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ABSTRACTA 'Tirts pamphlet gives a popular treatment of the problems
cf design and combat applicaticn of antitank guided missiles [ATGM:
{"YPC). It relates the reasons that prompted the development of
thesn missiles and the classification of ATGM's according to the
most important criteria, After an acquaintance with the general
concept of an ATGM, a more detailed account is given of the basic
principles of designing the individual components of the ATGM (rocket
engines, airframes, and so forth). For an understanding of the
principles of action of the individual ATGM components, brief
information is given from aerodynamics, the th=2ory of gyroscopes,
and electronics., The pamphlet discusses the methods of firing
antitank guided missiles and the procedures of firing instruction.
Problems concerning the combat application of ATGM for various

types of troops and for the most importa-t forms of combat are
outlined. Brief performance characteristics of contemporary ATGM's
are given and the means for their further development are discussed.
Futhermore, a brief description »f contempcrary unguided antitank
rocket. weapons 1s presented, The pamphlet was written on ths basis
of materials of the foreignfpress and does not pretend to give an
exhausting account of all the problems connected with the fundamentals
of design and the principles of comba‘ utilization of ATGM's., The
pamphlet is intended for an extremely wide range of military and
civilian readers who are interested in new military equipment and
its combat application, English translation: U5 figures; 86 pages.
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U. S. BOARD ON GEOGRAPHIC NAMES TRANSLITERATION SYSTEM

Bl

A a A e A, a P
B 6 B & B, b c
B B e V, v T
rr res G, g Yy
aAx R D, d ®
E e E o Ye, ye; E, e X
X = R = Zh, zh U
8o s 2, 2 Y
Hn H I, 1 m
R I | Y, ¥y m
K x K = K, k B
A a N a L, 1 H
M n M u M, m b
H n H » N, n -]
O o 0o 0, o 10
Nnon T » P, p A

npgeTgvy P O B ®w

NIOCRYRECENGCNOY

* ye initially, after vowels, and after », e
en written as & in Russian, -transliterate as y# or &,

The use of diacritical marks 1s preferred, but such marks

may be omitted when expediency dictates,
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ock Italic Transliteration Block Italic Transliteration

Sh, sh
Shch, shch
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Y, ¥y
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E, e

Yu, yu
Ya, ya
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FOLLOWING ARE THE CORRESPOMDING RUSSIAN AND ENGLISH
DESIGMATIONS OF THE TRIGONOMETRIC FUNCTIONS

Russian English
sin sin
oos cos
tg tan
ety cot
sec secC
cosec csc
sh sinh
ch cosh
th tanh
cth coth
sch sech
csch csch
arc sin pin-i
arc cos cos~
arc tg tan-1
arc ctg cot=1
arc sec sec”
arc cosec cnc"1
arc sh sinh~1
arc ch cosh=1
arc th tanh=1
arc cth coth~1
arc sch sech-l
arc csch cach™
rot curl
1g log
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e B. I Yevdokincv I
_:‘fiﬂ ' !his palphlet'gives a popular tzﬂaimunf of the -‘prob rems - 5
.. 7,*3 of dss and.conbaﬁ application of anhilwnk«guided miscijes i ’
W [Aﬂﬂl] RN e . 2 -
RN e It relatcs the reasons that promnted the devnlopment of"
A these. ‘missiles and. the classification of A“bn's according to . o

+the: lost ilportant criteria . .

7‘7“ . After an acquaiﬁtance with the generuI concept ot 4fr ATGHM,
a!uore detailed accouny‘is given of the bLnsic principles of-
o "-deligning: the “individual -components -of an ATGM (rockit er,ines,..
.-~ sirframes, and so forth). For an understanding of thc prlhfipléu
e of action of the individual ATGM components, brief information
. A8 3ivenftronoaerodynamics, the theory of gyroscopeo, and :
s electronics. o
o 'The pamphlet discusses the methods of firing antirank guidcd
missiles and the procedures of firing instruction, Preblems con-
. . cerning the . combat application of ATGM for vanious types of iroops
< - Jand: for the mo 1mportant forms of combat are gutlined

: .. ., ‘Brief performance characteristics of contemporary [TGH's are

«. .given and the means for their further development are dizcus ced,
A »‘Furtheruore,Qa briel ‘description of contemporary uwnguided

T e g ~anti€hnk rocket weapons is presented,

. The pamphlet was written on the basis of materials of the
S : foreign press and. does not pretend to give an exhausting account
o of all the problems connécted with the fundamentals of design
and the principles of combat utili?ation of ATGM'S.

’ ‘ “The - spamphlet is intended for an extremely wide range of
v military~and ;ivilian réaders w!o are interested in new Tiilitary
. equipment and its combat application.

i e L

o+

S TS N L iv

o e "




INTRODUCTION. ,

In recent years, mére and more attention has been given abroad té the improvement
of tanks and the means of defense -against them, )

In the opinion of foreign srzclalists, the role of tanks in a future war will
significantly increase., Inasmuch as, under conditions of thermonuclear é&r, tanks
possess such valuable qualitiés as :good protection of the meéhanisms gnﬁ the crew
Trom shock waves, flash, and radiation, they are better than any other arm of the
gervice, and are able to use the -effects of the nuci;ar attacks of their own forces
on the énemy, Furchermore, it is considered abroad that tanks are -also effective
antitank weapons.

Considering the possibility of the application of tactical ‘nuclear weapons,
‘western specialists consider that the main task of tanks in an offensive operation
will be to breaX ‘through the enemy defense and effect a swift victory in his depth,

The main defensive obgéctive-qf tanks, in the opinion of foreign military
speclalists, will be the infliction of counterattacks, They will be used as
antitank weapons in defénsive operations only in excepuvlonal c..:i=s,

In connection with the fact that military apeclalisvs abroad attach such a
large value to the role of tanks in future war, all the -capitalistic -countiies
are continuing to improve tanks. in the direction of strengthening their s mor
protection, increasing maneuverability, and increasing the power of tank guns,

The first tanks had limited mobility, and: their armor was rellatively thir;
0therefore, they could be successfully defeated by means of conventional artillery
and grenade clusters, In Ytime, tenk armor became thicker, their speed and
mancuverability increased, and their armament became more powerful, Tanks were
turned into threatening high-speed machines, armed with powerful guns, and capable

FTD-MT-65-224 -1~
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ol‘ lom-r:n.ge fire. ]

Ant.it:mk g«ms and their a—nuuon were simultancously improved., BDarlzsgr tie
' s‘-um;(, ifor.‘ld Uar, ar.t*tank guas reliabiy protected the infantry Crom onesny Lancs.
Il: eoulec.don with the main. calbqt ascignment or antitank guns {the Czmobiiizx

- Yo of m), they are presented with 3pecial requirements.

) ﬁrst cf ail, they have to be light, o that they can be rolled muruxily behirnd
] -dvanciu w:m:q, ihey must be able to open fire or: tankc quickly, =an? rexst Lo
Tt l'neiimtl oﬁ_ ‘tanks which, owing to tkeir mobility, may unexpectedly appear fro=m
any dlreetion.

7 Antitalt guns ‘must have the required paint-blank range (Flg. 1), i.e., ik«
regme ‘at_which the’ tra,,eetory.helght does not exceed the height of the targer (tank).
Fﬁxrﬂle.é_‘-:{e, they must possess a rapid-firing eapab'.lity;. A tank should be directily
Vh‘it in one or wo shotg,Azince a tank moves at a high spéed. The_refore, tanks
are fired-upon'by Sirect laying fiom point-blank range. Consequently, an antirank
&in ‘should- have a low trajectory. Finally, antitank weapons must possess z high
arpcr-piefging capability and a close shooting, pattern.

m:-'.,

Pig. 1. Poini-blark range.

Ant'itank veapons were improved in accordance with these requirements.

However, an increase in power and an increase of point-blank range are connected
with an increase of caliber and mitial velocity, which inevitably leads to an
mcrease in the weight of the weapon and lcwers its maneuverability. Therefore,
the designers continuously wcrked on the cmat}on of weapons which would best
correspond to these contradictory requirements.

Of large value in the history of the development cf antitank weapons was the
invention of hollow shaped-charge projectiles which do not require high velocities
for plercing armor, This made it possible, without increasing the initial velocitiy
of the weapons, to increase the armor-piercing capability of the shells, However,

n spite of this, the initial velocity coniinued to be increased in order to
increase the point-blank range and the hit probability,

The antitank weapons of the countries that fought in the Secora World “ar

welighed from 1 to 1,5 tons and could pierce armor up to 200 mm thick at 2 po.at-dlank

FTD-MT-65-224 -2~




regte ©F wp to 1000 meters,

bDuring the Second World War, new ways of developing antitank weagons vere -
cought. The search enced wiih the creation of a principally new form of weapon,
i.e., the antitank guided missile [ATGM] (IMYPC).

The development of thece missiles began in Germany in 1942-19%3. Fowever, the
Fascist German Amy was defeated before these missiles went intc the field. After
the war, the development of new forms of missiles contimed in all of the iarger
capitaiisiic countries, and now they have created a whole series of antitank: missilec

of the most diverse designs,
However, all of these nlssiies présently possess 3 mmber of shortcomings; as
a result of which, in the opinion of foreign speclalists, it is necessary to amm
the infartry with light-weight, close-range, antitank weapons. Therefore, a.long
with antitank guided missiles, 2 numter of foreign armies also have unguided gnt;:anl_x

rocket weapcns.

FTD-MT-65-~22Y4 ~3-
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1. GENERAL INFORMATION CONCERNING THE DESIGN
OF ATGM's AND THEIR CLASSIFICATION

During the flight of an artillery shell, it 1is acted upon by basically two.
forces: gravity and air resistance. Due to the action of these forces, the flight
trajectory of the shell constitutes a curve., It is clear fiom Fig. 1 ‘tnat if it
would be possible to straighten out at least the last phase of the trajed@ory, the
shell would fly considerat.-y further. The last phase of the shell's trajectory can
be stralghtened out only when a method is found for balancing the action of gravity
for a definite length of time. Then an antitank missile will be able to fly on a

straight line further than a conventional missile,

It seems that there is such a method, .and it can be otserved very frequently,
.8y duriné the flight of ailrcraft, Furthermore, there are rockets which can fly
on a course that has been shown to them beforehand, Consequently, it is fully
possible to create an antitunk missile with. a straightened trajectory. This missile
§hou1d have small dimensions, be light, convenient for transporting and maneuvering
in the battlefield, have the necessary radius of action, and high accuracy of firing.

Such missiles are now available in maay countries of the world, The antitank
missile, which is cdnstructed like an aircraft, has wings. that create 1ift during
motion, and balance the gravity force., Antitank missiles are equipped with rockat
engines which, first of 'all, make it possible to construct a very ITight launcher
and, secondly, to surmount the action of alr resistance during the .operation of
the rocket engine. 7

So that the missile does not deyiate from its assigned direction due to
inaccuracies in its manufacture and the influcnce of gusts of wind, and also for
taking into account tank maneuvers and the possibility of correcting sighting er-

rors, 1t 1s equipped with special instruments that make it possible to control it

-5
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at. lang range, LN

Contemporary antitank guided -1ssiles (for instance, missiiez with solid-
Prvpellant enginea) conclst of the folloving bacic co.ponents or units (Fig. 2):
warhead 1, rocket engin‘ 2, airframe 3, stabilizing elemencs ¥, Insiruments of
gnldanggggnd comitrcl system 5, and ailerons 6.

: - The véihend.cahsiéts of an explosiv«~
‘charge, a detonator, a detonating cap, and

a fuse. The exﬁiosive chargé is hceilow and

is intended for the immediate destruction of

tank armor. A hollow-type explosive tharge

makes it possible for the missile to pierce

Fig. 2. Diagram of ATGM with SRE

1 —:warhead; 2 — rocket éngine; ‘tank of armor at a low velocity.
3 ~ airframe; & — stabilizing elements; ) ]
5 —:control system; 6 — allerons. Most antitank missiles have two rocket

-engines. One of them is called the booster, and the second 1is known as the sustainer,
The booster accelerates the missile to the necessary velocity, after which its ceases
operation,. The sustainer either maintains a constant velocity, or increases. it
somewhat, and operates until the missile hits the target. The booster operates for
9.5 to 3 seconds; the sustainer operates: for a few seconds, depending upon flying
range (this pertains to missiles whose velocity of flight is 100 to 200 m/sec). The
sustainer of the majority of missiles is designed so that its thrust is approximately
equal to the air resistance. The thrust -of certain nifssiles is considerably greater
than the air resistance (for instanhce, that of the French missile SS-11),
Antitank missiles employ solid;propellant rocket engines [SRE] (ITPH),. air-
* breathing Jét‘engines (AJE] (BPL) and liquid-propéllant rocket engines [LRE] (3P[}
The airframe consists of a body (it is also the body of the missile), wings,
and: rudders or other controlss It connects all the missile uitts and creates
the cgntrqliing-forceSJthat are necessary for guiding the missile to the targe..
( The wings can be plahe and ahnular,
Aerodynamic and: gués-dynemlc rudders are employed. The aerodynamic rudders
can be made in the form of deflecting plates or in the form of spoilers. The
missile can alsovbg'controlled\bjfvarying the direction of action of the reaction
force of the engine,
The'finsyare designed so thalt the missile flies correctly, i.e., does not

bank and Lturn about,

6
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The instruments of the guldance and contiol systéem permit. r_e’-)te:eoatmlﬁ of
the missile, P

The missiles of the capltallstic countrier 3ainly employ two guidance and
coritrol systems: wire and radio. They are call:d remote-control sysiems.-

Ah antitank missile can also be guided gnd~¢q;£follea by -eanifbfka&PrQQthrlingd
program, During the flight of the missi.z, its pTogram caa no longer bee;un\gcd
This itype of control system is said to be self-cortained. )

Guided antitank misciles are very diverse witl; -egard to design. Therefore,
for convenience of study, they are subdivided into groups according to the’ character
of the design of individual units and certalh other éritaris. The classification
of foreign antitank missiles according to the basic criteria is shown in Fig. 3.

Afteraén acquaintance with the general construction of antitank guided missilec
and their classification, we shall go on to a more detailed consideration of their

design an(¢. principle of action,

Antitenk
guided nissiles

, AL
i . W o .
1) 5 5 ¥ 5,
S I | N |
coL ota o on
i §.§ § - 3 ¥ .5‘::: 3
e L] ISENE el ] 5] |ee
Al ] IR 1l

1Tne speed of sound at 16°C is approximately ecquai to 30 Wsec.

Fig. 3. Classification of foreign ATGM's.
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2. - ATGM WARHEAD

As 1t 1s-§p3nn, the warhead of a missile consists of an explosive éhazgg! a

detoaaté;i a detonating cap; and a fuse; the .explosive caarge, as a rule, is shaped.

The é;p;oé;ve charge directly destroys armor. And what 1s the action of the
detonator and the fuse?

An explosive charge 1is usually made from a ﬁowerful explosive that is not

-very sensiﬁive to external influences (shocks, impressions, fire). It explcdes

when anothér, more sensitive explosive is set off with it; the quantity of this
explosive»éag be significantly smaller. 'This phenomenon is called detonation.
Therefore, the warhead, in addition to containing an: explosive charge, also has
a certain quantity of another explosive, which 1s called the detonator,

The fuse sets off the detcrator., It contains a small quantity of sensitive
explosive, Thils explos;'.,e is placed in a special box which: is called: a flash
igniter. However, the f_ash igniter cannot set off the detonator. The ‘detonating

cap 1s. used for this purpose., It contains enough explosive to set off ‘the detonator,

The detonating cap is set off by the explosion of the flash igniter and it ylelds
a quite powerful impulse, which sets off the detonator. The explosion of the
detonator sets off the exblosive charge of the missile, Explosion of the flash
igniter occurs when the missile's nose strikes against the tank armor. Besides
the type described, there exist other kinds of fuses,

We shall now explain the arrangement and action of a hollow shaped-charge and
what the hollow shaped-charge effect 1is,

The hollow shaped-charge effect was krown long ago. It consists of the

followirg: 1it was noted that when charges were set off which contained depressions,

-8-
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the hole that was made was larger t.an when charges net containing depi&ésipna

were set off.

However, only in beginning of isie Second World War ‘was tbiS:QIYECt. which o
was essentially ‘modified, widely is=d for military purposes. :In the first years

of the war, almost simultancously, all armies began to-employ new combat weapons

that utilized the hollow shaped-charge effect.. IS was estgbiishpd that. if a

depression is madé in a charge in the shape of a cone and the walls of :this

depression are faced with & thin metallic shell, the projectile il;i be sble to-

pierce armored plates, concrete walls, etc., better than a conventional charge of

the same weight,

A diagram of the arrangement -and action of a hollow shaped-charge is shown-

in Fig. #. When the charge explodes,.the blast wave moves along the charge. After

reaching the ‘top of the thin-walled metgilic cone, the dblast wave creates a very

high préssure on the external side of the cone. Under the action of this pressure,

the walls of the cone are compressed and, at a -high speed, they.go inside, almost

perpendicular to the surface of the cone, A phendmenon océurs wﬁich is'aﬁaiégous

to the converging of solar rags in the focus of a -convex lens.

Detoxator

Hollow shaped-
ck=rge before
o losion

External portisn
of aone wall

_Interul portional
" of conr- wall

Shaped stresm

Haad of shaped stresm
has & maximm gpesd of
mors than 10 km/see

Shell of shaped
recess st the time
of its compression
direotly after
explosion

Fig., 4, The hollow shaped-charge effect,

The compressed shell moves .in
tné form of a stream whose tip is
directed along the axie of the projectile.
The :metal from the interhal portion: of
the shell wall moves at very high speeds
(attaining 10,000 ﬁ/sec and abové), and
from the ekternal portion of ‘the shell
wall at comparatively low speeds (to
1000 m/sec). Due ‘to this difference in
speeds, the metal expands into .a shaped
stream whose head meves at a tremendous
speed, The formution of deep holes in
armor occurs under the action of -the
shaped stream, whose pressure reaches

400,000 at, and the actjon is similar

to the action of a powerful jet of water from & fire pump, but, of course, more

powerful,

This powerful stream of metal sirikes the armor with a tremendous force

and pilerces it, strongly heating the armor at the point of impact, s¢ that the edges

~Q-

Avasname o

[P U




of the ‘hole are "Tused, The impression is crealed thut Lhe armor is not plerced,
hut is bnl'ned-throu@\ t:herefore, the first ho]low-charg«. proJecLlJr 5 owere called
~arnor:,-bumin¢ lu.ssiles Now it ls clear that thls ‘name reflects only the externsl
’ sign ﬁot the“ acti.on ‘of the nissnes, and not the physical essence, 1.e., the severe
1lupact ot the stream. against the armor. Neither the strength of the missile body,
nor i‘,!\e speedxof 1ts tlight ‘have, the value that they have for COHVP'YI':J.Onal armor-
"‘,pierc:l.ng nisailos thut pierce -armor with the body of the missile, which is flying
at a M&h )lpeed ) )

)
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3. ATGM: ROCKET ENGINE
The application of rocket engines 'in antitank missiles made. it possible %o
change from guns with barrels to launchiérs which are many timés lighter than guns,
If a contemporary antitank gun weighs absut 1.5 tons, an antitank guided mis;11E"
together with launcher may weigh a total of 50-60 kilograms and even less,
Let us briefly consider the principle of jet propulsion?,
According to Newton's third law, the action .of two bodies on -one another is

always equal and inthe opposite directions.

The action of this law may be observed in daily life, For 1nstance; & rower

who removes a ccertain mass of water in one direction with his oars, forces the boat

to move in other direction. Approximately the same thing occurs in the .motion of a

ship or a .propeller-driven-aircraft,
In all theSe cases we are ccncerned with engines of indirect reaction, which -

do not directly ‘interact with the surrounding external medium,
reaction

Engines of indirect
influence the external medium with the help of a -special intermedieary,

i,e., an impeller, For a rower, who 1s the engine, the impeller is the oar; .for a

ship and aircraft, it is the screw or propelier; for a streetcar and automobile, 1t

is the wheel,

A jet engine does not require any incermediaries, i.e,, impellers; therefore
it 1s called a direct-reaction -engine,

The principle of operation of a jet engine is simple, Anyone who has fired a

gun or rifle has experienced the recoll force, During the action of fining, the

3A more detailed presentation of the principle of reactive motion is given

in the pamphlet of this series entitled "Physical Fundamentals of Rocket Flight,"
by L, ‘A, Dmitriyevskiy and V. N, Koshevoy.

-11-
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- gases that hnve formed:in the barrel as a result of co-buutlon of the powder pres

is’ unlrorlly on all sldes° on the barrel walis, the bottom of thé case, and also

gy el . o A =

tho bottOl of the bullet The prossure forces on the ‘barrel walls are mitually
balmo& The ‘pressure on- the botto- of the bullet makes it leavé the bafrel in
- a torllri dir'etlon. the pressure on the bottom of the case forces the gun backward
by th. lctiea -of the gases, tﬁﬁs striking the shoulder. The pressure on the bottom

'
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z,ot thn case 1l the- cause of recoil. In artillery pieces -the recoil force is so

¢reut thgx opoclal count er-recoll devicea are employed to compensate it.. The -

;phonallnon of recoil is an exa-ple of Jet. propulsion. The source of motion 1n a . : :

ch engine 14 ‘the reaction or recoil of a gas stream. ’ - ‘
Ztit'ui“ill¢1ne ;~cléséd vcséel (Fig. 5)~which contains a compressed gas. The s :

‘ gas prtlluro in the vessel acts in all directlons with an identical force (Fig. 5&). | 4

Itvil unltotnly distributed on all walls of the vessel, which in this case remains A

- notionlasp. If, ‘however, we remove one wall (end), the compressed gas, which then

explnhs, iill‘flgw from the vessel (Fig. 5b). .The ‘pressure on the ‘end walls will

ﬁot‘bérbalanpg#. If the vessel is. not secured, it will start to move in the opposite ‘ 1

dire¢tion of the gas flow. The greeter the gas pressure, the higher the velocity

of 1t9'rlow, and an even greater force will move the vessel, The main part of any

Jet eﬁgiﬁé is the combustion chamber, In‘it there -occurs the burning of fuel; as a

result. of which gases and heat are intensely given off. The ‘strongly heated -gases, ‘ !

trying to expand, flow through a nozzle, simultaneously forcing the combustion

chamber and. the entire rocket togéther with it to move in the direction opposite

the flow of the powder gases, This force 1is called tiie reactive force, or thrust, : 1

“of the engine,

Antitgnk missiles have three types of engines: solid-propellant rocket engines
[SRE) (n?ﬁDq liquid-propellant rocket engine [LRE] (¥PQ), and air-breathing jet
engine. {AJE] (BPQ). ' ‘
‘SRE's and LRE's have a propellant. that is made up of a fuel and an oxidant,
The air-breathing jet engine contains a fuel only, while the oxidant (oxygen) is e
taken from.the atmosphere,

Let us familiarize .ourselvés with the principle of acticn and design of the .

enumerated engines,
SRE, Most forelgn antitank missiles (SS-10, SS-1%, and others) arec equipped
'with solid-propellant rocket engines, Their design is rather simple An SRE consists
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"LRE 1s more intricate than that of the SRE.
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of a combusiion chamber, which 13 made In. Lhe

.shape of a tube, and a nozzle, °The nogrlT is

a short conical Lube; its npurrow end is

connected to- the combustion -chamber (Fig. 6).
fig. 5. Formation:of & reactive The propellant that 1s used s a Bpecial

......

of one or several tylindrical grains, The shape of one .cross-section ofvthp grainz

can be extreinely diverse: in the shape of a ring, star-shaped; and so; forth. - The
shape and dimensions of the grains; and also their location in the Chamber, arc
selected depeading upon the necessary magnitudes of thrust and the burning time.
The -powder burns in the SRE. for several ‘seconds or even fractions of a second.

A powder grain is ignited by a special igniter that consists of black powder.
The igniter 1s set off by an electric firing mechanism,

Fig. 6. Diagram of an SRE: 1 = ighiter;
2 - powder grains; 3 - nozzle; 4 — com-
bustion chamber housing.

LRE, The theory of liquid rocket engines. and their first designs weré developed

by the famous Russian seclentist K, E, Tsiolkovsky (1857-1935). Thé design.of the

Fignre 7 shows a schematic diagram of
an LRE,

Fig, 7., Diagram of LRE with cylinder feed: 1 -
combustion chamber; 2 — nczzle; 3 — engine head;
4 — fuel tanks; 5 — compressed-air cylinder,

The main part of an LRE is the combustion chamber 1 with head 3 and nozzle 2,

I'ne bead contains injectors through which the liquid propellant is introduced into
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the eo-iﬁition:éhq!bir andhltanlzed in it. The propellant is fed frox tanks § iInto
the Combustion chamber under the preésure of the compressed. gas that s In the
cylinders 5. The pressure in the combustion chamber is several é&iospheiés; For
normal feed of the propellant frcm the tanks into the combustion chamber, the
‘pPressure ;?Ithc gAses: that displace this propellant shouid be several atmospherés
hiéix’?ﬁnthepmgmmtrng._ﬁ o _ - _
~lié§iéi}'kcrao¢nse;'gns oj},-cr~ap113ne are esployed 2s fuels: oxygen, nitric
acid, or hydrigen [Peroxide 1s’ used:as thé oxidant. During operation of the 1RE,
the fuel ané oxidant are displaced by the: compressed gases into the combustion
chasber, The combusticn prodncts -:lntomly hc’;téﬁ gases — flow outside through
the noszle. - , - V , )
MEL. :!.'!\sg-n exist several types of ailr-dreithirg jet engines. The "Lutin”
antitank missile emplors a ramjet engine [RIE] (NBPN). A schematic diagras of RIE
15 shown in Fig. B: As can be seen frow the figure; it is very simple. Tne RIE
housing. 1 1s a:streamlined body with a channél through which the air flow moves.
The fiel in these engines is injécted by fuel .gx'u;cgm;s 2 into the through channei,
which simultaneously serves as the combustion chasber; the fuel bérns in the oxygen
which comes from the aglsspherb together with thé’ai; 3. Ehgine*opergiioh requires
thn@;the)pxesgure;in’thé chaaber be greater than atmospheric pressure; Such pressure
15 .created in the chasber-during fIight due to tho impact pressure of the air. The
temperature ;n RJE combustion ch&.hg;gwggfaigs 290Q-Z$Od°‘é. Iﬁ distinction from
solid and liéuid rocket engines, the RJE combustion chagber does not have a bottom.

‘How does thrust originate in this engine? Jet thrust in.an RJQ»éppeafs due
to.gas pressure on the internal walls of the engine. In this engine, the pressure
glong the surface of the diffuser, as can be seen fronjFig; §;—§s not .distributed in
the same manner as along the walls of the nozzle, and its magniﬁﬁde‘is‘mhch nigherv,
Furthermore, the area of the outlet .section of the nozzle is considerably larger
than the area. of the inlet section of the diffuser, as a result of whiéh there lel
form.a reactive force. Engine thrust is formed due to the composition of -all thé

enumerated pre3sure .forces. This type of a%r-breathing Jet engine is said £0 be

14 more detailed account of the design and principle of -action of the AJE is
given in the pamphlet of this series entitled "Air-Breathing Yet Engines,” by
G. Yu, Mazing.
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direct-flow because the alr in it pagses

freely into the channel through the whole

e

éngine in a direct flow, never turning or

: et encountering any mechznisms on its way,
Fig., 8. Disgram-of an RIE: 1 —-engine
housing; 2 — fuel injectors; 3 —~ air
entering engine; ¥ — gases flowing from

hozzle, form of a heated gus ¥, Iv flows from the

nozzie. 1In Spite of the simplicity of

design of this engine, which is a very important advantége, the RJE has a very
significant shortcoming; 4 ramjet engine does not create thrust d_tiring laugéhing
singce air pressure is created in it only during fliight; therefore, it can be used
only as a susiainer, ._ 3

It kak already been noted that most antitank guided missiles have two erigines:
a booster and a sustainer.. As a rule, the booster is not separated ir; flight, The
flight of subsonic anvitank missiles at a range 6f 2-3 km éontinues for 20-30 sec.
Tre booster then operates for oniy 0.5-3 sec, and the sustainer operates for the

rest of the time.

Rocket engines are placed in. the body of the airframe, -

~15-

The air only oxidizes the fuel and, in the




5 N. ANTITANK GUIDED MISSILES ATGM ATRFRAME

ﬁa-kubﬁ that anybody that is moving in air experiences: & resistance to its
notion which is called drag. Air resistance is experienced in all‘ﬁoving‘bodies
(pedestrians, notor vehicles, trains, aircrafn, missiles, rockets; etc.). Drag
renders a harnful braking ‘action and attempts have been made to decreasé it by giving
- app:pp;iate shapes to the automobile, airqratt, missile, rocket, and other bodies
that move at high velocity. The higher the velocity the .greater the requirements
présented'tb the shape, &ince air resistahce increases with the increase of velocity.

Hoﬁever, flights without air would be impossible, The useful action .of air
cons;éts in creating 1lift, owing to which contemporary aircraft raise several tons
of cargo to high altitu&es.

Let us explain what occurs Quring;fhe motion of a missile in the air and how
Iirt takes place?,

The main cause of the appearance of air resistance to the motion of a body is
the pressure that erises due to the fact that any body that is. moving in an air
med;um‘éxperfences continuous shocks -of extremely small particles of inéident .air,

_Another .cause of the appearance of @iy resistance is the friction of the body's
surface against these particles,

Alr is a mixture of gases and water vapor, It possesses the property of
viscosity, which means the ability of a liquid or a.gas to. «esist the movement of

one layer with respect to another. When a mass of air moves; the velocities of

15 more detalled account of the aerodynamics of rockets 1s presented in the
pamphlet of this series entitled "Aerodynamics of Rockets," by S. P. Kislev.
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its particles are unequal in different layers. Separaté layers that move at various
velonrities appear to slide along one -another. In this motion, the-laygys.act upon
one another with a force called the force of internal frictlon, or the force of
viscosity. Daring one motion of a body, the air particles become entangled "rub
together" behind its surface. These particles "adhere" to- the surface of the body.
Due to the viscosity of the air, they in turn attract the particles of the adjacent
layers of air, For moving the captured air particles, the moving body expends :parti
or its: kinetic energy. It has been proven that in the absence of viscosity §ﬁe
wction of a: gas or a liquid on a body moving in it would: 1éad only to forces.
directed perpendicular to its surface, i.e,, to so-called normal forces. ~Inviscid
gases and liquids that are separated by a. body create an excess -of pressure in its
forward section, which is compensated by an excess of -pressure in the~tail section:
that appears due to the Joining of streams whiie~flowgng<gﬁoﬁn¢ the body. However,
this is' valid only if the bocdy moves at a subson.c velocity and there is no )
separation of the flow. 7 .

In reality, -evei in a completé flow around: asymmetric body (Fig. 9a), it
experiences. registance to its motion, This. resistancée is the result of thé. adtion
of viscosity forces, '

When a body is ienveloped by a flow with its separation from: the surface (ﬁn
asymmetric body) thers will form a vortex wake, the air motion iﬁ%whigp:is al80
determined by the forces of viscosity (Fig. 9b). J

f____—ér————h—7—~,$_‘_- As a result of the separation of flow.and the

___A vortex formation, there appears a :region of lowered

:::::======:=:::::———ff’f= pressures, The body -experiences additional resistance

T a due to the pressure difference on the nose and tail,
::==:::=ﬁ$ﬁ=ﬁﬁ===;====i==~ With a slow décreasé of the cross-section, there can
A

"~<~“--..____::E:___-—- be no separaticn of flow from the surface of .thé body;

b__f-—-——~—-‘ there will also be no vortices ‘in this case,

] For studying in the peculiarities of flow around
Fig. 9, Flow of air around

a symmetric and an asym- ‘bodies of various shape, there exist special devices,

metric ‘body.

e.g., wind tunnels, With the help of these tunnels,
the forces acting on a body when it 1s encompassed by a flow of air are determined,
and the pattern of flow is observed, As a result of testing bodies of various shapes

in wind tunnels, the most advantageous ‘body shapes were determined from the point
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It turned out that the least amouric of air

resistance’ 1s experienced :by bodiés. in the shape of a drop. Vértices almost do

:#ﬁﬁ;tﬂ,gﬁi when such a body is enveloped by a fiow,

)3 i\"iﬁeo;etichlly, by means of numerous experimziits in wind. tunnels and other

g experilenta1 1nvestigat10ns, it wag'estgbliéhédfthat the resistance of air to a
body moving 1n it - depends on the area of the maximum cross-section of the body,
the velocity, the shape of thé body, and the density and temperature of the air,
Fuitgermore, alr resisfance .depends on the cond*tion of the body's surface. Air
reaictaqge 1ncre'sés with the increase ol velocity and surface roughness of the body:
] ~Durinr(fhe study-cf the motion of btodies in air, it is necessary to consider
velpcxfj. If this velocity is considerably less than the velocity of sound in air,
%wreuders-a comparatively small 1nfluence on the resistance to the moving body.

7\If ‘however,x*he velocity of the bodv exceeds the velocity of propagation of sound,
:fhe &ir exerts a. considerably greater resistance to the moving body.
. The velocity of sound is the velocity of propagation small perturbations in
IZ}?: It 48 notja question here of the presence of sound. vibrations in Zhe air
’for 1gg§gnce, playing musical instruments, firing artillery pleces, znd so forth),
but .a. questien .0f the velocity of their propagation in air regardless if they are
‘present.at<&tg;wen moment or not.

For a clarification of the difference in phenomena
occurring during the motion-pﬁ’a*bcdy\with subsonic
and supersonic velocity. we shall consider, in a flow
of .air that is moving with some velocity V, a fired
point M. (Fig, 10); near which there will form a slight

local concentration, This Jlocal: coricentration generates

a spherical .wave at each. given moment, Its center

passes together with the flow.at velocity V, and its

Fig, 10, Formation of velocity of propagation is equal-vo the velocity of
spherieal waves at subsonic
veloeity, sound a.

If V is less than &, the system of waves that
appear in the time intervals t, 2t, and 3t to a given moment will have the character
shown in Fig, 10, As can be seen from this figure, the perturbation is propagated
nonuniformly, but in all directions. In other words, during motion with subsonic

veleocity, the -body .pushes the air particles that are in front of it. These thrusts
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are ‘transmitted from some particles to othess wits. tha velocity of sound. The
forward flying particles of air, as if beforehand, are "wirned® about the motion
of the body by a signal in the form of sound waves. The "warned” particles part
and flo: around the body, making a path around it. The body, while advancing

forward, experiences comparatively 1little resistance,

Ancther picture is obtained during the motion of a body with supersornic

velocity, i.e., when V is greater than a. In this case, spherical waves are

inscribed i-ito .a certain conical surface whose vertex éoinci@es with the position
of the source of perturbation, i.e., fixed point M (Fig. 11). Intense shock waves,
which are called by bow waves, are then created, ihg formation of these waves uses
up the kinetic energy of the missile. The decrease of .kinetic energy is eip?essed
in the drop of velocity of the missile and in the appearance of an additionggv;
resisting force which 1is called wave resistance.

against the body.

An air streum appears to strike )
At the point of impact there appears a shock wave. The pressure :
and temperature inside this shock wave increase very sharply, 15e;!.abruptiy,

Namely in this zone of concentrated air, the energy 6f mction of the body turns into

heat, whereupon the pressure strongly incrcases. Thus, the additionsal resistance

in this case is a direct result of the transformatisn of mechanical energy into 3

heat. In shock waves we can distinguish the motion with supersonic velocity from

the motion with subBsonic velocity, Wave resistance amounts to 50% ané more of *“he

R

tctal resistanc2 of the missiie:

Fig. 11, Formation of spherical waves
at supersonic velocity.

The main requirement of aerodynamics presented to the body and wings of any
missile that is intended for subsonic flight is the smoothness of the air flow around
the body for decreasing the burbling zone, i.e., the aerodynamic wake., Upon fulfill-~
ment, of this requirement, the air resistance leads almost exclusively to frictional
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res;itance,~the -ngnituAQ of which depend; insignificantly on the shape :of the
qu!; - . | .

"ThiiliiAnot sufficient fog supersonic missiles, inasmuch as during their flight
a large role is played by the wave resistance, whose magnitude depends on ‘the shape
of the nose of -the missile body and the shape of ‘the lifting surfaces. ]

-The character-of the shock wave :in many respects depends on-the chape of the
surfiép 1§=ghe flow. If the surface is perpendicular to the flow of air, the shock
is 1ocaied across the flow; in this case the shock is called a normal shock. If e
the body.has a pointed surface, the shock will be inclined toward the flow; in this
caseé the shock is called an~ob11§ue shock. The more bointed the body, the greater »
the inclination of the sﬁbéﬁ téiard:fhé flow. The wave resistance in anh oblique
shock is iéss than that in a normal one. A shock wave cannot appear on an entire
surface, but only on a certain part of it, 1In this case the shock wave is called
a local shock wave, Local shock waves are possibie even for hodies that are flying
with subsonié velocity. Fcr preventing normal shock wavés, the wings of antitank
missiles (SS-11) arc given a unique sweptback shape (Fig. 12), Sweptback wings.
can ‘be turned with the peak forward (a) or backward (b). This type of wing
configuration and the tapering of their leading edges seems to ease thé effect of
ai; compressibility by converting a normal shock wave into an oblique one, which
considerably decreases the air resistance.

We shall explain how- 1ift occurs. Let us place the wing of an aircraft in an
air flow in such a manner so that the velocity vector -of the air flow is not directed
along the axis of cross-section of the wing (Fig. 13), but at a certain -anglea to it.
In this case the pattern of .flow will change. Streams of the air fiow will

start to divide at a closer distance from the leading edge of the wing. Thé flow
around- the wing will become asymmetric. The véiocity of the air will be greater
above the wing, and less under the wing, From the laws of gas dynamics it is known
that 4D :the velocity of a gas is .greuter, the pressure is less, and conversely,
Consequently, the pressure above the wing will be less than the pressure under the -
wing. Due -to this difference of pressures, there appears a force R that acts at a
certain angle toward the direction of flow; it is called the total aerodynamic . :
force., The magnitude of this force depends on the magnitude of angle a, which is
formed by the wing and the air flow., In aerodynamics this angle is called the angle
of attack (the angle at which the air flow attacks the wing).

-20-~
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The total. areodynamic
force (Fig. 13) spreads out

idrection of flignt

called 1ift Ry.
It should be noted that 1ift will not always raise a flight vehicle, If a

wing is glven a .negative angle of attack (Fig. 14), 1ift will be lower: Theé greater
the angle’of attack, the greater the lift. However, this 18 valid up. to a certain
magnitude of the angle of attack. With.a further increase of thé angle, of at}&ck,
1ift does not increase, but decreases. It is also obvious that if the angie of
attack is equal to zero, 1ift alsc is equal to 2ero., It should be borne in mind

the expansion of the total aerodynamic force into components i1s conditional; this

is done: for the convenience of aerodynamic calculations, In reality, there exists
only ore total aerodynamic force, the action of which is equivalent to the action

of the two above-indicated forzes, - ’

In the presence of the angle of attack, lift is created not only by the wings,

‘but also by the body and the horizontal rudders. Total 1ift prevents flight vehicles

that are heavier than air, inpluding antitank guided missiles, from falling to the
ground.

Attention should be given to one more circumstance: We:explained that 1ift
appears in a plane wing only il the. presence of an angle of attack: nowever, if we
make a wing with an. asymmetric profile, Ylift of such a wing will apear even at. a
zero angle of attack (i.e.,, when a = 0),

In-the ;presence  of shooth -convexity on the upper side ‘of the -airfoid+«{(Pig. 15)
and slightly noticeable convexity (or concavity) on the lower .side of the airfoil
together with smooth -curvature of the tip of the airfoll, the velocity of the. sir
streams above the alrfoil is increased, Due. 6 the increase of the velocity the air
streams ahove the airfcil, rarefacticd will form, and consequently, 1lift that is
directed upwards occurs, It is very important that the air streams flow smoothly

around the airfoil, do not detach from its surface, and do not turn into air vortices,

§ e cwame e m e
- ce mp ememEeew - ¥ v - ?

“

—_— into two forces, Ome of them
1s directed -along the air flow,
while the second is perpendic-
ular to it, The force that is

a b - directed along the. air. flow 1is
Fig. 13. Ixpansion of total i
. aerodynamic force R into two -called drag R,. Theé force that
Fig. 12, Swept- components: drag Fﬂ .and 1ift e R?
‘back wings. Ry (a is the angie Yof attack). 1g perpendicular to drag is

-
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‘ Fig. 1# ‘Various angles of

Fig., 15, Flow around an
attack (a) of a wing., asymmetric airfoil.

tHaving expla;ned the nsture of 1irt, we shalxuéonside; the design of the
,gepaéépé?coipohgpts of the airframe, .
‘ The dbody of an antitank missilé is.a hollow solid of revolution that is made
from: a°115ht, but strong material, for instance aluminum alloys. 'The body of a

T missile that i1s flying:-at a low ‘velocity {100-200 m/sec), usually nas a cylindrical

shape,wigh a ‘conical nose,.

ﬂhe_ggheratrix of’ the cone can not -only be a straight line, but also a curve
{for instance, a circular arc). The shape of-a nose cone with a éurvilinear
gengiﬁt;ix;is éLid to be ogival, for decreasing the resistance to air, the nose
cone ofithe‘bédy of the 9-BEBE supersonic antitank missile is tapered.

The migs;le bhody has .compartments for the warhead, stabilizers, guidance
equipment, .and rocket engines,

As gigegdy n?:ed the missile body also participates in the creation of 1lift,
Howev§fi the ‘area of the body is too small for creating the necessary magnitude of
1lift, Therefore, the antitank missiles that we nave considered, except the 9-BEBE,
héve wings which, together with the body, create ‘the required magnitude of 1ift,

ZTFezxiggg (plane) are thin plates or have a thick streamiined profile. Plane

wings have various shapes, The wings of missiles that possess subsonic velocity

‘are rectangular (Mosquito), sweptback (SS-11), and in the shape of a right-angle

trapezoid whose acuté angle faces the direction of motion (Pye, Malkara, Mebus).
It shot 1 be noted that antitank missiles have four wings: two of the wings
are located in the horizontal plane and two in the vertical plane, Why was it

necessary for missiles to have four wings? This is explainéd by the fact that a

palr of wings locatéd in the vertical plane is necessary for controlling afmigﬁile

in theé horizontal plane, Therefore, in order to control a missile in the horizontal

plane just as in.the vertical plane, it is necessary to install one more pair of

wings, Both pajirs of wings do not have to be located in the vertical and horizontal

makes 1t possible to somewhat increase the dimensions of a missile, since with

22~
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‘planes (cruciform), They can .also be arranged in the form of an X, This arrangement
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identical wingspans (in the casc of the X-arrangement) therdistﬂnées.inuthe ST §
horizontal and vertical planes between the wingtips will be less than the‘spéﬁ
of' the wing itself, 7
There is one more wing design, i.e., annilar; an.example ¢f this design 1s
i1lustrated by the Lutin missile. These wings -consist of a cyilinder that is
attached to the body with the help of struts. 7

IT a missile that 15 equipped withsan engine and wings is/ launched, it will
fly. However, it cannot be controlled. A missile cpuld/be.céntrolléd if it was
outfitted with rudders, There are different types of rudders, e.g., -aerodynamic
and gas.

Aerodynamic rudders are made in the form of plates of various shape with &

streamlined profile (for instance, the Dart missile) or in the form of spoilers

(the 55-10 miesile and others),
Aerodynamic rudders that are made in the form of plates .are located on the

‘body, just as the wings, in two planes, In distinction from wings, these rudders

are smaller in size and have an axis around which they can revolve, thus fbrmihg
angles with respect to the longitudinal axis of the missile body, and conséquently,

with respect to the air flow, These angles are called the rudder deflection angles. 3

i

We already know that if a plane wing is placed at a certain angle to the air flow,

g

éhé resisting force of ailr may be represented in.the form of two components: drag
and 1ift. If the wing forms an angle of attack with the horizontal .plane, 1lift
occurs; if the wing forms an angle with the wvertical plane, a lateral force occurs.
These aerodynamic forces, which are created by the deflected rudders, are also used
for controlling the missile, i.e., for turhing to the right and left, and up and 3
down, %
Aerodynamic ruddérs are placed benind. or in front of the wings., When selecting

the place of locavion of the wings and rudders, it is necessary to consider the

missilels stabiiity in flight, The wings and rudders must be placed on the body

§ ) "
fe . in such a manner so that the missile does not overturn during flight. i
J 3 Missile stability requires that the element (wing or rudder) located in front ‘f
: v has an angle of attack that is greater than the angle of attack of the element -

located in back. During the flight of a missile, its longitudinal axis assumes

such a position at which the moments®, formed by the 1lift of the rudder and wing

'The moment of the force with respect to a given point is the product of the
force multiplied by the length of a perpendicular dropped from the given point to the

line of action of this force, The length wof the perpendicular is called the arm of
the moment, 53— ,
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worild ‘be equal with respect to the cefitef of gravily. This equality of moments
m be 4expreued 4N the following form: - - )
e . o ) Rv’ l.-R tn. ) - (1)

Ty

where R'p and R',p 18 the 1ift of the rudder and wing, respectively; lp and 1 p

ithe arms: of tne moments formed by the 1ift of the rudder and wing, respectively,
. . ¢ !

\°L1f€ il 1s proportional to fhe angle of :attack a; therefore; it can be

prelcntea.in the form of two: co-factors:

o S -R;q
and expression (1) can ‘be rewritten in the rollowing manner:
o ’th‘ =L Ry by (2)
We shall designate- )
) | !uRNbéié;;
’ﬂ»‘hh;'=¢%¢

Introducing these decignations into -expression (2), we obtain
. Ci'b‘=c¥¢kp-
Jet us assume that the ry-iders are located in front of the wings. (Fig, 16a)
In this case ap > axp' In order to satisfy equality (1), it is necessary to have

>

cﬁp > Cp., If, however, the equality satisfies this condition, then upon deviation
of the longitudinal axis of the missile -from the equilibrium position (as a result

of a gust of wind or for some other reason) the missile will return itself to the

‘eiuiiibridm position, Let us assume ‘that the;missile revolves counterclockwise

(nose upwards) at angle Aa; in this case the moment of the rudder will change by

the quantity CpAd, and the moment of the wing, by the quantity‘cxpéd. Since
Rp,> Cp, the moment of the: wing with respect to the center of mass will be greater
than the moment of the rudder, i.e,,
Cop (%p + 4d) > C, (3, - Ba).
Due to this inequality of moments, the missile returns itself to the initial
positisn of equilibrium,

If the missile!s. rudders are located behind the wings, the angle of attack of

the rudders should be negative (Fig. 16b) in order to observe the condition of
uxp > ap and Cxp < Cp. Upon fulfillment of this condition, after deviating from
the position of equilibrium, the missile will return to it,

It 1s clear from the statements made above that the rudders play a dual role:

first, they do not allow the missile to overturn, i.e., they make the flight of
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front, it is said that the missile has a "canard" aerodynamic design.

AL

' ‘ . [
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Fig. 16. Aerodynamic designs: a) canard; b) normal

the missile stable; secondly, the missile is controlled witli the help of the rudders,

If the rudders only purpose 1s to make the missile stable (in this case they do
not turn), they are called stabilizers,

The smﬁll size of the rudders as compared to the wings is of sighificanéé,

although they compensate the moment created by the 1lift of the wings, This is

explained by the fact that the moment of 1ift must be compensated, and not the force
itself. The moment of 1ift in this ‘case is the product -of the 1lift multiplied by

the distance between the center of pressure and the center .of gravity (this distance

in the glven case 1s the arm of the moment of 1ift). Consequently, the value of

the moment of 1ift not. only depends on the value of the 1lift, but also on the value

of the arm., The creation of a compensating moment does not require a large force,

It is possible to:have a smaller force, but the arm will then have to .be large,

‘As can be seen from Fig, 16a and b, the 1lift of theé rudders is actually less, and

the -arm is greater; therefore, the moments are equal.

If the wings -of a missile are arranged in the back, and the rudders are in

This
configuration is thé one used in the Lutin and Mebus missiles: If the wings are

located in front, as in an aircraft, and the rudders are in the back, this aerodynamic

-design. 1s said to bé normal (the Dart and others), Each aercdynamic configuration

has its advantages and disadvantages. The canard configuration has the following:

positive properties: the 1ift of the wings and the 1ift of the rudders are in the

same direction, i;e., upiwards, Consequently, the rudders alsoc participate in

cempensating the gravity of the missile, Because of the rudders in -this case, the

wings can be made somewhat smaller, which means that the dimensiohs of the missile
also will be smaller,

In the normal confiiguration, the wings must be sonewhat enlarged, in order to
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coapensate not only ‘the gravity oi the missile, but also the force created by rui-
ders which, in the normal configuration, is directed downwards. In the normal
configuration, the rudder 2= located behind the wings; the wings distori the flcw

POW AL TLACHILLS

Gy T TSl

of ailr and somewhat impede the work of the i'dddzr:. his deficiency of the normni
configuration is eliminated by moving the rudders close to the wings. In thils case
the ¥Wings and the Fulder seem to be one unit. This version of the normal configura-

FAVIRE | IS

tion has teen called the 'f‘lyixg'v;xg', or “tailless™ configuration; it is employed
in a large mmber of missiles (SS-10, SS-11, Entac, Cobra-I, Pye, and others). »
" He -now shall consider the action of aerodynamic rudders as control devices.

v Tre stability of an antitank guided missile is created due to the appearance of s 5 J
restoring moment. ILet us assume that z missile with a canard cenfiguration fiies
too high and doss not hit the tank. It must be made to fly lower. This requires
the application of some force directsd downwards to the missile. Tnis force can
be created horizortal rudders, if their angle of attack (in the given specific
case) 1s decreased, i.e., if they are iwined at a certain angle with respect to

the axis of rotation. Then their 1ift will decrease and the woment with respect

- -~ _to the center of gravity will be less than the moment of 1ift of the wings. Due .
tc; the\i;xéQuAIity of mtments; the jigcile Wiil ‘turn arcund the center of gravity
at a certain angie, and will occupy an oblique position (nose downwards). The k
missile, while continuing its flight, wili descend lower., When the missile attains
the necessary altitude, the horizontal rudders should be turned in: the cpposite

direction, so that the noments are equal again. The missile will fly horizontally.

The same procedure is following if the missile must be turned to the right or

.

- to the left, However, in this case it 1is necessary to turn not tne horizontal

rudders, but the vertical ones. The reader ¢an rigure out for himself which rudders

must be turned and in what direction for a normal missile configuration.

Nt e et —

Spoilers. We have con'sidéred the action of aerodynamic rudders. The S5-10
i missile and certain others employ so-called spoilers (Fig. 17) as rudders, They
.consist of thin continuously oscillating plates. They are placed in the middle
(Fig. 17a), of the wings or on their tips (Fig. 17b). They also can be placed on
the fins, Spoilers that are mcunted on the herizontal wings, in accomplishing

continuous oscillations up and down, move behind the wings upwards or downwards.

S 2 et aatlt

If the time that the spoilers remain above and below is equal, they practically do

e AN o 7 e vl T

not render ery action on the direction of flight of the missile, If, however, they

gty e il

are in one of the positions longer than in the other, they create un additional
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force and act 1iXe horizonial ruddeérs.
Sgotlers that are mouanted on vertical wings move

behind the wings to the right or tc the left and act

1ike aercdymakic rudders. If the missile turns during
flight (for instance, the S5-1C missile), each spoller

2 Pod - z I .
5:%?;'{.“?2?%:%;%“ acts alternately: first as an elevator, and ther as .2

rudder. Spoilers that are mounfed on fins d4ct the
same way. Spollers are actuated by comparatively lcw-power devices, for ingtance
elzsctr 22§, ete. However, spollers soezwhat increase ;lssi,le drag, since the
planes of their platcs are arranged perpendicular to the air flow,

Gas mddgrs. Gas rudders consist of p;l,zfe‘é made from & heat-resisting material,
graphite for instance. They are Plscéé in the stream of gases flowing from the
nozzlz2 ¢f a jet engine (Fig. 13). The action of gas rudders differs in princiole
iron the action of aerodynamic rudders.

We see from Fig. 18 that a force R appears as a resuit of the deflection of
2 gas rudder., This force may be broken down into two conpox'ieqts, from which. one
force, Q, is directed along the axis. of the missile, and the other N, is perpendicular
to it. .

Force &, when combined with tarust, changes the magnitude and direction of the
latter., The direction or altitude of flight is changed as ; result of this,

The  direction of flight of a missile may be changedé by intensifying or reducing
the action of ‘the reactive force by means of turning the entire engine. This is
attained in the Pye midsile br overlapping one or several of the nczzles that .are

-

“located around the circumference of the tail section of the missile body.

oy ar
Saegy

bot Diresrion of

Fig. 18, Action of gas rudders.
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5. ATGM STABILIZATION DURING FLIGHT

Some -antitank missiles revolve during flight (SS~10), others do not (Zntac).
Why do certe£in missiles revolve, and others do not?

'buring the flight qf a missile, it can.roll or turn unde: the action. of the
wing, for example. If a missile that possess roll is launched (not to mention turn-
ing), the planes of 1t5 wings and rudders will .not be horizontal and vertical. In
this case, the commands transmiited to the rudder will not lead to a desirable
regﬁi{; since the additional forces that appear when the rudders are turaed will
nét act in the vertical or horizontal piane, but in.slanted planes, For instance,
it 1s necessary to turn the missile to the right; it then turns not only to- the
right, but it also will be inclined with its nose downwards. If, however, it is
turned, thén, in general, it is not known how it will execute the given command,
This circumstance is taken into account and the missile is. designed in such a manner

- so that it does not roil, i.e., it is stabilized with respect to roll. Nonrotating
missiles have a special device for this which makes sure that the missile doss not
roll, and if roll does occur, it immediately eliminates it. This dévice consists
of two critical components: a gyroscope and ailerons.

The gyroscope is a sensing device with whose help it is possible to detect
roll of a missile.

A Gyroscdépe (Fig. 19) is constructed on the same principle as a “top"., In
gyroscopic instruments it is mede in the form of a fast-revolving symmetric rotor 1,
that is mounteZ in a gimbal suspension which consists of two frames: the outer 2
and the inner 3, 1In the gimbal suspension the axis of ncrmal rotation of the rotor
is perpendicular to the axis of rotation of the inner frame, which in turn is

perpendicular to the axis of rotation of the outer frame, All these three

-28-
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mutually-perpendicular axes intersect at one point
Rirdstion of

?;:.::'2;“":’”’ . which remains fixed with respect to the base of the

St/ .gyroscope even when the frames are revolving.

If a gyrosddpé can revolve around two gimbal sxes,
it 4s called a gyroscope with three degrees of freedom,
The third degree of freedom of the gyroscope is. rotation
with respect to its own axis Z.

If a gyroscope can revolve only with respzct to

one axis, suck a gyroscope is called a gyroscope with

Fig. 19. Diagram of a two degrees ‘of freedom: If the gyroscope whose dlagram
gyroscope: 1 — rotor; ) .
2 — outer frame; 3 — is shown in Fig: 19 is rigidly mounted on the outer

inner frame. frame, we will obtain a gyroscope with two degrees of

freedom. )

The rotor of any gyroscope revolves very rapidly, making 30 thcusand revolutions
per minute and more. This is constructively possiblé,. for instance; if the gyroscope
is made in the form of ‘the rotor of an electric motor, Due to tge very fast rotation
.of the rotor with respect to its own axis, the gyfoscoge also obtains a property that
is widely used in contemporary’ technology, i.e., it maintains a constant -attitude and
resists any attempts to change 1t. Let us consider this property .of the gyroscope
in greater detail,

Let us assume that the gyroscope shown in Fig, 19 can revolve rapidly around
its own axis. If we strike the inner frame of the rotor (in other words, apply an

impulse ‘moment of external forces), it will revolve together with the inner trame,

" like an ordinary solid, by inertia in the -direction of action of the applied moment,

Wien the -outer frame is struck, the rotor will revolve around the axis of this frame,
Now we shall rotate the gyroscope rapidly with respect to its own axis Z. Again
we shall 'strike the inner frame of the gyroscope. In this case the axis of the rotor
will not change its position., If, however, the gyroscope does not spin endugh, its
axis will accomplish small oscillations with respect to its initial position. In
the gyroscopes that are applied in practice these oScillations take place, but their
amplitude is so low, and their frequency is so high that they’ are invisible to the
naked eye,
We shall apply a constant force Q to the outer frame of the gyroscope. The
gyroscope will start to turn with respect to the axis of the inner frame, It will

turn as long as force Q acts, This force will stop, i,e., the gyroscope will cease
-29-
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§o>§8tgte.‘ If ve apply force Q to the inner frame, the gyroscope will start to

?fﬁfé with .-respect to the axis of tne outer frame. Thus, the axis of the gyrorotor,

«‘benrit is spinning, does not move in the direction of action of the forze applied

6 1 ¥ but in aadirection that is perpendicular to the action of the applied force.

Phen‘the axis of the gyroscope accomplishes such nofion, they say that it Drecesses

,And.the motion 1tse1f is ‘called precession.
. ?There is a rule for determining the direction of precessicn. According to this
rule;"the end or the axis along which the angular velocity cof rotation of the -
- gyroiotor 1s directed tends to. combine with the vector of the moment of thé éxternal
,fozee§'under~the act‘onyof the moment or the external forces. The rule of precess.on -
) ~cé;'x}:el:so be stated in another way: under the action of the moment of the.externé}

forces, th;_angular-ﬁoéentum vector tends: to combine with the direction of the vector

—§r=€§é pgﬁent of the ‘external forces by the shortest route.

The anququ mdientum of a gyroscope is the product of the moment of inertia of
‘the-rétor I, with respect to the axis of its normal rotation multiplied by the
angu;gr.veloéity of normal rotation-of the rotor . The moment of 1eeftia of the
vbfoE‘Jz is equal to the sum of the products of thé mass of all particles of the
Toror ﬁultipl;ed;by the square of their distance from the axis of rotation:

Jz==2hnr!

fﬂe magnifude of the moment of inertia characterizes the distribution of the
rotor's maés‘with respect to the axis of rotation Z. The moment of inertia is
.greater; the greater the distance the particles of the rotor are from the axis of
rotation,

The rule .of precession in the last formulation is expressed mathematically in
the‘following manner:

.i?==;h;1

‘In Fig. 19 it is clear that the angular-momentum vector W is directed to the
same 'side as the vector of angular velocity . If we look at the end of vector H,
the- rotation of the rotor should occur counterclockwise,

fhe.magnitude of the angular momentum determines the magnitude of the angular
rate of precession., The greater the anguiar momentum of a gyroscope, the greater
the magnitude of the moment of external forces which must be applied to i. in order
to obtain the necessary angular velocity of precession, Consequently, a gyroscope

with a large angular momentum will have a. smaller reaction to external disturbances,
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i.e., it will be more stable to the influence of externai forces.

The angular velocily of precession is determined by the formula :
M N .

o Tsiat . Noms

where @ iz the angle between the axis -of the rotor and a perpendicular o the plune

of the outer frame; B is a 90° angle minus &; M is the moment of -Xternal forcez
appiled to tke gyroscope. -

If M =0, i.e., if a moment of external forces is not applied to the gyroscbpe,

then.mnp =0, i.e., the gyrosccpe does not precess,

+*

Precession appears instdantly
when M > 0 and also 1ﬁstant1y disappears when the moment of the exiernal forces
= ‘becomes equal to Zerd,

If a gyroscope 1s acted upon by an impuise moment of éxternal forces, the

I TR

deviation of “the gyroscope's axls will be insignificantly small, This property 1s
also used for determining the roll :angles of an antitank guided missiles [ATGM]

(ﬁ?YFC). Contemporary missiles use the gases of solid-propellant engines to make
the gyroscope rotate rapidly.

LR T

The gyroscope (Fig. 20) 1s placed inside the missile in such 2 manner so that

oo

the axis 2 of the flywheel 1 is in strictly defined position with respect o the

longitudinal axis of the missile (in Fig, 20 the longitudihal axis of the missile ]
coincides with the axis 0X).

If there is no roll, then contact %, which is

connected to axis 3 of the gyroscope, frame 6, is in
the neutral position, at whick the source of electric
current is disconnected from the devices that actuate the

special units for eliminating roll, i.e., the ailerons,

When the missile rolls, its body will tiirn, together with
the half-ring 5 mounted on it, at a certain angle with
respect to the longitudinal axis of the missile. Axis 2
of fiywheel 4 and, together with it, the axis of the

.gyroscope, will then maintain their attitude,

Due to this,
§1g°f§o’h G{rogcope:i contact % -also will maintain its initial position., Half-
! — flywheel; 2 — axis . :
- b flywhee%;’B — axis ring 5, turning together with the body of the missile, will
-of frame; 4 — contact; sur
5 — halr:riding; 6 — slide along contact ¥, disconnecting the source of current
frame,

to the devices which actuate the ailerons, The allerons,

after being actuated, act on the missile, which starts tc turn around the longitudinal
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axis iﬁ‘ihe direciion cﬁpos;te the direction of roli. Hﬁen roll disappears, contact
¥ sgain appears in the neutfalzpesltlon ang disconneeié the source of electric
current. The ailerons wiil occupy their former position. The missile will cease
to turn.. ” ‘ '

Let us discuss the action of the ailerons. Hinged plates ave mounted on the
wings. In the neutral position the plates comprise one surface with the wings

o

(Fig: 21). When there is no rolling, these plates, which are called ailerons,

- compose on plane with the horizontal wings. If, however, there is rolling, the

ailerons must be turned around their axis and given a deflection angle (the
magnitude of the deflectioh angle depends on the magnitude of roll). One aileron

is then deflected, e.g., upwards, and the other, downwards (or, conversaly, depending
upon the -direction in which the missile rolled — to the right -or to the left). The
deflecting from ‘the plane of the wings, the ailerons change the magnitude of their
lift. When ghé ailerons are not deflected, their angle -of attack is equal to, the
angle of attack of the wings. But when they are deflected, thelr angles. of attack
are changed in opposite directions (for instance, the right aileron is deflected
downwards, and the left upwards). Lift appears due to the change of the angles of
attack: for instance, the 1ift of the right aileroﬁ is directed upwards, and the

1ift of the left -aileron directed downwards. These lifts, which directed to different

sides;, will turn the missile in such a manner so that roll does not occur (Fig. 22).

Then the allerons ‘again will occupy their former position, i.e., they will not be
defillected, but will lie in one plane with the -wings. The moment that roll disappears
is determined by the gyroscope:

There are antitank missiles which revolve during flight. These missiles include,
for instance, the SS-10., A missi™: is revolved so that the accuracy of its flight on
a trajectory 1s not affected by ehé eccentricity of .the thrust, and also the devia-
tions permitted in the manufécture and adjustment of the missile body, wings, and
tall unit, During the rotation of a'missile, the direction..of action of the permiﬁtéd
deviatioh will continuously change, as a result of which the missile will fly on
the given trajectory without deviating to6 the side, These missiles have one more
device, the collector, whicn is intended for se,arating a given command between the
horizontal and vertical rudders at their given position with respect to the longitu-
dinal axis of the missile. During rotation of the missile, the position of ihe
rudders constantly changes; therefore, to turn the missile to the right and to ‘the
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Fig. 22, Action of an aileron:

R"ig -~ wing 1ift; Rﬂsn — aileron _
Fig. 21. Aileron, 11ft, ’

Yeft, or upwards and downwards, it is necessary to deflect the asrodynamic rudders.
when they are in the horizontal and vertical positions,, The -collrctor should send
a command to the ruddeérs when their deflection will turn the mirsile only in one
plane (or in two, 'if necessary) at the required magnitude,

Figure 23 shows a diagram of a simple collector which cdnsists of a ring whose
axis 2 is stabilizéd by the gyroscope, and brushes 1 which are connected to the

body of the missile, The collector ring is divided

into four- sectors: which maintain their position (do
riot revolve) during flight of the missile, The
sectors are connected to the aercdynamic rudder
actuators, The brushes are joined to the body of’

the missile -and revolve together #ith it, sliding:

along the sectors of the ring, Since the sectors

maintain & strictly defined position,. the actuatons
Fig. 23, Dlagram of & simple ‘

collectof:‘; - brushes con- operate only: when the.:aerodynamic rudders are in a
nected to body of missile; . i

2 — axis stabilized by gyro- definite position, ’'Tie peak value is attained by .
scope, )

the controlling force of the aerodynamic rudders at

every 90° turn of the missile with respect to the longitudinal axis, ‘The aerodynamic

rudders exchange-funct;ons when they make a 900 turn: the horizontal rudders operate

like the vertical ones, and conversely, Palrs of aerodynamic rudders alternately

control ‘the missile in the horizontal and vertical planes, In certain missiles,

e.g., ‘in the 55-10, the pairs of spolilers are not actuated at 90°, but every 180°.
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6. ATGM GUIDANCE SYSTEM :
A tank is a Vgry small and extremely mobile target. Therefore, a large role j
is played by accuracy when firing on tanks.

V ?or‘ipcfea;ing their firing accuracy, antitank rocket missiles are gulded, i
Coht;61 of-tﬁe motion gf a missile after it.has left the launcher makes it possible
to eliminate the numerous ‘errors that accompany any firing, or at least decrease
them to a considerable extent, For instance, it is practically impossible to aim
exactly at a tank., A gunner must allow for errors. both in range, .as well as in
Qireétion when sighting, Errors will arise due to the inaccuracy of determining
and calculating -the meteorological factors, the action of gusts of wind, whose
influéhce genéraily cannot be taken into account, and also when the target will
maneuver, The errors due to target maneuver can be very large, and it is impossible
to consider them beforehand, Each of the enumerated errors by themselves can be '
slight, but altogether the& can ncoticeahly influence the accuracy of firing.

Control of a missile during its flight makes it pcssible to eliminate or -decrease

all of these errors. In.order to.control a vocket missile in flight, it is equipped

with a system of instruments which, combined with the instruments at the command . '
post, :are called the guldance system, As we know from the first section.of the book,
[ATGM]) (TTYPC) -employ two guidance systems: remote-control and self-contained, All
foreign-missiles except the 9-BEBE have a remote-control system,

Remote-control system, There are presently quite a few types of remote-control

systems, They differ from one another both in design, as well as in the means
utilized for transmission of the conmmand signal (i.e.. the signal that the operator
sends by means of a transmitter to the receiving equipment of the missile for changing

the difection of its flight). The generation of the command signals, which have one

“3l.
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quality or other depending upon the mutual location of ‘the missile %n&<%hé ?arget,. ]

and their transmission frcm thé command post by means of transuitti.ng ('qu pllen‘ ‘are g

5

i common for all uhese systems. The command signals, which are rece;ved by ﬁhe :
J \..)-,

dquipment located on the missile, are amplified and finally ac&:upcn thz rudder

-‘. Z

actuators., The rudders are deflected and the missile changes 1ts:direc*ion or

R A

flight to the required direction, - - e "‘j

The command signals are transmitted from the command past by radio of by wlres.
- Most forelgn .missiles have a- remote-control system with vire-transniasion o. i
commands. Iet us first analyze the principle of action of a remote-control system

. with. radio-transmission of commands:,

Any guldance system consists of a number of component parts,. i.e., blocks.
The laycut ‘of a guidance system is usually represented in the form of a cqpbiéation
of tnese blocks and is called a block diagram. A block diagram of a remote-control
system with radic-transmission of commands is shown in Fig. 24, This, tyze of l
guidance system includes the follewing components: a command~encoder block, a radio
communications link, a decoder-actuator block, andrsometiﬁes 2 monitoring system.

Let us examine the functions of the enumerated blocks.

Transs’tter Mcaiver

sntenra - | antenma

, _ )
fCoraand § N . .
ingtr - 4 ans- o= ADecodertoel Mpli- Agtum -

t afiter ootver 1 F J2ter [ 1atoe
L a— P . — ~ . - ’&4
b — —
Cosaand post equipment Ormboard equipment

.

Fig. 24, Block diagram of remote-control system
with radio transmission of commands.

To make the missile accomplish the required manguver, i.e., turn to the right
or to the left, descend or ascend, the missile must be givén a command, The operator
who observes the missile's flight and determines the mutual position of the missile
and tank determines which command must be send, For instance, if it 1§ necessary to
‘turn missile to the right, the command "To the right" is given, How 1is it sent?

The command-encoder block is uged for this purpose, It conslsts of two units: the

command unit and. encoder unit, The command unit of the block, which is called the
command instrument, creates (generates) the command, This instrument is actually
o command transmitter, The operator turns the handle of the command instrument to

the right, which then generates electrical pulses, An electrical pulse is a very
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-eq&ipment. Finally, radio interference can be intentionally created by the enemy,

brief single Juup cf current or voltage 1n an electrical circuit. Electrical pulsés

" are characterized by the ‘size or the Jump, the durafion, and the nolarity ("plu""

or"ligqg").~ Electrical pulses are subdivided 1nto high-voltage pulses, high-

iﬁtenﬁityibulses; and ‘radio pulses, s
fd ri@lp gﬁige is the brief influence of voltage or current on radio equipment,

Radio equibnént uses pulsed from a fraction of a microsecond (a microsecond is.one

thousandth of a second) “to several milliseconds (a millisecond is one millionth of

a agcpnd) in duration. “The proness of. pulse control is called pulse modulation, b

»/Eigurélzs graphically shows a pulse of 1 direct current and a radio pulse 2,

-The operator can .send four types of commands: "right," "left," "down," and "up.” *

So ‘that the raceiving equipment on the,miésiie can distinguyish which command the

received -electrical pulses, refer to, they must have a

fu]ly defined duration and. a strictly defined combination

for each command, The function of conversion of the

electrical signals of thé command instrument into the

Fig. 25, Graphic 1mage number and combination of electrical pulses for the given
of a pulse' 1 -~ direct-

current pulse; 2 —-radio commands- 1s executed the second components of the
pulse;

i command-encoder block, the encoder, The nécessity of the

engoder is brought about by the following circumstances. They include atmospheric

and -industrial interferences which may cause a "failure", i.e., nonfulfillment of a

‘command by the actuators, 'Interferences 1n the form of electrical signals can .appear

during lightning discharges, from.operating. electric motors and other electric

'whowtries;to disturb the normal control of the missile and sends special signals to

the missile, which is known as "false actuation" and consists in the execution of
false commands that are sent to it, .
The transmitter serves for transmission of formed and encoded commands; it
transmits. encoded- commands through a radio communications link to the receiving
equipment of the missile, The commands that are transmitted by the transmitter are v
received by 'the receiving device. ‘
The commands are decoded by thé decoder, whicu is a device that reacts only to a .
given combinaéion—of pulses of a fully defined quality. Of all the possible
electrical pulses received by the receiving device, the decoder transmits only the

group or sequence of groups to which. it is tuned, The receiver can pick up the
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" electrical pulses £y, "Left" to freguency f2,’"Up" to frequency f3, and "Down" to

static and interferxénce of Lhe enemy, but the decoder wiil not react. to them and

%#ill not transmit them to Lhe actuators.

The encoder and decoder form the so-called selector device, which ‘codes the - -

control -commands. in the transmitting portion and identifies them (in other yordu,

it selects them) In the receiving portion. There are many critexfa*by wfich 1i(;“ =

PP

possible to distingulsh the various: commands. In connection \i h this-tnere erig:ﬁ

sevéral types of selection: qualitative, code, combinational, e~01- Qudl,t&f1Ve

et

selection is based on the distinction of 'signals with regard'to tne polarityfrx

pulses,. their frequency, and duration, :Code selection is oased.on tbﬁfdistﬁpctkon

- —
.- -

of pulse combinations in a strictly defined sequence, COue selecqion make& - -

e

et
possible to carry out a remote-control system that 1s noise proof nor only dith‘ IR

respect. to nqtu;alinter‘erences, but also spggially created ones,

In combinational selection the actuators are tr 1ggered only by the simultaneous
or strictly sequential actuation of several output -elements of thé decoder, This -
the most reliable form of section and, at the same time, the most complicated in
the technical aspect, ‘ '

The command signalé enter the amplifier from the decoder,

Th: command instrument, encoder, and transmitter are located at the command
post, The receiver, decoder, amplifier, and actuators are located on ‘the missile
atid make up the so-called on-board equipment,

As an €xample, we shall analyze the principle of operation of the command-encoder
block of a remote-control system with radio transmlission of commands and qualitative

selection, Tet us assume that the command "Right" corresponds to ithe frequency of

frequency £y

For controlling the missile's motion it is importunt to determine not only
the sign of the transmitted command, but also its magnitude, In particular,. this
can Ye done by establishing a specific relationship between the duration.of the
.commands with respect to. time, Ietv us assume that in the misgsile control;channél
in the horizontal plane the transmission time of the commands "Right" t, and "Left"
t2 is .constant and equal to T, The distrituticn of this time between commands can
be extremely diverse: from t, = T and t, = 0, to t, = 0 and t, = T, The time
relationship betweeniicommands of the horizontal control channel 1s characterized

by the so-called command factor, which 1is equal to
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It :ls“'easj ©o rote-chat the value of the command fuctor vakies frem +1 to -1,

An abgofut_éii analogous expression may also be written for the veriicai controi

]

chanfiel, - If the sending tine of the comsands "Up™ 15 7y, and "Pown™ is s the

command factor ror the vertical channel will be equrl to
1,—14

Kes T
Tre magnitudes of the cdphnd factor: -dre varied with the help of the celmand

-

instrument. A fundamentil diagran of = sikple command: instrument is shown in

Fig. 26.. The instrument consists of the g“—:llésing b;sik; elements: special shafis 1
and 5, electric motor 2, ;:ontrol stieck 3,
and- contact grcups 4 and 6A. Snafts 1 and 5
Are turned by electric motor 2. Control
stick % is mschanically coupled to contact
groups 4 -and 6. By changing the position

of conirol. stick, the contact groups are

forced to slide along the generatrices of

the shafts. Each contact group (E‘ig. 27y

Fig. 26, Diagram of command consists of three contact plates, whereby
instrument: 1 and 5 — shafts,
2 — electric motor; % —-control contacts a2 and b are closed in the normal

stick; % and 6 — contact groups.
position. Contact a is conne~sted %0 a

genex‘atc;r of frequency fl’ and contact ¢ is connected €6 a generator o frequency

£y The shafc has a ridge which divides its surface into twc parts of equal area.
The shaft revolves with a constant speed, and the time of its complete wrevolution

is equal to T, Contacts b and c close when the contact group slides along the

shaft, If the contact group is in the middle of the .shaft, the time that contacts

2, b and b, ¢ remained in the closed state is identivuel and equal to g— Consequently,
in one of the half-periods the middle contact (and the transmitter across it) is

connected to the generator of frequency rl, and in the next half-period it is

connected to the -generator .cf frequency f2. ‘Fhen

.
ll=t!='f,“» Kr: 0

If, however, the contact group is.-displaced from the middle position to the
left, th2 closing time of cornfacts a and b will be greater than the closing timi,

of conta¢ts b and ¢ and KI1 X > 0.

T us, with the nhelp of the ccmmund instrumernt, tne operator changes the command
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Tactor and thereby control:s- tk wticn of ghe micsile in the horizontal plane.

he missile is controiled ir the vertical plone By precicely the sawe =method. or
this, the co=mand instrument has one more shaft 5 and contact group 6 (Fig. 25),
the niddle contact of which, and consequently also the transmitter, are connected
first to the generator of freguency £3, and then to the generator of Irecuency fh.

The transmitter can sirultaneously transmit signals for frequencies (s&, f3),
(4 fh}, (fz, fa s (f?, fh) which belong to different chaanels and correspond to
the co=mands "Right — down," "Right — up, ™ “Left - 2cwn," and “"Left — up,* cor-
responéingly, Transmission of the control Signzls usualiy employs the ulfrashoriwave
range of radio waves.

The remote-control sysiem with radio transmissicn of commands is susceptible
to interferences. Therefore, in this type of guldance system they ¢ty to take a1
possible measures, on the one hand, to hamper enermy
detection of the transmissicn of ¢ommands to the missile,
and on the other hand, to decrease the interferences
created vy the cnexy. The Interferencés created by the
cfieny are decreased by devices that discriminate the
useful signal from &n interference signal. ~Furthermore,
directional antennas are employed on the missile and

§ ] £ .
LAVAY WU for transmitter; as done, for instance, on the Iatin

\l‘\q * missile. Directional antenngygs can receive and transeis
)

[ signals only within the 1limits of a narrow sector.

A remote-control system with wire transmission of
gggéaﬁz’grgéggram of commands also contains command-encoder and decoder-actuator
blocks. Instead of the redio communications link here,
a wire communications line is used., This significagg}y simplifies the equipment,
since it 1s not necessary to have a radio transmitter &t the command post and a radio
receiver included in the on-board equipment,
To transmit the required number of commands through the smallest possibie
number of wires, the polar and amplitude qualities of current pulses are used,

i.e., the fact is taken into account that an electrical pulse is characterized. not

only by a definite magnitude, but also a definite sign. Thus, for instance, a
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pozitive current pulse Of = ¢dofinite mgnitude is aceribed by the value of the comsrwwi
"," and a negatiw_: onz bj the commond "Doam.™ Usuelly 2 remote-conirol! system wilh

2 wire commmicalions line for antitark guided ni.,o.lc.; hzs twoe wires, These systoes:

- perait the rranseission of the “Up™ and “Dowm™ commands 1o the ¢levators, and the

"Right™ and "Left” commands to tre rudders. .

The wire communications line has high interference protection from various kind:
of interferences, and 1t is also simple to operate.

The -issil'es are usually controiled by steel wires 0.2 to 0.3 == thicx. They
are wound on special coils that are located on the missile; during missile flignt

" the wires are umvound from the coils.

¥issiles that have a remoie-control system with wire communications and radio
communications are controlled identically. The operator, with the help of an optical

sight that is connected to the control. stick, tracks the missile's flight by means

of the luminescent trail created by the exhaust gases of the jet engine or by means

of a tracer, and, by turning a lever on the control panel, he transmits the commards
"Up,” "Down,”™ "Right™ or "Left" to the missile in the form of electrical signals,
The decoder-actuator plock, which is mounted on the missile, decodes thase signzls

transforming them ifto electrical pulses which are sent to devices that vary the

" position of the controis.

Incidentaily, one Shouid note that the trajectories of remcte-controlled
antitank rocket missiles shot from launchers and from the ground, are not straight

lines.

S0 that a missile does not cut into the ground immediately after launching,

" it is launched at a cerrain angle, After the missile fjies a certain distance, the

operator lowers it downwards to ‘tite required altitude., The missile flies horizontally
at this altitude until farget impact. The phase of the trajectory from the launcher
to the ‘beginning. of the horizontal phase is called the entry phase. The operator
guides the missile in this phase in the required direction and to the required
eltitude,

In conclusion, let us mention the automated remote-control system which is

exployed on the Dari missiie,

In the remote-control systems consldered above, the guidance error is determined
and removed by a member of one crew, i.e., the operator, There are instruments,

however, which make it possible to automate the process of gulding the missile
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to the target to some extent. When the velocity of the missile is about 280 m/nec

ey

sdnd.

it Is difficult for the operator to react quickly to a change of the guldance error.

JORLANE W

Therefore, the guidance csystem of the Dart is partielly automated., Part of the

operzator’s job is executed by instruments. In auomated remote-control systems,

the measurement of guidance errors, and the shaping of control commands and their
transmission to the miscsile is done automatically, without the participation of an i

operator. The laurcn complex of the Dart missile includes a telescopiy: optical

NN A T o crvavs
.

instrument and an electronic computer., Two imsges are seen in the eyepiece cf the 4 ]

= 5

optical instrument, which is directed on the target: the target image and the missile

e

imige. The operator's only function is to match up these two imeges, Everythirg ;
else {determination of the magnitude and direction of the missile's deviation from ;
the target, determination of the necessary command, and so forth) is executed by

the electronic computer.

Self-contained guldance system., This guidance system 1s characterized by ths

fact that the control equilment is entirely concentrated in. the missile itself

P

and, independently without the participation of an operator during the eéntire time

of nissile flight, 1t corrects the missile'’s motion in the direction to the targét;
This guldance system program -oniy requires the preliminary installation of the missile
flight before it is launched, which is executed by the operator, At yresent, a self-
contained- guidance system is used in only ore foreign army antitank guided rocket,

the ‘9-BEBE., There is no information on.the construction of the guidance zystem of
this missile in the press. Therefore, we can discuss in general terms the principle

of arrangement of these guidance systems which are employed abroad for nmissiles of

other classes.
The programmed-trajaetéfyvof a self-contained guided missile is a straight line.
If the missile flies exactly on the programmed line, which connects the launch -

point and the predicted point, it will hit the target (under the condition that tre

predicted point is determined correctly). However, during flight, the missile can
deviate from the programmed trajectory due tc various reasons -(for instance, guaté‘

f [ . of wind). The function of the self-contained guidance system is to change this

; deviation and, in accordance with its magnitude end sign, send a command to controls
b ' in order to return the missile to the programmed trajectory. As we already know,

3 : the controls are the aerodynamic or gas-dynamic rudders., Deflection of the rudders

V will bring about the appearance of a control force which will also rzturn the missile

to the programmed trajectory.
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" Thus, the self-contained guidance system should hold the missile on the

programmed trijectory withoui, the help of an operator, The functions of the operalor

iﬁba self-contained guidance system must be executed by instruments (measurerent
of the Qeviitién of the missile from the command post-target line and sending of
the appropriate commands).

‘ Let us see whiga 1nstrument§ must be ‘included in a simdle self-contained
gu@dnhce system, Férst, it 1S‘neces§axy to meacure the migsile's -deviation from
the programmed trajectory. This requires the appropriate devices. Instruments
that are intenided for the measurement of any parameter are called meters.
COnseqﬁently, there must be meters in a seif-contained guidance system., Secondly,
the :measured uhgnituge and sign of the missile's deviation must be converted into
controlling electrical quantities' (voltage, current, ard so forth). Consequently,
there must be cénvérters in a self-contained guidance system. Finally, the
controlling electrical quantity again 'shouid be converted in some device so that
the controls .can execute the command. The control-surface actuators serve for
this puarpose.

The meters in self-contained systems can be gyrcscopes, which make it possible
to measure the angle of deviation of the missile's axis from the programmed
trgjéctory. A gyroscope that is for this purpose is mounted in such & manner so

that the axis of its rotor 1is directed along the 2xis of the missile. The

geviations of the axis of the missile from the axis of the gyroscopz are converted

by means of special pickoffs into electrical signals that are proportional to the
angle of deviation. These signals are sent to .the control—surface actuators which
deflect the controls at the required angle. When the controls are deflected, there
appears an aerodynamic moment which revolves the missile until its axis again
colncldes wicth the axls of the gyroscope. The angle of deflection of the controls
will then be proportional to the controlling signal. The magnitude of the latter
is proportional to the angle of deviation of the missile's axis from the programmed
1ine or, vwhich is the same, from the gyroscope's axis,

When the direction of the missile's axis again coincides with the direction of
the gyroscope's axis, the contrclling signal will disappear, ihe controls will again

occupy a neutrel positicn, and, due to this, the aerodynamic moment revolving the

‘missile will disappear. However, the missile will pass by the given position due

to inertia, since it cannot stop instantly. This will lead to the fact that the
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axis of the missile will again deviate, but in the opposite direction. 1In this
case it is sald that there is 2 negative mismatch angle. bDug to this,. the controiz
will turn in the opposite direction. The missile also will ggain return to- the

given position under the action of the appearing aerodynamic moment. Dué to the

action of inertia, it agein will pass the position. This process 1s repeated several

times, 1.e., the axis of the missile will oscillate relative to the assigned
position.

For faster termination of the oscilliations, the controls are given an additional
angle of deflection that is proportional to the angular velocity of the missile.
In this case there will be an increase of the so-called aerodynawic damping moment,
upon which depends the character cof the oscillations of the missile's axis. The
aerodynamic’ damping moment is caused by the rotation of the missile around its
center‘pf mass, and it is greater, the fastérfthe osclllations of the missile's
axis are damped., This moment is proportional to the angular velocity of rotation

of the missile and is directed npposite the rotaticn,

A meter is required for measuring the angular -velocity of rotation of the
missile. The meter may be a rate gyroscope, the signal from-which will :be
aigebraically added to the signal from the angulaj'-deflection meter. As a result,

just before the missile returns to the assigned position, the total signal will be
equzl to zero, and the contrcl surfaces will occupy the neutral positioh. Upon
further motion of the missile, the corntrol surfaces will deflect by means of inertia
in the opposite direction, an aerodynamic-moment which wiil prevent the inertial
motion 6f the missile will :be created, and the missile will smoothly approach the

" assigned position. The principle of operation of a simple self-contained guidance

system can be found from a consideration of Fig. 28, which shows a biock diagram of a

self-contained control system. The advantage of a self-contained guidance system

is it$ complete noise immunity, If the enemy somehow could still influence the
flight of a missile in a remote-control system, he could not do it .with this
type of guldance system. Now we shall :discuss some proposed gulidance systems of
antitank guided -missiles,

Several countries have recently published reports on projects for the creation
of homing ATGM's. These reports: tell of the creation cf HTGM's which -must be equipped
with homing guidance systems. In particular, the United States is developing two
types of homing ATGM's: the Tomahawk and the Shillelagh.
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.- — . Setrel emhe To-this time, this type of guldance

Notere --t': - tsgisl
B aatar § ¢

n i surface~-to-air missiles, The principle of

system had been used for air-to<alr angd

. operation of homing guidance systems is

= -0 well-known. The}efore, we chall discusc in

~ a very general sense, based on the data of

foreign press concerning air-to-air and
Fig. 28. Block diagram of a self- surface-to-air rockets.
contained control systes. ‘The main distinction of a homing
guidance systém frem the_considered systems of remote control and self-contained .
guldance consists in the fact that the missile as if guides its own fiight.

A reiotg-cqntrolled’missilg 1s guided at a distance by an orerator, A missile
with a'qelfrccnta;péa guidance systemn fliés on a preset trajectory., The function
of its guldance system is %o kéep the missile on this trajectory, The tasks of the
hpjiﬁé:gu;dance system are t» .estimate ‘the position of the missile with respect to
the %akéetWand‘to generate cornitrol commands which would meke the missile hii the
tétget,“nurjhg'the flight of a noming mis§iié, it is always controlled, .not by
an operator, but by ar instrument that is lo¢ated on board.

A heming guidancé system cen be'applie&>in combination with other guidance
systems, for instance with a remote-control system. in this case the missile is
guided by means of the remote-control éystem by the operator to a distance close
to the target, after which the homing guidance system is actuated., This type -of
guidance system is said to be combined,

The action of homing gulidance systems is based on target concxsast, E@ﬁy
targets, including tanks, are isolated on the surrounding ‘Hackground oy a number
of criteria, i.e,, they pcssess the property of contrast, 'Tney~éaﬁ refliect or
emit electromagnetic energy.

In those classés Of rockets in which homing guldanceé -systems are .now being
employed, waves of the visible, infrared, and radio ranges -are .used, The imericans »
are trying to use ultraviolet and infrared rays, which are also called heat rays,
in the ATGM homing guldance system, Infrared rays are emitted by targets that have N
heated components, for instance the exhausted pipes of engines, Furthermore, these
rays are emitted by Jet aircraft, ships, thermal electric power stations, blast

furnaces, factory smokestacks, etec., The greater the amount of infrared rays emitted

-4l




MOV S04 2

by ihe target;. the greater the magnitude of its contrast on thec surrounding back= - 4
ground, A characteristic of the quantity of emitted or absogggg;energy per unit
time is the radiant flux, P = %3 where W 1s the ‘energy emitted, and t iz the time

of emission,

Radiant flux is measured in watts; it characterizes the emissivé power of
radiatiion, The magnitude of radiant flux emitted by any surface of a body is not

identical in different directions and depends on the quality of this surface, VWnen

infrared rays pass through the atmosphere, they are absorbed by it. Therefore, the
concept of a transparent atmosphere was introduced which is characterized by the
transmission (transparency) coefficient — the ratio-of the quanfity of radiant
energy entering a given layer of the atmosphere to the'quantity of radiant energy
leaving a given layer of the atmosphere., If the transmission coefficient is equal
to unity, the radiant flux in this case will.not be absorbed by the atmosphere,

The transmission coefficient also depends: on the wave length of the infrared rays,

The atmospherg best admits infrared rays with wave lengths of 3.4-4.2 micronms,

and absoluteiy does not admit rays with wave lengths of 1.8-1.9, 2.6-2.9, and

5.2-7.5 microns,

Infrared réys are disperséd by fog particles, drops of rain, and dust .particles,

NN

The greatest amount of dispersion occurs when the wave length of the infrared rays

A

o e Y el

is equal to the radius of the dispersing particles,

The main element of a homing guidance systeir is the target coordinator, which
automatically continuously measures,the target position data with respect to the
position of the missile in space. A 'signal in the form of voltage or current is

" obtained at the target coordinator's output; the mismatch.angle that is propoitional
to it is found between the axis of the coordinator and the missile-target line,
When the mismatch angle is equal 'to zero, the signal at the coordinator's output is
also equal to zero. With the appearance of the mismatch angle, there also appears a

signal that is proportional to the given -angle. In homing guidance systems to use

PRSIy

the infrared rays emitted by the target, the target coordinator is called a

heat~-seeker,

ey

The heat-seeker (Fig. 29) consists of an objective 1, two disks with rasters 2, Au
a condenser, an amplifier, four filters, and a relay block. 1Its principle of action .
consists of the fcllowing., Infrared rays from heated parts of the target (ailrcraft,
3 tank, and so forth) strike the plane of the rasters (a raster consists oi opague

y dashes applied with definite spacing) that are placed on revolving disks (Fig. 30). >
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Pig. 30. Revolving disks:
< 1 — first raster of disk,
up-down; 2 — second raster

. Fig. 29, Diagram of of disk; up-down; 3 ~ first

" heat-seek: 1- -obJective, : raster of disk, right-laft;

2 -~ disks with 1asters, It = second raster of disk,

3 — condenser; 4 — photocell; right—lert 5 — center of

5 — amplifier; 6 -filters. fo>al plane,
Tbese disks are the main controX device of the heat-seeker, ©One of the disks
contrcls the "Up-Down" motion of the missile, while the second controls the
"Right-Left“ motion; each disk two rasters apiece, The rasters are arranged in a.
row, forming opaque segmeﬁts that alternate with transparent segments. The spacing
of all four rasters i§ differernt, The disks revolve in opposite directions in such
a way that -the: transparent sector of one disk and the opaque sector (with the dashes)
of the second disk simuitanepusl?*approach the center of the focal plane,

Depending upon which raster the target image strikes, its radiation will be
converted (modulsted) by the révolving disks with a different frequency. The
aprearance of these' frequerncy signals characterizes the deviation of the longitudinal
axis of the missile: with réspect to target to the right, to the left, up, or down,
The- modulated radiation, a?fer passing through the revolving disks, 1s collected
by the condenser 3 (Fig. 29) and sent to photocell 4, The currént of the -photocell
is amplified in the amplifier 5, whose output has four filters 6, that admit only
the voltage which corresponds’ to the modulation frequencies of the luminous flux
of the targeét. The modulation firequency of this luminous flux corresponds to the
direction of deviation of the optical exis of the system from the luminous flux of

the target, Each filter in turn is connected to a relay, which controls the operation

of the control-surface actuator motors,

If a current of the specified frequency goeg .from the photocell to the amplifier,.

the relay of a given filter is actuated, which is tuned to this frequency, and the

corresponding motor of the control-surface actustor 1s operated, which in turn
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deflects the corresponding control surface.

If the target projection: is exactly on the optical axis; equal voltage of all
selected frequencies /<111 proceed to the amplifier, and the controI-surfaces will

remain at rest. In view of the fact that the optical axis off a himing guidance

system 'is combined /#ith (or parallel to) the longitudinal axis of the missile, the o

with respect to:‘fne optical axis, the projection of its imag2 wilffééviate, thus

causing an inequality of images. This will lead to the trijjgering of the corresgpond-

ing control-surface actuators, and the missile will be agaih directed towards the
target..

In simple case under consideration, the .process of missile guildarice occurs in
such a manner so that its axis is always directe. tcwards the object, and the

missile flies along a certain curve, which is called thé pursuit curve (Fig. ).

When the target mdkes a rlanking movement (as shown in; Fig. 3i), a characteristic

feature of this method of guldance is the fact that the missile always~ap§roéches

the tail of the target, as a result of which there is obtaifiea a large curvature

of the trajectory. In order for the missile to accomplish flight on this tragectcry,

it must have a large reserve of the aerodynamic forces that appear upon deflection

of the controiZ-surfaces, Therefore, such homing missiles in foreign armies have

well-developed 1lifting surfaces.

In order to decrease the curvature of the ‘missile's. trajectory, the following
method is applied abroad: in. each time interval, the missilé is not directed to the
target, but to a certain point in which the missile should encounter the target,
Let us assume that the target is moving uniformly and rectilinearly 0“igf 32), and
the axis of the missile at the time of launching is deviated with respect to the
missile-target line,uqduo, at a lead angle ¥ with such a calculation s¢ that during

rectilinear flight of the missile and the target their encounter would tdke place

at a certain fixed point. In this case, obvlously, the time of flight of the missile

and the target will be identical; the lead angle ¥ is determined by the equation
sin.‘P Lo i
=-—silyg,
V 3 .q

where Vu is the velocity; V is the velocity of fligh! of the missile; q is the target
course angle,

It follows from this equation that, in the process of guldance, the line that

connects the missile and the target will move parallel to its initial direction,
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R Fig. 2. Firing at a predicted
rig. 21. Pursuit.curve, point,

qu@b And if & heat-seeker is deployed at the time of launching with respect to
ihe ;XIE of ‘the missile at angle ¥ in the direction of the target, control signals
will appear it its output only when the axis of the missile deviates from the line
Gllo

Upon deviation of the axis of the missile from the line COUO, the axis of

‘the heat-seekér will deviate from the missile-target line, which will lead to the

appearance of 3 coritrol voltage that is sent tc the control-surface actuator., The
deflection of thé control surfaces causes the body .of the missile to turn in such
a way as to return the missile to the trajectory that corresponds to its flight

to the point.of‘target impact, In this case it 18 necessary to correct only the
trajectory of tiie missile with. respect to the straight 1ineC0uy, which does not
require ‘a lafgezrésérve of .control forces; this means that the 1ifting surfaces of
the missile (wings) can be made considerably smaller, However, the picture changes
vhen the target nianeuvers., When the target changes the direction of its motion,
the value of the rcourse ‘angle will change and, so that the missile flies to the
predicted point, it will be necessary to change the magnitude of the lead angle.
In order to change the course angle curing flight, it is necessary to ensure free
movement of the heat-seeker with respect to the body of the missile, Therefore,
heat-seekers sometimes are positioned: in such a manner so that they can move with
respect 'to the: body of the missile, Let us assume that the missile has one of
these mobile heat-seekers, which ensures continuous target tracking, Then the
question arises off how to control the motion of the missile so that angle ¥, which
is between the axis of the heat-seeker and the axis of the missile, is always

planned in accorddnce with the equation

. v, .
sin '{J::-%mn q.
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In crder to answer this question, it is sufficient to recall that when gulding
a missile to the predicted point of target impact the missile~target line moves
parallel to its initial direction, which connects the missile and the target at.
the time of launching. Consequently, if we construct the lead angle in such.a way
so that the missile-target line moves forward in the process of guidahce, the
miscile will be guided to the predicied point of target impact. Obviously, it is
sufficient to measure the angular velocity of the missile-target line ‘and, in
accordance with the change of this velocity, send commands to the control surfaces
in order to reduce this angular velocity to zero. Tnis means that the lead angle
in this case will be constructed automatically, since the equality to zero of the
angular velocity of the misSsile-target line signifies that it i's moving forward
and that the missile is being guided to the predicted point of target impact. The
design of a tracking heat-seeker is more intricate as compared to a stationary
heat-seeker because of thé necessity of having a special device for automatic target
tracking, Inasmuch as with the use of this guldance method the missile-target
line moves parallel to its initial direction, this méthod iS called the parallei
approach method,

At present, we khow of .other guidancé methods abroad. which offer the possibility
of. decréasing the curvature of the missile trajectory as compared to the .pursuit
method. Their essence reduces to the fact the velocity vector of the missile at
each -moment of time is neot directed to thé target, but tc a certain point that is
ahead of the target,

Homing guidance systems can be active, semiactive, and passive,

In ‘an active homing guidance system, the radiant flux is increased by irradiating

the target with the form of energy that the target coordinator uses, The 'source
of energy that irradiates the target is placed on the missile,
The target is also irradiated in a semiactive guldance system., However, in

this case the source of energy that irradiates the taliget 1s located outside the

missile (for surface~to-air missiles it is cn the ground, and for air-to-air missiles

it is on an aircraft). The energy that is reflected from the target goes to the

receiver which is located on the missile,

The target is not irradiaced in a passive homing guidance system, and the
receiver, which is located on the misscle, uses the energy that is raci-ted by the
target itself,
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American specmuts are atteq»s.:lng to apply the se-iactive method of homing
guldance tor ATG's, N - -
’ Of lpecm interest 1s the atteqt of A-e-'ican spec.al:lsts 10 use the latest

achicvmt of sclence anG techaology in A‘!’Gll guldance systems, i.e., qunp!:u-r

'-echlnlcll generators (lasers)

!he opentlon of these instruments is based on the property of molecules and
a.ou of mtter to selectively absord a certain amount of energy frcam the outside
durlnq ‘their irradiation by exteml irradiators. The instrument passes 1nto an -
excited state ard be;;ﬁs to externslly radiate energy, passing again into a state
tha_; 1s. stable from tke‘energetic point of view. It is known that atoms and .

- -oiecul;s can emit oscillations of strictly definec¢ frequencies. This is explsaired

by the fact that an atom can be in defined energy states. This msans that the
energy of the aggés, which is determined by their oscillations in a crystal lz;ti;ice
of matter or the energy of electrons revqivirg around a nucleus, can take only

fully defined values.. The transition from.one energy state to another is accompanied
by radiation or absorption of a sgrictly cefined amount cf energy. Absorption and
emission of light cccur witk definite portions of energy (energy quanta or photons),
and not continmuously. The incrzase of the energy of a particle is called its
excitation, A particle can be excited by different methods: heating, electrical
»discharéee chemical :a.ction, and 1ight quanta. 7The electrens in excited atoms and
molecules are -on higher energy levels, The possible discrete (discontinuous) energy
states of an atom or molecules. can be symbolically depicted as the levels ‘El, £,

3...\- Rig. 33), which are called discrete energy levels. The distances between them

" are different for different chemical elements, but are identical for all atoms of a

given element. The energy of an atom can be changed only by the quantities P_;z-El,
53-31, etc., 1.e., discretely. The transition of an electron.from one energy-
level to another is connected with the emission or abscrption of light,

If" a particle in the initial state possessed the energy E '’ and E in the final
state, when E > E it zbsorbed a light quantum, and when E < E 1t emitted a light
quantum that had an energy of hy = En - Em,' In this case v is the frequancy of the
emitted or absorbed light guantum, depending on the difference between the initisl

and final energy levels;.h is Planck's constant, which is equal to 6.65 x 10721
g X cm? X sec™T,

R beam of light with frequency v, which is radiated by a large quantity of
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identical atom: thst accomplish. the same jump,

w117 consist of a errtain number of qusnta, eich

— — —Cp _
. T ) . of which his the encrgy Ly, The energy of a light
- ~ ~ " " ~ A
b . —, bea™ 4111 be equal to either thy, 2hv, Zhv, or

Fig. 33. Energy levels, nhy, i.e., it will concist of 1, 2, 3...n light

quanta. Fer the visible portion of the spectrum at A = 5*10'5,c- and v 5'6'161;

1/sec, the quantum erergy is equal to hv -=6.6§'10;27-6°161* = 410712 efé‘ﬁ"'
=.4-10719 Joules.

- o

A large quantity of various kinds of atcms and molecules occur ir naturs, They
can be on various energy levels. Electromagnetic oscillations of p?ydggcklii\;hi
wave lengtn can be ottained with their help. The spontanevus glow of a substance,
which is caused by tné transition of its excited p&i?ig&és'to a 1dier(¢ngxg’ Jevel,
is called luminesceénce. ' -

Particles of a substance can ¥ in an excited staté for a longer or shorter
length of time. The timé that a ; °ticle remains %n an excited state is called its
lifetime, and it varies within.wide limits. A medium containing .excited particles
is called an optically active medium, When the lifetime: of a particle in an»éxcitéd'
state 1s great, e.g., from a few seconds to several days, spontaneous glow of the
medium appears, i.e:, phétoluminescence, When the spontaneous glow. of the meﬁiﬁm
is natural, the excited particles enter a lower energy level without external
influence. When the lifetime .of ‘a particle in excited state 'is short, e.g., from
a millionth to ten-millionths of a second, so-called fluorescence appears. The
process of the transition of excited particles to a IOQEr energy state may be
acceleratved artificially. The luminous intensity of the medium will then.
simultaneously increase, This requires that ths.medium be influerced by mﬁﬁochromatic
radiation, the frequency of which should coincide with one of the spectral lines,

In order to amplify the flux, it 43 necessary that the particles .0Z the medium have
tiie necessary excess energy which could be radiated, 1.e., the particles should be
in an eésxcited state.

The particles Of £ medium-can be artificially held on the upper energy ieVel
when the medium is "pumped" by the energy from the external source, Inasmuch as

6-10'8) when the

the lifetime of a particle in an excited State is short (10”
energy "pumps" the medium it will be simultaneously radiated, i.e., thé phenomenon

of fluorescence will occur, If an active material is excited by some method (electric
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{.Jdl.chargp or pulse tuhe) ‘to a higher energy level, the energy of an atom of the
vréiyv -ﬂdiul'uill 1ncrease from Jevel E to leiel gi ‘The aclive medium can be a crystal,

s gas, or vnpors or various chetical -elamerts or their mirtures, The -atcrial of

. . anAgctire IEG;UI and the 1eve1» ‘are selected so tbnt the lifetile on lsvel E is
"lkAZtufticientlx 1nng Hhcn th s medium, which is in &n optically active state, is

*;;;;*Airrtdinted, different €ffects cun be obtained. Por instzri~e, the exc;fgtion energy

. -CIque:illndittely*tLrned into the-al energy withcut the emissioca of iight; this
O;Eurt ahen* ihe irradistina beam 1s an infrared ray, i.e., ¥,y corresponds to theé

. energy ofathe-inxrared partion of light. When such a photon ;%“ikes t.2 active

;‘IEdIUI, tha ato-s of- the latter trausfer 1o-/a 10wer energy lével without the emissior

;'oﬁ;light, returning the excess enargy to the crystal lettice ‘of the medium

If Vg lies 1n ‘the region of the visible spectrum, thire can occur acceleration
of thc transition of exuitatiun energy into the ensrgy of visihle .rays. The. medium
-_?tﬁen,flashes brightly and dies out qnickly, and the monochromatic beam tlux, which
‘ strikes the op;;ca;ly:qctive gedium, forces an excited :atom or the active medium to
't,:x;ans,f‘ér from the i‘xppér’energy‘ lével E toa fully defined intermediste level E,.

In this -case, hv, ; = Ea ;;f . _As a result, a new photon will bé obtained waich

xi

}'norrespends to the. spectral 11ne Vy that is characteristic for the given mediunm.

5 Uy
This ghotgn will be radiated in exagtly the same direction &s the .striiking one, i.e.,
;a,épi@ticaukm of light will occur., This is tlie principle of action of guantunm-
iéchshigal amplifiers, If part of the energy 4n such an amplifier from the output
An the  ccrresponding phéée is rétiimnca back “to the input .to an optically acétive
medium, it wiil.fuhction as a self-excitinj generator. The power of a similar

'Agenerator will depend on the material selscted, the method of 4its activation, and

the power of the »pumping ‘generator,

) Thgvactive medium in generators caji be syntheti: ruby crystals, which consist of
a crysfal of aluminum.oxide with an ‘addition of chromium oxide, The active medium

% ‘ in thils case are the chromium ions (the active medium may also be crystals of
‘ba;ciumvfluoride with &n add;t%?n of uranium or samarium).

” If a weak beam of réd 11éht is dAntroduced into a ruby crystal that is made in
the form of a rod, then, upon passage througn the crystal, this beam will transfer
the chromium ions from the middle level o a lower one, With a single passage through
the ruby, an: impulse of light will force & small number of atoms to radiate energy.

Trterefore, :the amplification will be small, In order to ob%ain a large amplification,
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it is necessary to force the light impulse o pass through. the ruby'iqéeitedly,
This 1s attained with the help of mirrois. The ends .of the ruby rokenxgagbifed
by 2 thin iayer of :silver, so that semitransparent mirrors -aré obtalneq.i In the
presence of such mirrors, a ceitain part of the energy will be reflected from a
mirror, returned to ruby xod, and the interacticn with. the ciiromium fons will
continue, The refizcted portion.of energy villjsptain,gdditiohql eﬁergy—fro‘ th:
chromium ions. ;tnstnnents that are constructed on this principle are said to be
quantum-mechaniial, or lasers. A diagram of a simple jaser is shown in Fig. 3¥.
The ruby rod is. approximately 12 ma long and 5 mm in diamster.. Its ends gré»ccated
with silver., 4 spiral .flash bulb {the same type that 1s employed in §hotogxnpby)
is screwed into the rod. The buld 1s a source of green light, which is necessary
fer excitation of the chromium atoms (foi*'pqhging' them).

Fig. 3%. Diagram of a laser,.

When the flash bulb) is -actuated; an.intensé parallel beam of red light emerges
from the ruby rod; the emissive pulse power of £he beam's radiation: reaches 10
kilowatts., An instrumelit of analogous: design ridiates so much bright light it is
possible to see it in diylight at a distancé of 40 km. An important property of
lasers 1is ‘the parallel property of .he lignt beiim vadisted by them, With the help
of these instruments it is possible -{n create a wery narrow béam with ~ huge
concentration of energy in it (approximatély several megawatts pen‘cm?) by focusing
the beam on an arés with dimensions that are appfpximateiy equgiltq the wave length,

The application of jlasers. in radar has large prospects, Conventional radar
equipment, due ‘to their wide antenna radiation pattern, cannot distinguish objects

which are close to one another, The high radiation directivity of lasers can correct

this deficiency to a considerable extent, American specialists, who attach a large

value %o ATGM's, decided to use these instruments for guidance systems,
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, 7. ATGH LAUNCHERS

The launching of antitank gulded missiles does not require intricate launchers.
'Théie -1§§$1937c&n be launched by the most diverse methods: from special launchers,
from paciing boxes, and finally, directly from the ground. Special launchers are
very simple in design. They can be set up on the ground, a motor vehicle, an armored:
.car, akhgiigoptét,,or';n,agrprqft.

When gigissiie is fired frbn»a’sbecial laﬁncher, it moves along a guide: rail

3ch is giver an appropriate angle of elevation.

When missilee are fired from packing boxes that are set up on ‘the ground, the

cover;, which serves as a suppert for the front section of the box, is opened, and

“the angle of elevation thus is obtained (Fig. 35).

-Fig. 35. ATGM's launched from packing
boxes (SS-10}.

The weight of the launchers is very insignificant as compared to the weight
of the antitank weapons; it usually does not exceed 20 to 30 kilograms,

In the case of firing from a motor vehicle, an armoered car, a helicopter, or
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-quickly advance a unit of these missiles from the rear and the flanks tc the areas
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an aircraft, they also are equipped with guide rails, usualiy-fp; several missiles
{Figs. 36 and 37). a ‘
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Fig. 37. ATGM's launched from a helicopter
(55-10).

Maneuverability is increased significantly when the- launcher is used in this

way. In the opinion of fcreign specialists, this is their important advantage,

Sttt Al b dut s

since the tactical mobility of infantry antitank weapons under the conditions of

nuclear war has a large value.

When [ATGM] (NITYPC) are used on self-propelled vehicles, it is possibie to

under tank attack. ATGM's on self-propélled vehicles can be covered considerably

- . 4
faster from machine gun fire and enemy artillery. To make the ATGM's even more

maneuverable, self-propelled devices are presently being developed abroad which will

permit all-around fire, TIn France, for instance, such a device was mounted on the

medium tank AMX-13; the revolving turret of which permits ATGM launching in any
direction,

AT

4

Missiles that are launched from the ground do not have gulde rails. They are
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;"i?ig. 38. ATGM launched
directly from the ground
(Mosquito).

0,9-5383 nissile with s_elf-cont_amed ‘guidance system employs a- smooth-bore

" tube as ‘the launchér (the launcher has ‘a sight).
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8. ATGM ARRANGEHERT IN THE FIRING POSITION;
FIRING METHODS; AND FIRING INSTRUCTIONS.

For -combat deployment, as a rule, antitank guiaed missiles -[ATGM) (HEVPC) are
placed in the firing position in batteries, i.e., four to six missiles and more to
each battery; The battle ordcr of a battery-of remote-controlled ‘Entac miégileé is
shown in Fig. 39,

Ve w

Fig. 39. Diagram of the battle order uf an ATGM
hattery.

The ‘battle order of a battery consists of the firing position and the command

. post, The command post can be located both in direct proximity to the firing”

position, and also at a certain distance from 1%, If the launcher is an armored
car or a motor vehic¢le, the control panel can be .placed on the armored car or the
motor vehicle,

For firing remote-controlled missiles, the matching method 1s employed; it is
alsc called the three point method, The essence of this method consists in that
the missile is held on the commani post (ops.ator)-target line. The operator,
who continuously tracks the missile's flight with an optical instrument, always
sees it matched with the target. If the missile deviates from the coimand post-target
line, the -operator determines the magnitude and direction.of the deviation and sends

appropriate command signals ("Up," "Down," "Right," "Left,") which return the missile
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- :éo:tép‘giibn line. “In order to facilitate observation, ‘the mis3iles are equipped
with tracers. In-.addition, the British missile Pye, for instance, has twc

o

]

periacopen vith variable -ngniricaticn. As the missile gets farther away, the

operator changes the -agnirication of the periscopes from a low magnification to
a higher one;

3

,‘The Dart iléaile, which has an automated ssystem of r=mote controi, -employs
vthe same latching -ethod The operator only matches tbé“thrget and missile images;

he -agnitude and direction of the deviation is determined by a -computer; it also

/sends the necessary commiands. .
The necessity of visual observaticn when firing, in the opinion of western
’ .specialists;,rorcea special requirements as to the selection of firing positions
for ATGH':. ‘ ’

First, the terrain in front cf the firing position should be .open to the range

of guided flight of the missile. Foreign milivary specialists mote this réquirement
~as a.deficiency of\AIGH's,:ginée it will not always be possible to fulfill it in
a combat situation.

Second, the firing pésitions of ATGM's should be arranged in such & manner so
that- they are goncealed from enemy ground obsgrvgtiqn, In,g combat situation, the
enemy can interfere with ATGM firing by laying a 'smoke séregn in front .of the
pozition, thus making it impossible for thé operators to .conduct visual observation
.of. the flight of the missiles, Dust and smoke considerably decrease visibility or

.can completely close off thé sector of fire,

Third, ‘when selecting the firing positions, in the gpinion of foreign -
3pecialists, one should take into account that dust will ‘form when ATGM's are fired,
which gives away the firing position,

Certain foreign ATGM's. have dévices which elimingte or, in-any case, decrease
dust-formation whén they .are launched, For Instance, the Mosquito has a speclal
rod support, i,e., .spike, which permits the missile to be set up at an angle of
10-20° to the horizon, These missiles can be fired from behind small concealments
that are easy to camouflage,

When a battle 1s béing fought in populated areas, foreign speclalists recommend
that ATGM!'s be set up directly in buildings and launched from windows for
camouflage purposes, Based on data from the foreign press, it 1s possible to give

the following order of occupation of the firing position and the firing order of
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antitank guided missiles. The ﬁﬁcu's are transported to the area of the $e1éctcd7.
tiring position in motor vehicles. Light ATGM's are transported by soldiers from
the vehicles to the firing position., Several foreign ATGH's‘are'disggsegbiéa:tq

facilitate transporting. The body- and aose of these‘ﬁicﬂlé'arb:storga,ﬁna:tran§g?
ported separately. They are'attached at the firing pbsit;qn;_ The aisélg}y éqd
irstallation of these missiles takes from 30 seconds'tp'SéveraiéiihutgggfQépendgﬁg
upon ‘the design, When the missiles are -assembled, the 1agnchezs (px;édﬁtgine?§§~
are arranged in such:a way, so that they can fire in tﬁé'mpst iaﬁk-éﬁdanéered
direction. Each container is set up in dts own spécifiéd-diregtioﬂ‘s3 as toquﬁér
a large sector of fire with four to six missiles. The confaiﬁérs with éhé missiles
are set up by the soldiers who transported them to the firing pbsiﬁion, At ‘this
time, the 6perator sEIectQ the command post, sets up the generator and sgelector;

and deploys the electrical system. He gonpegés the: generator, selector, and commend
instrument tO*éh electric cable. The selector 1s thhecped to each missile., After
that, the operator inserts .3park plugs into. the missiles, turns on thes guidance
syétem of each missiie, and: assumes his position at the command instrument.

When .enemy tanks appear at a range that is equal to the firing range of %he

- missile, the operator launches the first missile at one of the tanks. In case of
a miss, the operator launches a second missile,

Tanks also can be fired' upon through areas. where friendly irppps are deployed.
To do this, certain foreign ATGM's have special devices in their control systems
which permit the operator to raise the fuse for a certain périod of timeﬁ(wﬁeh the
missile has passed the location of thé fr;enﬁ;y'tr66§§70 invggrtain missiles the

'\fgse is raised automatically' for several sgcohds of flight, Missiles that have
simllar devices cannot explode ‘when they fall into a friendly troop area.

Foreign military specialists very highly evaluate the accuracy of ATGM firing.
They cénsider that the probability of hitting a tank is 80-9C¥. This signifies that
if tanks are fired upon a sufficiently large number of times, then, out of every 100
‘missiles launched, 80-90 will hit a “ank,

Flight control of an ATGM requires skill and experience. Therefore, several
ermies have special instruments, i.e., trainers, which simulate missile flight, for
training operators -(Fig. 40), Trainers are divided into two groups: ‘those for basic
training and those for advanced training.

A basic trainer is an electronic device with a cathode-ray tube. The instrument
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also contains a control stick. The screen of
the c;thode-rqy tube has lines of various
,gqn’ﬂgnraéim. These lines simulate the wriuil
of a flying missile. The trainee, by means of
the contrcl stick, should follow the lines of :-
Sspot of light that is pro;]eét‘ed on the screen.
Instruction on this trainer consists of two
i:hl;es. Ir:. the first phase, the trainees develop
‘mamasl dexterity. In. the second phase, the
trainees iearn how to track a moving object.
For ;m:, 1n frpn;. of the screen of the cathode-ray tudbe there is placed a target

simuletor with an area of 10-15 _2,, which moves at a specified speed. The speed

of the target simulator is increased u the trainees acquire more experience,

“The trainer for the second period of instruction is more intricate., The trainer

utilized for this consists of a panorama screen; films of a moving target and a
spot of light are projected on the screen; the trainee matches up the spot with

the target by opérating s lever on the ‘control. vanel. An electromechanical computer

carries out the connection between the lever movement and the spot cn the screen.

“The same device considers the time of rlight of the missile, the delay of the control
ioop, easures the range to the target, and stops the film after the missile passes
this range. The sccuracy of guiding the missile to the target is determined the
position of the target and the light spot, which are fixed on the screen. The
instructor can stop the film and the light spot at any moment and explain the
trainee's error to hiu,

The average duration of .operator training (including the combat firing course);
which ensures an ‘80 to 90% target hit is approximately one month,

In the Swiss Army, personnel are trained to fire Mosquito antitank guided
missiles by a very simple and economical method, For firing training, & parachute
is placed in the missile instead of a warhead. Instruction for firing missile
equipped. with parachutes 1s carried out by the following method, A stationary
target, i.e., a special target frame (Fig. 41), is fired at, A target hit is scored
when the missile fiies through the ctarget frame, After the missile flies through
the target frame, the operator gives the command "Up." The parachute opens after

the missile reaches a certain altitude (Fig., ¥#2). The moment that the parachute
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Pig. 42, Moment of
‘parachute opening
Fig. §1. Target frame for during firing train-
firing ATGM's by trainees. ing.
is ejected is determined by the operator, who then sends a command to a special
? device, or this command is generated by -2 programmed device. With its parachute
opex,, the ‘missile descends smoothly to the ground. FParachutes make it possidle to
save l:ss than 70% of missiles with on-board electronic eguipment and gyroscepes

% for repeated firings.
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9. COMBAT USE OF ATGM's

We have -considered the design of antitank guided missiles [ATGM] (IITYPC) and the
;etﬁégg of firing them above, In this section we shall discuss the following ques-
tions: how can ATGM's be used in battle, what position do they occupy in th; weapon
system of ar-iesg'vhat types of forces can use them, and which units have them?

The rapid dévelopleht-or‘antitani guided missiles in the ‘postwar ycars forced

. the foreign military specialists to think about the possibilities of their combat

application, They presently consider that the .adoption of ATGM's by the armed forces
opens: new prospects in antitank warfare and.vith armored targets in general., Foreign
iilitary specialists also consider that the emergence and development of ATGM's will
demand a reconsideration of the views on the future of antitank deferse and infantry’
tactics in general, and the tactics of armored forces in particulgr. However, in
spite of the high appraisal of the prospects’ of ATGM's made by foreign speclalists,
the question concerning their role and place in contemporary antitank defense .and

in the weapon aystem in general has not yet been finally answered. There are very
many contradictory statements concerning this question in the foréign press; however,
a‘dgfiﬁite general tendency concefning the combat use of ATGﬁ's has already been
noted, It is obvious that the combat application of any new weapons, including
ATGM's 18 based on tha maximum use of its positive qualities, taking into account

its negative properties, also. '

In the opihion of foreign military specialists, as compared to conventiocnal
antitank weapons, ATGM's possess a larger range of firing along with a higher
accuracy of fire and higher armor-piercing capability. In addition, the operator
can be far away from the firing position and well concealed; the weight of ATGM's
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is considerably less than weight of contemporary antitank guns. All these positive
qualities, in the opinion of fcreign specialists, can permit the qsé:gr ATGC's in

ceriain cases in both defensive and offensive opgrgtiong;' In the Jast;cd;e, ATGMS3
that ave launched from self-propelled launchersz; motor vehicles, and so forth wili .

have the advantage. i - -
Foreign specialists considér that ATGM's can be deployzd for reintorcidg
aniitank defense both in the depth of th? deicnse, and also on its LfoFward e&ge.
In last case, the ATGN's will be able to dectroy mobiie armored targets until
their gunfire becomes effective, . - - T
By using ATGM's mowsited on alrcraft and helicopters, it is possible to destroy
tanks ‘and other armored vehicles while they are moving .and. right in the tactical

cepth of the enemy.

The shortcomings of ATGM's which affect their combat appliqatiénf in the opinion
of foreign military specialists, include, for instance, the presence of a "dead
zone” up to 4C0-607 m deep, uhiéﬂ makes 1t impossible to destroy tanksygy close
distances, Certain military specialists consider that ATGM's can be aé?ligd only
for firing on tanks at comparatively long ranges, since upon the sudden appearance
of tanks at close distances (to 600-800 m), the\opqrﬁior simply cannot gu;de.ﬁ
missile to the @qrgpt, .

Another shortcoming of ATGM's, as considered abroad, is their low f@te of fire
as compared to converntional antitank weapons, ‘

Furthermore, several foreign ATGM's have large dimeneions, which hampers their
delivery to the firing positions. Therefore, it 1s considered that the ozcupation
of firing positions and: preparation for comb:it ‘readiness- of gn.ﬂmcﬁ battery requires
comparatively smore time than required for setting up conventional weapqgs./

Firdlly, the shortcomings of ATGM's also include the circumstance that their
firing requires the visual obserﬁation of an operator. 7In connecticn with thié, it
‘s considered: impossible to employ ATGM's. in a number of theaters of operations,
Even in the Zuropean theater of operations thére cannot always be found a more o=
less even section of terrain that can be seen at a distance of 3-4 km and. has no
cbstacles.

Considering these shortcomings, the foreign military press considers that
ATGM's cannot completely replace antlitank artillery, and that this new antitank

weapon in the present stage of its development can be applied in battle only in
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iil intaatry units and ele-’e'!its as the official antitank weapons of the infantry.

the gpihiqxi military ‘spec:lalists » Will be such that large intervals wili form

. \ : o : .~ S =
cﬂ}hﬂtm with other antitank weapons, - .

o Pf)nign_ lﬂitu'y specialists canﬂider that antitank sissiles can be used by
all brlnebu of ‘the armed forces, and: furthermore, they can be included in special

i
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units of the antitank reserve. In addition, :t 1s considered that armming tle
infantry with antitank guided .missiles will considerably reinforce it in tank .
warfare in the main types of battle; therefore, ATGM's will be applied most .often

In mctmn with thil, the foreign press has been discussing the questiorn of the i
orkanmtum.l -tructure ‘of- ATGM elements, but a ﬁ.nal op:lnion has not yet been

\gde t.lthough the general tendency of organizing ATCM. eleménts in the infantry
_ and ‘wotorized infantryiunits in a mumber of- ‘armies is already clear.

In comnection with the fact that the application of weapons of mass destruction

shl.rply 1ncreued the value of small elements, it 1s assumed that platoons will
be l.rned vith antitank ;uided missiles,

The character of modern varfa'rg is such that it is frequently necessary to
‘quickly change from one form of battle to another. In connection with this, ‘combat
“lements will :make use of maneuver by fire. The structure of the battle order

under combat condi_t’:l,qns with the application of weapons of mass destruction, in

petwéen strong defense points and support points. This circumstance will also

deland maneuvers by companles and platoons which will be able to strike the flarks
and rear 9! the ¢nemy. The element maneuvers will consist of turning ard outflanking
movements, 'Trie sudden appearance of small, well-equipped elements on the flanks cr
in the rear of the enemy, in the opinion of foreign specialists, can render a decisive
influence on the out;éopx; of a battle, Due to this, the.mobility and high technical
equipment of small elements is given a large value in the foreig,t'\ military press,

It is considered that such elements must have their own ATGM's, since the reinforce-
ment of elements with them in the course of battle by order of senior -officers will

demand a great deal. of ‘time, which is impermissible under copditions of fast«moving

‘battle, For arming small elements, it is recommended to. haie light ATGM's, which

can betransported in.:shoulder bags. The application of siuch missiles will make
1t possible to reinforce the element of surprise in tank warfare,
Recently, several armies of the capitalistic countries were egquipped with

light ATGM's which can be carried by one man,
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The armies of ‘the United States, Great Britain, France, Sweden, and Other
countries are presently arsed with A!Gu's..

The United States has armed’ the antitank platoons of co-btseaﬁdport compan‘exz
with ATGM's. A typical artitank platoon consists of ilve squads, each f which
has one ATGH launcher, mounted on an armored car. An infantry divisio@.has-idve
of these suppor£ groups; consequently,. it has a total of 25 ATGM launchers, It
shculd be noted that the United States at this time is not producing ATGN's, but
purchases iiiem in France and West Germaxy. The troops stationed. in ¥est Germarny
use SS-10 French missiles, while those in the CONUS and ih the Far East use the
West Cerman B0-810. Not only units and elements are armed with antitank guided
missiles, but alse notorized-infantry*pattalions of armored divisions and: brigades.

It is appropriate to note that until recexily the United States thouéht that )
the best antitank weapons for armored: divisions were antitank guns. However, this
opinicn has sharply changed recently. Inasmuch as it is considered that tanks in
:modern war will not always advance together with a motorized-infantry armored
division, it is necessary to have a large degree of freedom in the .antitank respect.
The best antitank weapon for motorized infantry under these conditions are ATGM's
whose launchers are mounted on armored cars,. With this deployment of ATGM's, they
will be Just as maneuverable as the motorized infantry itself. 1In connection with
this, several studlies have been made recintly on .armored divisions for the purpose
of determining a rational means of equipping them with new antitank rocket :weapons,
The problems of which elements of a motorized infantry battalion should be equipped
with ATGM's, how many launchers and mwissiles should be issued, and- how many operators
should there be wWere solved; furtheritore, the principles of the combat usé of the
ATGM's in motorized infantry battallons were worked' out, This led to the conclusion
that ATGM's should be included in the mortar platoon of each infantry company of a

motorized-infantry battdlion, The/mortar platoohi should have an antitank sectioh

that consists of two squads, each :of which should have one launcher, The launcher
crew includes a commander, who sirultarecusly performs the duties of the operator,
a driver, two loaders, and a missile-bearer who must ensure the deliver&«éf the
missiles to the firing position and assemble them there, It was decided to arm the
motorized-infantry battalions with SS-10 French missiles,

The combat deployment of the antitank sections is directly supervised by the

company who gives them their assignments, Antitank sections will ve deployed in

battle in direct proximity to the forward edge in the battle order of the companies,
-65-
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- - It 1s possible to fire from an armored car, which permits loading
1inside: the vel:icle, as vell -as diuctly from the ground, depending upun situstion
aul ‘the neeouuy degree of concenunt In the case or firing from the ground,

[

the operator can select tl_:e most .convenient position for the commaid post at a
ce'rtun dtstance from the firing poiifi..., ~ : .
In t;n ‘opinion of foreign specialist, ‘tanks have presently reached. the stage
inwtini.r da\mlop&ut when a further increase of their arsor protection has lost N
iqothnce in ’conjumcpion with the application of ;powerful hollow shaped-charge
agtltank missiles. Therefore, prime attention should be given to arming tanks
imi mg“icieng;jy light and effective weapons, Tanks should have a weight that
permits them to de ti?mported by air with the help of aircraft or helicopters.

In. connection with this, t?’ attention of ailitary specia.lists is concentrated on

, roqkét‘wen?oqs in general, and on ATGM's in particular. Specialists of capitalistic
I ééjxnﬁ?ies considér that by arming tanks with ATGM's they can solve the problem of

1 ‘the weight of a tark and its armament, and it will make it possidle to have
co@mtively light tank:s that are capable of effective warfare against enemy !
armored targets with :the preservaticn of the necessary mobility, i.e., in their
dpinion,_tpe best tank protection from enemy tire. However; many specialists
consider “that it is still to-early to completely replace tark armament with ATGM's,
since the latter still have rather large dimensions and it is impossible to place

a sufficient qixantity of them. in a tank. U, S. speclalists also consider that

it will not be necessary to use éxpensive ATGM's against all targets. Many targets,
such as machine guns ‘and other gpen weapon emplacements, can be quite effectively

. " destroyed by machine guns or cther guns by firing high-explosive shells. Considering
all this, it is presently proposed, in addition to ATGM's , to arin tanks with machine:
guns and light rocket launchers, 1.e,, to create tanks with combined armament. Such
a combination of grmament, in the oplnin:s of U, S, military specialists, will make

it possible to have sufficiently light,‘-:vjigighi; m;aneuveriﬁg tanks that possess high

: firepower and can economically execute vsrious fire missions. ]

In .the foreign press for a long: time there was a controversial question concern-
ing which tanks should be armed with ATGM's, It was Tirst considered that only
heavy tanks should be armed with ATGM's, It was recently decided to also arm
medium tanks with them, As a result of replacing heavy guns with ATGM's, it will

bLe possible to simplify the trensportation and supply of ammunition to armored units,
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This is also promoted by the assumed’ decrease in ‘thickness of tank ar-or‘bqb to
araing them with ATGM's, )

Furthermore, antitank guided missiles have been 1ssued to the antitank ﬁiatoons
of the heavy weapons cospanies which make up the infantry and motorized-infantry
‘battalions. ATGM's have also been issued to the rocket-fighter anyitank:;o-panies
of the tank battalions cf infantry brigades. (in this case the personnei énq ATGM'S
are transporied on 16 armored cars that have launchers). A jeep with a trailer
transports three SS-10 missiles on the launcher and six on the trailer.

In connection with West Germany's development of the BO-810 ATGM, which is
considerably lighter and less expensive than the S5-10, it has been proposéd -to arm
infantry and motorized-infantry platoons with them. However, platoons armed with.
these ATGM'3 must -have squads that 'include two 6pc9ators,Amo:or vehicle drivers,
and 16 =zissiles on launchers (one operator will contrcl eight missiles). The rest
of the fire unit will stay in the body of the mocor vehicle:

West Germany also uses ATGM's for arming the motorized infantry. They have
been adopted as a standard weapon of the motorized infaatry battalions of the ‘tank
brigades of West German divisions., Each heavy weapons company of tank battalion
has an ATGM platoon.

Finally, it has been proposed to start arming tanks with ATGM's. In this
respect, the views of the military specialists of the United States and West Germany
coincide., The creatlon of a light tank armed with light-weight ATGM's anhd capable
of carrying a-sufficiént number cof missiles has been noted in West Germany,

Launcher
in the proposed tank will be placed in a special armored shelter which will be

) considerably elevated above the tank, Relvoading of missiles will be accomplished

inside the tank. A special freé space behind the projecting pdart with thé launcher

is foreseen for the exhaust blast,

The French has introduced ATGM's¢ into the batteries which make up the platoons
of infantry companies., A platoon has ATGM batteries which launch the missiles
directly from thne ground, A battery has six of these launchers, The missiles are
transported on a motor vehicle in their packing boxes. A battery also has a command
Anstrument, an optical sight, a generator, a selector, and a monitoring linstrument,
A regiment contains two infantry companies, i.e., a total of six platooﬁa. Each
platoon has six launchers with S5-10 missiles, Consequently, there are %6 launchers

in a: regiment. Furthermore, ATGM's have been issued to combat platoons of
Qo
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reconnliallncefgroupl;qt the conpoelte regiments of the light motorized division.
‘l‘linu "pljctoo:.";*hne' tbe‘ir: launchers mounted. on & 1ight ‘motor vehicle (each motor
vchicle holds a couplete ATGM. battery; 1. e., 6 -1aailes) Each reginent hes 60
launchers for S8-10 AIG!fs. Regarding the prospects of arming the tanks of the
French Arwy with Amvs; the views of the French military specialists also coincide
iitn the views of the A-ericnn and Hesticer-gn specialists. At present, France
bas & light ltani, the MMX-13, which is armed with S5-11 ATGH's.

Hork 1. being conducted simultaneourly for decreasing the. dimensions ATGM's
in«order to increase the qunntity of missiles in the fire unit cf a tank, and also
the control .system of these ATGM's is being improved.

° Thus, it is clear that the capitalistic countries attach a large value to
nrling tanks with AIGM'B. It 1is firat assuméd that ATGM's will -supplement the
nrtillery armament, and later, as they are improved,. they will completely replace
artillery arnnnent. Poreign military specialists consider that this replacement
‘will make 1t possible to decrease the weight of a tank and considerably increase
: its sneed\and nnneuverability, while retaining its firepower.

Aﬂaviné discussed the questions connecteil with the .position cf ATGM's in the
weapone eyatems of contem@orar& armies :and their organizational structure, we shall
cqnh;&ertthé~pr1nc1p1eé:of the combat application of these missiles in the main
‘fd?ns of:ngttle,‘i,e., offense and defense, In the opinion of the foreign press,
ATGﬁ's will mainly be used for reinforcing the antitank defense of units and elements
of the infantry in both offensive .und defensive Operations. We shall analyze the
principles of the combat appiication of :ATGM's in these forms of battle according

" to the present views of the United States Army, where these questions are beiiig
,given considerable attenticn,

‘An: offeneive operation can be initiated in two cases:

1) when there is direct contact with enemy forces;

2) when the forces preliminarily occupy regions of concentration from which
they intend to attack the enemy, who is occupying the defense.

In the first case, combat groups, which contain antitank platoons armed with
ATGM's, can attack in one or several directions, If a combat group attacks in .one
direction, its antitank platoon provides the general support of this group, If,

however, & combat group attacks in two or three directlions, the antitank platoon

can be used for providing antitank defense of the infantry companies of the first
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echelon. 1In other words, the commander of a combat group can use the antitank

platoon or part of it for providing the antitank defense of the entire éélpag'group.
The commander of 2. combat grcup can also assign. squads of the platoon. to tﬁe{lﬁtantry
companies of the first echeldh,<vhereby the first ones to receive-thesé:sdgaBS’will
be the infantry companies that ‘have the least amount of tanks or other antitank
weapr s, Furthermore, when :ithe combat group commander is assiyning -the antitank
platoon squads, he takes into account the number of enemy-tanks in direction of
attack of the infantry company.

Squads -of the antitank platoon ‘also can- be assignéd?to elements that are.
protecting the flanks of the advancing main forcgs; -

If the attack begins from concentration areas, the combat group forms its hattle
order, as‘; rule, 1n*tow>cq1umns moving at a distance: which would exclu@gaqhq
simultaneous defeat of both columns by a nuclear attack of the enemy. In-this battle
order of combat groups, the antitank platoon is distributed between the columns,

In a column, two or three squads are assigned the elements that are protecting the
column movement: one squad ¢an be assignéd to the lead infantry company and ore

or two squads can cover the tail of the column from thie attack of enemy tdnks from

the rear, The remaining squads are used for providing antitank defense. of the combat
group elements which are moving in the main direction of attacks, _The mission of
these squads of the antitank platoon 4s to cover the column from a surprise attack

of enemy tanks from the flanks and the rear. They execute this mission Jointly with
the tanks assigned to the combat group, »

When an engagement is initiated, ‘the Equads of the antitank piatoon advanced
forward, occupy firing positions, and prepared to repeal the counterattacks of
enemy tanks, Elements of Iight ATGM's occupy their combat position-at a distance
of 100-250 m from the forward edge during the atack. The infantry companies are
continuously supported during the battle by means of the: antitank piatoon squads
alternately changing their firing_pqsitions.

When the battle has ended and the infantry companies have dispersed and occupied
a defensive position for holding the objective or gquickly advance forward, the squads
of the antitank platoon follow the orders of the commandérs. of ‘the infantry companies
to which ‘they are. attached (if there .are ne other orders from the commander of the
combat group).

A defensive operation is a temporary form of combat, In spite of tnis, questions
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concerning the organization of the-defense in general, and the organization of

antitlnk dcféuieciq.particulér;.i;é given a very large value and -allotted much.
attontion. ] “‘3

coubnt group can. aet*g;_a -defense both within a division, .and also apart
rro- 1tl main forces, - .

] In awar vlthout the application ¢f nuclear neapons, the front line of defense
of a eo.btt group will be up to ¥ km vide in open terrain.and up to 2.5 km in rugged
terrain, Ths depth of the. defense area in bot th cases will be up to 3.5 km. The
front. line of defen'e of a conbat group in a nuclear war w111 be from 3.5 to 6 km
wide, ?ha«ﬂeptp of the ‘defense area in this case willlpg from 2.5 ka to 5 km,

‘The mission.of a combat group in a defensivelqperatibn is to stop. the enemy
vefore the forward line éf defense and to repel an attack; in case of a breakthrough
of_tbé‘hegenze;by’the enemy,’the combat group should counterattack him and restore
the_iing of defense, A ggni;t grouﬁ in a defensivévoperation can be given additional
antitank wesapons,. T ‘

Tﬁé~déplbynept,of'aughorized’and attached antitank weapons depends én the size
of fﬁe defengé area 6f the combat group and its mission, Elements of light ATGM's
that are iauhched from thg ground occupy their defensivé combat position usuilly
100 to 250 m from the fifét‘line of defensé. In case of a wide front of defense
and the presence in‘it of séyqi&l Qirectiqps in danger of a tank attack, squads of
th;‘ihtitank platoon are assigred to the infantry companies in these positions,

The ;ntitank s&uads-will‘take their orders directly from the commanders of the
1nfintr&_compgn1es and will carry épt their instructions,

When other antifank weapons are asgslgned to infantry companies, the ATGM squads
occﬁpy firing position3 which should ensure mutual fire communication with the other
attached antitank weapons (antitank guns, %anks, etc.).

Antitank defense in the American Army is set up taking into account natural
obstacles rgihforced by engineering constructions, Furthermore, 1t is supplemented
by antitank mine fields, field artillery, and aerdal bombing of tanks at the defense
approaches. Taking all of this into account, ATGM firing pogitiohs'are set up in
areas under danger of tank attack which are weakly coveied by other antitank weapons,
In addition, special attention is given to the zone of 100-400 m from the first
Iine of defense (it is in the ATGM "dzad zone"), In connection with this, the
ATGM fire communication with the other antitank weapons, must be set up well, right
up to antitank guns. The fulfillment of this requirement is further dictated
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by other consideration. In the opinion of the Americans, the enemy will try to
disrupt the use of ATGM's, whose firing, as we .already know, requites~v13u§;'
observation, The enemy can employ smoke sc¥eens to blind the ﬁperators; therefore
ATGM firing should be covered by antitank artillery. The firing of the Qattér does
noét depend as much on visual observation as ATGM firing. Furthe:h&re,:thé firing
accuracy of antitank artillery is sufficiently high.

If infantry elements are given an insufficilent quantity of other antitank’
weapons for .antitank warfare; .~ close approaches to the first line .of defense, ii
is necessary, in the opinionf;f American -specialists, to erect antitank obstacles
in front of the ATGM firing positions.

In connection with the .above-indicated disadvantage of ATGM's, it 1s consildered
that the ATGM firing positions should be set @p in upen sections .of the terrain, dut

at the same time they should be hidden from the visual ground observation of the:

enemy, American specialists pay very much attention to the: camouflage of ATGM. £iring

positions., They consider that the dust and smoke that forms during firing will give
away -an ATGM firing positign.

‘When a combat group is occupying a defensive :position, the width of whose front
does not exceed 4 km; and there is only one direction under danger of tank attack,
the antitank platoon 1s not broken up into squads, but is used intact for covering
this direction, In this case¢ the squads of the platoon set up a mutual firefcom:
munication between themselves.

ATGM elements may bé employed in & defensive operation by the American Army

also in the reserve of :a senior commander, especially ATGM's on self-propelled

" launchérs,

Military specialists consider that defensive “nfantry units cannot alwdys
successfully repel a tank attack -of the enemy in View of ‘the Supariority of the
attacking torces, In connection: with this, antitank weaponhs may be ordered to the
threatened sector of -defense incthe course of battle. In this case, ATGM's on
self-propelled launchers are irreplaceable mobile and powerful antitank weapons,
since neither mechanized antitank artillery, .nor light ATGM's, carried by :soldiers,
will be able to accomplish such a rapid maneuver, Ih the opinion of many western
military specialists, ATGM!'s on self-propelled launchers are powerful highly-
maneuverable antitank weapons which successfully combine the impact of an antitack

gun, and high maneuverability., These are the only weapons in modern warfare that
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can earry'éixt‘n wide maneuver cn the battlefield, rapidly aﬁpmchin; enemy tanxc
and.destruying them with théir oun firc' For realization ATGN's on self -propell=d
Jaunchers must occupy.- firing positicas in such areas from where it is possible to

' ‘quickly move-in the threateéned tank-endangered direction. These sreas, as a ruls,

shbuld‘be behind the éieledts of the first a2chelon. It ‘should be noted, as American
speeiﬂllstl -consider, that ATGM'z on self-prcpelled laxnchexs, and high-caliber
AEGH': as a. rule} are not ‘as good as light ATCH's in the serse of camouflage.
Therefbre,»heavy'llcl's on self-prnpelled launchers are best .employed when they
a:e centtllized in the reserve of <he senior co-ander for generszl suppcrt of the
1nfantry‘elelents that compose the first echelon, which cannot repel an eaemy

tank attack without the assistance of -ATGM's.

Now-we shall briefly mention the problems of directing ATGK elements in battle.

-An antitanc pliltoon can be 4directed by méans of telephcne comeunications, as
w21l as by radio. An antiﬁéﬁgwplitoén has telephone equipment and the necessary
quantity ‘67 telephone -cables to set up telephon¢ communications. The squeds also
have tq;eppone equipuent and cables which can be used for setting up communications
with the platoon or infantry company to which they are attached.

The leidér of an antitank platoon can also direct the squads by radio, for
which the pletoon has a radioc set that operates in the radio networz ot the platoon
and in the radio network of the combat group: The sguads also have their own radic
sets. If 2 squad 1s attached to an infantry company, its radio zets operate in
the radio network of the platoon and in the- radio' network of the infantry company.

Considerable attention has recently been given abread to the application of

| antitank guided missiles in aviation.

The French mounted SS-10 ATGM'!s ‘on heliciipters and successfully used them in
their dirty war in Algeria.

V The United States and France are presently employing ATGM's not only on
helicopters, but also on aircraft that have velocities up to 440 km/hr for destre"iqg
tanks, armored cars, and fortifications. For this they use special launchers, while
the control equipment remains unchanged,

The SS-11 is employed on the aircraft. In particular, SS-11 missiles are
launched from the Potex-75. In this case it should be considered as a flying
launcher for rocket missiles. The crew of the Potex-75 consists of a pilot and

a gunner (operator).
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On the basis of results of tesis conducted with ATGCM's on helicopterz, foreign

milizary specialists came to the conclusion that the launching cf ATGN's from
haljcopters has a large value in the tactical respect. In distinction from an
airplane, a2 helicopter permits a better use of the férrain, slthough it does not
have air superiority. A helicopter, by shifting from concealment to concealment,
3 and from hollow to hollow, can unexpectedly attack moving znemy: tanks before they
% make thelr attack. A sudden attack can also destroy an equipment derot or the

’ inifial line behind the front. In the opinion of foreign military speclalists,

————
YOO Moy
’

even a powerfully deve:oped tark offensive may be broken up. Helicopters: wita
SS-10 missiles and aircraft with SS-1i missiles can render direct support to the
infantry and armored forces from the air. Helicopters with ATGMi s can.move ;with

T Y

an advanciz-lg irfantry, give it support by destroying hostile tanks, and they can
also accompany a coluxa of tanks, providing it with direct support from the air,
The H-13 heiicoptcr can carry four SS-10 missiles and thre;e crew membeérs,.

| while the VH-1A heiicopter can transpor!t up to six SS=iC missiles and, in addition
% to this, an extra round of ammunition jin ‘the cabin, which 1is designed fog five men,
Missiles are launched from the VH-1A helicopter by the co-piiot.

ntitan’: guided missiles may also be used by airﬁéme troops. In-this case
: it will be possible to launch the missiles from special launchers or directly from

3 ‘the ground. The control panel has a distributor for six missiles. ‘The SS-11

missiles, which are intended for use by airborne troops, are equipped with devices

for dropping them by parachute together with a container.
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' 10, PERPORMANCE CHARACTERTSTICS OF CERTAIN ATGM's

. The capitalistic armies have recently developed a large quantity of antitank
guided missiles [ATGM]. (NTYPC) that. vary in design and performance characteristics,
th2 classification of which was given. in the first section of the book.

COQtelporary ATGM's ﬁ#ve-an effective firing range 1-5 km and are able to:

“plerce armor up to #00-500 mm in thickness..

\cbnielporary ATGM!'s can be divided into three categorles with respect to
weight;J—

— light, which weigh 6-15 kg; their firing range is 1-1.6 km; such missiles
include the French 9-BEBE aﬁd‘ss-;o, the Swedish Bantam, the Swiss Cobra-I and
Cobra-IV, and certain others;

éﬁmedium,}which weigh 18-20 kg; their firing range is 1.5-5 km; such missiles
include, for exgmple,:phe French SS-11 and Lutin.

~ heavy, which weigh 70-140 kg; their firing range is 2-5 km; such missiles
include, for example, the Australian Malkara and the Japanese TATM-2,

The speed of an ATGM, as a rule, is equal to 80-190 m/sec. Only the French
9-BEBE. has & supersonic speed.

Most ATGM's are equipped with & remote-control system with wire-transmission
of -commands, The French SS-12 has a remote-control system with radio-transmission
of commands, and the 9-BEBE has a self-contained guidance system,

ATGM's are controlled in flight by aerodynamic rudders (for example, the Lutin
and the Cobra), by spoilers (SS-10, SS-11, and Entac) or by gas-dynamic rudders
(Pye, 9-BEBE).

The wings of most ATGM's are flat and have a cruciform or X-type arrangement,
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The Iutin has anmular wings. . ]

ATCM's that are employed: by infantry and aiqurne tnits are lannéhed from °
the ground frok their packing boxes or even without them (the Mosquito and the
B0-810). In the last case the missiles are only stored .and transportéd in their
containers, The containers have shoulder straps which make them essier to carry.ﬂ'

The variety of performance characteristics of foreign ATGM's can be explained
by the absence for .z number of years of a single .opinion goncerﬂing.thé réquirements
of an ATGM,

Thus, for instarice, the military specialists of such countries as France,
Feueral Germany, Italy, Switzerland, and Holland considered that ATGM's should be
included- in the armament of small elements. In accordance with this, these countries
developed 1ight ATGM's with a firiq“?igge of approximately 1.5 km. The ATGM's are
transported and serviced by one man, The}Uhitqd States, conversely, developed a
heavy ATGM, the Dart, which was designed not only for destroying tanks, but also
for demolishing strong defensive constructions, 4

The United States recently changed its view on the application of ATGM's,

"The Dart™ was taken out of production and removed from the armed forces, and the
United States Army was armed with French SS-10 light missiles.

The United States 'is presently developing its own light ATGM's, ohe of which
might be shoulder-launched (thé launcher will be similar to an improved version
of the bazooka). Furthermore, U.S., military specialists now consider that the
destruction of tanks.at distahces. greater than.1,5 km will require medium-weight
ATGM's on self-propelled launchers,

The British Afmy has adopted a heavy ATGM, the Malkares, and also & light
ATGM, the Vickers-~891, and has purchased light SS-10 missiles from France.

As an example, we shall éonsider tne design of two French ATGM's: in greater
detail, the SS-10 and the SS5-11.

The ss-16 is employed vy the French Army and has been adopted: by the British,
Swedish, Swiss, aad West‘éerman Armies, SS-10 missiles are also employed on ships
of che French Navy.

The design of the S5~10 is that of a miniature airplane, but without a tail
section (Fig. 35)., Lift is created by the cruciform wings. The missile frame
follows the "tailless" -aerodynamic configuration, The wings are set at an angle

of attack to the axis of the frames this wing arrangement permits the missile to
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turn around 1ts longitudinal axis during flight.
. The eontro,s are :spoilers which are mounted at the base of the trailing edges _
of the wings (spoi;ers in certain foreign sources- dre called intercepters).
Téc viﬂgi‘lie’lifting sﬁr{acés-iithwrounded leading and trailling edges. They~

,consist of ‘a skin made: from. a light alloy with a filter of cork-like wocd, e.g.,

palsa.' The wings are attached to -tife missile body by means of a coupling flange.

v COntrol si;nals in the horizontal and vertical planes are alterna*ely transmitted
through contactrrings and brushes to solenoids of cpposing pairs of spoilers. The
.action ot each pair of spoilers is reversed at 180°,

The contact ‘rings and brushes are located in a. control-signal box which is
held 1n place: by a gyroscope..

The-giroséope.is accelerated by the gases of a powder charge to a very high
speed for 0,1 sec;

The 8S5-10 hss'tvé solid-propellah? engines! a booster and a sustainer, with
conceqtrieally arfanged'nozzles. The nozzles of the booster are arranged around
the external circumference. The booster accelerates the missile to a speed of
80-30 m/sec in 0?5 see, which makes it pgssibie to employ launchers without guide
raiis: .

-The: sustainer 1gn££esfwhen~the booster charge burns through the holes in the
wall between, the series-arranged combustion chambers.

For facilitating missile guidance (when visibility is poor) a tracer is mounted
in the tail of tne missile, since operation of the sustainer does not ensure goqd
observation of ‘the missile;

The Ss-iogis‘éqﬁipped‘with a remote-control system with wize-transmission of
commands, The missile consists of two units: the warhead' (first wunit).; the wings,

-engine, and body with power supply and control elements (second unit). The warhead

is attached to the body by three angular latches with a catch, A dry-cell is
inserted before connection; it is intended for supplying power to the spoiler, The
units are connected only &fter insertion of the dry-cell battery,

The warhead of the shaped charge can pierce armor up to 400 im in thickness,

The fuse 1s set off by the pressure of the gases of the propellant that is
burning in the sustainer, which prevents premature actuation of the fise,

Both missile units are stored in a strong metal box, The packing holds up well

under concussions and shocks,
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The missile can be stored for an unlimited period in the box. The battery,
which is located in a small external nest of the box, is replaced every six morith
months. The entire system can function at ambient air temperatures -35° tb'+50°C
and 1s watertight. )

The SS-10 usually is launched from its shipping box (packing crate}, which
contains a smali launching platform that is made from tubes. The French Army places
the shipping boxes on the .ground, while tkhe Navy puts them on ships and ever on the
gun-carriages .of antiaircraft guns of their gunboats, which. ensures -directionsl
aiming of the missiles. The Americans employ a set of three launchers on a jeep

chassis.

A launcher consists of a tubulaf'argh, which supports: a short guide rail, and
a tube. The arch has an adapter, which connects the cable from the control panel
to ‘two wires, and a ¢lip that keeps the wire out of the stream of gases coming
from the engine during launching. The wires are steel with enameljed insulation.
When the mi;éile is rotated, they are twisted into one bdraid. The wires are roiled
navy-style (similar to mooring ropes), since they unwind quickly, thus making it
impossible for any kind of revolving bobbin. to be emploved.

The command-control equipment is designed to provide maximum deplcyment
flexibility under combat corditions. The :batteries of the SS-10- occupy tactically
important positions. The missiles are connected by means of cables to a juhctibn
box which in turn is attached by wires to a device that generates (proggcga.,signais;
The equipment also includes a selector and launch-control equipment, This assembly,
wnich usually occuples 8 concealed position, is manred by one crew member (cf &
two-man crew); he obtains instructions from the opérator, by means of =z fieidt
telephone or a portable transceiver, for selecting and launcbing the propér missils
of the ‘battery, vhe firing position of which simultanecusly contains four to six
missiles,

The operator aims the missile at the target with -help of a binocular sight
equipped with a reticie or by eye, depending upon the -digstance and visibility.

The power source of the signal generator is a field storage@hattery, from
which a high-intensity current is supplied to the signal generator,

The launcher, which is mounted on a Jeep, is more compact.

The missile can be guided to the target by two methods:

-~ directly from the jeep (the driver and cperator arc protected from the
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exhaiit blast by a protective s eel shi‘&d),
.- fron the observation ,.ost lmere ‘the operator has only the commard instrument,
while the -istile and generator ax> off the Jeep:
.In Iopgtl;gous and wooded terraina, th? nissiles tognther with their launchers
and ¢ontrol eﬁﬁi;legt can be reggyed:quick;y from ‘tne firing position and carried
_The 88-10-has & fan-siupud: ‘;eld 'cf fire with horizontal fire at approximately
90°. The:saximm Tange of actioh is approximstely 1.6 km,
In. addition fo an ax:cr-piexaing wirheesd, an anti-personnel fragmeatation.
larheld ey beAelployed/
The §5-12 {Fig. ;@}‘13 not a simple replacement of tie 55-10. It was developed

»>§pecia;1;.%bp.nechaﬁited troops, uhegg&s~the SS-10 i: an “fantry weapon, The SS-11
1s 1ntendg¢ﬂ;%}n1y for Xaunchizng from armored cars, trucks, aircraft, or small
-ships.’ It-ilso has another naie, ‘the Nord-5210..

Théﬁbéaf%ﬁaf <the SS-11 dééléﬁ adcpied the guidance system and warhead cof the
ss-1o, and the control systet ox the. superscnic missile Kord-5103 (air-to-air

-

surfsc €.

~Ia the vaetber issue (1958% of E ;gg there was an article that described

’ﬁpesappga:ance og this iissile and made an ahelogy with the 5S:10- and the Nord-5103.

-Tﬁgfogggsl‘hose cone, which -cont#ins the .charge, is screéwed to the body of the

Tissile in order to elimiriite drag of the vapidly cperating. crarks. The cylindrical

.corps, to which the wings ‘are mounted, carries the booster and sustainer, Behind

the gpgines there is aycy,indr;g§1 compartment that contains the control instruments,
two coils of wire, and a tracer for facilitating guidance. The design of the missile
body is simple; it is made from & light alioy.

The cruziform wings of «ndis missile possess better aerodynamic characteristics
than the wings of ‘the $S-10. Insteed of 1ifting surfaces in the form of flat plates,
vings with a symmetric profile are employed., There are no exact data on the material
of the wings, They are evidently made from thin sheet material, e.g., a light alloy
with a cork-~type filler, The wings are set at a certain angle to6 the axis of the
misslle body so that the missile revolves slowly in f£ldight, The wire are wound into
one strand Just as in the SS-10, Turning of the missile in flight neutralizes the
various errors in the manufacture of the missile, makes it possible to increase its

manufacturing allowances, and thereby to considerably decrease its cost.
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The booster is equipped with two lateral jet nozzles whose angle of inclination
ensures passage of the nozzle axes through the center of gravity of the missile,

The missile is controlled by deflecting the jet stream of gases,

The mentioned article (from Flight) indicates that this missile-control system
must have two oprosing pairs of spoilers. It was noted that the spoilers are
actuated by two pairs of electromagnets that are excited by a weak current from:
dry-cell batteries. Thus, just as in the SS-10, the current from the dry-cell
batteries must be transmitted by the solenoids of the spoilers in accordance with
the signals that are transmitted by two relays and a distributor. One relay is in

the missile-control channel in the horizontal plane, and the second 1s in the vertical

plane. The distributor works together with 2 gyroscope, which retains it in a fixed
position, 'both relays and the gyroscope-distributor unit, in the opinion of -the
author of the mentiored article, must be located in back of the engines in a
cylindrical housing made from a light alloy. The -gyroscope is rotated by a
solid-propellant engine,

The two wire coils, through which commands are transmittéd to the missile,
project on both sides of the missile's tail sectlion at an angle of 9Q° with respect
to the plane of the two booster nozzles. The coils do not revolve, the wire in
them is coiled., Two tracers and a launching .squib are mounted in the rear
compartment, the center of which has an opening for the passage of the jet stream
from the sustainer,

The missile is guided to the target by means of a sight of the same type as
the one employed for aiming the S§-10.. The same pcwer sources, signal generator,

" and actuator' of the reméte-control lever are vsed.

The launchers are made from a light alloy. The missile is suspended by means
of a V-shaped attachment or is held cn:a guide rail by its own weight, Furthermore,
the missiles can be launched from their shipp;ng boxes, The missile is stored
separately from the warhead, The d¥y~-cell battery, which has a limitéd service
life, 1is stored in a separate section of the box; it may be replaced without opening
the main containei,

‘Taunching of the SS-14 is very simple. The missile usually is placed on the
trailing edges of its wings, and its nose cone is supported by a strut to give it
the appropriate angle of elevation, The upper part of the wooden box 1s equipped

with a tubular rotary strut and a guide for retention of the wires. *
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Tgétpqnlpleny that goes into ‘the SS=<i1 1nc1udesha launch-control monitoring
panel (for checiingVallnoperatloﬂh of the guidance instrumsnts) and a device for
tegtiné the ary;cell batteries, which ;re in the missile or stored in conteiners.

Arter tbe launch signal is given, the gyroscope starts. ‘to revolve: and the
booster charge 15n1tes in the two lateral nozzles. The booster accelerates the
missile to a speed .of 100-110 q/sec in 1.4 sec. The sustainer begins opersation
0.7 sec after\the booster is launched and continues to accelerate the. missile. A
terminal designcvelocity of approximately 150 m/sec 1s attained for a maximum range
of flight equal to &pproximately 3.5 km after 23 seconds of flight

- ‘When the 8S8-11 1s launched from an aircraft or a helicopter, its maximum speed
7 is. lilited to 110 q/sec, which is connected with theé .strength, of the wires of
com-unicaticn line\ ' _ )

The lateral range .of ‘the missile amounts to approximately'oo in each direction
from the 1aunching difection. Deviations from the course can amount to 15-20
during the first two.séconds of flighé. The minimum range -of effective fire is
approximately 500 m.

The warhead consists of hollow-shaped and fragmentation charges. It can
penetrate ‘500 mm.of armored plate at a target-impact angle of 900.

The SS-11 is a mass-produced weapons. In the last two years, approximately
5,000 of thése;mtséiles were isanufactured. The French Armed Forces have several
standard launchers for firing the SS-=1i, Inasmuch as the span of the sweptback
wings of the SS-11 is only 2/3 of the wingspan of the $SS-10, the vehicle can carry
more SS-11'missiles than SS-10 missiles. Airplane manufacturers built-in include
launchers under each wing of the Dassault Flamand and the Vought Corsair, Double
built=in units are also installed on the cross beam of the Sud-Aviation Alouette
helicopter and an original uqit is installed on a.U.S, Navy Sikorsky helicopter,

An airborne launcher 'is basically the same as a ground launcher, except that it has
a light-weighﬂ.fairing,—thé missile is always suspended.

The SS-11 1is also being tested as a shore-defense missile, It can be easily
concealed in shore .cliffs and. shrubs, The SS-11 is tested in the same way as a
weapon that is launched from an IST. The NATO countries, which -have long shore
lines, show a special interest in the SS-11 since it is easier to conceal and
deploy in a combat formation than a gun that has a shell of the same power,

The designation of the SS-11 and the SS-10 comes from the French words
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"sol-sol,” which means "ground-to-ground." . )

>The length of the missile is 1080 mm, wingspan 475 mm, caliber 165 mm, launching
weight 28 kg, welght of warhead 6 kg, maximum speed 190 m/sec, and maiilunarange
3.5 km,

The dimensions of the shipping box. are 89 x 43 x 59.cm, and=the:wgight of this
box is 35 kg. ‘ |

‘Much work is being conducted abroad on the improvemént of ATGM control systems.
The remote-control system with wire-transmission. of commands is distinguishédrby
its simplicity and noise immunity for light missiles with a fiiing<ran5e of
approximately 1.5 km, For medium-weight ATGM's with a firing range of 3-4 ki, a
remote-éontrol system is being developed' with radio-transmission of commands, The-
control s&stems«of light ATGM's 15 also being improved. For instance, d@tempts
are being made to develop self-guided missiles, The homing heads of these missiles
are being designed with the use of infrared and ultraviolet rays, Furthermore,
attempts to crea%e laser-guided. ATGM's are being. made,

‘Light ATGM's are presently being developed to have a minimum time for launch
preparation., As ‘indicated earlier, the Swiss-developed ATGMQ the Mosquito, requires
30-40 seconds for launch preparation, and: a total of 4¥-5 minutes. for preparation
of an-entire ‘battery of these missiles,

Work now is:also.being done abroad on increasing the armor-piercing capability
of ATGM's, increasing their effective range of fire, improving their attitudé-control
systems, and- decreasing the chassis dimensions for their launchers,

Finally, considerable attention is being given to decreasing the "dead zone"

in front of ATGM firing positions. In connection with thé presence of the ATGM's

"dead zone,"

cértain foreign countries considér that the ;nfahtgy needs antitank
weapons that are less cumbersome than ATGM's, but at the same time, sufficiently
powerful, i,e,, an infantryman should carry this weapon and independently use it

for destroying tanks at a distance to 400-600 m, These infantry weapons should
supplement the :ATGM!'s, but not replace them, In connection with this, several
countries sre developing & light infantry antitank unguided weapon for striking
tanks at short ranges, .For instance, the Federal German Army is adopting a new

" Faustpatrone " (rocket grenade) whose firing range, armor-piercing ability, and
simplicity of L .ndling make 1t considerably superior to its World War II predecessor,

The principle of action and design of unguided antitank rocket weapens will be

covered in the following section,
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o 11. UNGUIDED ANTITANK ROCKET WEAPONS

Thg,cohtemboggry unguideqvantitank.rpéket weapon is a means of infaﬁtry defense
-and 1§Cpsed for the:gésgiqptién of tanks at close distances. This weapon is very

gidple in design and ‘handling, and weighs very little. It consists basicaliy of an

'antitagg rockéf with a shaped-charge warhead and a tube that serves as & launcher,

'Ié has‘ﬁ 8911d~propellant engine, The wedpon can be carried by one soldier, who
prgpa:eé it for action and-uses 'to destroy tanks. However, there are heavier models
that require several men to handle them. They are fired, dependiry upon the
particular model, from the prone, ‘kneeling, or standing position. For aiming the
tube,“i.é;,.xhe launcher, there is nusually a simple sight., The shaped-charge
warhead makes it possible to penetrate the g;mqr'of contemporary tanks at low

velocities,

Fig, 43, Diagram of an unguided antitank rocket:
a) nose section; b) rocket section; 1 — housing;
2 — payload; 3 — fuse; 4 — detonator; 5 —~ combustion
chamber; 6 — powder charge; 7 — nozzlv; 8 — fin;
9 — recess; 10 ~ metal funnel,
A di@gram.of an unguided antitank rocket is shown in Fig. 43, As can be
seen from thé figure, the rocket consists of a nose sectlon a and ‘& rocket section b,
The nose section a consists of a housing 1, an explosive shaped charge 2 with

ghaped-charge recess 9 and metal funnel 10, a fuse 3, and a detonator b,
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The rocket section.6 consists of .a powder charge 6, which propels the rocket,
engine, an engine chamber 5. (which houses the,pqwdei charge and burns it), :a.-
nozzle 7, and a fin 8. . . “o't

An example of a light-weight unguided-.antitank weapon is: the recently deveéloped
antitank rocket launcher LAW-XM72 (Fig. %#4a and b). It consists-of a lght -
single-shot launcher and a iocket'grénade. The weight .of the]gieh@deuapb,iaunéhe;
is 2 kg. The launching tube is' made of polyeétgr*plagtic réinfqréed with fiberglsss.
The léﬁnchigg tube 1is also the packing container of the grenade. The diéﬁétér
of the tube is 75 mm and the length of the packing container 1is G}S-mm; An
-additional section ispulled Sut of the ‘tube béfore firing, so that the packing
container can be used as a launcher, The length of the tube in its extended
position is 965 mm. The rocket launcher is lined up- ch the.targgt by means .of a
peep sight through the rifleman looks, and a transparent graduated plastic bar

over the end of the muzzle. Its firing range is unknown. Thé 8ight is marked off
to 274 m,

Fig. 44, Contemporary ungiided antitank
rocket launcher: a) barrel; b) rocket grenade,

The rocket motor of the grenade is-completély active in the launéhing tube
until the grenade leaves 1t, The warhead is equlpped with a new powerful explosive,
"octol," which was specially developed for this weapon.

The grenade is stabilized in flight by magnesium-alloy fins,

One soldier can.carry four of these antitank weapons together with their grenades
in a sling over his shoulder. Each tube is equipped with a shoulder strap.

In addition to its prime mission, i.e., knocking out tanks, this weapon also
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~can he uued.fo‘~the destru;tion of light fortifications.
Y muer unguiged. antitank weapon. is the American M-20 Bazooka (Fig. ¥5).
Tre, Alericnnl nsedcthis _weapon in the Korean War for destroying tanks, The Bazocka
~‘1341ntendeq tor use nqt.only against tanks, but also sgainst self-propelled é;tillery
fehiclgl.lhdﬁariﬁlna Ears. Tt 1s designed also for firing chrough gun ports‘of
reinfbrc&d "llcelen s and pil;boxe )

Fig. %5, Bazooka antitank weapon;
) o a) in firing position; b) in carrying
oL ’ position, 1 — barrel; 2 — shield;
- . 3 ~-bipod; § ~ coupling, 5 — firing
. . mechanism; 6 — sight; 7 — shoulder
stock; 8 —:strap; 9 — shield.

Tbe folding legs 3 supports the weapon when firing in the prone position.

: mhex‘gré folded~under the tube for firing in the standing position. The tube is
. sectional, which makes it easier to carry. It consists of two sectiuis {muzzle and
: breech). To set up ‘the weapon in the firing position, both sections of the tubs
) are corinected to form one piece with the help of a coupling 4 and a split lock.
E Shield 2 protects the gun créw from the effect of the gases that form when firing.
The firing mechanism 5 éon§ists of a megneto, trigger mechanism, and safety switch.
A shot is fired by squeezing thé trigger.

The. Bazooka is fired by direct aiming through the optical sight from the prone
y and kneeling positions. The crew consists of two men: a loader and a gunner,
The .greatecz, effective firing range for moving and stationary targets is up

{ to 200 m; the armor-piercing ability is up to 280 mm,
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The Korean War revealed some serious deficiencies of this weapon: large fire

dispersion, low rate of fire, and insufficient effectiveness of fire.
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