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Annotation

The serles of Brief Guldes to Aeronautics and Space i
Technology was prepared by the Editorial Division of 3
HANGKONG ZHISHI (JOURNAL OF AVIATION SCIENCE) and the 3
National Defense Industry Publishing House in order to
meet the requirements of understanding aviation sclence :
and technology by workers in general, peasants, soldlers,
teenagers, and young adults, to better serve socialism,
to serve the national defense bulldup, and to make new
contributions to carrying out China's Four Modernizations.

The serles of brief guldes was prepared to make
avallable, in a fresh writing style, relying on plain
languages-~layman's terms--to highlight complex subjects,
as well as present striking dlagrams and 1llustrations
to satisfy the reading needs of workers in general, peas-
ants, soldlers, teenagers, and young adults.
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Since our technlcal level 1s limited, there are bound
to be shortcomings and mistakes. We welcome constructive

critlcism and suggestions from readers in order to promote
aviation science and technology.
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Foreword

On a number of occasions, China cuccessfully launched
artificial earth satellites, sevaral returning to the
earth on schedule. Aeronautical and astronautical tech-
mology has developed rapidly in China; many people are
most eager to learn about rocketry, missilery, aeronautics,
and astronautics. Organized by the National Defense In-
dustry Publishing House, we prepared (from publicly avail-
able sources) some popular science reading publications
in order to introduce basic facts about missiles, air-
craft and spacecraft as well as the developmental level
and trends at home and abroad. So general readers can be
made aware of the progress (of missiles, alrcraft and space-
eraft), the current state of the art and future trends,

characteristics, components, applications, configurations,
structures, and functlons of major components.

Rocket tezhnology has developed on a foundation of
numerous branches of sclence; this is a solid manifestation
of modern achievements In science and technology.

There are nany kinds of missiles, and aeronautical and
astronautical lau.ch vehlcles; so several guldes were writ-
ten about them. This book is one of these guides.

There are many kinds of weapons from anclent archery
to modern arms. Rocket missiles are one kind of modern
weapornry.

This book introduces mlssiles as one type of modern
weaponry; there are ten chapters. Chapter I is a brief
history of rocket developments., Chapters II and IIT are
about the classification and flight principles of gulded
mlissiles. Chapters IV through VII ontline the functlons

~of major misslle sections. Chapter VIII describes winred

missiles. Chapter IX tells about the characteristics of

crulse missiles, and the last chapter is about developmental
trends of hallistic missiles.
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By rcading this book, a reader can systematlcally
learn about the fundamentals of rockets and ndssiles.

This book was prezpared with proup discusslon. A
popular science writer, Assoclate Professor Shi Chaoll,
and Jiao Yulin of the Editorial Division of HANGKONG
ZHISHI reviewed all manuscripts and gave much assistance
and guldance. Zhang Shaxin and others also did much work
on this book. To them, the authors express thelr sincere
gratitude.

Because of limited technlcal knowledge and reference
materlals available to the edltors, mistakes and short-
comings will lnevitably exlst. Reader criticism and cor-
rections are welcomed.
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BRTEM HISTMKY OF ROCKET DEVELOPMENTS

Veat Is a R-cket?

A single skyrocket flies off into a moonlit sky, dispalylng a colorful sight. 3
We all are familiar with firework; especlally, children like them, Firework are };i
often seen at celebrations on speclal holldays and on New Year's day. (

What 1s a rocket? A skyrocket is the smallest and simplest rocket; often s
called a flower rocket. The firework unlt has an arrowhead, consisting of a paper 7
cylinder packed with gunpowder (flame powder). The exhaust gas pipe is made of }%

clay; a fuse 1is attached tc the pipe end. A stick stabilizes the entire firework
unit while ascending, as shown in Flg. 1-1.

@) xrm ,‘
! X " fﬁ%j) 3
Wl A k
b3 by i
3’1 :, *“(&g: 'I./,;
A (d) )
: : /a‘ki&nll{l'.
i (g) \' .(e)\w,
Rt (F)

Fig. 1-1, Skyrocket

Key: (a) Flame powder; (b) Black powder;
(¢) Combustion chamber; (d) Norzle; (¢)
Fuse; (f) Guidinp stick; (g) Rocket engine.
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Vhy can the skyrocket ascend into the sky? It doecs so because lurge volunes
of combustion pases qulckly escape throush a nozzle after the black powder is
ipnited. 'The exhaust gases impart a reaction to the fireworl; when this reaction
force has bullt up to an amount exceeding the welght of the firework unit, it
ascends into the sky. Continuous conbus!lon of the black powder provides a

continuous gas flow discharging rearward. Thus, the reaction 1s continuously
applled to the firework for its continuous ascent. When the powder has burned

up, combustion pases stop being generated and the reaction force disappears. At
that time, the flame powder in the top part of firework unit 1s ignited, releasing
colorful flames. The bwmed-up residue of firework gradually descends as the
power is lost. This fact shows that the ascending firework is propelled by the |
reactlon of combustion gases. This reaction is called thrust. The rocket cylinder é.ﬂ
foir combustlon of the gunpowder an? the nozzle for the exhaust escape make up a :,

;

é

rocket englne. The black powder burnirg in the firework is solid fuel, which is // i é
called solid propellant (including oxidizers and combustion agents). ; ﬁ
| | %

3

Figure 1-2 shows a shbrt—range rocket (using solid propellant), appearing
in the closing stages of World War II. The rocket is composed of a nose cone,
& combustion chamber, solld propellant, a nozzle, and fins. After igniting the
solid propellant by an ignition device, large volumes of high-temperature, high-
pressure conmbustion gases areiliberated in the combustion chamber while the
combustion gases quickly escape through the nozzle, a thrust (the reaction of
gas flow) is applied to vhe rocket as it flies forward.

PRTE

—— bt

(c)mer mn(d)

»

(£ K8 3 41

Flg. 1-2. A short-range solid-fuel rocket ;
Key: (a) Nose cone; (b) Combustion cham- 1
ber; (c) Nozzle; (d) Fin; (e) Rocket engine.
(;f
Althourh the two examples mentioried previously are a toy and a prirdtive
rocket, yet the concept of producing thrust and the principle of forward flipht

can be applicd to all rockets.

ot
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Ve can sco from the avove examples that the rocket englne is an engine not
i requiring atmospheric oxyren but only iprites 1ts self-contained propellant (includ-
ing solid fuel, liquid fuel, and a solid-liquid mixture fuel), and produces high-
? tenmperature, hlgh-pressure combustion gases. The gases aquickly form a jet to
|
E

produce a thrust for the englne. This is a main characteristic of rocket engine
and its distinctlon from other types of engines.

i What we usually call a rocket is a flight vehicle powered by thrust provided
1 by a rocket engine. In different usase:, a rocket can have different effective

i payloads. If a warhead is installed, this is a rocket weapon, the so-called

| miiitary-applicaticn rocket. If a rocket has an effective payload other that a

1 warhead, this 1s the so-called peaceful-application rocket. If a satellite 1is

1 packed into a rocket, this is a satellite-launch vehicle. Besldes, there are
high-altitude scunding rockets, hall defense rockets, and others.

The Origin and Development of Rockets

o ; J

All countries in the world acknowledge that the rocket was invented in China.
As early as 683 AD in the early Tang Dynasty, a pill-refining chemist, Sun Simao,
sumarized a method of compounding gunpowder, drawing from long-established prac-

tice of working people. In the final perdiod of the Tang Dynasty, gunpowder was
used militarily.

In the early Song Dynasty, approximately 969 AD, Feng Yisheng, Yue Yifang,
and others constructed a primitive rocket (gunpowder rocket); it was gradually
improved and adopted as a weapon used during battles.

i
3
?
|
!
_%
!
z
|

i ) ‘ ¥
EJ According to historical records, betwzen the 1llth and 13th century, rockets i
glf were used during battles between Song and Jin forces and between Song and Yuan g
M forces. 2
v
: |
z ! In the 13th century, China's rocket and rocket technology were introduced g
v into Arab countries, and then Into European countries. i
;- ! In the late Ming Dynasty, rocket weapons were considerably improved. In the i
é : 16th century, flying swords, flying spears, and flying arrows (Fig. 1-3) were

constructed and employed for defense against Japanese bandits. Also made were
rocket vehicles, shcoting off a shower of rockets.

3
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Mg. 1-3. Rocket Weapon

From the 17th Lo the early 19th century, Russia, India and England also
vigorously developed rocket weapons to meet thelr military needs.

In the mid-19th century, guns and rockets were used side by side. At that
time, there were smooth-bore guns with short ranges and poor precision. However,
rockets were handy to use, with better performance. In the late 19th century, two
new techniques were applied to guns: new gunpowder with nitrocellulose and rifled
gun barrels, Thus, balllstic performance was considerably improved with longer
ranges and higher precision. Comparatively speaking, there was no new development
in rocket with diminishing military applications and stagnant production. At that
time , guns were ahead of rockets. In the 1305 Russo-Japanese War and in World
War I, rockets were seldom used.

Although rocket development was slow, sclentlsts in many countries consist-
ently conducted research and tests in rocket techiiology. Among them were Russian
scientist Tsiolkovski and (wddard /Robert Hutchings Goddard/ of the United States.
Due to slow progress in solid propellants at that time, Tsiolkovskl suggested the
possible use of liquid prrpellants with a schematic structure diagram (Fig. 1-4).
In addition, he proposed designs for miltistage rockets and the concept of Inter-
stellar flight.

In the 1930s, new achicvenents were gained in liquid propellants, new solid
propellaits, high-tenperature materials, and electronic technolory. This added
new vigor to rocket wegporry. This was a renaissance of rocket technology. After
the 1940s, rocket weapons became more and more important in warfare and a new

A 1 ot s - 7 T ——
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Status wis e i, 1n World War 11, Gemnony lownched st V-1 ed then Ve2
rockels o 'y L., the Pritish capltal.,  After the 150°0Cs, meceret technology
entered a teew vl roentid stoe with the ererpence of 1o cnrrier rockets,

such as the 1i'orec .t trental ballistic missiles, artificial sntellites, and
cosmos spacecy™ . In addition to military applications, rocke.s are widely
enployed fcr joooeful puoeses.

"M

D i

Pig. 14, Tsiolkovski's liquid-
fuel rocket

Key: (a) Oxidizer; (b) Combustion
agent; (c) Crew and instrument.

Althouih rockets originated in China, in old China rocket technology was
not developed for a long time because of the protracted rule of the reactionary
ruling class domestically and abroad. After the Liberation, under the leadership
of the Party Central Conmittee and Chairman Mao, and the self-reliance and 4iffi-
cult strugrle of the Chinese peuple, rocket technology rapidly developed within
a short period. On 24 April 1970, China successfully launched its first artificial
earth satellite. Five and half years later, a recoverable satellite was launched
on 26 Novenber 1975. This satellite functioned rormally and retwrned to the
earth accordinr, to a predetermined plan. '
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CHAPTER II
GUIDED MISSILES AND THEIR "ORGANS"

Means of Transportation and Weapon

A rocket 1s a flight vehicle propelled by a rocket englne. There are differ-
ent types of rockets; some are maneuverable whlle others are not, Actually, a
rocket engine 1s a jet englne using a self-contained propellent. After its
comhustion, the combustion gases are expelled rearwarcC at extremely high velocity
to produce thrust (reaction force), propelling the rocket forward.

A rocket 1s an 1deal means of transportation in overcoming gravitational
force and conquering cosmic space in interplanetary or interstellar flight.

What is a puided missile? What difference 1s there between a rocket ana a
gulded missile?

Controlled by an internal or external system, a gulded missile relles on its

own power to deliver a warhead (such as a nuclear weapon) to a predetermined target.

Therefore, a maneuverable rocket carrying a warhead is one type of guided missile,

A gulded missile may have a rocket engine, or another englne type. This is
one difference between a rocket and a fulded missile. A pulded missile 1s a

pilotless weapon that can be used only once. Again this is one difference between

an alrcraft and a prulded missile.

6




Guided mtustles emeryed In 1nte Jorid Var 11, Germmony was the flrst country
to successfully build moneuverable 1rockets, the V<2 ballistlic misciles, a new
weapon at the time. In 1944, Germany launched V-2 missiles to attack london of
Britain. In all, 1050 missiles werce launched; 80 exploded at their launch pads ,
while 370 failed t¢ reach London., Only 600 misslles reachad their tarpets, but
there were considerable fliyht path daviations.

From VWorld VWar II to the present time especially In the past two or three
decades, devalopments of julded missile have becn rupld with ranges from short
to long. OSome milssiles can even fly over an ocean to cover both continents.
There are many types of misslles, which can attack different targets, becoming
the most powerful weapon in the modern age. We can say that pgulded missiles are
a solld new achlevement of modern sclence and technology.

Varieties of Guided Missiles

The development of rocket technology f£11ls modern weapon depots with various
missile armaments; some are big whille others are small. Some missiles resenble
aircraft with fuselage and wings; others are long and slender like wooden piles.
There are many varietles.

Classified according to fundamental missile epplications (by launch point
and geographical positions of targets), there are the following major categories:
1. Ground-to-fround missiles (or surface-to-surface missiles) are
launched from ground surface or sea surface (or undersea) to destroy targets

at the ground surface or sea surface (or undersea).

2. Ground-to-air missiles (or surface-to-air missiles) are air-defense
missiles or anti-missile ndssiles that are launched from the ground surface or
sea surface (or undersea) to destroy midair targets at various altitudes (includ-
ing warheads of ballistic missiles).

3. Air-to-ground missiles (or alr-to-surface missiles) are aircraft-carried
missiles that are launched from flying alrcraft to destroy targets at the ground
surface or sea surface (or undersea).
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L, Mr=to-alr missiles are aireraft-carried misslles that are launched

from flyin: aircraft to destroy midalr tarpeovs.

By ranges, pulded misslles can be divided into short range, medium range,
long range, and intercontinental varietles.

Short rarge misslles are nissiles wlth ranpes of less than 1000 kilometers.
Medium ranpge missiies are missiles with ranges of 1000 to 5000 kilometers.
Long range missiles are missles with ranges of 5000 to 8000 kilometers.

Intercontinen.al missiies are missiles with ranges of greater than 8000 kilo-
meters.

By outward appearance and characteristics, pulded missiles can be classified
into ballistic missliles and winged missiles,

A balllstic missile is a wingless, pllotless flight vehicle carrying a rocket
engine. The misslle flies along a certain trajectory, mainly attacking statlonary

targets.

Winged missiles fly within the dense atmosphere, mainly attacking mobile
tarpets.

According to the number of stages, there are single-stage and multistage
(two or three stages) missiles.

By stage Joining types, one classification includes the tandem type, the
cluster type, and the tandem-cluster type missiles, as shown in Figs, 2-1, 2-2,
arld 2—3 .

Additionally, there are other classificatory methods, which will be omitted
in this book.

"Organs" and "Systems" of Gulded Missiles
The human body includes various orrans and systems, 1lke the head, hands,

8
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digestive system, and regpiratory system, Yhat "orpans' and "systems'" are included

in a missile?

Generally speaking:, wy tyre of gulded missile has "organs" and "systems",

Fig. 2-1. Tander type multi-
stage missile

Key: (a) First stape; (b)
second stare; (c¢) third stapge;
(d) fourth stage; (e) MNose
cone.

such as the propulsion system, {1ight control system, missile fuselare, and
warhead.
(egﬁ {
(dE” --;
(eh i 3
+— 3
O
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= ‘
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Fig, 2-2. Cluster type missile Fip. 2-3, Tandem-cluster type missile

e

Propulsion System

First, we have to start an enpgine to drive a motor vehicle forward., Ailrceraft

Lo

englnes also huve to be started for an alrcraft to take off from an airfleld. So
should an enedne be started to enable a missile to ascend into the sky? Of course,
an engdne has to be stauted.

R e
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Tnere s a law of mechanical notion in nature. Relative to the earth, without
any external force a body at rest will forever maintain its state of rest. Without
any extermal force, a body at motion will constantly malntain its uniform straight-
Jine motion. This is the well-knovn Newton's First Law, the law of Inertia.

The Law of Inertia clearly tells us that a push by an extermal force 1s neces-
sary in order to enable a body at rest enter a state of motion, To enable a body
in motion to enter a state of rest, an external force must be applied to stop it.

A missile follows the Law of Inertia.

Why a missile can fly? This is because there is an engine in the missile;
the engine produces a thrust, which propels the missile. Generally, a ligquid-fuel
rocket engine entails a combustion chamber and nozzle. However, an engine cannot
operate by 1tself and produce a thrust; also required are a propellant (oxidizer
and combustion agent), a propellant storage tank, and a transport and supply system
for the propellant. The englne, propellant storage tank, and transport and supply
system are called power installations, or a propulsion system,

There are two princlpal categorles of engines used in missiles: one is thre
rocket engine und the other is the air-breathing jet enpine. A rocket engine relies
on the combustion of the propellant (carried by the missile) to produce a thrust.
An air-breathing jet engine takes in alr from the atmosphere and burns fuel (or
propellant, which 1s carried by the missile) to produce a thrust. Rased on differ-
ent states of propellants, there are liquid- and solid-fuel rocket engines. The
air-breathing Jet engines can be divided into turbojet engines and ramjet engines.

Flight Control System

The flight control system (or, in short, the control system) of a missile
includes stabilization system and a puidance system,

The stabllization system serves to ensufe that the missile travels (by main-
taining a certaln altitude) along a predetermined trajectory toward a tarpet.

For a flipght vehicle (aircraft, puided missile, satellite, or airship) to
maintain its flirht at a certain attitude, usually a pilot operates the flight

vehicle. Tor a pilotless flipht vehicle, its maneuverine is carried out by an
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attitude stabllizing system., Therefore, the function of the attitude stabilizing,
system serves to stobilize in-flight attitude of a gulded missile, which is
preverited from random rolling and twrning over durdng its flight so as to maintain
a certain attitude. 'The attitude Indicates the angular position of a missile in
space; i.e. its roll angle, yaw angle, and pitch angle,

The rguldance system functions to control the moticn of a pulded missile's
center of gravity, so that it can travel by a predetermined guldance pattern toward
the target.

Warhead

The gulded missile 1s an advanced modern weapon; its task 1s to destroy a
target. Conventional rifle bullets and cammon rounds destroy targets with thelr
warheads, A missile destroys its target by using a functional part similar to
that of rifle bullets or camnon rounds. Sometlmes, the functional part is packed
in the nose cone of the missile so that the part is also called warhead. Sometimes,
the warhead 1s packed in the midsection of a mlssile. To settle on a precise
term, this part (warhead) is usually called a combat payload for the purpose of
final or direct execution of combat.

Because there are varied combat goals and attack targets for missiles, to
effectively accomplish a combat mission there are also varied types, structure and
appearance of the warhead. As examples, when packed with nuclear warheads we call
them nuclear combat payloads and when packed with conventional dynamites, conven-
tional combat payloads.

Missile Fuselage

A warhead 1s needed for a missile to destroy its target. A propulsion system
is required to enable a missile to travel. A flight control system is required
for a missile to move along a predetermined route (trajectory) toward the target.
These three parts are needed in a missile. Only when these three parts are combined
into a functioning entity, i1s a missile then materialized; 1t can accomplish the
mission of destroying the target. For example, a human body 1s composad of a head,
two hands, two feet, heart, liver, lung and others. So Is a missile; the misslile
fuselare connects the warhead, propulsion system, and flipht control system into
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a conplete missile, 'Thus, all parts and systems can be coordinated to exert thelr
respective functions and finally accomplish the task of destroylng the tarpet.
Therefore, a missile fuselape acts as the final assembly for all the component
parts since all are vital. 'The missile fuselage not only connects all these parts,

but in addition the comnection should <nable smooth flight with a desirable e:te-
rior shape.

Because of different applications, there are different structures and exte-
riors. For example, a misslle usually has no wing, only a fuselage. Some missiles
have very small fins. A winged missile has a fuselage and wings.
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CHAPTER TII
FLIGHT TRAJECTORY OF MISSILE
Discovery of Unilversal Gravitation by Newton

Newton was a British sclentlst, living more than 300 years ago. It was saild
that he returned to the countryside the year he graduated from college. One day,
he was sitting beneath anapple tree. Suddenly, an apple fell to the ground. Newton

looked around; there was no wind.

"That 's strange. What's the reason? Why the apple does not fly to the sky,
but drops to the ground," Newton was in deep thought.

The reason 1is that there are attractive forces among all matter. This force
i1s called universal gravitation. When an apple ripens, it does not fly to the sky
because the earth exerts an attractive force on the apple. Similarly, after a jump
one has to drop to the ground. Because of universal pravitation, the moon, planets

and stars stay in the sky.

Based on the universal gravitation discovered by Newton, we can explaln the
motion law of camnon rounds and misslles and understand their flight paths.

¢
Trajectory

How does a misslle move in space?
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People walk on roads; vehicles move on tracks; alrcraft and warships have
navipation routes; and, of course, a missile also has a "navigation route," which
is the so-called flirht trajectory (flight locus). More precisely, under the
acticn of varlous forces a missile follows Nature's law to make a certaln motion.
The flight trajectory 1s the moving locus of the missile's center of gravity.

In a general situation, the motion locus (trajectory) of a missile is a three-
dlmensional curve. Under certain conditions, the lateral motion of a missile is
very small, so it can be neglected. Therefore, the three-dimensional trajectory
can be simplified into a plane trajectory. Thus, the flight path of a missile
becomes a plane curve in the plumb vertical plane.

According to the characteristics of a missile trajectory, generally there are
three categories: the first category includes missiles attacking stationary targets.
Trajectories of this category of missiles are prespec! led (predetermined), After
launch, the missile cannot change its path but only follows a predetermined curve
toward the target. This describes the trajectory of a ballistic missile. The
second category includes missiles attacking movable targets. The trajectory cannot
be predetermlned before launch because this is a random trajectory determined by
moving target situation. Trajectorles of most winged missiles (such as air-to-alr,
alr-to-ground, and ground-to-air missiles) are of this trajectory category. The
third category indicates trajectories of aircraft-type missiles capable of attacking

movable targets and also stationary ground targets. Generally, trajectories of

i

this category are divided into two parts: one rart is predetermined by a program é
while the other part is determined by target characteristics at that time, ?
Varied Forces Acting on a Missile During Flight !
[

4

The motion of a body is caused by an external force (or forces) acting on it. i

The kind of external force dotermines the kind of motion locus. 'The trajectory of
a missile 1s determined by the external force acting on it. The magnitude and
direction of the external force determine the trajectory of a missile.

What forces act on a missile during its flight?
(’I
The principal forces acting on a missile durlng its flight are as follows:
engine thrust P, gravitational force G, and aerodynamlc forcz R, as shown in
. 3-1.
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Fi¢, 3-1. TForces acting on a missile
Key: (1) Center of gravity; 2. Angle
of attack.

A railroad train runs fast because a powerful locomotive hauls it. A rocket
flies at very hirh speed due to enormous power of its engine,

Thrust P The thrust is a force acting on a rocket due to its
engine's operation. fThis force 1s obtained because of propellant cormbustion to
convert chemical energy into kinetlc energy. In other words, large volumes cf
combustion gases after propellant conbustion discharpe rearward to produce a
thrust. This is what Newton's Third Law says: any force produces a reaction force;
these two forces are equal in magnitude but opposite in directions. For example,

a small boat stops salling by a windless, tideless lakeside. When a person standing
on the boat throws a stone foreefully toward the bank, a force (reaction force)
slmultancously acts on the boat. This force pushes the small boat moving away from
the bank. This reaction force pushing the moving boat is similar to thrust produced
by a rocket engine. The thrust of a rocket engine is always opposite in direction,
from that the combustlon gases rearward discharge.

Gravitational force G Any two bodies A and B on the earth produce
attractive forces between them. The magnitude of the attractive forces is propor-
tional to the masses of these two bodles, and is inversely proportional to the
distance between them. However, since the earth has a colossal mass, its attractive
force is nuch greater than any of the attractive forces between A and B. The at-
tractive force exerted by the earth on a body on the ground is called gravitational
force., Because of the exlstence of gravitational force, people cannot fly at will
in the sky without a machlne to overcome the gravitational force. On the other
hand, people can walk and perform activities on earth just because of existence of
the gravitational force,
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The so-called pravitatiornnl force is the attractive ferce on the jreund exerted
J

by the center of pravity of the carth (as shown in Flg, 3=5).

Mg, 3~2. Gravitational
force acting on a missile

The gravitational force G of a missile is the result of the attractive force
exerted by the earth's center of gravity on the missile., This can be expressed by
a formula: G=mg
In the formula, m is mass of the missile and g is the gravitational acceleration of
the earth. The gravitational acceleration at ground level is go=9.80 m/sece.

The aerodynamic force R When you open an ubrella, you will be aware of
a force acting on the umrbrella if the wind blows on your face and you hold the
urbrella inclining rearward. The wind force pushes the umbrella backward and up~
ward. When you sit in a rumning car and stretch your hand outside, you feel a
force pushing your hand backward. These phenomena indicate that a force is acting
on a body if 1t makes relative motion in the air. This force is called aerodynamic
force,

Is a missile arted on by an aerodynamic force when it flles in the air? Of
course, there is a force. The missile is acted on by aerodynamic forces distributed
on the surface of the missile body.

When a missile flies In air medium, aerodyriamic forces are distributed on the
surface of the missile body. All these forces can be combined into a resultant
(resultant aerodynamic force) acting, on the center (focus) of the aerodynamic forces
of the missiie, and a couple (resultant aerodynamic couple) around the focus.

16
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Ppocerse 3ot v sty coondinate system Oxyz (Flys, 3-3): e crtein of
coordingts © b 0 e the aeredynamic center (the intersectties - Lt of tre
vertionl ax's ¢ v, ofontle and the resultant force of the acrvidicrte forces);
the axls CTx - fnes b velecity direction of the missile; the axis Cy is located

in the plane o syvneens of the missile and points upward; and axis Ci is perpen-
dicular to tie rlre xy and points to the right (righthand ccordlivte system).

X

Fig. 3-3. Velocity coordinate system

?roject the resultant aerodynamic force R onto the velocity coordinute system,
The component X opposite to the direction of the Ox axis is called resistance: the
component Y along the Oy axis is 1ift; and the component 7 along the Oz axis is the
lateral force. Therefore, the direction of resistance X is opposite to the missile's
flight direction. The directions of 1lift Y and lateral force Z are along the Oy axis
and Uz .vis, respectively.

The aerodynar’ . force is closely related to the angle of attack a and the
Mach number M,

The Mach number M is expressed by thz ratio of miss.le velocity to the velocity
of sound. If M=10, this means that the missile velocity is 10 times the velocity
of sound.

The angle of attack a« 1s the included angle between the missile axis and the
velocity vector. For ballistic missiles, the angle of attack 1s small, usually
several degrees. i

Lift Y Where does the 1ift come from? The ordinary airfcil type of
low velocity oircraft is taken as an examdle. Fipure 3-4 shows an unsymmetrical

17
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wine type.  ihe degqree of curvature ¢f Lhre wrer surfiee s preater than that of

the lower surfncee. vhen alr pasces by this tyre of wine, ctreanlines appear like

a stream tube with variuable cross acetlons, The cross section of the stream tube
near the uprrer surface is very =mill, so the stream velocity at these locations is
consliderably inercased with reduced pressure. The cress section of the stream tube
near the lower surface is not as much reduced as that of the upper surface, so pres-
swes on the upper and lower swfaces of this alrfoll type are not symmetrically
distributed, but are as showm in Fig. 3-5. Cbvlously, the resultant of these pres-
sures 1s not equal to zero. Therefore, a 1ift is produced.

(a) LEmp-poon

——’—_—_\.-
A e ———
T
—h.y..‘_—___,—-d—.—
\
— (bfalw-mmm‘
Fig. 3-U. Producing of 1lift Fig. 3-5. Pressure dis-
for an alrfoil type tribution for an airfoll
type

Key: (a) Distribution of
(p-p.) at the upper surface;
(b) °Distribution of (p-po)
at the lower surface.

The principle of prcduclng 1ift by other parts of a missile fuselage is the
same as the production of 1ift by the profile of an aircraft wing. The 1ift of
the entire missile “s the sumiation of @1l 1ifts produced by variocus parts. How-
ever, generally 1ift is prcduced by the missile wing. The direction of 1lift is
perpendicular to the direction of relative velocity, the greater the relative velo-
city, the greater the 1ift. The 1lift of the missile fuselage 1s proportional to
its cross-sectional area; the 1ift is also closely related to the angle of attack.
This can be expressed by the following formula: }’=CL~%—9V=S.
In the fonnula, P is density of the atmosphere; V is missile flight veloclity; SM is
the maximun cross-sectional area of the missile; and Cy is the 1ift coefficient,
which varics with missile confijuration and angle of attack a. The varlation of
the 1ift coefficient with airfoil type is shovm in Fig. 3-6.
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Fig. 3-6. Relationship Fig. 3=7. Relationship between
between C_, and a resistance coefficlient C , a,
Key: (1)YSynmetrical and M X

cross section; (2) Unsym-

metrical cross section;

(3) Critical.

Aerodynamic resistance X during missile flight can bz expressed by
X-Cr’%“ PV‘S‘u
In the equation, p , V and SM express the same guantities as in the lift formula.
Cx 1s the resistance coefficient, which is related to flight altitude, angle of
attack u, and Much number M. Fipgure 3-7 shows the relationship between the
resivtan~e coefficlent and Mach number for V-2 ballistic missile.

iateral force T The lateral force 1s also called the lateral-direction
force. When a nidssile makes a side-slip flight or when its rudder (it functions
like a ship's stern rudder) makes a deflecticn angle, a lateral force is produced.
The 1. teral force 1s always perpendicular to the longltudinal symmetrical plane of
the missile.

Principles of producing lateral force and 1ift are the same. The lateral
force coefficient is similar to the 1ift coefficient.

Additionally, there is a problem of control force. By its characteristics,
this force can be considered as an aerodynamic force or an englne thrust. How
can this problem be understood?

A ballistic missile has to turn and aim at a target, or a winged missile has
to track a tarpet with mancuvering {1ight. At that time, the missile has to
change the oripinal state of motion at every instant. We know from Newton's
First Law of Motion; at that time, a force or couple is required. The force
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mancuveringe a mlesile to turn (or rerfomn a noneuverdns £14;ht) 1s called the
control force, ‘ihe exeeution nechandsm of a missile serves to produce and control
siimals for proport ienally mancuvering foreces and couples used in missile flight.
The exccution mechanlsm Includes a maneuver mechanlsm and a driving device (used

to drive the maneuver mechanism).

The naneuver nechanism is classifled into an aerodynamic-force maneuver
mechanism and a conbustlon-;as~-powered maneuver mechanism.

The aecrodynundc-force maneuver mechanism is an alr rudder, which can be
installed at different parts of a missile to produce various necessary control
forces. The air rudder, which produces a force to actlvate pitch notion on a mis-
slle, 1s called the elevator. The elevator 1s Installed at a horizontal fin. The
air rudder, which produces a force te activate drift motion on a missile, is called
the rudder. The rudder 1s installed at a vertical fin., The air rudder, which
produces a force to activate rolling flight for a mlssile, 1s called an aileron.
The alleron is Installed at the tralling edge of a missile wing.

The combustion-gas-powered maneuver mechanism can be classifled into the

following types:

1, Oscillating combustion chamber or swinging nozzle can completely deflect
combustion gas flow discharged from the engine,

2. Mechanlsms partlally deflecting conbustion gas flow include corbustion gas
rudder, deflector and maneuver mechanism (as shown in Fig. 3-8) for injecting gas
or liquid into a nozzle.

nior 1.3 L oA 3111

(a) (b) (c) (d)

S\ia

Fip. 3-8, Several types of mancuver plan
Key:  (a) Combustion ras rudder; (b) Flew
deflecting ringy () Oscillating nouiles
(d) 'wo-time injection,
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The moneuver mechandan adjusting the thrust of several conbustion charbers

,,,,,

Through the execution mechanlsm, a missile produces a control force. A control
torque 1s fored as the control force 1s acting on a point other than the center of
gravity. Acted on by this couple, the missile rotates around the center of gravity

in order to muincuver the ndssile to turn or perform maneuvering £light.
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Flight Trajectory of Balllstic Missile
?‘i Let us irst take a look at the [light of cwinon rounds.
|
%* | ' A round continuocusly accelerates inside a cannon bore underthe action of high
; pressure gas. 'The round attains a very hilgh velocity at the bore exit and f'lies
"i at a certain pitch angle (the included angle between warhead axis and tne horizon).

After leaving the cannon bore, the round flies toward the target along a parabolic

trajectory while acted on by the gravitational force and alr resistance, as shown
in Figo 3"90 A

|
|
|
!

\,—-*

incibiadit

P SR -

Fig. 3-9. Parabolic trajectory
of a cannon round

Key: (¥*) Point of initial firing,

il s afingsacs

For rounds with the same pltch angle, the higher the nuzzle velocity the

farther a round flies and the greater the range (the ground distance from the point

of inltial firing to the tarpet). However, for rounds with the same muzzle velo-

clty there are different ranges for different pitch angles.

Theoretically spealding,
the rarge 1s the greatest at a U5° pitch angle.

T T R YT P O e AT
L "‘ .- . » IR kS

r e
H b= o DI Ie: . SO
JEUEE PO - SUCT R S

4 This 1s to say that the flight trajectory and range of a cannon round are
e ; determined by 1ts muzzle velocity and pitch angle.

Balllstlc misslleyr are simllar to cannon rounds. When a missile starting fly-

ing, 1t continuously accelerates under the action of the rocket enpine thrust, At
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a certaln fnotant (under predetermdned corditions), the enpine power 1s cut off to
separate warhead and missile fuselame.  The warhead lies toward the tarpet w.der
the act.lon of pravitational force. Therefore, the {1irht phase of a missile in-
cludes the powered phase and the inertla phase. The missile 1s pushed by the
engine and flies under the action of the control system. The trajectory of this
scctor is culled the powered phase. At the Instant of engine cutoff, the point
corresponding to the trajectory is called the terminal point of the powered phase
of the trajectory.

When the englne and control system of a misslle are not oper: :i’ng, the mis-
sile flles toward the target along a free trajectory by its (missile's) inertia
like a round flying out of a cannon bore. This phase of the trajectory is called
the inertla phase. The flight path of a missile's lnertia phase is mostly outside
o1 che atmosphere; the misslle is only acted on by the gravitational force. There-
fore, the free trajectory is an elliptic trajectory. In the reentry phase approach-
ing the target, although the alr density 1s gradually pgreater, the elliptic shape
of the trajectory almost does not change. The flight distance of the inertia phase
occuples about 90 percent of the entire missile range. We can see that the ballistic
mlsslle is simllar to a canhon round, traveling along a free trajectory; this is
the reason why this term (ballistic missile) is used. The characteristics of a free
trajectory are determined by initial conditions (velocity and pitch angle) of the
motion, By obtalning the initial conditions, a missile primarily relies on con-
trol in 1ts powered phase., In other words, the misslle relies on the required (by
the powered phase) velocity Vk and trajectory pitch angle Oy (the included angle
between veloclty vector and local horizon) as attained in the powered phase. How-
ever, a cannon round only relies on pitch angle'and muzzle velocity caused by its
motion within the aimed (carmon) bore. Since the range of a cannon round is short,
the point of initial firing and impact point can be considercd within a plane.
Therefore, the best pitch angle of a cannon round 1s U5°, However, the range of
an Intercontinental ballistic missile 1s about 10,000 kilometers; therefore, the
best pitch angle is about 20° due to the earth's curvature. Since a cannon round
flles wlthin the dense atmosphere at low altitudes, there is considerable aerodynamic
force acting on the round., Therefore, a cannon round travels alonhg a parabolic
trajectory. However, a missile basically flies along an elliptic trajectory, as
shown in Fig., 3-10. "
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Fp. 3-10. Elliptic trajectory Flg. 3-11, Several anyles
Key: (1) Trajectory; (2) Earth's within flight plane of a
center. missile

When a ballistic missile is designed, the range has been determined (generally

decided on by the General Staff). 'The impact point and the trajectory of the iner-

tia phase are determined by the missile's motlon parameters Vk and Bk at the
terminal point of the powered phase. Therefore, only according to a glven range
in detevrininz & group of Vk and 2 can a flight trajectory of powered phase be
designed to enabie the missile travel along thls trajectory. While arriving at
the terminal point of the powered phase, the mlsslle just attalns the design
values of Vk and ?k‘ This can ensure that the misslle is capable of attaining
the deslpgn range. When designing the flight trajectory of the powered phase, of
course except satisfying the range requirement, other requirements have to be
satisfled such as small deviatlion of the impact point, desirable flight stability,

convenient maneuverabllity, and adequate strength for missile fuselage.

In order to enable a missile travel along a powered phase trajectory as
designed, first a flight program (or flight plan) of the powered phase has to be
designed according to the trajectory of the powered phase. In other words, this
serves to prescribe (to design) a law varying with time for a prescribed (design)
range angle (or pitch angle) of the missile. The angle ¢ is the included angle
between the nissile's vertical axis and the horizon at launch, so that ¢=d+a (as
shown in Fig. 3-11). Then, according to the flight program of the powered phase,
a program mechanism can be designed and built. The program mechanism can be
mechanically installed or 1t may be present in other forms. At pregent, there
is a steel belt cam type and a ¢ear cam type with mechanieal installation, Other
forms of program mechanism include perforated tape memory device and magnetic tape
memory deviee,
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Install proseam rechanteon and other Instruments in a mdssile,

In flirht,

accordine Lo o selocted Lrafectory projaam the prorram mechardom sends Instructions

for cniine cutoff and seprration of warhead from missile fuselare.
{

In addition,

the pro,-vam rechanlsm serds instructions to condurct continuous soundings of exterior
interference to sensitive elements (such as accelerormeter and gyroscope) and
minsile motion. "Thus, control sipmals are produced. Throurh excharye and arnplifi-
cat.icn of intermodiate devices and transfer to mancuver mechandcors (oscillating
ch-fne or conbustion gas rudder), these sipnals can generate correspondini: control
forees to naneuver the missile to travel along a predetermined trajectory, If a
missile can canpletely execute the flight program durding its flipht, parameters
Then the
ndssile can travel along a predetermined trajectory and hit the target accurately.

at the terninal point of the powered phase can attain the desiyn values.

Generally, the flight program of the powered phase (of a ballistic missile)
can be divided into several characteristlc phases, such as vertical takeoff phase,
The inertia phase trajec-
tory can be divided into free flipht phase and reentry phase, as shown in Fig. 3-12.

turning; flirht phase, and constant value program phase.

(3) (3) .
KA LR >

Fo g (4)
e (5)

gy (6)

(1) Fuk == <
(2) w
'(Q)NA&

Flg, 3-12. Flight tra{ectory of ballistic missile
Key: (1) Altitude; (2) Horizontal distance; (3)
Point of power cutoff; (4) Constant-value program
phase; (5) Turning phase; (6) Vertical phase; (7)
Powered phase; (8) Inertia phase; (9) Renetry phase.

Vertieal ascent phase Within the first several seconds after launch of
Atallstie missile, usunlly the flipht trajectory is desirned into a phase of a

ot bl stradrht ldne,

L N
B T

The missilc 1s erected on a launch pad. After enpine

oo the thrust Inereases continuously. When the thrust excecds the missile

t o 1

St slowly and vertdeally ancends from the launch pad.  As the enrine thrust
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cont inuously Increases and qulekly attalns 1ts mted value, and the propellant
continuously depletes at a rapld pace, the missile welpht continucusly decreases,
Althourh the missile flles vertically upward in the dense atimosphere, yet the mics-
sile velocity stlll increcases quite quickly. After several seconds of vertical
f1lipht and the missile veloeity attains a certaln value, the flight is cormparatively
steady. ''he misslile bepdns to turm under the influence of the control system, and
enters the turning flirht phase.

Why a vertical flight phase 1s required? Pecause a ballistic missile is
big and its thrust welght ratio (the rate of engine thrust to takeoff weilght) is
not too high (usually 1.1a1.5). The vertical flight can ensure a steady flight
within the first several seconds, not to drop back to ground. Besides, the launch
installation is comparatively oimple with convenient, initial aiming onto the
target. The missile can quickly travel out of the atmosphere to relatively reduce
energy loss. Therefore, usually the trajectory of ballistic missile is a verti-
cally ascending flight with a vertical launch,

Turning flight phase After several seconds of vertical ascending flight,
a missile (under the influence of the control system) deviates from the state of
vertical flight to slowly incline and turn toward the tarpet in order to transfer
into a predetermined elliptic trajectory. The trajectory of the turning flight
phase is an arc. The lnclining and turning of a missile should be proceeded

- slowly. A large lateral loading will be incduced by a quick twning. Thus, the

trajectory 1s likely to be destabilized and umnecessary troubles will develop in
the control systems., In addition, the missile fuselage may be broken.

While designing the twning flight phase, the missile's angle of attack should
be limited; usually the absolute value of angle of attack 1s limited to less than
3°, Selection of turning time should be repeatedly calculated in order to attain
a comparatively reasconable figure. Usually, the turning time varies between
several seconds to between 10 and 20 seconds. In the case of intercontinental
(ballistic) mlssiles, the turning Lime is generally between 10 to 20 seconds.

The problen of sound barrier appears in the development process of flight
vehicles. The so-called sound barrier can be explained as followst when the flight
veloelty of a flight vehicle approaches the sonic barrier, the vehicle develops
violent osclllatlons and becomes difficult to control; even dawyes mny sometimes
occur, Since the rulded missile 1s one type of f1irht vehlele, this problem
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similarly exists. vhen the mlssile flipht enters the transonic zone (the fliyht
velocity 1s 0.841.3 times the velocity of sound; i.e., M=0,801.3), the acrodynamic
forces acting on the mdssile vary widely, 11ft and resistance force increase
considerably. The center of acrodynamic forces (pressure center) moves rapidly
black and forth, cuusiry: violent osclllations in the missile. The operating
conditions of instruments (carried by the missile) deteriorate; it is difficult
to control missile {1lipht alone a design trajectory. On serious occasions, the
missile may be broken. It is necessary to shorten the missile flight time in the
transonic zone as much as possible, and the varlation range of the pgas dynamic
center and aerodynamic center should be kept small. In order to achieve this
point, the missile should travel with its angle of attack equal to or approaching
zero; this 1s a condition that should be ensured in desipgning the turning phase
flight program. In thls phase, the vertical missile axis twns while acted on

only by a component of gravitational force until the program angle ¢ attains the
predetermined value of ‘by'

Constant-value program phase This is the final segment of the powered
phase trajectory. The flight program of this phase should consistently maintain
the program angle at the stipulated value ¢>k ( ¢k is determined by range require-
ments) obtained in the previous phase. Under the influence of control system 1n
this phase, the missile maintains a constant ¢’k value and travels along an inclined
straight-line trajectory. The englne thrust incessantly accelerates the missile,
When the flight velocity attains the velocity Vk value at the terminal point of
the powered phase, the control system sends an instructlon to cut off engine power
as the powered phase ends. At that time, the control system sends another instruc-

tion to separate warhead from misslle fuselape. The warhead then begins flight in
the inertia phase.

Free flight phase At the terminal point of the powered phase, the
unessential parts (such as missile fuselage and englne) are cast off. The warhead
travels alone outside the atmosphere. During this flight phase, the warhead has
no thrust and no alr resistance (actually, there is sti1ll very little air resist-
ance because it is not a perfect vacuum but with thin air). The warhead is acted
on only by the yravitational force. Only with a slight disturbance, the missile
will twmn over without any restraint. This 1s so-called total "free travel," The
flight of missile in thls phase does not have a definlte direction.
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Brontay phase then a mlssile travels near the tarret (£inal phase of
trajectory), it (the missile) berins to enter the atmosphere (about 80 km over sea
level), As alr reslstance gradually increases, the warhead with its stabilizer
cannot randomly turn over but 1s braked and stablllzed. The result of braking
and stabillzation fenerally can ensure the warhead (with stabiliver) rushing down-
ward to the tarpel.

Due to increasing air resistance in the reentry phase, the flight velocity of
the missile gradually decreases. At the same time, the missile confronts aerodynam-
ic "heat", which raises the surface temperature of warhead to thousands of degrees.
Where deoes such aerodynamic heat come from?

(1) Because of violent collision between the missile and air molecules, the
alr is under high pressure and its temperature rapidly increases. The heated alr
transfers large amounts of heat to the missile, greatly increasing the warhead
temperature, (2) The viscous friction between the warhead and the air also produces
some heat, which is transferred to the warhead to ralse its temperature. Since the
relative velocity between the missile and alr is quite high and the air is very
dense, aerodynamic heating is very serious. Thls can ralse temperatures at misslle
surface to higher than lOOOOC, maelting the metal shell. In additlon, instruments
in the misslle may be damaged and the powder package exploded. Therefore, heat
shielding during the reentry phase 1s a very important problem.

There are many types of heat shielding measures. For example, the mlssile
exterior 1s coated with special materials, such as carbon or magnesium oxlde. Low
thermal conductivities of these materlals and, during their melting and evaporation,
conslderable heat absorption can prevent the heat from being transformed to the
missile in order tQ protect the warhead. This method is called the ablation
method., Moreover, there are other methods.

The flight trajectory of an intercontinental ballistlic mlssile resenbles the
trajectory of single-stage missiles, Only the powered phase of the flight trajea-
tory of a multi-stage missile 1is based on the continuous operation of different
englne stapes. After the operation of an ergine stage, it 1s jettisoned. The
Instant of power cuteff at the final stape corresponds to the terminal point of
the powered phase. "The flipht trajectory of a multi-stage missile 1s shown 1n
Fg. 3-13.
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Fig. 3-13. Sketch diagram of
trajectory of a multi-stage
ballistic missile

Key: (1) First stage; (2) Second
stage; (3) Trajectory of third
stage.

Flight Trajectory of Vinged Misslle

A winped missile is maneuverable while attacking a tarpet. The line of missile
flight is controlled according to the relationshir of relative motion between the
missile and the target. Therefore, the motion of target can always directly or
indirectly determine the motion of missile (the trajectory). The motion of a
target under attack by the winged missile is variable and there are many guldance
methods of this category of missiles with complicated combat sltuatlons; therefore,
the flight trajectory of a winged missile cannot be determined in advance (varie-
ties of possible trajectories). Thus, a winpged missile does not follow a trajec-
tory in the form of a typlcal curve like the trajectory of a ballistic missile.

Ir the following treatment, we explain several guldance methods with examples,

For a convenlent explanation, first a relative-position diagram of a missile
and a tarpet 1s shown within any instantaneous attack plane (as shown in Fig., 3-14).
In the diagram, the connection line between missile and target 1s called the
target line. The included angle n between missile's veloclty vector Gkissile and
target line is called the lead anple of the milssile.

1. Tracking Guidance Trajectory

The characteristics of tracking guldance enable the missile to travel toward
the target at all times. In other words, the veloclty vector of the missile
consistently points to the target and coincides with the target line (missile lead
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ango 1=0). At the vertleal lramchbes of the missile, the tracklne juldonee tratec-
tory is shovm in Fiym, 3-15. In the fiture, 00', 11' and 22' are tarret lines at
different times. However, the velocelty ;missile at one of the polints always trends
toward the tampet., 'Therefore, at the final point 4 (or 4'), the missile strikes the
tavpet, As shown in the fiHwe, cwve 01234 1s the tracking ruidance tralectory
under such a situation.
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Fig. 3-14, Relative position  Fig, 3-15. Flight tra~ TFig, 3-16. Straipght-line

of missile and target Jectory of tracking trajectorv of parallel
Keg: (1) Missile; (2) Target; guldance approach
(3 Vﬁissile'

2., PFlight Trajectory of Parallel Approach

The crucial element in a parallel approach is as follows: in the guidance
process, the direction of the target line in the air is consistently maintained
constant. In this situation, when both the missile and the target engare in
constant-velocity straight-line motion, the missile's flight trajectory will be
a stralght line with a constant direction (lead angle n=constant). This straight
line extends to the point of impact (the collision point of missile and target),
as shown in Flg. 3-16. If the target engages in maneuvering flight, the missile
veloclty also varies. In this case, the lead angle of the missile is varied; the
flight trajectory of the missile will be a curve.

3. Flight Trajectory of Three-point Coincidence

The crucial element of the three-point coincidence puldance method 1s to
enable the missile to always position itself in the connectinr line between target
and command station, Viewing from the command station toward the target, imares
of the missile and target zlways coincide. In other words, the ~ormand stat.on
missile and tarpet always lle alongn a straight line. This straicht line turns in
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space alors with the -t s petdony the flirht tintectory of the missile is a

curve, as shovm i Wy, 3=17,
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Fig, 3-17. Three-point-~
colncldence flight trajec-

?} tory
i Key: (¥) Conmand station, 1
Flight Trajectory of Alrcraft-type Missile ;
]
As shown in Tig. 3-18, the trajectory of an aircraft-type missile is mostly ]
!
a straight line; the main parts of the trajectory are almost in a horizontal state. i
]

The missile flight proceeds according to the predetermined flight program, and
only while approaching the target 1is an automatic homing (seekiry: target) sometimes
added for automatic aiming. Generally, the trajectory of an ailrcraft-type missile
is divlded into initlal phase, horizontal phase, and dive phase.
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Mp. 3-18, Schematic diagram showing trajectory ‘

of alrcraft-type ruided missile

Key: (¥) Target.

Tnitial phase (0v1) This is a clinbing phase for ground=to-air missiles :
3

or pround-te=-round mizsiles ; this is a continuously climbing or descending phase
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for air-to-rround ndissile after launch from a mother alreraft.

Horizontal phase (1a2) This includes most parts of the entire traje. tory.
In this phase, the engine thrust is balanced by air resistance facing the missile,
and the missile's 1lift is balanced by the gravitational force. Therefore, the mis-
sile makes a nearly constant-altitude flight on a horizontel line. This kind of
flight is called cruisc,

Dive phase (2n3) This is the final phase of the entire trajectory.
While still in the air but approaching the target, a ground-to-ground missile or
air-to-ground missile 1s in a transitional stage from horizontal flight to dive.
In order to raise the accuracy of the impact point, in this phase a homing system
is used for automatic aiming. What the ground-to-air missile attacks is a maneu-
vering target in air. After completing the horizontal flight, usually the missile
uses aubtomatic aiming to hit the target.
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CHAPTER IV
MULTISTAGE ROCKET AND INTERCONTINENTAL MISSILE
Can a Single-stage Missile Be Used to Launch an Artificial Earth Satellite?

From the last chapter, we know that the range of ballistic missile 1s deter-
mined by veloclty Vk and trajectory pitch angle O at the terminal point of the
powered phase of the trajectory. As we know well, the range of a rifle (or cannon)
bullet is determined primarily by muzzle veloclty of the bullet and pitch angle of

the rifle (or gun) barrel.

For the launch of a launch vehicle of an artificial earth satellite, generally
it i1s the same as the powered phase of a ballistic missile from engine ignition and
takeoff to separation of satellite from the rocket (also called the powered phase
of the trajectory). The magnitude and diiection of rocket velocity (i.e., the
veloeity and trajectory pitch angle) at the terminal point of the powered phase
flight can determine the satellite orbit. 'Therefore, the magnitude and direction
of velocity V. at the terminal point of tho powered phase of the rocket or balilstic

k

missile should be discussed in detall. The magnitude and direction of velocity Vi
are characteristic parameters determining the missile range and satellite orbit.

The rocket velocity is discussed below,

The velocity V} at the terminal point of a rocket's powered phase is deter-
mined by forces acting on the rocket. ‘'Therefore, in order to Increase the velocity

v

Kk We have to lncrease the Clow velocity and mass rntio;;k of the exhaust fases from
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the eryrliee, This 15 Lecntires Vo= € Jnn,

In the ecaquation, V. 1o the rocket veleclty at englne rower cutef; C is the ¢ffee-

tive flow velocit.y}.ot‘ corbustion jnises from the engine; Nk Is rass ratio, the ratlo
of rocket racs m, at takeoff (Including, the masses of nose cone, rocket structure
and propellant) o rocket mass M at pover cutoff, That is, o M
my
Velocily V
gravitational acceleration at the ground surface and Isp is the specific iryulse,

K i be also wrlitten as V=g J,,Intte In the cquation, R 1s the
The specific impulse I,__p represents the thrust produced by a unit weipht of
propellant consuned per unit of time (equal to mass multiplied with ro).

Common propellants, the specific impulse in a ground situation, and the effec-
tive flow velocity C of combustion gases are listed in the following table.

- (a)y it m @7, (Dhxse
() KR 220 2100
" gamunnn(e) 25 2400
@f* | (n) 200148 0 24 300 2000
(1) mow/imm 20 2300
rom/mwwn (J) 240 2300
. (k) m/ax : ] 3270
(G wmomy/mu(l) 205 2890
® 1 (m) wmsr-mn - s 3750
mEfk=m/ ML= (n) 250 2450
(o) ma/mu 388 3800
wa/ns (p) wo | 3900

Key: (a) Propellant; (b) Specific impulse Isp(soc);

(e) C (msec); (d) Solid; (e) Liquid; (f)
Double-radical powder; (g) Compounid solid prepellant;
(h) High-energy solid propellant; (1) Wine/lIlquid
oxygen; (J) Gasoline/liquid oxyren; (k) Hydraiine/
liquid fluorine; (1) Metadimethyl hydrazine/liqudd
oxygen; (m) lydrazine/tetrahydro-dinitride; (n) Tetra-
hydrodinitride/tetraoxydinitride; (o) Liquid hydrorerv/
liquid oxyren; (p) Liquid hydrogen/liquid fluorine.

The flow veloclty of engine combustion gazes relles on therrodynamde character-
istics (heat value) of propellant and desipn quality of the enrine. Since the ener-

ry content in chemlenl propellant is limited, the thermodynamice performance is
limited. Therefore, the flow velocity of combustion ases ls also imited,
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Under a situation of constant maos of the nose cone, one can inprove the
structural desim, reduce the structural mass, snd increase the propellant mass;
then the value Wy, will be Increased and the velocity at the terminal point of the
powered phase 1s also increased becausce more propellant can be burmed to accelerate
the rocket., lowever, as limited by the structwral material of the rocket, its
shell cannot be made too light. Therefore, it is limited to improving desimn,
reducing structural mass, and packing, more propellant for higher He values and
higher velocity Vk at the terminal point of the powered phase. Since the mass
inerement of the propellant storage tank (the main structural part of the rocket)
is slower than the increment of the propellant mass, the increase in the takeoff
mass ¢an raise values of We and veloclty Vk' However, an excessive lincrease in
takeoff mass 1is disadvantageous to practical applications of rockets. DBecause of
the larger takeoff mass, the launch and surface facilities should be enlarped. In
addition, rocket mobllity 1s lowered, causing inconveniences in transportation.
Therefore, 1t is not deslrable to ralse the takeoff mass in order to produce a
higher velocity. Nevertheless, it is limited to increasing the value of M As
a result, the increased velocity of a single-stage rocket is also limited. Gener-
ally, the veloclty at the terminal point at the powered phase is about 5 km/sec.
S0, a single-stage rocket cannot be used to launch an artificial earth satellite
with a required velocity of 7.9 km/sec.

In the flight process of the entlre powered phase for a single-stage rocket,
the structural welght (propecllant storage tank, accessory equipment, etc.) becomes
excesslve welght after consumption of the conbustion agent and oxidizers; this is
dead welght, as commonly termed. This type of rocket not only should allow the
e{fective payload attain the velocity at the terminal point of the powered phase,
but the entire rocket structure should also attain the same velocity at the termi-
nal point of the powered phase. Large amounts of energy arc consumad to accelerate
the useless weight (dead welght). Thus, the attalnable velocity of the payload
will be considerably reduced at the terminal point of the powered phase. A method
of solving this prrblem is to continuously jettison the "dead weight". A multi-
stage rocket can meet these requirements.

Veloclty and Multistage Rocket

What 1s a multistape rocket?

34
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A multistagre rocket Jolng toprether scveral roclets. Like a pagoda, the hirh-
level rocket 1s small while Lre lower-level rocket 1s large (or of the same size).
The lowest=stare (called the first stare) rocket fires first. After exhaustion of
the propellant in the first stape, it 1s then separated from the upper stages.
Then, it is the turn of sccond stapge (counting upward from the lewest stage).
After exhaustion of propellant in the second stage, 1t 13 again separated from
the upper stages. ‘lThus, one stage at a time 1s scparated until the hiphest stage
is reached. Lilke a relay race, the jolning of a multistage rocket can be tandem
connected one by one for a tandem type rocket. Or else several lower-level rockets
can be clustered (fastened together) and several upper-level rockets tandem Jolned
to becone a hybrid type rocket.

Why can a multistape rocket attain a higher velocity at the terminal point of
the powered phase? Because each tlme a separation occurs in a multistage rocket,
the useless accessory welght (dead welpht) 1s Jettisoned after the discarded-stapge
rocket has performed 1ts function. Each separation means some dead weight lost.

At the initlal operation of a stape, the rocket attains the velocity of the Jetti-
soned stage. The summation of several stages of velocity glves the velocity of

the last stage at the power cutoff point, Of course, the velocity thus obtained is
much higher than that for a single stage. For clarlfication, we make a comparison
of a single~stage and a two-stage rocket with same takeoff mass My

Assume the total mass of a two-stage rocket is My which includes both stages'
propellant mass M (=mTl+mT2)‘ The mass of propellant for a single-stapge rocket is
equal to n%“ Since some Jolning members have to be added to the two-stage rocket,
its structural mass is little heavier. With equal takeoff mags Mys My, is a little
smaller than mf but the difference is not too large. For a single-stage rocket,
the sltuation of the single-stage combustion of propellant Mpq to accelerate the
rocket 1s similar to a single-stage rocket; 1.e., all propellant My is used to
accelerate the entire rocket, After the first-stage propulsion unit completes its
operation (propulsion), its englne, propellant storage tank, shell and accessory
equipment (the so-called "dead-welght") are jettisoned. The propellant Mo of the
second stage 1s only used to accelerate the much smaller residual mass; therefore,
a greater velocity can be obteined. In other words, utilization of propellant is
more effective. v

There 1s the similar prceess (as mentioned above) for multistape rockets. When
the operation of one (or several) stape of propulsion untt wos completed (propellant
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depleted), 1 1s Jottivoned. Thus, the reeket wih educced "dead welpht" enmploys
other propulston wunlts for continuous operation on il'» basis of the existing velo-
clty. In the flirht process the entire rocket attalr:. hipher and hirher velocity
because of the pradual Jettlsoning of excessive struciural mass (called "separation"
Only the lest stage and 1ts effect: se payload ean simultaneously

in this process).
attain the required veloelty at the terminal poirt of “he powered phase.
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ir My 1s used to indicate the mass ratio of the i-th stare rocket; and C1
represents Lhe flow velocity of combustion pascs of the i-th stage, when the propel-

ST T TR e
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lant of the first stage is depleted, the rocket welocity is V i=Cnh,

éfl J When the propellant of the second stapge is depleted, an additional velocity
is added to Vl; Vy=Cy lnk,

Afterwards, the veloclty of each stage 1s similarly increased, When the pro-
pellant of the last stape 1s depleted, the rocket velocity Vh is

ilastiiclaihiite:

1= €, 1+ Cye Ity oo+ Coe Ity o
If flow velocities ‘assumed to be C) of each stage combustion gases are the

same, then ) i
VoV gm C inkt iy, 7

Sone people may think that in a situation of constant takeoff mass, 1s 1% )
poscible to use the method of increasing the nunber of stapes to increase without
limit the velocity at the terminal point of the powered phase? This 1s not so.
As the nunber of stages 1s increased, new contradictions appear. Too many stapes
will bring now difficulties to the rocket structure for its greater complication
and lower reliability. 1In addition, the velocity does not ircrease considerably
in proportion; therefore, usually the numer of stages is three or fewer.

EINPRC V. T

o e

e

Each stage of a multlistape rocket 1s composcd of the following parts: engine,
propellant storare tank (for consumption by engine operation of this stage), con-
nectors, Instruments, shell sector and load bearing structure. Based on joining
methods between stapes, rockets can be divided into tandem type multistape rocket
(as shown in Figs. 2-1) and tandem~cluster hybrid type multistage rocket (as shown

in P, 2-3),
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There arce pros and cons for tandem Lype multistopre rocket and tandem-cluster-

type nultistace rocket.  Thorefore, tandem or tandGerm-cluster hybrdd type rackels

are adopted.

Althougrh the reslstance of a tandem type rocket is simall, yet the rocket 1is
slender, of low rigldity, with low resistance arainst the lateral-direction couple,
and easily broken, Thercfore, the structural strength of tandem type rockets should
be high. 'The cluster type rocket is short and thick; 1t can withstand larper accel-
erntion with compact structure.

The tandem rocket 1s long, so it 1is inconvenlent In transportation and opera-

tion. Conbat readiness requires more time than other rockets.

l
7 {
- ” During simultaneous operation of several engilnes of a cluster type rocket, the

Y FLUWmRATET e

thrust produced frequently has an eccentric phenonenon; 1l.e., the resultant of
thrust of various englines does not act on the longltudinal axis of a rocket, but
deviates from the longitudinal axis to produce a couple turning the rocket from
its trajectory. 1In the case of a tandem type rocket, there is only one engine
working. Therefore, only once the engine is properly installed, can the eccentric
phenomenon of thrust be avoided, '

In the case of a cluster type rocket, the separation mechanism is comparatively
conplicated with the effect of separation interference. Only one rocket englne
has an inconsistent power cutoff time or separation time, a large trajectory error
will cccur. A propulslon unlt of cluster type rocket 1ls jolned to the upper stage
by apron segment. During separation, it is longltudingl-directlon separation with
the apron segment; therefore, the separation mechanlsm 1s comparatively simple.
The effect of separatlon interfarence 1s significantly reduccd.

Most multistapge ballistic missiles are of the tandem type.

Separation of Multistage Rocket

A multistape rocket can attain high velocitles; it can launch an artificlal
earth satellite or a spacecraft., How can the stapes be separated? This 1s the
problem of so-called separation between stages.
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We can sceo rm rocket development that the single stupe appeared st ard
then the multistoee rockets.  Therefore, the jolnt and separation technioue

between stages were developed on the basis of Joint and separation teclinique of
() §

warheads.,  In the carly perlod, the Joint and separation of warheads used explosive
bolts (with sprirgs) cr pneunitic device Joints and separation system. “The warhead
1 and mlssile body are Joined with explosive bolts. On normal occasions, springs

are in the compresced state. During separation, the explosive bolts are ignited

and exploded to destroy comnectors. Springs are stretched to produce a separation
force to detach the warhead from the missile body. Later, small solid-fuel reverse-
thrust rockets replaced the springs. These reverse~thrust rockets are installed

: 1 alongside the missile body, which 1s acted on by the reverse-thrust of solid-fuel

3 ! ' rockets to reduce missile veloclty. The relative distance between the warhead

? i and muisslle body 1s continuously increased and separation occurs.
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? i In principle, the connection or separation between the stages of a multistage
j carrler rocket 1s basically the same as the connectlon and separation of the war-
head--application of a separating force to the buly belng separated. Technically,
connection and separation between stages are much more complicated. On one hand,
the masses of the two divisions to be separated are relatively large. The upper
stage (the effective payload and other stages except for the jettisoned stage)
welghs tens or hundreds of tons. On the other hand, during separation between
stages not only should the empty lower stage be discarded, but we should also en-
sure engine ignition in the upper stage during the actual separation. Moreover,
problens of controlling carrier rocket and coordination among systems should be
solved. Nevertheless, through practice the objective rules of connection and sep-
aratlon between stages have been mastered; new cornections and new separation
mechanism ag well as connection and separation methods have been proposed.

T ——
PR RIS WP Tt Y TP T NOF S T g

b2t o

el et il s e oret] ol i i i

a2y

Connection mechanism between stages At present, in multistage carrier .
rockets explosive bolts are commonly used to Join various stapes. The explosive 1
bolts are required to not only join firmly but also to explode quickly and reliably
to discornmect the two stages. Earliler, reliability of explosive bolts was low and
fragments after the explosion damaged instruments and equipment. Later, redundant
elements and parallel circuits were used to augment rellabllity; backing plates 4
to shield apainst fragments were Installed. Next, developed were explosive 1
bolts, that were free of fragments, and hiphly reliable imiter squibs (coilec
and fixed at the interior surface of the Interstage-sector covering). During
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separation, an clectrleal impuloe detonates the igniter squits.  The cxploding
rases suddenly erpand townnd the coverdng, whlch s cut us 1€ with a knife (as
shovm in Fiy, B=1)+ Rocontly, a new kind of igniter squib was develoned; the
powder 1s packed within a thick plastlc tube. Detonation of powder causes the
plastic tube to exprrd and rupture the covering. The plastic tube does not break;
therefore, no daiyse is caused to the instruments and cquipment by frapments.
Since the combustion rate of the squibs 1s very rapid (about 7000 n/sec), synchro-
nization is better with explosive bolts. On development of space technology,

the carrying capacity is increased because multistage rockets can carry a heavy
payload. Many larpe-diameter explosive bolts should be used; this raises new
problems in design. AL present, more and more igniter squibs are used in missiles
and spacecraft since a trend is developing for these squibs to replace explosive
boltls.

Fig. 4-1. Principle of cutting covering
with squibs

Key: (a) Before separation; (b) Adapter
ring; (c¢) Shell; (d) Ring bearing; (e)
Squib.

Method of separating stages Generally, there are two methods of sepa-
rating stages of carrier rocket: hot separation and cold separation (force-addition
separation). Hot separation relies on the upper stage's engine exhaust separating
two stages. Refer to Fig. 4-2. The upper-stage engine starts ignition when the
two stages are still joined together. Usually, separatlon proceeds as follows:
when the lower stage receives an engilne power cutoff conmand, its thrust decreases.

39




JEIR S U

T e S bt i s e i3 B i 7
- .- R S o i At ey i
T v e = e =

POy

= e

then the thrust. of the lower level drops to a certaln value, the upper-stage engine
starts Irnithny, AU the same time, an exhaust port of the interstare sector opens
to discharpe a hot jJot stream (4n some cases, exhaust discharped from a truss type
interstage scctor). Vhen the force exerted by the jet stream from the upper-stage
engine (acting on the lower stage) attains a certain value, explosive bolts or
squibs start an explosion to relcase the latches and scparate the two stages.
Then, according to a predetermined program, an attitude control system commences
control., Hot separation has the advantages of a large separation force, short
lost-control time, and high reliability; however, its interference is correspond-
ingly increased. In addition, many exhuast ports (or the truss type structure
erployed) should be opened in the interstape sector, and the tank top of the lower
stage should have a tough insulation layer to protect against 1t belng damaged by
excesslvely high pressure and heat flow caused by the fet exhaust from the upper
stage englne. A sufficlent distance should be maintained between the nozzle
outlet of the upper-stage engine and the lower-stage tank top, so the positive
shock waves on the tank top of the lower stage (caused by the Jet stream from the
upper-stage engine) must not enter the nozzle in order to avoid impeding normal
operation of the upper-stage engine. This wlll increase the length and welght of
rocket structure.

I
il !
* |VU}
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Fig. U-2. Schematic diagram
of hot separation

Key: (¥*) Trust type inter- «
stage sector.
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The cold separation method differs from hot separation. This method relies
on accessory ferce addition and a solid-fuel reverse~thrust rocket to effect sepa-
ration. After scporation of the two stapges, the upper-stage englre starts ignition,
So, this 1s called cold separation or forced separation (Sce Fig., U4-=3). During
separation, the reverse-thrust rocket pushes off the lower stage; in the meantime,
the force-application rocket accelerates the upper stage. After these two stages
have been scparated for a certain distance, the upper-stage engine starts ignition.
Among the advantages of this kind of separation 1s the small acting force required
with a comparatively steady operating process and small interference. In addition,
no exhaust port is required at the interstage sector and no heat insulation 1s
needed. Of course, cold separation requires very high reliability for the solid-
fuel rocket.

Fig. 4-3. Schematic diagram
of cold separation

Key: (a) Force-application
rocket; (b) Thrust-reverse
rocket.

Now we can see that during separation of stages, at the instant when one stage
stops operating and another stage starts operating, many interrelated factors and
contradictory requirements should be considered. The coordination problem among
systems is conflictirgly complicated; otherwise, the flight will fail. Therefore,
the problem of reliability merits extraordinary attentlon.
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Intercontinental Guldwd [Missiles

What 1s an intercontinental pgulded missile?

An intercontinental gulded missile is also called an intercontinental rocket.
Some modification 1s required for assembly into an intercontinental guided missile,
such as installing the corresponding flight control system and the payload in the

nose cone.

i‘ ' An intercontinental guided missile can fly over an ocean and seas, launched
/ ( _ from one continent and arriving at another to attack a strateglc target in the
eneny's rear. This 1s the super long-range missile capable of covering more than
8000 kilometers and with a maximum flight velocity of 6.5-7.2 km/sec (23,400 to

‘ 25,900 km/hr), corresponding to 20 times the velocity of sound. The peak altitude ;
FI of the trajectory of an intercontinental ballistic missile is approximately 1500 km.
ng During reentry, the warhead can have an acceleration as high as 50 g. In other
words, the force acting on the warhead can be 50 times its welght. Total flight
time of an intercontinental missile is about 30 minutes.
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Generally, the control system of an intercontinental missile 1s of the active
type. Besldes control in the powered phase of the trajectory, the inertia phase
of the trajectory 1s also under control. Usually, guldance during the powered
phase 1s intertia guidance, and the guldance of the last leg of the lnertia phase
is usually automatic homing guldance. Since guldance during the ilnertla phase is
added, the accuracy of an intercontinental missile is much Improved, In addition,
adoption of an advanced guldance method like stellar-inertla guldance, and laser
or radar homing guidance can further Improve the accuracy of intercontinental
missiles. Control of intercontinental missile 1s effected with ginbaled nozzles.
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Usually, solid-fuel engines are used in intercontirnental mlssiles, 1llke the
Minuteman missile of the United States. However, there are missiles where liquide

T2 Ll sr e BactMaEoa .

fuel rocket engines are employed.

e UL

An intercontinental missile uses a silo launch, mobile launch, or underwater
submarine launch. The intercontinental missile 1s glipantle, since tens to one
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Fig. U-U, Minuteman intercontinental ballistic
missiles: @ - Minuteman 1A; b - Minuteman 1B;
¢ - Minuteman 2; d - Minuteman 3,
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. CHAPTER V

FLIGHT CONTROL SYSTEM OF GUIDED MISSILES

What are the differences between gulded missiles on the one hand, and conven-
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tional carmnon rounds and bombs, on the other.

A gulded missile is a weapon that can be controlled. After launch, a gulded

missile can change its flight direction following signals sent from the ground or
- by the target (or the missile itself). In addition, errors can be eliminated in

order to hit the target accurately. This 1s the main distinction between a mis-
slle and a conventional weapon, like the bomb.

How can a missile fly if it has no controls?

For an interconﬁinental pgulded missile, its range 1s more than 10,000 kilo-
meters and its velocity as high as 6000-7000 m/sec. "A minuscule error could result
in a miss of 1000 11 [1 11 is about 1/3 milel," says a Chinese proverb. Without
missile controls to continuously eliminate interference factors (such as wind and

manufacture error), the result can be disastrous. For an intercontinental missile

with a range of about 10,000 lm, a velocity error of 1 m/sec due to interference
(about 1/10,000 of missile velocity) means that the deviation of its impact point
can be 80 to 90 km off the target. Then we can see that controls are necessary if

a misslle is to hit a target accurately.
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How can we control a mlsslle? Ve will talk about this preblem telew.
Functions of WMight Control Systom

The flight contrc. gystem (briefly, the control system) includes two parts:
one part is trajectory control; l.e., motion control of the missile's center of
gravity. The other part is flight attitude control while moving along the trajec-
tory. In other words, this is control of miesile motion around its center of
gravity.

Trajectory control involves maneuvering a misslile with allcwance for its or
the target's motlon churacteristics when determining a target-attack trajectory.
In other words, when a missile deviates from the predetermined trajectory, in
order to attack the target, corrections are made while maneuvering the mlssile, The

system for executing this control is called a guldance system.

The three-dimensional motion of a missile includes curvilinearity ©f missile's
center of gravity with the missile considered as a particle, and rotational motion
(about the center of gravity), such as roll, pitch or yaw motion; motion stabiliza-
tion about a missile's center of gravity is the premise of controlling the motion
of the center cf gravity. If the missile carnot mainvain its predetermined orien-
tation iIn space, it is impossible to either control the missile or maintain its
flight. The missile will fall to the ground in pancaking motion or break into
pleces in spsce. Therefore, the missile's flight-attitude stabilization should be
contrelled. The system executing such control is called the attitude stabilizaticn
system (or the attitude control system).

So the function of the control system of =~ missile in flight includes missile
guidance and attitude stabllizatlion. '

What are the main elements of a missile's flight control system? The main
elements of a flight control system are:

Command mechanism It is a unit for control commands. This unit can be
placed inside or outside the missile {for example, a grourd command station). In
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] addition, some radiation characteristics of a target can be utilized to serd a

cormand {(instruction) to control the missile. |

1 Sensor It is also called a sounding unit; this is the ndssile's "sensi-~
] tive organ." The sensor accepts command cor scnses deviations caused by interfer-
: ence, thereby forming sirnals. In other words, when interference from exterior

! factors (such as wind, missile body, and engine nanufacture errors) lcads to

CRSEEEE S SN

g ; certain deviations from the missile's predetermined position, a sensor can sense ;
gf! this deviation in order to t'orm sipnals. Of course, when a command station serds ?
%‘i an instruction to the nissile, the sensor can also accept this instruction to send

§~: signals.

| |
f 1 A gyroscope 1s a sensor we commonly employ; it accepts commands, senses angu-

ili lar deviation, and registers missile velocity and acceleration.

it

Converter-anplifier. Signals scanned by a sensor cannot be directly sent
_ to an actuator (for explanations of comamnd actuators, see the following text) be- |
i cause: (1) the signal strength 1s too weak to drive the actuator, and (2) the sig-
] nals have to be processed. So a converter-arplifier is needed to convert and
amplify the signals received in order to provide signals capable of driving the

] actuator.
¥
Actuator Its function is converting a control signal into a force ?
or couple to maneuver the missile while in motion. The actuator includes a maneu- ;
} ver mechanism and a driving device. ’

The maneuver mechanism includes a control-surface vane, a (combustion) gas
vane, ad a glrbaled engine.

ddipilicbmin;

The gas vane is Installed in the exhaust gcs stream at the rozzle inlet of
the engine (as shown In Fig., 5~1). When a missile needs & control force, accord-
ing to instruction (command) from the control system, the gas vane deflects by a
cercain angle ard the gas strearn. ejected 1s effected by the inclination of the
vane surface. So formulas can be used to express the resistance Xd, 1ift Yd and

a couple (acting on the gas vane):

At tatundbiot st
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Flg., 5-1. Gas vane

The resistance Xd acting on the gas vane 1s actually the loss of thrust on the
gas vane. However, the 1ift Yd of the gas vane can produce a control force to

control missile rotation.

By means of a ginbaled engine, a control torce is produced. The control force

¥, an be expressed as: Yx= Psin B = PR
In the equation, P is engine thrust and [3 is the angle of rotation of the combustion

chamber (as shovm in Fig. §5-2).

§ ;~.“-_l’i‘_" '
r P

4 /

Flg. 5-2. Rotation ot cngine
cambustion chamber

Quite a few arranrements can be adopted to take advantapge of the rotation of

the combustion chamber to control a missile, One arrangement involves the mounting
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of oot ey sy cambustion chamber on a unlvercal fyome that can be rotated

{ noetuie e 0 e ditvections. Enpine deflection can chanpge thrust direction in

b Crdn e o eeene v, pliteh or roll motlon of the missile (see M. 5-3). Based
on the reumitude of cryrdne thrust, an adequate control force can be provided by
preperly onntealling the pimbaling angle.

ey

\ Fig. 5-3. Gimbaling nozzles
L Key: (1) Pitch control; (2) ]
- Yaw control; (3) Roll control. }

For a solid-fuel rocket engine, the propellant is direétly charged in the
combustion chamber. So the glmbaled nozzles can be utilized to generate the %
required control force. Or, the technique of double injection can be used to
produce the control force. The principle of producing a control force by gimbaling %
nozzles 1s similar to a use of hydraullc gimbaling rocket engine. The fundamental ;
principle of the double Injection is to inject gas or ligquid into the nozzles to :
deflect the ccmbustion gas stream in order to produce a control force (see Flg. 5-

. |

4).
!
]
i
:
!
]
§
Fig. 5-U., Double injection “?
Key: (1) Gas stream; (2) ]
Thrust Jdirection; (3) Shock ;
wave. 4
i
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Sre function of the driving unit is to drive the maneuver mechanism (according
oo nirol sipsals) and to produce a deflection with the appropriate magnitude and

i dinvetion.  two cxamples of driving units are the clectro-hydraulic motor and the
eletre-hedraulic motion unlt used at present.

Mol citptiiud

“he rmtual relationshlp of the elements of a missile flight control system

18 shown in Mg, 5-56.
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Fig., 5~5. Block dlagram of control system
Key: (1) Interference; (2) Sensor; (3)
Converter-amplifier; (4) Actuator; (5) Mis-
sile body; (6) Conmand mechanism.

Interference or commands convey different signals to sensors, By means of
the converter-amplifier and the actuator, these signals are converted into force
or a couple to control missile motion. Thus, the missile 1s adequately controlled
to eliminate deviation caused by interference; or else the missile is maneuvered
to be deflected into the required direction.

R R I - > T N
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If part of the actuator (shown in Fig. 5-5) is excluded, the rest is called
an attitude stabilization system, which begins sensing interference and maneuvers
the missile to eliminate the deviation caused by interference.

Filgure 5-6 is a dlagram showing the principle of the pitch control circuit of
a ballistic missile.

Categories of Control Systems

L o ST NTI-> D ™

Generally, a missile control system can be divided into four categories: an
independent control system (also called predetermined-guldance system), a homing

e bk ik e e
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systan (also called as autcmatic aiming system), a remote control system (also
called a conmand puldince system), and a multiplexed system. Each category can

be divided into several progranms according to operational principles, as shown
In followirg table:

Program control p
Independent control systems Inertia navigation
Astronautical navigation

Doppler ravigation

Actlve type homing guldance
Homing systems Semlactive type homing guldance
Passive type homing guldance

o

Television navigation j

Remote control systems Command navigation 4
Radlo navigation

Beam-riding navigation - }

Independent + homing a

Multiplexed systems Independent + remote control

!
Remote control + homing B
Independent + remote control + homing |

B BE-5 BERKARE
| i B ARkowr AP
. o | 2
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Fig. 5~6. Pitch control circuit

Key: (1) Propram mectanism; (2) Sensor;
(3) Converter-amplificr; (4) Actuator;
(5) Attitude angle and angular velcclty;
(6) Motion about the center of gravity.
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Independent control uystom Its operaticnal jrinciple applics to the
stal.ionary roference systoems (Inside or outside the misslle) as a basic standard
to control the missile's f1irht towawd the tnrpet.  All control systoms are placed
inside the missile. Once launched, the misslle's trajectory cannot be changed.

So thils 1s naned as indeperdent control system.

Usuallyv, an independent control system 1s used in missiles (such as ballistic
missiles) that can attack fixed targets.

Hominhg system Its operational principle 1s as follows: the automatic
homing device in the rissile can automatically sense (or reglster) a target's dif-
ferent physical characteristics (such as radio-frequency waves, heat radiation,
and photo-radiation), which form control signals for the missile. Thus, the auto-
matic homing device sends control commands Lo gulde the missile heading toward the
target, as shown in Fig. 5-7. )

/yu(u)

rd
1 (2
R ET AN
P e T g LA

Fig. 5~7. Homing system

Key: (1) Automatic aiming head;
(2) Converter-amplifier; (3) Steer-
ing machine; (4) Missile body.

Remote control system Its operational nrinciple relies cn a commard
station (outside the missile) to scan the relative positions of turget and missile
in order to send a cormind.  After the missile accepts the cemmand, which is
processed by the internal equipment In the missile body, the missile can be maneu-
vered to fly toward the target. Or else, after the internal equipment of the mis-
sile body scnses the missile's deviation, signals are automatically formed inside

the misslle bedy to cerrect the deviation. Then the migssile is maneuvered to fly
toward the target.

There are advantages and disadvantages in the above-mentioned coatrol systems.
A multiplexed control system combines more than two control systems. Thus,
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advantages of vardcus systoms can be adequately exploited. By taking alreraft-

1 type missiles as an exanple, at the borinning the Independent control syston 1s
used. Upon approaching the target, the homing system can be used. Apparently,

]

4 this can lmprove missile accuracy.

Control System for Attaclkdng, Slow-Moving Targets

{ Slow-moving mobile targets are tanks, warships and alrcraft. Froblems regard-
ing fast-moving targets, such as artificial satellltes and pulded missiles will be
1 described in a book, titled FANDAOTAN WUQI (ANTT-MISSILE WEAFONS).

The control system of a missile, which can attack slow-moving mobile targets
(briefly, mobile targets), may employ different guidance methods, such as tracking
method.

) , Generally, control systems in misslles attacking moblle targets include homing
systems, remote control systems, beam-riding navigation systems, and multiplexed
) systems.

i Classified by the different kinds of radiation energy from a target that a
missile intercepts, homing systems include active type, semi-active type, and
passive type.

1 The passive type homing system senses radiation (emitted) energy from the
target to determine target position. Then the target is tracked and attacked (see
Fig . 5"“8) . ’

Sea aann o o e
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] Fig, 5-8. Passive type Fig. 5-9. Actlve type

automatic guldance homing guidance
Key: (*) Radiation Key: (1) Direct waves;
waves from target. (2) Reference waves.
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While adopting the active type hondny: systom, a radar urit in the missile
emits clectrle wover (called direet waves) toward the tarpet. After impinging on
the tarpget, the reflectien (reflected waves) of electrlce waves is intercepted by
the misslle.  Guidesd Ly the reflected electromygnetic waves, the missile locates
the positicn of taryet, which is then tracked and attacked (see Fig. 5-9).

When the scoml-nctive-type homing system electromapnetic waves are emitted from .
the ground surface (or aircraft) toward the target, the reflected electric waves ;
are intercepted by the missile after Impinging on the target. Guided by the
reflected waves, the missile locates the position of tarset, which is then tracked.
Refer to Fig. 5-10.

//—-nwk
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Fig. 5-10. Semi-active-type
homing, guidance

Key: (1) Direct waves; (2)
Reflected waves.
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Generally, remote control systems include television remote control systems

and radio command remote control systems.

In the television remote control system, it is required to install in the
missile nose cone compartment a television transmitter and a pickup tube with an

e s b T

objective lens. A television recelver is installed at the command station. At
the station, a misslle operator can see everything as scanned by the pickup tube
(within the line of sight) of the missile. Based on these pictures, the operator
can send appropriate control commands by radio to control the missile heading
toward the target.
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The operat Lol principle of the radio command control system is as follows:
the motion of & miontle 1s under direct control of the commud station by instruc-
tions (crvriurln), However, instructlons from the commard clation should bLe
determined by the seruwed position of targets; the missile is only controlled by
the cormand ctatlon, Conpunication between the missile and tarpets 1s provided
solely by the comard station (on ground or in an aircraft). Fipure 5-11 is a
block diagram of lead point cormand type remote control systom,

8) B%(10)
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Fig, 5-11. Lead polnt comnmand remote
control system

Key: (1) Maneuver platform; (2) Trans-
mission platform; (3) Missile tracking
radar; (4) Tracking radar; (5) Search
radar; (6) Computer; (7) Command station; ;
(8) Autopilot; (9) Missile; (10) Targets.

Beaming-riding navigation is a special example of radio navigation. In this %
case, what 1s transmitted to the missile are not commands but radar wave beams. i
In three-dimensional space, the radar set forms a narrow, conical wave beam; the i
missile automatically flles along the radar wave beam, which guildes the missile f
traveling toward the target (see Fig. 5-12). In the figure, a wide wave beam is }
used to locate the target. The radar scans wlth wlde wave beams to locate the ;
target. !

For improved hit accuracy, two or more guldance systems can be employed. This

is a multiplexed guldance system.

Control System of Ballistic Misslle

Targets of missile attack can be placed in two prime catepories: noblle targets
and stationary targets.
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. Fig. 5-12. Radar wave beam for
¢ i missile puldance
N Key: (1) Point of impact; (2)

1 1 Narrow wave beam tracking the
target; (3) Wide wave beam locat-
1 ing the target.

ﬁ ‘ 5 What are stationary targets? They are bulldings, plants, power statlons,

{ citles, brldges, ports, mllitary facilities, airflelds, rallway centers, missile
_ bases, nuclear power statlons, and other buildings and hases of strateglc impor-
’ tance.

' The trajectory of a missile attacking stationary targets can be predetermined.
1 ' The control system of the missile 1s consldered as up to standard only by strict }
maintenance of steady flight along the missile's predetermined trajectory. The
independent type control system is widely employed in this missile category.

oy

The control system 1s described in detail with an example of a ballistic mis~
slle. . '-.1

PSR

We know from knowledge of ballistic missile trajectory that the purpose of

; the program control system of a ballistic missile is to ensure that missile (at

i the terminal point of the powered phase) accurately attains the required flight

velocity Vk and missile piteh angle Ot Then the missile can accurately hit the
target. ‘
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There arce twe main subassonblies in thls system: the first is the Clight
progran mechanism and the second 1s the attitude stablllzuing device.

The flight program mechanism Is a mechanism with a missile's motion program
(motion law); briefly, it is called the program mechanism,

The flight program presents the variation law (with time) of the apparent
pitch anple (also called the program angle) ¢ as shown in Fip. 5-13.

In Fig. 5-14, angle XIOx is the pitch angle; its relation to the trajectory
pltch angle o 1s P=4§4a

In the equation, a 1s the angle of attack.

The varlation law of the missile's pitch angle 1s predetermined. Thus, the
missile can be directed to fly along a predetermined trajectory.

@
L
I\__Z“(*)

Fig. 5-13. Flight program Fig. 5-14, Pitch angle
Key: (%) Englne-power Key: (1) Launch polnt;
cutoff', (2) Target.

Operationally, the program control system functions usually as follows: after
a missile is launched, at every instant the program mechanism sends a pltch angle ¢

signal. A sensor (a pyroscope, for instance) senses the angle ¢ signal. After

conversion and amplification, an actuator is maneuvered so that the position, velo-
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city magnitude and direction (of missile flight) satisfy the predetermined cutoff
conditions. Then the control system sends a command for cngine-power cutoff (sce
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Fig. 5-0); the function of the control system 1s completed at this point. later,
the misaile warhead coasts.
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CHAPTER VI

DRl i S

CONFIGURATION AND STRUCTURE OF MISSTLE

Kinds of'Configurations

Some missiles travel within the atmosphere and some penetrate through the
atmosphere and travel in outer space. Once launched from the eartﬁ, all missiles
have a relative airspeed and are acted on by the air. Thus, aerodynamic heat will
be converted to heat and damage the missile traveling in the atmosphere. Of
course, a missile traveling In the air also produces aerodynamic forces: 1lift and
drag. Aerodynamic heating and drag are related to the missile configuration.

For lower aerodynamic heating and drag, the missile should have a good aerodynamic

confipuration,

There are different kinds of missile configurations: some have a pailr of mis- |
slle wings like an alrcraft; some have two palrs of missile wihgs; some have no ‘
wing, or no tail; scme have double fins; and some have two sels of canard wings.
Therefore are configurations with different characteristics as well as advantages
and disadvantapes. Study of missile aerodynamlc arrangement has the purpose of
adequately selecting configurations of different missile sections and appropriate
installation of inteorrelated posltions of missile wings, fins, control surfaces,
missile body, and engine in order to achleve the required aerodynamic character- ]
istics, as well as the necessary mobility and stability for flight. 1
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Layout of Missile Sectinns

The missile body 1n toto is composed of missile body proper, missile wings,
fins, control surfaces (rudder surfaces) and others. In addition tc the connection
of nissile wings, fins, and control surfaces, the missile body proper should have
installed in it the engine, propellant storage tank, control instruments, warhead
and other auxillary equipment. These subassemblles, component parts, instruments,
and equlipmenit units should be rationally installed so that the missile is light-
welght and simple in design. Thus, an aerodynamic configuration is desiratle;
construction and utilization are coiwenlent; and various performance indicators
can be attained. This is missile layout. With respect to the relative pcsitlons
among, missile body, missile wings, fins, and control surfaces, generally missile
layout can be divided into the following types:

1. Convenient type

In this layo. . comparatively large main missile wings (installed near the
missile center of gravity) and fins (also called stabilizers, installed at the tail
end) are shown in Fig. 6-1. In this conventional layout, some missiles use main
misslle wings as control surfaces in maneuvering and flight contrel; and some use
fins as control surfaces for this purpcse. The former case is frequently seen in
alr-to-alr missiles; the latter case is frequently seen in missiles with compara-
tively low mobility.

(Eil’j pus (2)

/
e ~- 1

fig. 6-~1. Conventional type missile
coritrolled by main wings

Key: (1) Main wings; (2) Control
surfaces.

-\“EEi:::

2. Conard confipguration

In this layout, a group of small control surfaces (called canard wings) is
{nstalled near the front end of the missile body, and larre wing surfaces (main
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wing surfaces, or fin surfaces) are installed in the mld- or tall-scetion of the
micsile body, ao chewm In Fip. 6-2, Since cunard wirgs are small, the weiprht of
and drap, on the missile can be reduced. In a canard-confipuraticn layout, canard
wings are used in miscile mancuvering and control. Since canard wings are small,
roll stabilization 1s difficult to be maintained.

\
(l)!f't":r (i')-)n» (31:)."!! (&?-nlt,:f”\“j) =
qreEs o
N
pRar () (9)
Yy (7) - Mk
(6) o
Fig. 6-2. Canard-configuration air-to-air
missile

Key: (1) Control surfaces; (2) Front sliding
block; (3) Middle sliding block; (4) Rear
sliding block; (5) Missile wings; (6) Guidance
section; (7) Varhead; (8) Fuse; (9) Solid-fuel
rocket engine.

3. Finless type

This type of missiles has no fins, as shown in Fig. 6-3. The control surfaces
of the missile are elevator allerons installed at trailing edges of missile wings.
The main advantage of this layout is a smaller »umber of wing surfaces so that
welght, drag, and cost are reduced.

s O i
o~ - =
N

Fig. 6-3. Pinless type missile
Key: (1) Main wings; (2) Ailerons.

4, Type of missiles without main wings

In this layout, 1t is composed of a group of fins, or fins with control aile-
rons, as shown in Flg. 6-U. Missiles of this layout use a complete £in or aileron
for maneuver and control. Although this further reduces the missile weight and
drag, during its flight, yet the control force is small, Thereforé, this type can
be used in missiles of low maneuverability requircments,
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Fig. 6-4. Missile with no main

wings
5. Type of missiles without any wings

In the layout of this type, no control surfaces are required for maneuver and
control because missiles of this type have only a missile body (shown in Fig. 6-5).
Generally, missile maneuver ard control (of this type) use a ginbaled combustion
chamber and a ginmbaled spray nozzle (to eject gas or liquid into the nozzle) to
change thrust direction. Usually, this layout is used in large ballist.c miassiles
of low maneuverability and long range.

By the layout of missile wings, the missile layout can be generally divided
into three following types:

1. Straight-line wings

In the straight-line wing layout there 1s only one pair of missile wings,
generally instatalled horizontally along both sides of the mlissile, as shown in
Flg. 6-6. This arrangement is generally used for aircraft-type missiles, of which

the missile wings serve mainly to produce 1ift and to balance the gravitational
force so that these missiles can continue crulsing to attain a greater range.

2. V-shaped wings

There are three V-shaped wings in this case, 120¢ apart. Since this arrange-
ment does not have outstanding advantages, 1t i1s seldom used.

3. Cross-shaped wings
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This layout has four missile wings., If viewed from the lungitudinal axis of
the missile, this arvangement has a "+ shape as shown in Fip. -7, or "x" shape

as shown in Fig. 6-8,

-

ok -3

L

[

—
WU

]
1 Glg

Fig. 6-5. Wingless Fg. 6-6. Straight-line-wing missile
Missile -

Key: (1) First stage;

(2) Second stage.

Fig. 6-7. Cross-shapedwing missile Mg. 6-8. Missile with x-

shaped wing surfaces and
vane surfaces

9

:

For ground-to-air. air-to-air, and air-to-ground missiles, the missile wings
are better installed in the "x" shape because of problems in suspension and instal-
lation at launching frame.

The missile body can be divided into three main parts: frort missile body (or
nose), midsection, and rear nissile body (or tail section). The layout of the
missile body 1is usually as follows: the warhead is usually placed in the nose sec-
tion; however, in few cases the warhead is placed in the midsection as shown in
Fig. 6-2, The solld-fuel propulsion system occuples almost the entire midsection
and tall scction. For liquid-propulsion rockets, the combustion caamber (of the
engine) ls placed in the tail section and the liquid-propellant storage tank is
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located in the midsection. The layout of the llquid-propellant tank in a missile

can be one of three types:

1. The carbustion agent and the oxidizer storage tank can be placed in an

individual campartment, as shown in Fig. 6-9., Then the agent and tank can have

an industrial butt Joint surface (Fig. 6-%a); this 1s one type. Another type is
for an individual compartment section but without an industrial butt-joint surface
(Fig. 6~9b). In the former type of propellant tank, this is adaptable to an oxi-
dizer, combustion agent or other low-boiling-temperature propellant. It is easy

to apply insulation at the tank bottam; it can also better ensure safe operation

of hypergolic propellants. Fabrication techniques and industrial testing are rela-
tively simple. Moreover, it 1s convenient in maintenance and safekeeping. Al-
thourh the propellant tanks in the latter case do not have the advantages of the
former case, yet the length and weight are less than that in the former case.
Therefore, structures in the latter case are still utilized in some missiles.

=1 )= )

(@) W)

Fig. 6-9. Two types of propellant tanks

2. Combustion agent and oxidizer tank are separated by the instrument compart-
ment, as shown in Fig. 6-10. This layout has the advantage of the propellant tank
as shown in Fig, 7-9 (a) [translator's note: "Fig. 7-9 (a)" may be a misprint; it
should be "Fig. 6-9 (a)."]. However, because the instrurents of the control system
are placed between two tanks, the tubular conveyer between the upper tank and the
canbustion chamber of engine becomes longer sco as to add to the structural weight.

2N

Fig. 6-10. Another type of
propellant storage tank
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These propellant tanks introducced in previous paragraphs are cyllirdrical.
In order to meet the requirements of the aerodynamic confipuration, coretimes the
upper tam: body of the last stage is made conidecal in chape or cambined cenical-
c¢ylindrical in shape. Thus, the length and welght of the tank body are greater
than that of the cylindrical tark of the same volume. Also, sphere-shaped tanks
are adopted, as shown in Fig. 6-11. The tank body is advantareous for low-boiling-
polnt propellant; since the surface arca of a spherical tank is smaller than that t
of a cylinder-shaped tank, the welght of the insulation material can be reduced. 1
In addition,when the same amount of pressure is increased, the welpht of spherical }
tank 1s less than that of the cylindrical tank. B

ProseR g

Fig. 6-11. Spherical Fig. 6-12. Ring-

propellant tank shaped propellant
tank

e e i i, e

Sometime, to shorten missile length and to arrange component sections more
compactly, a ring-shaped propellant tank ls adopted in the last stage as shown In
Fig. 6-12.

DAkt o

(PSS Y

Plight control instruments can be installed at scattered locations or at a :
concentrated location. The dispersed installation serves to adequately utilize
space in the missile body. For concentrated installation, the flight control
instruments are placed in the Instrument compartment, which can be placed in the
nose sectlon, between the oxidizer tank and combustion tank in the midsectlon, or
between the nose and the midsection. However, whatever the scattered or concen- 4
trated installation, instruments should be ensured a good operational environment ;
for normal operation. Therefore, instruments should be placed near the missile's
center of gravity, or as far away from sources of heat and oscillation as possible,

An explanation should be made here: whatever the layout of the missile, its

center of pravity should be consistently placed in front of the aerodynamic center
(focus) during the missile flight. In other words, the missile should be in static
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stability. Phrased differently, when the exterral interfcerence is eliminated, the
missile should have the capabillity of restoratiion to the predetermined dynamic
state. Also, the motlon range of the center of gravity and the acrodynamic center
should be as small as possible. Only in this way, can the missile be convenlently
controlled and travel smoothly along the predetermined trajectory. However, it is
difficult to control and maneuver this type of missile (of static rnonstability)
with its center of ravity located behind the aerodynamic center.

Configuration of Missile

The confipuration of a missile 1s composed of the configurations of the mis-
sile body and missile wings (main wings and fins). Below we make introductions one

by one:

Generally, the missile body 1s a body of revolution, which 1s generated by
rotating a plane curve (or straight line) around a straight line (called the axis
1ine) for 360° within the same plane. The enclosed body thus generated is a body
of revolution.

The above-mentioned milssile body can be divided into three sections: front
missile body (or warhead), midsection, and rear missile body (or tail section).
The front missile body can be in many Sshapes; most frequently seen are conical,
arched, or semi-spherical shapes, as shown in Fig. 6-13. '

BB WIB R

Fig. 6-13. Frequently-seen

shapes of warhead cross section
Key: (1) Arched shape; (2) Conical
shape; (3) Semi-spherical shape.

In order to ensure good characteristics of the entire mlssile .system, the
warhead confifurations should be carefully selected. Generally, warhead configura-
tions are selected Ly considering, from an overall viewpolnt, the requirements of
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aercdynunic force, control, and structure. For exwmple, fron an acrodynantic view-

point the semispherical warhead is inadvantageous Lecause 1t w!'ll crcownter

greater resistance. lowever, from vicwpolnts of structure ripfdity and cane

ERSRRFE tb R K Le il ooty
S R S T e e

é‘i guldance method (such as infrared puldance), the semi-spherical warbead is cxcel-
ﬁw lent. As another cxample, with the same base arca and length, the volure of an

ﬁ 5 ' arched nese is larger than that for a conical nose. The archod warkead is rela-
%Ai tively blunt; considering structure and aerodynamic heating, the arched wurhead
?i ] 1s better than conical warhead, which 1s, however, easier to be mde.

il |

E;; p For ballistic missiles, pencrally the warhead shapes are combinations of

g;‘ ) surfaces of conical, cylindrical and/or semi~spherical shapes, as shown in Fig. 6-
L 14,

T

L]

@ T - @ ()

Fig. 6-14. Warhead shape of ballistic
missile: a - Cone; b - Combined semi-
spherical and conical shape (blunt nose);
¢ - Combined semi-spherical and truncated
conlcal shape; d -~ Combined semi~spherical
and cylindrical shape.

Actually, the combined semi-spherical and cylindrical (or conic) warheads are
often used in long-range missiles. The conical warheads are of'ten used in medium-
range missiles.

In the layout of many missile confipurations, usually the midsection of the
body 1s cylindrical in shape. In addition to adopt the cylindrical shape, the
transitlonal sector for joining various stapes or the warhead may use a conical
shape, which can reduce drag and increase the bearing capacity. and which is conve-

nient to manufacture.

The frequently~used tail-scctor exteriors (of a missile) are cylindrical,
contracted, and truncated cone (increasing diameter toward the rear) shapes.
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Because of the large base arca of the cylindrical tall sector, the driag of the hase
is high. Due to the reduced base arca of thoe contraction-shopad tail sector, drag

at base 1s reduccd.

The confipuration of a misslle wing 1s determincd by ite plane and cross-

sectional shapes.

Plane outlines of a misslle wing Usually, three fundamental outlines are
used in missile: the prism-shaped wing, triangular wing, and swept-back wing, which
has its leading and trailing edges not perpendicular to the longitudinal axis of
the misslle body, but extending toward the rear of the body. There are many modi-
fied versions (as shown in Fig. 6-15) of these three basic plane outlines of missile
wings. There are advantages and disadvantages for cach type of plane outline.

Only under certain situations can the most suitable outline be determined. There-
fore, before selection an overall analysis and study should be made (as to a mis-
sile wing) of aerodynamic efficlency, structural weight, and manufacturing costs
for the most suitable outline,

- Uk.m# (2w (3)un

Fig. 6~15. Plane outlines of typical
missile wings

Key: (1) Triangular outline; (2) Swept-
back outline; (3) Prismatic outline.

Cross-sectional outlines of missile wings The frequently-used wing cross
séctions of missiles are double-wedge outline, its modified version, and double-
convex outline, as shown in Fig. 6-16. When selecting cross-sectional outlines,
an overall consideration (such as selecting the plane outlines of the missile wing)
should be made in selecting proper cross-sectional outline. From the vievpoint
of aerodynamic efficlency requirements, there is relatively low drag for the
double-wedge~form cross section with a certailn thickness ratio. From the view-
point of fabricability, the modified version of double-wedge form (including solid-
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core wing type) 1s easily machined, Mor greater structural striay-th al local parts
and lowered effect of acrodynanic heatling, the sharp leadlng odpe (and trailing
edee) can be made into reunded cormers. Usually, the doulleecenvex form is used
for large, non-solid missile wings; the modified version of the double-viedge form
is used in smull missile wings with a solid core. '

(ltzm
-@_(23wnnm —~ en

Fig. 6-16. Typical cross-sectional forms of
wings

Key: (1) Prismatic form; (2) Symmetrical
double-arc form; (3) Improved prismatic form.

Missile Structures

Structures of liquid-propellant missiles are more complicated than structures
of solid-propellant missiles, This section mainly introduces structures of liquid-
propellant missiles. :

The missile body and missile wings are acted on by aerodynamic loading; there-
fore, a good aerodynamic configuration is required. A good operation environment
should be provided for instruments and equipment installed in the mi:isile body.

The missiles should be maintained and serviced, and props and suspensions are
required during launch; so the missile body should be made sturdy enough. However,
to redude weipht (Lower structural weight is important for flight vehicles.) the
missile body should be made sufficiently light and convenient. These two require-
ments are contradictory. How can the problem be solved? From practice, solutions
can be derived from two aspects: one is the adoption of light but tough structural
materials, and th2 other i1s the use of optimal structural types.

In considering structural types, a simple rationale 1s that those parts should
be strengthened if acted on by large forces, while the other parts may be struc-
turally weakened if acted on by small forces (usually, 1t is sufficlent to consider
just maintaining the structural shapes). The structure thus obtained is generally
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some type of hollow frame or hellow structure. Therefore, the missile cun be
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{ sturdy, but light and convenlent. There are mainly the four following types of
[ ? structure uscd in missiles.
i ' 1 Structural Skins
.
‘ The earliest adoptions (in large numnbevws) of structural skins in low-speed
E ] alrcraft were based on the above-mentioned approaches. Naturally. these stiuctures
g{ i ] were used in carly rdssiles. The misslle wings of these structures are made by
, ' 1 first joining into latticework using some form materials, and then a layer of thin
,, i 4 metal plate is used as the skin. Comectilons between latticework and between

-z

| ) latticework and skin are by rivets, welded Jjoints, or cemented joints.

"

P

[ Y
FrareY

The longitudinal latticework of this type of missile wings includes beams and
purlins. The lateral latticework includes the ordinary wing ribs and reinforced
wing ribs. Wing beams are the main structural members (acted on oy longitudinally
directed forces) of missile wings; the wing beams nainly recelve aerodynamic load-

i ing withstanding the bending of missile wings. Purlins serve mainly to support
the skin, to increase its rigldity, and to help wing beams to withstand bending.
i The cross-sectional outlines of purlins vary, as shown in Fig. 6-17. Which form

% should be adopted depends on the actual situation and loading conditions.

‘ﬂ@mﬂ@ 3
5 ot

Fig. 6-17. Cross-sectional forms of
purlins

andiin e ik

Epry
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The functions of wing ribs serve to maintaln the cross-sectional forms of the

y .
1 missile wings, to transmit local aerodynamic loading, and to support the skin and
i purlins. Except for accomplishing the above-mentloned tasks, the reinforced wing ;
] ribs serve miinly to withstand relatively larpe concentrated loading. ]
4 3
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The skin cncloses the latticework to glve the missile wirngs a smooth aerodynamn-

ic configueation.  The skin can also withotand torslion and trunsmdt the aerodynamic
forces to the wing ribs, purlins, and wing beams.

The situation of the mlssile body with Jattlcework-skin-type structwe 1s very
similar to that of missile wings. This structural type is mainly usced in the
instrument compartment, transitlonal scctilon, tall secticn, and the part of the
missile body with the compartment containing the liquid-propellant storage tank.

Instrument compartment There are different instrument compartment
configurations depending on different locaticns in the missile, When the instru-
ment compartment 1s placed behind the warhead, the compartment is shaped llke a
truncated cone. When the compartment 1s placed between the propellant tanks, it
is shaped like a cylinder. There are, in the instrument compartirent, frames,
which are used for mounting the flght control instruments and automatic adjustment

equipment in the missile, and are used for structural members under forces. Several

window openings are made 1n the skin of the instrument compartment in order to
install, examine, test, maintaln, and scrvice instruments and equipment. In normal
times, these window cpenings are covered.

Translitional ‘section The sectlon joins the various stages and the
warhead of a multlstage missile into a single entity. Because of different diame-
ters of various stages (or warhead) joined by the transitional section, there are
two kinds of transitional sections, conical or cylindrical in shape. Figure 6-18
shows the simplest truncated-cone-shaped transitional section, composed of a shell
and two butt-joint frames (without purlins). For the transitional sector (such
as the interstage transitioml sector) operated under comparatively unfavorable
conditions, there are purlins and mid-frames for longitudinal and lateral rein-
forcements. If hot scparation is employed for interstage separation, many windows
can be opened 1n the transitional section Jolning the front and rear stages 1n
order to ensure smoolh passage of high-temperature combustlon gases produced by
the rrar-stage engine. Or, the transitlonal section can be made into a frame-type
transitional section with welded joints of steel tubes, as shown in Fig. 6-19.

'‘all section The section protects the engine against collision damage.
In the tall scction there can be installed the actuators of the flight control
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system and control swiaces of the miscile. The tall scction can also Join the
lower staye, or the mlssile can be supported on the launch pad. There are dif-
ferent tall-sectlon structures because of different missile types, subassembly
arrangements, engine structures, mancuver mechanisms, and methods of erccting a
missile on its launch pad. FPor mlssiles with solild-fucl brake rocket englines for
Interstape separation ard a glmbaled combustion chamber for maneuvering, the tail
section is shown in Fig. 6-20. There arc four rectifying cowls along the direc-
tlons of planes I-JII and II-IV. Beneath the rectifying cowls are installed the
gimbaled combustion chamber of the gimbaled engine and the solid-fuel brake
rocket engine. The engine frame, fixed on the reinforced frame, 1s used to
suppert the main and gimbaled engines of the misslile. There are supports on the
lowest-end frame of the  tail section in order to erect the missile on its launch
pad. On the rectifying cowls, windows are opened to inspect and service the
gimbaling mechanism and other parts.,

£l na(«%)';!&(?’) ra i) g ¢

(5) -

Fig. 6-18. Transitional section Fig. 6~19. Frame-type transi-

Key: (1) Positioning pins; (2) tional section: 1 - Tube; 2 -
Front frame; (3) Skin; (4) Rear Bottom plate; 3 - Cushioning
frame; (5) Vindow. seat; 4 - Positioning pin.

Mg, 6-20. Schomatic diagram of one
type of tall section
Key: (¥) Direction A.
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Intepral Wall Plat Structure

In the mlssile development process, £light velocity las become hirher and
higher, This gradually leads to new problens, such as rreater local acradynanic
force. In onder to solve these problems, at the beglirning the latticework and
skin were thickened. Iater, the latticework and skin were made into an intepral
structure, This leads to an integmral wall plat @ type structure with thicl walls.

Figure 6-21 shows missile wings of this structural type, which combines the

latticework and skin into one whole. So thls 1g called an intepral wall plate

g b structure from the viewpolnt of the latticework skin. Thils wall plate can be
g': j manufactured by casting, forging, or chemlcal etching. As shown in Fig., 6-21,
% ! after two (upper and lower) plate manbers are mabtched at the leading and trailing
&'1 1 edges of a missile wing, screws are used to join these two members. For an aero-

dynamic configuration, a rectifying leading cedpe is added to the screwed leading
edge. In thls type of structure, the thickness of the latilcowork and wall plate
can be determined by actual loading at various locatlons in order to sufficilently
explolt the loading capacity of the structure. Moreover, the structural type
glves adequate strength (to withstand breakdown) and rigldity (to withstand break-
down) and a siooth configuration to reduce air drag. The welght of the structure
is also relatively light.

T T

] Fig.6-21. Missile wing Fig, 6-22. A sectlon of
of interpral wall-plate missile body with intepral
; type structure wall-plate type otructurce

Pigure 6~22 shows a section of a missile body with an intepral wall-rlate type
3 suructurc; several intepral plates are joined (by welding) tepether.

1 In some 1l missiles (such as air-to-air misslles), an intepral structure

15 used for their missile winge, body and vane surface; whyn and vine are combined
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into a single ple o the mlssile body is a thin-viall cylinder (generally
callied as hard-ohiel I-type bedy).

Since the 1oter staces © 7 - ballistic missile) (ly in a thin atmosphere,
there is much less need to protect the engline against aerodynamic drag;. The aero-
dynamlde stapbility of a missile drops sharply; so the later stages of a hallistic
missile can uge the kind of  tail section that can be jettisoned. Jettisoning
this kind of tail sectlon can reduce passive welght (Gead welght) of later stages

EEE S Sl R I S N (et o B 30

b e favor a preater range. The tall section (that can be jettisoried) 1s composed
g. of several thin plates, whose Joining can employ quick-release locks (exclusively
b ! i used for this pwrpose). By using explosive bolts, the taill section itself can be

I AT
-

Joined (with butt Joinl) to the main bedy of that stage. This tall section (that
| can be Jettisonod) is of the interral wall-plate type structure. During jettison-

} ing of the tall sectlon, the butt-joint bolts are sheared with explosive; latches
i are relens~d; and the tall sectlon plates are discarded from the missile body.
5 Sandwich Structure
Murther developments In the integral w. "l-plate structure led to sandwich
‘ structwre, which 1s composed of two surface plates with a sandwich core between
i them, This 1s where the term, sandwich structure, came from. At first, it was
] noticed that 4 honeycomh 1s very thin but it can hoid large amount of honey
J without defourmation; i1t was Aeduced that the honeycomb bearing capacity is very
i high., According tc this concept, some people used the method of welding or
glulng jolnts of tin foll or stainless stecl foll into honeycomb-shaped sandwilch
j cores, both sldes of which are covered with facing plates. This structure 1s
] used to malce bearine parts of missile wings and others. This is the well-known
# horeyzonb sundwich structure, one type of which is shown in Fig. 6-23. Also,
] bubble plastic or heat insulating material 1s used as a flller of the sandwlch
! core, which ig calicd f1ller sardwich siructure. Figure 0-24 shows a section of
} é a miceile wing using a kind of bubble plastic sandwleh structure.
:
¢ Advantapes of sandwich structuwres are their low welght and hipgh rigidity. So
! the structire is copeclally adaptable as a thin wing swface of a high velocity

f1i¢hs vehilele,  Since the sandwlch heneyeord core or insulating filler has good

T
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heat insulntingn characterisctics, thils type of structurc can serve wxler relatively
high taperatwres while heat-insuwlating materdal is used for facing plates. 1ne

structurce can help in solving problems of acrodynarde heating.

Fig. 6-23. Honeycomb sand- Fig. 6-24. Bubble plastic
wich structure sandwich structure

Thin~-shell S ucture

Some large rocketls and missiles have large liquid-propellant storage tanks;
some tanks take up a large part of the missile body with diameters as large as
10 or more meters. To reduce the structural welght, a gas-filled thin-shell
structure is used for these storage tanks. Most of the storage tank is cylin-
drical in shape; two terminals of the tank are made w0 a shape that 1is semi-
ellipsoidal or seml-spherical. 'The tank is filled with gas at 2 or about 3
atmospheric pressures. Thus the tank shell can be very thin, down to tenths of
a millimeter. After being £11led with gas, structure ripgidity can be increased
in order to ecliminat. the 1 »oltudinal stress induced by bending, and compression
of the tank bedy. In order to avold lateral deformation in the tank body, some
partition frames (for restraining function) can be welded on the tank wall.

Structural Material of Missiles
What kind of material is a missile made of?
Metal is a4 required structural material of missile bodles. What kind of

matals can be used? Lipht (but strong) materials are best. Here "light" means
low specific gravity and "strong" means hiph strength and high rigtdity.
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Same other factors schould Ye curwidered in sceleceting rateriale: for exanples,
the depree of tenperatwre offect on materdals, techndenl ehvuacteristics (ecasily
michined or not), cost, and resources. Selection of matcrials 1s also a problen

requirdng overall consideration.

The main structural materials of missile body are aluninun alloys, magnesium
alloys, alloy steels, titanium alloys, and compesite materials.

Alurdnum alloys The specific gravity of this class of alloy 1s small,
about 2.8. At normal temperatures, these alloys have high specific strength (the
ratio of tensile strength to specific gravity) and specific rigidity (the ratio of
modulus of elasticity to specific gravity). The strength of superhard aluminum is
even higher. In other words, for the same strength arnd ripidity, the structural
welght of aluminum alloy 1s relatively light. There are two categories of aluminum
allecys: castlng aluminum alloy and deformed alumirum alloy; they are easily
machined ar.i formed at low costs. Therefore, aluminun alloys are used to make
llquid propellant storage tanks in adiltion to maklry of skin and latticework
accessorles for the missile body. Aluninum alloys have pood characteristics in
resisting chanlecal and corrosion recactions; these alloys also have good low-
temperaturce characteristics without being brittle in contact wlth ligquid oxygen
(-183°C) and liquid hydrcgen (~253°C).

Mapneslun alloys This class of alloy has a specific gravity, at 1.8,
which 1s even lower than for aluminun alloys. Although thelr strength is low,
thelr gpecific strenpgth 1o comparatively high and their specific ripldity is not
low. lHowever, since the modulus of clasticity is low and their oscillation-reduc-
ing characteristics are pood, thece alloys can withstand relatively high Impact
vibration loudiny, These alloys have good miachining, characteridstics. Magnesium
alloys can be used to nanufacture wing surface and (missile body) cabin sector of
various intcpral wall-plate structures, as well as other latticework acces.ories.
These alloys do have the disadvantage of easy corrosion, There are two types of
marnes tum alloys: casting manesiun alloy and deformed mapnesium alloy.

Alloy stecl This includes hiph~-streneth structural steel, and
stainless steel with hitph toamperature and corvosion resiastance.  Among various
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types of alley cteel, the typleal hiph-strength steel Includes 30CrinSi steel.
After heat treatment, the ultimate stropeth is llO]q;ﬁuaz. The specific gravity
of alluy steel Io usunlly used in menbers In etross (such as beam in stress and
reinforced partition frame) and force transmdsslon Joint. Stainless steel has
good characteristics of cold machining, welding, and low-temperature service, as
well as high reasistance agalnst corrosion. Thin stainless-steel plate can be used
to make skin and large storage tanks for low-temperature propellant.

Titanium alloys This alloy class has characteristics of low specific
gravity (about one half of that of alloy steel) and high strength (approaching
that of alloy steel); therefore, the alloy class has very high specific strength.
Also, the alloy class has good reslstance against corrosion and high temperature.
Within the temperature range of lSQO to about 30000 , the reduction of strength is
quite slight. The strength only decreases slightly at hiph temperatures of about
SOOOC. Titaniwn alloys do not bt come brittle at low temperaturcs. Most titanium
allcoys can be welded; therefore, they can be mide Into missile skin, latticework,
higl~presswre gas bottles, and low-temperature storage tanks. The shortcomings are
inferior characterlstics of machinling and planing, and comparatively high costs.
Moreover, heat needs to be added while forming.

Composite materials Reinforced plastics are a type of composite
materials., First of all, plass filaments (glass fibers) are simultanccusly wound
and glucd with resin., Alternatively, plass filaments are flrst woven into glass
fabrlc and then resin 1s used to glue the fllanents layer by layer. So this 1s
called as plass Ciber reinforced plastic (also called reinforced plastics). Since
this materdal is made of two types of materials (plass fiber and resin), it 1s also
called as cawposlte material.

At present, reinforced plasties most frequently used are compounded with epoxy
resin (or phenol aldehyde resin) and plass fabric. Although the plastle has a
modcrate streneth, it has low speeific gravity, only 1.8 to about 2. So its specif-
ic strength ean be comparable to that of hiph-strengbh aluminum alloy. Also, the
forming Lechniques are simple. So the reinforeced plastics are widely used to make
missile bodies, misslle wingg, and high-pressure pas bottles.

70

anduy

P

el e o i e i



TSR T e T TET RN T FNFTSTTEY £ R O L T A h e,
‘ . .

Since the ripldity of reinforced plasties 1s quite low, usually a sandwich
structure is forted durlty; cppllicatlon.  Bubble plastie or honeycord 1s usually
made Into a sandwich core; this can conpensate for the shortcomdng of low rigidity.
Later, another type of carposite materials was made by compounding epoxy resin
and graphite fiber (or boron fiber). Another type of composite materials has
streneth and rigidity much higher than for reinforced fabric., In order to compen-

sate for the inability of resin to withstand high temperatures (Epoxy resin
softens at above 2OOOC.), netals are used to replace resin in making boron-aluminum

composlte material. Thercfore, temperatures as high as 250v500°C can be tolerated.

Also, alloy fibers and alloy materials are made with composite materials. Thus,

! there are not only better characteristics at high temperatures, but also a signifi-
cant increasec in specific strength and specific ripidity. In short, studles in
thils area are continuously moving ahead.

After trial manufacture of gulded misslles, In crder to examine whether or not
the structural strongth (theoretically calculated) can accommodate actual situa-
tiong, ground sgtrength testls and repeated test fliphts should be conducted. Only
] after ground strength tests and repeated test lights have been smoothly qualified,
can serial production of missiles be started before thelr deployment by troop units.
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CHAPTER VII
COMBAT PAYIOAD AND MULTIPLE WARHEADS
Combat Payload of Misslles

The combat payload 1s the part of the missile Involved accomplishing the
combat mission at the final instant. When a misslle approaches 1ts target, the
combat payload executes 1ts mlsslon at a proper attitude according to the predeter-
mined requircnents and methods; the mission includes wounding and/or killing cenemy
human regources as well as destruction of cnemy arms, key clties, and military
facilitico. Theorefore, the part of the mlsslle body for the destruction of enomy
targets 1s usually called the combat payload.

If 2 missile has no combat payload and even though the target 1s hit directly,
the tarpet 1o not serilously damaped because only the missile's kinetlce enerpy 1s
applied to the target (Mg, 7-1). However, It is quite difficult to directly hit
the target because every syston in the misclle can have gome errors. If a missile
18 equippad with a combat payload, the destructive coff'ect is much preater, Only
within the effeetive ranpe of the combat payload can the target be damaged (or

destroyed) without a direet hit, as shown in Py, 7=2.
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Fig. 7-1. Not a direct Flg. 7-2. Hitting a
hit target

Usually, the combat payload 1s camposed of three parts: warhcead, fuse and
safety device. A vast amount of encrgy 1s stored in the warhead for destroying
the target. A fuse 1s used to ensure & detonatlon when the warhead power can be
exploited to the fullest. There are many types of fuses; Lhelr selectlon should
be based on target types and characteristics of combat payloads. A tripgering
fuge should be selected 1f a bindinhpg-energy combal payload is used to attack ground
armor tarpget. The priming device utilizes the impact force when the misslle hits
the target; the impact force can ignite a priming device to detonate the combat
payload. A proximity fuse 1s usually selected (such as infrared fuse or radio
fuse) if a cambat payload is used to attack an air tarpet. The proximity fuses
utilize some sipnals from a target to initlate detonation., An infrarcd fuse uti-
lizes infrarced radiation in the combustion gas strcam from an uilrcraft; a radlo
fuse utilizes reflected radic waves from o target.

A safety fuse enswres that a warhead does not detonate before the launch of
a miszlle. Defore encounterdnge the target, the safely fuse 1s releascd on time
so thal the misslle can lead to self-destruct (when it falls to encounter the
target). Generally, a safety device utilizes some characteristics (such as acceler-
ation) of missile flipht to release the safety to enable the combat payload
prepare for detonation., When a missile approachen a tarpet, the fuse recelves
signals (such as Infrared radiation and radar echo) from the target. The closer
the missile to the tarpet, the stronger 1s the sipnal. The fuse will detonate the
conbat payload when the signal reaches a predetermined value, which 1 calculated
in advance for a required distance between the target and misslle to start 1ts
detonatlion.
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Although there are varlous types of cambatl payload, fenerully speaking, there
are two: nuclear and conventional combat payloads. A nuclear payload can be used
to destroy many differing types of target; nuclear payleads include atomic bomb,
hydrogen bomb, and neutron bomb. According, to the methods of target destruction,
there are three caterories of conventlonal caombat paylcads: detonatlon, anti-
personnel, and tinding-cnergy canbat payleads.

Conventlonal Combat Payload

(1) Detonation Payload

A detonaticn payload is mainly used to destroy ground swrface, water surface,
underground, or underwater targets, such as military fortifications, merchant
marine, and warships. Therefore, these combat payloads are generally loaded in
air-to-air, alr-to-ground, ground-to-ship, and ship-to~ship missil-s,

A detonatlon payload 1s pocked with large amounts of dynamite. Generally,
the violent impact waves énd detonation products (such as larpe amounts of high-
temperaturc, high-pressure gag) are used Lo destroy the tarpget after detonation
of dynamite in the combat payload. 'The magnitude of the wave front pressure of
the inpact waves 1s related to the cb. mcterlstics and amounts of dynamite; how-
ever, the pressurc qulckly decreases wlon Increasing distonce from the detonation
center. Within a certain range, the wave front has a very high pressure thot the
detonation payload relies on to destroy bulldings and to wound and/or kill people.

Flpure 7-3 shows Lhe structure of the detonation payload of a pround-to-ground
misslle, The conlcal shell 15 made up of a thih stecl plate; high energy dynamite
1s charged in the shell., A cylindrical detonatlon-transmitting powder column 1s
placed at the center of the conlecal shell; fuses are [ltted at the front terminal
and at the bage cavity.

The functioning process of  thig ~anbatl payload 1s as follows: when the mis-
sile approaches or hits a tarpet, fuses at nore and buse initlate the detonation,
which 1o transmitted through the powder column to detonate dynamlte and destroy
tho tarpet.
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Fign 7=3. Detonatlon paylead P, 7-4.  Basic structure of ordinary
Keys (1) Shelly (2) yarstte detenation payload

(3) tuse; (B) Powder colutw. Key: (1) Metallic shell; (2) Fuse;
for transmittiie detonaticn; (3) Igniter; (4) Dynamite.

(%) Fuse at base.

A structural characteristic of detonation payload is its (relatively) thin
shell wall. ‘Thus, more dynamite can be loaded. The baslce structure of detonaticn

payload is shown in Fig. 7-4.

An underwater dynamile explosion 1s basically similar to a midalr detonation.
The explosion products also form tmpact waves in the waber. Since water density
1s greater than alr denslty but comprecsibility 1s smaller, the pressure ard
density of explosion products carnot decrease very rapidly. The wave-front pros-
sure of the underwater impact waves 1s much greater than that in alr., If the
initial pressure of the wave front of & midair detoration ls approxlimately 1000
atmospheric pressures, the pressure of an underwater detonation can attain 100,000

o

atmospheric pressures. ;

Another characteristic of underwater detonutlons 1s that the explosion prod-
ucts quickly expand as underwater pus bubbles Lo expel the surrounding wator to
move dlametrically outward. In the process of motion, when gas bubbles expand
with their intermal pressure cqual to external pressure (the statle pressure of

swrounding water), oxpansion should have stopped.  However, due to the inertia

e i

o the surrounding water cuwrrent, expansion continuously moves outward. As a

i
result, the exccssive expansion of the space dnslde pas bubbles results in the )"
1

internal prescure belne lower than the external pressure.  On dlsappearance of
the inertia function and an inerease In the internal and external pressure differ-
ence, the surrounding water appin shrinks backvward to conpross as bubbloes

While the pas bubbles are o small that the Intermal and external proes-

T S, % e

swiller,
gurcs are cqunl, dae to the inertin water still continuounly cempresses the s

pubblos  and aedn the Internal pressure 3s htehep Shim edbernal pressare, Wen
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the pressure difference overcones inertia, pas bubbles apain expand. Thus, pas
bubbles vary fran oinill to layyre, and from larpe to small.  The process will be
repeated several thres before equilibrium 1s flnally reached,

We can see that durlng the underwater explosion of a detonation payload, there
are three types of destruction of merchant mridne and warships: the first 1s the
Impact waves; the second is the water current; and the third is the explosion prod-
ucts In gas bubbles. However, when detonatlon occurs at a distance from the target,
the main elfect 1s from the impact waves with little effect due to the last two
factors.

o e o R A G SO P RS T g
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When dynamite detonates in the soil, 1t 1s similar to an underwater explosion.
However, since soil contains many spores with scattered partilcles, no impact waves
of apparent wave fronts will appear after detonatlon.

When a detonallon payload explodes at a certain depth beneath the ground
surface, a horn flare like detonation hole will be opened in the ground. Generally,
this ls called a crater, as shown in g, 7-5. Based on the extent of destruction
and characterlstics, a crater can be divided into three areas: destruction area,
compression area, and shock area. The detonatlon power ccomes in forms of impact
waves, fragments, and the overall selsmlc effect due to detonatlon., Generally,
the crater depbh 1s the standard of evaluating detonatlon power. I the delona-
tion center 1s quite deep beneath the swfuce, detonation cannot penetrate the
thlek scll layer. Thon thls 18 called tunnel detonation, or blind detonatlon.

The shock wave and frapments from this kind of detonation lead to very little
damage 1t the sclsmle offect due Lo detonation 1s the greatest.

wim
(1)
EEUR 313
(2)
() : (b)
e 7-5. Shape of detona- e 76, Methods of stabilluing,
tion cerater warhoend _
Key: (1) Soil thrown out) Key: (L) Stabllizer; (2) Brake
(2) Dopth, impeller,
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Generally, a detonation payload is charped Into a medium- or long-range
trhlldstic mioslle.  Since the mlusile veloelty 1o very high, aerodynumic heating
is very serious durlng reontry dnte the atmosphere.  Therefore, methods of heat

prevention chould be adepted.  There are two mest cermon methods of heat prevention:

heat absorption type and burn ctehing type.

Generally, a combat payloand of a mediun- or long-ranfe ballistic missile can
be separated from the missile body. When considering flight stability on return
to the atmosphere (reentry into atmosphere), a special stabilizing device should
be fitted, such as a stabilizer or brake impeller, as shown in Fig. 7-6.

(2) Antipersomnel Payload

An antipersonriel payload 1s used to attack enemy air and ground surface (or
water surface) arms and human resowces, such as aireraft, missiles, ground-arm
facllities, and persomel.

Wounding, killing and damage to bargets by an antipersonnel payload is due
to its enormous kinetilce encrgy and its fragments distributed with a certain
density to attack targets. The kinetic energy of frapments comes from the dynamite
explosion and the distributlion of fragment density 1l related Lo the structure
and material of the combat payload. The distinction between antipersonnel and
detonatlon payloads 1s that the former relles on fragnents to attack tergets while
the latter relics on impact waves to damape or destroy targets. Of course, 1n
both cases both kinds can detonate as well as wound and/or kill people, only the
emphasls 1y differont. When these two funetions ave tuken care of simuliancously,
the payload becomes the so-called antipersonnel—detonat.ion payload.

The antlipersonnel payload 1s composed of the four followlng parts as shown
in Mg, 7-7:

L. Dynamite: this ls main source of enerpgy for the antipersornel pu, ‘oad to
destroy the tarpet. 2. Metal shell: after dynanite detonatlon, the shell body
splitsa Into antipersonnal Frnmnohts. 3, Detonation attachment: itvincludos

detonator and detonablon-transuitting powder, 4, Connceting members: together
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with a metal shell, a powder=packing "contatner” 1s formed, conneetlng to the

missilo=tody proper,

(1) (2) (3‘),“““1
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g, 7=7. Schoratle dia- Mg, 7-8. Groove type
gram showing structure of antipersonnel payload

ant'lpex'somcd. payloud

Key: (1) Front end con-
necting manber; (2) Metal
shell; (3) Rear end con-
necting mamber; (4) Dyramite;
(5) Priming device,

There are varlous types of antipersonnel payload structure. On the frapgment-
forming shell structure, the most froequently scen are the following types:

1. Groove Type

A grooved steel plate is bent into a cylinder or truncated cone, which 1s
Joined (by welding) into & shell bedy, as shown in Fig. 7-8. Grooves divided the
steel plate Into many cubes, rhombg, or small blocks of other shapes., Grooves can
be inscribod on an irmmer or outer surface of the shell, or both swrfaces can be in-
scribed. The dnscribed prooves are weak links,  When dynomite explodes, the shell
expands and relatively conslstent fragments are formed along the grooves. The
depth of the inscribed prooves s nmainly determined by the thickness of the steel
plate. If the inscribed prooves are too deep, the touphness of combatl payload
wlll be wenkened and the frapment velocity 1s also low. When the inseribed grooves
arce too shallow, frapments will not be formed according to the design dimenslons.
Several or more fragments my be Joined topether in reduclng the number of anti-
pursorme” fragments for lower effeets,  The dlameter of this kind of combat payload
1s rolatively larpe with a preater antidpersonnel radiug, i
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1 2. Bindinp=cricrgy Groove 1ype
fi Its shell is usually made of a steel tube. Lined closely along: the dnner wall f
1i of the shell 1s a plastic or ccllulold siecve with speclal grooves pressed on the ;
'5 j groove surface, as shown in P, 7-9.  The oulline of thie prooves is determined by 3
?‘ the required frarment shape. Durlnge the detonation of packaped powder, relatlively _a
g ‘ 1 concentrated enerpy oceurs along gaooves to cut the steel shell into srall blocks !
gf f 1 of required shape. The carved prooves on the sleeve should have a proper outline i
g : and depth, otherwise an ideal cutting functlon cannot be ensured. 'The dlameter of £
?‘ this kind of combat payload is relatively small, and likewlse for its antipersonnel E
f‘ ‘ ; radius. e (Ghomp i
f N
;o 4 (n Rt
it ’ Mg, 7-9. Binding-

energy groove type
antipersonnel payload
Key: (1) Shell; (2)

. Binding-cnoryy plastic

i sleeve; (3) Dynamite;
(1) Detonation-transmit-
£ing powder colunr.

; 3. Prefabricated Type
‘ Althouph shapes and welphts are nearly the same for fragments ylelded by two {
i types (proove type und binding-cerergy proove type) of antipersomwl payload, small ﬂ
: frapments or Joining fragments can stlll be formed. Fdges of the fragments wre :
indented, with falrly poor acrodynamle chavacterdstics, These shortcomings can
be better uvolded by using prefavricated antipersornel payloads, The prefabricated
1 fragments are muufactuwred in advance according, to the predetermined shapes and ;
* j wedghts) generally, the frapments are cubes.  After Lhoe prefabricated fragments \
y ave dipped into epoxy resin, they are arranged onto the lner shell made of o thin ‘
‘ : lead plate or reinforced plastic; after cpoxy resin s solidifled, 1t becomes & '
e . sturdy onter shell, Alternatively, a layer of thin lead plate ov rednforcead
‘; , plastic o added outsdde the Crapment shell.  The prefabricated fragments can be
| avraneed Into asingle layer, double layers, or multipde Joyers. After the conlbatb ;
8t %
;
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rayload 1s detonebad, shapes and wolphits of froprents can basteally nointain thelr
oripgtnal nagnltude,.  This corbat paylead can be made frto dibancters off different

slzes.,
4, Strip Chain Type
1ts outer shell 1s a zigrap welded steel strip with square eross-scction and

1s cloged into a cylinder, as shown in Fig. 7-10. Dyramite is charged into the
cylinder, After detonation of the dynamite, the outer shell gradually expands due

to the force of the exploslon. The steel strip Ls gradunlly drawn out to form a
continuous-strip chain ring for wounding and/or kiliing huran tarpets, This ring
hao 1t diameler gradually expanded to the maxlmum as the steel strlp ls complelely
drawn out. AL this point the steel strilp breaks into relutively stort strips to
be continuously flying outward (1. 7-11). A quite apprectable ant Ipersonnel
effecy occurs after the frapments hit a tarpet,  This combat paylosd has a rela-

tively small radius of wounding ard/or killing as the antipersonncl ring is almost

in the fom of a planc.
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(3) Binding-energy Combat Payload

One end of a cylindrical dynamite is made into a conical groove; when detona-
tlon is initiated at the other end, concentration of dynamite energy appears along
the axlal line of the groove., Users discovered this phenomenon and called it
vinding-enerey phenomenon or effect. The groove on the powder column is called
the binding-energy groove. This phenonenon 1s caused by directional detonation,
After detonation of the binding-energy powder column, the explosion products of
surface points of the binding-energy groove penerally fly out aleng the direction
of normal to the groove surface of these points. Every point on the circle acts
in this manner, then along the central axis of the binding-energy groove a binding-
energy stream forms with very high velocity, as shown in Fig. 7-12. Thus, the
binding-energy combat payload can be considered a combat payload with the dynandte
energy concentrated te a fine stream., The velocity of the binding-energy stream
can be about 10,000 m/sec, so its kinetic energy is quite enormous, much greater
than the ultimate stress of steel. Therefcre, the binding-energy stream can
penetrate steel armor and concrete fortifications.

Fig. 7-12. Form of Fig. 7-13. Anti-tank binding-
binding-energy stream energy payload
Key: (%) Focus. Key: (1) Fuse; (2) Outer shell;

(3) Cap; (4) Dynamite; (%) Fuse
tube; (6) Detonation powder.

If a layer of a metal cover (usually called the powder molding cover) is
lined along the surface of binding-energy rroove, the armor-plercing effect can
be increased (four times greater) over the use of the powder molding cover, which
can make the metal binding-enerry stream greater in density, onger in distance
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traveled, and greater In concentration of energy. This can result in a greater

2| ;H armor-plerclng effect,

g The binding-energy payload can be used to damage armored targets, such as
4 tanks and warships, and 1s generally installcd in anti-tank and ship-to-ship mis-
siles. The payload can be also used to attack air targets.

] Figure 7-13 shows a structural diagram of a type of anti-tank binding-energy
4 payload.

f At present, a plezoelectric fuse (using plezoquartz in detonation with high-
i current voltarie from impact pressure) is used in binding-energy payloads. While
fuses are installed, a desirable form of exterior should be used as far as possible
in order to reduce aerodynamic drag. The material, dimensions and shape of powder
| ' melding cover have a greater armmor-plercing effect. A copper~-zinc alloy usually
] serves for forming into a conical shape. The effect of semi-spherical molding

cover 1s better in penetrating concrete,

For greater destructive power, sometime a more complicated payload should be ]
selected. For  umple, when attacking midair targets, a combat payload can be
selected as having both functions of antipersonnel and binding-energy. When at-
tacking surface warships, a combat payload can be selected with both the functions
of binding-energy and detonation. When attacking ground targets, a cambat payload
can be selected with both the functions of detonation and antipersonnel attack.

Nuclear Payload

(1) Ordinary Nuclear Weapons

For long-range missiles, 1f a conventional payload is used the power 1s too
small. Therefore, usually this type of weapon employs a nuclear payload. In addi-
tion, in short-range field operations, air combat, ard air defense, some missiles
are also charged with nuclear payloads for destroying large-area ground targets,

attacking aircraft, and intercepting atomic bombers. ¢
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The destructive power of a nuclear payload comes from the nuclear-energy
release of some elements (such as uranium, plutonium, deuterium, and tritium).
However, nuclear energy is released in the conversion process of nuclel. There
are two conversion forms of nuclel: one is the fission of heavy nuclei, and the
other is the fusion of light nuclel.

The fission of heavy nuclel consists of the nuclear splitting of a heavy
element into a lighter element. Tremendous energy 1s released In this fission
process. For example, when neutrons are used to bombard an wranium nucleus,
which 1is split into fragments of almost equal mass and liberates several neutrons
as well as release of energy. These neutrons also bombard other uranium nuclel.,
In this way, the number of fission nuclei will be rapidly increased. Thic is a
chain recaction; its reaction velocity is very high, only several microsecords.
Therefore, this 1s a violent explosion, releasing tremendous amounts of energy.
The nuclear energy of 1 kg uranium is equivalent to the energy released in the
explosion of 20,000-ton of TNT; this 1s generally called as a 20,000-ton TNT
equivalent welght. The weapon * tilizing fission of heavy nuclei 1s called an
atomic bomb.

The fusion »f light nuclel is a prccess of light nuclel fused into heavier
ruclei. This fusion process also releases tremendous energy. For example, there

are three isotopes of hydrogen: hydrogen, heavy hydrcgen (deuterium) and superheavy

hydrogen (tritium). At superhigh pressures and superhigh temperatures, tens of
thousands of degrees, nuclei of heavy and superheavy hydrogen fuse into helium
atoms, releasing tremendous energy. This is called a thermonuclear reactlon.
Fusion can release much more energy (usually ten times) than fission. The weapon
made by the principle of fusion of light nuclel is called a hydrogen bomb.

Figure 7-14 éhows a structure schematic diagram of atom bomb. In the diagram,
each of two lumps of uranium (or plutonium) has a mass less than the critical mass,

which is the maximum mass for which no chain reaction will start spontaneously.
Thus no chain reaction will start. If a chain reaction should start, a detonator

explodes the dynamite to join topether the two lumps of uranium. At this time, 1ts

carbined mass 1s greater than the critical mass so a chain reactlion 1s started.

The (very - «) bomb shell is made of a heat resistant alloy to prevent the nuclear
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package from flying aport (dwrdng detoniticn) prematurely; thus, the detonation

power 1s increased.
present, the power of' an atom bomb may reach millions of tons of THT equivalent

welght,

»

NMoreover, the outer shell can also reflect neutrons. At

i
2

o 1f

er!
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Fig. 7-14. Structure sche- Fig. 7-15. Schematic dia-

matic diagram of atom bonb gram of hydrogen bomb
Key: (1) Bomb shell; (2) Key: (1) Triggering device;

Conventional dyramite; (3) (2) Deuteriun + tritium.

Uranium or plutonium; (4)
Neutron reflector; (5) Timing
or triggering device.

Figure 7-15 shows a structure schematic diagram of a hydrogen bomb. In order

to create a condition of superhigh pressures and temperatures for a hydropen-bomb
reaction, a small atom bonb is charged into the hydrogen bomb. The small atom bomb
is the fuse of a hydrogen bomb, whizh has a relatively thick shell because of its
eve:: higher power. At present, the power of hydrogen borb may reach one half mil-
lion tons to tens of million tons of TNT equivalent weight.

When a nuclear warhead detonates at the ground surface, the warhead releases
shock waves (detonation), photo-radiation (combustion), penetration radiation, and
radiocactive contamination (wounding and/or killing people). Therefore, a nuclear
weapon exerts the combined function of killing and wounding people. The first
three forms of destructive energy only exist within a short time while the last
form of cnerpy exerts its Nunction of 12111ing and wowding people as well as

camag,ing, property for a longer time.
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Impact waves during a ground detonotion constitute the main damnging factor
of a nuclear explosion; thls form of energy accounts for about one-hall of the
total energy relcacsed by a nuclear weapon. However, the direct cause of injuriles
(to people) is mostly due to collapse of buildings. The extent of building damage
depends on its bullding location, terraln and sturdiness. Therefore, nuclear
defense 1s possible only by providing good protecelon. Actually, the characteris-
tics of shock waves due to a nuclear explosion are basically the same as that
from conventional dynamite; only the power intensity of nuclear weapon is much

higher.

Photo-radiation is caused by superhigh temperatures from nuclear detonation;
this form of energy accounts for about 35 percent of the total energy. Photo~
radiatlon is a form of electromagnetic waves, which exert the function of wound-
ing, killing and damaging through burns. Proper protection against burn is pos-
sible; for example, shield protection is very effective. In addition, the exposure
time of photo-radiation is very short (only 2v3 seconds); therefore, it 1s also
possible to defend against paoto-radiation, which only damages the surface layer
of most things, unless the detonation center is very close.

Penetration radiation is invisible radiocactive rays, approximately accounting
for 5 percent of the total energy; mainly these are gamma rays ard neutron fluxes,
propagating very far in the atmosphere with intense penetrating power. However,
gamma rays weaken with increasing dlstances and the penetrating power also quickly
decreases (shown in Fig. 7-16). The exposure time 1s short, several seconds to
between 10 and 20 seconds. The oxposure time of neutron fluxes is even shorter,
only tenths of a second. So penetrating radiation can also be protected against.
There are similarities between penetrating radiation and X-rays in penetrating
the human body. At high intensitles, cells will be damaged, causing radlation

sickness.

Sources of radiocactive contamination come from varilous radloactive elements
after a nuclear detonation; these elements are fission fragments, the part of the
nuclear package not involved in the reaction, and radioactive isotopes (also
called artificial radloactive isotcpes). These isotopes are liberated after atoms
(from detonation-area substances, like soil, water, alr and buildings) absorb
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neutrons. IMssion frarments are the maln source of contamination. Radioactive
contamination accounts for about 10 percent of total energy, and the contamination
lasts longer, about several hours to several days.

(2) Neutron Bomb

The neutron bomb 1s a new weapon. Some people call 1t an enhanced radilation
bomb; actually, it is a small hydrogen bomb. This nuclear weapon kills people en
masse by using neutron radiation., Neutrons are one kind of fundamental particles,
a constituent of nuclei. Neutrons do not carry electric charges; each neuron
weighs more than 1800 times the mass of an electron. Neutrons can readily pene-
trate a nucleus. Upon the detonation of a neutron bomb, large numbers of neutrons
are released by nuclear reactions and the blast. Neutron radiation is originally
one of the antipersonnel and property-damaging factors after detonation of a
nuclear weapon. During detonation of a conventional nuclear weapon, neutrons are
sealed in the bomb casing. Thus, most of the neutron energy 1s transformed into
shock waves. Upon detonation of a.neutron bomb, large numbers of high-energy
neutrons are liberated; the radiation intensity of the bomb is more than 10 times
that cf a conventional nuclear weapon with the same INT equivalent welght.

PRARTATIEN
pxseu—% (5)

w2 smx(]l)

MELI10M A

(2)

N:Q) K (Yo kW25 %
(4)
Fig. 7-16. Penetrating power of gamma

rays

Key: (1) 2.8 cm of armor; (2) 10 cm of

conerete; (3) 14 cm of soll; (4) 25 cm i

of lunber; (5) Gamma rays weaken by one i

half after penetrating the following J

(thickness of) materials. i
:
E
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Neutrons enter a human body whose cell tissues are damaped, causing death.
Compared to garma rays, neutrons possess preater destrictive pewer, especilally high
penctrating power. A neutron bomb mainly relies on neutron radiation for anti-
personnel effect; the bomb releases less powerful shock waves, thermal radiation,
and radiocactive contamination than conventional nuclear weapons.

Neutrons possess high penetrating power. In the effective range, tank armor
and thick walls of reinforced concrete bulldings can be penetrated by neutrons to
wound and/or kill the people inside. If people linger for five mirutes or longer
during exposures of 8000 roentgens (units of radiation docage absorbed by a body),
they become immobile. They will die within oiie or two days if they remain there.
Of course, 1t is possiktle to defend against necutron bombs. Since the penetrating
power of neutrons is still limited, more than 1.5 m of soll layer can withstand
neutron radiation. Therefore, tunnels of certain depths can provide effective
protection against neutron bonbs.

The TNT detonation equivalent weight of a neutron bomb is relatively low,
generally in the 1000-ton TINT class (about 1/15 the detonation power of a Hiroshima-
type atan bomb) and with small effective radius. At low-altitude detonation (90 m
above ground zero) of a small neutron bomb, its destruction radius is limited to
only within 180 m of ground zero. Therefore, usually neutron bombs are used as
tactical nuclear weapons; they are also called second-generation nuclear weapon.

Multiple Warheads

In the past 10 or more years with the advent cof intercontinental ballistic
missiles, anti-missile weapons (intercepting ballistic missiles) have also been
developed. In order to cope with these defensive weapons, many penetriting
(defense) means are used by ballistic missiles in order to avold interception by
anti-missile weapons and to attack the target. Countering the penetrating-
technique developments of attacking weapons, a seriss of antl-penetration means
are adopted by defensive weapons, such as an enhanced power of warhead discrimina-
tion and early warning, as well as improving and ralsing the performances of
intercepting devices. Thus, the technology of penetration and defense between mis-
siles and anti-missile weapons 1s continuously developing. As one means of
penetration, nultiple warheads appeared in this situatlon.
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The concept of multlple warheads originated in the carly 19€0s. In a mother
warhead (also called the mother bedy or mother compartment), a group (as many as
10 and more) of smill subwarheads are loaded. After the mother warhead flies to
a certain altitude, the group of subwarheads are releascd to fly toward the pre-
determined targets.

The advantages listed below marked the adoption of multiple warheads in a mis-
sile: 1. the enemy's anti-missile weapon 1s not likely to simultaneously intercept
all attacking subwarheads because they are so numerous. Thus, the penetration
power is Increased. 2. In a situation of the same amount of total power, every
subwarhead can effectively destroy a target. So the total antipersonnel and damage
effect of multlple warheads are greater than for a single warhead. 3. Multiple
warheads are more flexible. They can attack one strategic target, or they can
attack several military targets.

Multiple warheads can be divided into three types: the first type 1s called
scattered-type multiple warheads; the second type is called individual-guldarnce
type multiple warheads; and the third type is called maneuvering type multiple war-
heads.

Characteristics of scattered-type multiple warheads include the followlng: nei-
ther the nmother warhead nor subwarheads have guldance; neither of them can per-
form maneuvering flights; and 31l subwarheads are scattered in a small area near
a single impact point. Therefore, all subwarheads can attack only one regional
target. Releases of subwarheads proceed as follows: at the terminal pcint of the
powered phase, after the mother warhead separates from its launch vehicle, the war-
head will fly to a predetermined altitude and velocity. Then a subwarhead is
released after the mother warhead flies a certain distance. All subwarheads are
thus released in sequence. By this means, a group of subwarheads are dropped on
targets several kilometers or tens of kilometers apart. This type of release is
simple but 1t is less flexible with relatively low accuracy of hitting targets.

A characteristic of individual-guidance type multiple warheads is that the
mother warhead has a main engine and a control engine to correct the mother war-
head's velocity and direction. At appropriate positions, subwarhedds are released
one by one or in one group. Every subwarhead can individually attack a single
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target, or attuck the same target by following different trolectorics, as shown
in Flg. 7-17.

5 ":.-" It A 'lklll‘* 'n:f . (1)

R

(2 \QY
\ UERT 2 (b) [,
W oz [EEED (20
NN - =

Pig. 7-17. Schematic diapgram of
a type of individual guldance
multiple warheads

Key: (a) Subwarhead 1; (b) Sub-
warhead 2; (c) Subwarhead 3; (d)
Posture control rocket.

The process of relasing individual-guldance type multiple werheads is as
foilows: after the mother warhead separates from its carrier rocket, a control en-
gine (carried by the mother warhead) starts to operate to correct errors in the
powered trajectory phase. According to a predetermined program, accurate correc-
tions are made to velocity and directlon of the mother warhead. Then the subwar-
heads are released in sequence. After all subwarheads have been released, the
mother warhead is not under guldance but flies toward the target by inertia. Thore
are a number of guldance methods for the mother warhead during its release of
subwarheads. Three guldance methods are listed as follows: 1. change the velocity
of the mother warheac., By igniting a power device, the mother warhead can be
accelerated to maneuver the subwarheads' drop points at some dictances farther
fram the drop point of the original warhead. The mother warhead can be decelerated
to maneuver the subwarheads' drop points nearer to the drop point of the original
warhead. 2. Change the direction of the mother warhead. Start the control engine
and control the mother warhead to turn flying along a direction perpendlcular to
the original trajectory plane. Thus, the subwarheads can hit targets at both sides
of the original target., 3. Change the attitude of the mother warhead. In the
original course, impart to the mother warhead an impulse to change 1its attitude
(angular position in space) and to raise or lower the trajectory altitude to enable
a subwarhead to aim at the same target as the previous subwarhead. Although the
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two sutwnrhends may hit the sane target possibly several secords wpar., the poal
Of hittirs the sone tarret by two subwarheads 1s accomplished. AfL e all cubwr-
heads are relenced, the mother warhead reenters the atmosphere alons a certain
predetermitied course to decelve the encmy defense system so that real nuclear
warheads can rore caslly penetrate the enemy missile defense and avoid intercep-
tion. Fipure 7-18 is a schematlc diagram showing attacks by individual guldance
type multiple warheads,

1\ PMERLIE npak ‘ll‘v‘\.gg&)

Fig.. 7-18, Schematic diagram showing attacks made
by individual-puidance type multiple warheads

Key: (a) Missile; (b) Separation of missile body;
(¢) Ignition of mother cabin; (d) Separation of
mother cabin's shell; (e) Subwarhead 1; (f) Subwar-
head 2; (g) Subwarhead 3; (h) Mother cabin's reentry
into atmosphere; (1) Atmosphere.

Characteristics of maneuvering type multiple warheads are as follows: every
subwarhead 1s equipped with a propulsion and control system to change trajectory
during maneuvering flight, and a homing device in the mother warhead can automati-
cally aim at and hit a target.

In order to further enhance penetration capability, raise hitting accuracy
of warheads, armd increase the distances between subwarheads released by the mother
warhead, it 1s necessary to have every subwarhead equipped with its own guidance
system and propulsion device for maneuvering {light. This is the third-stage
development of multiple warheads.

In order to enhance penetration capability (by adopting individual-guidarce
type multiple warheads) and to perform maneuvering flight by subwarheads, the
accuracy at the terminal point of the powered trajectory phase 1s reduced. So it
is necessary to continuously gulde the warhead after completion of the powered
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% x| phase. Then guldance 1is needed in the middle and final trajectory phases (final
; rhase—~{rum 100 lon altitude to pround irpact). With guldance of the middle and
@ “inal phases, accuracy requlrements can be reduced at the terminal point of the
g' ~ powrred phase. So besides continuously increasing the accuracy of the puidance
f L | svstem, adoption of guidance in the middle and final phases 1s one way of enhancing
; the accuracy of multiple werheads.

ﬁf i Medle~phase guldance can use the puldance system of the powered phase after
2nheneing the accuracy of the present guldance system; for example, an inertia
guidance system can be used. A kind of middle phase guldance system under develop-
gqent av present utilizes starlight to correct errors of the powered phase and
rorpensate for deviations of warhead flight in its middle phase.

Final-phase guldance is also a main factor of maneuvering type multiple war-
Ihols., Tt ds required to more accurately gulde subwarheads toward respective
targels Ly using inertia guldance and other automatic homing devices after sub-

warheads are released.

There are inadvantages in multiple warheads, such as complicated technology, i
relative difficulty in execution, and lower accuracy. In addition, the nuclear ;
reaction ard material utilization are incomplete because the nuclear warheads are i

relatively small.
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CHAFTER VIII

‘ WINGED MISSILES

What are the characteristics and applications (of various types) of winged
missiles. We talk about these problems below.

1 Ground-to-air Missiles

The ground-to-air missile is a type of winped missiles; its development began
in the late 1940s and the pace speeded up in the 1950s. At present, more than 50
} kinds of ground-to-alr missiles have been successfully developed. At the outset,
b the targets for these misslles were long-range bombers and aircraft-type ground-
to-ground missiles, which will be duscribed in the followlng treatment. Often
these targets escaped ground fire and fighter plane interception by flying at
. high altitudes (10 to 20 km) and high velocities (two to three times the speed of
%' sound). So in this period the ground-to-air missiles had flight velocities of
‘ 2 to about 3 times the speed of sound, a launch altitude of 10 to about 20 km, a
4 range of 30 to about 320 km, and a welght of 2 to about 7 tons. The missile's
warhead 1s relatively large. However, nuclear warheads were seldom used. The
; launch installation was stationary and ground facilitles were relatively compli-
cated.

Later aircraft began flying at low altitudes and intercontinental balllstic
4 missiles made their advent. So in the recent decade the development of ground-
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to-air misciles (ns an alr=deferce wegpon) rroceeded alerys two directions: one

type was a weupon mairly for intercopting ballistic rndssiles; this is the so-called

anti-missile weapon. The other tvpe wac mainly used to intercept low-altitude
tarrets (bombers); this is the so-called alr-defcnce missile. See the book
FANDAODAL WUQT (ANTI-MISSILE WEAPONS) for anti-missile information, which is not

included in this book.

What does an air-~defense missile lool Jike?

The basic component parts of an air-defense missile are shown in Fig. 8-1.

may (1)
= Nz
' (2) ‘

X

Fig. 8-1. BRasic parts of air- Fiz. 8-2., Cluster instal-
defense missile lation cf booster

Key: (1) Propulsion installa- Key: (1) Booster; (2) Main
tion; (2) Stabilizer vane; (3) engine.

Ailleron; (4) Missile wing; (5)

Warhead; (6) Control system.

Warhead At present, most ailr-defense missiles use antipersonnel war-~

heads to destroy targets with exploding fragrents. Tew of these misslles are

I O T L PRI

; fitted with small nuclear warheads.

¢ o il e A il

Power installation Most air-defense mlssiles use liquid- or solid-
fuel rocket engines. The solid~fuel rocket engine is simpie in structure and con-
venlent in operation. However, the operating time is falrly short and a magnitude

of impulse not easily adjusted.

R

ki, isindiditist et

RO

Usually, two stages of the propulsion installation are mounted in an air-

- i
J defense missile. The first stage 1s called the accelerator (or booster) for the j
1 launch and acceleration of a missile. After the missile attains a certain velocity, i
ﬂ the booster is automatically jettisoned in order to reduce the missile welght. The g

second stare of the propulsion installaticn is called the cruise engine for un-

interrupted missile flight in order to cover the full distance, A solid-fuel

99

e -




e I G S T p e i e S R oo sttt S S I

AR R 2 e it e )

RS o i

T
RGP S R S

T
T

T TR e R

v
A
.9
"'.f
g
3
P
A28 !
. {
i
P
S,
|
R
k.~
B -3
H
o
b
I
k'

et . . i FORCSNEY i, e il tmdivAra a. o PV PrT S  dannin. sl Sl it bt

rocket enrine is used for the booster wiih two possible engine arrargements: onc

is the tandem installation (as shown in Flp. 8-1) for slceve fitting of the bocster
in the rearmost part of the missile body, so the air drag is small for more safety
ard convenlence durdng separation (unlikely collision with the missile body). The
other engine arranFement involves cluster installation (as shown in Fig. 8-2);
there are two or four acceierators (or boosters) to be symmetrically arranged
around the missile body, so the overall missile length 1s shortened, resulting in
a compact structure. However, larper drag will be the outcome of the relative

complexity during separation.

Guidance method There are quite a few puidance types for pround-
to-air missiles, such as beam-riding guidance, radio command guidance, automatic
guldance during the final phase, infrared homing, and radar semi-accive homing.

Missile body It includes three parts: missile body proper, mis-
sile wings, armd control and stabilizing swrfaces.

Generally, the combat procedures of an alr-defenhse misslle is shown in
Fig. 8-3.

(1 (2) .
L G AP B Glg
-— af——--:\s’—--——-—fé..
)
e & N
7
: “ K /
}w(u}. © (5) ;7 (6)

A (8) ?sir'm&mm
%" 4 ‘:L" '~
(IR AR

Fip., 8-3. Scheratic diagram of combat procedures of
an alr—defense misslle

Key: (1) Radius of wounding and/or killing; (2) Enter-
ing defense zone; (3) Target; (4) Guided missile; (5)
Long-range eariv-warning radar; (7) Order to shoot; (8)
Alaim,
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The early-wimning radars puarding the rational bowxdaries search for tarpets
day and nicht. Onee alr (Invesion) tarpets are discovered, the radar installation
inmedlately Informs the missile lounch facilities to enter a state of cambat
readiness by making all preparations before luaunching., When one or rwore targets
ernter the missile's effective ranpre, one or more missiles are inmediately launched.
First, a solld-fuel booster is iynited to penerate a thrust, which pushes the mis-
sile flying upward from the launch pad; the missile climbs rapidly. Scveral seconds
later the operation of the booster 1s completed with its power cutoff and automatic
separation. At this Instant, a crulse engine is started to continuously accelerate
the elimbing missile, which flies toward the target under control of the guildance
system. When the missile flies within a certain distance of the target, the fuse
safety (of the warhead) is released, to bepin warhead operation. When the target
enters the radius of the warhead's drtonation power, the fuse immediately fires
and detonates the warhead, destroying the tarpet.

The efficiency of destroying the target by a single firing of an air-defense
missile is not high; usually, several ailr-defense missiles are required to shoot
down an invading aircraft. Therefore, in order to gfuard a city or a key strategic
site, a complete air-—defense¢ system should be built; the system includes many
ground-to-air missiles.

At present, alr-defense missiles are belng continuously improved. Improve-
ments include augmented antijanming capability, enhanced capability of low-altitude
combat, adoption of more solid-fuel rocket engines, better maneuverability of
ground launch, multiple uses of a single missile, and better guldance accuracy.

Alr-to-ground Missiles

Air-to-pround ndssiles are a main weapon for attacking ground targets used by
modern bambers, interceptors, and fipghter-bombers. There are many kinds of air-
to-ground miésiles with different applications. From preliminary statistics, there
are more than 50 tyve. of such missiles under development and in active siivice
in foreign countr ., There are several classification methods of alr-to-ground
missiles. They can be classified into strateric and tactical alr-to-ground mis-
siles bascd on cowtat application. They can be classified into decoy misslles,
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countorradiatlon misciles, air-to-chip minsiles, and airborne anti-tank missiles.

Stratepic alr-to-rround missiles are a type of modern attack weapon used by
a strateglce borber for long-ran~e penetration. Velghing one to ten tons, this
Kind of missiie has a nuclear varhead; the maximum velocity 1s three times the
speed of sound and the raximum range is 1600 lm. In foreipn countries, the types
of deployed strategic air-to-ground mlssiles include Greyhound, Quail, and Ka garoo.

Tactical air-to~ground guilded misslles are attack weapons used by fighter
planes. The missiles are mainly used for short-rarge midalr support and medium-
and long-range aerlal attacks. Generally, these missiles carry short-range conven-
tional (dynamite) warheads of 6 to 60 km. At present, the deployed (and under
development) types include Hound Dog, Bullpup and Matador missiles in ahroad.

The alr-to-ship missiles are attack weapons used by a missile-carrier aircraft
to attack warships by midair launch. Welghing about 500 kg, these missiles have
a maximun range of 80 km and a maximum velocity of Mach 2. The combat procedures
of these missiles are as follows: first, a radar set on the missile-carrier air-
craft or nearby shipborne radar set (on friendly warships) discovers a target.
While flying at minimum altitude, the alrcraft launches a guided missile, which
engages in inertial flight over the sea swrface at crulsing velocity. The missile
clirbs sharply while approaching the target; in the meantime the missile radar or
Infrared automatic homing device tracks the target while comencing the final-
phase guldance flight. The missile dives Into the water Jjust ahead of the enemy
vessel and the missile-borme warhead detonates below the ship's water line for
maximum damage. If allowed by sea-surface conditions, the missile may not climb
abruptly but fly directly to the target. At present, the deployed (and under devel-
opnent) types include Quail and Feiyu (Flying Fish) missiles in foreign countries. 1
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The airborne anti-tank puided missiles are used for short-range midair sup-
port in attacking tanks. Usually, the airborne missiles are ground anti-tank
guided missiles fitted in helicopter or some light aireraft.

The counterradiation air-to-pround fuided misslles are used to attack air-
defense radar or radar installation of anti-aircraft gun; these missiles are also
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called anti-raiar missiles. At present, the deployed counterradlation alreto-
ground pulded missiles include Lark type,

Figure 8-4 shows outlirnes of some cir-to~ground puided missiles.,
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Fig. 8-4. Diapgram showing outlines of some ailr-to-
growrd puided missiles: 1 - Hound Dog B; 2 - Nuclear
Hound Dog; 3 - Quail; 4 - Bullpup; 5 - Cormorant

6 ~ Matador (television version); 7 - Matador (radar
version); 8 ~ Short-range attack guided missile; 9 -
lark; 10 - Greyhound; 1l ~ Lanjian (Blue Sword); 12 -
Kitchen, 13 - Kangaroo.

Air-to-rround gulded missilec are shown in Fig. 8-5, Different air-to-ground
missiles have different requirements in tactical applications, so there are dif-
ferent deslgns and pertcrmiance data.

LA nx
(1 2 (3)

(upEwRE  (Swad

Fig. 8-5. Main component parts of
alr-to-pround rulded missiles

Key: (1) Control vane; (2) Warhead;
(3) Missile wing; (4) Control system;
(5) Engine.
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ferodynamic conflymrations of alr-to-pround pulded mlosiles Generally,
there are cunxd confiuration and conventional type for the acrodynamle contigwra-
tions of tactical alr-to-ground gulded misciles. Most leng-range tactical alr-
to~frround missiics arc of the conventionnl type, such as Pullpup and Matador mis-
siles. Some short-range tacticul alr-to-pround missiles adopt the canard confilgu-
ration, such as Hound Do missiles while others are of the conventional type.

Most arrangements ore of the "x" shape for nlssile wings and rudder vane surfaces
of the tactical air-to-ground misslles. The plane outlines of mlsslile wings and
vane swrfaces are triangular and irregular trapezold. The cross-sectional outlines
are level plate and rhombold, among others.

The aerodynamic confipurations of strategic alr-to-ground pulded missiles
include Kangaroo and Kitchen missiles, of the conventional type, and Blue Sword
and Greyhound misslles, of the canard configuration.

Structural characteristics of alr-to-mround guided missiles Because of
the short flight time and neglipible aerodynamic heating, a light alloy structure
1s usually adopted for the strategic alr-to-ground gulded missiles.

Owing to the relatively long high-velocity fllght time of strategic alr-~to-
ground guided missiles, structural aerodynamic heating should be prevented. 1In
addition, attention should be glven to see that the missile can evade interception
by enemy air-defense weapons. For the Blue Sword missile, 1ts body 1s a semi-
monocoque type purlin-skin structure and the missile wing has a multispar struc-
ture. Most of the monocoque of the Blue Sword missile has a double-layer skin
to prevent aerodynamic heating.

Power installation At present, englnes used in alr-to~ground missiles
are mostly solid-fuel or liquld-fuel rocket engines. Next in frequency of use
are turbojet engines and rocket-ramjet hybrid englnes.

In the case of strategic ailr-to-ground puided missiles; they mostly use
solid-fucl rocket engines.

Several types of air-to-ship guided missiles under develcpment use turbojet
engines.
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Guidance method In the early period of short-range tactical air-to-
ground gulded missilec, vicual tracking and radlo conmand guldance were mostly
used. later, television and laser type puidonce was used.

For lon--ranpe tactical alr-to-pround ruided misslles, television puldance
or inertia puldance with the addition of radar guldance in the final phase are
employed.

PFor the strategle alr-to-pground pulded missiles, most common 1s inertia
guidance or inertla guldance with the addition of radar puidance in the final
phase.

The alr-to-ground guld«d missiles have been developed along with the enhance-
ment of pround defense capablllties. When alr-to-ground gulded missiles attack
ground targets, the defensive fire power will be augmented to cope with the
invading aircraft, which can launch missiles only at some distance from the target.
Thus the missile range must be lnereascd. So long-range air-to-ground guided
missiles were developed with ranges of hundreds of kilometers to 1000 km and more.
Some alr-to-ground misslles take advantage of electromagnetic~wave radiation
during the startup of ground radar to attack radar facilities. Consequently, the
ground radar facilitics halt operations and generate electroﬁic interference as
a counter measure. Then again, a kind of high-veloclty counterradiation air-to-
ground gulded missiles was developed; the missiles can rapldly reach the target
and destroy the radar even before its operation shuts dovm. Several trends in
developing alr-to-ground pulded missiles are enhancement of guldance accuracy,
augmented all-weather attack capability, capabllity of attacking small moving
targets, and multiple reuse for a single missile.

Alr-to-alr Missilles

Alr-to-air guided missiles are mainly launched by interceptor planes to
attack enemy alrcraft. Since the missiles can intercept enemy alrcraft at a
distance from the key defense region, these misslles can form a unified air-
defense system topether with pround-to-air missiles.
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? L When enepwy aireraft enter the micetle attack zone, our pllot can launch air- %
to-alr puided miusiles. A launched missile aceelerates by using its crysine power %
i while the missile rapidly leaves its carrier plane and approaches the enemy air- ‘
4 eraft, Durliy missile flirht, the on-board puidance systom ruides the missile §
‘ to the vicin'ty of ecnemy aircraft. Vhen enemy alreraft enters the radius of ;
j wownding and/or killing, the missile detonates the warhead, destroying the enemy ;
* 1 alrcraft. The combat proccdure of an alr-to-alr gulded missile apainst an 3
! enemy aircraft is shown in Fig. 8-6. ) '
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Fg. 8-6. Schomatic diapram of air-to-air
pulded missile attacking enemy aircraft
Key: (1) Attacking aircraft; (2) Guided

1 missile; (3) Target; () Scattering zone

; : of fragments.
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Fig. 8-7. Schematic structure diapgram
of alr-to-air gulded missile
Key: (1) Missile wing; (2) Engine.
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The structure of an air-to-air puided missile is shown in Fig. 8-7.

Since air-to-alr gulded missiles are fitted into an aircraft, missile weight
and dimenions are somewhat limited. Usually, the welght is between 50 to 200 kg,
and the missile length is 2 to 4 m; its dlameter is also small, from 0.12 to 0.4 m.

Alr-to-alr prulded missiles are mostly of a winged structure. Generally, the
missile body 1s long and slender while its nose 1s conical or epg-shaped. Gener-
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ally, the missile wing and vare surfaces use the typlenl "x" or "+" shape in
arrangenenty in olther words, there are two pairs of wings and two pairs of vane
The arranyrements of movable vane surfaces and statlonary misslle wings

surfaces.
The sldewinder mls-

are in a canard configuration or of the conventional type.
slles are arranged as in the former case, and the Fire Beetle missiles are as in

the latter case, as shown in Fig. 8-8.

Fig. 8-8. Several types of air-to-air
guided missiles

ok

In Fig. §~8, the missile outlines from the top downward are those of Hawk,
Sidewinder, Fire Beetle, Matador R~511, and Sparrow 1.

v -

ey

Layouts of aerodynamic configurations of some air-to-air guided missiles are

quite diverse. For examples, canard configuration vane surfaces and single mis-
sile wing are used for Matador R-511 air-to-air missiles; Sparrow missiles lave

rotary wings but stationary stabllizer vanes for the missile tail section; and a
tail-less type is used for the Hawk alr-to-air missiles.

N e e e ame

Aerodynamic heating is not serious because air-to-air missiles fly at high-

speed only for a short time. Basically, present-day air-to-air missiles use a
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lipht alloy structure,

The veloclity of alr-to-air missiles is approximately Mach 2 to Mach 3 and
the ranres vary from several to tens of kilometers. The range of a long=-range
ailr-to-air guided missile may be 100 kilometers or more. .

It is required trat alr-to-alr missiles should have greater velocity than
that of the carriler aircraft. Since the perlod of air combat is very short for
niodern iInterceptors, launch preparcdness of these missiles should be very short,
erabling them to rapidly attain combat readiness. At present, solld-fuel rocket
enines are generally uscd for propulsion installations of air-to-air missiles
because these solid-fuel rockets have high specific impulse wlth convenlence in
storage and operation. Under most gituations, an air-to-air missile 1s equipped
only with one engihe, which can rapldly accelerate the missile to maximum velocity,
After the engine completes 1ts operation, the missile flies forward by its inertia.
Because of aerodynamic drag, the missile veloclty gradually decreases. Some mis-
slles are equipped with two engines; during launch, a booster engine accelerates
the misslle, and a crulse engine follows up to maintain and approach constant
veloclty as in the case of Fire Beetle air-to-air missiles.

Ship-based Missiles

Since World War II, as missile technology developed rapldly, increasingly
guided missiles have been installed on naval warships with the advent of gulded
missile crulsers, guided missile destroyers, gulded missile escort warships, and
guided missile patrol boats. These‘guided missiles are called ship-based missiles,
which are launched from warships (as tactical weapons) to attack targets on the
water surface and ground surface and in the ailr. Thus far, more than 50 models
of these missiles have been developed abroad.

A typlcal flight trajectory of a ship-to-ship guided missile is shown 1n
Fig ] 8_9 .

The range of a ship-to-ship missile is several kdlometers to hundreds of kilo-
meters with velocities from Mach 0.5 to 2.4 and with a welght of tens of kllograms
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Misslles of lorger ropge (Beavier welpht and hipher veleeity)
of' highcer tonnages., Massiles

to soveral tons.
are installed on crulsers, destroyers and sulrarvines
of shorter range and lower welght we fnstalled on missile patrol boats, torpedo

boats, and gunboats. Flpure 8-10 shows the wutlines of several types of ship-to-

ship missiles.

(2)
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Pig. 8-9. Flight trajectory of Fig. 8-10. Confipurations of several
a ship-to-ship misslile types of ship-to-ship missiles

Key: (1) Mother ship; (2)

Guided missile; (3) Target.

Ship~to-air missiles are launched from a warship to attack midair targets

(such as aircraft or ship-to-ship missiles); these missiles are defensive weapons

with flight trajectory as shown in Fg. 8-11.
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Fig. 8-11. Flipht trajectory Fig. 8-12. Confipurations of several
of a ship-to-ship missile types of ship-to-alr guided missiles
Key: (1) Mother wavship; (2

Guided missile; (3) Target,

A
i'j?. t

A

Since ship-to-air misslles serve in attacking fast-moving midair targets,
these missiles have relatively high veloeltles, usually about Mach 2.5, or even

as high as Mach 3.5, The range is relatively short, gererally not exc zeding €0 km.
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The altitude reached by a missile is quite high, generally between 3000 o 20,000
m. Usually, ship-to-air missiles arc installed in relatively large werships,
such as aircraft carriers, cruisers, destroyers, and submarines. TFlpgure 8-12
shows outlines of several types of ship-to-air puided missiles.
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At present, warheads of ship-bascd guided mmissiles are mostly dynamite war-
heads; sometime, small nuclear warships are used,

The bodies of ship-based missiles are mostly cylindrical in shape. The lay-
outs of missile wings and fin surfaces are of the conventional type and the canard
configuration. In order to reduce the floor space occupled by missiles on ships,
often the missile wings are capable of folding. Acrangements of wings and fin
| surfaces of ship~to-alr gulded missiles are similar to tr-se on air-defense mis-

J siles,

Most ship-based misslles use two-stage power installations. The first stage
1s called the booster for the launch phase; the booster enables the missile to
attain a certain initial velocity and to fly from the ship and reach a certain
flight altitude. The booster 1s separated after the missile launch is completed.
The second stage is called the maln engine to continuously push the missile in
powered £light (after the booster power is cut off) until the entire flight
course is compléted.

To sufficiently exploit combat power of ship-based missiles in meeting re- .
quirements of modern naval warfare, there are the following development trends
for ship-based guilded missiles.

Minimum altitude The flight altitude of a guided missile is reduced
for flights at a minimun altituie.

Solidification Solid-fuel rocket englnes are used as booster and
main engine of a ship-based gulded missile.

Multiple applications A missile can be used in several ways.
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Smaller and smaller missiles Small ship-to-ship pulded missiles have

been developed.

In addition, guildance accuracy can be enhanced by augmenting the antijamming
capabllity of ship-based missiles, and utilizing laser technology.
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CHAPTER IX

CRUISE QUIDED MISSILES

What Are Cruise Guided Missiles?

Crulse missiles are actually a type of pillotless aircraft with jet propulsion.

What kind of flight state is cruilse? This is a flight state when the weight
and 1ift of a flight vehicle is balanced; also balanced is the engine thrust and
the flight-vehicle drag. The vehicle can fly under these conditions; it is a
kind of long-range aircraft-type guided missiles, which have wings and jet power
like an aircraft. Therefore, cruise missiles are a type of winged missile.

The range of a crulse missile is from 2000 to 8000 kilometers; the missile
flles along a low trafectory (in the atmosphere) toward a target.

Applications of crulse missiles are quite varied. Only by fitting appropriate
warheads as well as the corresponding control and propulsion systems, can cruise
misslles be fitted into short-range missiles or long-range missiles. The same type
of crulse missiles can be equipped with elther conventional warheads or nuclear
warheads. Cruise missiles can be lawiched either from a submarine or from an air-
craft. Under development are crulse mlssiles capable of launching from sur-
face warships or motor vehicles on the ground.
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The puldance system of a crulse missile applies terrain-matching technology
as well as inertia puldncee or finol-phase puddance. These techr.ques are proper-
ly cambined to enable a pudded misslle attain a puldance accuracy of within tens
of meters from the intonded tarpet. It 1s also allowed to permit extensive
selection of attack methods; therefore, 1ts rate of hitting the target 1s high.

The cruise misslle is small in volume and light in welpht; therefore, a
single alrcra®™ or ship can carry a considerable number of these missiles to

strengthen 1ts attack capahilities.

Const:uction costs of a crulse missile are quite low because the missile
travels within the atniosphere with only the consumption of a combustion agent but
no oxldizers. ILspeclally in the case of crulse missiles capable of midair launch,
the launch mother-aircraft{ acts like a booster (with multiple reuse) so the mis-
sile costs can be further reduced. A long-range cruise missile is much cf zaper
than an intercontinental ballistic missile.

The cruise missile is a low-altitude penetration weapons; it has the follow-
ing advantages in penetration technilque.

Surprise attack A crulse missile 1s launched outside of the enemy
air defense ring ar” travels in the blind zone of the early warning radar. The
missile engages i . a low-altitude attack at supersonic veloclty. Therefore, even
though the defense system 1s highly autcmated, it 1s difficult to halt penetration
by crulse missiles., For example, a cruise missile flies at a 400-m altitude.

If the missile flies at Mach 2 and at soume distance it is discovered, the defense
system can only have about six seconds to shoot it down. As shown in Fig. 9-1,
there are different flight altitudes of a ballistlc missile conpared to a crulse
missile and so there are different distances for a ground radar installation

to detect eack kind of missile. The detecticn dlstance for cruise missiles is
short while that for a ballistlc missile 1s long. So it is relatively difficult

to counterattack crulse missiles.

Hedgehopping and rapld pass For a crulse missile flying at low
altitude, its angular veloeity is higher than for a high~altitude weapon. For
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3 exarple, 1 an alreraft flics at 200 m/sce abl 4004a zltitude, the wyular velce-
A
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seconds. Therefore, for a crudse miscile Llying at hiph velocity, 1t pusses by
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g | The tire poriad within the effective shooting rarpe ol the fun s only about two
(

quickly. This cansiderably reduces the probabllity of belng hit with anti-

aircraft weapons.
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Fig. 9-1. Trajectoriss of ballistic
misslle ard cruise missile

: Key: (1) Trajectory of ballistic mis-
i , sile; (2) Trajectory of low-altitude
cruise missile; (3) Wave beam of ground
radar; (U) Target.

i

Flexible maneuverability A crulse missile can be launched from a
readily naneuverable large bomber or a submarine, In addition, the missile itself
5 can perform a naneuvering flight. For example, a crulse missile Shillelagh of
the United States can be launched from a Trident submarine. Other cruise missiles,
the ACM~86 A and B, can be launched from a B-52 bomber. The combination of pi-
loted aircraft and pilotless flight vehicle, as well as the combination of a
bomber (or a submarine) and air-to-ground (or underwater-to-ground) guided mis-
sile, can considerably expand the attack region without risk to the carrier
aircraft (or submarine); this can reduce pllot casualties.

Pe

Like any other weapons, a crulse mlssile also has some vulnerabilities.
Although the crulse missile's low-altitude flight can cause considerable diffi-
culties to radar detection, yet the advanced downward scanning radar can still
] detect this kind of missile. Since the alr density at low altitudes is high, the
velocity pressure (its value being one-half of the product of the missile veloc-
ity squarcd and the atmospheric density) is also high; so aerodynamic heating
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is serlcus. As a result, crulse missile veloclity 3s linmited. Moreover, the guild-
ance systerm of cruloe missiles is also relatively complicated.

1 ' Makeup U Crulse Missile

} As a long-range alrcraft-type miscile, the crulse missile 1s a type of
. 1 gulded missile. 'Therefore, like other missiles the crulse missile 1s made wp of
b ‘1; { a warhead, a propulsion system, a flight control system, and a missile body.

] The crulse missile i1s required to have good mancuverability and limited
volume. Therefore, 1ts warhead should have high power with small volure. Thus,
usually the warhead of a crulse missile is a nuclear or high-energy explosive
warhead.

okl

Yor the propulsion system of a crulse misslle, the specific impulse is high
and tha mizssile configuration is small in dimensions. The thrust-to~welght
ratio of the engine is high.

One englne cype used in crulse missiles cwrently developed is the integrated
type rocket-ramjet engine. This propulsion installation 1s integrated with the
missile body; the solld-fuel booster and the ramjet engline share the same com=
bustion chamber, so the rate of space utilization is quite high. The specific
impulse of a ramjet engine using liquid propellent is as high as 1200 seconds,
which is five times that for a solid-fuel rocket engine. Another propulsicn
installation is the turbojet engine. '

PR

Crulse missiles fly at low altitudes in the atmosphere, at subscnic or
supersonic veloecities. Thelr configurations are like alrcraft-~type gulded mis-
siles with control surfaces and relying on aerodynamic force for maneuvering.
Since the air density at low altitudes 1s high, misslles face wlth high drag.
For example, for missiles with the same configuration, welght and velocity, a
missile flying at sea level 1is faced with 20 times the air drag compared with
flying at 20-km altitude. Therefore, the desim of the aerodynamlc confipgura-
tion of the missile body is glven particular attention. As for 1ift, crulse
missiles only demand an equilibrium between 1ift and welight. As indlcated by
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testing, wings of crulse missile flying at Miach 2 can be made snaller, or even
done awny with entirely. The top portion of Flp. 9-2 shows an outline of a
winless crulse micsile under development. 'The lunc-shaped alr intake of the
Interprated type ranjet 1s placed in the lower part of the missile body. The
botton porticn of Fig. 9-2 shews an outline of a crulse missile (under develop-
ment) with small-aspect-ratlo missile wings, whose area is very small with a
streamlined conpact structure.
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Fig., 9~2. Outlines of two types Fig. 9-3. Digital map
of crulse mlsslles

Crulse missiles are a type of attack strategic weapon; thelr warheads should
have high power and very high firing accuracy. So a highly accurate guldance
system should be required. Tor example, cru! e missiles under development in
the United States use inertia pguldance and terrain matching. In Soviet Union,
the crulse missiles under development use inertia guldance and active radar homing

guldance system
Guidance System of Terrain Matching

Are the guldance systems of crulse missiles and alrcraft-type missiles
identical?

They are not ldentical. The guldance system of crulse missiles is rela-
tively complicated with hlgh-quallty requirenents. Generally, there are terrain-
matching guldance, area correlation guldance, or global navigation satellite
guldance system.

Terraln-mitching ruldance Terraln matching 1s a guldance system
for locating the cruilse missile based on the characteristic that there are
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different clevallons above sea level at different polnts of the ground swrface.
FMrst, we have to comprehend in detoedl the terrain that crulse missiles will fly

E' _ over, Then the terraln of these arcas 1s deplcted as dital nap, as shown in
A ] Fig, 9=3.
k. !

| How can a digital map be drawn?

v Assumre that an area digltal map (10 km long and 2 km wide) has to be drawn
j w. It 1s then required to have a recomnalssance satellite (or other means of
1 reconnalssance) flying over th? area Lo survey a regional topopraphic map (10 km _
long and 2 km wide) with sufficlent resolving power. Many small squares (for
_ example, 2000) are drawn with a side of definite length (such as 100 m). Each T
1 1 snmall square has an average value of ground elevatlion above the sea level. A map
& | baged on these features (the average values of ground elevation of these small
squares) 1s called a digital map. In other words, only grids are divided small
enough and the resolving power in surveylng is sufflclently accurate, targets
such as houses, small towers and highway can be distinguished.
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Terrain matching means that the digital maps (that the crulse nissile will )
fly over) are stored in the memory device of the missile onboard computer. When :
the missile travels in ailr, its altimeter of the downward scanning radar can
read a serles of ground-elevation data, such as 33000156022500.... In the mean-~ 1
n time, the conpuber quickly scans all posslble digltal sequences on the digital
map. This digltal sequence 1s matched (compared) with the digital sequence ‘
] taken by the misslle's altimeter. The computer can recognlze a line B-B3! 1
corregponding to an altimeter reading. Thils means that the missile 1s flying i
over the line B-B', If this 1s the [light trajectory required by the missile's
stored-program, the conputer sends a comand to the autopllot to maintaln the
flight course.

If in the mlssile's stored-program, the correct course is line A-A' while ,
flying over such an area, this is a mismatch between the ~ltimeter readings and !
the diglital sequence stored for the correct course. At that time, after its ;
scanning of the dipgital sequence in the vicinity of line B-B' the computer
discovers that the digltal sequence (of the missile's correct course) is

117 1




e

P -

2210003440°930. 4 v v, and then the distince between lines DB=B' and A-A' is calcu-
lated. AU Lhe swie tine, the camputer sends an instruction to the autopilot for
a S~shaped mancuverding flipht until the altimeter readings are matched with the
digltal sequence of line A-A'.

Of course, 1t 1s not necessary to use terraln-matching guldance for the
entire coursce {rom bepinning of launch to the tarpet. This would be quite
complicated and would require a large memory storage capacity., The *errain-
matching system can periodically correct the course error of inertla puddance.

The entire missile trajectory is camposed of several sections., The missile is
under lnertia guldarice during {light along the varlous sections. Terrain matching
iz used only in several appropriate areas to check the position signals of
Inertia puldunce and to correct the errors of the guldance system during flight
along the previous sector, as shown in Mg, 9-U, If the selected terrain
discrimination has apparent features, satisfactory accuracy can be attained.

Vi

c
i 1é i l)ﬁ'l X1

(a)

B HAIE 3

w8z 5
*&u@m

Bﬁ.“(,g)

Fig. 9=/, Terrain matching: = the
prescribed trajectory; --~ the actual
trajectory.

Key: (a) Launch point; (b) Inertia
flights (e) Terrain discrimination
area 1; (d) Terrain discrimination
arca 2; (e) Terraln dlscrimination
area 3; (f) Final-phase guldance areas;
(g) Target.
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Area correlation guldance system ‘This system 1s similar to terrain-
matching guldance system. The maln distinctlon ‘.etween them 1s asvfollows: the
map used for the area correlation puldance system ls not drawn according to
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rround clevations above sea level. Differences in mlerowaves reflected by dif-
ferent features of prowdd surface serve as the basis for drawing the diglital nap.

In other words, the mp is drawm by using the electromagnetic spectrum.

The scnsor used in the area correlation puldance system is a locallizer, not
j an altimeter. So in adopting the arca correlation guldance system, it 1s neces-
l 1 sary also first of all to store the slgnals (of the prepared map) in the memory
' storage devlce of the onbourd mlssile conputer.

When the missile travels in alr, its locallzer surveys the area (such as
rivers, roads, and houses) 1t passes by. Different reflections of microwave
slgnals are fed into the computer, which conpares the recelved signals with
the map (electromagnetic spectrum) signals in the memory unit; error sipgnals
are then sent out. Bagsed on the error sipnals, the computer sends a command
to the autopllot for necessary actions in order to restore the missile to its
. predetermined course,

Global navigat!on satelllite guldance system This system requires 24
satellites in earth <vblt; thelr positions are so arranged that at any time on
the ground at least four satellities can be seen. During operation, every
ten-millionth of a second an accurate synchronous encoded signal 1s transmit-
ted by a satellite. A rccelver in the missile sends the signal at the right
1 time to missile's computer, which calculates the distance between the missile
] and each satellite based on time differences of the four sigrals received. Then
from the satellite data of the earth orbit, the actual position of the missile
can be determined., The location 1s accurate to within 10 m,

W

Conmbat Procedure of Crulse Missile

-
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(1) Combat Procedures of Cruise Missile Launched Irom Sea Surface

Let us assume that the crulse missile 1s launched from a submarine., At the be-
ginning of combat, the missile (with its protective cylinder) is placed in a
torpedo tube. The subnarine's launch control system 1s used to test the missile
then the inertla guldance system executes the aiming of the missilé. The
operavlon takes approximately 20 minutes. Then the hydraulic catapult system
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of the submwldne pushes the missile cutl of the torjade tube, ‘ihe pdsulle 1o con=
nected with a gy wire (about 12 m langs), which pulls out the missile ond actuates
the safety lock device. 1hie bocster o fimited; tle pretective eylinder sinks
Into the sea after the mlecile o catopulied from the torpedo tule, 'ihe launch
depth 1is about 1Y meters below the sea sweface, After the ndscile emerpes from
the sea, the air Intake is opened and fino arc extended. When the rdsslle 1s
boosted to about 300 m frrom the sea swriface, the booster is separated; the turbo-
fan engine 1s started, the misslle wings are extended, and the guldance system
begins operating. As the misslle attains its maximun altitude, the thrust also
reaches 1ts rated value. fThen the missile descends to its normal crulsing alti-
tude. From launch to the normal crulse altitude lasts about one minute. For a
typical launch, the booster operating time 1s approximitely 10 scconds; the
first five seconds are used for booster flight underwater while the second filve
seconds used to push the missile to an altitude of 100 m. Flgwe 9-5 shows

the flipght course of a crulse misglle launched from a submarine.

(UYERBUNK T HER(5)

(3) ma et g _,_.Jv----\
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Fig. 9=56. Trajectory of a crulsc nissile

launched from a submarine

Key: (1) Submarine; (2) Misslle emerging

from water; (3) Separation of beoster; (H4)

Firing of nain engine; (5) Beginning of

giuise; (6) low-altitude flight; (7) Igni-
on.

The guldance system of this type of crulse missile is mostly inertla guldance
with the addition of terrain matching During the flipht, the on-bcard computer
compares the terraln sipnals as the missile flies by with the course topographic
map stored in conputer's memory device to derive crror data from. The ccmputer
then sends an instruction (based on the error data) to the autopllot to restore
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the ndssile to the pradetermined course. Durdng the flight, the misslle's course
is continucucly corrceted until the target is hit,

(2) Combat Irocedurcs of Crulse Missile launched in Adx
1 How does a crulse milssile engapre In combat after it 1s launched in air?

The conbat procedures of air-launched crulse missiles are generally the same
Ci as the submarine-launched missiles. The alr-launched cruise missiles are loaded
S in a mother aircraft, which launches these missiles. A bomber usually can carry
several c¢rulse missiles within the fuselage or suspended below the wings. The
launch altitules can be flexibly centrolled. Before launch, the mother aircraft
performs positioning and alming as well as providing electric power and cooling
air. During launch, the electric power supply system feeds electricity to auto-
pllot and computer; the power is used for extension ¢ control surfaces, starting
{ of engine, and maneuvering of elevons. Durdng crulse, a direct-current generator
(engine-driven and air-cooled) supplics electric power. After the missile is
launched from the mother aircraft, the alr intake opens 0.1 sec later. The fins
and wings extend successilvely in about 0.5 to 2 sec, and the englne starts la

1 about 0.5 sec. Usually, the rated thrust 1s attained in about 10 sec. The guld-
ance method 1s the same as for submarine-launched crulse missiles,

e B R sl I S
{27 gl b1 AT

| When an air-launched crulse missile flies over undulating terrain, the mis-

i slle can perform terrain tracking at an altitude lower than for the submarine-

| launched missile. While approaching a traget, the closely-guarded defensive

area is evaded according to the on-hoard program. At about 25 km from the taipget,
the engine delivers 1ts rated thrust so the misslle can penctrate the defense at
subsonic velocity until the target is hit, as shown in rig. 9-6.

Crulse Missiles: Past and Present

Several decades have elapsed since the advent of crulse missiler, which were
developed sporadically.

Initial development stage Crulse misslles were developed on the
basls of V-1 alrcraft-typc ndssiles. As early as World War II, the German
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fascists flrot develeped il deployed the V=1 alreraft-type rdoeliien, which were
equipped with o not-too-cenplicated rocket engine. These V-1 micstlens were seall
pllotlcee alreratt controlled by autopilot.

Mg, 9-0. Diagram showing an air-launched
crulse missile in flight

Following World War II up to the late 1950s, this was a period mainly of the
trial manufacture of these misslles, which were crude and bul'y with low accuracy
and low velocity.

Suspensilon stage Before and after the 1960s, advanced ballistic mis-
siles were developed; so missiles improved from the V-1 phase were gradually
retired because of their vulnerability under enemy fire owing to low velocity
and low accuracy.

The restoration and development stage covers the pericd from the early
1970s to the present. Because of advarncements in electronic technology, highly
accurate guldance systems emerged. In addition, developments 1in small turbofan
Jet englnes and small warheads considerably reduce the volume and production cost
of crulse missiles, which can fly at minimum altitudes for a greatly enhanced
penetration capability. These developments not only resurrect the crulse mils-
sile but also account for its fast-paced development. In June 1972, a decision
was made in the Urited States to develop two types (submarine- and aircraft-
launched) of crut.c missiles. Sea-launched cruise missiles are launched from
subnarine torpedo tubes; alr-launched missiles are launched from bombers or other
alrecraft (such as the Boeing 7U47). ‘'These cruise missiles can be launched outside
the enemy defensive ring.
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CHAPTER X
BALLISTIC MISSILES ARE STILL UNDER DEVELOPMENT

Developments of ballistic gulded misslles have been covered more than three
decades from the emergence of the German V-2 to the present; these developments
can be generally dlvided Into three periods as three generations of missiles

were developed and bullt.

/

The first period is from the carly 1940s to the late 1950s for building
the first-generation missiles, such as the Thor and Atlas in the United States,
and SS-4 and SS~6 missiles in the Soviet Union. The first-generation missiles

had the following characteristics:

1, Misslle performance was still low. The warhead was bulky; the specific
power (the ratio between warhead detonatlon power and its welght) was low and

likewlse for lts accuracy.

2. Liquid propellant was used, malrly low-temperature propellants (like
liquid oxygen). The launch preparation required a long period.

3. A single warhead was used per mlssile. Every missile could be aimed
at only one predetermined target without the capabllity of changing its alm
toward other tarpets.,
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I, Missiles were stored and lawscled on growd swlace so they could be
easlly spotted by aerlal or space reconnalssance, Survivability was low so
these misclles could be easily destreyed.

The second period 1z from the late 1950s to carly 1960s. 1n this period,
the main development requirenent was survlval after a nuclear strike against
missiles. The principal characteristics of the seccond-generation ballistic
missiles (under development in this period) are as follows:

1. Compared to the first pgeneration, there was better misslle performance,
such as better accuracy, range and speclfic power.

2. These missiles used solld propellant or storable liquid propellant, so
the launch preparation time was shortened.

3. The launch mode was converted from ground launch to underground or
underwater launch; the deployment was converted from relatively concentiated
siting to dispersal siting. So the survivability was inproved.

I, Multiple warheads with a certain degree of maneuverability, since a
missile could be aimed at several targets, made thelr advent.

5. The development pace was repld in building solid-fuel ground-to-ground
as well as sunarine-to-ground guided missiles. '

The third period is from the mid-1960s to the present. Following missile
developments of the first two perlods, accuracles in guldance and target strike

. have been much enhanced. In the development of ballistic gulded misslles, anti-

missile misslles came on the scene. So iIn this perlod, ballistic missiles

should evade attack by eneny misslles and interception by eneny anti-missile
missiles, Therefore, the characteristics of the third-generation ballistic
misslles are the developnment of pulded missiles with multiple warheads to enhance
the penetration capabllity. In addition, survivability should be increased by
hardening the sllos or extending the range of submarine-to-ground gulded missiles.
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How will strateglc ballistic missiles develop In the futwe? “lelf-preserva-
tion and elimination of ercumy" is a basic milltury principle. Developments of
strategic ballistic missiles also conform to this principle, Celf-proscrvation
means enhancerent of missile survivabllity while elimination of eneny means
4 Irprovements in missile's peretration capability and target strike accuracy.

1 Enhancerrent of Survivability

Below are described methods for enhancing survivability of ballistic gulded
missiles: (1) the misslles are concealed so detection by eneny forces will not
be easy. (2) Launch sites are hardened, so the missiles can withstand nuclear
{ strike to a certain extent. (3) Missiles can be moved from site to site for
launching, so encmy will find too difficult to detect the missiles' storage
and launch sites. As the reconnaissance techniques are more and more perfected,
and the contlnuous enhancement of target strilke accuracy and warhead power
advances, it is possible for a suwbwarhead to destroy a silo. Even if the bal-
listic missiles are concealed in hardened silos, it 1s still difficult to evade
destruction by enemy nuclear strikes. Since eilther concealment or hardening
of launch sites means limited Improvement in raising missile survivability,
only mobile storage and lawich can enhance survivability more productively.

So at present the development of moblle missiles is an active concern.
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There are three directions in developing mobile missiles: underwater, in
the atmosphere, and by surface transport. The development of submarine-to-
ground missiles provides fairly high survivabllity. However, there are certain j

it Tt fiisi, etmigicinioni cinsnal

- s

? shortcomings, such as high construction costs, low accuracy, and vulnerable

.

submarine bases. Therefore, it is feasible to increase the nurber of subnarine- ;
to-ground missiles, but not all nuclear missiles will be placed in submarines. '
Mrborne launching involves missiles on alrcraft. In developing these misslles,
1. there are more technical difficulties and higher costs as well as relatively low
+ accuracy. Milssiles capable of surface transport involves missiles moved on or

% under the ground. Development of these missiles is technically not as difficult
1 as other methods, with low costs. However, transportability is limited and

g so the survivability is relatively low.
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At precent, under research abroad are missiles in the alrbtorme launch mode
and swrfzce transport launch moade.  Although technical difficultics are fairly
hgh in the former case, the survivability 1s also higrher. So the United States
Alr Force 1s inclined to enpage in airborme transport launch mode. There are
many verslons of nother planes carrying guided misslles, including widebody Jjet
liners, glant transport craft, medium-size aireraft, vertical takeoff and landing
aircraft, helicopters, and amphiblous aircraft.

The survivability of the surface transpert launch mode i1s not as high as
for the alrborne transport launch mode. In addition, the transport distance
in the surface mode 1s quite limited but it is easler to carry out the mode.
There are several schemes of surface transport launching, such as by raillway, by
highway, by inland river, by hovercraft, by cross cowntry, and by moving from
several ground shelters. In the mobile mode involving several ground shelters,
a series of shelters are excavated. A gulded missile is stored in turn among
several shelters, so0 that the enemy is not likely to know which shelter houses
a missile. At present, more research is underway on the surface launch mode
with wnderground transport; in general there are the three followlng types:
(1) a series of hardened shelters are excavated for launching the missile, with
an wderground road connectling different shelters. The mlssile is moved from
shelter to shelter via the underground road. (2) A trench 1s excavated; the
trench is covered so that it provides some antl-pressure capability. The mis-
sile is moved on ralls inside the trench so that the enemy does not know the
exact location of the missile. (3) Passagres are du under lakes, ponds or
riverbeds so that missiles can move freely from shelter to shelter undetected.

A missile in the mobile launch mode requires solid fuel as propellant. The
transport vehicle can be used elther as a means of transportation or as a launch
pad. It is intended to place a missile into a container, which is insulated °
and can withstand shocks. The container can be also used as a launch tube,
and it is integrated with the transport vehicle iInto a single entity. In peace-
time, the container ls placed horizontally. During launching, the container
can be erected to launch the missile vertically.

Enhancement of Penetration Capabllity
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Vith nover-ending:g Lmprovemonts and developments In antli=micslle wegpons, a
ballistie misoile shnuld have relatively hiieh penetbrablon ey ility. Ao Lhe
capability of dicerimlitine real mica!les from decoys 1o contimeusly inproved,
it is difficult to conceal the real warheisd by releasine 1ipht wel heavy decovs.
Therefore, active ponctration measurcs chould be used. At present, the nother
warheud can be pulded and mancuvered, but not subwarheads; micsiles In deployment
at present with veparate-cuidince-type muiltiple worheads are of this type. Under
priority development are maneuverable multiple warheads while both the mother
warhead and subwarheads can be puided ad maneuvered. Thus, antl-missile mis-
slles are relatively difficult to intercept. In addition, multiple warheads can
attack several tarpoels because each subwarhead can attack a separate target. So
the maneuverable multiple warheads have a relatively high capability of penetrat-

lon as well as a damaging effect with the wounding and/or killing of people.

Additionally, there are partial orbit weapons for penetration. A warhead
1s first launched to enter an orbit hundreds of kilometer's hiph; the warhead
thLen reenters the atmosphere over the tarret area. Since the descent velocity
is high (only requiring sbout two minutes to reach the ground surface), defense
against the warhead is not easy. However, the accuracy of this weapon still
remains a problem so relatively complicated procedures of final-phase guidance
are required. The partial orbit weapon is still in the exploratory stage.

Enhanccinent of Missile Accuracy
In order to augment missile accuracy, generally speaking the guidance accuracy

must be improved to lower missile errors not related to guildance (such as the
asphericity of the carth), and to adopt medium- and final-phase guldance.

1
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At present, the accuracy of the inertial element of the guldance systeau has

been much improved. Tor example, the accuracy of the acceleration chart has been ;
ralsed from several thousandths for V-2 missiles to several hundred-thousardths é
for present-day misciles. Gyroscope accuracy has been raised from several degrecs §

(of drift) per hour to several hundredths or thousandths of a depree per hour,
a pain of more than o hundredfold.  Already developed are hiphly accurate elements,

such as the laser gyroccope (with no spinning rotor) and the sine cuw e accelera-

Ll it M e I

tion chart.
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Missile crrors not related to puidanee (Inberent errors and onvirotmental
errors) met be roduced. Inberent errors Include the warhead atooepieric reentry
error and enpine aftereffect deviatlons, because the enpine thiuet cionot be
brow-ht instuntly to zero. Fnvirommontal errors include the positionnl crrors
{ of tarret coordinutes, caleulatlon errors of the peodetic ruiy«, and ;rravity
anomalios due to differences between the calculated reference pravity and the
actial pravity on the erth's swrface.  When the requirements on missile accuraey
are low, the ron-ruidance-relited crrors are minor. However, vhen there are hirh
requircments on milssile accuracy, the non-ruldance-related cirrors cshould be re-
duced or even eliminated.

Later, the puldance system may regqulre an advanced intertial reference
sphere to replace the currently-used pyroscope and gimbal system. The referenze

sphere can directly sense misslle pitch, yaw, roll and velocity with crrors much
smaller than the current system error; accuracy can be held to less than 100 m
from the|intended target.
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