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(U) SUMMARY

Purpose

This Technical Report was prepared to meet requirements
established on page 56 of the Foreign Technology Division Soviet

Planetary Explcration Program TOPS. It fulfills Task 6182(44)

of the referenced TOPS. (8] ‘
Conclusions = .

a. The boost stage and the gustainer stage of the plaretary
launch vehicle use a radio-incrtial guidance system. The vehicle
is controlled in yaw by radio, The pitch plane guidance is
probably inertial. 187

b. The third stage which kicks the heavy earth satellite inte
earth orbit is believed to be all inertial. 181

¢. During the coast phase (while the satellite is orbiting the
earth), the satellite is tracked accurately by earth stat.ons to .
obtain ephemeris data. This data is transmitted to a central
computation center, The corrections required in the f~ui.n stage
guidance program as a result of the deviation of the sateiiite from
a nominal orbit are computed at the computation center. {5}

d. The required carrections to the fouith stage pros~~'m are
transmitted to the vehicle either directly from an earth staun

or via Soviet ships at sea. 57

iii
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e, At the computed time, the planetary probe is ejected :nto
a planetary trajectory at a precomputed angle. The magnitude
of the 1mpulse is determined by either a timer which shuts down
a constant thrust engine.after a predetermined time or by an
integrating accelercmeter which shuts off the en'gine when the
velocity-to-be -gained equals zero. 487

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

planetary trajectory is estimated to be approximately as follows:

launch time 1. 4 minutes
velocity 3.0 meters/sec
direction 10. 0 minutes of arc 87

Background Highlights

From 10 October 1960 to 4 November 1962, at least ten
Soviet vehicles were detected which are believed to have been

;ttempted Mars probes or Venus probes \see Tabie Ij. > these,
only two = the Venus prok= - 12 February 1961 and the Mars
probe of 1 November 1962 - are classed as successes in that they
were succeasfully injected into planetary orbits, Both of the
successes as well as the eight failures are believed to have
utilized a parking orbit, ASY

It is believed that identical launch vehicles have becn used

1

for the probes. The system has been designated as the S¥-.} system.

iv
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TABLE 1

(U) SOVIET MARS AND VENUS PROBES

3 . §
} Date Mission Sputnik Nr Z ~Number : Comments
i 10 Oct 60 Mars 2280 Unsuccessful
‘i 14 Oct 60 Mars Z281 Unsuccessful
,' 4 Feb 61 Venus 2309 Unsuccessful
' E 12 Feb 61 Venus Sputnik Vil 3% Succezs via pariing orbit
i — =% e
25 Aug 62 Venus Sputnik XXII1 Z533 Unsuccessful
1 Sep 62 Venus Sputnik XXIV A 2534 Unsuccessful T
i: 12 Sep 62 Venps Sputnik XXV Z535 Unsuccessful
' E 24 Oct 62 Mars Sputaik XXIX Z575 : Unsuccessful
§ 1 Nov 62 Mars-l Sputnik XXX Z.585 Success via parking orbit
[ ; 4 Nov 62 Mars Sputnik XXXI .’/.59:‘ Unsuccessful
: “‘4 —
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it 18 believed to consist of the booster and the sustainer of the
55«6 missile, plus a third stage known as the Venik rocket which
first appeared on the 10 October 1960 attempt and a fou ih stage
which is believed to be the Lunik upper stage. i8]
Discussion

it is generally agreed in the intelligence community that the
first two stages of the launch vehicle for the Sovist space probes
are the booster and the sustainer of the ICBM-A, The ICBM-A
is believed to be guided with a radio-inertial system. Speculations
on the specific details of the radio-inertial system are not abundant
in the literature; neither are the existing speculations all in
agreemaent. ST

Though it is generally agreed that the radio portion controls
motion in the yaw plane, the type of radio guidance involved is
more speculative and more diverse in the final conclusivng. Som=
reports describte the svstei~ 28 a radar track and ccmmand system
consisting of four radar sets located at the ends of the arms of
a cross. A computer receives data from the radar sets, computes
the necessary corrections to the trajectory, and then transmits

. . it
command signals to the vehicle via the radar sets. (8, i1 12, 19)

#All parenthetical superscripts reflected in this report ar: references
listed in the Bibliography.

? SE‘;RE? AFMDC 63-5654
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Others (®) estimate the yaw guidance to be a LORAN type system
in yhich the time of arrival of signals from two transmitting
antennas 1s measured by the vehicle, The guidance commands
are then derived from these times, The author prefers the
LORAN concept.since it offérg the required accuracy while the
equipment requirements are much less than the radar concept.
The LORAN concept is a direct follow-on to the yaw plane guidance
system used by the Germans on the V-2. (87

Althqugh reliable datz; is practically nonexistent on the

guidance for the third and fourth stages, most analysts seem to

believe that these stages are also radio guided. The author

believes th.e third and fo.urth stages to be inertially guided according
to a precalculated program, Precise tracking of the heavy earth
satellite after injection into urbit decreases the accuracy require-
ments for third slege guidance. Errurs in the injeenim 22 :ametcrs-
can be caiculated fro= rie tracking data and then compensated fox
by changing the program in the fourth stage. Similarly, the
midcourse correction can compensate for errors in fourth stage
parameters. In general it is believed an autopilot grade inertial
systermn would be adequate., A8

The remote areas over which the third and fourch stages are

sometimes initiated also argue against ground radio cynimand
vii

_S_E.E_R.Elf;' AFMDC 63-5654
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guidance. The third stage might be ignited downrange 1,600 nm
{rom the launch point. The fourth stage for the Venus probe was
ignited over North Africa and shut down over Northern Turkey.

If the vehicle is launched in other than a 65° orbit (as Lunik I1I
was}, the third stage ignition will occur at some point which does
not lie 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, m

vidi

_S_E.en_E_‘I_ AFMDC 63-5654




SECRET

SECTION 1

(U) BOOSTER AND SUSTAINER GUIDANCE

It is estimated that the booster and the sustainer stages

utilize the SS- 6 radlo-inertial guidance system. The system

_consists of inertial components to control motion in the pitch

plane and a radio system for yaw plane guidance., {57

‘Two free gyros are used in the inértial system. The gyros
have no internal damping and might use potentiometer pickoffs.
One gyro,oricnted with its spin axig parallel to the pitch axis,
controlsvboth roll and yaw. The second gyro controls pitch,
Its 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 arec given in Table
114 5 The outer gimbal of both gyros are pivoted about the roll
axis. The relative low resolution.of the gyro picl..iis, 2pproaxi-
mately 8 minutes of arc, indicates that the gyros are used
primarily for stability and control. integrators in .¢ forward
loop of the control system reduce ateady state err~ra to assure
flight along a predetermined traje.ctory. 15) 457

The radio system for the yaw plane guidance ic o the

e

LORAN type. An on-board receiver measures the ti.rz <

_S_E_GR_E_T; AFMDC 63-5654
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TABLE 1L

(U) AUTOPILOT GYRO PARAMETERS

Specifications for this autopilot are as follows:

Type of gyros

Number

Two-degree of freedom

Two

Calibration and Resolution Factors

Channel Nr Cal Factor Resolution
1 15 degrees/ 100% cal 8.5 minutes of arc
2 15 degrees/100% cal 8.5 minutes of arc
3 20 degrees/100% cal 8,5 minutes of arc

Gyro Precession Rates {Maximum)

Inner Gimbal
QOuter Gimbal

Type of Damping

Pitch Torque

Pickoft wevice

Gyro Gimbal Bearings

Rotor Moment of Inertia

Autopilot Funrction

~-800 degrees/second
~600 degrees/second

None

Inductive device attached to the
outer gimbrl of Cyso

Fairly low impedence wirgwound
potentiometers

Probably ball bearng:; the gyros
are not floated and there 1s no
evidence of air bearings

Unknown, but probably not more
than 10X10°--cgs units

Flight stability and possibiy rough
aiming

_SE_E_H__E:F_ AFNMDC 63-5654
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arrival of a signal from two tranamitting stations. The m‘xss.ile
is steered so that a desired and predetermined condition regarding
the signal time of arrival is maintained, {87

Integrating accelerometer(s) on the missile measures the
velocity and the position of the vehicle as a function of time.
The measured values are compared with precalculated, prepro-
grammed values to generate error sigrals. The error signals
thus generated control thrus_t'.-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 ie followed, cutoff will always

occur after a well-defined time interval. sy

_S_E.GB_E_T_ AFPMDC 63-5654




SECTION II

{U) THIRD AND FOURTH STAGES GUIDANCE

The fourth stage of the launch vehicle contdins the guidance
equpment for both the third and the fourth stages, The guidance
1s estimated to be an all-inertial system. The system consists
basically of body-mounted gyros for attitude coatrol and an
integrating accelerometer or a timer for thrust termination,

With a good tracking system, minor erxors in the satellite

orbit parameters are tolerable since these errors can be
compensated for in the fourth stage by correcting the firing angle,
firing time, and the magnitude of the fourth stage impulse. (8’)

Fluctuations in.the inclination angle for injection into earth
orbit (assuming 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 for other Soviet LoV (Sputrixs ard
Cosmos vehicles) which are also believed to use the booster and
sustainer of the SS-6 show that the burnout velocity '3 controlled
to an accuracy of about + 50 ft/;sec and the burnou’ angle to within
about 6 minutes of arc. Consequently, the satellit~ injection
guidance errors for the space probes are belicved ‘- e the
same - i.e., + 50 ft/sec in velocity and burnout angle *rior of

+ 6 minutes of arc. (&)

W AFMDC 6'3-565:4_




SECTION II

(U) ORBITAL COAST PHASE

The third stage of the 1aw..mch vehicle places a heavy gatellite
into earth orbit, The heavy satellite containg the space probe.
The actual orbit attained will diffexr from the nominal orbit calcu=-
lated prior to the launch of the vehicle. - This deviation from the
nominal is due to launch guidance errors {see Discussion on page
vi, and Section I}, (The preprogrammed inertial components in
the fourth stage have been programmed assurming injection of the
satellite into nominal orbit.) (&F

The earth satellite is tracked as it passes over the. Soviet
Union. The data obtained is transm_itted to a central computation
center where the actual parameters of the earth orbit are calcu~
Jated and compared with the nomi;\al values, The changes in the
fourth stage guidance which are required to compensate for the
orbit deviation from nominal are transmitted to the vehicle

(possibly via the tracking ships at seaj. (9

) _S_E_%- AFMDC 63-5654
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SECTION 1V ' E

(U) INJECTION INTO PLANETARY TRATECTORY -

The earth satellite carrying the space probe is probably 4
oriented in the direction required for injection of the praobe into

planetary orbit immediately after third stage burnout. This

orientation is maintéined throughout the orbital coast phase. (8]
""At the time for the launching from the' satellite, the
v possibility ariges for the adjustment of these errors which have
. accumulated during the flight of the rocket carrier from the

earth to the orbit of the satellite, (U}

"Improved pararﬁetexa of movement for the launching base {
{i.e., the Cosmic rocket carrier for the interplanetary station),
can be applied during the introduction of the ‘station into the I
! interplanetary course, " K8 (U)

Thus the tracking data obt~ined {rom the satellite ir used to N
calculate the impulse required - both in magnitude and in direction « !
to inject the planetary probe into the proper trajectory. ‘the ) ] |
i time at which this impulse must be applied is also determined ’

| accurately, Thus the errors accumulated during launch are

compensated for by adjusting the paramaters of the final *r.ruuc

which affect the interplanetary burnout conditions. For the ona-

% "AFMDC 63-5654 » ‘Ei
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orbit probes, the. calculated corrections are probably transmitted
to the tracking ships at se2 which in turn transmit them to the
orbiting satellite. The corrections required would be {iring
time, duration of thrust or velocity to be gained, and. the {light
path angle. ,(8)/

The fourth stage guidance is believed also to be
inertial, This is substantiated by the open literature in which
vprogramming equipment'’ is gaid to be aboard the Venus probe.

1t is also stated that as gigted inertial gystem is employed. ARG

AST
The firing of the fourth stage is probably commanded from

earth stations. (The open literature states that the Venus stage
was launched from orbital stage by litelemetry control. ) (18)
Again in Science and Life {Selected Articles), FTD-TT-62-200,
it is stated that, "At exactly the right moment, ‘n anadwer Tha
comnrand, a.‘fr.eeh rocket ¢ Tying insidé, it an AMS inter-
planetaxry space ship was launched from the satellite in @
atrictly determined direction Elenus probe of 12 Februaary
196g. it Depeﬂding upon the point of injection, the command can

be initiated by either the ships at sea or by stations within the

USSR. 487

"SE'GR-E%— AFMDC 63-5654
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An estimate of injection errors can be obtained from Soviet
statements which have appeared in the open literature:

uTo gecure the passing of the AIS in the immediate
vicnity of the planet, the lifting of the AlS into trajectory must
be realized with greater accuracy. Errors in the velocity
magnitude by 1-3 meters/sec and errors in heading of velocity
of 0.1-0,39 result in change in rainimur distance between AlS
and Venus by 100,000 km. Such-a cdeviation magnitude ig also
produced by a l-minute error in the time of rocket starting: "
13} (u)

An article by N, Varvarov {15) gtates that a 1-minute
deviation in launch time will cause a Mars miss of 135,000 km.,
An error in injection velocity of 30 crm/sec or an error in direction

of 1 minute of arc will cause 2 miss af 20,000 km. Measurement
of the course of the ‘Mars I' flighc indicatssg that even e Cosmic
ambassador will pass b, aea¥ Mars at a distence of 193,000 km
without consideration of corrections to its trajectory.” Frora theae

gtatements made by Varvarov, one can establish the maximum

jujection errors to bea:

launch time 1.4 minutes

velocity 3.0 meters/sec

direction 10,0 minutes of arc (U}
9

AFMDC 63-5654
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General Electric Company (11} made the following independent
accuracy estimates for the Mars injection: =
Azimuth angle 1,7 mr = 6 minutes of arc
Flight Path Angle 1,7 mr = 6 minutes of arc
Velocity Magnitude Less than 0.65 ft/sec A8y
The two estimates are in good agreement with regard to the ‘
angular accuracies, However, there is considerable difference
in the velocity error estimate: 0.65 ft/sec versus approximately
10 ft/sec. The G.E. estimate of 0.65 ft/sec indicates an accuracy
far in excess of velocity cutoff errors in their ballistic missiles
and in other space probes - which usually runs in the order of
50 ft/sec. (9) (10) Consequently, the author prefers the estimate

derived from the Soviet statement, (3}

10

; SECRET " AFMDC 63-5654



(U) BIBLIOGRAPHY
l, ESS PFR-2Z280, Lockheed Missiles and Space Divi:ion,

LMSD/653017, 14 February 1961

2, ESS PFR-Z309, Lockheed Missiles and Space Division,
' LMSC/653323, 11 April 1961

3. Sino-Soviet Bloc Missile and Space Technology, Army Intel-
ligence Document, MI 4-62, October-December 1962

4. Lunar Exploration System (LES) Launch Vehicle Guidance
and Control Subsystern, AFMDC-TR-63.-3, September 1963

5. Analysis of Soviet Attitude Control Systems, by Fred G.
Ehler, McGraw-Hill Book Company, June 1963

6. Electronic Signal Studies Special Report, ESS SR-31,
Lockheed Missiles and Space Division, LMSC-B0O69130,
23 August 1963

7. Electronic Signal Studies Special Report Nr 30, Lockheed
{ Missiles and Space Division, LMSC-BO65756, 1 August 1963 .

; 8. Guidance Evaluation Study, Volwme I; Defense Systems
: Department, General Electric Co,, June 1961

1
B 9. Soviet Inertial Guidance Systems and Componeuts. TL-
MDMS-62-2, AFMDC, May 1962

10, AFMDC-TW-63-3, July 1963

11, Guidance Evaluation Study, Volume I, Defense Systems
Department, General Electric Co., May 1963

12. Guidance Evaluation Study, Volume I, Defense Systems
Department, General Electric Co,, June 1962

' 13. Soviet Satellites and Space Shipa, by S. G, Aleksz.;uiuv and
: R, Ye, Federuvv, FTD-TT-62-121/1+2, 23 Febyuary 1962

11

_S_E.e_ﬂ-ﬁ— AFMDC 63-5654



http:PFR-Z2.80

]
:
i
i
i
N
1
L)
1

14,

15,

16.

17;

18,

19,

~SECRET

ESS PFR Z-327, Lockheed Missiles and Space Division,
LMSD/653372, 20 April 1961

Launching from Orbit.- This ig ~~--- ; by N. Varvarov,
FTD-TT-63-489

Analysis of Soviet Literature in the Area of Guidance
Systems, Volume II, by Peter A, Castruccio, McGraw-
Hill Book Company, 20 November 1962

Science and Life (Selscted Articles), FTD-TT-62-200

Moscow News, Free Supplemment, Sunday, 22 December 1962

50X1 and 3, E.O0.13526

12

~SECRET-

AFMDC 63-5654




ang taioreie . g g
e R e

c

DISTRIBUTION
B Organization OPR Copy Nr
FTD TDES 01-02
FTD TDFS 03-04
FTD TDBDP ) 05-09
AFSC SCFT 10-11
BSD BSF 12-13
SSD SSF ) 14.-15
ASD ASF 16-17
2 ESD ESY 18-19
AMD AMF 20-21
RADC RAY 22-23
AFWL WLF 24-25
AFFTC ' ETY 26-27
AFMTC MTW 28-29
. APGC PGF 30-31
AEDC AEY 32-33
AFMDC MDSG 34
* AFMDC MDO 35
AFMDC ’ MDNH 36
13

AFMDC 63-5654






