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ﬁmguw_m (Modern Artillery)
by A. N. Latukhin, Moscow: Military Pub-

lishing House of the Ministry of Defense
USSR, 1970, 320 pp.

The book considers vroblems in the development of modern artil-
lery, shows the purpose, corbat characteristics and construction
principles of modern examples of artillery weapons and ammunition,
gives a classification of them and their basic tactical-technical data,
and glves an account of the questions involved in artillery indtrumen-
tatior.

!
The book also acquaints the reader with the basic trends in
further develorment of artillery weapons.

Factual and numerical data inciuded in the book are taken from
the Soviet and foreign public vress, and prosrects for the development

of artillery are set forth in accordance with the views of foreign
specialists,

The book is intended for the wide circle of readers interested
in artillery weapons.
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PREFACE
P. N. Kuleshov, Marshal of Artillery

Artillery was long tbe main striking fire power of decisive sig-
nificance in combat operations or land and sea. The situation remained
thus until the end of World War II.

With the appearance during the postwar period of rocket nuclear
weapons, especially tacticsl and operaticnal-tactical weapons permit-
ting a sharp increase in the depth and force of fire action against
the enexy, military svecialists in g number of countries began to con-
sider artillery an antiquated and cumbersome means of combat. HNowever,
such views have not stood the test of time. Further improvement of
tactical rocket weapons and analysis of their coabat capabilities have
shown that they cannot be employed to perform all the fire missions pre-
viously entrusted to artillery. It has been found, for example, that
the use of rocket nuclear weapons is practical only against large-sized
and strategically important targets.

In recent years the attention pald abroad to questions of im-
proving and developing artillery weapons has increased. This is due
to the adoption in the United States and other NATO countries of the
military concept of so-called "flexible reaction" and limited local
wars, Foreign specialists believe that in ccmparison with tactical
rocket weapons artiilery possesses considerably greater precision of
fire. It can deliver fire on the enemy without exposing advanced
friendly troops to danger. In addition, cannon-type artillery is sim-
pler in construction and more reliable in operation, while mastery of
artillery technique presents no special difficulties.

The development of offensive and defensive weapons under modern
conditions has led to a clearcut separation of the functional duties
of missiles and artillery in the performance of cormon combat missions,

A traditional type of weapon, artillery in our day occupies a
firm place in the armament system of modern armies.

Artillery is rightly regarded as the most reliable, fastest,
most flexible and economical fire weapon for influencing the course and
outcome of battle.

what _has happened to artillery today?! The answer can be found
in A, N. Latukhin's book Sovremennaya Artilleriya (Modern Artillery).

The reader will find here a great deal of useful information
about modern towed and auxiliary propelled guns, self-propelled artil-
lery and recoilless guns, mortars and salvo-fire field rocket artil-
lery, the artillery armament of tanks, aircraft and the navy. The book '
will also give a familiarity with various types of ammunition used for
gunnery and with artillery instrumentation.

The popular treatment of a wide range of questions relating to
the artillery weapons of our day will doubtless find an interested
reading public made up of soldiers and officers, young civilians pre-
paring to join the ranks of the glorious Soviet Armed Forces, veterans
of the Oreat Patriotic War, and all whc want to enlarge or update
their knowledge in the field of artillery weapons.
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INTRODUCTION

The 1iterature has not cast much light during the past decade
on auestions of artillerv development.

To a certain extent this has been the consecuence of an over-
evaluation cf the role of missiles during ths period of rapid develop-
ment of this type of weapon. At the same time experience has shown that
the rocket weavon and artillery do not exclude, but mutually complement.
each other. Artillery has continued to develop, using the latest
achievements of scientific and technical thought, and has acouired new
characteristics., Axxiliary-propelled and self-propelled artillery, dif-
fering from that employed during World War 1I, have appeared. Develop-
ments of light-duty field gunc are under way. Someth.ng new has ap-
peared in ammunition (combvstible shell cases, rocket-assisted projec-
tiles, shells with rady-made elements etc.). The rapid development of
electronics has contributed much that is new to artillery instrumenta-
tion (electronic computers to prepare initial firing data, lasar range
finders, radar devices for target acouisition etec.).

At present there is in the litera*ure no generalizing work in
orint abcut modern artillery. However, the importance of covering this
subject is obvious from the foragoing.

The bock offered here is devoted to modern artillery weapons.,
It considers combat and operating characteristics of pieces, classifi-
cation of artillery and the fundamental principles of constructicn of
numerous types of artillery weapons and ammnitior, instruments and
apparatus employed to support artillery firing, and shows the basic
trends in the further development and imrrovement of artillery weaoons.
The construction of certain specific weapon models is illustrated by
the example of foreign artillery systems.

The state-of-thez-art of armament and combat materiel is in many
respects devendent on the level of development of science and technol-
ogy in a riven country, on the skills of engineers, designers and work-
ers. The develovment of artillery weancns is itself a complex creative
provess. General theoretical princivles can be properly apolied under
specific conditions only when newly emerging factors and confliecting
trends that objectively are evolving are carefully weighed. Some of
these trends are becoming stronzer, others are losing strength. What
yesterday was of a progressive character may today be depleted of its
significance, thus preparing conditions for the emergence and develop-
ment of new ways of creating armament and combat materiel., What is
progressive today may tomorrow prove to be a bygone stage. In order to
give full range to the new and indeed vrogressive, all these circum-
stances must be duly borne in mind.

The new armament is material proof of scientific and technical
progress attained as a result of the development of theory and experi-
ence over many years. Jlears of research and development precede the
emergence of new artillery weapons. Then comes a protracted period of
tests of a new model, finishing touches on it and further improvement.
No wonder it is said that the first generation of arms lives in the
troops, ithe second in firing ground tests, the third in experimen.al
workshops, the fourth in blueprints, while the fifth gestates in the
minds of sclentists and designers and is adumbrated in service recuire-
ments.
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Owing to the tireless concern of the Communist Party and Soviet
Government our Armed Forcez have at their disposal first-rate artillery
weapons and artillery cadres that are experienced and devoted to their
country. Together with the armies of the other socialist countries
they vigilantly guard the peace.

The author conveys his sincere gratitude to Yu. V., Chuyev,
State Prize Winner, Doctor of Technical Sciences, Professor and Major
General of the Engineering and Technical Service, for his valuable ad-
vice during preparation of the book for publication.
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Chapter 1
HISTORY OF THE DEVELOPMENT OF SOVIET ARTILLERY

1, Develooment of Artillery 1918-1941

The mighty Soviet artillery in its development inherited the
best traditions of the valiant Russian artillery, which had a great
history and instructive combat experience. Many times over the span
of six centuries Russian artillerymen pounded the enemies of our coun-
try.

Significant contribution; to the development of artillery have
been made by the outstanding anc world-famed Soviet scientists N. V,
Maiyevskiy, N, A, Zabudskiy, h. D. Zasyadko, K. I. Konstantinov, A. V,
Gadolin, A, P. Engel'gardt, D. K, Chernov, R. A, Durlyakhov, and many
others.

Russian artillerymen were the first in the world to invent and
create rifled rapid-fire euns, field and heavy artillery, combst mis-
siles, mortars and other types of artillery ordnance. Russian gunners
were long regarded as excellent masters of accurate fire.

Before the Great October Revolution conditions were unfavorable
for the development of artillery. The backward industry of Tsarist
Russia, the conservatism of its ruling clique and the servility of
its officlals towards everything foreign prevented realization in full
measure of the technical innovations in the field of artillery weapons
suggested by native artillery scientists., The situation changed sharp-
ly only after the Great October Socialist Revolution.

From the first days of Soviet power the Communist Party and V. I,
Lenin attached tremendous significance to the development and improve-
ment of artillery.

Cn V, I. Lenin's instruction all armament left by the old army
was strictly inventoried and revaired. Directing the combat activity
of the fronts, V. 1. Lenin was ever concerned th=t they should be sup-
ovlied with armament although practical solution of this question in
these years entalled great difficulties.

The old Russian army on the eve of the October Revolution had
only 10,200 pieces ¢f various calibers. However, not even this number
of pieces could be used since most of them were capturcd by the Germans
at the beginning of 1918 or remsined on territory occupied by the inter-
ventionists and White Guards. Industry, which was in a state of com-
rlete collapse, was unable to give the army the necessary amount of
arms.

Under these exceedingly difficult conditions our party and
government solved the problem of setting up artillery production and
supply for the Red Army. Production of guns was started at the
Putilowsk, Obukhov , Sormovskiy and Perm' munitions plants.

In combat with the foreign interventionists the Red Army made
successful use of the few models of artillery weapons left by the Tsar-
ist Army. They included the 76-mm gun M1002, 107-mm gun M1910, 122-mm
light howitzer }1910, 152-mm heavy howitzer M1909, and 76-mm antiair-
craft gun M1915 (F. F, Lender's gun).
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A striking example of Communist Party concern for the develop-
ment of armament was V, I, Lenin's historic visit on 18 June 1920 to
the Artillery Committee of the Main Artillery Administration. As busy
as he was, he had found time to acquaint himself with the antiaircraft
fire adjuster suggested by Bol'shevik inventor A, M, Ignat'yev. A, M.
Gor'kiy, who accompanied V. I. Lenin, testifies that Vladimir Il'ich
after listening attentively to explanations began to put questions to
the inventor and Artillery Committee members about the construction
and action of the instrument., The artillery scientists were amazed at
Vladimir Il'ich's profound knowledge of military affairs and his extra-

ordinary ability to grasp speedily and in detail the model that was
presented.

During this period a Svecial Artillery Experiment Commission,
presided over by famous ballistics expert and designer V. M, Trofimov,
was set up in the Artillery Committee of the Main Artillery Administra-
tion, It was charged with the task of conducting scientific research
and experimental work in all fields of artillery sclence and ordnance.
Active particivants in the work of this commission were such scientists
as Academicians A. N, Krylov and P, P, lLazarev, Professors N, Ye,
Zhukovskiy, S. A, Chaplygin, N. F., Drozdov, G. A. Zabudskiy, S, G,
Petrovich and many others. From 1918 to 1924 alone staff members of
the commission performed about 100 scientific-research and experimental-
design projects and authored 141 scientific works. Scientifically
founded ways of developing new artillery weapons were determined in ac-
cordance with the results of the commission's work. A beginning was
made in founding the Soviet scientific schocl of ballistics scientists
and artillery designers.

The develovment of Soviet armament proceeded in close asso-
ciation with the develorment of the economy and the growth and streng-
thening of our Armed Forces on the basis of the first achievements of
the socialist regime.

At the end of the civil war a modest and feasible problem was
solved during the reconstruction of the national economy, narmely set-
ting to rirhts and improving the combat materiel inherited from the
old Tsarist amiy. The best models of pieces were selected from the
arsenal of weapons of the old army and put into service for the combat
training of the young Red Army (period of "small-scale modernization®
of the artillery).

During this period intensive preparation was made for the crea-
tion of new models of weapons which in their combat and technical char-
acteristics could meet increased recuirements. At the same time, use
was made of new methods and data obtained as a result of theoretical
and experimental investigstions.

The first new model of an artillery weapon created by Soviet
designers was the 76-mm regimental gun M1927.

During the years of the first five-year olan "large-scale modern-
ization" of the basic models of our artillery vieces was accomolished,
It was possible to solve successfully the principal modernization tasks,
viz. an increase of 15-50 percent in maximum effective range, improve-
ment in precision of fire, and an increase in weapon mobility, This
was achieved by lengthening the barrels, increasing the weight of pow=-
der charges, improving the ballistics characteristics of the vrojectile,
and by transferring guns from wooden wheels to metal ones with rubber
tires.
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Apart fr-m the modernization of old systems, new models of ar-
tillery vieces were also created. In February 1931 by order of the
Revolutionary War Council the 37-mm antitank gun Mi930 -- the first
special antitank gun in our artillery -- was adopted for service in
the Red Armmy, and in 1932 the more powerful 4S-.mm antitark gun M1932.
During the years of the first five-year plan our Armed Forces obtained
such powerful weapons as the 122-mm gun M1931 and the 203-mm howltzer
M1931,

If the preceding period was in the main a period of artillery
modernizatior, 1933-1940 is rightly considered a period in which the
artillery was completely reeauipped with new materiel and ammunition.

Successfully develoved, tested and adopted for service during
this brief period were such field artillery models as the 45-mm gun
M1937, 76-mm mountain gun M1937, 76-mm mountain gun M1938, 76-mm
division guns M1936 and M1939, 107-mm gun M1940, 122-mm and 152-mm
howitzers M1938, 122-mm gun M1931/37 and 152-mm gun-howitzer M1937,
152-mm gun M1935, 210 -~ gun M1939, 280-mm mortar M1939 and 305-mm
howitzer M1939.

The 45-mm gun M1934 and 76-mm casemate gun M1940 were created
for service in fortified regions.

The antiaircraft artillery obtained the 25-mm automatic cannon
M1940, 37-mm automatic cannon M1939, 76-mm cannon M1938 and 85-mm can-
ncn M1939,

\j

Figure 1. 122-mm howitzer M1938,

The new -odels were not inferior in their performance to the
best mcdels of the analogous class of artillery of foreign armies,
while the 122-rm howitzer M1938 (Figure 1), 122-mm howitzer M1931/37
and 152-mm gun-howitzer M1937 (Figure 2) were in many respects superior.
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Figure 2, 152-mm gun-howitzer M1937.

The creation of Soviet mortars was an event of fundamental im-
vortance for our army during the prewar years. Adopted for service
were the 50-mm company mortars M1938 and 1940, 82-mm battalion mertars
M 1937, 107-mm mountain pack mortars M1938 and 120-mm regimental zor-
tars M1938.,

During these same years new ammunition of vary.ng purpose was
developed and put into series production (projectiler, mortar shells,
charges, fuzes). The troops obtained more highly improved observation
and fire conirol equipment, as well as topogeodetic survey instruments
and artillery instrumental observation devices, which made possible
full utilization of the combat capabilities of artillery pieces and
mortars. Radio communication Facilities were introduced into the ar-
till ery.

The necessary measures were taken for artillery motorization,
Thus, as early as the second five-year plan the changeover of horse-
drawn corovs and heavy artillery to mechanical traction was started.
The artillery began to receive "Komsomolets" (light), "Komintern"
(medium) and "Voroshilovets" (heavy) tracklaying prime movers, as
well as ST2-3, STZ-5, S-60, $-65 and other tractors designed for the
national economy.

The organizational structure of the artillery was also improved.
Thus, whereas at the beginning of the 1920's it was subdivided into
division and special-purpose h.avy artillery, in the 1930's we already
had battalion, regimental, division, corps and general reserve artil-
lery.

On the eve of the Great Patriotic War a formidable new weapon
(Figure 3) -- szivu-fire field rocket artillery ®Katyashas") -- was
created in the Soviet Union for the first time in the world.

-
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Figure 3. Rocket-artillery combat vebicle BM-13.

Antiaircraft artillery was provided with new antiaircraft direc-
tors, as well as two- or four-meter telescopic range finders.

The first Soviet radar models of the type RIS-B-2, RIS-B-3
(search radar) and RUS-2 (air-search radar) began tc come into service.

New weapons gave an impetus to further development of artillery
tactics. On the eve of the war artillery regulations, manuals and in-
structions were published. Among the special works on the combat em-
ployment of artillery Artilleriya v Osnovnykh Vidakh Boya (Artillery in
the Basic Types of Combat) under the general editorship of V, D.
Grendal' (1940) and Taktika Artillerii (Artillery Tactics) under the

general editorship of A. K. Sivkov (1941) were considered the principal
ones,

The Soviet combined-arms and artillery regulations and manuals
at the beginning of the 1930's set forth views, progressive for the
time, on the combat employment of artillery: massing in most important
directions in close coordination with other arms of the service; sur-
rrise opening cf fire; creation of temporary artillery grouns during
combat and their decisive employment in counterbattery and antitank
fire; organization of reliable artillery reconnaissance of all kinds
and of continuous signal communication.

By this time there had grown up in our ccuntry remarkable cadres
of artillerymen -- scientists, designers, engineers, commanders,

An invaluable role in the development of Soviet armament was
played by the major works of Academician A. A. Blagonravov, Frcfessors
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Ye. A. Berkalov, M. F, Vasil'yev, D, A. Venttsel', I, P, Grave, N, F.
Drozdov, B. N. Okunev, G. V. Oppokov, ¥, Ye. Serebryakov, V. Ye.
Slukhotskiy, K. K. Snitko and many others.

Important contributions to the develomment of effective tech-
nioves of ground and antiaircraft artillery fire wera made by the famous
artillery scientists P, A. Gel'vikh, V. G. D'yakonov, 3. I. Blinov, F.
M, Prokhorov, S. N. Kaoustin et al.

Successful fulfillment of the plan of socialist industrializa-
tion made possible the creation of a mighty defense industry capable
of producing all types of artillery weapons. This is gravhically in-
dicated by the significant increase in the number of guns of all
systems in our army, especially during the years of the prewar five-
year plans (Table 1),

Table 1
GRCWTH IN THE NUMBER OF GUNS CF ALL SYSTEMS
(1917-1941)

Date Number of guns
October 1917 About 40*
End 1918 About 1700
1 May 1919 2,300
End 1920 3,000
1 October 1928 8,600
1 Januzry 1932 14,000
1 May 1933 15,000
1 Januery 1934 17,000
1 January 1939 554790
22 June 1941 67,335**

2, Artillery during the Great Patriotic War and Its Postwar Develop-
ment

The Great Patriotic War was a grim testing of our artillery.
The armed struggle took place under conditions initially extremely dis-
advantageous for us.

The German-Fascist command, setting their hopes on a "Blitzkrieg,"
were betting mainly on their highly mobile tank and motorized forces,
supported by large forces of aviation.

A fierce struggle was waged against Hitlerite tanks by all
arms of the service -- infantry, tanks, aircraft and combat enginears,
The main brunt of this struggle, however, fell on the shoulders of
artillerymen, cn special artillery antitank podrazdeleniya, chasti
and soyedineniya.

*In Red Guard detachments.
**Excluding 50-mm mortai's, which numbered :bout 24,200.
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Warfare with enemy tanks recuired of Soviet artillerymen con-
stant readiness, high combat skill, exceotional stamina, endurance,
coolness and valor in battle. They had to have the courage to avvroach
Fascist tanks at close ranee and then fire pointblank at them fycm the
guns.

In the very first engagements artillery heroes were born, dread
destroyers of Fascist tanks, whrse feats inspired our fighting men to
martial deeds for the glory of the fatherland. The heroism of Soviet
artillerymen was unparalleled. By fire they smashed breaches iarcugh
encirclerment and covered the passage ci friendly infantry, often los-
ing any oprortunity of withdrawing with them due to the los=s cof means
of tracticn and the exhaustiorn of ammunition. They feught to the last
shell and often perished under the tracks of the tanks, but they did
not abandon any corbat positions.

Thousands of Fascist tanks were wiped out by our guns by direct
fire during att-cks, by massed artillery fire from concealed posi-
tions at pcints of concentration, on the march and on initial lines
prior to attack. This is what happened in the environs of Kiev and
Odessa, near Moscow and Leningrad, at the walls cf Sevastopol' and
Stalin-rad.

Soviet artillerymen fought heroically too in the battle of
Kursk. The German Fascist command counted on achieving success in
this engagement by using new, more vowerful tanks and self-propelled
guns. However, the much-praised enery "Tigers," "Ferdinands" and *ran-
thers" did nct help. With precise rounds our valiant artillerymen
turned them intc heaps of scrap metal.

In 211, during the war years the accurate fire of our artillery
annihilated tens - f thousands of Fascist tanks.

In the crucible of war the skill of the artillerymen grew from
day to day, as did the influence of artillery on the course and outcome
of operaticns. The artillery consolidated its role as the main fire
and striking power of the Soviet Army and became a veritable "god of
war.” As a token of gratitude for the great combat services of the
artillery in defense of the fatherland the Nineteenth of November has
becorme a tradional holiday -- Artillery Day -- in memory of the
heroic feat of the artillerymen in the Battle of Stalingrad, which be=-
gan the radical change in the course »f the Great Patriotic War and
of World war II as a whole.

On the defense, artillery was the principal means of ccmbating
the enemy's tanks, his fire weapons and manvower. ©On the offensive,
mighty artillery fire cleared a way forward for our trocps, and as a
result they speedily overcame echeloned defense in denth, successfully
repelled enemy counterblows and counterattacks.

Puring the war not only methods of artillery employment, but
also qualitative characteristics of artillery weapons constantly im-
proved. The troops received a sufficient auantity of first-rate
pieces and ammunition. This permitted the massing of artillery fire
in decisive directions cn a hitherto unvaralleled scale.

The cewer and might of Soviet artillery are indicated by
figures such as the following. Whereas the counteroffensive of our
forces was backed up by 7,985 guns, rmortars and field rocket launchers
in the environs of Moscow and by 14,200 in the Battle of Stalingrad,
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already 4,500 guns, mortars and field rockst launchers took part u
the Kursk cperation, and in the Berlin operation whizh concluded the
war an entire avalanche of fire from 41,600 artillery systems was
hailed upon the enemy.

The fire of such large masses cf artillery enabled our forces
suceessfully tc smash any enemy defense lines, negotiate any walar
barriers encountered, put mobile forces into a gap and b=ck uwp their
action in operational deoth cf defense, surround and destroy large
enemy grcurings and victoriously assault cities and fortresses. Par-
ticipants in the war remember how devastating artillery preparation
before an attack always aroused in cur soldiers and ufficers a feoling
of admiration for the m ght of Ioviet arms and inspirei them with con-
fidence cf success in battle.

Experienced artillery ccmmanders were reauired to direct vast
masses of artillery on battlefields. Our party trained a whole con-
stellation of talented artillerymen. Thase included Chief Marshals of
Artillery N. N, Voronov and M, I, Nedelin, Marshals of irtillery V. I.
Kazakov, P. M. Kuleshov, G. F, Odintsov, N. D, Yakovlev, M. N, Chistya-
kov, K. P, Kazakov, Yu. P, Bazhanov, many generals and officers,

In close ccoperation with valiant infantrymen, tankmen, flyers
and firhting men cf other arms of the service the glorious artillerymen
with honor did their duty to the fatherland. For heroism on the battle-
field during the past war, for diligence in combat and expert mastery
of formidable .eavons 515 artillery soyedineniya and chasti were made
guards units, and ~bout 800 were awarded the Order of the Soviet Union.
The title Hero of the Soviet Union was conferred upon more than 1,800
combat artillerymen, and twice uporn two of them, Afanasiy Petrovich
Shilin and Vasiliy Stepanovich Petrov; 1,600,000 artillerymen were
awarded orders and medals.

Development and improvement in the forms and tactics of conduct-
ing combat operations made mcre and more new demands on weanrons in gen-
eral and artillery in particular. Some models of artillery weapons
became aualitatively obsolete. Consequently, artillery weavons had
constantly to be imrroved and developed.

During the Great Patriotic War the following new antitank guns
came into service: U45-mm gun M1G42, 57-mm gun M1943 and 100-mm gun
M1944 (Figure 4).

The 100-mm guns became a threat to the latest German "Tiger"
and "Panther" tanks. They refuted the legend of the impenetrability
of the Fascist armored monsters. Soviet fighting men had good reason
to call these guns "Hunters."

Also adopted for service were the 76-mm regimental gun M1943,
76-rm divisicn gun M1942 (Figure 5), 152-mm howiitzer M1943 and 85-mm
antiaircraft gun M1944 (Figure 6).

Participants in the Great Patriotic War well remember with what
joy each new i'un wac received at the front, oecoming a syrbol of the
indestructible link between the front and the rear, a symbol of the
progressive character of our socialist industry and of our scientific
and design thinking,

The significant enhancement of the combat characteristics of
Soviet artillery is shown in Tables 2 and 3.
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Table 2
CHANGE TN RANGE OF ORGANIC-ARTILLERY FIRE
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Keys:
A. Artillery weapons
1. Battalion gun
2. Regimental gun
3. Division gun
4. Division howitzer
B. Maximm range of fire in 1941, 4
C. Change in maximum range of fire by 1944, %
Table 3
COMPARATIVE DATA ON ARMOR-PIERCING ABILITY OF GUNS
AT RANGE OF 1000 m AND AT 60° ANGLE OF IMPACT WITH
ARMOR (FROM THE NORMAL)
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Keys:

A, irtillery weapons
1. Battalion gun

2. Regimental gun
3. Division gun

B. Armor-piercing ability in 1941, 4

Change in armor-plercing ability by 1944, %
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Figure 4. 100-mm field gun MLk,

Figure 5. 76-mm division gun Mo42,
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Figure 6. 85-mm antiaircraft gun Miguk.

It should be emphasized that, in addition to antitank artil-
lery, artillery of all calibers -- from light battalion artillery
weapons to heavy army artillery pieces, and in some cases even general
reserve artillery -- were used to combat enemy tanks and self-propelled
guns. There were armor-piercing shells in the unit of fire of every
artillery piece. In the course of the war subcaliber and shaped-charge
antitank shells pcssessing especially great armor-piercing ability
were created and widely used,

The enemy was obliged to acknowledge the high combat character-
istics of our antitank weapons and their power, too., The German Fascist
General F., Mellentin wrote, "The Russian infantry has good arms, espe-
cially a great many antitank weapons, Sometimes you would think there
is an antitank rifle or an antitank gun for every infantryman. The
Russians place these weavons very skillfully and there doesn't seem to
be a spot where they are not to be found,**

The requirements c¢ the front for the creaticn of ever more ef-
ficient weapons of antitank warfare were implemented not only by in-
creasing the power of antitank and tank guns but also by creating a
new type of weapon -- self-propelled artillery.

The characteristic feature of Soviet self-propelled artillery
was the use of latest tank chasss and the employment of the most powerful
artillery pieces. For example, our self-propelled guns wers created
on the basis of medium tank T-3% (SU-85, SU.100) and heavy tanks KV

*F. Mellentin, Tankovyye Srazheniya 1939-1945 gg. (Tank Battles 1939-

1945), Foreign literature Press, 1957, p 246.
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(50-152) and IS (ISU-122, ISU-152), The caliber of Soviet self-pro-
pelled guns as & rule wvas a degree higher than that of the tank on
whose chassis this plece was mounted. Thus, while the T-34 tank at
first had a 76-mm gun, the self-propelled mount on the same chassis
had an 85-mm gun; whereas in 1944 the T-34 tank was armed with an
85-mn gun, in the same year a 100-mm self-propelled mount SU-100 was
created on the T-34 chassis. The IS heavy tank was successively armed
with 85-mm and 122-mm guns, while the self-propelled mounts on the IS
base had 122-mn and 152-mm pleces respectively (Figure 7).

Figure 7. 152-mm self-propelled mount SU-152,

During the war years the 82-mm and 120-mm mortars MI94l and 1943
were adopted for service. They were essentially a modernization of
geod prewar mortars dictated by operational and production considera-
tions., To make the bodies of mortar shells wide use was made of a
less scarce material -- semisteel, This simplified the technology of
mortar shell production and speeded up ocutput.

In 1943 an important change in the characteristics of mortar
weapons occurrad. The 50-mm company mortars, which were not sufficient-
ly effective in combat, were taken out of production, and the 160.mm
mortar M1943 (Figure 85 was adopted for service. This mortar had no
counterrecoil mechanism, and was distinguished by simplicity of con-
struciion, light weight, and ease of service, Loading was accomplished
from the breech rather than from the mugzzle.

The 160-mm mortars were a very effective offensive weapon and
were highly rated by the troops. Reports from the front noted that
these mortars were powerful weapons for the destruction of all kinds
of field shelters, reliable guns for silencing and annibilating enemy
batteries, and a good means of demolishing fortifications under com-
bat conditions in large inhabited localities. During World War II
foreign armies did not have mortars comparable with our 160-mm mortars
in caliber, fire power and maneuverability.
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Figure 8. 160-mm mortar M1943.

During the four war years the mortars of the Soviet Army went
the route from infantry direct support weapon to means of reinforcement.
Suffice it to say that already in 1943 mortars accounted for more than
half of all cur artillery weapons,

The Grreat Patriotic War conclusively showed the might and via.
bility of a new type of weapon -- field rocket artillery. Possessing
high mobility and the capability of making sudden artillery attacks on
personnel and combat materiel, and exerting a literally stupefying ef-
fect on the enemy, Soviet field rocket launchers gained the warm sym-
pathies of our troops,

Antiaireraft artillery made a great contribution to assuring
our victory in the Great Patriotic War. In coordination with fighter
alrcraft it provided cover for the large cities and industrial centers,
as well as bridges and rallways of our country, and supported the op=-
erations of friendly forces in defensive and offensive combat., In
the region of Moscow alone, antiaireraft gunners shot down 272 Fascist
aircraft in 1941, The antiaircraft artillery defending Leningrad
destroyed 509 aircraft. In all, during the years of the Oreat Patriot-
ic War Soviet antiaircraft gunners shot down more than 21,000 enemy
aircraft.

The antiaircraft artillery of the Soviet Army had good materiel.
Seientifically grounded technicues of aerial gunnery were developed,
During the course of the war the antiaireraft artillery grew quanti-
tatively and was supplied with even more highly improved fire direc-
tion instruments.

Artillery was widely used in aircraft also, The armament of
our fighter aircraft included 20-mn cannons, and that of attack air-
craft 23-mm and 37-mm rapid-fire aircraft cannons.

e —————
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The Navy entered the war with artillery weapons that were rather
hWgily perfected for the time. They included shipboard and coast artil-
lery with appropriate fire control instruments.

In respect of purpose, shipboard artillery was divided into main
batteries, multipurpose artillery and antiaircraft artillery. The
main batteries, which had guns of the largest caliber aboard, were
called upon to perform the principal missions proper to the given
class of vessel, Viz, waging war on vessels simlilar to this class.
However, during the war they were more frequently drawn upon to per-
form other missions, for example, to neutralize coastal targets while
supporting the seaward flank of ground forces in landing operatioms.

Main batteries included guns of large caliber (over 180 mm)
mounted on battleships and cruisers, medium-caliber guns (100-
180 mm) on light cruisers, as well as destroyers and destroyer
escorts, and small-caliber guns (less than 100 mm) on small ships,

Multipurpcse artillery (76-100 mm) was mounted on certain
cruisers,as well as some destroyers and destroyer escorts. It perform-
ed main-battery and antisircraft-artillery missions and at the same
time backed up antiboat defense.

Naval antiaircraft artillery was used to fight the enemy in the
air. Its fire capabilities against waterborne and coastal targets were
limited. In respect of caliber sigze, antiaircraft artillery was di-
vided into large-caliber artillery (100 mm and over), medium (76-90 wm)
and small caliber (less than 76 mm).

Coast artillery was placed in coastal regions and on islands.
It defended naval bases, ports and other important installations
against enemy attack from the sea. In addition, it was drawn upon to
support ground forces operating cn the littoral.

The coast artillery had fixed (turret emplacements and open po-
sitions) and mobile (railway) mounts with 100, 130, 180 and 305-mm
naval guns.

In the heroic battles for Odessa and, especially, for Sevastopol'
the artillery of the ships of the Black Sea Fleet inflicted countless
losses on the enemy. During the 250-day defense of Sevastopol' the
battleship Sevastopol', the cruisers Krasnyy Kavkaz, Krasnyy Krym and
other ships delivered fire on Hitlerite troops about 400 times. The
antlaircraft gunners of the fleet shot down dozens of enemy aircraft.
The 305-mm turret battery at Cape Khersones covering the evacuation of
our troops kept firing on the enemy to the last shell.

On the Leningrad front, artillery fire of the battleship
Oktyabr'skaya Revolyutsiya, the cruisers Kirov and Maksim Gor'liy and
other fighting ships of the Red Banner Baltic Fleet, as well as of the
coastal batteries of Kronstadt, Fort Krasnofiotskiy (Krasnaya Gorka)
and others not only helped halt the Germans at the walls.of Lenin's
city in August 1941, but also played an important part in the rout
of Hitlerite troops in the vicinity of Leningrad in January 1944,

The creative thinking of Soviet artillery designers responded
briskly to all requirements of the front and swiftly took into account
everything new which the war contributed to the principles of artil-
lery employment in combat. Soviet designers mastered the methods of
bigh-speed planning of guns. This made it possible in short periods
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-- a few months and even weeks -- to develop and put into production
new models of weapons.

The teams of designers,directed by Heroes of Socialist Labor,
State Prize Winners andDoctors of Technical Sciences V. G, Grabinm, F.
F., Petrov, B, I, Shavyrin, I. I, Ivanov et al., made a great contribu-
tion to the creation of first-class Soviet artillery weapons.

The Chairman of the Council of Ministers USSK A. N, Kosygin,
speaking at a solemn session in the hero city of Volgograd on 11 July
1965, noted, "In the Creat Patriotic War our army conclusively showed
its sup:riority over the Hitlerite army, and the arms with which they
were equipped were shown to be more highly perfected than German
amo..

During the course of the war a hlstorically unparalleled reor-
ganization of our economy onto a war foccing was carrisd out, and
thousands of enterprises were relocaced from the western to the eastern
part of the country. Under the most complex wartime conditions blue-
collar workers, engineers and white-collar workers by their heroic
labor not only reestablished, but even significantly expanded artillery
production, This made it possible to overtake and surpass Hitlerite

((}ermamf in the production of artillery weapcens and combat materiel
Table u’) .

Table 4

COMPARATIVE DATA ON PRCDUCTICN COF ART..LLERY WEAPONS
IN THE USSR AND GERMANY DURING THE WAR
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Keys:

A. Model of gun
1. Mortars, in 000's C—
2. Cuns, in 000's
3. Tanks and self-propelled guns, each

B, Number produced

C. In the USSR

D. In Gemny

E., From 1 July 1941 to 1 July 1945

F. Average per year

*Pravda (Truth), 12 July 1965.
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: It is not amiss to take note of the falsity of the bourgecis

| propaganda assertion that supplies of arms to our country from the

| allies allegedly played a decisive roe in winning the victory over
the enemy. It is known that Lend-Lcase supplies of antiaircraft guns
amounted to only approximately 2 percent of our production.

[ The multimillion Soviet Army and our Navy were equi with

| Soviet-made artillery weapons. The personnel of enter;qriszge:f the

i People's Commissariats of Armament, Ammmnition and Mortar Weapons, head-
| ed up by People's Commissars D. F. Ustinov, B, L, Vannikov and P. I.
Parshin, made the principal contribution to the performance of this
difficult mission, Orders of the Soviet Union embellish the banners

of many plants in the artillery industry. For valiant labor tens of
thousands of workers, engineers and scientists involved in arms produc-
tion were awarded orders and medals, The title of Hero of Soclalist
Labor was conferred on many of thenm,
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Figure 9. 130-mm gun,

In the postwar period a weapcn of tremendous destructive power
-- the nuclear missile -- appeared. This revolution in military af-
fairs heralded an upheaval in the methods of conducting combat opera-
tions, in the theory of the art of war and in the practice of troop
training. A radical reorganization was carried out in the Armed Forces
of the USSR. The Strategic Rocket Forces were created. Important
organizational reforms took place in other Armed Services also:
operational-tactical rocket forces were created, as well as antiair-
craft rocket forces, atomic missile-launching submarine forces, avia-
tion chasty armed with missiles of verious types.

Apart from the creation of rocket forces, artillery also con-
tinued to develop. Artillery ordnance underwent great cualitative
changes, New models of guns, howitzers and rocket launchers with in-
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creased fire power and high precision of fire, more effective shells,
good mobility and maneuaverability came into service in the Soviet Ammy.
This increased the fire capabilities of combined-arms soyedineniyu by

far.

B o,
o3 P
2 T
EO ‘.yi‘ - i
o v ‘ '.‘. .
- [ L 7 ‘,'
) 3 ;
pA L
3 o T e
_gg I ¥ \ g o
[¢]
o : - "
Q5 o
CE
.0 C e -

Figure 10. 203-mm howitger.

In the first postwar years there came into service such weapons
as the 85.mm division gun, 85.mm antitank gun, 122-mm gun, 130-mm gun
(Figure 9), 152-rm gun, 203-mm howitzer (Figure 10), 160-mm and 2i0-mm
mortars (Figure 11), 82.me and 107-zm recoilless guns with shaped-charge
shells and high-explosive fragmentation shells, as well as many other

artillery systems.
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Figurg 11, 240-mm mortar.
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Field rocket artillery is equipped with modern salvo -fire sys-
tems of the BM.14 and BM-24 type.

With regard to the creation of antiaircraft artillery weapons

the culmination was the development of the 57, 100 and 130-mm anti-
aircraft artillery systems which are distinguished by a significant
rate of fire andaltitude mnge. In addition, newmaltiple self-propelled -smali-

caliber antiaircraft artillery mounts (Figure 12), capable while on
the move of combating high-speed low-altitude aerial targets, were cre-

ated and introduced into the forces.
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Figure 12, Self-propelled antiaireraft mounts.

Shipboard and coast artillery considerably changed. New ships
were equipped with modern gun mounts and fire control instruments mak-
ing possible successful fire on waterborne, coastal and aerial targets.
Both self-propelled and towed artiliery systems began to come into serv-
ice in the coast artillery.

Aviation received neu fixed aircraft armament with a high rate
of fire and more powerful shells than during the war years.

Radar found wide use in detection, target-designation and fire-
support systems, as did remote control (servo systems) in guidance

systens.

The Communist Party and the Soviet Government manifest constant
solicitude for the further increase of our country's military might.
The magnificent military parades on the Red Square in Moscow conclu-
sively show what wonderful combat materiel, including artillery weapons,

our Armed Forces have at their disposal at present.

The Secretary General of the CC of the CPSU, Comrade L. I.

Brezhnev, observed on 3 November 1967 in btis report, "Fifty Years of
Great Victories for Socialism," that "The Soviet Army today is a mighty,
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formidable and invincible force. It is nrmed with the best weapons in
the vorld. Soviet fighting men -- from soldiers to marshals and from
sailors to admirals -- are veritable experts in military affairs, with
perfect martery of military science and of the superb ecuipment entrust-
ed to them, They are pecrle of boundless devotiecn to our party and

to the cause of communism!®
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Chapter 11
DOES ARTILLERY HAVE A FUTURE?

1 ce of ts e of the "Shell or L -
len

During World War II artillery was the principal fire striking
pover. It wiped out and destroyed the enemy's persomnel and materiel,
demolished his engineer installations, supported infantry and tank of-
fansives,

This function of artillery was in keeping with the then-accepted
views on fighting battles and conducting operations, which envisaged
the inflicting of powerful coordinated blows on the enemy in the full
depth of his operational troop dispositions by aircraft, artillery,
tanks and infantry. In these blows artillery was regarded as the
decisive weapon of fire for effect.

In the course of World War II a new fire weapon appeared --
field rocket artillery. Priority in the massed employment of rocket
shells for the delivery of collective fire goes to the Soviet Amy.
This is evidenced by the history of the development of the famous
Soviet "Katyushas" and their combat employment on the fronts. The
Great Patriotic War conclusively demonstrated the might and viability
of this new type of weapon. It is important to emp*.isize that Soviet
rocket shells, developed even befcre the start of the war, had a de-
cisive influence on the development of rocket armament abroad both
during the war and in the postwar period.

The sphere of employment of the reaction principle in models
of weapons was not limited to the sphere of field rocket artillery
alone. Rocket shells came into service in the infantry as a close-
combat weapon, as well as in the tank forces, antiaircraft artillery,
aviation and the navy.

Long-range guided missiles, used in the concluding stage of
World War II, have a special place in the development of rocket arma-
ment. ‘ine appearance of rockets portended the solution of artillery's
touchiest problem -- that of ultra-long-range fire.

As is known, the main obstacle in the path of an increase in
the ranga of artillery fire to several hundreds of kilometers was the
physicochemical nature of the existing powders, whose composition,
astablished dozens of years before, had changed little essentially
during World War 1I, For example, the best nitroglycerin powders
could provide a theoretically maximum muzzle velocity of a projectile
of .about 2800 m/sec, but in practice this limit at that time amounted
to approximately 1700 m/sec. But even this muzzle velocity of a
projectile led to a sharp decline in the life of a gun, and an inordi-
nate increase in size, and a complete loss of maneuverability.

Attempts to solve the problem of yiltra-long-range fire by im-
proving rifled artillery were made as eariy as World War I. The
Germans, for example, created the famous "Kolossal® gun with a muzzle
velocity of 1600 m/sec and range of fire up to 120 km. The gun barrel
was 25 m long, and the weight of the entire system 157 tcns., After a
few rounds the gun went out of commission.
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Calculations show that in order to fire for a distance of up to
250-300 km at a muzzle velocity of 2000 m/sec a piece must have a bar-
rel 150-170 m long, which is unrealistic in practice.

It became clear that the problem of Ultra-long-range fire could
not be solved with conventional artillery. A new weapon was required.
Rockets were such a weavon. Thelr advantages in the sphere of ¢ltra-
long-range fire as corpared with ordinary artillery were incontestable.
Rockets do not need the powerful initial dynamic thrust to put artil-
lery projectiles into motion.

From amamg the combat weapons constructed on the reaction prin-
ciple, field rocket artillery, with a range of fire which was small,
had the greatest development during World War II. Not one of the bel-
ligerent states used tactical missiles with a range of fire amounting
to tens of kilometers in combat operations. Work to create tactical
missiles was only in an initial exploratory stage. N> scientific and
technical solution of this problem had yet been found by the end of
the war.

At the same time, operational-tactical missiles with a range of
200-350 km were used in practice. In this case the complexity of design
of the missile systiem was of secondary importance since it was justi-
fied by the capability of destroying important strategic targets hun-
dreds of kilometers removed from the front line and strongly defenxded
against air attack.

Combining the rocket with a nuclear warhead led to large-scale
revolutionary transformations in military affairs during the postwar
years. A fundamentally new weapoil of stupendous destructive power ap-
peared.

The problem of ®shell vs. rocket® emerged.

Due to the rapid development of the rocket-nuclear weapon mili-
tary specialists of the capitalistswere very skeptical in rating the
rrospects of further development of tube artillery and mortars. It
was asserted that in the nuclear age artillery had had its day and that
it had no future. It became modish to talk about the artillery "cri-
sis." It was predicted, for examvle, that artillery pleces would be-
come as extinct as mammoths. A few even suggested thot "artillery be
retired without pension or uniform.”

In numerous discussions on the subject of "shell vs. rocket"
foreign specialists noted that missiles could successfully perform all
artillery functicns.,

These views were reflected in the organizational measures car-
ried out during the 1950's in the ground forces of the principal capi-
talist states: the number of guns was sharply curtailed. It is known,
for example, that in the U.S. Army organic division artillery had been
almost )halved by the beginning of 1957 (46 pieces instead of 72 re-
mained).

However, the pessimistic forecasts were not vindicated. In
recent years the attitude abroad towards artillery has altered dras-
tically. An evolution is evident in the views regarding the role and
prospects for development of artillery -- from a denial of its future
(at the end of the 1940's) to the practical implementation cf a broad
program of reequipping armies with modern new artillery pieces and
mortars (1960's).
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It was found that missiles cannot perform all the functions char-
acteristic of artillery and if they are capable of doing them, perform-
ance is costlier and sometimes worse. Specialists began to say that
missiles and artillery have their own specific spheres of combat em-
ployment where they can be used with maxisum effect.

The American command, for example, after a number of troop ox-
ercises came to the conclusion that the amount of artillery left in a
divisior after the cutback did not at all suffice to provide direct
fire support for troops on the battlefield. It was found that an
American division was fit only for nuclear warfare and altogether in-
capable of cperating under ordinary conditions. The decision was
made to increase the number of divisional artillery pieces from U6 to
64 at first, and later to 76 pieces, i.e. more pieces ver division
than prior to the reorganiation.

Foreign specialistc also note a number of important advantages
which conventional artillery hzs over tactical missiles: high preci-
sion of fire; simplicity of construction and combat employment; con-
stant readiness for immediate opening of fire without special prepara-
tion; trcuble-free opveration and dependabiliiy under any climatic
conditions, in any seascn cf the year and at any time of day; relative-
1ly low cost of production ete. It is believed that troops under
modern conditions need ravid fire support and concentration of fire on
targets against which nuclear weapons cannot be employed. Therefore,
ground artillery is characterized as an indispensable means of provid-
ing accompanying fire for tanks, of overwhelming antitank weapons and
observation posts, and of destroying enemy fire weapons and personnel
in the immediate vicinity of friendly troops.

In the sphere of fire weapons for antiaircraft defense it once
seemed that antiaircraft missile systems would assume a monopoly posi-
tion and that the "shell vs., rocket" problem would be settled irrevo-
cably in favor of the rocket. Many foreign svecialists thought so
when at the end of the 1950's a number of countries developed modern
antiaircraft missile systems capable of intercepting subsonic or super=
sonic aircraft, as well as medium- and high-altitude winged missiles.

However, in the autumn of 1959 an event occur.ed in the United
States which allerted American military specialists. A strategic
bomber crossed the entire expanse of North America from east-to west
2t an altitude of 150 m and . . . remained undetected by a single
radar station.

In the opinion of foreign specialists, serious shortcomings of
antiaircraft missile systems have come to light: their radar appara-
tus has been found incapable of detecting and tracking low-flying
targets. In addition, it takes a comparatively great deal of time to
zero mobile antiaircraft missile systems. As a result, the problen of
covering troops on the battlefield became especially acute.

Two organic antiaircraft missile systems -- "Chaparral” and
"Redeye," equipped with infrared homing devices that are sensitive to
the temperature of a target's exhaust gases -- were developed in the
U.S. Army to combat aerial tarrets at low altitudes., However, these
missiles too, speclally develoved to ccmbat low-flying targets, were
found to bave significant shortcomings. Their homing devices were in-
effective in the direction of the sun, and the range of this zone was
fairly considerable. Missiles are launched at a target only in an
"overtaking direction," i.e. after the target has overflown the rocket-
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launching site, using its weapons. Hence it follows that the probabil-
ity exists that both the missile and the personnel launching it will
be wiped out before the launch takes place., Antiaircraft missiles of
the Chaparral and Redeye type have yet another shortcoming., They have
no identification, friend or foe (IFF) system. In this connection,

an American flyer has remarked, "Friend or foe will have to be sorted
out according to the debris on the ground.”

To solve antiaircraft defense problems under field conditiens,
recourse is again being had abroad to antiaircraft tube artillery.
This is dictated by two reasons: the war experience in Vietnam, where
the DRV [ﬁemocratic Republic of Vietnag7 Army has successfully shot
down American alrcraft with antiaircraft artillery fire; and the short-
comings of existing antiaircraft missile systems. It is noted that
the leap frcm tube artillery to guided antiaircraft missiles was made
too guickly and that it is premature to discard tube artillery. In
the foreign military press voices have even begun to be heard speaking
about the decline of the *missile era."

Some American, West German and other specialists assert that
as soon as aircraft swoop towards the ground, there is no more effec-
tive weapon to combat them than gutomatic antiaircraft guns. They are
mobile, simple to service, reliable and exceedingly effective in com-
bat,

In this connection, a World War II experiment is recalled when
antiaircraft artillery achieved gocd results at short ranges with
massed concentration of fire. The experiment was staged as follows.

A battery of 30-mm antiaircraft guns fired on a fighter plane flying
at a range of 1000 m at close to sonic speed. The probability of hit-
ting such a target was found to be close to 100 percent. It is also
suggested abroad that a return be made to certain old tactical methods:
that barrage fire, rather than aimed fire, be conducted against air-
craft. This is believed to be ouite an effective means of combating
aerial targets that are visually invisible and untracked by radar.

Military specialists who are more cautious in their conclusions
note that the Vietnam war experience vroves only the need to change
the disproportion in the development of air-defense ordnance and
missilery in favor of antiaircraft guns. The vress has reported that
the Americans are setting up in their forces mixed antiaircraft divi-
sions, armed with guided Chaparral antiaircraft missiles and 20-mm
self-propelled antiaircraft six-barrel Vulecan guns, As a whole, the
"Chaparral-gun” system should, according to the concepts of the de-
velopers, be effective in combating various low-flying of fensive
aircraft -- from helicopters to supersonic planes, but under condi-
tions of clear visibility.

Thus, the necessity of employing antiaircraft missile systems
and antiaircraft guns in combination in modern air defense is recog-
nized abroad. It is noted that the effectiveness of antiaircraft mis-
siles is not great within a fairly large close-in zone around launch-
ing sites, but then it increases to significant effectiveness within
the limits of the zone of controllability as distance to target in-
creases. At the same time, it must be borne in mind that it is
missiles that "corral" aircraft intc low altitudes where the fire of
antiaircraft guns is deadliest for them.

Antiaircraft artillery is widely employed on all classes of
modern surface vessels and especially on small ones where it is impos-
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sible to accommodate antiaircraft missile systems which weigh a great
deal and require much space. On small vessels automatic
antiaircraft artillery is at present the basic and sole means of self-
defense against the enemy in the air,

Thus, artillery and missiles in our day are not regarded as
mutually exclusive, but as complementary weapons.

2, Scientific and Technical Progress and Artillery

It should be borne in mind that scientific and technical progress
has extended not only to the latest types of missiles, but also to con-
ventional weapons., The tremendcus progress of science and technology
during the 1950's and 1960's gave rise to a new approach in the evalua-
tion of the role of these weapons and their capabilities. There has
e en begun to be talk now of the renaissance and development of artil-
lery on a new technological basis.

For example, in the development of modern artillery pleces and
mortars and the ammunition for them it has become possible to use the
latest materials, inciuding high-strength light alloys and especially
strong alloyed steels, powders and high-strength explosives, high and
ultra-high powder gas pressures, completely or partially combustible
shell cases, proximity fuzes. There has been an increase in the assort-
ment of casualty-producing ammunition -- new shaped-charge and subcali-
ber shells, fragmentation and high-explosive fragmentation shells -~
as well as special-vurpose ammunition -- illuminating shells, smoke
projectiles etc. Rocket-assisted projectiles and mortar shells have
significantly increased the range of fire of guns and mortars.

Modern artillery instrumentation has changed beyond recognition.
This has made possible a significant increase in the precision of fire
-- the most important indicator of artillery combat effectiveness.

In our day ground forces and artillery are equipved with ground-
search radar, numerous infrared devices -- sights and night-vision
devices, laser devices, sound ranging observation sets and weather
stations, topogeodetic survey equipment, electronic comnuters.

All this taken together has raised artillery to a qualitatively
new level,

Modern artillery will find wide employment in battle and in op-
erations, above all in combating the enemy's tactical nuclear weapons
and artillery, tanks, electronic equipment and many other targets.

The armies of the capitalist states with developed war industry
are seeking ways of improving artillery weapons further. Thus, in the
United States and other Western countries there has been a significant
heightening of the rate cf development cf new guns and mortars so as to
take into account the conditions of nuclear war. The Americans, for
example, have twice modernized their artillery in the past decade. A
great deal of work along this line is uncer way in the French, English
and West German armies.

The development of tube artillery abroad at present is aimed
towards a further rise in the power and effectiveness of ammunition,
an increase in the range and precision of fire, an lmprovement in
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mobility and cross-country ability. Requirements that guns be air-
transportable and buoyant are becoming mandatory.

The problem of increasing the power of guns and of raising the
effectiveness of the action of ammunition at the target is being solved
by the creation of nuclear ammunition. In the United States, for exam-
ple, shells with nuclear charges have been developed for the 280, 203,
175 and 155-mm guns, 28 well as for the "Davy Crockett" recoilless rifle.

Something fundamentally new is the creation of nuclear ammmition
in the field artillery. Jombining the most powerful means of destruce
tion and mass annihilation (muclear charge) with the most economical
means of delivering this charge to the target (artillery shell) trans-
forms conventional artillery into a qualitatively new type of weapon.

Under study are the possibilities of using light gases (helium,
hydrogen etc.) to obtain ultra-high muzzle velocities -- over 3000 m/sec.
For example, tests have been made in the United States under laboratory
conditions of an experimental 40-mm mount using helium, which is heated
in the combustion chamber by hydrogen vapor burning in oxygen. It is
known that the heavier the weight of the charge, the greater is the
proportion of the inefficient expenditure of the energy from the explo-
sive decomposition of powder for the transport of charge particles and
decomposition products along the bore. Therefore, attempts are being
mede to replace powder with liquid propellants.

Research 1s under way on problems in the use of electric power.
The idea is to create guns which will fire by using the heat and gases
generated due to a powerful electric discharge inducing the formation
of shock waves.

Aircraft are developing rapidly in our day. Modern alrcraft
have high performance characteristics and are capable of carrying out
combat misslons under complex meteoroclogical conditions with diverse
variants of armament (cannons and missiles) in a wide range of speeds
and altitudes.

Nor are antialreraft weapons standing still. There are now multi-
barreled, rapid-fire mobile systems. They are automated, and have their
own * reconnalssance radar and computer equipment. For example,
Soviet antiaircraft artillery systems with their high precision of fire
in any weather by day or night make it possible to cover troops continu-
ously in all kinds of highly mobile combat operations and to corbat
airborne landings as well as ground and surface targets. Of special
importance is the fact that these systems, operating in the prebrttle
and battle formation of motorized rifle and tank chasti and podrazdele-
niya can deliver accurate fire on the move.

The progress in natural sciences, mathematics and technology
at the middle of the twentieth century resulted in amazing achievements
in the field of radio electronics, which plays a revolutionary role in
military affairs. The creation of devices for recording the subtlest
varlations in the parameters of various processes and phenomena, the
development of electrophysical and electrochemical methods of treating
nmaterists, the invention of lasers and amplifiers, the use of electron-
ic coniputers and power semliconductor devices -- all these are the re-
sults of the development of radio electronics, which 1s now widely used
in artillery. For example, electronic comwuters opened up inexhaustible
possibilities of replacing many logical functions of man, They not only
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store a tremendous volume of information and perform mathematical overa-
tions immeasurably faster than man, but they also solve exceedingly com-
olex logical problems and select the optimum ways of solving them.
Electrcnic comouters are employed in preparing initial firing data.

Soviet artillery wearons incorporate the latest achievements of
Soviet science and technology, the fruits of the selfless labor of sci-
entists, designers, engineers and oroduction workers,

Artillery has not only not lost its significance in our day,

but as oreviously it is one of the powerful means of routing the enemy
in close combat. It backs up the co bat operations of tank and motor-
ized infantry forces. OCnly artillery fire, suovorting the infantry and
tanks in direct contact with the enemy, can assure the safety of friend-
ly troors. Even in nuclear missile warfare, artillery will be the basic
means «f direct fire support of trooovs, especially in the enemy's tac-
tical derth cf defense.
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Chapter I1I
PURPOSE AKD COMBAT CHARACTERISTICS OF ARTILLERY PIECES

1, Classification of Artillery

The power of artillery lies in fire. Artillery operates in all
types and phases of combat in close cooperation with tanks, infantry,
aircraft and other arms of the service, helping them with artillery
fire in the performance of common combat missions. Artillery neutral-
igzes the enemy's resistance and clear the way for friendly troops in
an attack, It imparts firmness to the defense by interdicting the
enemy's path.

Artillery is prised for its might, its constant readiness for
immodiate opening of fire, and its troublafree operation under any
climatic conditions at any season of the year or time of day.

The basis of artillery combat employment is the combining of
powerful fire with maneuver. Under modern conditions artillery is
capable of performing a wide range of diverse functions in combst and
in operations:

combat with the enemy's tactical nuclear missiles;

destruction and neutralization of artillery and mortar batteries,
including atomic batteries, and other fire weapons;

annibilation or neutralization of enemy psrsonnel;

combat with tanks, self-propelled guns and other mobile armored
combat means;

destruction of manned and unmanned aircraft, helicopters, air-
borne landings and cther aerial targets;

combat with the enemy's eloctronic weapons;
demolition of fieldwerks and permanent defensive installations;

disruption of enemy troop control and neutralization of his rear
(interdiction of the moving up of reserves, the bringing up of ammuni-
tion, rations etc.).

For reliable performance of these missions modern artillery is
armed with many artillery pleces of the most diverss kinds and types,
each of them having a strictly defined combat function and distinctive
design features.

Kinds of Artillery

In respect of organizational affiliation, the artillery of
ground forces is subdivided into organic artillery, which is organiza-
tionally part of soyedineniva, chasti and podrazdeleniya, and general
reserve artillery, i.e. separate artillery chasti used for the quanti-
tative and qualitative reinforcement of organic artillery,

Whereas organic artillery constantly operates as a part of

friendly chasti, general reaserve artillery is attached to troops only
as needed for the performance of spocific combat missions, and after

— Tﬁ#ﬂ
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these are executed it reverts to the disposition of the high command.

Organic artillery in turn is usually subdivided into battalion,
rogimertal, division, corps and army artillery.

In respect of place of opsration and character of targets,
artillery is divided into ground, antiaircraft, aircraft, coast and
shipboard artillery.

Oround artillery is intended to strike ground targets, sid anti-
aircraft artillery aerial targets. Antiaircra t artillery is also
capable of deliraring fire on ground targets. The ground and antiair-
craft artillery of land forces is sometimes designated by the common

Aircraft artillery serves as the armament of combat aircraft.
Aircraft canncns are automatic and have a high rate of fire,

Coast artillery is employed for coast defense. It is capable
of engaging enemy ships and preventing seaborne assaults.

Shipboard artillery includes guns for combating waterborne,
coastal and aerial targets.

Special-purpose ground a-tillery includes:
antitank artillery to combat tanks;

self-propelled artillery to accompany and provide fire support
for tanks and infantry;

tank artillery for tank armament;

mountain artillery for combat operations in mountainous and very
ruggel terrain;

casemate artillery for the armament of fortified areas.

In respect of the technique whereby muzzle velocity is imparted
to the projectile, a distinction is drawn between tube artillery and
rocket artillery; and in respect of bore construction, between rifled
and smoothbore.

According to the mode of locomotion, artillery can be classified
as:

towed -- borne in a trailer behind prime movers;

auxiliary propelled artillery -- supplied with an engine and
necessary apparatus for self-propulsion directly in the combat area;
for great distances it is towed by prime movers as a rule;

self-propelled -- on tracklaying or wheeled chassis;

tank artillery -- mounted in tanks;

portée artillery -- transportable in vehicle bodies or in ar-
mored carriers (for example, some recoilless guns and mortars);

pack artillery -- carried on pack animals in mountains;
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o railroad artillery — mounted on armored trains or special car-
ors.

The division of artillery into light, medium, heavy and supet-
heavy is now obsolete and is rarely used. Heavy and superhe:vy artil-
lery have been replaced by tactical missile systems. The classification
of tube artillery by caliber remains: small-caliber pieces (20-57 mm),
sedium caliber (75-155 mm) and large caliber (over 155 mm).

Types of Pieces

Historically there has arisen the division of artillery pieces
into the following basic types: guns, howitzers, gun-howitzers
(howitzer-guns), beavy mortars (mortirs), trench mortars (ginomet),
recoilless guns, combination guns, and rocket systems,

This diversity of types of artillery armament iz due to the
variety of targets which have to be hit by artillery fire, There are,
for example, vertical and horitontal, moving and staticnary targets.
Vertical targets are tanks, self-propelled guns, armored carriers,
buildings adapted for defense etc. Borizontal targets include fox-
holes, fire trenches, connecting trenches etc.

To hit a rapidly moving tank, an antitank gun must have a flat
(low) tra; .tory, the height of which does not exceed the height of the
tank itself, This requires excepticnally high muzgle velocity of the
projectile, for example, 1000 m/sec or more. Such velocity primarily
affords high combat effectiveness, Antitank guns can even fire on
tanks with dum.y shells which have no explosive. The tank in this
case will be damaged by the kinetic energy of the shell at the moment of
impact with the target. The force of such an impact amounts to one
million h.p. or more.

Figure 13. Flight paths of shells fired from a gun (1),
howitzer (2) and mortar (3).

¢

The great flatnass of trajectory characteristic of guns is dis-
advantageovs in a nurber of cases, A target can, of course, be safely
concealed from a gun in accidents of the terrain, in trenches, trench
shelters, foxholes, ravines etc. To hit such targets, one must have a
weapon with a steep trajectory, i.e. a howitzer or mortar (Figure 13).
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Let us consider the principal characteristics of the basic types
of artillery pleces.

Ouns serve for the annihilation of open veriical targets, as
well as for long-range fire., The characteristic features of guns are
long barrels, high muzsle velocities of projectiles, flat trajectoery,
high rate of fire. They surpess all weapons of other types in maximum
effective range and penetration effect of shells., However, given thelr
caliber, guns are the heavie#t weapons since their long and heavy bar-
rel and the great recoil on firing necessitate strong and massive car-
ﬁag‘a.

Howitzers are intended for the destruction of defensive instal-
lations and for hitting targets under cover. Therefore, the flight path
of howitzer shells is steep and plunging; muzzle velocity is low (400-
60C m/ser or less). Howitzer barrels are short; calibers large; shells
heavy; maximum angles of elevation 65-75°, Howitgzers have a multisec-
tion charge, the magnitude of which can be varied immediately before
loading. The number of charges for howitzers runs as high as 10-13.
Variation in the curvature of the trajectory and range of fire is thus
achieved with a constant angle of elevation. The fact that the charge
is multisection makes a howitzer round more economical,

Given the same caliber, the weight of a howitzer is a half or
a third the weight of a gun, and given the same weight as a gun, a
howitzer can have a considerably larger caliber,

Howitzers are inferior to guns in rate of fire. This is due
to the difference in the method of loading. Guns, as a rule, are fired
with one constant charge. This makes it possible, by means of the
shell case, to unite shell and oharge into a single whole, i.e, a fixed
round. This cannot be done in the howitzer, however, since there are
several charges. Whereas no preparation of the charge is required be-
fore firing from a gun, before each round from a howitzer the pre-
scribed charge has to be prepared, i.e. the required number of powder
sections must be removed from the case. A gun is loaded in one go.
A howitzer has separate loading, which is more complicated: first the
shell is inserted in the breech of the barrel and forced home just
encugh toengrawe the rotating band into the start of the rifling
grooves; then the case with the powder charge is put in beh‘nd the
projectile.

Gun-howitzers (howitzer-guns) are pleces of an intermediate type,
capable of performing fire missions of both a howitzer and gun charac-
ter. Thus, as early as the prewar years one of the best World War II
pieces -- the 152-mm gun-howitzer M1937 -- was created in the Soviet
Union under the leadership of Hero of Soclalist Labor F, F, Petrov,
This plece combined with exceptional success the properties of howitzer
and gun. The gun-howitzer was able to deliver fire at angles of eleva-
tion up to 65° and had 13 multisection charges. These, of course, are
obvious howitzer characteristics, Howsver, with the maximum charge it
hurled a projectile with muzzle velocity of about 700 m/sec for a great
distance. This was its gun quality.

Usually a r ace whose characteristics are closer to guns is
called a howitzer-.un.

Heavy mortars (mortirg) are artillery pleces with howitzer char-
acteristics developed to the maximum., They are intended for the
destruction of especially strong defensive installations. They hava
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large calibers, short barrels and a very steep trajectory. Fire from
heavy mortars (mortira) is usually delivered at angles of elevaticn
greater than 459 -- hence the term "mortar fire" (mortirnavs strel'ba).
Heavy mortars (mortirg) have gone out of use in our day. Their role is
now filled by trench mortars (mipomet).

Trench mortars (minomet) are smoothbore weapons firing unrota-
tive finned projectiles -- mortar shells. They differ from rifled
pleces (guns, howitzers and heavy mortars (mortira)) in the simplicity
of their construction, light weight, and steep trajectory (angles of
elevation from 45 to 85°).

Trench mortars are employed to hit enemy personnel and fire
weapons in open country and under artificial and natural cover: in
foxholes, trenches, dugouts and ravines, behind reverse slopes, in
woods. The great curvature of trajectory makes it easy to select and
camouflage firing positions for mortars, and makes it possible to de-
liver fire from deep cover (ditches, ravines, woods) and over the head
of friendly forces.

The most valuable characteristic of the mortar (minomet) is its
light weight despite the great power of mortar shell effect. For exam-
ple, the 120-mm mortar MI943 is nine times lighter than the 122-mm
howitzer M1938 which is close to it in caliber, and 22.5 times lighter
than the 122.mm gun M1931/37. These same merits, albeit to a somewhat
lesser degree, are characteristic of large-caliber mortars as well
(160-mm and 240-mm), p

Table 5

AVERAGE VALUES OF CERTAIN CHARACTERISTICS OF GUNS,
HOWITZERS AND MORTARS

yan 2 - R )THOmene "'c.‘a
A o6paseu opysun 13(;::::'11“/(:%0 kﬂnuua‘(:;nona l op\c';-ll;;;:anecy
1 iy 650—1000 40—75 ' 180—350
2 layGuan 400—600 2035 100--180
3 Munomerul 100—350 10—25 15—30

Keys:

A. Type of weapon
1, Guns
2, Howitzers
3. Mortars
B. Muzzle velocity, m/sec

C. Barrel length, cal.

D, Ratio of weapon weight to shell weight
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Table 5 presents generalized data characterizing the various
types of pleces, Here it should be borne in mind that in artillery,
barrel 1 is more frequently determined not in measures of length
(m, cm, mm), but in relation to the caliber of the piece, i.e. it is
indicated how many times the caliber of the piece can be divided into
barrel length. For example, if the absoluts barrel length of a 76-mm
gun equals 3215 mm and its caliber is 76.2 mm, then relative barrel
length will be 3215 ¥ 76.2 = 42,2, In such case it is usuallr said
that the barrel length of the gun equals 42 calibers.

Recollless guns are employed in the main to fire on tanks
with shaped-charge or mortar shells. The distinctive featurs of the
construction is that there are nozszles in the breech of the barrel
for the escape of gases to the ocutside, i.e. in the direction oppesite
to that of the shell's motion. In the process, dynamic equilibration
takes place -- the barrel remains motionless despite the shot. The
principal merit of recoilless guns is their light weight.

Combination guns is the name given systems which combine basic
design elements of guns of various types. Most frequently the basis
of a combination gun is a mortar barrel set on a light howitzer car-
riage. Caliber and combat effectiveness of fire are significantly in-
creased, and the weight of the entire gun is markedly decreased, For
example, a combination gun, the "Howtar,® which is a combination of a
106.7-am wortar barrel and the carriage of a 75-mm mountain howlitzer,
bas been adopted for service in the U.S, marines.

The rocket systems of field rocket artillery are intended, as a
rule, for the delivery of S$alvo fire on comparatively large targets
and areas with powerful shells of fragmentation, high-explosive and
other effect. Such systems have a rocket shell equipped with a tail
unit, which is unrotativé in flight, or a spin-stabilired missile which
spins in flight. Both types of projectile arz of the powder type and
are unguided. The rocket engine mgkes it possible, in principle, to
eliminate the effect of recoil and therefore to get rid of cumbersome
carriages and barrels made of expensive and scarce steel.

The launcher for rocket-shell salvo fire is sirple in its con-
struction: it is a package of launching guides of rail, frame or otber
design, mounted on a motor vehicle, armored carrier, tank. Packages
or individual guides for rocket shells can also be placed on aircraft,
helicopters and ships.

It should be noted that accuracy of fire for unguided rocket
shells is far worse than for mortars, howitzers and guns, This short-
coming is compensated for by the almost simultaneocus release of a large
nuxber of shells,

Thus, each type of artillery weapon here considered has its val-
uable characteristics, but at the same time certain shortcomings. How-
ever, none of these types of guns in any wise excludes another. They
each merely complement one another in the performance of diverse artil-
lery cokbat missions. Under modern conditlions troops need both guns
and howitszers, as well as mortars and recoilless guns and missile sys-
tems,
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2, Combat Characteristicy of Gung

The basis for the evaluation of any artillery weapon is primari-
ly its combat characteristics, These include caliber and power of the
sholls, maximm effective range, precision of fire, rate of fire,
mansuverability of firs, mobility, buoyancy and air transportability.

Caliber and Power of Spells

Caliber is the name given to the interior diameter of the barrel.
In rifled guns callber 1s customarily regarded s bore dlameter between
opposite lands.

At present, calibers are mearsured in millimeters, for example, a
90-am gun, 120-mm wortar,.155-mm howiteer etc. Isolated countries (the
United States, England etc.) retain the inch designation of caliber for
old guns, It sbould be borne in mind that in converting the designa-
‘ions of the commonest calibers from inches into the metric system,
rounding off is permitted. Thus, 76-, 122-, 152- and 203-mm calibers
are in fact 76.2-, 121.92-, 152,4 and 203.2-sm calibers respectively.

Caliber is the principal and decisive performance characteristic
of any plece. The power of a given artillery weapon is judged from its
caliber,

The power of a gun depends in significant measure on the power
and effectiveness of shell action at target, which are determined by a
number of factors, among which shell weight figures declsively. Shell
weight is in turn a function of caliber, Obviocusly the larger the cali-
ber, the greater is shell weight. The weight of a piece grows with an
increase in caliber, and its mobility declines correspondingly. An in-
crease in caliber and, consequently, an increase in shell weight cannot
fail to affect a plece's rate of fire,

Caliber carnot be considered in isolation from other performance
characteristics, apart from the structural solution of the contradic-
tory requirements of power and mobility in the gun. World War II expe-
rience showed that guns differing both in purpose and in their charac-
teristics were created with the same caliber. In some guns there was a
successful combination of power and mobility; full consideration was
glven to the numerous pluses and minuses, and a margin of power was pro-
vided for the contingency of probable strengthening of enemy armament,
Such systems were assured a long combat life, Many Soviet artillery
weapons, for example, the 57-mm antitank gun Ml943, 122-mm howitger
M1938 etc. rationally combined power and mobility. In particular, during
the war these guns served as the basis for the creaticn of new, even
more powerful systems, at the same time preserving high mobility. Thus,
a 76-mm barrel was set on the carriage of a 57-mm gun and a new 76-mn
division gun was obtained; a 152-mm barrel on the carriage of a 122 -rm
howitzer and a nev 152-mm howitzer was created. In a number of foreign
models designers did not succeed in finding a good solution of the cen-
tral "power-mobility" problem. Such pieces proved shortlived and were
doomed to be replaced, something which under wartime conditions in-
volved certain economic difficulties,

Gun calibers increased everywhere during the war, especially in
antitank and antiaircraft artillery. Whereas ‘he Germans, for example,
at the beginning of the war had only 37-mm and 50-mm antitank guns,
Juring the war they were obliged to adopt for service 75-mm and 88-mn
guns, and they developed experimental models of 105-mm and 128-mm anti-
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tank guns. An analogous picture was observed in antiaireraft artil-
lery too -~ from the 20-mm and 37-mm guns at the begimning of the war
to 75-, 88- and 105-mm antiaircraft guns at war's snd. In addition,
128-mm and 150-mm antiaircraft guns remains in the stage of unfinished
experimental development.

The maximum artillery caliber during World War II was obtained
in an experimental model of the American 36-inch "Little David" mortar
o 91‘5 o,

In the past decade the ground artillery cf foreign armies vir-
tually renounced both small and very large calibers. For example, 105,
155, 175 and 203-ma caliber pieces constitute the basis of modern Ameri-
can field artillery. In the antiaircraft artillery the picture is
different. Here the functions of medium- and large-caliber antiair-
craft guns have been transferred to antiaircraft guided missiles, while
automatic small-caliber (20, 30, 35 and 40-mm) antiaircraft guns to
combat low-flying aerial targets are under intanse development.

Madmm Effective Range

One element of the power of artillery is the maximum effective
range of pieces, i.e, the ability to hit targets at a great distance.
Sometines maximum effective range is regarded as the ability of a gun
to support combat operations with friendly fire continuously without
frequent shift of fire positions.

For ground field artillery maximum effective range is range of
fire; for antiaircraft artillery it is range of fire and altitude; for
antitank artillery it is the range that is effective for armor-plerc-
ing capability and hit probability.

Maximum effective range depends on many factors: design of the
piece, shape, weight and distribution of shell mass, size of charge,
angle of elevation of barrel., Maximum horizontal range of fire is
usually reached at barrel angle of elevation of about 45° (angle of
maximum range). In so-called superrange fire (over 40 km) the angle
of elevation equals approximately 53°. In this case the shell will
enter the stratosphere at an angle of b5°,

Antitank and tank guns are characterized by point-blank range,
i.e, maximum range of fire at whichb height of trajectory does not ex-
ceed height of ot (2 m as applied to tanks). Firing on tanks at
point-blank range (1000-1500 m) significantly raises the probability
of hitting them.

During the course of World War II a tendency was observed to-
wards an increase in the range of field artillery pleces, However,
this was not the objective purpose, but rather the result of the
realization of other more important requirement set for artillery by
the troops. During the war it was found that fire from field pleces
at a distance of over 10 km was not effective enough owing to the im-
possibility of arranging for reliable observation of shell bursts,
Therefore, such fire did not become widespread. Flield artillery, to-
gether with special long-range artillery, was used only in special
cases, for example, in the organization of counterbattery activities,
in fire intended to disrupt enemy troop control and operation of the
rear area, when reconnaissance, observation and fire adjustment were
provided.
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For effective antitank warfare the main aim was to increase
the mussle velocity (velocity of the shell at the moment it leaves the
bore) of conventional armor-plercing and subcaliber projectiles, i.e.
to enhance tne ballistics of antitank guns and provide maximum point-
blunk range. This was the basic way of improving flat.trajectory field
pleces, Incidentally another problem was solved -- that of increasing
the range of fire of high-explosive fragmentation shells. For exaaple,
our 10C-mm field gun Mi9%4 was doveloped mainly as a powerful antitank
gun to combat tanks of the "Tiger®” and "Panther® type. However, since
it possessed bigh muszle velocity (about 900 l/uc;‘:‘it wss able when
required to fire high-explosive fragmentation shells for a distance of
over 20 km, Once more the old truth was corroborated: good maximum
effective range never hurts a gumn.

As for special-purpose artillery (beavy and superbeavy artillery,
siege artillery, railroad artillery), here the problem of maximum effec-
tive rangs coupled with the power of the effect of high-explosive
shells became the principal problem. For its barbarous shelling of
Leningrad during the Great Patriotic War the Hitlerite Army used 150-
to 420-mm caliber siege artillery, some of the pieces (170-mm and 240-mm
gmns) bhaving a range of fire as long as 28-31 Im,

Some models of German railroad artillery had even greater
ranges: 36-37 km (203-sm and 283-zm guns), 40 Jm (806-sm gun "Dora*),
42 Jm (380-mm gun "Siegfried®), 47 km (283-mm gun "Brunc®), 57 ks {283-
m gun "K.5") and even 120 km (210-sm gun *K-12"), The weight of these
guns in firing position was extraordinarily great - from 86 to 308
tons, Of course, these large-caliber weapons, of which there were only
a few, were unable to have any appreciable influence on the course or
outcome of even individual operations. These guns are of only historical
interest, attesting to the persistent, albeit unavalling attempts of
the Germans to solve the problem of superrange fire with the methods of
classical artillery.

Foreign military specialists believe that the maximum effective
range of tube artillery can be increased through the use of high and
ultrahigh preéssures in gun barrels,through the use of rocket-assisted
projectiles (combining the propertiss of conventional and rocket
shells), and through the use of light gases (helium, hydrogen etc.) in
order to obtain ultrahigh smzrzle velocities of 3000 m/sec or more,

Frecision Fi

This is one of the most important characteristics of any fire-
arms. Precision of fire consists of a close pattern of shooting and
accuracy of fire,

Close pattern of shooting is the name customarily given to that
property of weapon and ammmition which makes possible the grouping of
points of impact of shells in a minimal area, The close pattern of
shooting of a specific weapon is characterited by the ratio of longi-
tudinal (P].ong) and lateral (Plat) probable error to rangs X. A piece

is considered good if the ratio Plong/x is a range of 1/300 = 1/400,
and the Phtll ratio = 1/1500 + 1/2000. The smaller this ratio, the
better the close pattern of shooting of the weapon,
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For antitank guns on vertical targets (tanks, armored
carriers etc.) the ratio Py, /X, 1.e. the ratio of vertical probable

error to rangs X, is of great importance.

The better the close pattern of shooting, the quicker can the
target be hit with less expenditure of projectiles.

It 1s customerily throught that closeness indicators are the
opposite of dispersion indicators. The less the dispersion, the
closer the pattern of shooting,

It is known that even with the most careful cbservance of all
rules and conditions of firing from a gun, the projectiles discharged
one after another do not fly along the same trajectory. They form,

80 to speak, a sheaf of trajectories radiating from the mugzle of the
Plece. Thus shells are dispersed over an ares. Dispersion results
from the combined action of many causes, which give rise to random
deviztions in the conditions of the projectile’s flight, and these
deviations differ for every round. For example, dispersion of muszzle
velocities is dependent upon nonuniformity of powder charges and vari-
ations in their temperature and moisture content, on deviations in the
magnitude of the weight of the projectile etc. Dispersion is signifi- °
cantly affected by the inadequate stabllity of the piece during firing
if the plsce is poorly braced in the fire position. Diversity of shell
flight conditions is also due to weather conditions during a specific
shot, i.e, by variations in wind direction and force, atmospheric pres-
sure, temperature and air density.

1
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Figure 14, Ellipse of dispersion
Keys:

1. Ellipse of dispersion
2. Center of dispersion
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Experience shows that the dispersion of individual shells con-
forms to a certain law: shells fall within a limited ellipse-shaped
area (Pigure 14). In the area of the ellipse shells group symmetrical-
ly to its axes, but nonuniformly: more closely towards the center of
the ellipse and more sparsely towards its edges,

The area of the ellipse of dispersion grows with an increase in
range of fire; consequently, the close pattern of shooting deteriorates.
Therefore, at close range guns can reliably hit even such pinpoint tar-
gets as individual machine guns or grenade launchers. However, we
should not be surprised by the fact that artillerymen cannot with their
first shots destroy the same machine gun situated 5-7 km from the gun.
Tens of shots will be required to fulfill this mission.

Whereas close pattern of shooting is assessed by the deflections
of shells from mear rrajectory, accuracy of fire is assessed by the
deflections of mea: traj.~tory from target center,

Accuracy is sometimes regarded as the ability to bring the cen-
ter of dispersion of bursts into coincidence with a desired point on
the terrain, i.e, with the target. Accuracy depends primarily on marks-
manship, precision and teamwork of the combat crew, accuracy of sight-
ing mechanisms and fire control instruments, and other factors. Accu-
racy is affected by several individual qualities of a given piece, for
example, the precision with which the barrel was manufactured, erosion
in the bore, curvature of bore.

Rate of Fire

It is defined as the naximum number of rounds tha=t can be fired
per minute from a fully serviceable piece without change of laying. A
high rate of fire is absolutely necessary in field pieces to repel
enemy tank attacks when the outcome of a duel between tank and gun is
decided in seconds. The more rounds a gun fires at such a oritical
moment, the greater is the probability of destroying the tank,

A high rate of fire permits the performance of combat missions
with a smaller number of pieces and, in addition, makes possible sur-
prise of artillery attacks and the massing of fire,

An increase in the rate of fire is achieved by mechanization
and automation of the loading and firing process, as well as by the
rapid teamwork of the gun crew. Raplid-fire guns are loaded with
fixed rounds which permit the loading process to be executed in one

St'po

Automation of the loading and firing process has become very
widespread in antiaircraft artillery for both small and medium calibers.
But such automaticn, in view of the increase in caliber, has necessi-
tated the use of a special power unit, has increased the complexity of
the gun and added markedly to its weight. Therefore it has been found
unacceptable for field artillery.

In field pleces, especially antitank guns, a different trend
has prominently appeared, namely the use of the semiautomatic breech
mechanism, Here without human participation, by virtue of the energy
of the powder gases generated during firing, the breechblock is opened,
the spent shell case ejected and the springs compressed, which then,
after manual loading, close the breechblock. While automation in the
case of antiaircraft guns yields a great gain in the rate of fire,
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the semiautomation of field pieces by increasing the rate of fire prin-
cipally conserves the strength of the gun crew. This is the important
aspect of semiautomation because handling fixed rounds of great weight
(15-20 kg or more) increases a gun crew's fatigue appreciably.

In zecent years there has been an effort abroad to increase the
rate of fire of antiaireraft guns through multibarreled design, i.e.
through the use of several barrels rather than one. For example, the
United States and Sweden have developed double-barreled (twin-barreled)
40-mm antiaircraft guns; Switzerland triple-barreled 20-mm guns; the
United States triple-barreled 30-me and six-barreled 20-mm guns of
the Vulcan type.

Fire uverabili

It includes primarily such elements as speed in the opening of
fire and flexibility of fire. For example, division guns and howltzers
of the World War II period needed less than one minute to shift from
traveling position to firing position. Artillery also possessed good
flexibility of fire, i.e, the ability of pleces to transfer fire rapid-
ly and accurately from one target to another. Split-trail carriages
permitted large angles of traverse (up to 60°) without moving the gun
itself, and large elevation ranges, for example, from -5° (below the
horizon) to + 45° for guns and from -3° to + 65° for howitzers.

The design of some modern field pieces and mortars makes possi-
ble all-round fire.

The modern antialircraft gun is a ocomplex system permitting oone
tinuous target tracking and almost continuous delivery of fire. Theree
fore, very high speeds of laying in agimuth (60 deg/sec or more) and
elevation (30 deg/sec or more) are especially necessary in this case.
This is achieved through the use of dance systems with special power
drives (electric or electrohydraulic).

Mobility

The maneuvering character of modern operations necessitates high
mobility of artillery. The mobility of a plece 1s its capability of
rapid long-distance movements, its ability to maneuver on the terrain
at high speeds and rapidly occupy fire positions and, finally, its
man-handleability during shifts of fire. The principal gauge of mobili-
ty 1is speed of movement, which is deperdent on weight of the plece,
kind of traction, and design of the carriage from the transport view-
point.

Obviously the weight of any piece should be the least possible.
However, weight reduction inevitably results in a lowering of the
gun's power. Therefore, artillery designers are always faced wiih the
central prcblem: how to provide the necessary mobility simultaneously
with the prescribed power, i.e. how to keep the welght of a piece mini-
mal while preserving its power. This complex problem is solved by a
reasonable compromise between the various service requirements for a
gun of a particulsr purpose, and the number of requirements that have
to be reconciled is large. Usually the most urgent requirements are
ainglec out and the others are reconciled with them as far as possi-
ble, an attempt being made, of course, to select the optimum variant,

As early as World War II the trend became widespread to cut down
the weight of guns by employing mugzle brakes. Almost all new pieces
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coming out during and after the war were equirped with muzsle brakes,
which make possible absorption of 50 percent or more of the recoil
energy during firing, taking a ‘ignificant load off the recoil mechanism
and thus reducing the adverse effect firing on the carriage. Muzszle
brakes began to be used in Soviet artillery even before the war, for
example, in the 152-mm gun-howitzer M1937 and other pleces. Under com-
bat oonditions they proved extremely reliable and effectiva.

A trend was also marked during the war towards the employment of
light alloys in weapon models, but in practice these alloys never be-
came vVery popular. This was due to the significantly lower mechanical
properties of the brands of light alloys used at that time as compared
vith steels, as well as to the scarcity and high cost of light alloys,
vwhich were channeled as first priority into the aircraft industry.

The use of light alloys in artillery armament did not ususlly go beyond
the manufacture of secondary parts made thereof (handwheels, boxes,
low-load bracikets etc.). Aluminum alloys were used in the manufacture
of such assemblies as trails in only a certain portion of the Soviet

b5-em guns M1932 and 1937,

In the postwar period, however, special aluminum, magnesium and
titanium alloys with high ultimate strength began to be widely employed
in mortars for the manufacture of barrels, bipods and base plates
(French 81-mm and 120-mm wortars, American 8l-mm mortar etc.) and in
self-propelled guns for the manufacture of bodies and turrets (light
alloys accounted for about 40 percent of the combat welght of the Ameri-
can 105-mm and 155-ma self-propelled howitzers), as well as in other
models of armament for those parts not subject to extraordinarily great

dynamic loads.

As for the type of traction for gun towing, mechanical traction
bad already taken a dominant position at the end of World War II. Horse
traction, with which the towing speed of even light pieces did not ex-
ceed 10-12 km/br, lost its former significance in artillery. This type
of traction by the end of the war had begun to be employed, instead,
by way of exception under the specific conditions of certain combat
areas, for example, under mountainous conditions. The wheeled and
tracklaying artillery prime movers of our day can develop relatively
high speed of travel on roads, and in most cases possess completely ac-
ceptable cross-country ability over broken terrain.

The mobility of a plece in many respects depends on how rational
the design of the carriage is from the transport viewpoint, i. e. how
successfully the problems of lightness, cross-country ability, handling
eane, stability and accurscy life of the system during movement have
been solved. This is very important during travel over bad roads and
roadless areas, To assure good cross-country ability of a gun over
dirt roads and wooded roads, as well as roadless areas, an effort is
under way to make its axle length correspond to the axle length of the
prime mover, and the ground clearance of the gun (distance from the
road to the lowest point of the carriage) not less than the road
clearance of the prime mover,

The best means of protecting guns and their mechanisms from
dynamic overloads whon towed behind prime movers is acknowledged to
be the use of suspension and the bracing of individual mechanisms in
traveling position. It is to the credit of Soviet artillery design-
ors that all our guns c¢reated back in the prewar years and during the
war had spring-type suspension, making possible gun towing at the
speeds which the prime movers themselves were capable of developing.
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And the 100-mm field gun M1944 employed the most advanced type of sus-
pension -- torsion, which produced an appreciable saving in weight and
made the design more compact. The trend towards the adoption of suspen-
siop mechanisas into artillery ordnance which becaxs so popular in
Soviet artillery was later reflected in cther armies too.

A basic trend in the development of modern field tube artillery
in the armies of the capitalist countries is a rise in maneuverability
-- the development of self-propelled artillery to replace pieces towed
by mechanical traction. It is thought that only self-propelled artil-
lery is capable of providing higher speed of travel and better cross-
country ability over broken terrain. Self-uropelled guns differ ad-
vantageously from towed guns in yet anothe. respect. They require
vastly less time to be put into firing position with a smaller number
of servicing personnel, Depending an the situation, they can be
speedily concentrated or dispersed.

Foreign specialists note that self-propelled artillery meets
the requiremsnts of nuclear warfare to the maximum degree. Protected
zgainst bullets, projectile and mortar-shell fragments and to some de-
gree against the shock wave of a nuclear explosion, self-propelled guns
are capable of operating on contaminsted terrain. Therefore, the pro-
portion of self-propelled artillery in the armies of the capitalist
countries is constantly growing. For example, the artillery of Ameri-
can and French divisions in the new organization consists solely of
gself-propelled guns,

Apart from the development of self-propelled artillery, towed
guns are also being developed abroad to provide direct support of air-
borne forces and of forces transported by air. For such guns special
carriage-mounted power units are under development (for example, for
the American 105-mm and 155-mm howitzers).

The result of giving guns self-propulsion is to increase their
mobility directly on the battlefield (up to 15 km/hr) and to save the
strength of gun crews during a change of fire positions.

Byoyancy

It is known that modern tanks are capable of negotiating water
barriers afloat or along the bottom (with complete submersion in the
vater). Buoyancy is either given tanks by attached equipment or it is
deliverately provided for in their design . The armored carriers used
for motorized infantry are amphibious in most cases, Hence it follows
that modern artillery which cooperates closely in all kinds of combat
with tanks and infantry must also possess buoyancy. Self-propelled
artillery achieves this characteristic by the use of buoyant chagsis.
If such a chassis cannot be selected, the self-propelled gun is ovt-
fitted with a special attachment, for exarple, a light folding frame
over which waterproof fabric is stretched. Before immersion of the
vehicle in water the frame is quickly put up and it assures buoyancy
of the entire system.

Air Transportability

Inseparably connected with the problem of gun weight reduction
is that of assuring their transportability by air. It is thought that
in our time every artillery weapon must in case of need be lifted for
long distances (thousands of kilometers) by military transport aircraft
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and for relatively short distances (tens and hundreds of ikilometers)
bty army helicopters. In the American arry, for example, most guns can
be transported by cne aircraft in completely assembled form. To trans-
port by air such large-caliber self-propelled guns as the 175-mm gun
and the 203-mm howitzer takes two aircraft per gun: one aircraft to
transport the chassis, the other the tipping parts of the gun.

Abroad, especially in the U.S. Army, a great deal of attention
is given to increasing tho maneuverability and combat sefficiency of
ground forces through the use of army aviation, primarily helicopters.
In the opinion of American military specialists, army aviation is an
important component of the ground forces and has the job of supporting
the execution of the missions confronting them. A doctrine of the
nodern American Army uses the term "flying soldier,” which implies ever
increasing penetration of the air space by podrazdeleniya of the ground
forces together with their arms,

The increased interest in helicopters is due to the fact that,
since they possess considerably greater speed of travel than any type of
ground transport and are practically independent of the character of the
terrain and state of ground commmications, they can provide fast and
concealed maneuver at low altitudes in approaching a given area. These
characteristics of helicopters are especlally effective in negotiating
wide water barriers, contaminated and flooded arsas, as well as terrain
sectors impassable to ground transport.
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Figure 15. Air transpert of gun and ammnition fer
it in external loasd of helicopter.

In the forsign militery press there has recently been lively
discussion of questions relating to the combat employment of halicop-
ters. There has been consideration of the part they play and their
significance in "limited wars,” i.e. in the drive against the national
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liberation movement of peoples. There has been careful tudy of the
experience in the use of helicopters in South Vietnmam, in perticular
fox)' the speedy transfer of guns and mortars with axmunition (Figure
15).

In addition to the landing method, the dropping of guns and am-
munition by means of special parachute systems is also employed.

Air transportability, and especlally parachute dropping, set
very rigid requirements to be met by artiller— weapons: reduction in
size and decrease in weight of pleces; greater compactnese of materiel:
resoval or sheatbing, insofar as possible, of all protruding and brit-
tle parts; ruggediration of ammunition and packing: increase in safety
of fuges.

at ct ics of Pliece

Any artillery weapon must be reliable in operation and possess
the necessary strength and accuracy life, simplicity and ease of
operation, and safety in handling.

Reliability

Reliability is the term applied to the capacity of a gun to
perform all assigned functions under specified operating conditions
over a specified (given) period of time with values of basic parameters
kept within a preestablished range.

The operating conditicns of artillery wsapons are extraordinarily
complex and diverse: heat as high as 40-50°, cold as low as -50°, rain,
snow, dust, mud, prolonged firing etc. And under any conditions however
adverse, the gun must be reliable and troublefree in operation.

Of course, an artillery weapon is not as complex in its cone
struction as a guided missile. Whereas the breakdown of a few elements
of a missile make it useless for combat employment, individuval defects
in a gun do not disable it for combat. For example, there were in-
stances during the war when our artillerymen successfully engaged
enemy tanks using guns with damaged or demolished sights -- they simed
the guns at the target directly through the barrel.

It is known that no technical device (gun, assembly, machine,
instrument), however perfect it may be, can perform for its entire
service life without a single malfunction, However, some devices get
cut of order more, others less frequently. The average time of trouble-
free operation of a technical device (from the correction of one mal-
function to the appearance of the next) is considered the basic quanti-
tative reliability indicator of a given device. Since the elimination
of every malfunction usually requires repair, the average time of a
technical device's troublefree operation between repair jobs is regard-
ed as its reliability indicator.

The operating reliability cf artillery weapons depends to a cer-
tain extent on their complexity. The more ccmplex a weapon model, the
more devices, assemblies and mechanisms there are in it, the greater 1s
the probability that failures will occur.

Nev models of artillery weapons, replete with automation, hy-
draulics and electronics, with diverse calibrating and testing equip-
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ment and high-precision measuring apparatus, require servicing person-
nel to use nev ways of solving questions of operation, repair and
storage. Engineering and technical servicing is becoming an important
factor in the operating reliability and troublefree cperation of a
weapon and its role is constantly growing.

dasigmrs are taldng a number of measures to increase the reli-
" ability of guns. For example, they duplicate the actions of the mect -
anisms on which the combat efficiency of a gun depends (manual opening
of the breechblock in the event of failure of the semiautomatic device;
dual trigger mechaniam etc.): they employ locking devices to prevert
wrong actions that might lead to breakdowns; they provide warning signs
and indicators for timely prevention of defects atc. Unserviceability
due to the breakdown of a part is rapidly correctsd by simply replacing
the damaged element from spare parts on hand,

However, the principal requirement for reliability is proper op-
eraticn of a weapon. Therefore, the strictest and most scrupulous
complisnce with all requirements of field manuals, handbooks and in-
structions setting forth the rules for the use of combat materiel is
necessary. To use combat materiel properly, it must be thoroughly
studied and known, lovingly protected, mcstered to perfection, mal -
tained in complete serviceability and constant combat readiness.
Preventive maintenance of all kinds must be performed in a first-rate
Rmarner.

As weapons are developed and improved and as various technical
devices increase in complexity, the reliability of their operation be-
comes increasingly a basic and decisive indicator of their quality.

Technical devices, including weapons, have other quality indi-
cators in addition to reliability, primarily accuracy life,

Accuracy Life

Accuracy 1life is the ability of a plece to withstand wear and
fully retain its combat characteristics for as long a time as possible.
The measure of accuracylife is the number of rounds fired and the number
of kilometers traveled on the road which a gun can take before becoming
unserviceable due to wear of its parts,

Wear has an especially marked effect on the condition of the
bore, Wear on the barrel leads to a reduction in the maximum pressure
of powder gases, a decline in muztle velocity and therefore to an in-
crease in fire dispersion. The indicator of total wear of a gun is a
ten-percent drop in muzzle velocity for field guns, four-percent for
antiaircraft guns. In this case the barrel is considered worn out.
It is discarde. and replaced with a new one.

Experience shows that the accuracy life of a barrel rapidly de-
clines with an increase in caliber and muztzle velocity. For example,
medium guns and howitgzers have an accuracy life reckoned at several
thousand rounds, but large-caliber guns firing at high muzzle veloci-
ties only hundreds of rounds,

The attempt is made to reduce the rate of wear of other gun ac-
cessories by rational design, choice of wear-resistant materials, use
of appropriate lubricants and observance of the rules for care and
maintenance.,
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Simpllojty and Egve of Operation

This is an important requirement which every weapon model must
mest. In the creation of weapon models designers strive to provide
for convenient placement of mechanisms and operators’ positions (seats,
footboards, platforms, instrument boards and panels etc.), to locate
the necessary instruments and aocessories rationally, and recommend
simple metbods of gun operation. The design must provide for special
devices to facilitate the work of the crew (jacks, loading devices for
heavy-caliber guns, rollers under trails in order to manhandle the
plece etc.). Stripping and assembly of basic units and mechanisms must
be simple sand practicable., Oun mechanisms musi not require grent exer-
tion, It is oonsidered essential that there be indicators and signs
reminding tbe combat crew of the direction in which to turn & handwtasel

or handle in performing a necessary operation.
Safety in Hapdling

This is achieved by the use of safety devices, locking devices,
fenders, wsrning signs, and rational placement of parts and machanisms
to reduce the possibility of bruises, pinching arnd other injuries ¢o

personnel marning the gun.

For example, all Soviet muzzle-ioading mortars have special
safety devices against double loading to prevent the pussibility of
a second mortar shell heing dropped in the bore if an unnoticed mis-
fire should ccour and the first mortar shell is still in the barrel.
As is known, double loading results in bursting of the mortar barrel.

Strioc. observance of safety requirements is necessitated be-
cause artillerymen are dealing with exvlosives which are dangerous to
handle. It must be emphasized that exact compliance by
personnel with all directions of service manuals, field manuals .nd
instructions regulating gun operating procedure is of dscisive impor-
tance for the prevention of accidents and injuries.

k. BRooromic Characteristics <€ Oung

Weaupons are expensive. Vast resources und funds are spent for
their development and production, The rate of zrmament development 1is
constantly rising every year. The process of updating armament and
wvar materiel is accelerating more and more. In the services the num-
ber of new models of armament is growing, each of ihem, as a rule, con-
siderably more complex and therefore more costly than the preceding
model.

In the creation of the latest models of artillery armament the
point of departure is primsarily their anticipated military and economic
effectiveness. This means that the optimal variant of a model will be
the one which will assure execution of the assigned combat missions
wvith minimal economic .nputs and a given system of constraints (for
example, on the number of operating personnel, consumption of critical
materials etc,), or the one wtich will assure execution of the maximum
number of missions with fixed inputs and a civen system of constrainis,
While making an all-out attempt to cut armament costs, at the same time
designers cannot do this by lowering combat and operating characteris-
tics — power, reliability of action, safety etc,
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The most important economic raquirement to be met by arms is
that they be series-produced at plants from Soviet raw materials.

In the creation of weapons designers try to use materials which
will satisfy strength and reliability requirements rather than those
of the highest quality. It would be unreasonable, for example, to make
the handwheels of gun mechanisms out of expensive alloyed gun-barrel
steel.

Serious significance attaches to the use of higr-efficiency tech-
nology in artillery production. Such eccnomically ad-.antageous tech-
nological processes as stamping, shaped casting, arc and gas welding,
the broaching of holes, multicutting, high-speed cutting, electric
spark machining etc. improve the quality of guns, decrease metal con-
sumption, speed up and cut the cost of production,

Modern technological production processes yield maximum economic
effect only when the weapon design itself is technologically efficient.
This is achieved by decreasing the number of parts, by simplicity of
their shape, by prescribing precision of execution and finishing no
greater than required by the conditions under which a part will operate,
by using the simplest methods of manufacture with the minimum number of
necessary operations during machining etc.

Minimum inputs of labor, time and capital are the criteria of
good technological effectiveness of a design.
Table 6

NUMBER OF MACHINE HOURS FOR MANUFACTURE OF
76-mm DIVISION GUNS

A B 76- w4 Thewu 7G-wu (R G- nymxa o6p. 1942,
O6pased, roa nyiiKa nviika BYIK3 :

o afp, n6p, adp. |
uIroTOnAENnR oy 1936 . l 1999 r. 1942 l 1913 l 1918

F Crankonacu Sud

2034 | 1300 1029 ’ o l 475
!

Keys:

Model, year of production
76-mm gun M1902

76-mm gun M1936

76-m gun M1939

76-mm gun M1942

Machine hours

mMEOO W

Many examples of high technological efficiency of guns are lmown
in Soviet artillery armament. Thus, the number of parts in our divi-
sion guns has systematically been cut from model to model: the 76-mm
gun M1936 had 2080 parts, the 76-mm gun M1¢39 1057, while the 76-mm
gun Mi942 had only 719. This has permitted a sharp decrease in time
input for gun manufacture (Table 65)?
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A mandatory condition for mass or large series procuction is
interchangeability of parts and assemblies. This is of great impor-
tance for the operation and repair of armament. Thanks to interchange-
ability a damaged part can quickly be replaced under combat conditions
with a spare part, especislly in such an important assembly of the gun
as the breechblock.

Standardization, i.e. the use in different models of identical
parts, assemblies, mechanisms and units, is excepiionally important
for artillery weapons. The use of standardized elements shortens the
time and lowers expenditures for design and planning, deveiopment of
technology, the production and testing of new models; it faclilitates
the mastery of new weapons in the services, and simplifies repair and

supply of spare parts.

Here are 3 few examplez of standardization frcm the history of
Soviet artillery weapons. Thus, all 76-ma division guns M1902/30, 1936,
1939 and 1942 were supplied with interchangeable ammmition; for the
152-mm gun-howitzer M1937 the same rounds were used as for other 152-mm
guns; for 82-mm mortars of all types the ammmnition was the same, The
significant economic effect of this standardization in wartime can hard-
1y be overestimated. First, .ue production and storage of ammunition
were made cheaper and simplified. Second, troop supply was considerably
facilitated, which is exceptionally important in wartime. Thind, it
became possible to make wide use of ammunition stocks which had been
created and accumulated over a long time in a2 period of peace,

Another example. Soviet artillery ammmition, as a rule, has
employed point and base fuzes. It is lmown that all our fragmentation,
high-explosive fragmentation, and high-explosive gun and howitgzer shells
from 100 to 152 =m in caliber yere equipped with ROM [Rdultovskiy
membrane-~tyne point detonating/ fuszes,
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Figure 16, 122.mm gun M1931/37 and 152-mm gun-howitger
M1937 on standardized carriage:

1) gun barrel; 2) barrel of gun-howitser; 3) stand-
ized carriage.
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A third example. Three models of Soviet heavy pieces -- 152-.mm
gun M1935, 203-mn howitzer M1931 and 280-mm mortsr (mortirs) M1939 --
had the same standardized carriage. Other guns with the most diverse
calibers, ballistic characteristics, barrel sizes, many breechblock
parts etc. were created to use the same carriage (Figure 16).

Standardized parts and assemblies can be found in wedge- and
screw-type breechblocks, the semtautomatic device, sighting devices
and recoil mecbanism,

During the years of the past war Soviet designers, who had
built up solid experience in standardization, were quickly able to
solve the complex problem of developing self-propelled artillery.
Using the chassis of existing tanks and combat-tested artillery weapons,
they created the well-known self-propelled gun mounts SU-76, SU-85,
SU.100, SU-122, ISU-122, ISU-152.

A characteristic feature in the develomment of the foreign self-
propelled artillery of our day is chassis standardization, i.e. the
use of one chassis for a whole family of guns of varying parpose.
Chassis standardization simplifies operations, repair and spare-part
supply and facilitates the training of personnel of combat and repair
podrazdeleniya. Thus, the standardized chassis in the American Amy,
for example, is the amphibious and air-transportable tracklaying car-
rier M-113, on which are based more than ten combat and special vebi-
cles, including the 105-mm and 155-ms self-propellsd howitsers.
Chassis standardization is a manifestation of the gemeral trend in
modern machinery manufacture towards standardization of basic design
elements,

Under modern conditions the standardization used in war materisl
contributes to the elimination of diversity of type sizes and brands
of particular items. It is essential to standardize fasteners (screws,
oolts, nuts), certain elements of parts (threads, holes, recesses,
grooves) etc. Standardized parts can be made at different plants ac-
cording to the same process. This permits timely introduction into
production of the most advanced technological processes based on the
latest achievements of sciences and technology and, in final analysis,
mskes possible a rise in product quality,

9. Basic Characteristics of Artillery Pieces

The generalized characteristics of pleces are: murrle energy
Bo. power factor ch' and metal utiligation factor /) .

.ﬁuzzle energy is the name given the kinetic energy of a projec-
tile on leaving the bore:

2
qv,

Eo=—2—l: ’

where q 1is weight of the projectile in kg;

V, 1is muzzle velocity in m/sec;

g 1s gravitational acceleration equal to 9.81 m/ sec?,
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Muzzle energy is expressed in kilogram-meters or ton-meters.
It determines the basic combat characteristics of a plecs -- range of
fire and penetration effect of the projectile at the target. For ex-
ample, for the 120-mm mortar MioW3 E, = 60 tm, for the 122-mm howitser

M1938 E, = 295 ta, and for the 122-ma gun M1931/37 K, = 800 ta.

Power factor is expressed as the ratio of muzsle energy in ton-
meters to the cube of the gun caliber in decimeters:

Power factor makes it possible to judge the power of a plece
irrespective of its caliber., It shows the useful work per unit volume
of bore for similar gun construction. Power factor ranges from

100 tm/dw? (for mortars) to 1000 ta/dw’ or more (for antitank, anti-
aircraft and naval guns).

Metal utiliszation factor is the ratio of muzzle energy to
the weight of the piece in firing position:

=g;;(‘18_‘ o )

e v

This factor characterizes the degree of design perfection in
the sense of combining gun power and mobility, i.e. it shows how
metal is utilized -- how many ldlogram-meters of muztle energy there
are per kilogram of gun weight,

Metal utilization factor tends to increase with an increase in
caliber. In addition, it does not reflect certain gun characteristics
affecting the weight of the entire design. In particular, automation,
which adds to gun weight, lowers the mstal utilization factor. But if
the schematic diagrams of twc or more pleces are similar, metal utiliza-
tion factor is very convenient for estimating the combination of power
and mobility of these guns.

Recollless guns and mortars have the maximum valus of 7  go-
ing as high as 200 kgm/kg or even higher, while four-trail automatic
guns have the minimum walue,

Table 7 presents values of metal utilization factor for cer-
tain pleces.,
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Table 7
METAL UTILIZATION FACTOR FOR CERTAIN PIECES

A O6paseu opyaus (MuHOMETa) B K°’W::::;'L"fl"'z‘,';:;:;"““'

L129.um nywka ofp. 1931/37 r. 112
122-ms¢ rayGuua oGp. 1938 r. 125
£52-44 ray6uua-nymxa o6p. 1937 r. 130
U40-2 ¢ MiHoMer 175
85-mMm nyuika 177
160- M MutioMeT 188
100-mu nyuwka o6p. 1944 r. 191
107-2m Ge3otxatuoc opviie 108
120-mm munoMer 06p. 1938 . 218

1082-ux GesorkatHoe opyziie 234

64

Keys:
A, Oun (mortar) model

1. 122.mm gun M1931/37
2. 122-wm howitzer M1938
3. 152-mm gun-howitzer M1937
4, 240-mn mortar
Se 85-mm gun
6. 160-mm mortar
7. 100-mm gun Mi94k4
8. 107-mm recoilless gun
9. 120-mm mortar M1938
10. 82-mm recoilless gun

B. Metal utilization factor l) 3 kp/kg
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Chapter IV
PRINCIPLES OF THE CONSTRUCTION OF ARTILLERY PIECES

1, Structural Diggrams of Cungs

An artillery plece is a powerful heat machine, unioue in the con-
ditions and character of its operation. The working principle of a gun
is based on utilization of the energy of powder gases. During firing,
powder gases act upon barrel and projectile with a pressure reaching
3000-4000 kg/so cm and a temperature of 3000° C. The power of a medium-
caliber gun is 400-900 h.p., and that of a large-caliber gun (over 300
mm) 9 to 12 million h.p. For sake of comparison let us recall that
the power of the Soviet 122-mm howitzer M1938 is about 130,000 kw (1 kw
s 1,36 h.p.), while the power of Dneproges /Dnepr Hydroelectric Power
Station imeni V. I. Lenin/ is 653,000 kw. The efficiency of artillery
pleces is considered to bs very high -- up to 35 percent. This is
equivalent to the efficiency of internal combustion engines and consid-
erably greater than the efficiency of steam engines.

Let us consider two most characteristic schematic diagrans which
have become classical -- those of the field howitzer and mortar. Thsy
have proved themselves in combat. In any modern piece the basic struc-
tural elements of these diagrams vary to some extent.

Reproduced from
best available cupy.

Figure 17. Construction of artillery plece:

1) barrel; 2) muzzle brske; 3) breech ring; 4) breech-

block: S) cradle; 6) recoil mechanism; 7) top car-

riage with pointing mechanisms; 8) shield: 9) trails;
10) running gear; 11) sighting mechanisms.
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A modern artillery piece (in this case the hcewitger) comsists of
the following basic assemblies (Figure 17): barrel witb muzzle brake
and breech ring, breechblock and carriage. The carriage includes:
cradle, recolil mechanism, top carriage, pointing mechanisas and shield,
split-trail bottom carriage, running gear, and sighting mechanisms.

The barrel is the basis of a gun. It gives a projectile the
prescribed flight direction, rotary motion, and a certain muzzle veloc-
ity.

The muzzle brake is screwed onto the muzzle end of the barrel
and is iatended to absorb recoil energy.

Breech ring is the name given the rear end of the darrel in
which the breechblock is located.

Tie cradle is the trough-shaped or cylindrical part housing the
barrel. By means of its trunnions the cradle rests on the top car-
riage, and by means of the elevating mechanism can rotate in the verti-
cal plane. The cradle also serves to secure the recoil mechanism. At
the time of firing the barrel recoils along tbe guide rails of the
cradle and then returns to its initial position.

The recoil mechanism consists of a recoil brake (absorbs the
energy of barrel motion during firing) and a recuperator (returns the
recoiled barrel to its original position).

The barrel, cradle and recoil mechanism, taken together, are the
tipping parts of a gun. D

The top carriage is a massive part of complex configuration,
which is intended tc house all the tipring parts of a gun, the point-
ing mechanisms, equilibrator, sighting mechanisms and shield. Under-
neath, the top carriage has a pintle, which goes into a hole in the
bottom carriage and serves as the axis of its horizcntal rotation. By
means of the traversing mechanism the top carriage moves in the horizon-
tal plane.

The bottom carriage with split trails and running gear is the
foundation of the entire piace. The trails serve to zive the plece
stability during firing. In the firing position they are opened out
and bear up against the spades, through which stresses are transmitted
to the ground during firing. In the traveling position the trails are
coupled together and fastened to the hook of the prime mover.

The running gear is intended for movement of the gun and for
its support on the ground. It consists of axle, wheels with rubber
truck tires and suspension mechanisms. The selection of a plece's
running sveed depends on its design, weight, and the prescribed sveed
of travel.

Sighting mechanisms are necessary for precise pointing of a gun
at a target. They consist of a panoramic sight and a gun sight. Anti-
tank guns also have optical sights for direct laying fire. Field gun
sights are mounted on the bracket of the top carriage and are connected
in some manner with the barrel.

The construction of a mugzle-loading mortar of classical design
is very simple. The basic parts of the mortar (Figure 18) are: barrel
with breech ring, bipod mount, base plate, sight and double-loading
safety lock.
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Figure 18. Construction of mortar:
i 1) barrel; 2) breech ring; 3) bipod mount; 4) base
plate; 5) sight; 6) double-loading safety lock.

The barrel, as a rule, is a smooth-walled tube, clos ed at the
rear end by a breech ring.

While in modern s the maximum pressure of powder gases in
barrels reaches 4000 kg/sq cm, in mortars it does not excesd 1000 kg/sq
cm, 1.0, four times less, Therefore mortar barrels are made thin-
walled and, consequently, light.

The breech ring is screwed onto the rear end of the barrel tube,
At the bottom of the breech ring is located a firing pin, on which a
mortar shell is pinned by its primer element when it is dropped into
the barrel. Underneath, the breech ring terminates in a ball pivot,
which serves to connect the barrel with the base plate. In the ball
pivot & hole is made, through which a jermy is forced so that it will
be easier to screw the breech ring onto or off the barrel tube.

The rigid firing pin screwed into the bottom of the breech ring
rakes possible simplicity of design and a high rate of fire. 107 to
120-mm mortars often use a firing mechanism which can be cocked. It
has two positions: rigid and cocked. In the latter case the firing
pin is countersunk until release of the sear, thus eliminating the pos-
sibility of spontanecus breaking of the mortar shell primer during
loading. Firing with a cocked striker takes place whenever after load-
ing the gun laying has to be checked and the crew then pulled off the
mortar for cover.

The bipod mount supports the barrel and gives it the vertical
and horizontal angles. Located on the bipod mount are the elevating
mechanism, traversing mechanism, leveling mechanism and sight. The
bipod mount is connected to the barrel by means of a clamping collar
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and clamp ring. All guiding mechanisms of a mortar are of the screw
type. The leveling mechanism is intended for precise leveling of
the mortar in cases where the sight is rigidly fixed on the bipod
mount. The need for ovrecise leveling is obviated if an oscillating
portar sight is used.

When a mortar is fired, the recoil absorbed by the base plate is
transmitted to the ground. Owing to the elasticity of the ground and
plate, the barrel travels along the axis to a certain extent and then
returns to its previcus position. To prevent damage to mortar mechanisms
during sharp recoil of the barrel the bipod mount is fastened to the bar-
rel by means of spring shock absorbers.

The base plate serves as a support for the barrel. It consists
of a foundation plate with stiffening ribs weldsd on the underside.
Distribution of the recoil over a large area contributes to a lessing
of ground pressure,

Optical and mechanical sights have gained greatest prevalence
in mortar designs. Every mortar sight bas an azimuth instrument and
a sight scale. The azimuth instrument is intended for measuring hor-
izontal angles, and the sight prover for measuring vertical angles.

The double-loading safety lock prevents loading a mortar with a
second shell wher there is already a live shell in the barrel. It is
attached to the muzzle end of the barrel. All Soviet mugzzle-loading
mortars are equipped with reliable and automatic double-loading safety
locks. They operate dependably whatever type of mortar shell is fired,
for all charges provided for a given mortar, at any angle of elevation
and deflection, at any rate of fire, and from firing sites on any kind
of ground.

The construction of large-caliber mortars is considerably more
complex. In principle, however, they have the same basic design ele-
ments: smooth-walled barrel, wheeled carriage, base plate, sight.

Large-caliber mortars are breech-lcading. The long barrel and
heavy mortar shell do not permit muzzle loading,

To assure that the barrel opens during loading and closes at
the moment of firing the barrel of a large-caliber mortar is divided
into tipping parts and breech ring. The tipoing parts are a tube open
at both ends. In the loading position it is held back by a locking
mechanism, The breech ring in the closed positiocn is the base of the
barrel. It safely seazls the barrel during firing and transmits the
force of the recoil to the plate. In addition, the breech ring serves
as a foundation or which the tube of the barrel tips and is locked
at loading angles, and on which the barrel is connected witu the car-
riage by means of spring shock absorbers,

The carrlage is the foundation of the large-caliber mortar in
firing and traveling positions. On the carriage are mounted the ele-
vating mechenism, traversing mechanism and equilibrator, running gear
with suspension mechanism, and sight. The mortar is towed by a motor
vehicle, whose coupling mechanism is connected to the muzzle end of the
barrel by means of a muzzle attachment slipped over the barrel in the
traveling position.
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2, Barrels and Mugsle Brakes

A barrel is a steel tube closed at one end by a breechblock.
The interior through cavity is called the bore. In the barrel we dis-
tinguish between the front or muzzle end and the rear or breech end,
to which is fastened the breech ring (located here are the breechblock,
powder charge and shell). If along the gradation marks on the breech
and muzzle faces of the barrel we stretch thin cross hairs, an imagi-
nary straight line connecting the centers of these cross hairs will be
the axis of the bore.

me| @z/c.«’

3000
2500 1
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15001

Figure 19, Diagram of construction of artillery bar-
rel and powder-gas pressure curve as a function of pro-
Jectile path along bore:

A) rifled portion; B) chamber; C) breechblock; Pbore)

pressure of powder gases in bore; Pmax) maximum gas
tressure on base of projectile; Po) pressure to over-

come inertia of projectile (engravings in rifling);

Pmuz) mizzle pressure; lm) projectile path prior to

attainment of maximum pressure; abc) pressure curve
of powder gases in barrel as function of projectile
position in bore.

Keys:

l. P
bore
2. kg/sq cem

3 Pnnxz

k., Connecting ccne

The bore of the %un has the powder chamber (cartridge chanber)
and the rifled portion (Figure 19). The sector of the bore between then
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is called the connecting cone. During loading the projectile is in-
serted in the rifled portion of the bore, resting with its rotating
band against the origin of the rifling. The powder charge (in case or
bag) is in the chamber, and the base of the shell is situated here too.

Helical grooves are made on the surface of the bore. They are
called rifling.

Shells have securely attached rotating bands made of a metal
softer than the metal of the barrel (usually red copper, porous soft
iron), or of other materials, for example nylon. When the shell under
the action of powder gases at the time of firing begins to move along
the bore, the rotating band is engraved by the rifling., Recesses and
projections are formed on the band, as a result of which the shell
moves in the bore just as the rifling directs it. Thus, in addition
to forward motion the shell also receives rotary motion,

In Soviet pieces right~hand rifling has been adopted, i. e. the
grooves in the bore run from left to right upwards. Therefore, if we
look in the bore from the breech end, the rotation of the shell is
clockwise. in some foreign pieces left-hand rifling has been adopted.

All rifling in the barrel of a given plece is the same in width
and depth. If too shallow a depth of groove is adopted, the projections
on the rotating band of the shell will also be too fine and low. A
shell pressing on the edges of the grooves with these fine projections
can easily mash them and break loose from the rifling. Then it will
not receive the necessary rotation and will fly improperly. Too great
a depth of groove is also regarded as disadvantageous.

The gyroscopic effect is skillfully used in rifled artillery.
Rotary motion assures the projectile stability in the air, increases
the range of flight, and makes the shell fly with tapered head forward
without tumbling.

The accuracy of the projectile's flight and hence the accuracy of
fire depend on tne angular rotational velocity of the projectile, which
is determined by the twist of the rifling in the mugzle end and by the
projectile's velocity of motion in the barrel. For example, a shell of
the 76-mm gun MI942 makes 357 r.p.s. at the moment it leaves the bore,
while a shell of the 122-mm howitzer M1938 rotates at a rate of about
210 r.p.s. at this time,

At the time of firing powder gases press against the base of the
projectile and on the walls and bottom of the bore. But the walls of
the barrel resist this pressure. If the tension of the metal does not
veach its elastic limit, after firing the walls contract and recover
the dimensions which they had before firing., If, however, the elastic
limit is exceeded, the walls do not return entirely to their initial
state and remain distended. Such a phencmenon 1s called barrel dila-
tion. A plece with a dilated barrel is unfit for firing since the
movement of the projectile along the bore will be wrong (breakaway from
rifling, impacts against walls, escape of gases etc.).

Therefore, the chief problem in the designing and production of
eny piece is to provide a guaranteed safety factor for the barrel.

Gas pressura in the bore from the start of powder combustion up
to departure of the projectile is a variable. At first the pressure in-
creases to a certain maximum, then declines, For every cross section of
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the barrel it has its maximm value determined according to the
pressure curve as a function of the projectile path along the bore
(Figure 19). The transverse dimensions of the barrel are likewise
not uniform. Therefore, the actual safety factor of a barrel is also
a variable. The following minimally necessary safety factor values
have been established in practice and verified: for cross sections in
the chamber region 1.2-1.29, for rifled portion of bore 1l.2-1.35, for
mugzle end of barrel 1.5-2,

The safety factor of mortar barrels is higher still: for the
entire barrel 2, for the muzzle end not less than 3. This is due to
the comparatively small thiclkness of the barrel walls and their pro-
nounced heating Juring intense fire.

To heighten the strength of barrel walls, their thickness has
to be increased. But such thickening is useful only to a certain lim-
it, after which it becomes simply superfl.cus and even barmful (adds
to barrel weight, results in inefficient use of metal).

The trouble is that when the metal of barrel walls expands under
thie pressure of powder gases, it does not participate uniformly in the
resistance to this tension. The interior metal layers of a barrel ex-
pand more vigorously, while the exterior layers expand more weakly.

The thicker the barrel, the less and less the part played by the exte-
rior metal layers in breaking strength. Now if a barrel is made very
thick, the exterior layers will not exert any resistance at all.

Artillery designers have been able to produce several rational
barrel designs, in which all metal layers are more or less uniformly
stressed,

The following basic barrel types are known: monobloc barrel,
built-up barrel (inner tube with jacket slipped over it under tension),
cold-woriced (autofretted) barrel, loose-tube barrel, loose-liner barrel
(Figure 20).

The unbuilt-up monobloc barrels made of high-grade alloy steels
are simplest in construction and the most economical to produce. They
are widely favored in all small- and medium-caliber pieces up to 152-
155 mm inclusive. The sole significant shortcoming of monobloc barrels
is the necessity of replacing the entire tube if the rifled portion
wears out.

Large-caliber pieces more often use built-up barrels, as well
as loose-tube or loose-liner barrels.

The idea of barrel build-up is as follows: Two tubes are taken,
the inside diameter of the outer tube being slightly smaller than the
cutside diameter of the inner tube. The outer tube is heated to a tem-
perature of 400-500° C and pulled over the smaller cold tube. As it
cools, the outer tube will tend to assume its original dimensions and
compress the inner tube. But sinces the inner tube exerts resistance,
the outer tube will not assume its original dimensions. Consequently,
on cooling to normal temperature the outer tube will prove to be some-
what stretched, the inner tube compressed. This condition is called
reciprocal tension,

At the time of firing, under the pressure of the powder gases
the inner tube at first returns to its normal state, but then begins
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to expand together with the outer tube. The stress of the metal lay-
ers of the two tubes is more uniform than in the monobloc barrel.

1

\?//If///
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Figure 20, Basic types of barrels:

a) monobloc barrel; b) built-up barrel; c) loose-

tube barrel; d) loose-liner barrel; 1) monobloc

barrel; 2) tube; 3) loose tube; 4) loose liner;

5) outer tube (jacket); 6) outer tube (Jjacket.);
7) breech ring; 8) breechblock.

Since the gas pressure declines sharply as the shell moves along
the bore, the muzzle end is usually not covered by the outer tube, i.e.
is not built up. At the muzzie end the barrel operates like a monobloc

barrel.

The shortcoming of built-up barrels is the complexity and expen-
siveness of their manufacture,

Cold-worked (autofretted) barrels do not differ from monobloc
barrels in external appearance. The cold-working process consists in




J-9750 63

increasing the resistance of the inner metal layers to the action of
the high pressures of the gases by inducing in the metal stresses
analogous to the stresses produced in the barrel bullt up under ten-
sion. This is achieved by means of powerful hydraulic presses creating
bigh preasure (6000-7000 kg/sq cm). In the cold-worked barrel prior
to firing the imner layers are compressed, the outer layers expanded.
During firing this barrel operates in the same way as a built-up barrel
made of two tubes. The modern American 175-mm self-propelled gun M107?
has an autofretted barrel.

Loose-tube or loose-liner barrels consist of an outer tube (3ack-
ot) and inner thin-walled tube (loose liner) or inner thickewalled tube
(loose tube). The inner tube is inserted in the jacket with very small
clearance (0.1-0.2 mm)., If the jacket overlaps the inner tube for its
entire length, such a barrel is said to be lined, and the inner tube
is called a loose liner. Liners are made of the best brands of high-
strength alloy barrel steel. If the jacket does not overlap the entire
length of the inner tube, but only part of it, such a barrel is called
a loose-tube barrel.

On firing, the removable liner (tube) expands, takes up the
clearance, presses against the inner walls of the jacket and thereafter
functions together with it as a single whole. After firing and after
the barrel ceools, the clearance between liner and jacket is restored.

The principal advantage of the loose tube (liner) is that its
extraction from the barrel in case of erosion and its replacement with
a new one from reserve stock are very simple to do under field condi-
tions directly in the firing psiion, For a trained crew this takes 10-
30 minutes.

It should be noted that increasing the barrel strength still
does not eliminate rapid wear of the bore surface. Even if all other
mechanisms and assemblies of a piece are in serviceable condition, a
worn barrel entails loss of the combat characteristics of an artillery
system, To repair or replace a barrel ihe piece is sent to the factory
and is out of commlission for a long time,

The accuracy life of a barrel is the most important problem for
asvillery., It is known that during combustion of a powder charge high-
pressure incandescent gases are generated. Even though firing lasts
only several hundredths to tenths of a second, the bore surface has
time to heat up to a temperature close to the melting point of steel.
In the intervals between rounds the surface cools sharply by virtue of
heat elimination into the body of the barrel and heat exchange with the
air. The heat causes the thin layer of the bore surface to exrand.

The adjacent metal layers, however, are not heated. Therefore, they
not only do not expand themselves, but even impede the expansion of
the surface layer. In the walls of the barrel alternating temperature
stresses are generated, the magnitude of which depends on the differ-
ence between the temperature of the bore surface and that of the ad-
Jjacent metal layers. Under the influence of these stresser little
cracks begin to appear in the surface layer of the bore, and with time
these cracks form an erosion network.

The cracked surface of the bore has lowered strength and fails
under the action of the rotating band of the shell and the flow ¢f pow-
der gases. The rate of failure depends on many factors. For example,
the higher the temperature of the explosive decomposition of power,
the greater the weight of the charge and the higher the rate of fire,
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the more vigorously does the bore surface heat up, and therefore the
more intensely does it wear away. The elevated temperature of the pow-
der charge also accelerates barre.. wear since it increases the rate of
powder combustion and hence raises the temperature and pressure inside
the barrel.

For some makes of powders when the charge is heated from + 15
to 4+ 40° C, the muzzle velocity of the shell increases U-5 percent,
and the maximum pressure of powder gases in the bore 15-20 percent.

To protect bore surfaces from excessive wear, especially in bar-
rels with high ballistic characteristics, a phlegmatizer is introduced
into the charge. Its composition usually includes petroleum refining
products (paraffin, ceresin etc.). The phlegmatizer is placed around
the periphery of the charge. Melting under the action of the hot pow-
der gases, it so to speak forms an interlayer between the burning pow-
der and the bore surface. This reduces heat transfer from the powder
gases to the bore surface and thus lowers its heating temperature,

Wear of the bore surface also depands on the method of piece
loading. With cartridge loading the initial sectinn of grooves erodes
considerably more rapidly than with bag loading or separate-case load-
ing. This is due to the fact that with cartridge loading the rotating
band of the projectile does not butt up against the rifling and on fir-
ing is engraved by it under impact. As the number of rounds fired in-
creases, erosion of the initial sectioi: of grooves progressively in-
creases, since the origin of the rifled portion moves farther and far-
ther towards the mugzle face, and the velocity of the projectile by the
time the band is engraved, and hence the force of its impact with the
rifling, increase. The clearance between the rotating band of the pro-
Jectile and the bore surface also increases with barrel wear, More and
more powder gases eacape into it, which entails an even greater increase
of wear. In bag and ssparate-case guns the proiectile is forced home
until the rotating tand butts up against the rifling, and therefore
the band is engraved without impact.

The type of projectiles used also affects wear of the rifled
portion of the barrel., For example, in the case of an armor-pisrcing
shell, whose body is made very rigid, the body remains practically un-
deformed when the rotating band is engraved in the grooves. Therefore,
the stress transmitted by the band to the barrel is highest for this
projectile. The bodies of fragmentation and high-explosive fragmenta-
tion shells, which possess less rigidity, sag somewhat during engraving
of the band, diminishing the.effect of the band on the barrel, This

contributes to a reduction in the wear of the rifled portion of the bar-
rel.

The material of which the rotating band is made bas a certain
influence on wear of the bore surface.

As the bore surface erodes, mugzzle velocity and tha penetrating
action of projectiles decline, the range of fire decreases, and more
and more frequently fuzes fail to arm. At the same time, conditions
deterliorate for driving the projectile along the grooves; there are
cases of the shearing off of rotating bands and premature action of
fuzes in trajectory; the close pattern of shooting markedly deteri-
orates; and the number of fuze failures increases.

When the rifled portion of the bore erodes so much that the com-
bat characteristics of the piece decline to the established limits,
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tne barrel becomes unfit for further service. Values of maximum per-
missible wear vary for different barrels. They are indicated in bar-
rel classificatior documents.

The commonest signs th-t a barrel has lost its combat character-
istics are: a ten-percent decline in muzzle velocity; increase in fire
dispersion to a certain limit; complete shearing off of rotating bands
of projectiles; when the flight of the projectile is accompanied by a
sharp whistling sound; systematically recurrent failures of the point
fuze; and premature saell bursts in trajectory during full-charge fir-
ing.

If at least one of these signs is discovered during firing, the
barrel must, regardless of the extent of the decline in the muzzle veloc-
ity of a projectile, be considered as having reached the limit of its
accuracy life. For medium- and small-caliber pieces this condition
sets in after 5,000-10,000 rounds, for large-caliber pieces after 200-
300 rounds. The accuracy life of gun barrels is far > =~ than that of
howitzer barrels (500-2,500 and 5,000-20,000 respectiv. ° ).

The natural loss of combat characteristics i not the sole rea-
son why a barrel becomes unserviceable. Sometimes barrels which have
been damaged during combat employment of the piece (cracks, boles,
barrel dilation etc.) are discarded if the extent of dammage exceeds
permissible limits as established by repair documents. The life of a
barrel can be considerably prolonged if it is protected against acci-
dental damage during firing, transport and storage, and if attentive
care is taken to see to it that no sand or dirt gets into the bore
during loading of the gun. Ammunition must also be carefully prepared
for firing and wiped with a clean rag. No shells must be employed
which have rust on the positioning bands, nor any powder charges which
have been highly heated by the sun's rays.

The wear of barrels depends in many respects on their overheat-
ing., To prolong barrel 1life, the most rational rate of fire must be
selected, and fire must be conducted using the minimum charge which
will permit performance of a given fire mission. All lulls in firing
must be used for cooling the barrel: the breechblock must be opened,
and to increase the air draft, the barrel must be given elevation.
After firing, the barrel must te carefully cleaned. Barrel 1ife can
be prolonged only by observing all rules of piece servicing and main-
tenance.

The replacement of eroded monobloc, built-up and cold-worked
barrels takes a great deal of time and is expensive. These shortcom-
ings are eliminated to a considerable extent in loose-tube and loose-
liner barrels.

The use of a loose tube or loose liner makes possible an in-
crease in a plece's rate of fire and the use of more powerful powders
which accelerate barrel wear but at the same time increase the muzzle
velocity of the projectile and maximum eZfective range. Moreover, one
need not fear that the piece will become unserviceable for a long time
requiring barrel replacement.

The barrels of mountain guns, because of the specific character
of their combat employment, are made to be dismountable (into three or
more parts), without taking up the clearance between tube and jacket
during firing.
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Modern artillery most frequently employs barrels with a cylin-
drical bore. In this case the area of the projectile cross section on
which the pressure of the powder gases acts is constant for the entire
path of the projectile's travel in the bore. To increase the muzzle
velocity of a projectile, the pressure of the powder gases must be in-
creased, or the path over the course of which they act upon the projec-
tlle must be lengthened. Gas pressure is increased by increasing the
welght of the charge and simultanecusly increasing the volume of the
powder chamber. The path over which the powder gases act is lengthened
by lengthening the barrel, Such methods are widely used in the develop-
ment and modernization of pieces.

But there is yet another method of significantly increasing the
muzzle velocity of a projectile with the barrel length remaining come
paratively short, viz, the use of conical bores.

A conical bore gradually ‘apers to the muzzle face, Usually
conical bores consist of three portions: the first one -- a rifled
cylindrical section -- has a large diameter and extends from the cham-
ber to approximately the middle of the barrel length; the third portion
-- a smooth-walled cylindrical portion -- has a smaller diameter and
is located at the muzzle end; between these is situated the second por-
tion -- a smooth-walled portion, which is conical in shape.

In barrels with conical bores the work of the powder gases is
utilized more fully and efficiently over the comparatively short path
of the projectile along the bore. For this reason, as well as the rel-
atively lighter weight of the projectile, pieces with a conical bore
are in principle cavable of providing high projectile muzzle velocities
-- 1300-1500 m/sec,

From the standpoint of interior ballistics, barrels with coni-
cal bores do not differ from the conventional barrels from which sub-
caliber shells are fired, but "conical character™ of bores means that
shells of good exterior ballistic shape leave the bore.

The caliber of a piece with a conical bore is indicated by two
numbers: in the numerator the larger caliber of the rear portion, in
the denominator the smaller caliber of the front (muzzle) end -- for
example, the 28/20, 42/28 and 75/55-mm guns of the World War II period.

Conical barrels erode very rapidly owing to the great amount of
werk in the shrinkage of the driving parts of a projectile, and thus
their accuracy life is short. Experience has also shown that fire
from such pieces can be more effective only at short ranges since the
light shell rapidly loses its velocity owing to great air resistance.

Pleces with conical bores have not gained wide acceptance in
our day owing to the complexity of the manufacture of the barrels.

Two types of breech rings are encountered in modern designs:
screw-on and screw-in, The use of breech rings offers certain advan-
tages: barrel manufacture is simplified at plants, and the replacement
of a removable tube or removable liner in case of damage is facilitated.
If the breech ring has great weight because of strength specifications,
the tipping parts of the gun can be balanced relative to the axis of
trunnions without using special equilibrators (this method is used in
naval and coast artillery). The breech ring also serves to connect
the barrel with the recoil mechanicm,




J-9750 67

The muzzle brake is an external sign of modernity of design in
many pleces. It 1s a massive short steel tube screwed onto the muzzle
end of the barrel. A muzzle brake has an axial hole for the exit of
the projectile and side ports (circular holes) for the escape of pow-

der gases.

The physical nature of the operation of a muzzle brake of any
type is as follows, When a shell leaves the barrel, the gases follow-
ing it strike with force against the walls of the ports or blades of
the muzzle brake and push it sharply forward together with the barrel.
At the same time, there also appears a reactive force acting in the op-
posite direction of the recoil. Thus, a mugzle brake decreases the
effect of a shot on the gun carriage by reducing the energy of the re-
coiling parts,

Cther things being equal, use of a muzzle brake permits the car-
riage to be made lighter and the length of recoil to be shortened,
which is especially important for self-propelled and tank guns.

Muzzle brakes can absorb from 20 to 70 percent of recoil energy,
and in scme cases even more., Muzzle brake efficiency is to a signifi-
cant extent determined by the design of the brake and by ballistic
parameters of the piece. Therefore the selfsane muzzle brake may have
varying efficiency depending on the amount of the powder charge and,
in addition, on variation in barrel ballistics due to the increase in
its wear with the increase in the number of rounds fired.

If a muzzle brake is present, the recoil mechanism absorbs
only the remainder of the recoil energy, and therefore is compact,
small in size, light in weight, and does not encumber the piece as a

whole.

According to the commonest classification, there are three types
of muzzle brake: positive type, positive-passive type, and passive
type (Figure 21),

In the positive muzzle brake, ring partitions are made perpen-
dicular to the axis of the bore. Powder gases strike these and are
ejected through the portec,

The passive muzzle brake !as no interior partitions. The powder
gases escape through side holes which are tilted rearwards. The result-
ant reactive force is guided in a direction opposite to the recoil,

The smaller thehole tilt angle (s the greater is the efficiency of
the muzzle brake (gun crew safety is the constraint here).

In the positive-passive muzzle brake the advantages of both the
above-described types are combined. To raise efficiency, deflecting
blades tilted rearwards, sometimes at different angles, are added.

For example, the West German company Reinmetall several years ago sug-
gested for artillery pieces the muzzle brake schematically depicted in
Figure 21,d. Here nse was made of the well-known principle of the de-
flection of powaer gases by numerous surfaces, The first deflecting
surface 2, situated at the muzzle face, is provided with a number of
holes 5. At the time the projectile passes along the barrel at the
level of the first deflecting surface, powder gases escaping through
the numerous holes 5 encounter the second deflecting surface 3 in their
way. Angle OX | formed by the first deflecting surface, is less than
angle & , formed by the second deflecting surface, in just the same way
the outside diameter of the first deflecting surface is less than the
outside diameter of the second deflecting surface.
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Figure 21. Diagrams of muzzle brakes:

a) positive type; b) passive type; c) and d) posi-

tive-passive tyve; 1) barrel; 2) first deflecting

surface; 3) second deflecting surface; U4) muzzle
brake body; 5) holes.

Keys:

1. Direction of gas exit
2. Direction of muzzle-brake action

In antiaireraft and tank guns the escape of powder gases is per-
mitted in all directions, in field guns to the left and right.

The use of muzzle brakes also introduces certain complications
into the combat servicing of 2rtillery pleces. The zone of increased
muzzle-wave pressure moves backwards as the wave propagates in the
region of the plece, 1. e, towards the gun crew., Protective measures
must pe taken to reduce the harmful effect of the muzzle wave on the
ears of persons in the crew manning field guns (use of helmets, ear
vlugs etc.). The poin* is that the harmful action of a muzzle wave »n
ears in many cases is cumulative in character, adding up from the expo-
sure to individual rounds. The repeated exposure of unprotected ears
to muzzle waves may cause the development of irreversible processes,
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leuding to tue onset of so-called "hardness of hearing,” i.e, irremedi-
able hearing loss. Auditory deterioration more frecuesmtly occurs in
the perception of freauencies in the 1500-30C0 Hz range, i.e. the most
frecuently enccuntered frequencies of human speech and music.

3. Breechtlocks

The breechblock is the most important tart of the piece. It
absorbs the great pressure of the powder gases.

Very rigid reauirements are set for any breechblock regardless
of its design. The breechblock must be strong and safely lock the bar-
rel; it must prevent svontaneous opening during firing; preclude even
insignificant escape of powder gases to the rear; assure speedy open-
ing and closing of the bore at all angles of elevation; take up as lit-
tle room as possible in the open position; prevent firing if the recoil
mechanism is not connected to the barrel (for pieces in which the bar-
rel is pulled back in the traveling position) or in cases of failure
to return to battery, when the recoiling parts fail to return to their
initial position after firing; assure dependable operation of the fir-
ing mechanisms and extraction of the case after firing or of the entire
cartridge in the event of misfire; must be simple in construction and
easy to service. In addition, an essential requirement is that volun-
tary firing must not be permitted unless the breecinblock is completely
locked and its opening precluded until firing has taken place.

According to principle of operation, breechblocks are divided
into nonautomatic (manually operated), semiautomatic and auvtomatic.

Several types of breechblock are known but modern artillery
pieces, as a rule, employ only the sliding-wedge and screw type.

Figure 22, Sliding-wedge type breechblocks:

a) vertical; b) horizontal; 1) breech ring; 2) wedge.

Sliding-wedge tyne breech mechanisms (Figure 22) are of two
kinds -~ vertical and horizontal., In vertical wedge-type breech mech-
anisms the pull on the operating handle is uneven and, if the weight of
the wedgze is great, may even be beyond the strength of a single person,
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This has necessitated the introduction of equilibrators in the form of
springs which rise when the breech:lock is opened and reduce the ener-
gy of the wedge's drop downwards, and conversely when the breechblock
is closed, facilitate the wedge's ascent. Horizontal wedge-type breech-
blocks do not have this shortcoming. In their case the exertion of
opering and closing the breechblock is uniform, but rooe is required
for the wedge to move to the side, The foregoing determines the sphere
of employment of wedge-tyoe breechblocks: vertical for smaller-caliber
pieces, horizontal for larger caliber vieces.

Designs of wedge-type breechblocks differ, but they all have in
common a massive wedge in the form of a prism boused in the wedge slot
of the breech ring. ‘lhe front surface of the wedge is perpendicular
to the axis of the bore, and the back (bearing) edge forms an angle of
about 2° with the front edge. Thus the wedge tapers to one end, This
structural execution assures safe locking of the bore.

& Nongcenue 30 H38a8a O Nonowcenye riocre 235oda

Figure 23, Firing mechanism of wedge-tipe breechblock:

1) cover; 2) firing spring; 3) firing pin; 4) sear;
5) striker.

Keys:

a. Position before cocking
b. Position after cocking

In addition to the locking mechanism, every breechtlock has sev-
eral more mechanisms, for example, firing mechanism, extractor, safety
lock. Figure 23 shows the operation of the firing mechanism, The ex-
tractor serves to eject a spent case after firing or to extract a fixed
round in its entirety in case of misfire. When the breechblock is
opened, the wedge strikes the small shoulders of the extractor, and the
latter, turning cn its arvls, extracts the svent case from the chamber
with the catches on the large shoulder.

The simplicity of the opening and closing of sliding-wedge type
breechblocks permits automation elements to be wicely used in them,
which creates favorable possibilities for an increasc in the rate of
fire and lightens the work of the crew,
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Wedgn-type breechblocks with a cam plate-type semiautomatic de-
vice have gained the widest accevtance. The semiautomatic device usu-
ally consists of two varts: closing mechanism, which is situated in the
breech ring and participates in recoil, and cam-plate device, which is
wmounted on the cradle bracket and does not participate in recoil. When
the barrel recolls after firing, the cax of the closing mechanism
forces the cam plate cut with its ocevel and moves further to the rear.
During counterrecoil the cam runs against the cam plate and rotates the
axle of the crank. The erergy of the rotation of the crank suffices to
ccek the firing pin and lower the wedge, which strikes the lower shoul-
ders of the extractor and assures extraction of the snent case. The
closing spring is compressed. The vlece is ready for the next loading.

Screw-tyve breechblocks., The basic rart of this kind of breech-
block is the cylindrical body (breech» screw), which is provided with
screvw threads and screwed into the corresponding recess of the breech
ring (Figure 24). The ‘“reads cf the breech screw, engaging with the
threads of the breech recess, aisure safe locking of the bore during
firing. For speecdy overation <f the breechblock the threads are not
made around the entire circumference of the breech screw and breech re-
cess, but orly in sectors, for example, at 90° intervals. When the
breechblock is clused, the thrended sectors of the breech screw enter
the slotted sectors of the recess and the threads of the recess go into
position opposite the slotted sextors of the breech screw. ®hen the
breech screw is turned 90°, the threads of the breech serew engage the
threads of the breech recess, and the bore is locked.

Figure 24, Screw-type breechblock:

1) recess of breech ring; 2) breech screw; 3) oper-
ating level of breechblock carrier.

At this point a conflict arises. To make possible speedy opera-
tion of the b-eechblock, the number of threads have to be decreased.
But a small number of threads loosens the hold of the breech screw in
the recess since the area of engaging surfaces does nct suffice .
Therefore, designers are seeking optimum solutions (steo-thread screws
with varyiny -he gt sectirs and thread of varying diameters etc.).

The breech screw is mounted on a block carrier, wiich is hinged
to the breech ring of th  barrel by means of an axle with an operating
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lever. When the breechblock is opened, the breech screw comes com-
pletely out of the breech ring.

Depending on the location of the carrier axle, screw-tyre
breechblocks may be vertical or horizontal, the same as wedge-tyve
blocks.

Screw-tyoe breechblocks are subdivided into two-cycle (first
cycle: screw, together with block carrier, moves along an arc until
it completely enters the breech recess; second cycle: screw turns on
its axle until it completely engages with the threads of the breech
ring) and three-cycle (first cycle: screw, together with block car-
rier, is brought into contact with the breech face along an arc; sec-
ond cycle: screw moves out of carrier and enters breech recess;
third cycle: screw turns until it engages cormpletely with threaded
sectors)

Ordinarily screw-type breechblocks consist of the following mech-
anisms: locking mechanism; firing mechanism; extractor; safety lock; a
device to facilitate lo-ding; and a case retaining mechanism.

The locking mechanism includes such basic parts as screw, block
carrier, ooerating lever, bolt stop and rack (Figure 25). The firing
mechanism is housed in the central recess of the screw and carrier and
consists of firing mechanism and firing hook, and traveling safety lock.
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Figure 25. Locking mechanism of screw-type breech-
block.
Keys:
1. Operating lever
2. Rack
3. Screw
4, Axle
5. Toothed quadrant
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The inertia-type safety mectanism precludes opening of the
breechblock without. additional manipulations if no shot resulted after
release of the firing pin, for example, in the case of hangfire. If,
however, a shot did take place, an inertial body under the action of
the force of inertia, compressing the spring, sinks into the recess of
the breech ring, liberates the rack and permits the btweechblock to
open freely.

In the breech recess there are projeciions and grooves in which
both the head and the rotating band of a shell can become lodged during
loading. A loading facilitator in the form of a regulating plate pre-
vents this. When the breechblock is opened, the plate rises and moves
forward. Therefore the shell, traveling over the top of the platz,
does not become lodged. When the breechblock is closed, the plate drops
into place and does not hinder entry of the breech screw into the re-
cess.,

The shell-case retaining mechanism keeps the shell and case from
falling out of the chamber when the plece is loaded at large angles of
elevation. When the breechblock is opened, the shell-case retaining
mechanism under the action of its own weight turns on its own axis and
drops down. The shell or case can be moved forward but they can no
longer fall backwards. When the breechblock is closed, the screw raises
the shell-case retaining mechanism.

In screw-type breechblocks for large-caliber bag pieces (which
use no case) plastic obturators are employed.

Figure 26. Screw-type breechblock with plastic
obturator:

1) breech screw; 2) obturating pad; 3) mushroom-head
spindle.

The modern plastic cbturator (Figure 26), as a rule, consists of
mushroom-head spindle, obturating gas check pad, split rings and
filling-in dis¥s. A vent is made along the axis of the mushroom-head
obturator spindle in order to communicate the fire power to the powder
charge.

During firing, the mushroom-head spindle absorbs the powder-gas
pressure and, moving backwards, corpresses (so to speak, flattens) the
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obturator pad. Under the pressure of the umushroam-head spindle the
pad, which is made of plastic materials, expands in radial directions
ard presses against the chamber walls, whereby obturation of powder
gases between breech ring and breechblock is achieved. After firing,
due to its elasticity the obturating pad recovers its initial dinen-
sions and does not impede ovening of the breechblock.

Complex requirements are set for plastic obturators: simplicity
and low cost of production; operating reliability under various tempera-
ture conditions; the necessary plasticity and at the came time suffi-
cient strength and chemical stability of pad material; elimination of
adhesion to chamber walls and breechblock etc. Use of a plastic ob-
turator must not lower the maximum rate of fire technically possible
for a given piece.

Although plastic obturators have beer; in existence for dozens of
years, the formula for their plastic and the technology of its produc-
tion have not yct been finally established. The composition of obtura-
tor plastic has included, for example, asbestos, various binders (fats,
wax), graphite etc. Therefore, the cuality of the operation of a plas-
tic obturator depends not only on its design, but also on the quality
of the manufacture of its individual elements.

The question is sometimes asked: Which breechblock is better
-- the sliding wedge or screw-type? From the standpoint of strength,
both types of breechblock are equal. A comparative evaluation of
sliding-wedge and screw-type breechblocks in resvect cf other param-
eters is given in Table 8.

Table 8

COMPARISON (F SLIDING-WEDGE AND SCREW.TYPE BREECHBLOCKS

Sliding-wedge Screw-type
RusraiSsisp e breecgblocg breechblock
Ease cf opening and Better Worse
closing
Weight of breechblock Heavier Lighter
(other things being equal)
Ease and safety of Better Worse
loading A E
Wear/§$¥6%§é¥1§Xr?£ces Less More
Labor-intensiveness Less More
of production
Feasibility of automa- More Less
tion and maximum rate of fire

As regards ease of breechblock opening and closing and the ef-

fect of breechblock type on maximum rate of fire, the advantages of

the sliding-wedge breechblock are obviocus., During the opening and
closing of the sliding-wedge breechblock only the wedge is moved in the
direction of the breechblock's motion -- the effort expended on this
travel in case of horizontal motion being independent of angles of ele-
vation. To open a screw-type breechblock, first the breech screw must
be turned and then the breechblock opened. Although both these motions
are performed with one turn of the operating lever, it still takes more
time than in the case of a sliding-wedge breechblock. This difference
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in time is insignificant for small-caliber pieces, but it changes to
the advantage of the sliding-wedge breechblock with an increase in cali-
ber. The time difference becomes very appreciable if the screw-tyre
breechblock has three-cyzle action.

In pieces with a screw-type breechblock the possibility of the
loader's hand getting caught between the breechblock and breech face
is not out of the ouestion in the event of faulty teamwork between
assistant gunrer and loader. With the sliding-wedge breechblock such
an occurrence is entirely ruled out.

In loadine a piece with a sliding-wedge breechblock the round
is rammed through a notch in the breech ring. This gives a special ad-
vantage, for example, to antiaircraft gurs firing at large angles of
elevaticen. The height of the line of fire can be lowered by introduc-
ing vart of the round during loading into the notch in that part of
the breoch ring behind the wedge. This contributes to an increase in
the stability of a piece in the event of small angles of elevation,

In the sliding-wedge breechblock there are more opportunities
for the employment of automation or elements thereo