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AR 3 CA0L SUFERSCHIC AiHTI=3AIF MIS3ILE WEAPON3 3YSTEM

Thie ar+icle describms the comnonentyn and features of China's Ciol
SAUBreEnn.c anti~-ehip mivaile 4vetom, ag0ec:aily, the micsile’s aorodynamic
contiguration, arrangement of sectiomns, control and Quidance systems.
warhwaa ana fTuse, electric a&any hrdraulic control systems and flight
trajectory., It alse presentz the weapon system's fire control systen,
- launch _system, ground equipment. and combat procedures. .

FEY WORDBs TACTICAL MI3GILE, ANTI-GRIF MIGEILE. Ciol MIEBILE, CHIMA.
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I: "INTRODUCTION

The Cl01 missile 1is a super low trajectory. super sonic tactical
anti-ship missile developed independently by China. It comes in two
different models -~ airborme and shipborne. It is used to attack large and

madium class surface targets of cruisers and larger vessels.

The Cl101 missile weapons .system is composed of. the missile, the .

aircraft or ghip fire control system, the launch apparatus and :the
surface equipment. The system’'s e&uipment is simple, it is quickly
launched, the missile is small and light, but has a powerful warhead and
hae a strong capacity to penetrate defenses. It is an advanced missile of
the 1990°'sg,

The C101 missile uses liquid fuel ramjet engines as its main drive
equipment and solid fuel rocket engines as boosters. The missile 1is
launched from a aircraft or ship, and when 1t is launched,., the boosters
are ignited and they propel the missile to Mal.8 (sic); when the booster
operations are completed, the boosters fall off from the rear of the
mi€sSile and the missile stabilizes at a gspeed of Ma = 2.0 frr cruice
flight. The autometic guidance system on the missile is preprogrammec to
carT rtheé mlssile 1nto leve: flight and to complete the self-contr-oli=a
flight segment, The command mechanism aboard the miscsile activates the
terminai gQuidance radar at the predetermined time. ~Rfter the radar
acauires the target, 1t executes side plane tracking of the target. The
radio altimeter controls the missile in a decent to a height of five

meters 1irn 1ts attack on the target.

The hydraulic control system on the missile operates the highspeed
controle, and together with the high precision control system. carries out
the attack on the i1deal location of the target. The missile fire control

system can attacl the target through instantaneous position of the tarcet

or by leading ¢he target.




I1 WEIGHT AND DIMENSIONS OF THE Cl101 MISSILE

MISSILE LAUNCH WEIGHT
SHIPBRORNE MODEL 1850 KILOGRAMS
AIRBORNE M™MODEL 1500 KILOGRAMS

TOTAL MISSILE LENGTH

SHIPBORNE MODEL 6.5 MEIERS
AIRBORNE MODEL 7.5 METERS
DIAMETER 0.34 METERS
WINGSPAN 1.62 METERS

111: FEATURES OF THE C101 MISSILE

Since the eighties, in order to further ensure the attack superiority
of anti-ship missailes, western nations began developing new fourth
generation anti-ship missiles with strong defense penetration capabilities
- the surface skimming supersonic cruise missile. An example of suchH &

missile is the French supersonic anti-ship missile built in cooperation

wlth the Germans - the ANS. Other examples are the British superscninc Sea
€sgie and the [tai:an Actucomahe (translator s note: phonetic) - Z. Sincse
1=95, saies 27 subscnic anti-ship mizsiles have drooped sharpl-. Tra.

rave been replacsed with the continuousiy expanging supersenic anti—-<rnip

missiles.

Compared to similar supersonic anti-ship missiles of other countries,

tne Cl01l missile possesses the following characteristic features:

i. It nas relative strong detense penetrating capabilities.
(1). It flies at a low trajectory skimming over the water, giving

the micesile excel:ent concealment.

A cruise flaight altitude of SO meters was chosen, but when the

missile 1s around T,00C meters from target, it dives to a height of five

a




meters to fly Hust above the water in its attack on the target. It has
both the features of Hhaving the concealment of current surface skimming

anti-ship missiles and ensuring hitting at approximately the water line of

the targert.
(2). Ma = 2.0 supersonic flight -speed.

The Ci101 missile maintains a supersonic speed of Ma = 2,0 from the
““time it begins " cruising ‘until ‘it "hits ‘the target, dispiaying the

superiority of high speed attack.

The concealment and high speeds ensure the dJdefense penetrating
capabiliities of the C101 missile. The diving attack when the missile
approaches Z.000 meters from the target, occurs just at the firing point
of the target’'s terminal intercept weapons, and the sudden movement of thre

missile cannot but result i1n a greatly reduced shootdown percentage.

For exampie, using a French Sea Rattlesnake or a British Sea Woif
terminal intercept missile to intercept the C101 missile, even 1if the
infrared tracker detects and tracks the Cl101 missile wunder 1ideal
conditions., ard i1ntercepts at emergency speeds. i1t has only cne chance to
irntercent the micssile, ard the point of i1ntersection i1s Just where tne
ZTI01 mis=zile 1s makirng 1ts dive maneuver. if ship artillery systems are
used tTo i1ntercept tne missile, then there i1s only a very snorz intercept
time, of onivy one or *wo minutes. Clearly, hard-type weapone are almost

useiess against the Cl0Ol1 missile.
(3. Strong counter ECM capabilities

Tke Cl101l missile uses two centimeter single pulse radar with muitiple
counter ECM capabilities. It also has supersonic surface skimming flight
technology. so even 1f the enemy uses electronic countermeasures. because

there are only ten seconds or so for the countermeasures, 1t 15 difficult

for these countermeasurecs to be effective.




2. The Ci0l missile has : r« latively high target hit rate.

The use of high pre« i1 . _ontrol and guidance systems, powerful high
speed response hydraulic _.. vo machinery, single plane control system and
excellent control characteristics ensure the missiles high target hit
rate. Multipl- ~°° ht testing of the Cl101 shows that the missile usually
hits near the target waterline.

-

3. The missile has relatively high probability of destruction.

Using a high energy semi-armor piercing demolition type warhead armd a
time delay detonation fuse., a warhead weighing 300 kilograms, larger than
the warheads of similar foreign anti-ship missiles, so once this missile
strikes the target it can sink or seriously damage enemy destroyer class

csurface vescels.

4, Fire and forget.
After the missile is launched, its eﬁtire flight is completely automatic.
During the self control leg it relies on the missile control system for
automatic opiloting, and during the self-guided stage it relies on the
termainal guidance radar to automatically track the target. After thaies
tyne of micssile is launched from i1ts carrier platform. the carrier gship or
aircratt can perform evasion maneuvers i1mmediately and can sihut oif the

airborne or shipborne radar to maintain radio silence.

3. Safe and reiiable, easy to use and maintain.

It uses ordinary aircraft kerosine for fuel, which is =safe and non-
toxic, is not subject to spontaneous combustion. It is easy to operate
and simple to mairtain.

. IV: GUIDANCE

The Ci01 missile is composed of the missile body, the contrcol and
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Quidance systems, the hydraulic system, +trhe warhead and fuse, the

electrical system, and the hydraulic control system.
1. The missile external appearance and aerodynamic configuration.

The missile is composed of a first stage and a second stage. The
s2cond stage missile aerodynamic configuration is ducklike, Two liquid
fuel ramiet engines are arranged on either side of the missile body,

_connected at the front and back. The forward and rear couplings are also
the forward and rear fins. The second stage missile tail portion has a
pair of vertical tail fins. and on the rear edge of these tail fins there
are a pair of differential rudder surfaces which are used to control the
direction and rolling of the missile. There are a pair of symmetrically
opposed duck wings on either side of the forward portion of the missile
which control the pitch of the missile. The first stage configuration is
different for the airborne and the shipborne models. The shipborne modei
uses two solid fuel boosters connected to either side of the second stage.
On the top pf this stage and below the boosters there is an "X" shaped
stabilizing surfac=? and a pair of reaf edge ailerons (to the right above
and to the left below) in order to control the rolling of the first stage.
The airborne model uses a single solid fuel booster connected to the rear
of the <cecond stage. An "X" shaped stabilizing surface is formed on the
btocstz2r and there 13 a pair of rear edge ailerons (to the right above and

- the left below).
2. The missile compartments and placement.
From front to rear, the missile is divided into seven compartments.

(1). The radar compartment. This contains +the terminal guidance

radar, and there is a norn—-metallic shield at the front.

(2). The warhead compartment. This contains the semi—-armor piercing

warhead and the fuse system.




{3). The fuel tanks. These contain 200 kilograms of aviation

kerosine.
(4). Load bearing compartment. This the primary load bearing
portion of the missile. On the top of this section there is a hanger,

and on either side there are also the engine and booster connections.

(5). The guidance instruments compartment, This contains the
primary equipment of the control, propulsion and electronic systems. At

the very bottom of this compartment there is a turbine pump intake.

(6). The equipment compartment. This contaings the hydraulic and
control systems and the steering engine. On either side of thas
compartment are the two reai- engine connections.

(7). Connection. This is the power transmission section from the
first to second stage. Below this <=section there are also the rear

connections for the boosters.

(8). Ventral fin. This contair.s electrical cable and conduit.

ILLUSTRATION TWO: THREE VIEWS OF THE SHIFBORNE C101 MISSILZE

(Please see kev on following pagea)
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1. Duck wings

2. KRamjet engines

3. Boosters

4. Forward missile wings

5. Rear missile wings

6. Vertical stabilizers

7. Differential rudder r~urfaces
8. First stage stabilizing fins

. First stage rear edge ailerons
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iLLUSTRATION THREE: FOSITIONAL ARRANGEMENT OF THE C101 MISSILE

1. Cone

N

Ventral Fin

Radar compartment

Warhead compartment
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Fuel tanvs

6. Load bearing compartment

7. Guidance instruments compartment
8. Equipment compartment

9. Connection

10. Terminal guidance radar




11. Semi-armor piercing radar
12. Fuse system

13. Turbine pump intate

14. Fuel regulating system

1= Control equipment

16. Electric equipment

17. Hydraulic control system
18. First stage control system

3. Control and Guidance Systems

The missile control uses an automatic pilot system. It 1is an
automatic control and regulating system. The three control circuits are
independent of each other. These are made up of a combination control
instrument and a damper steering gyroscope. It is used to stabilize the
missile’'s attitude in flight. During the automatic control leg, 1t
ensures the missile enters the prescribed flight altitude; in the self-
guidance leg. it receives control signals sent out by the radar to control

the automatic tracking of the target.

The terminal guidance radar 1 composed of an antenna., & transmitter.
a recexiver. and a powe:r source panel. It i¢ used to search. capture and
loc» onto targets o1 tne suriac2 o7 tne water. It also transmits reievant
contrcl signals to the guidarnce instrumentse to accomplish automatic

guidance.
4, Fropulsion Systems
(). The Praimary Enaine

Tre C101 missile uses two parallel ligquid fuel ramjet engines for its
primary engines. These are simple in structure, easy to operate, and are
stable and reliable. The engines take over when the Ma number is 1.85.
After the boosters drop off, the engines continue %0 accelerate to cruise

at Ma 2.0, The missile fuel requlation system controls the amount of fuel
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supplied to the engines. During the cruise segment, each e@ngine MNae a
thrust of about 180,000 newtons, ernough tu overcome the reeistance of the
missile, 30 the missile always maintains a 71ight epeed of 2.0 until it

reaches the target.
(2). The Boosters

The boosters use a eix pointed etar shape internal hole goambustien
"solid fuel rocket engines. They une polysulfide mivture for & prouellant,
The boosters are equipped with a safety 1Qnition mechanism,

The airborne Cil0l missile usem & eingle series boonuter, and the
shipborne missile usws two paraliel] boousters. After the mienile is
launched, ¢they produce around (80,000 and 260,000 newtons rated thrust
respectively to accelerate the missile, ATter the mieniie rescnes Mech
1.8, the booster and the connection drop off together, having cumpievLey
their function.

4. Warhead and Fuse

The missile uses A4 suparsonitC High energy semi=armur plercing
aosmolition type of warhmad, It rejlime o0 the (rementoue b inet e energy
gensrated by i high apewd of thy miswi b Lo ponistr abtee Che armer v Ve

hoid of the sPrip where 1L eaplotdes, Qenerating Cremendous destr g Ly /e
pffacts.,

It uses a tame delay fumse which can effectively control the enplueion
of the warhead inside the hold of the enemy ship, The fuse haw & luny
range ruelesase safaty mewchaniam amd emveral aafuly staywe whith use

different operating nrinciples,
6, The Electrical fyectwn and the Hydraiilie fivetem

The electrical sywtem sw compousd of Lhe slectriral e pment anil Y he

miselle cable networy, The eletrical eyl pment int luduwe  the hatter

It




group, various types af ewitches, relays and drop of? plugs., The cable
hetwark connecte the electrical equipment together., The electrical system
enmures the supply of electricity to the electrical equipment on the
missiie, the transmission of electrical signals and checrs and
MOASUFEMPhin,;

The function of the Mhydrauliec control system is ¢o supply high
pressure ail to the hydraulic steering engines 80 the steering engines can

- GOntrEal . the aterFing SUFTAGRe UNder the gontral nf the automatic guidance -

inetrumente, enasuring the fiight pasiLtion 01 the miswile, .

7. The Flight Trajectory
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3. Descent

6. Level flight ;

7. Dive

8. (Thousands of meters)

9. Automatic control segment
10. 8Self gQuided segment

The tlight trajectory of the Ci101 missile is different for the
_shipborne_and the airborne versions of the missiles. The trajectory of
the shipborne missile can be divided into ¢two stages by the type of

control used, automatic control segment and the self-quided segment.
(). The Automatic Control Segment

This can be divided into the climbing, descent, and level flight
cegments.

Climbing Segment: When the misgile is launched at a certain angle
from the launch equipment on the ship, the forward and rear slide plates
loave the rails at the same time, and after leaving the rail, the missile
quickly ciimbs and accelerates because of the effects of the boosters.
wWhen the missile reaches Ma = 1.8, the boosters separate from the seccnd

it:lch

Descent Segment. The missile starts to descend from point A, and
whan the missile command mechanism sends out the signal to descend, the
migsile descends to point D at a height of S50 meters according to

instructions.

Level Flight Segment: Wwhen the command mechanism sends out the
signal for level flight, the missile immediately stabilizes in level
tlight at a height of 350 meters.

(2). The Selt Guided Segment




During the time of automatic cantrol determined by the command
instrument on board the ship., the missile command mechanism sends out
signal number three, and the terminal gquidance radar 1is turned on and
searches for the target. sends out lock on signals and lock on command.
Then it sends out directional operational commands to the guidance
instruments, controlling the direction of the missile. Along the altitude
path, it is still controlled in 1level flight by the signal from the
altimeter. When it comes to point B within 3,000 meters of the tarqQet,
the radar sends out an order to dive, and the missile drops down to a

" height of " five meéters and stays at  this height until it strikes the"

target.

The airborne model of this missile has a trajectory that differs from
1that of a shiplaunched mizsile only in the climb segment. The missile
follows the mother craft to a certain altitude and then is dropped and
launched. After it has fallen for sixty meters, the boosters ignite
causing the missile to accelerate. After about three of four minutes, the
booster accelerates the missile to mach 1.8 and separates from the secord
stage. The missile continues to dive to point A, and then enters into the

same trajectory as that of the ship launched missila,.
V: LAUNCH VEHICLE FIRE CONTROL SYSTEMS

The launch wvenicle (airplane or ship) fire contrul system 13 the
missile fire control system located on the aircraft or the ship. It 19
composed of a missile attack radar, a missile command instrument, a spiral
platform and a power source. It ia mainly used to search for and track
enemy surface targets, and for real time measurement of position and
movement parameters of the carrier vehicle, to calculate the target
movement parameters and missile launch data and to load these onto the
missile, and for conducting inspection of the missile prior to launch and

for launch control.

The missile attack radar is the main observation equipment on the

carrier vessel. It is used to search the surface of the water, and to

14
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select targets of attack and to track them, [t is used to precisely
calculate the movement parameters of the target, and to continue to
transmit data to the missile command instrument.

The missile command instrument As cuntral control equipment of the
missile fire control systenm, It is primarily uaed ¢to calculate the
automatic contraol flight time of the missile and the angle of deviation
from the carrier vehicle operational direction. Necessary parameters and

‘orders are loaced onto the missile. It conducts a prefire inspection of

the missile, controle the launch of ¢the miseslle, and nhas a miEsile
gimulater for training.,

VIis LAUNCH EGUIPMENT

The ship launched model of the Cl01 missile uses a tunular launcn,
The launch eau.pment is ~omposed of thae launch tube and the Jauncher.

The leunthes i Bt On the deth O the VEEEO! &t 4 certain asimuth
Aand at a certain angle to the hprizon, The miseile 18 placed inside the
launch tube, and then they arw both hung on the launcher, Therefure, the
launch tJdbe wervew tor Loth transpurt and launch,

ha launch eqgusipment of the asrcrartt launched model o the Ci) e

composnd Ot A transition Leam and a wpeGcial us® rach,

The trensition beam 1w affi;00 undur the wing of the mother cratt, 1%
is the universal hanger of the aircraftt, and is used to hang bomue,
thmacnane, and misewllew, The special purpose hanger 1s connected at the
pottom af the tranwltion boam, and at the bottom ot the special uswe hangQer
thure are two hoors., The C10) misesie 48 hung on the epwcial uw® hangQur
by loops at the front and back ON the transition beam, When launch
conditions are met, the hooks automatically open and the minssile falle
truw, Lhersbh, launching the mieaiin,

Y111 BURFACE EOUIPMENMT
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The Ci01 missile surface bquxpm-nt is composed of technical position
tow venicles, missile lcading vehicles, fumling trucks, hydraulic pressure
trucrs, and bnoster connecting trucks. The surface egquipment is used to
arm, load, fi1ll, connect, and inspect the missile to provide overall
technical preparations and maintenance- so the missile is always in good
tochnical candition 80 4t can be transported toward the launch position at
any time.

VI11s OPERATIONAL SEGUENCE OF THE WEAPONS SYSTEM

After the missile attack radar aboard the carrier vehicle detects the
target, it recognizes anc evaluates the target, and saelects those taryets
wnich are to be attachked. The radar then switches over to a tracking
mocw, At thig time, prejliminary preparations a~e made to the missile,

including prenheating of the magnetic contro.i tr'oe of the missile’'s radar.

After the mismile attacr radar tracks the target, it automataicallvy
Laltulates the targete movemant parameters and suppliies these in live time
to the Migeile command instrument., The command instrument calculates the
launch data and loades operational parameters and instructions on tre
niuellu,. perforne sre-lavnch chacte 0f the massile and controls the laurcn
w! Le Miswile, The miswiims can bLe launched indivicually cor a number of

mias)lee ma/be Jaunched at “he same time,

bertore the misslle 1e launcheo, electrical power 1s supplied to the
hiweile Dy a powkr source ont he carrier vehicle., When launch conditions
ary met, Lhe Dattowriene are activatod, the missile qQvyroscope is unlocked.
the hnrusters are 1gnited (air-launched models must fall for 60 seconds
hetore the bousters are ignitwd, and the miswmile switches over to its own
siwctrical wupply. NAfttor the missile has left the laurnch aquipment, it
Liambe, drops and levels off according to a preset sequence, When the
autumatic ONtrol flight time prelocaded onto the missile 13 reached, the

ny»eile radar 19 turned cn and swarches for and tracks the target, After
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the missile 1is launched, according to a certain sequence, the fuse and
other levels o safety locks aré released. and when the missile contacts
the target. the fuse detonates the warhead. and the target is struck near

the waterline.
IX: CONCLUDING REMARKS

A great deal of surface testing and multiple 1launch flight testing
and study over a ‘long time -has shown that the C101 missile has overcome. .
the whole.series of technical problems of super low altitudes supersonic
speeds. It has solved the tey technical problems of matching thrust and
impedance in the pulse jet engine, reliable separation of the two
boosters, normal operation of equipment 1in the vibrating environment
incide the missile, electrical - magnetic compatibility, and precision
control, achievaing successful ¢test flights and striking ideal targex

locataions.

The results of the flight testing demonstrate that the Ci0l missale

ieets design standards. has advanced capabilities, and 1s of the level of

tne fourtih generation anti—-ship missiles of the 1990°'s.
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