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FOREWORD 
MISSION: The mission of d\(! 
monthly Difdn;t lr1telligence Digest is 
to provide all components of the 
Dcpartmenl of Def<!nsc and other 
United. States agr:.:ncies wit:h timely 
i:ntelligencc of wide p·rofcss.ional in­
terest on sign ifican t developments 
and ~n~nds in th t: military eapabili~ 
tics and vulnerabilities of l·orcig.n 
nations. Emphasis is placed pri ­
mnrih· on nations and forces within 
rhc Communist World .. · 

THE COVER 
OVlliT tactical concepts ca11 for fuse­
moving armor-priJtcctcd ground 

forces--in swift movemen~'l-to over• 
run western .Europe before NATO 
forces are able w recover from the 
envisaged " devasta.tion and disorgani­
zation" resulting from Soviet surpdse 
nucle"ar strikes. Commanders at aU 
lwels--- division, army, and fronP-now 
ha-ve .organic nuclcn r delivery capa­
b"ility for t a ctical employment against 
rargcts suryjviHg the i-nitial strategic 

S

WARNING~ This publication is clas­
~itied secret becaus.: it rdlcc.ts intelli­
gence collection efforu; of the United 
States, and e.onlains information af­
fecting the national defense of the 
United Statc.s wi~hi..n the· me,aning .of 
thc ..Espionage La-ws, Title 18 U.S .C., 
Section 795 and Section 794; lt$ 
tr.qt.1an1hisio:n Qr tb.e rcvdat.ion of:its . 
contt.nts in anv manner to an ·un· 
a uthorized per~(l is prohibited- by 
law . Although the publicatio11 i$ 
marked 1'NoF'ol'l~ie:n Dissemination," 
r,enain articles ~rc · r~ leasable to · 

strik11s, A high proportion .. of -the 
bl;tter tr.ain_ed Soviet forces ;~ in 
foi'w.ard areas, ~dy for m~ediatc 
deploytuent. HoweV~er, in strtving_ to 

achieve lll<L.~itnum speed an<;t decisive 
shock e:ffecr, the sl:ayiiig power'cf bath 
the rnotorizCd d.fle and tank divisions 
hall been S?criilccd. Divisions within 
·the· int~riqT., generally, are main~lncd 
at a ·lower state of readiness,. For an 
analysis of some of ~he ptoolen'IS, see 
"ltea,dim:ss of Soviet 0"1·p.uo.d f.'-()J;~es 
Varir.s With Deploym<>.ni ~artc-r~V 
page 26. . ~J 

foreign governments ; howc:ver, such 
release is _controlled br the Defense 
Intelligence Agency. 

jOSEl"H F. CARROLJ.... 
Lt Gcnora,L ILJSAr' 
Dir~ctor 
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USSR I DESIGNS ~TJIJUDEtomOL 

SYSTEMS TO FfflSPAC£ PROJECTS 


HE Sov1el~ urc. pu1-suin!; an active.Tattitude-control c!evdopmcnt JJro­
gr"m applicable to the va riety .of 
prolx--s and vehicles fulfillin g the 
·various m · ·ion r equi r-emen t. of thcir 
space prof;r .:irn . Attitude-control 
methods- obst.--rved ill the u1ajority 
of space projects- vary from simP:le 

spi.n-stabilizatiorl w the more complex 
automatic systems. V arious opt:ic<l.l 
nttitude.-error sensors, which i.nclude 
horizon sca rrnen and plaMt trackers, 
have been developed and uSed. A 
new tech nique-an ion-flo"' attitude 
sensor- may be fi nding lin1ited use. 
Stability of th whiclcs has .~~l1 

contr~lled :l!!r.iuiarily by jnenia1 com.. 
poT'ten~. A~tt.~ator techni~ 1l9ed to 
eli'minate attitude erro111 and to correct 
~ecraft orlent:atio~ haVe ·inci~ed . 
flywneels, gas.~tS, and' now, possibly, 
plasma jets. 1u~tWflll: atte that the 
Soviets wiU continue to develop ~nd 
use optic.al-j:nertiat 'techniques fQr 
spacecraft m4erifation and $taoiliza.. 
ti.on . . W 
~orl' y developMent 

Developments in vehicle: attitude 
conttQl were first evident ia the late 
1950's. The Soviets Ustd their v~ti­
cal rbck~t pr~m for testing apace­
craft ·orientation and stabil~t'io.n 
systemS as... well . as for g~thCJ!ing 
scie!ltH\c data in sp~e. &viet ~tui!f~~ 
Q{ lh'e upper atmOSphere d.url9t-l,51 
th~~gh 19:59 ~~~~~ ..phy51cal ~utorua:uc statiQna eqmppcd 
witb .deviees -~ '<:Q,ure. autom~tic 
or.i~tation i9- ~acze. The pri.n'uuy 
a~tude-rontr{ll co~pents on board 
the vertical probe v.ehida were optiea:l 
hor~n scanners, ~y-.rpotmted g)'l'O· 
scopes, and a lat:ge lly:wlleel {sec 
figure oR left). The optic:<\l hor:i:Zon­
scannibg. system had a field of view of 
two degrees, with the i~e focused 
on· a photomultiplier. Tfriote or-tb.c:se 
optic;U scanners w~ m.outited ~ 
cQntrol thf. attil:urle of the vehide 
axes relative to t1:\e looal ho~. 
The fiy\"h~el, niounttd ~n -the central 
portion. of the payloaQf ,~<;:te(i as a 
power gyroscope :in sp.ace and main- .. 
tained the local vertical of the pro~ 

DefcnH ln:tcltiscnc• Disest · 
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e: 
To change the verucle orientation, the 
speed of the fly-whed was increased 

,or decreased. 
To orient dw payload relative to the 

sun, an optical scanning.rechniq~e was 
used. Two photoelectric sensors, 
which recei~·ed so!a.1· radiation through 
a large solid angle, we1·e used for rough 
orientation of the payload. A~ solar 
r;td im ion ("Ow rt'd a pr'<=>C ise orientation 
St'I150r, aCCU,.iHC orienta Lion of the pay­
load w<~s acromplisht>d . These se nsors 
were used ro determine the po~ition of 
thc sun and the distributicm of rhe 
solar halo. Orientation of the payload 
to a gjven azimuth could be accom­
plished by using the horizon scanners 
and the f·ly·wheel actuator. To oricnr 
the vehiclt: relative to the sun, the sun 
sensors were used. 

• 
During nor rnal <ipc.·r<H ion (>f all tfw 

S)St<'ms. lh r pa\·load ....-a~ capable of 
ixing oriented ,,·ithi.11 tl. rc~:: degrees in 
the prescribed azimuth . and ihc pay­
load wa~ capabl.c. of ma intaining th•: 
obtained oritntiuion within half a 
degree. Development of sun seekl:rs 
can be seen in the Vostok vehicles 
which UJ>ed a solar sensor for orienta­
tion of the retrorocket (sec·· photo 
page 34). 

Earth satellites 

Spumiks 1 and ri wert injected into 
orbit with no planned spa!ia.l .oriema­
1ion relative tO the eanh , except pe-t··e haps fo1· spin-stabiiiza:ion . Spumik 
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UI, launched in May 1958, contained 
a self-orienting ffiaf,'llCtometer with 
tbr~e girnl;laled position transmittcn; 
that yielded vehicle attitude with re­
s.pcct · lO rhe earth's n;u~gnetit\ fiel'd . 
TI1e vertical probes contained and 
tC$ted an artitudr-control system 
suitable for ca.rtl1 sarcllite use, but the 
technolog y devdopcd d uring the verti­
cal tes ts was :not used umil 1959, 
during the Soviet lunar probes. 

Lunar program 

The Lunik HI operation contained 
an active systerri to orient a nd stabiliJ;.e 
the.~ payload for photographing the 
back of the rnc;iQri. An optical or-ienta­
tion system w<Js tJsecl to odent one end, 
of the capsuk on the sun for a :reference 
and then to orient the odt<~r end to-

VOSTOK GLOBE DEVICE .-IS( 

w:;;rd tht' mnon for photographic pur­
pos.~s, w;in g an optica·J moon-seeker. 
By m ing this sun-moon orientation. 
technique in conjunction with gyro­
scopk-stabi.lizcd clerncots, the pa)doad 
was in proper positkm to pcrfonn i'ts : 
mission. On comple.tion or the pbei:.:' 
tography, a torque was imparted to 
spin-stabilize_the vehicle.. By using a 
co:ns~ant angular velocity, favorable 
temperature cou.d.itions within the 
payload ·were ensur<:d during the rest 
of the flight. 

Cosmos program 
Since I960 the Soviets have con-

ti.nucd to develop and usc optical-

intertia! a:ttitude-control syste~, 'Vith 
variations depen~g UpOn missiOn re­
q't.'li£ement;s. . A variety of laun.cpings 
using t"Vo different lau.ncll sites have 
been made

The ooS.mos vebides launched from 
Kapustin Yar ar~ primarily seJ~tific. 
probes l,IS.ing passive spin~stabilization 
for both attitude -and thcrniat contr.ol. 
Spinup of the vehicle is Wtiated· ~t 
termination of powered flight and it 
is probably internally pro~amed. 
The torque could be provid¢d by 
venting fuelov J'emaining in:the boaster. 
The sp·in ra:te if! believed te be·about 
one ·revolution per mln~re. 

The Cosmos··vehicles launched ;from 
Tyuratarri · ~hioit ·c,~ntinuo~.,~.~ aqtg· 
matic ·attitude cpntrQl during orbital 
tlight. ·The. attihtde"control sys·cem 

.. 

.. 

probably incorpor.t.tes three .tate-:inte­ ..'· 
grating gyroscopes 'tO maintain vehicle 
reference, with a two-axis sun se.hsor 
and a hor.izon scanner to correct for 
gyroscopic drift. Gas Jets provide 

· torque for the vehicle; An on"board 
'timer and seql.l,ence programer Cbn'l­
mands payload operation, controls 
atticvd~ modes, and activates co.rrec­
tion c;Jf the gyToscop!lS. Thturttih,tde 
system ·is activated im:mediatl!iY after 

· payload irtjection into earth: orbir, 
upon entry and exit from darkness, 
before and after payload op;er:ation, 
and during the. preretro pe.riQd. · A 

recent innova·ti.oo· in orientation .ob­

sewed during a t:econ.naissance flight 
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nf this vehicle -is the execution of a 
roll maneuv~;:r jUJ;t before pay!bad 
operatirln. The thari_eu,.,cr would fa~ 
cilitate photographi.Q.g areas n!)rma~r 
outside the catnel't.H.:oV;en~e l! ft­.<taur~ 
ing .a particular orbit. ·.·..• · .. · 

The ru:cur acy of ·¢t. automatic 
mti.tudc-control syst em is assc..--sc:d at 
0 .30 d cgre t: in pit · h a nd roU and O.OS 
degree in yaw. The differe nce in 
,}ccur acy i·· th a t horizon scosors used 
for d ·tcrminin~ p itc h and mil ar<~ 
le.>s .:.ccura te tha n a po in .t-sourcc 
sular s~::nsor us ed fol' dCtt'"n u ining 
errors in yaw. 

Manned spa<:-ecroft 
The Vost.ok f Vos.khod nl<lt'lncd ¥t"Jli­

clr,s used both rnamial and automatic .
r,J'i~rn,H i on s;,;l l' ll lli f•:.w spaororaft att,i­
tud c control. T he ma.t'ruaL s~·-~tmn i.s­
basica!l ~· opl.i.cal , ooosisting of a driit­
mcter-typ<~ dcvic ·ed by the cos­
monaut to vi ew the ea nh and 
d ctrrmiue th.e 'hcadi11g' of thr. Sp!lCe­
eraft. The ori~ntation. ·dcv.icc is be,. 
lieved to b~ ;\ ra ther intr;>.ie n1echanism 
consi sting of :~wq a nnlcllt,ll• ~·~ficc~iag 
ntiJ:rors, a ligh t filtt:l\ ·-and a. view-ing 
glas.~ markcq "'iih lin1<5 slrriil~r ta ..th:ose 
o'o a dt"iftmder. By viewing .the 
earth' s horizon, the cm;monaut can 
determine the local vcitic:al of the 
spacecra ft , and by looki n.g throtlgh 
thr r.cntral ponio.n of rhc viewfinder, 
he. c::l.ll d e te r mine tlw " 1 un" over the 
earth's swface. In thi~ manner, space­
l.Ta ft <1 tlitude c an be d c rerrnined. 
llod1 t hr: Voswk nnd the Voskhod 
vehirl u s·~ a gas jet ac t ua ting S ~'.Stf".m 
ro cb;;ngc the attinu:k of the space· 
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craft, making thrcc-ttxis orient~tion 
J'><>s.~ible (liCe pP,oto, page SO). A 
control hattQle ill pmv.i,dl:d li)' ll'iituat'"e 

· the. jets, In cotljtmcrien with tltc i
mientatin;n.d~vic.e,. a' n\X'JCh~nical globe 
'is. t.ISCd to !kntitc il"p~.aft position 
above ~ earth. Th.e gl~e is used · 
continuously durihg orbi.ta! flight. ·
Controls :n-e provided on thQ gl,ql)e.. 
device control piwcl ro COFrect for 
posirion and rih1e errors as dct.~rnined ~ 
froJt> gro1md traokir g. A dual-drultl 
coordinate indicator, \Vhlch is ap­
pareu.ily mcch:micall~' C<;inil«.ted m 
the globe device, gives spMccraft 
latitude <mel longitt~de:. 

The automalic system, probably ·a 
rate-sta.bi!ization t-ype., . has se'i'<:ral 

 mod<.,'S of operation, .including an 
orbital !'loci<:: and a:nptfl\'i"r mode used 
for n.:trofLtC·orieu-tar~on. · · 

During orbital flight the <nrtomatit. 
system does not maintain· · 9aicl!itt 
attitude stihilizationj Uwt~h 1t l ~ta1n­
. tai ns the. angular ra·ti Withtn the 
prescribed limits--lelill ¢han one J"C;V­

· olnti~_u pe~ niintit:e: T~&ngular rate· 
ro.:fcrcn~e irtfor.'(Ilati.oo bably ob­
ta~ned by c~ing til ude gy,:,:,. 
scopcli durh:lg ' fijght. i'he 
~£Qlmiclc control llystem is ineaiaf. 
aud is suo ori(::.J)t\.-d for. controllin.g th !:! 
deske~l retrofire attitvde Tor '<ieetion 
fro1n orbit, T~ method consists f.Sf 
sul.bilizin g the attitude of the vehicle 
pdor to rt,tt'onre about n~o vehicle 
<11\•:S, which arc normal to the space­
Cl' afl sunlinc direction. In this mode 
of opc rlltion the attitude gyroscopes 
arc u:oc;:tgcd. 

During the VQ~khod iligbt.s tq.~· 
SoMiets took photographs ofthe!~~ 
ho~~ «> ob~ lgformauon: for ~ 
n their h0ili74'n cl.efirtltion progtam. 
Thi~ is a -lQgical program tQ. .advante 
P.olixon~~ncr oo~~en,t ·d~clop­
{l:~Mt and H:ttiiu(Le..con(tol ~!Qgiy. 
Un<:.e.uinties t>f ~~ $ '* 
gc<>ml1t.ril::al and $pectt~ ~turo · of~e 
earth-'s disk must be r~ to a A 
m~nirilum . I)c:sign . •. er to ~- ., 
mwe these errors pro.l!>a: e~J;'a 
bettci'-tha_n-aYaUa:bl~ lc:!to ' ge oftfF 
statistics· -of the ,hoclZon variadons. 
l'llcse variatioas rou.$t be obtained ~ 
uiea.surement programs if the ~U 
po~ntial .of carth.-norizon lJCalloer. ·IS 
to be realized. 

The Sovieu ~te ~ ;Pley haye 
used a n'¢thod ef sp&~ Ol'l(m~­
ti:on involving a -i'il~rt~l~ oi £be 
so-called· ion wind. The icm Wiitd 
results from the motion ohh~ spa~ 
era« thr-ot&g:h the high!y ,::ar~ 
paniGie~ qf th_(', atmospJler~ , 

HlStoii~tilly.. the. . Sb"'l.Cts haVe 
cq.Uipped tcheir lljiacCcrart with ~~ 
craps to detect \onii ... lPN 
tHe vehicle. path•. A . • l papw··ind!c;ate<t that: Jon. trap ~a 1:>0 
1L.~ for determining atti~dC: .,f a 
.vehicle. Such ~ device would require 
two probes or tra_ps symc~y 
oriented tf) the veloow veer~ Qf d:t~ 
spacecraft. In this ca&c the ian ce,r­
rent readings of the ptobe5 wou:W be 
equal; moreover, a ditfel-ence in t1:it 
readings could' IJe, \IS~. tp ~use 
a~~nL-u· error and tO generate a 
re<;tion. signa\. 011e pail: could • ~ 
used to Glct.erm;inc angle- of_ ya~ 
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within two degrees. This attitude 
sensor technique is n,ot highly accurate, 
b1.1t it is simple and can be used for 

~ coarse orientation d uring $pace R,:ights, 
• · either cartl~ orbita~ or planetary. 

Parking orbit technique 
After the, Lunik Ill opera tion the 

Soviets began using the parking orbit 
technique in support of their planetary 
p r o b es. This technique r e gui·res 
spac.~cTaft atti tude com rol d ur ing the 
canh or biul coas t phas<~ and especially 
dur in g final- stage powered flight. 
Spacec.ra fr oric._nw tion during the earth 
orbit ponion of flight uses inenial 
(gyroscopic) components . (The pres­
ence of a fully girnbaled system, 
however, cannot be confirmed.) Iner­
ti.al errors--such as gyroscopic drift-­
at the end of the orbital coast phase · 
should be tolerable, since the time 
is less than an orbital p eriod: of 90 
min u tes. The co nven tional gas jet 
actuators probably arc used dur4lg 
orbital coast to maintain tlte attitude. 

Dur ing the Zond 1 Venus probe, a 
large amount of vehicle-control activ­
ity occun-ed just before fin<~l-stage 
powered flight. The activity probably 
resulted from a reduetion of the atci­
wde crro1· tolerances for more accurate· 
attitud<~ control. Therefore, probably

A only coar.sc ·sta bilization is maintained 
W 'during the earth orbita l phase of 

·flight ; later , a~ the vehicle nears tile 
final-st age ignition point, at-titude 
errors are minimized . 

Maneuverohl~ spacecraft 

ln 0\:ovcmber 1963 a n d Apri ! 1964 
t he So vi t• ts launc hed two space veh.i­
clcs. which they described as rna:neu­
verable. Pol yoc 2 exhibited an orbi!al 
inclin<Jtion change. Tht: guidance 
~y stem employed probably is an on­

:. bvard system, pl'imarily inertial. Be­
C!Jusc of tb.e short coasting periods, 
gyroscopic corrccrions were not rc· 
quircd: howev er . t~as jet a ·tuators 
probabh· wer~- us ed w ma intain sta­
bi.li L\· during rht: cu;:.sting per iods . 
Attituck -r.onuo l equipment u.~~,d b y 
th t So vi<.:<s during these fl ights is in 
keeping with Soviet d <:~elopment.~; 
however, no optical devices were use.d 
or rcquiJ·ed to t orrecr s pacecraft ,atti­
tude. . A.ft:~r the maneuvers were C!<liD­
plcte d, ~he orb iting spacecraft were 
spin st a biJized, wit h n.o i'ndication of 
an active on-boaJ·d a rtitudc capability, 

Planetary plogram 

The Sovie t. Venus <~nd ;vlars probes 
- have used a n act ive o r ientation and 
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stabil ization system after ~c.ction into 
the p1anetary trajectory. Early plan~ ­
tary probes. used solar panels _fot· 
gc;:nerati~g sp~c.ecrai!' . power, and :w 
accomplish tJius ~k. solar stnso.I!S·were 
u$ed to ·orient .th<: spac.~CFaft and h~rtce 
the "·paddl<.-s." Or:ienti~g the. vehicle 
on the sun established stal;>ilization· 
about two axes, while the third axis 
.could be cstabl is hc:d using a scCQnd 
celestial body. Deviations would be 
de tected by the sensors and the error 
elim inated by a n acrua tor syste.m. 

The main acLuaror technique pre­
viously used was gas jets. The Sovie ts 

VOSTOK A TIITUDE CONTROL GAS JETS 

recently announced that they had 
successfully opera ted plasma engine;; 
on the Zond 2 l\liars probe fired on 30 
November l 964, to "maintain the 
spa{~ecraft's position rela tive to the 
su.n lor a long period. " The y seated 
tha t the 3ix plas ma engin es ope ra ted 
successfully on radio command fro m 
rl·tc ea rth. SucJJ a plasma orientation 
systmn would be operaied on!y as a 
fine vernier adju.srroent; at'd any­
rapidor large-sple ve hicle-orientarion 
maneuver probably would be accom­
plished with the_qmventio,nal gas jet 
actuators, Coruequently the plasrna 
engine attitude~onttol system prob­
ably would be uSed during the planc­
(ar y trajector.y of the flight to orient 
and stabil ize the vehicle solar cells 
roward the sun . Power for these 

engi.n~ may be obtained in spa~e 
directly from solar batn::ries or from 
a special· power .source. 

(omin'OJ!i,«~tion l satel!ite . 
R>~tly, the. Soviets launched a 

spacecraft' 4-Hed Molniya, v.?hich has 
beeo described as a communic~tion 
sat ellite. ·The Ia.uncb:ing techniques 
we re sim-ilar to those or the Z.ond 
planetai·y probes and used the park­
ing-orbit technique with ulcrtial-gas 
je t an itnde control. The Molniya I 
was full y stabilize d when .it reached 
the final h.igh-alti.tude elliptical orbit. 

The ·attitude package appears to be. 
in t.he form of -a series of senSot:$ tLSrng 
the sun. an.d earth a& r eferences-that 
is, solar · s .CJ1SOI'S and earth $C:~n; to 
ori.cnt and sta bilize the thre<t. bQdy 
axes as well as the aute1ma a.x.is. ·To · 
maitH<Iin t he prope~· attitude, a syl!tclll 
of reaction jctsjplasllla jets ,.,.as u4.e~l. 

Soviet space c ffoJ'tS have aChieved 
some · s.pcctacular successes. These 
achi~vemt:nts. have resulted from an 
intensh.~~ program tbat includes st~dy 
io num-erous space realms. E>~velop­
tuent and rt~ean: h in lhe techniques 
f sp~eetraft a ct.:itudc:: control indica-te 

that this. field is receiving considerable 
tten tion. · And while new devices 
r~" u.udergoing research, the Qptical­

ioet1.ial techniq ues appear to be the 
pr:ima ry syste m for Qmenratipn and 
stabiliza t ion. [ENDl 
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\~!iA-9 t?QFT-LANDS 

ON THE~OON 

TI-m Soviet lunar probe, Luna-9, launched from 
I Tyuratam on 31 January 1966, successfully 

• 	 soft-landed on the moon's surface on 3 February. 
r\ number of different pictw·es wer-e transmitted 
from the lunar surface by means of photo facsimile. 

If 	 The mission rends to indicate that the moon's 
surface is hard and capable of supporting man and 
his required landing equipment. In addition to 
the facsimile · equipment, Luna-9 ca.rried instru­
mentation to collect sc.ientific dat.-:1 on the lunar 
environment. 

Initially the payload was expected to be operating 
for at l ca~ t 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
bi li ry existed. 

The Soviet:li state that the payload directed to 
the moon weighed about 3,300 polmds. Based on 
this weight and the decelera tion thrust required to 
red ucc impact velpcity to nearly ze.~:o, the weight 
of the spacecraft ru; it arrived in the vicinity of the 
moon probably would amo1mt to 1,200 pounds. 
The President of tht: Academy of Scie11ces, M. Kel~ 
dysh, stated that the weight of the equipment that 

Aloft-landed wru; only 220 pounds. The instrumeri~ 
~ation payload probably was about 50 po.unds: 

' .. 

... 

SOVIET conception of Luno.,-9'• moon landing. 

The success of Lulia-9 marks t\vo significant 
advances for the Soviets in their manned lurtar 
pro~rram. First, the stabilization, ~;tttitude cont1'ol, 
and retrorocket systems for soft-landiJig have been 
successfl.llly tested. Second, invaluable information 
concr.J·ning tht surface conditions of the moon has 
been obtained . The success of LLma--9 i.:; an 
importa nt step towards placing a Soviet man on 
the moon. ~ 
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