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THE COVER

Sovu-:'r tactical concepts call for fase-
moving  armor-protected  ground
forces——in swift movements—to over=
run western Europe before NATO
forces are able to recover from the
envisaged “devastation and disorgani-

zation” resulting from Soviet surprisc

nuclear strikes. Commanders at all
levels-~division, army, and front—nuow
have organic nuclear delivery capa-
bility for tactical employment against
targets surviving the initial strategic

strikes. A high proportion of the
better trained Soviet forces are in
forward arcas, ready for immediate
deployment. However, in striving to
achieve maxitmum speed and decisive
shock effect, the staying power of both
the motorized rifle and tank divisions
has been sacrificed. Divisions within
the interior, generally, are maintained
at a lower state of readiness. For an
“analysis of some of the problems, see
“Readiness of Soviet Grouad Forces
Varies With Deployment Patterns,”

page 26, /£S‘}/

FOREWORD

MISSION: T'he mission of the
monthly Defense Inteiligence Digest is
to provide all components of the
Department of Defense and other
United. States agencies with timely
intelligence of wide professional in-
terest on significant developments
and trends in the military capabili-
ties and vulnerabilities of foreign
nations. Emphasis is placed pri-
marily on pations and forces within
the Communist World.

WARNING: This publication is clas-
sified secret because it reflects intelli-
gence collection efforts of the United
States, and contains information af-
fecting the national defense of the
United States within the meaning of
the Espionage Laws, Title 18 U.S.C,,
Section 793 and Section 794, lts
transmission or the revelation of its
contents in any mauner o an un-
authorized person is prohibited by
law. Although the publication is
marked “No Foreign Dissemination,”

certain  articles are releasable to

foreign governments; however, such
release 1s controlled by the Defense
Intelligence Ageney.

JOSEPH F, GARROLL:
Lt Geneval, USAF
Director
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Spacecraft Stubilizotion

HE Soviets arc pursuing an active

attitude~control development pro-
gram applicable to the variety of
probes and vehicles fulfilling the
various mission requirements of their
space program. Attitude-control
methods—observed i the majority
of space projects—vary from simple

JUNCTION
Box—"

spin~stabilization to the more complex
automatic systerns.  Various optical
attitude-error sensors, which include
horizon scanners and planet trackers,
have been developed and used. A
new technique—an ion-flow attitude

sensor-—may be finding limited use.

‘Stability of the vehicles has been

R OPTICAL INSTRUMENTS
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HIGH ALTITUDE
geophysical automatic station.
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spacecraft oncntatmn “have mduicd _
flywheels, gas jets, and now, possibly,

plasma jets. Iadications are that the
Soviets will continue to develop and
use opnca.l-mema!- technigues
spacecraft ammauon ‘and staf:
tion. :

Eary dzvolop!mnt

Developments in vehicle ammde
control were first evid the late
éZISO’S The Sovicts /

rocket program fo
craft arxmmos'm a1

physical awtoniatic:
with devices to ensure
orientation in space. The
attitude-control comp: '
the vertical probe vehic
horizon scanners, body:
s, and a large

two degrees, with the it
on a photomultiplier. Three of
optical scanners were moun
control the artitude of the
axes relative to the Al B
The fywheel, moun
portion of the paylo
power gyroscope in space and '

rained the local vertxml of the pmb‘




To change the vehicle orientation, the
speed of the flywheel was increased
or decreased.

To orient the payload relative to the
sun, an optical scanning technique was
used. Twe phowelectric  sensors,
which received solar radiation through
a large solid angle, were used for rough
orientation of the pavioad. As solar
racliation entered a precise orientation
SCNsor, accurate orentation of the pay-
load was accomplished.  These sensors
were used 1o derterniine the position of
the sun and the distribution of the
solar halo. Orientation of the payload
to a given azimuth could be accom-
plished by using the horizon scanners
and the flywheel actuator. To orient
the vehicle velative 1o the sun, the sun
SensoOrs wers: used.

111, launched in May 1958, contained
a self-orienting magnetometer with

three gimbaled position transmitrers

that vielded vehicle attitude with re-
speet to the carth’s magnetie field.
The vertical probes contained and
tested an  attitude-control  system
suitable for carth satellite use, but the
technology developed during the verti-
cal tests was not used unul 1939,
during the Soviet lunar probes.

Lunar program

The Lunik T operation contained
an active system to orient and stabilize
the payload for photographing the
back of the maon.  An optical orienta-

tion systern was used to ovient one end

of the capsule on the sun for a reference
and then to orient the other end to-

intertial attitude-control systems, with
variations depending upon mission re-
quirements. A varicty of launchings
using two different launch sites have
been made.

The Cosmos vehicles launched from
Kapustin Yar are primarily scientific
probes using passive spin-stabilization
for both attitude and thermal control.
Spinup of the vehicle is initiated at
termination of powered flight and it
is probably internally programed.
The torque could be provided by
venting fuels remaining in the booster.
The spin rate s believed to be about
one revolution per minute.

The Cosmos vehicles Jaunched from
Tyuratam exhibit continuous auto-
matic attitude control during orbital
flight. The attitude-control system

During normal aperation of all the
systems, the pavioad was capable of
being oriented within three degrees in
the prescribed azimuth, and the pay-
load was capable of maintaining the
obtained orientarion within half a
degree. Development of sun scekers
can be seen in the Vestok vehicles,
which used a solar sensor for orienta-
ton of the retorocket (see photo
page 34). X
Earth satellites

Sputeiks 1 and II were injeced into
orbit with ne planned spatial ¢rienta-
tion relative o the earth, except per-

. haps for spin-stabilization. Sputnik

May 1966
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ward the moon for photographic pur-
poses, using an optical moon-seeker.
By using this sun-moon orientation
téchnique in conjunction with gyro-

scopic-stabilized clements, the payload.
was in propeér position to perform is:

mission. On completion of the pho-
tography, a torque was unparmd to
spin-stabilize the vehicle. By using a
constant angular velocity, favorable
temperature conditions  within the
pavload were ensured during the rest
of the fight.

Cosmos program

Since 1960 the Soviets have con-
tinued to develop and use optical-

“torque for the vehicle.

probably ncorporates three rate-inte-
grating gyroscopes to maintain vehicle
reference, with a two-axis sun sensor
and a horizon scanner to correct for
gyroscopic drift. Gas jets provide
An-on-board
timer and sequence programer comi-
mands payload operatien, controls
atticude modes, and activates correc-
tion of the gyroscopes. The attitude
system is activated tmmediately after
payload injection into earth orbit,
upon entry and exit from darkness,
before and after payload operation,
and durmg the prereuo peﬂod A
recent innovation in orientation ob-
served during a reconnaissance flight

—Seeret. 33
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of this vehicle is the exectution of a
roll maneuver just before payls
operation. The mansuver woult

vutside the camera-coverage area, dur—
ing a particular-orbit. -

The accuracy of the automatic
attitude-control systein 8 assessed at
0.30 degree in pitch and roll and 0.03
degree in yaw. The difference in
accuracy is that horizon sensors used
for determining pitch and’ roll are

less accurate than & point-source
solar sensor used for determining

errors in yaw,

Manned spacecraft
The Vostok{Vaskhod manned vehi-

cles used both manual and automatic.

orientation systeass for spacecrafl atii-
tude control. The manual system is
basically optical, vonsisting of a drift-
meter-type device used by the cos-
monaut to view the earth and
determine the heading of the space-
eraft. The orientation -devied is bes
lieved to be a rather simple mechanism
consisting of two annular veflecting
wirrors, a light Glter, and a views

ng
glass marked with lines similar to those -

on a driftmeter. By viewing the
earth’s horizon, the cosmonaut can
devermine the local vertical of the
spacecraft, and by lesking through
the central portion of the viewfinder,
he can determine the “run” over the
carth’s surface. In this manner, space-
craft  attitude can be determined.
Both the Voswok and the Voskhod
vehicles use a gas jet actuating system
to change the atttude of the space-

34 —Szeret—

fa-
cilitate photographing areas normally -

the yets. rn coajun
un:ntanan device. a
is used to denote spacecraft pom
abave the earth. The globe is used
continuously - during orbital fight.
Contrals are provided on the glof:cs :
device control pauel to correct for
position and time errors as determined:
from ground tracking. A &ual—ér ‘
coordinate indicator, which i5 ap-
parently mechanically connected 1o
the globe device, gives spacecraft
latitude and longitude.

The automatic system, probably a
rate-stabilization type, has several
modes of operation, mdudmg an
orbital mods and another mnde, used
for retrofire orientation :

During orbital flight tﬁc amomatm
system  does not  maintain satcnfcc
attitude stabilization, though it

programs
pounnal of earth-horizon
to be rcahzed

ve[uck: Such &
two probes or waps

and is sun onemcd for czmtmllmg ¢
desired retrofire attitude for ejection

oriented to the velocity

from orbit. The method consists of spacecraft. In this ca

sta.bilizing thc»attitude of the véhicle‘ vent readings of the p
prior to rewofire about two vehicle cqual, moreover, a dl&‘
axes, which are normal to the space-  peudings ¢ be. us
craft sunline direction, I[n this mode i ¢ and
of operation the attitude gvrosoopcs
are uncaged.
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within two degrees, This -atdtude
sensor technique is not highly accurate,
but it is simple and can be used for
coarse orientation during space flights,
either carth orbital or pzizmctary.

Parking orbit technique

After the Lunik III operation the
Soviets began using the parking orbit
technique in support of their planetary
probes. This technique requires
spacecraft attitude conurol during the
carth orbital coast phase and especially
during final-stage powered  flight.
Spacecralt orientation during the earth
orbit portion of flight uses Inerdal
(gyroscopic) components. (The pres-
ence of a fully gimbaled system,
however, cannot be confirmed.)  Iner-
tial errors—such as gyroscopic drift-—

at the end of the orbital coast phase

should be tolerable, since the time

is less than an orbital period of 90

minutes. The conventional gas jet
actuators probably arc used during
orbital coast to maintain the attitude.

During the Zond [ Venus probe, a
large amount of vehicle-control activ-
ity occurred just before final-stage
powered flight.  The activity probably
resulted from a reduction of the arii-

tude error tolerances for more accurate

attitude control. Therefore, probably
only coarse stabilization is maintained
during the carth orbital phase of
flight; later, as the vehicle nears the
final-stage ignitiorn point, auitude
errors are minimized.

Maneuverable spacecraft

In November 1963 and April 1964
the Soviets Jaunched two space velhi-
cles, which they described as maneu-
verable.  Polyot 2 exhibited an orbital
inclination change. The guidance
system employed probably is ap on-
board system, primarily inertial, Be-
cause of the short coasting periods,
gyroscopic corrections were not ¥e-
quired: however. gas jet actuators
probally were used w maintain sta-
bility during rthe coasting periods.
Attitude-control equipment used by
the Sovicws during these flights is in
keeping  with Soviet developments;
however, no optical devices were used
or vequired to correct spacecraft atti-
tude, After the maneuvers were com-
pleted, the orbiting spacecraft were
spin stabilized, with no indication of
an active on-board attitude capability.

Planetary program

The Soviet Venus and Mars probes
1ave used an active orientation and

May 1966

stabilization system after injcction into
the planetary trajectory. Early plane-
tary probes. used solar panels for
generating spaceeraft power, and to

accomplish this task solar sensors were

used to orient the spacecraft and hence
the “paddles.” Orienting the vehicle
on the sun established stabilization
about two axes, while the third axis

could be established using a second

celestial body. Deviations would be
detected by the sensors and the error
eliminated by an actuator system,
The main actuator technique pre-
viously used was gas jets. The Soviets

recently announced that they had
successfully operated plasma engines
on the Zond 2 Mars probe fired on 30
November [964, to “maintain the
spacecraft’s position relative o the
sun for a Jong period.” They stated
that the six plasma engines operated
successfully on radio command from
the earth. Such a plasma orientation
systern would be operated only as a
fine vernier adjustment; and any
rapid or large-scale vehicle-orientartion
maneuver probably would be accom-
plished with the conventional gas jet
actuators. Consequently the plasma
engine attitude-control system prob-
ably would be used during the plane-
tary trajectory of the flight to orient
and stabilize the vehicle solar cells
oward the sun. Power for these

 Communicatio
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engines may be obtained in space
directly from solar bartteries or from
a special power source.
atellite

Recently the Soviets launched a
spacecraft called Molniya, which has
been deseribed as a communication
satellite. The launching techniques
were similar to those of the Zond
planctary probes and used the park-
ing-orbit technique with inertal-gas
jet atritude control. The Molniya |
was fully stabilized when it reached
the final high-altitude, elliptical orbit.

The attitude package appears to be
in the form of a series of sensorg using
the sun and earth ag references—that
is, solar sensors and carth sensors to
orient and stabilize the three body
axes as well as the antenna axis, To
mainwain the proper attitude, a system
of reaction jets/plasma jets was used.

Soviet space efforts have achieved
some - spectacular successes. These
achievements have resulted from an
intensive program that inclades study
in numerous space realms, Develop-
ment and research in the techniques
of spacecraft auitude control indicate
that this field is receiving considerable
attention. - And  while new devices
are undergoing research, the optical-
inertial rechniques appear to be the
primary system for orientation and
stabilization. {END]
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'LUNA-9 [SOFT-LANDS

ON THE: MOON
& Soviet lunar probe, Luna-9, launched from

Tyuratam on 31 January 1966, successfully
soft-landed on the moon’s surface on 3 February.
A number of different pictures were transmitted
from the lunar surface by means of photo facsimile.
The mission tends to indicate that the moon’s
surface i3 hard and capable of supporting man and
his required landing equipment. In addition to
the facsimile -equipment, Luna-9 carried instru-
mentation to collect scientific data on the lunar
environment.

Initially the payload was expected to be operating
for at least two weeks. After about four days of
operation, however, weakening signals and noisy
data indicated that the primary battery power
supply was depleted and that no recharging capa-
bility existed.

The Soviets state that the payload directed to
the moon weighed about 3,300 pounds. Based on
this weight and the deceleration thrust required to
reduce impact velocity to nearly zero, the weight
of the spacecraft as it arrived in the vicinity of the
moon probably would amount to 1,200 pounds.
The President of the Academy of Sciences, M., Kel-
dysh, stated that the weight of the equipment that

.oft—landcd was only 220 pounds. The instrumen-

ation payload probably was about 50 pounds.

SOVIET conception of Luna~9’s moon landing.

The success of Luna-9 marks two significant
advances for the Soviets in ‘their manned lunar
program. First, the stabilization, attitude control,
and retrorocker systems for soft-danding have been
successfully tested,  Second, invaluable information
concerning the surface conditions of the moon has
been obtained. The success of Luna~9 is an
important step towards placing a Soviet man on
the moon.
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