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FOREWORD

The years which have passed since publication of the first edition of this work have
fully confirmed the conclusions and forecasts of the authors pertaining to the place
and role of tanks under present-day conditions and in the foreseeable future.

The aggression in Vietnam, the India-Pakistan conflict and the Arab-Israeli war
demonstrated that the tank continues to be a formidable combat weapon. This is due
to the fact that the tank beautifully combines the excellent qualities required for
battle: firepower, striking power, maneuverability and mobility, as well as protec-
tion against the principal weapons.

As a result of development of modern means of transportation, the tank has become
transportable for all modes of transport, including air. This has increased to an
even greater extent the tank's potential and significance as a weapon.

Predictions by skeptics that appearance on the battlefield of antitank guided mis-
siles (ATGM) would bring to an end the tank's domination of the field of battle

have not come true. Conclusions on the role and: place of tanks in future wars, made
by Soviet military science even before World War: II, would remain valid after that
war as well. The laws and patterns of employment of tank troops, discovered by our
science, have not lost their practical significance. The development of powerful
antitank weapons, including ATGM, has not diminished the significance of tanks.

Research and improvement in the military area are opening up new horizons, which
are truly boundless. Together with the development of military hardware and knowl-
edge of military affairs, new problems arise in the art of warfare, problems which
form obstacles in the path of efficient utilization of new equipment and employment
of new methods of concepts arising on the foundation of new knowledge.

In order to move forward it 1s necessary to resolve these problems in a prompt and
timely manner and to proceed now with penetrating into the essence of those
phenomena and processes which will arise in a future war, if aggressive forces
initiate a war. In the course of war there will scarcely be time to correct er-
roneous concepts. Commanders of all echelons will have too little time to acquire
experience during combat operations. Therefore it is doubly essential to test and
verify now, element by element, already existing and newly developed concepts to

as thorough a degree as is possible. Questions pertaining to the present and future
of tank troops acquire particular importance in this regard.

1
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Practical experience and theory become rapidly obsolete in a time of swift advance
of technology. Development of weaponry in the postwar years evoked many new ideas
in military affairs. We are witnesses to a reassessment of values. Debates on the
role and influence of services and arms on the course and outcome of war have con-
tinued up to the present day.

Nor has this process bypassed tank troops. Today, however, there are no longer any
doubts about whether the tank is obsolete ~- it has become completely obvious to
everybody that the tank is needed. At the present time there is a debate in progress
abroad about what tank is best under present-day conditions, what its design, lay-
out and armament should be, what combat vehicles should be employed for infantry,
and whether large operational formations of tank trocps are needed under present-
day conditions, when armies have become fully motorized. These are the main prob-
lems in development of tank troops which concern theorists and practical experts in
military affairs and on which various points of view exist.

It is generally believed today that all the capabilities of modern weapons can be
fully utilized in mobile warfare and that the tank is the most powerful means of
ground attack for performing many of the combat missions assigned to ground troops.
Frequently, however, completely opposite points of view are held by experts in dif-
ferent countries as regards the tank itself, the organizational structure and
theory of employment of tank troops. This is quite understandable and logical, for
the truth is born in struggle by opposing opinions.

The task of military science in this regard is to reveal correctly and in a timely
manner the objective laws and patterns of war and correctly to determine the trends
which should be followed by development of armored equipment, organizational forms
of development of tank troops, and the principles of their emplovment in war.

Another aim of the second edition of this work is refinement of these laws, patterns
and trends, which are very difficult to see in the streams of new, contemporary in-
formation in all areas of military affairs. Therefore they require fuller and more
systematized presentation.

The authors of this volume hase sought to show the general directions and patterns
of development of armored equipment and organization of tank troops, as well as the
principles of their employment on the battlefield, without going into details. The
authors have also of course taken into account the experience of the past, es-
pecially that experience which in their opinion is useful for the future, for suc-
cess has always attended not he who blindly copied the old but rather he who, over-
coming the old, boldly laid new roads forward. In this regard the book can offer
tank troop commanders and military engineers as well as the people in the tank in-
dustry food for their innovative quest in design, operation and combat employment
of tanks,

It is a well known fact that the tank was created by the objective conditions of
combat reality. Its role and significance experienced change, beginning on 15 Sep-
tember 1916, when the tank first appeared on the battlefield. Employed initially as
an infantry close support weapon, the tank was gradually transformed into a means

of infantry and cavalry tactical exploitation. As technical improvements occurred,
the tank earned its right to existence and was ultimately transformed into a factor
of operational significance.

"
e
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V. I. Lenin and the Communist Party, attaching enormous importance to the technical
equipment of the Red Army, defined the role and place of armored forces in war.
Analyzing the conditions of waging war in the machine age, V. I. Lenin reached the
conclusion that victory could not be gained without equipment and the ability to
utilize it against the adversary in battle. In war, he stated, "victory is won by
he who has the greatest engineering, organization, discipline and the best
machines.,."*

The tank troops established during the first years of Soviet rule became in the
hands of the proletariat and its army a powerful means of defense of the Soviet
Republic against the imperialist aggressors.

Taking account of V. I. Lenin's statements, Soviet art of warfare had high regard
for the operational capabilities of tanks, Elaboration of theory of employment of
tanks and establishment of large tank combined units were a result of this. Soviet
art of warfare created for the first time in history a theory of the operation in
depth, in which tanks were assigned one of the decisive roles.

World War II fully confirmed the correctness of this theory. Large tank formations,
working in coordination with air power, performed cperational and strategic missions,
penetrating deep into the enemy's dispositions. One can boldly state, without
denigrating the role and significance of other weapons, that tanks deserve excep-
tional credit foi achieving victory over the enemy in World War II.

The effectiveness of employment of tank troops in World War II was so great that
ALY their development after the war proceeded at an accelerated pace in all the armies
of the world. The development of nuclear weapons, however, with their enormous
destructive force, engendered substantial doubts in the minds of certain foreign
theorists and practical experts in military affairs regarding the qualitative com-
position of the tank inventory, which at that time included three principal types of
tanks: light, medium, and heavy. Since the principal role in neutralizing and
destroying the adversary was assigned to nuclear wéapons, and since they viewed the
capture of enemy-held ground as the principal mission: of ground forces, it was con-
sidered adequate to possess only light tanks and other armored vehicles adapted for
airlifting and capable of performing these functions.

-,

The development of antitank guided missiles, which are capable of piercing tank
armor of practically any thickness, bolstered this view. 1In France, for example,
only light tanks, armored cars and armored personnel carriers were built for an ex-
tended period of time after the war.

The majority of military experts, however, are of the opinion that the necessity of
large-scale combat operations dictates that tank troops be equipped with diversi-
fied military hardware, including various types of vehicles: tanks, self-propelled
guns of various designation, armored cars, armored personnel carriers, and other
special vehicles.

Advocates of this view are of the opinion that tanks should constitute the founda-
tion of tank troops -- highly mobile tracked combat vehicles with excellent

* V, I. Lenin, "Poln. Sobr. Soch." [Complete Works}, Vol 36, page 116.

3
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cross-country performance and carrying powerful weapons and armor protection. Tanks
are designated for performing a broad range of missions, particularly engagement of
hostile tanks. They are an offensive weapon which is directly employed to neutralize
and destroy the enemy, and therefore they should carry versatile main armament
capable of performing the combat missions which they are assigned: conduct of recon-
naissance and engagement of hostile armored targets, neutralization and destruction
of hostile antitank weapons including artillery, destruction of defensive installa-
tions, and killing of enemy personnel. In order to accomplish missions of this

kind, tanks should incorporate an aggregate of design features which provide high
fire maneuverability.

What has been stated above attests to the impossibility of combining in a single

tank model the entire diversity of combat performance characteristics requisite for
performing assigned missions. Therefore foreign experts believe that at the present
time and in the foreseeable future tanks of differing designation will continue to
be designed and built, differing substantially in combat performance characteristics,
specifications, and design features.

The existence of several types of combat vehicles, however, results in considerable
difficulties both in the area of logistical support and training personnel to
operate, maintain and repair these vehicles.

These difficulties engendered the idea of standardization of combat vehicles, in
order that all missions assigned to tanks can be performed by a minimal number of
tank types.

At the present time the tank inventories of the majority of the world's armies con-
tain a so-called main battle tank, which is capable of performing various missions,
particularly such missione as engaging enemy tanks, destroying antitank weapons,
destroying defensive installations, and killing enemy personnel, The remaining
types of armored fighting vehicles are highly specialized.

In addition, development of tanks and tank troops is influenced to a decisive
degree by forecasting the character of a future war, the role of tank troops in

a future war, and the modes of their employment. In this regard the principal
demand imposed on the tank boils down to its effective utilization in contemporary
warfare both with and without the employment of nuclear weapons.

Tie mndern tank is a complex combat vehicle built on the basis of the latest ad-
vances in science and technology, while tank troops are highly mobile bodies pos-
sessing the greatest capabilities to conduct successful combat actions under
various combat situation conditionms.

The bhest of the modern tanks are technically more sophisticated than tanks of the
postwar period. They reflect the latest advances in electronics, optics, radio
engineering, mechanics, chemistry, and power engineering.

In this edition, as in the previous one, the authors have sought on the basis of
unclassified published materials to show the contemporary status of tank troops
armored equipment, to discuss problems of adoption of the latest scientific and
technical advances, and to examine the future development prospects of armored
equipment and tank troops as a whole, without taking an excursion into history.

4
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This volume presents only general trends in the improvement of tanks and the pat-
terns of employment of tank troops. This 1is the correct approach, because individ-
ual points become rapidly obsolete, while tle general laws and patterns remain
valid for an extended period of time.

This volume can become a desktop companion not only for tankers but also for other
officers in our army, since it will help them perceive the role and place of tanks
in the ground forces armament system.

Chief Marshal of Armored Troops
A. Babadzhanyan

5
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PART ONE. ARMORED VEHICLES

SECTION I. MODERN ARMORED VEHICLES AND DEVELOPMENT TRENDS

Chapter 1. TANKS

1. Tanks -- Principal and Most Important Category of Armored Fighting Vehicles

The experience of World War II and combat operations in Korea, Vietnam, in the
India-Pakistan conflict, as well as in the Near East, confirms that tanks are the
most versatile weapon, capable of performing a broad range of combat missions. It
is precisely this which determines their role in contemporary wars as the main
striking force of ground troops.

The development of armored equipment is today taking place under conditions
characterized by the following:

the necessity of effective employment of tanks and other armored vehicles in
combat operations both with and without the employment of nuclear weapons;

a high rate of troop advance with a substantial depth of operations;

the fact that armies are armed with large quantities of diversified high
firepower antitank weapons, including ATGM, aircraft and, of course, tanks.

The United States, the Federal Republic of Germany, France, and Great Britain are
the leading capitalist nations in the manufacture of tanks and other armored
fighting vehicles. In addition to these countries, Sweden, Switzerland, and Japan
also build tanks of their own design.

The FRG is the leader among the European capitalist countries in production of
armored equipment and quantity of armored equipment in its military forces. It has
become one of the principal exporters of tanks to countries of the capitalist world.
Belgium, the Netherlands, Canada, Norway and Italy, which formerly purchased tanks
in the United States and Great Britain, have in recent years adopted the Leopard 1
tank for their armies.

With development of the STB-6 tank at the beginning of the 1970's, Japan joined the
group of nations which produce modern tanks. The versions of this tank, which was

adopted by the military in 1974, employ the latest tank engineering advances of the
leading capitalist countries,

In spite of the great variety of modern armored vehicles, tanks retain their primary
importance. At the present time the armies of the capitalist countries have
designated as main battle tank one type of tank the combat performance characterisics

6
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and technical specifications of which enable it to be successfully employed to
perform an extremely broad range of combat missions. The Western military press
began employing the term "main battle tank" for these tanks. The main battle tank
combined, as it were, the performance characteristics of medium and heavy tanks (ac-
cording to the previously employed classification).

Therefore when the discussion deals with tanks, their role, comparison and develop-
ment, of greatest interest are main battle tanks, the total number of which in
modern mechanized (motorized infantry) divisions runs to 200 vehicles, and in tank
(armored) divisions -- 300 vehicles and more.

Thus characteristic of the evolution of tanks today is a decrease in the number of
types. At the same time one observes a process of decrease in the number of dif-
ferent base vehicles within the framework of total armored equipment, by develop-
ment of a "family" of vehicles based on one vehicle which is common to the "family."
This arrangement greatly simplifies problems of manufacture, supplying spare parts,
vehicle reconditioning and maintenance, mastering of the equipment by personnel,

and securaement of coordination of subunits and units, since as a rule the member
vehicles of a "family" possess the same performance as regards mobility and protec-
tion. As a consequence of increasing the production of vehicles similar in design,
at the same time a decrease in manufacturing costs is achieved.

From the beginning of the 1960's up to the present time, foreign countries have
been continuing to build and furnish the military with postwar second-generation
tanks.

A fairly complete picture of the achieved level and trends in future tank develop-
ment can be obtained from an examination of the major combat performance
characteristics of the main battle tanks adopted in the 1960's by the armies of
those countries which are leaders in the area of development of armored equipment.
These tanks include the following: M60A1l (United States), 48 tons (Figure 1.1.1);
Chieftain* (Great Britain), 52 tons (Figure 1.1.2); AMX-30 (France), 36 tons

(Figure 1.1.3); Leopard 1 (FRG), 40 tons (Figure 1.1.4). In spite of a considerable
difference in weight, all of them are the main battle tanks for their countries'
armlies and are designed to perform the same missions. Table 1.1.1 lists the prin-
cipal specifications and performance characteristics of foreign tanks.

All the listed tank models retain the traditional, so-called classic layout.

As regards new innovations, we should note the Chieftain tank, in which the driver
assumes a semi-reclining position. This configuration is due to an endeavor to
reduce overall tank height by shortening hull height, which makes it possible to
reduce weight with given armor and to decrease probability of taking a hit on the
battlefield.

The dimensions of today's main battle tanks vary across a fairly broad range. The
M60Al tank, for example, is the tallest (2,980 mm), while the AMX-30 is the shortest.
The former is almost 700 mm taller than the latter. The Chieftain tank has the
greatest hull length (7,650 mm), while the M60Al tank has the greatest width (3,630
mm). The AMX-30 tank has the smallest dimensions: length -- 6,380 mm, width —-3,110 mm.

* Here and henceforth these designations shall apply to the principal models of
tanks of the designated types, that is, in this instance the Chieftain Mk2.

7
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Figure 1.1.1. M60Al Tank (United States)

r

Figure 1.1.2. Chieftain Tank (Great Britain)

Figure 1.1.3. AMX-30 Tank (France)

8
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Figure 1.1.4. Leopard I Tank (FRG)

Figure 1.1.5. STEV103B Tank (Sweden)

The Chieftain tank is the heaviest, while the AMX-30 is the lightest. The difference
between them is approximately 16 tons, which gives the AMX-30 tank considerable
advantages in cross-country capability and transportability (ground, water and air).
The Leopard 1 tank occupies an intermediate position in all these specifications.

The design of the Swedish STRV 103B tank is unique (Figure 1.1.5). It weighs

39 tons, and its 105 mm gun is mounted not in the turret but in the hull. This
tank's turretless design is due to an endeavor to obtain a vehicle with thick armor
protection at a lighter weight, since the turret accounts for up to 25 percent of the
total weight eof a tank. Mounting the tank's armament in the hull has made it pos-
sible to reduce the tank crew to three men, by employing automated loading.

Foreign experts, while noting the unique design of the STRV 103B tank, point to a
serious deficiency of this layout -- the impossibility of delivering aimed fire
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Key to Table 1.1.1 on preceding page:

1. Parameters 25. Fording depth with underwater

2. Main battle tanks operation equipment, meters

3. M60A1 (United States) 26. 1Installed during modernization

4. M60A2 (United States) 27. Optical range finder

5. Leopard 1 (FRG) 28. 46 (including 13 ATGM)

6. Chieftain (Great Britain) 29. Yes

7. AMX-30 (France) 30. Laser range finder

8. P68 (Switzerland) 31. Shellproof

9. STRV103B (Sweden) 32. 1Installed beginning with model Al
10. STB-6 (74) (Japan) 33. Laser range finder (beginning with
11. Sheridan light tank (United States) model A4)
12. Combat weight, tons 34, Yes
13. Crew 35. Laser range finder (beginning with
14. Tank gun caliber, mm model Mk3)

15, Ammunition load 36. Installed during modernization
16. Machinegun 37. Laser range finder installed dur-
17. Coaxial ing modernization
18. Antiaircraft 38. Installed during modernization
19. Armor protection 39. Optical range finder
20. Weapon stabilizers 40. No
21. Means of precision target ranging 41. Laser range finder (beginning with
22, Maximum engine horsepower model 103B)
23. Top speed, km/h 42. (Gas turbine engine)
24, Tank range (highway), km 43. Amphibious
44, Yes

45, Laser range finder
46. (including 10 ATGM)
47. Small-arms-proof
48, (5.6 afloat)

while rolling, since laying the gun for deflection is done with the tank hull, which
greatly limits the effectiveness of utilization of this tank under combat conditions.

Let us examine the major combat performance characteristics of modern main battle
tanks -- their firepower, armor (and special) protection and mobility, which will
give us an idea of the attained level and trends in future tank development.

Firepower. Postwar second-generation main battle tanks adopted by the armies of the
capitalist countries possess considerably greater firepower In comparison with
earlier models. This has been achieved by carrying heavier guns with high muzzle
velocities, by developing projectiles with great destructive effect on the target,
and by equipping tanks with devices and mechanisms which increase accuracy and rate
of fire.

Modern main battle tanks carry large caliber long-barrel guns as main armament.

For example, the U.S. M60Al tank, the Swiss P68 tank, the Japanese 74 (STB-6) tank,
the Indian Vijayanta Mkl tank, as well as the West German Leopard 1 tank carry the
British 105 mm rifled gun, which was first employed on the British Centurion Mk9
tank. The French AMX-30 tank is armed with rifled-barrel systems of the same
caliber, but of French design. The British Chieftain tank carries a 120 mm rifled
gun.

11
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According to information in the foreign press, subcaliber projectiles fired by the
British 105 mm gun at a range of 1,000 meters, with a right-angled hit, can pierce
steel armor approximately 300 mm thick. The high muzzle velocity of this gun's sub-
caliber projectiles, which reaches 1,".75 mps, givesa high hit probability and con-
siderable range.

Modern shaped-charge projectiles boast even greater armor defeating performarice,
plercing armor of a thickness of approximately 3.5-4.0 of the projectile caliber,
regardless of range to the target.

Recently Britain has developed armor-piercing high explosive shells with a plastic
explosive and squash head. The British hold these projectiles in high regard,
especially due to their versatility, as a consequence of which their Chieftain tanks
do not fire shaped-charge rounds. Shells of this type are also carried by certain
other foreign tanks.

The U.S. M60Al1l tank employs sabot projectiles, fin stabilized shaped-charge and
armor piercing high explosive shells with plastic explosives, developed by the
British for their 105 mm gun. In addition, the ammunition load carried by U.S. main
battle tanks also include white phosphorus smoke shells, which are employed against
enemy targets and for concealment.

The availability of shells of several types ensures the capability to score ef-
fective kills on diversified battlefield targets and give the tank gun great
versatility, which is so essential to tanks.

Typical of the armament of main battle tanks of the armies of capitalist countries
is a large number of rounds carried (up to 60), a figure obtained in spite of
mounting large caliber guns on tanks. Improved accuracy of tank fire is achieved
by employing vertical and horizontal plane gun stabilizers, by employing range
finders which determine range to target, ballistic computers which automatically
determine initial settings for firing (taking account of measured range, angular
displacement of target, meteorological, topographic and ballistic conditions), em-
ployment of insulating gun jackets, etc. Accuracy of tank gun fire is sometimes im-
proved by employing coaxial ranging machineguns, as is the case, for example, with
the Chieftain tank, or even small-caliber guns, such as those carried for this pur-
pose by the Swiss P68 tank. Obviously such a method of improving accuracy of tank
fire increases the time required for readying the first round and gives away the
tank's position.

Automation of the processes of preparing to fire, firing and fire control is one of
the most important trends in development of tank armament.

In today's tanks the tank commander can rotate the turret from his control console.
This enables him to take over fire control. In addition, the tank commander can aim
and fire the tank's gun, utilizing a range finder (on the M60Al tank, for example),
if the gunner is disabled.

The experience of World War II and local wars in Korea, Vietnam, and the Near East
demonstrated that troops should possess the capability to fight regardless of
visibility. 1In connection with this, in order to ensure successful tank troops
combat operations at night and in poor visibility, drivers, commanders and gunners
of modern tanks are equipped with special gunsights and vision devices. This sub-
stantially increases tank combat utilization capabilities.
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The level of fumes in a tank's fighting compartment from firing the tank's gun is
reduced by tlie use of extraction devices to purge the barrel. Some tanks employ a
spent casing ejection mechanism for this purpose, as well as to improve firing con-
ditions and rate of fire (STRV103B and Centurion tanks), but combustible or semi-
combustible cases are employed abroad for a more radical solution to the problem of
gas level in the fighting compartment and its cluttering with spent shell cases.

The Leopard 1 tank is provided with a special exhaust ventilation system, in addi-
tion to an evacuator,to remove propellant gases released during firing of the tank
gun and machinegun. A fan removes gases released during machinegun firing directly
through holes in the mantlet or through a flexible hose, and removes gases by
suction from the box under the tank gun's breech ring, into which the spent cases
fall.

Auxiliary machineguns, including antiaircraft, are mounted on tanks to use against
infantry, close-range antiaircraft weapons (rocket launchers, recoilless guns, anti-
tank rifles, etc), lightly armored ground and slow-flying air targets.

Coaxial mounting of tank gun and machinegun is the usual practice. Frequently
machineguns of various designation are mounted on commander's cupolas, which are
mounted on a ball-bearing support for turning relative to the main turret. The
M60A1, AMX-30 and Chieftain tanks, for example, carry commander's cupolas mounting
machineguns. On the Leopard 1 tank an antiaircraft machinegun can be mounted on

a ring momnt over both the loader's and commander's hatch.

In order to increase the effectiveness of tank armament when firing at long range,
the French AMX-13 light tanks carry, in addition to the main armament, several wire-
gulded antitank missiles carrying shaped charges with high armor-piercing capabili-

ty.

In spite of success achieved in development of tank gun armament and in increasing
accuracy of fire and force of projectile effect on the target, work is in progress
in the United States, France and certain other capitalist countries to develop
tank main armamment in the form of combined missile-gun armament capable of firing
guided missiles (rockets) from the gun barrel as well as firing conventional
projectiles.

In the opinion of a number of Western experts, success achieved in the area of
rocketry, automatic control, remote control, and in the development of antitank
guided missiles has already created certain preconditions for utilization of the
latter as tank main armament. In their opinion, arming a tank with specially
designed sophisticated tank guided missiles could mean a qualitative leap forward in
boosting tank firepower.

The United States already has operational the Sheridan light amphibious reconnais-
sance tank (Figure 1.1.6) and a modification of the M60Al main battle tank -- the
M60A2 tank —- which carries as main armament a short-barreled 152 mm rifled gun
which can fire conventional high explosive fragmentation shells and can also be
used for firing infrared guided missiles through the barrel. This armament makes
it possible, in the opinion of forelgn experts, to employ the M60A2 tank as a re-
inforcement tank to hit enemy armored targets at long range.
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Figure 1.1.6. Sheridan Tank (United States)

While not denying the expediency of employing guided missile weapons on tanks, the
Americans are presently devoting principal attention to development of guns as main
armament.

Armor and special protection. Today the defense has become densely saturated with
various both close-range and long-range antitank weapons. In addition, the ef-
fectiveness of antitank weapons has substantially increased due to an increased ac-
curacy of fire and greater force of projectile effect on the target. Fixed-wing
aircraft and helicopter gunships are being utilized to an ever increasing extent
against tanks.

Success achieved in the development of armor defeating weapons, and particularly
antitank guided missiles, has resulted in the following: in the foreign press,
especially since the Arab-Israeli war in October 1973, has frequently raised the
question of the advisability of radically reducing tank armor protection which, in
the opinion of the authors of such a plan, would be fully compensated by giving
the tank greater mobility, and hence less vulnerability on the battlefield. Other
experts, however, are of the opinion that there never have existed any tanks with
unpierceable armor. There have always been on the battlefield means of killing
tanks with fire. But the thicker a tank's armor, the fewer the weapons which can
defeat a tank. Heavy armor substantially reduces the probability of tank kills by
fire from various antitank weapons which may be employed on the battlefield, in-
cluding tank guns. Thick armor places tanks in more favorable conditions in a
fire fight with poorly armored enemy tanks, since in such an engagement decisive sig-
nificance is assumed by the combination of firepocwer and armor protection.

The fact that armor is one of the most reliable means of protecting a tank's crew
and internal equipment from the destructive and casualty-producing factors of a
nuclear burst has also in the postwar years been considered an important
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argument in favor of employing thick armor. Therefore throughout the entire
period of development of main battle tanks, there has been observed a tendency to-
ward increasing their armor protection. This situation has essentially con-
tinued up to the present day, and such well known main battle tanks of capitalist
nation armies as the M60Al, Chieftain and others carry thick armor protection.

Foreign tanks developed in recent years -- the Leopard 2 (FRG) and XMl (United
States) -- according to published reports, are substantially superior in armor
protection to the tanks which they are to replace.

The principal drawbacks to employing thick armor protection are connected with in-
creasing a tank's weight, consequently decreasing mobility, cross-country capabili-
ty, transportability and certain other performance characteristics. Therefore ia
the postwar years strengthening of the armor protection of tanks has proceeded

not only in the direction of outright increasing the thickness of armor plate but
also in the direction of steeply sloping the most critical armored surfaces,
particularly frontal surfaces (slopes reach 60° and more on the M60Al and

Chieftain tanks) and differentiated distribution of armor thickness in relation to
tank hit probability under combat conditions.

Optimal distribution of thickness of armored components with a predetermined

weight can be achieved by casting armored components, which has found expression in
turret designs, which up until recently* have been fabricated by casting for all
main battle tanks.

The hulls of the majority of foreign tanks are fabricated of welded rolled plates;
only the hulls of the U.S. M60Al and Swiss P68 tanks are cast.

Today shellproof armor is made only of special armor alloy steels. Armor of light
alloys is being used at the present time only to provide protection against small-
arms fire.

The diversity of modern tank killing weapons creates additional difficulties in
providing reliable protection simultaneously against armor-piercing kinetic
projectiles and against shaped-charge ammunition, the effect of which on armor

is based on different principles. 1In developing armor for a tank, designers also
take into consideration the necessity of protecting the crew against penetrating
radiation in the form of gamma radiation and a neutron flux. In connection with
this many proposals are made pertaining to development of so-called composite or
layered armor protection, made up of different materials.

In order to increase protection against shaped-charge projectiles, skirting plates
began to be installed on the Centurion and Chieftain tanks, and subsequently on the
modernized Leopard 1 tank as well. Obviously for this same reason Leopard 1 tanks
began carrying welded turrets, which make it possible to provide so-called spaced

armor protection. Provision of tank capability to operate for extended periods of

* Welded turrets began to be used on Leopard 1A3 tanks, produced since 1973, and on
subsequent models of this tank, as well as on experimental models of the Leopard 2
and XMl tanks.
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time on terrain contaminated by radioactive substances and the necessity of
protecting crew members from toxic chemical agents and bacteriological (biological)
weapons dictated provision of modern tanks with a reliable airtight seal and filter-
ing-ventilation units to purify the air reaching crew members and to establish an
overpressure inside the tank, preventing contaminated substances from entering the
tank together with air.

Mobility. All foreign military experts are unanimous in their view that the
spatial scale, depth and pace of operations under conditions of a potential

nuclear missile war demand a substantial increase in the mobility of tank troops
and duration of tank troop operations without a halt. This has found expression in
the development of tanks with higher top and average speeds.

The power to weight ratio cf modern tanks is being increasingly more frequently in-
creased in order to increase mobility. For example, postwar U.S. and British tanks
(M26, Conqueror, Centurion, etc) boasted a power to weight ratio of approximately
12 horsepower per ton, today the M60 tank has a power to weight ratio of 16.2
horsepower per ton, while the Leopard 1 and AMX-30 tanks boast 20 horsepower per
ton.

An increase in power-to-weight ratio up to the above figures has made it possible
to obtain on the Leopard 1 and AMX-30 tanks top speeds on good roads up to 65 km/h,
while employment of improved transmissions, control lirkages and suspension systems
permits high average speeds off roads as well.

Development of tank powerplants abroad 1s characterized by the adoption of diesel
engines (in the USSR diesels have powered tanks since before the war).

Another typical trend in the development of tank powerplants is provision of a
multi~-fuel capability. Multi-fuel engines are presently powering the Chieftain,
Leopard, AMX-30, STB-6 and certain other tanks.

In addition to the adoption of multi-fuel engines, a number of countries, partic-
ularly the United States, are engaged in intensive work on development of gas
turbine engines for tanks, although initial models at the present time have poorer
fuel economy than piston engines.

The attention being devoted to gas turbine engines is due to the fact that they

are lighter and smaller than piston engines, and this offers definite advantages

in developing a small powerplant. In addition, foreign military experts believe
that the tractive performance of a gas turbine engine, which is well suited to a
tank, makes it possible to simplify transmission design and to make it gmaller, which
on the whole makes it possible additionally to reduce the volume of the engine and
transmission compartment. This space can be used for fuel stowage and can to a cer-
tain degree compensate for the engine's poor economy.

Gas turbine engines can run on various fuels and are easy to start. At the present
time they are being installed only on experimental models of foreign tanks (for
example, on a special model based on a Conqueror tank chassis)., The Swedish
STRV103B tank carries a gas turbine engine mounted parallel to the main multi-fuel
piston engine and is fired up to assist it only when the power required by the
operating conditions is greater than the horsepower of the main engine. The U.S,
XM 1 tank has a gas turbine main engine.
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We should emphasize certain powerplant features which are common to the latest
models of U.S. and FRG tanks, which reflect a focus on the possibility of develop-
ing heat-dissipating devices for intensive mixing (cooling) of engine exhaust gases
with the cooling system airflow prior to being expelled from the tank.

One way to increase tank range, other than adopting engines with low fuel consump-
tion, is to increase fuel carrying capacity.

In spite of the fact that the endeavor to reduce tank weight results in maximum
reduction of hull interior volume, the urgent need to boost tank range dictated an
increase in the fuel supply carried inside a tank. For example, internal fuel
tank capacity on the M60Al tank is 1,470 liters, 985 liters on the Leopard 1, and
950 liters on the AMX-30. As a result, the range of the most recent models of
foreign tanks exceeds 500 km on a surfaced highway.

Improved mobility of modern tanks is also achieved by employing better transmissions,
control linkages, hull suspension systems, and improved visibility. Modern tanks
employ various 5-7 gear mechanical transmissions, and hydromechanical transmis-
sions.

Hydromechanjiral transmissions with hydrodynamic torque converters are widely em-
ployed on tracked and wheeled armored vehicles. The Swedish STRV103B, the Swiss
P68 tank, and the West German Marder armored personnel carrier employ stepless steer
in g mechanisms in order to improve ease of handling; change in track speed required
to execute a turn is achieved with the aid of controlled hydraulic transfer units,
powered by the engine parallel to the main flow of power to the transmission.

Realization of a tank's tractive and dynamic characteristics, provided by the power-
plant and transmission, depends to a large degree on the performance of the con-
trol linkages. Hydraulic servo links are in quite widespread use today, with con-
trol work performed almost entirely on the energy provided by special sources.

The Chieftain tank shifts gears by electric-powered linkage. On the Leopard tank
the hydraulic-linkage slide valves feature electromagnetic remote control.

The steering controls on some tanks are similar to automotive and aircraft con-
trols, that is, in the form of a steering wheel (M60Al and Leopard 1 tanks).

An important role in achieving a high average tank speed off roads 1s played by
the quality of the suspension systems, and therefore considerable attention is
currently being focused on improving them.

In comparison with the other main tank system groups, the track drive is the
shortest-lived. This is due to the extremely severe operating conditions of such
drive components as the track links and meshing points. At the present time two
types of track links are employed: open metal and ring-type rubber-metal (silent
block).

Excellent tank cross-country capability is obtained with a small specific ground
pressure and good track-soll adhesion. This is achieved by employing wide tracks
with effective lugs. The experience of the last war substantiates the low specific
ground pressure achieved by the Leopard 1 and AMX-30 tanks (0.77 kg/cm2 for the
AMX-30).
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Great importance has always been attached to ability of tanks to cross rivers.
This 18 particularly important under present-day conditions, since combat opera-
tions should be conducted a: a rapid pace. Modern tanks can cross rivers without
employing unwieldy crossing equipment -- wading, and afloat. A tightly-sealed
hull and effective turret race seals enable tanks to cross deep fords with little
preparation.

Underwater tank operating capability at a depth of 4~5 meters is today considered
practically a mandatory requirement on modern tanks. These requirements are met
by the M60Al, Leopard 1, AMX-30 and other tanks. In the Soviet Union submerged
tank operation was tested as early as before World War 1I.

In order to cross rivers afloat under its own power, a tank should possess buoyancy
and water propulsion capability, For this purpose a number of tanks (Centurion,
SRTV103B) are equipped with detachable screens which increase their displacement.
Either the tank's tracks or special detachable propellers powered off the tank's
drive sprockets are employed as water propulsion devices.

Modern tanks employ various navigation gear for determining position in the field --
from a simple directional gyro with speedometer to highly complex computer~equipped
course indicators and automatic course plotters.

The Leopard 1A3, AMX-30 and P68 tanks employ computers for continuous determination
of the tank's topographic coordinates and angle of movement. In the Swedish ANS~
100 navigation system, results are gauge-displayed; in the German Teldix and
Canadian LNS systems, the track covered by the tank is additionally recorded by an
automatic recording stylus or indicated on a map by an illuminated arrow.

U.S. and British tanks, in addition to a course plotting computer, employ a course
indicator showing the shortest route to the selected destination. The gauges con-
tinuously display the tank's current coordinates, distance to destination, the
tank's course angle and bearing to destination. The tank's route of movement is
recorded on a map by the automatic course plotter.

Reliability has become extremely important for today's tank. We should note that
tank reliability is defined as its capability to operate continuously, in con-
formity with its combat performance characteristics, without repairs, complicated
adjustments and replacement of parts and assemblies if they are not specified as
part of routine servicing of this equipment.

Modern combat operations demand that a tank crew remain in the tank for extended
periods of time with fully closed hatches. At the same time the endeavor to
achieve a compact layout, dictated by demands of reducing weight, decreasing size
and strengthening armor protection have resulted in extremely small tank interior
spaces, while the necessity of protecting the crew against the various casualty-
producing elements of the nuclear burst has required that vehicles be fully air-
tight. If to this we add the fact that the fighting compartment and driving com-
partment become filled with propellant gases during firing, one gains a picture
of the difficult conditions in which a tank crew will find itself, especially at
high outside air temperatures.

In connection with this there arose the necessity of equipping tanks with ventila-
tion and air conditioning units which would ensure the interior air a specified
degree of purity, temperature and humidity (microclimate).
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In conclusion it is important to stress that as armored equipment becomes more
sophisticated, the design of combat vehicles becomes more complex, and their cost
increases. According to information published abroad, for example, at the end of
World War IT the U.S. M4A4 main battle tank (Sherman) cost approximately 55,000
dollars, while the M48 tank cost 156,000 dollars in 1958, the M60Al tank cost
220,000 dollars in 1971, and the cost of the XM 1 main battle tank, produced in
quantity, will exceed 500,000 dollars.

2. Future Evolution of Tanks and Thelr Performance Characteristics

By the mid-1970's the process of saturating forces with postwar second-generation
tanks, that 1is, the M60Al, Chieftain, Leopard 1, and AMX-30 tanks, developed at the
beginning of the 1960's, was completed in the major capitalist countries. Moderniza-
tion is of great importance in improving performance characteristics, alongside the
normal process of tank development, involving systematic development of new models
for the immediate and more distant future,

Tank modernization consists essentially in the following: in connection with the
fact that one and the same tank has been in production and on the line for an ex-
tended period of time, models of subsequent series, in order to improve their com-
bat effectiveness, are equipped with improved instrumentation, mechanisms, systems
and equipment. The performance characteristics of tanks of subsequent series
prove to be better, which makes tanks of one and the same type unequal from the
standpoint of combat capability and leads to destandardization in respect to their
equipment.

In order to correct this deficiency, a number of countries are "boosting" older
tank models to the level of more recent models. As is indicated by the develop-
ment of the different models of the Leopard 1, M60Al, Chieftain and other tanks,
principal attention in improving the performance characteristics of main battle
tanks in the process of their modernization is focused on increasing firepower by
improving accuracy of tank fire and increasing rate of fire. In connection with
this, tanks are equipped with increasingly more sophisticated means of automating
the processes of preparing for firing and firing, which increase first-round hit
probability at all ranges. On those postwar second-generation tank models, on the
first series of which gun stabilizers, range finders or ballistic computers were
not installed, they are installed on later series (models), while less sophisticated
range finders and mechanical computers are replaced with laser and electronic
equipment respectively.

Only on the M60A2 tank, which constitutes one direction of development of the M60
tank, is boosting firepower based on employment of a combined gun-launcher, which
makes it possible to use a gun of moderate ballistics (but large caliber) to fire
both conventional projectiles and missiles.

Strengthening of armor protection when modernizing postwar second-generation tanks
is limited by the complexity of altering a vehicles design and as a rule is per-
formed only on those vehicles which possess certain reserve in their power-to-weight
ratio, since these measures involve increasing a tank's weight, and this can lead
to diminished mobility. Therefore only anti-shaped-charge skirting plates were
added to the Leopard 1Al, while turret armor was strengthened on the Leopard 1A2
and Leopard 1A3.
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Improving mobility through modernization is a very difficult task, since this
usually requires increasing engine horsepower, which leads to substantial changes
in tank hull design. Therefore improved mobility on these models is achieved as a
rule not by increasing the tank's power-to-weight ratio but by furnishing the tank
with equipment for deep fording without a halt, by providing the driver with im-
proved night vision devices, etc.

As a rule, modernization of each new model provides further improvement in opera-
tional reliability of the tank's machinery and mechanisms.

Development of future main battle tanks. Following failure of the joint U.S.-
West German development of a main battle tank for the 1970's (MBT-70), these
countries went their own separate ways in designing technically simpler and con-
sequently less expensive tanks than the MBT-70.

In 1972 the United States commenced work on the new XM1 tank, which the Pentagon
plans to use as a replacement to the M60 series tanks. The well known automotive
companies Chrysler and General Motors, which have long specialized in the area of
building tanks, proceeded with development of this new tank on a competitive basis,
working on the same specifications and performance. Experimental models of the
tanks developed by these two companies underwent factory testing in 1975, and com-
petitive tests to determine the better model began in the spring of 1976.

The two tanks have much in common: a welded hull with highly-slopad glacis plate,

a welded turret carrying a 105 mm rifled gun, and layered armor protection. Both
tanks carry a four-man crew and weigh approximately 53 tons. The tanks carry a
fire control system which includes horizontal and vertical gun stabilization, a
laser gunsight-range finder, electronic ballistic computer, and gunsight with
stabilized line of sight.

As auxiliary armament the XM1 tank carries a 7.62 mm machinegun coaxial with the
main armament; in the future this machinegun is to be replaced with a 20-30 mm gun;
a 12.7 mm antiaircraft machinegun mounted by the commander's position, and a 7.62 mm
machinegun center-pivot mounted by the loader's position.

- l

Figure 1.1.7. XM1 Tank (United States)

In order to increase tank battlefield survivability, on both models of the XM1
tank ammunition and fuel are stored in isolated armored compartments. The XM1
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tank, due to elimination of the commander's cupola and compression of the hull, is
considerably less than the M60 series tanks in height.

Both test models of the XM 1 tank are powered by 1,500 horsepower engines: the
General Motors tank is powered by a diesel engine, while the Chrysler tank is
powered by an AGT-1500 gas turbine engine. Both models employ the same hydro-
mechanical transmission -- an Allison X-1100, which has four speeds forward and
two reverse. The continuous steering gear, with disengaged gearbox, enables the
tank to turn with the tracks rotating in opposite directions.

It is believed that the tank's high power-to-weight ratio (approximately 30 horse-
power per ton), with improved transmission and suspension system, will enable both
models to attain a top speed of 70 km/h and an average off-road speed of 40-50 km/h.

According to reports in the U.S. press, in the spring of 1977, as a result of com-
parative tests on the submitted versions of the XM-1 tank, the nod was given to
the Chrysler version (Figure 1.1.7), which was assigned the designation Abrams.
Initiation of series production was targeted for 1979.

In the FRG development of new tanks is proceeding at a very rapid pace. By 1976
factory and field testing was completed on experimental versions of the Leopard 2
main battle tank, which was to replace the obsolete U.S.-made M48A2 tanks which the
Bundeswehr was still using .

Figure 1.1.8. Leopard 2 Tank (FRG), With Skirting Plate Removed

The Leopard 2 tank (Figure 1.1.8) has a traditional layout, with the engine-trans-
mission compartment positioned aft and carrying a four-man crew. The tank's hull
and turret are welded.

This tank was developed with employment of improved assemblies and components of the
Leopard 1 models, as well as satisfactorily performing gear developed during the joint
project, with the United States, on a version of the MBT-70 tank -- the KP70 tank.

The tank's main armament will be a 105 mm or 120 mm smoothbore gun, which is cur-
rently undergoing comparative tests with this aim in mind.
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The Leopard 2 tank employs a new fire control system, which includes a laser gun-
sight-range finder, electronic ballistic computer, vertical and horizon-al gun
stabilizer, passive infrared gunsights and vision devices. Weighing aboit 55 tons,
the Leopard 2 has thicker armor protection than the Leopard 1. 1t 1s powered by

a multi-fuel 1500 horsepower diesel engine, which provides the tank with high speed
and acceleration.

An improved version of this tank has been developed on the basis of testing of
versions of the Leopard 2 tank; the improved model is designated the Leopard 2AV.
The principal difference between the Leopard 2AV and the Leopard 2 tank is employ-
ment of a turret of new design with reinforced multilayered armor, as well as
storage of fuel tanks and ammunition in explosion-safe containers.

In 1976 the Leopard 2AV tank was being built in two versions. One tank, with a T-20
turret, carrying a 120 mm smoothbore gun and an improved fire control system, was
being built by the West German company AEG-Telefunken, while the other, with a T-19
turret, carrying a 105 mm rifled gun and fire control system, was built by the U.S.
firm of Hughes. On the basis of tests, preference was given to the 120 mm smooth-
bore gun.

A Leopard 2AV tank with the T-19 turret was tested at proving grounds in the United
States for the purpose of comparing its performance with U.S. experimental versions
of the XM1 tank. In these tests its average speed proved out at 55 km/h on

rough terrain and 68 km/h on roads.

According to published information, work on future tanks is also in progress in
France and Japan; French experts, just as in many other capitalist countries, reached
the conclusion that tanks in the immediate future should carry gun, not missile-gun
armament. Therefore a 120 mm smoothbore gun was selected for Fran