
brass, and tombac form a galvanic element with the iron, as a result of
which rust is intensified and pits are formed in the barrel. The pre-
sence of cracks in the barrel in turn intensifies the rusting process.

All these reasons cause a change in the surface of the bore and
lead to an expansion of the bore, especially in the muzzle end and at
the bullet chamber, a consequence of which is the poor centering of the
bullet in the barrel and a drop in muzzle velocity. And this leads to
a considerable increase in dispersion, incorrect flight of the bullet,
and a reduction in range.

If a 10% loss in the velocity of the bullet is obtained in firing
from a given barrel, the barrel is considered unsuitable for further
firing.

In practice, an indication of such erosion of the barrel is the
breaking away of the bullet from the grooves or the dispersion of the
bullet which exceeds the norms established by the rules for checking
the shooting of a weapon.
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The number of shots after which a barrel is considered completely
unserviceable determines the durability of the barrel. The durability
of a rifle barrel is 10-12 thousand rounds, and of a chrcmed barrel--
up to 30 thousand rounds.

In automatic weapons, from which prolonged intense fire 1s conducted,
it is necessary to cool the barrel from time to time. For this purpose,
spuare barrels are applied to the machineguns, in which respect the
weapon is designed in such a way that the barrel can be replaced easily.
In automatic weapons intended for the conduct of intensive fire, the
barrels are made massive to assure a slower raising of the temperature
of the barrel walls in firing, the surface is increased (for example,
the barrel is made ribbed) for the better release of heat to the outer
atmosphere, and special cooling is also employed.

An increase in the durability of the barrels may be achieved:

--in manufacture--by the thorough processing of the surface of the
walls of the bore, by making the barrels from high-quality metal, by
chroming to increase the hardness of the surface of the bore, by the
employment of powders with a lower burning temperature, and by the em-
ployment of a non-corrosive striking compound for the primer;

--in operation--by observation of the correct firing regime, by thorough
care of the weapon, by eliminating the reasons which cause the bulging of
the barrel, and by the timely and correct cleaning and oiling of the
weapon.

Cleaning has the purpose of removing the fouling from the bore.
Since the basic cause of rust is the presence of soluble salts in the
barrel, the cleaning of the weapon should be performed immediately after
firing; otherwise, the appearance of rust is inevitable. In an extreme
case, if conditions are such that the weapon cannot be cleaned immediately
after firing, it is necessary to oil the barrel so as to prevent the
penetration of water to the surface of the bore.

The cleaning of the barrels is performed with an alkali compound
until the fouling is completely removed. To clear the insoluble sub-
stances, a stiff bristly brush is used with which the fouling is loosened;
after this, the bore is cleaned with oakum. If the barrel is covered
with moisture (dew) when carrying it in from the cold to a warm room,
one should not wait until the drops of moisture dry since, during this
time, the formation of salt solutions occurs--cleaning should be bhcgun
immediately. After cleaning, the barrel is wiped dry and then is
lightly oiled.



With the correct care of the barrel, one can avoid rusting and,
consequently, the formation of scales and pits.

6. Muzzle Velocity of a Projectile

As a projectile moves along the bore, its velocity continuously
increases, and, at the moment of separation, reaches the value Vg’ which

can be determined by interior ballistics methods. If the period of the
aftereffects of the gases was absent, then after the departure of the

projectile from the bore its velocity would begin to decrease under the
effect of the force of air resistance. But, during the period of the

aftereffect, the velocity of the projectile continues to increase some-
what under the pressure of the gases which are escaping from the barrel,
reaching the value Vmax’ and then it begins to fall under the effect of

the forces of resistance of the air. But, because it is difficult to
calculate the period of aftereffects and the size of the sector on which
the aftereffects of the gases atfect the increase in velocity is insig-
nificant (up to 50 cm for small arms) we have not vet succeeded in de-
termining precisely v ]

max

The question arises: what value should be taken as the muz:zle

velocity for the movement of a projectile? For great clarity, let us
consider tl.o . icram which is shown in Figure 15. The solid line on
this diagia.. -iiows the change in the velocity of the projectile first
in the bore and then on the sector of aftereffects and then in the air.
If we consider the sector of aftereffects as absent and take Vq 88 the

muzzle velocity considering that at the moment that the projectile
leaves the bore the air resistance force begins to act on it, the curve
of the projectile's velocity in the air turns cut to be lower than the
actual velocity (in the diagram, this is shown by the broken line with
the dots), which distorts the ballistic calrulations. Therefcre, it
was stipulated that we take as the muzzle velocity Vo that velocity

at the muzzle face which, under the effects of the air resistance, would
coincide with the actual veiocity (broken line) beyond the sector of
aftereffects.

Sé:tnr o%
Bore __afterefFects Air

g

Figure 15. Principle of Selection of the
Muzzle Velocity Vo
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Consequently, to determine the muzzle velocity it is necessary to
determine the amount of the projectile's velocity at any point A
which is located beyond the sector of aftereffects but which is not
very far from the muzzle face and then, considering the effect of air
resistance, continue (extend) the curve to the muzzle face. The ve-
locity which is obtained at the muzzle face is also taken as the
muazle velocity.

To determine the velocity of a projectile at any point in air,
special instruments are used--chronographs. The essence of determining
the velocity of a projectile using a chronograph consists of the
following (Figure 16). Two target frames A and B connected with the
chronograph X by means of an electrical circuit are set up at a certain
distance from each other. The target represents either a wooden frame
with wire stretched across it (for artillery systems) or a foil target
glued on paper (for small arms). For small arms, a muzzle clamp with
a wire interruptor is usually used in place of the first target frame.
When the first target frame (wire interruptor) is pierced, the chrono-
graph is automatically turned on and it is automatically turned off
when the second is hit.

Figure 16. Diagram of Velocity Determination
With the Chronograph.

The projectile's time of flight between the two target frames is
determined from the chronograph readings. Knowing the distance be-
tween the target frames and taking the movement on this sector as uni-
form (since the sector which is selected is small), one can determine
the velocity of the projectile at the middle of the distance between the
target frames from the formula:

s
"“' [ (6)

]

Ter
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where LS is the mean velocity of the projectile on the sector between

the two target frames;
s is the distance between the target frames;
t is the projectile's time of flight between the target frames.

For example, assume that the distance s between the target frames
equals 50 m. The chronograph showed time t = 0.064 sec. Then the
velocity of a bullet 25 m from the muzzle base will be:

'6%:'54' =781 m/sec.

s
U =-F

Having determined the velocity of a projectile at a given point
using formulas which consider the effect of the air resistance, we com-
pute the amount of muzzle velocity. It has been calculated that, for
small arms, the muzzle velocity of a bullet is 1.025 times greater than
its velocity 25 m from the muzzle base.

Consequently, the value for the muzzle velocity of a bullet is de-
termined from the formula

T’o=l,025-1l“- (7)

Let us now determine the muzzle velocity of a bullet, considering
that, as shown above, the muzzle velocity of a bullet 25 m from the
muzzle face equals 781 m/sec:

v, = 1,U25; v,; = 1,025-781 =800 m/sec.

When firing from mortars, where the effect of the period of after-
effects is immaterial, we take as the muzzle velocity, the velocity
which the mortar round acquires at the moment of departure from the
tube.

The value of the muzzle velocity is one of the basic ballistic
characteristics of a weapon. When the muzzle velocity is increased,
there is an increase in the projectile's range of fire, effectiveness
of fire, and the penetrating and lethal force of the projectile. For
weapons with a low trajectory of fire, the greater Vo the flatter the

trajectory which is attained with equal angles of elevation.

The amount of muzzle velocity depends on many factors. The basic
factors are the following:
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1. Weight of projectile. The amount of muzzle velocity is decreased
with an increase in the weight of projectile with the same charge and
is increased with a reduction in the weight of projectile.

For example, a light bullet Model 1908 weighs 9.6 g and receives
a muzzle velocity Vo = 865 m/sec with a weight of charge of 3.25 g;

an armor-piercing bullet weighing 10.6 g with the same weight of charge
receives a muzzle velocity V'S 810 m/sec. A 82-mm fragmentation mortar

round with fuze M-5 weighs 3.1 kg and a smoke round with the same fuze
weighs 3.4 kg; therefore, the muzzle velocity of a smoke round is some-
what less than that of a fragmentation round.

2. Weight of charge. The muzzle velocity increases with an increase
in the weight of the charge with the same projectile weight. Thus, when
firing from mortars, the muzzle velocity of the mortar round changes with
the employment of the incremental charges. Table 2 presents the relation
of the weight of charge, muzzle velocity, and range of fire for 82-mm
ten-finned [desytiperyy] mortar rounds.

TABLE 2
"Designation of Weight of Muzzle ve- Greatest range
;Charge charge, g locity, m/sec| of fire, m
T
| Base charge...... - 8 70 475

' Charge 1 (base
charge + 1 in-
:crements........... 21.5 132 1,505

| Charge 2 (base
| charge + 2 in-

Icrements........... 35 175 2,355

Charge 3 (base
charge + 3 in-
lcrements ........... 48.5 211 3,040

4

3. Length of bore. The muzzle velocity increases with an increase
in the length of the bore since the projectile is subjected to the
effect of the gas pressure for a longer time. However, the increase
in muzzle velocity with an increase in the length of the bore occurs
up to certain limits., With a very large bore length, it may turn out
that the force of action of the powder gases on the projectile will
become less than the resistance to the movement of the projectile in
the bore; in this case, the velocity of the projectile will begin to
drop,



4. Speed of burning of the powder. The faster the speed of burning
of the powder, the more rapidly the pressure of the gases on the pro-
jectile increases and, consequently, at first the velocity of the pro-
jectile's movement in the bore increases more rapidly. For a rapidly
burning powder, the maximum pressure is greater and sets in earlier than
for a slowly burning powder. But, with the use of a slow burning powder
the drop in pressure after the maximum occurs more slowly; therefore,
for a weapon with a long barrel a slow burning powder may provide a
greater muzzle velocity than a fast burning powder (Figure 17). A fast
burning powder is advantageous for a weapon with a short barrel (pistols,
machine pistols).
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Figure 17. Curves of the Pressure of Gases
and the Change in Velocity in the Bore for
Fast and Slow Burning Powders.

7. Recoil. Formation of the Angle of Jump.

The powder gases which are formed during {iring press in all direc-
tions with the same force!. The pressure on the wails of the barrel
leads to the elastic deformation of thc barrel and the pressure on the
bottom of the projectile and on the bottom of the cartridge case causes

'Actually, the pressure on the base of the projectile and the pressure
on the base of the cartridge case are somewhat different. However, for
our calculations this difference can be neglected.
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a forward motion of the projectile and the barrel.

The motion of the barrel and the parts connected with it (weapon)
in a direction opposite to the movement of the projectile during the
firing and under the effect of the pressure of the powder gases is
called recoil (kick).

In the recoil phenomenon, we are interested in its velocity and
energy as well as the nature of movement of the weapon.

Since the projectile and the weapon move in opposite directions
under the effect of an internal force (pressure of the powder gases),
for anv moment of movement we can write on the basis of the law of the
amount of movement

A’V = Mnv,

where M is the mass of the weapon;
V' is the speed of recoil;
m is the mass of the projectile;
v is the velocity of the projectile.

Replacing M by Q/g where Q is the weight of the weapon and m by
q/g where q is the weight of the projectile, we determine the speed of
recoil:

=3
V="73 (8)

But this formula expresses the phenomenon imprecisely since the
powder charge which has not been considered here participates in the
movement. It can be considercd that half the charge displaces in the
direction of the projectile and half in the direction of the weapon;
but since the weight of the charge is insignificant in comparison with
the weight of the weapon, we add half the weight of the charge only
to the weight of the projectile. The formula takes the form:

_(g+ 0,5w) v
Vrecoil B Q ) (9)

However, this formula can be used to determine the speed of recoil
of the weapon only up to the moment where the projectile has not yet
left the bore. When the projectile leaves the bore, the gases which
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are escaping from it, operating reactively on the barrel, increase the
speed of backward movement of the weapon. This effect is considered
with the coefficient B which is determined by the empirical formula.

S wmgllY Qo)

With consideration of coefficient B8, the formula expresses the
greatest speed of recoil of the weapon and has the form:

_ (g+Buw)v,
Veecoll = T (11)

Example. Determine the speed of recoil of a carbine Model 1944
when firing with a bullet Model 1908. The weight of the bullet q =
= 0.0096 kg; the weight of projectile w = 0.00325 kg; the weight of
the carbine Q = 3.9 kg; the muzzle velocity of the bullet Vo = 820 m/sec.

Solution. We determinsd the value B:

We substitute the known data in the formula

_ (g4 fo) vy (0,000 + 1,35-0,00325) 820 _
v