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(U) PREFACE 

The information reflected in th;.s document has been prepared fo-r 

the use of Foretgn Te.chnology personn'el el\gaged in the analysis 

o! th.e Sov1et space effort. This · is an. AFSC project, and this 

contr·ib;.1tion w1ll be of par.£i :.: •.1 lar inte-rest to analysts con¢crne d 

vt.;.th Soviet space probe guidance systems and components. Thts 

=·P..port serves as a technica l ~upport document for Task 6182.(44) 

ass1gne.d to the ;ur Force Miss1le Development Center. .£8'} 

(U) PUBLICATION REVlEW 

This .Foreign Technology · document ·has been reviewed and is 

FOR THE C0ilo1MA..NDJ:..t{ 

-.~ 

~£!4~L~ 
HOWARD L. CONKEY ( ' 
Lt Col, USAF 
Deputy for Fore ign Te-::1-.nology 
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(U) SUMMARY 

Purpose 

This Technical Repo:t was prepared to meet requirements 

established on page 56 of th': Foreign Technology Divis!.on Soviet 

Planetary Explc.r:at)on Program TOPS. It fulfilte .Task 6182.(4'4) 

of the referenced TOPS • ..{81 

Conclusions 

a. The boost ·stage and the sustainer stage o£ the plarie~ary 

launch vehicle u"t: a radio-inertial guidance system. The vehicle 

is controlled in yaw by radio. The pitch plane guidance is 

probably inertial. .(Sf 

b. The third stage which kicks the heavy earth satellite into 

earth orbit is bell:eved to be aH inertial. ..(8} 

c. During the coast phase (while the aatelli te is orbiting the 

earth), the satelEte is tracked accurately by earth stat.t.ns to 

obtaL"l ephemerili da ta, This data is transmitted to a c entral 

computation center, The corrections required in the £--u•. a stage 

g1.0idance program a11 a re11ult of the deviation .of the sate:~he !rom 

a nominal o:rbit are comput7d at the computation c.:.nter. ~ 

d. The re.quir.od corrections to the foul•th 'ltage pro<:· , .-:n art' · 

transmitted to the vehicle either directly from an· earth Gt;;.,, 1:1 

or via Soviet ships at sea, ..{81 

iii 
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e, At the computed time, the planetary probe is ejected .> nto 

a planetary trajectory at a precomputed a.ngle. The magnitude 

of the 1mpulse is determined by eithe·r a timer which shuts down 

a constant thrust engine .after a predetermined ti·me or by an 

·integrating accelercmeter which shuts off the engine when the. 

velocity-to-be-gained equ<~.ls 2'-ero. ~ 

i. The accuracy with which the fourth stage is injected into 

planetary traje·cto ry is estimated to be approximately a s follows: 

1. 4 minute~launch time 

3.0 meters /secvelocity 

10. 0 minutes of arc -{81direction 

Background Highlights 

· j 

l 
i 

From 10 October 1960 to 4 November 1962, at least ten

Sovie t ·vehicles were detected which are believed to have been 

attempted Mar• p~obes or Venus ·lJ!:··.bes . \~ee ·.c,.ble I)_ ·:: •.h.,,.e, 

only two~ the ·;enus ?rol: ~. ~ ; l:?. Februar.y l96l ·and the Mars 

probe of I November l96Z - are classed as successes in that th"Y 

were successfully injected i nto planetary orbits. Both of the 

successes· as well as the eight failures are believed to have 

utihzed a parking orbit, ...{.S1 

lt is believed that identical !aur1ch vehicles have be( n us ed 

for the probes. ThP. system has b een des ignated as the SI·· ~ system. 

iv 
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TABLE I 

(U) SOVIET MARS AND VENUS PROBES 

Date Miss i on Sputnik Nr Z-Number 

i 

r 
( 

· ·~ 

:{ 
. ! ~ 
 < 

10 Oct 60 
 Mars zzso 

14 Oct 60 Mars Z281 

4 Feb 61 Venus Z309

12 Feb ·61 Sputnik VIII I z.,,.,.
V ~nu_s___l __ 

-
25 Aug 62 Venus Sputnik XXlll Z533 

Venusl Scp 62 Sputnik XXIV z .534 
I . 

12 Sep 6Z Venus Sputnik XXV Z .S.3 5 

24 Oct 62 Mars Sputnik XXIX ZS75 

l Nov 62 Z58S Mars ·1 Sputnik XXX 
,_,__ _ 

4 Nov oZ. Mars Sputnik XXXI L..59>; ! 
-- I 

Comments 

Un s u ccessful 

Unsuccessful 

Unsucce ssful 

S ucct:o 9 via pa:r d ng orbit 

Unsucc Eo:ssful 

· ­
Unsucces·sful 

Unsucc·es.sful 

Un·successful 

S ucce ss via p a r king orbit 

Unsucce s sful J 
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It lB believed to consist of the booster and the sustainer oi the 

SS~6 rru.ssile, plus a third stage known as the Venik rocket which 

first appeared on the 10 October 1960 aHempt and a fou · ~h 1>tage 

which is believed to be the Lunik upper stage. J81 

Dis61ssion 

It is generally agreed m . the. mtelligence community that the 

£iret two stages of the launch vehicle for the Soviet space probes 

are the. booster and the su1>tainer of the ICBM-A. The ICBM-A 

is believed to be guided with a radio-inertial system. Speculation s 

en the specific details of the radio-inertial system are not abundant 

in the literature; neithe r are the existing speculations all in 

agreement. ).8'[ 

Though it is gene!'ally agreed that the radio portion controls 

motion in the yaw plane, the type of radio guidance involved is 

mor.e speculative an.! more diverse in the !ina~ conclusbns. S9rr.,-! 

reports descr\1:-e the a~rst~ •' ..-.s a :radar track and ccmmand syatem 

consisting of four radar sets located at the end a of the arms of 

a cross. A computer receives data from the radar nets, computes 

the necessary correctlons to the trajectory, and then transmits 

(B, :1 12, i<J)'~
command s~gnals to the veh1cle via the radar sets. 

*All parenthetical superscl'ipt s reflected in this report":'~ r.,f..,;rences 
listed in the Bibliography. 

vi 
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Others (o) est1mate the yaw guidance to be a LORAN type system 

in which the time o! arrival of signals from two transmitting 

antennas is measur0d by the vehicle, The guidance commands 

are then derived from these ti·mes, The author prefers the 

LORAN concept .smce it.offera th:e· requir.ed accuracy while the 

equipment requirements are ·much less . than the l'adar concept. 

The LORAN concept is a direct follow-on to the yaw plane guidance 

system used by the Germa·ns on the V -2. .lr81 

.Altttough reliable data is practically·nonexistent on the 

guidance for the thud and fourth stag.es; most analyBt.S seem to 

believe that these stages are also radio guided. The author 

believes the third and fourth stages to be incrtially guided according 

. to a precalculated program, Precise tracking of the heavy earth 
i 

6atell1te after injection into urbit decreases the accuracy require­

ments for thiJ:d i>L<-ile guitiance. Errv:re in ~: he in;<.~ti• .-. ::? cameters 

can bt: ca~-.ulateC: fro: ···· • "' t1·acking data and then compensated c"::r 

by changing the pl'ogram in the fourth stage. Similarly, tht 

rnidcouree correction can compensate for errors 1n fourth stag.e 

-parameters. ln gener.al it is believed an autopilot grade inertial 

system would be adequate. ~ 

The remote areas over which the third and fou1 th stages are 

sometime.s ·initiated also argue against ground radio c·•n:mand 

Vii 
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guidance. The thi.rd stage might be ignited downrange 1,600 nm 

from the launch point. The fourth stage !or the Venus probe was 

ignited over North Africa and .ahut down over ·Northern Turkey. 

II the vehicle i­s launched in other than a 65° orbit (as Lunik III 

was}, the third stage ignition will occur at some point which does 

not iie along. the trajectory normally utilized by -vehicles launched 

by Tyura Tam.. Consequently, the third stage might not be able 

to utilize effectively the standard range instrumentation. .An 

all-inertial system eliminates the dependence on ground instru­

mentation. l81 

viii 
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SECTION 1 

(U) BOOST~R AND SUSTAINER CUIDANCE 

It is estimated that the boo·ster and the sustamer stag~s 

utilize the 55 · 6 rad10-inertial guidance system. The system 

. consists of inertial components to control motion in the pi·tc.h 

plane and a radio system for yaw plane guidance, f.1t 

·Two f.ree. gyros are used in the inertial system. The gyros 

have no internal damping and might use potentiometer pickoffs. 

One gyro, oriented with its &pin axiE< paraUel to th·e pit.ch ax1s·, 

controls both roll and yaw. The second gyro controls pitch. 

Ita spin axis is parallel to the yaw axis, It is preprogrammed 

to assure missile flight along the desired powered flight trajectory 

(see Fig. 1). The estimated gyro parameters are given in Table 

11. (S) The outer gimbal of both gyros are pivoted about the roll 

axis. The relative low resolutlD·n. of the g1ro pic.: ·,·~tis, ~ppr;)xi.­

mately 8 minutes of arc, indicateo that the gyros are u~ed 

primarily for stability and control. ·Integrators in. ! ' .e !o;ward 

loop cif the control system reduce steady state err··::a to assure 

flight along a predetermined trajectory. (S) -t&t 

Tl:tc radio system for the yaw plane p:uidar,ce ir p · the 


LORAN type. An on-board recejver measures the t!.r.~ o::- ·: 
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TABLE 11 

(U) AUTOPILOT GYRO PARAMETERS 

Specifications for this autopi lot are as fol-lows: 

Two -degree of freedomType of gyros 

TwoNumber 

Calibration and Resolution Factors 


Resolution
Channel Nr Cal Factor 

1 15 degrees/lOOo/o cal · 8.5 minutes of arc 

2 l5· degrees/lOO'lo cal 8.5 rrilnutes oi a:rc 

3 20 degrees/l00'7o ·ca.l 8, S minutes of arc. 

Gyro Precession Rates (Maximum} 


---soo degrees/ second
Inner Gimbal 
--'600 degr,ees/ secondOuter Gimbal 

None 

Inductive device atta.c.h'ed to the 

Type of Dam~ 

Pitch Torque 
out.:r !l'imb'.l .:>f Cy,·o :. 

Fairly low impedenc.e wirewour•..:Ptckof1 uevic<. 
potentiometers 

Probably ball beax:~ngt ; the gyrosGyro Gi mbal Beanngs 
are not floated and there is no 
evidence of air beadngs 

Unknown, but probab:f not moreRotor Moment of lnert ia 
than lOXl0 5 --cgs units 

Flight ~tability and p.>saibiy roughAutopilot Fu,ction 
aiming 

3 
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arriva·l o! a signal from two transmitting. stati.On5. The missile 

is steered so that a desired and predetermined condition regarding 

the signal time of arrival is maintained, ~ 

Integrating accelerometer(s) on the mi-ssile measures the 

velocity and the position of the vehicle as a function·of time. 

The measured values are compar'ed with precalculated, p:repro­

gram.med values to generate error sigria·ls. The error signais 

thus generated control thrust. ·magnitude_and thrust ·direction to 

assure that the programmed values for velocity and position are 

followed. When some predetermined condition of velocity and 

position is attained, the engine is shut down. Alternately the 

engine can be shut down strictly at a predetermined time, since 

if the velocity and position program is followed, cutoff will always 

occur after a well-defined time . interval. j.fi'f 
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SECTION II 

(U) THIRD AND FOURTH STAGES GUIDANCE 

The fourth· stage of the launch vehicle contains the guidance 

eqwpment for both the third and the fourth stages, The ·guidance 

1s estimated to be an all-inertial system. The· system coneist5 

basically of body -mounted gyros !or attitude control and an 

integrating accelerometer or a timer for thruet termination, 

With a good trackmg system, minor errors in the satellite 

orbit parameters are tolerable since these errors ·can be 

compensated for in the fourth stage by c.orrecting the iiring angle, 

firing time, and the magnitude of the fourth stage impulse. ¢l 

Fluctuations in the inclination angle for injection into earth 

orbit (<tssurning that the same inclination angle was the goal each 

time) vary about 0.1 degree around the mean :from one orbit to 

the next. Similar observations ior other Soviet ~o:>V (Sputr;.;.i<:; ard 

Coamos vehicles) which are abo believed to use the booster and 

sust·ainer of the SS-6 show that the bv.rnout velocity · " controlled 

to an accuracy of about .:t. 50 it/:sec and the burnou~ 'Ulgle to within 

about 6 minutes of arc. Consequently, the s ·atel1itc. injection 

guidance errors for the space probes ar~ belit:v~d !.- . '>e the 

same -i.e., :!:_50 ft/aec in velocity and burnout ar.il:., . ,:-.or of 

+ 6 minutes of arc. JS1 
5 
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SECTION Ill 

(U) ORBITAL COAST PHASE 

The third stage of the launch vehicle places a heavy satellite 

into earth orbit. The heavy satellite contains the space probe. 

The actual orbit attained will differ from the nominal orbit calcu­

lated prior to the launch oi the vehicLe. This deviation from the 

nominal is due to launch guidance errore (see Diacu,.sion onpage 

vi, and Section 11). (The preprograrruned inertial components in 

the fourth stage have been ·prograrruned aseuxning injection o! the. 

satellite into nominal orbit.) .(S1 

The ear.th satellit.e ill tracked as it pas sea over the. Soviet 

Union. · The data obtained is transmitted to a central computation 

center where the actual parameter.s o! the earth orbit are calcu­

lated arid compared with the ;norniria:l va.luea. The changes in the . 

fourth stage j!:Uida.nce wh;c"'- are re~uired to compensate for the 

orbit deviation from nominal are transmitted 'to the vehicle 

(possibly via the tracking ships at sea). j/YI 

AFMDC 63-5654SECREl 
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SECTION IV 

(U) INJECTION INTO PLANETARY TRAJECTORY 

The earth satellite carrying the space probe i~ probably 

oriented 1n the direction required for injection of the probe into 

planetary orbit immediately after third stage burnout. Thi::~ 

orientation is maintained throughout the orbital coast phase . ..(81 

• 
"At the time for the launching !:rom the satellite, the 

poseibility arises for the adjustment of these errors which have 

accumulated during the flight of the rocket carrier·!rom·the 

earth to the orbit of the satellite, (U} 

"Improved parameters o£ movement for. the laUPching base 

(i.e., the Cosmic rocket carrier for the interplanetary station). 

can be applied during the introduction of the station into the 

interplanetary course." (lS) (D} 

Thus the trad:i.ng data obt:-\.,ed !rom the aate!lite i10. used to 

calculate the impul11e required - both in magnitude arid in direction ­

to inject the planetary probe into the proper trajectory. ·.·i·he 

time at which this impulse must be applied i8 also determined 

accurately, Thus the errors accumulated during launch ;;.r(, 

compensated fo.,; by· adjusting the parameters 0f the final +l-.1' 1'. ~ < 

which affect the interplanetary burnout conditions. Fo.r the 0 "'-3­

7 
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orbit probes, the . calculated corrections are probably transmitted 

to the tre1cl<ing ships at sea which in turn tre1nsmit them to the 

orbiting satellite. The corrections required would be firing 

time, duration of thrust or velocity to be gained, and the flight 

patn angle. m 
The fourth stage guidance is believed also to be 

inertial, This is sub&t2.ntiated by the open literature in which 

"programming equipment" is said to be abOard the Venus probe . . 

lt is also stated that assisted inertial sy.stem is employed. ('!b) 

The !iring of the fourth stage is probably commanded from 

eartn stations. (The open literature states that the Venus stage 
6 

was launched from orbital stage by "telemetry control.") (l ) 

Again in Science and Liie (Selected Articles), FTD-TT-62-ZOO, 

it is stated that, "At exactly the rigl'>t n1om~nt, ' n a{lawrr ,-.:- ·~!--:: 

command, a fr.esh rocket ·'- ··•rying inside, it an AMS inter­

planetary space ah!.p was launched Ct·orn the satellite in a 

strictly determined direction [}t·enus probe of 12. Febru.:.ry 

l '16[J. " Depe~ding upon the point o! injection, the command can 

be initiated by either the ships a.t sea or by stations within the 

USSR. --181" 

AFMDC 63-56~4
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J>:n eatim<lte of injection errors can be obtained from Soviet 

statementii which have appeared in the open Uterature: 

"To secure the passing of the AIS in the immediate 

vicmity of the planet, the lifting of the AlS into trajectory must 

be reali:r.ed with greater accuracy. Errors in the velocity 

magnitude by l-3 metersl~>·ec and· errors in· heading o! velocity 

of 0,1-0,3° result in change in ·minimum dlstance between AlS 

and Venuii by 100,000 km. Such a deviation magnitude is also 

produced by a l-minute error in the time o£ rocket starting;" 

{13) (U) 

An article by N. Va.rvarov (lS) states that a 1-minute 

deviation in launch time will cau11e a Mar.s miss of 13!'>,000 km. 

An error in injectioll velocity of 30 em/ sec or an error in direction 

of l minute o! arc will cau6e a miss a! 20,000 km, 
11 

Mea.eurement· 

of the course of the 't~ars 11 fhgh< indict>t~s ~hat e\<en r;}. ~ r .osn'lic 

ambassador will pass b-, •lear Mars at a distance of l93,000 km 

without consideration of corrections to its trajectory." Fror:-. thesa 

statements rnade by Varvarov, one can establish th.e maximum 

h-.jection arrors to b~ : 

launch time 1,4 minutes 

velocity 3.0 meters/sec 

direction 1.0.0 minutes of arc (U) 

9 
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General Electric Company (ll) made the following independent 

accuracy estimafea for the Mars injection: 

Azimuth angle .1.7 mr:: 6 mi'nutes of arc 

Flight Path Angle 1, 7 mr =6 minutes of a rc 

Velocity Magnitude Less ~an 0.65 ft/sec . , 
The two estimates are in good agreement with regard to th:e 

angular accuracies. Howeve.r, there is considerable difference 

• 
! 
l in the velocity error estimate: 0.65 ft/ sec versus approximately 

lj) ft/ sec, The G. E. estimate of 0.65 it/sec indicates an accuracy 

far in excess of velocity cutoff errors in their b.allistic missiles 
1 

l 
l 
i 
I 

I 
.\ 
I 

i 

J 
' ·.l 
·' 
I 

and in other space probes · - which usually runs in the order of

. (9) (10) .. .
50 ft / sec. Consequently, the author prefers the estimate

d erived from the Soviet statement. .t8'l
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