
DECLASSIFIED UNDER AUTHORIT Y OF THE 
INT ERAGENCY SECU RITY CLASSI!FICATION APPEALS PANEL, 
E.O. 13526, SECTION 5.3(b)(3) 

ISCAP APPEAL NO. 2009-068, document no. 3 
DECLASSIFICATION DAT E: November 13, 2014 

S~C~l 
SPECIAL HANDLL'lG REQUIRED; NOT 

RELEASABLE: TO FuRElGN NATIONALS. 
T ne information contained in thi6 document 
wi1l not be disclosed to Fo r eign Nationals 

r Re 

(U) LUNAR EXPLORATION . 

SYSTEM 
I 

SPACECRAFT CONTROL 
SEPTEMBER 1965 

TASKS 6t8207(GG) 
SIS2.07(74) 

~-: . . .,..:..) 

AIR FORCE MISSUlE 
DEVELOPMENT CENTER 

l:FMDC 6'3·4.453 
COPY ·NR 3 7 



L information confh.:ting wlth or pertinently affecting that con · 
ta ined in this pubHcation should b.o forwarded by the rec1pient 

directly to. 

AFMDC (MDFB) 

Holloman AFB. New Mexico 88330 


This in no way abbrogates o;r alters responsibi!tty !or sending 
such information or any · pertinent intelligence d a. t a through 
alTeady . established intelligence collection c h a. nne t s of the 
various servtces or agencies o{ the U.S. Government. 

2. WARI\o1 NG: Thi.& document contains information a!£ecting the 
national defense o£ the U.S. within the meantng of the Espionage 
Law, Title !8, U.S. C., Sections 793 and 794. lts transmission 
or the revelation of its contents in any manner to an unauthori.~ed 
person is prohibited by law. 

3. Copies have not been p laced in the DDC collection. Address 

all r equests for copies to AFMDC (MDFCJ. 

4. Do no t return this copy. V.'hen not needed,, destroy in accord · 

ance with pertwent $ecurity regulations ..... 

5. Th.ls pubhca;ion has been d.-sjgr...,d Lo rneet tht. sp.;~·" ' """es 
o£ the recipient for ~ntelligence. Further dissemination by the 
recipient of par ts o~ the .... •· ~ie ic subordinate elements must be 
based on the specific need.. to -know of the recipient to perform 
his assigned missions . {Authority: AFCIN Policy Letter !05 5 

dat ed ZO February 1959) 



·~ ... . .... ---·· ·--·--··-- ... · · ·-- · -·- -.-..-. -·~ ·-·-- ·· 

SEE 

FOREIGN TECHNOLOGY REPORT 

AFMDC-TR-6 3-2 

(Title Unclassified) 

LUNAR EXPLORATION SYSTEM SP~ECRAFT CONTROL 


Septembe~ 1963 

(Cutoff Date: 27 September 1963) 

Task 618207(66) 

Task 618207(74) 


Prepared by: 

Captain James E. Howa1·d 

This is a. Foreign Technology document prepared and 

published by AFMDC for use primarily within AFSC, 

lt ha.s not been coordinated within AFSC or the Office 

of the ACS/lntelligence, Headquarters US A F, and 

does not necessarily represent an agreed Air Force 


position. 

representatives. 

DEPUTY FOR FORElGN TECHI'IOLOGY 
AIR FORCE MISSILE DEVELOPMENT CENTE~ 

. AlR FORCE SYSTEMS COMMAND 
HOLLOMAN AIR FORCE BASE, NEW MEXICO 

SECREI'
; 
(This page is unclassified) 

. . . . . ··.. · ... ·------ ...: . :...(.·). . . . ..; . . -. : . . . .. -~ ~-; ... . ..._..> . . . . •. . 

"" . . . .·· . . . 

. • r ·. : ~-- . . - . __ ... . . . . . 
~ ~ ~
l • ; r ' ., • ' 



• • ----- · - • • ·--· • •• _ _ •_ __...._. ,_, ...... # .- ...... , ._ .,___• • ___ _ . .......... _ .._ • ..._............ · -·-· 


PREFACE 

ln the cou>·~e of prep;:,.ring this report, i t became obvious 

that there exist maoy individual de~initions of exactly what 

!unctions constitute stabiliz.atlon, attitude control, guidance, and 

navigation when these terms are applied to a space vehicle. To 

avoid confusion, the following definitions are used in th i s study: 

Stabiliz-ation re!ers to the inherent ability of a .properly 

: ~ 
.'~ 
·i 
\ 

; 

j 

~ . 
i 
i. 

designed spacecraft to maintain an established attitude in the 

presence of perturbing torques. This !unction is more properly 

called passive attitude control and makes use ot external forces 

due to gravity gt·adients, aerodynamic interac t.ion, radiation 

pressure, or spin to provide stability. 

Attitude control refers to the utiliz.ation o! spacecraft 

generated forces to ma1ntain, or assu me, a prescribed attitude 

prcduct ion, a.nd tre n~'~e· ea~· '/ devices to p:rovlde stable opera.ti<->•· 

Guidance consists of deterznining th e present posi t.lc>n and 

velocity of the space vehicle during powered fligl;t and o! genera.ting 

etea:r:ing and thrust shutoff commands which will cause the 

vehicle to achieve satisfactory .burnout cGnditions. It is most 

aimply control o£ the translational movement of \he v.::h•ci~. 

AFMDC 63-4453 



..... ,___·- ~ -· ·--·- . ··· ·~--· .._......... ··-··.. ...... --·····---·--···· - ..... ..........-.......--~ 


Navigation is the determination of the position of a space 

vehicle, usually w:ith resp~ct to cele5tial references. 
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(U) SUMMARY 

Purpose 

Thi.s report p1·esents the results of analysis initiated to 

sa.t1sfy Task5 618207(66 and 74) of the SPAO SLEPTOPS on 

Soviet Lunar Exploration Syetem Spacecraft Stabilization, 

Cont:rol, Guidance, and Navigation Equipment. ~ 

Co,tclusions 

The following are the postulated pertinent characteris tics 

of the SL-2 c:pacecra!t sy11tems: 

a. The Lunik IV spacecraft was a nonspinning, 

inertia.lly oriented vehicle, Sun finders :and precise sun seekers 

were us.ed to align the roll axis and prov1de orientation !or solar 

cells;. an euth sensor was utilized to provide roll attitude and 

a.li~ment of a communications &ntenna. Control torques were 

generated by a cold gas actua•ion s y t<t\'m, and 110 o:. .>!··~ a.ttituc" 

co~rol (stahihzati ... ;-: was desi~ned into the vehiCle. 

b, The required trajectory information and :nid~ourae 

correcti.on were ground computed from tracking ~lata.. The 

midcourse maneuver wa.e not succeesfully accomplished. No 

on-board navigation or computation equipment was utilized. 

iv 
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SECREl 
c. The most· probable m1dcourse emdance system was 

a simple autopilot-velocity meter scheme, utilizing three rate 

gyros a.nd a n integrating accelerometer. This same system ;;ould 

have also been used ior injection guidance once the required 

attitude had been established during the parking orbit !rom a. 

r eferenc e external to the spacecraft. The sun was available 

and is the most likely choice based on the demonstrated Soviet 

preference !or this reference. 

d. The lunar descent reference (ii soft landing .or near 

o r b i t was the intended Lunar IV mission) would be ba~ed on 

specialized radar measurements , 

e . The SL-a series shows that the Soviets cannot, at 

this t ime, accomplish high accuracy lunar missions with any 

degree o! relia bility. The basic difficulty may well be control 

associat ed. )81 

Background Hishligh~ 

Thia report was prepared from exton&lvo Soviet open 

source literature, For e1gn Technology studies on Soviet space-

c r a.!t control, U, S, technical s tudies on guidance and cont rol , 

a nd availableL.I______ ..Jistudies . Since a lack o! de!ir.ah-! 
/ 

data existed for the SL-2 series, postuLatio ns m'l.de are bc:.s~J 

maiilly on the capabi lities demon strated in the SL• l series and 

v 
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the deep space probes, constrainec1 by current and projected U.S. 

technology. j,filf 

Discussion 

.. 
See Section I, (U) 
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SECTION 1 

(U} INTRODUCTION 

The des ign of an attitude control system for a !..<tellite or a 

svacc probe is necessa1·ily <hcta.ted by the mission requi rements 

of the spacecraft. For this reason, the requirements must be 

well defined and understood be!or.-e any meaningful analysis 

can be undertaken. Also , in general , there i5 no =ique choice 

among the various feasible s:ensing and actuation combinations 

which ''best" satisfies the performance requirements o! a parti<:u­

lar mission, More often the designer is fo-.ced t o select 

tentative syetems, conduct a trade-off study, and base !inal 

scheme selection on the res:ult; of this eX-perimental appro?.ch, 

(U) 

This lack of existence of an easily identifiable optimum 

ic the na·.;,;::al te"\den<:y •.., see k the si:nplest mechanization 

.i 
' 

(consistent with the external signature) because of the Soviets•· 

penchant !or simplicity. On the othe• hand systems :n•Ht be 

examined for future potential. which is usually equated to 

accuracy and versatility; and these qualitie3 a.re no·; synonymous 

with s implicity. In an attempt to overcome this i ..~ousistency, 

this study will: 

AFMDC b3-44S3SECRET 
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descriptions of Lu:"tik IV nor any 

lack, tho study is mainly limited to those capabilitie:: ar.d poten
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SOXl and 3, E.0.13526 

a. Des cr'.be the attitude control rcqwremcnts for a 

hypothetical so!t lunar landing vehicle l aunched from a parking 

orbit. 

b. Enumerate !lome open s;ource Soviet technkal 

1tudies which are pertinent to the control problem~; of lunar 

flights. 

c. Examine previous Soviet cpace p.-obos (SL· I and 

Venik) to assess the i r implications on :future lunar control 

syatom capabilities. 

d , Analyze all exi~ting data on SL..Z launches to find 

a corre5pondence with either the atudies in paragraph c above 

or existing/proposed U. S. schemes, 

lt is believed that this method insures the ~ost logical approach 

to the problem and should provide anewers with good validity. J81 
A basic shortcoming in this study must, however, be 


pointed. out. /'.t tha cutoff ..He, very Ut!le data on the SL-Z 


aeries was available for analysis . Neither Soviet open source 


­

tiallties demonatrated by ea.rlier space probes, 4nd th.• .......~at of 

thoae wac launched more than two years a.&o. This lack of 

2. 
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SECTION II 

(U) LUNAR FLIGHT CONTROL REQUIREMENTS 

For a lunar ascent from a parking orbit, active attitude 

control beg1ns at termination of third stage burning. At this 

time the fourth stage an<i probe are spinning. usually about an 

arbitrary axis at an unpredictable rate (as high as 1,000 to 

10,000 degrees/hour in some U.S. spacecraft). Thi~ angular 

disorientation, which occurs from anomalies in third stage 

burning and ~>epa•·ation, must be cor:rc<:ted to allow orientation 

for injection into the lunar orbit, Thus the control system 

must sense the unwanted rotation and cause restoring torques 

to be applied in order to orient the vehicle to the desired parking 

orbit attitude. The rotations ca.n easily be sensed by rate gyros 

mounted along three arbitrary spacecraft axes, These gyros 

th~ provide actuation of the :-estoring .fo:r.~ pro<h•-:~r .. requitl"'g 

in torques which reduce the spin ~- _te to ze-ro. This action 

requires high level torques which can only be provided by a mas li 

expulsion actuation scheme. ..(81" 

U.S. etudies have io1.1nd that the simplest, lightest, and 

most reliable mau expulsion actuator system ior lunar flights 

utilizes cold-gas, usually dry nitrogen, The system requires "' · 

4 

SECRET 

AFMDC 63-4453 



2009-068 

Document 3 


BB 115- Part 1 


Missing page 5 




. ~ . . .--·-·-- -~ -- . ··- .. .. ·--·- . -·- ·~---~· .. . ....-.. ··~~ .. .... . 


SECREf 
The exact injection ortentation and ti.me of injection required 

are predicated on the launch time and, to a lesser extent, the 

parking orbit attained. These constraints, as it turns out, are 

insensitive to variations in the parking orbit about nominal. This 

is a fortunate circumstance since the tracking limitations inherent 

in the use of a coasting phase do not allow precise parking. orbit 

determinat ion; the position and velocity oi the spacecraft at any 

particular instant cannot be predicted as exactly as would be 

desired. For example, it is estimated that an uncertainty of 

Z nautical miles along each axis in position and 3~5 fps in velocity 
/ 

existed at the i njection of Lunik lV. Errors of this magnitude 

are not overriding; but propagated to lunar distances, they can 

result in unacceptable miss distanCelil for sophisticated missions. ~ 

At initiation of the injection stage, contr-ol requirements 

undergo a drastic revi&ion, The control system must then perform 

the missile autopilot function during the burnin11 phase. The 

standa.rd components .to provide this function are contained in the 

injection stage, and thus are not strictly spa.cecra.it associ ated. 

It is important at this point to distinguiah between guidance and 

control, The guidance problem {in the Soviet sense) consists of 

determining the present position and velocity o! the vehicle, 

comparing these quantitie~ with the nominal, and generating 

6 
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steer::.11g and engine s hutoff commands which cause the vehicle to 

achieve the nomina} burnout conditions. The control system 

problem is to mechanize accurately the steering commands so 

as to get the response demanded by the guidance system•. m 
Many problems arise in attempting to perform the guidance 

function during injection into a lunar ascent trajectory from a 

parking o1·bit. Radio guidance is not generally feasible because 

of the variety of injection locations required for optimizing the 

lunar launches on different dates, The use of inertial components 

results in large errors because o.f t.lo.e gyro drifts encountered in 

long coaating orbits, which, in turn, seriously degrades the 

accuracy of the injection phase, Thus, at least two unrelated 

and serious error sources exist at injection which reduce the 

accuracy of this maneuver below the acceptable limits for either 

lunar impact or close lunar orbit, To correct theae errors, it 

becomes necessary to include a post-injection corr~..:non ix• t~-.. 

transfer orbit, For this reason it is believed that any lunar 

mission injected from a parking orbit must have a !'lie. ·.:>t!:rse 

correction included in its program. J;St 

Although this correction capability complicate:> s ;.: acecraft 

design, it simplifies the guidance requirem~nts fvr t}1 ~ injP.ctio<~ 

stage, It has been found that the use of a simple auto·,~.;, ' -

7 
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integrating accelerometer system adds very little to the v elocity 

requirements for the midcourse correction. ln this s c heme the 

control system of the inject1on stage would merel y ma~ntain the 

nominal injection attitude established by the spacecraft control 

system, and an integrating accele rometcr would tel'minate thrust 

at the required velocity as determined on the i r ound f rom the 

parking o r bit tracking data. )81 

Following the injection into the tl:'ansfe r Ol'bit , the de-spin 

pl'oCe5s muat a.gain be accomplished using rate gyro o utputa to 

initiate the stabiliz-ing torques. At; the arbitrary apin rate i s 

reduced to near zero, the seru~ors which are used for attitude 

measurornenh during free !light begin to acquire t he i r references. 

This acq).Uaition period is, in general, not time limited; and 

there is no stringent requirement !or large control !orce11 . (U) 

The sensors which ca.n establish the l'equired apace orienta~ 

tion &l'e many; and as indicated be!o:ro::. ~here ill not t.c ceas&rilt 

&tL optimum. choic":•. Howcv.,r , a inc"' •olar pa.d dlo o a>·c probably 

a necessity, the 5\Ul b a. most likely ref~rence for a~t~.t-... ·u: 

aensing ~ In the most general mechani zat ion several s ·-n seekera 

pos1tioo.ed ,trategically about the spacecraft serve to p ,. .,.,.·ide 

initial acquisition. with fine alignment provid~d b y pl'cc ' , ., :run 

sensor s. These sensors act to point the spacecraft r oli ..x \s 

8 
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to the sun, thus e,;tabllshzng th" di r~chon o! a hno m sp&ce and 

providing attitude onenta tton i.n both pttch and yaw. ( U~ 

The refcren.c~ Cor the rema1ning stabtHty axts, roll, cl\n be 

provided by either tho earth or somA "fixed'' st.ar. The selection 

o! a !:LXed star allows greater system versatility since the 

geometncal relationships of the earth-sun-moon can, in some . ! 

in&ta.nces, preclude the use of t~P. earth as a r e!erence. A 

requirement probably exists, thougn. Cor faiJ;·ly precise pointing 

of a high gain communications antenna to the earth which can 

moat simply be a .ccomplished by an earth sensor. Al:so, li.ttle 

gene:rahty is lost by thi5 selection of reference. Since the 

sp acecra!t has been ahgned on th.e aun. acquisition of the earth 

reierence is a simpl e proceoa , The location o£ the earth with 

respect to the roll axis which is aligned to tho sun can be .easily 

predicted. The senaor ill then slmply o!fsol £:rom the roll a.xi' 

aome predicted amount iond the vehicle 15 rCJli-od unt:: tnc sent :-:­

acquires 1t~ reference . Ae soon a.!l lock-on is accompliehed, the 

spacecra!t is oriented in all three axe& and tb.!l attitudr. ~s esta."Q ~ 

lhhe~. At the 5ame time both the earth and sun posi:ione a re 

known relative to the spacecraft, and orient.t ion in!or:naticm for 

both the sol:n cella and a communication llrtt&nna ia rn"ldilr 

9 
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available . The actual onentiltion m01thod is aga1n an intimate 

function oi design. (lJ) 

At the completion of th is acqulSltion phase, a Cl'ulse .mode 

ls entered. This is a pe riod of pass1va flight when the pr~mary 

!unct ion of the spacecraft is to simply travel from one point to 

anot he r W'lder it~ OV<'n momentum. The athtude control system 

requirements a re ve:y dilferent In thu mode o£ operation. 

During the acquisition and orientation modes, both gyroscop>c anc 

c.!les t ial references may be required, whereaa during this crwae 

mode only celestial (earth, sun) r e!ereoces are n e eded . Also 

because o£ the small pe r turbative torques pre sent on a properly 

designed spacecraft during cruise, a smaller capacity control 

actuation scheme i s feasible; momentum storage thr ough the use 

of reaction wheels can pr ovide adequate control mome nta. As an 

e:ottreme, it migh.t be poss ible to •d1m10ate ;:.ll ~ttitu~~ <:on t rd ... 

during tnis roeriod. Th• .. :>la r panel and communications ant enn:\ 

orientation requir ements , however, generally preclude such 

complete removal of active control . (lJ} 

During the cruise ph.ue, deviations from the desired attitude 

are sensed by the sun sensors in pitch and yaw and th : earth 

sensor in roll. These senso rs provide angular po....1on errors t o 

- · the control logic circuitry which ~n turn irutlatu contr.:i !lulses 

10 
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(either through mass expulsion o::' momentum storage ) to l'eturn 

the spacecraft to the desired onenta t1on. The actual errors 

which are accepted durlng th1s rnode are a functio r of design of 

the circuitry \deadband) from cons1derations of control torctue 

capacity of the "ystem. lf a low capaclty ac::uator system is 

employed, the deadband may be fairly ~arge. This is rather a moot 

point, however, there being no stringent requirement for extreme 

accuracy during this coasting period unles s sc ientihc experiments 

are being performed which require prec1se pointing of the 

spacecraft. lU) 


The angular rate signals necessary for system stability 1n 


this mode can be obtain-ed directly from the rate gyros or 


derived from the switching amplifier output. lf it were desired 


not to run the gyros constantly due to lifetime limitations, the 


derived rate W"uld be used and the gyro~ operated only durir.g 


active p •: ,.iod.s. (Ul 

Alter a cruise period of 15 to ZO hours, the spacecraft is 

ready to execute the ·mldcourse maneuver. T h e ac~u.t.l tir.Ung of 

this maneuver i.s derived from the ground based tracking informa­

tion which determines the required correction to ,_;,e trajectory. 

In general, errors in velocity arc best c:or:.'eC'te~ ~ ~' 1y in t:-.e 


flight; and angular errors, iate in the flight, A midc.~urs;: 


11 
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maneuver command >s transmitted to the and stored 

in on-board memory dev1ce . This sto~ed command contains 

four items of information: the magnitudes and directions of the 

rotations about the p itch and roll axes required to correctly 

a l ign the veh icle fixed thrust vGctor, the time of thrust initiation, 

and the magnitude of the ve locity gain :requl!'ed. The veloci ty 

increment can be controlled by an integrated acceler ometer 

output which generates a. shutof! signal for the midcourse rocket, 

or a timed burning period. {U) 

This commanded orientation, th r o ugh the rate gyros , must 

originate .from a precise reference to achieve ·the required 

orientation accuracy. Thus, the positional accuracy derived from 

the sensors must be on the o rder of o. 2 degrees in a ll axes to 

achieve l unar impact. Tni.s accu.::-acy requaes the. attitude control 

sy•t em to 8U5pend the cruise mode prior to xnidcourse correction 

and to accomplish the p r ecise pointi.ng ce~e81;.lr·; . Failur"' to 

achieve the required pointing accuracy can result in an increase 

in miss distance (viz, Ranger 5). At initiation oft".; rnid.:"Juue 

orientation the sensors a.re removed !rorn the att; tu~e system 

and the rats ay r os ptovide the attitude reference. Since the 

c~ntrol actu ation system haa insufficient capacity t"> "vercome 

any erro:r torque~ developed by tb.e midcou1·•e roc: !<.• t. j~~ exhaust 

lZ 

~pacecra1t 

-. 

.. 
l 
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CONfiBENHAl: 
va.nu or gtmba.lcd engines must be employed to provide attitude 

contr-ol dur-ing this thrusting penod. This l"equires standard 

a.utopHot electronics using gyro del"ived error s i .; ·•a.ls and 

actuator pos itions !or stabihty o! ope>"ation, JZf 

At the com?letion o! the midcou!'"se maneuver, th"' sun and 

e arth arc reacquired by repeating the same process associated 

with inittal a.cqui~ihon. The spacecralt then enters a second 

cruiae period with the same characteristics as the previous one. 

Thts mode is continued until near lunar approach at which time 

further maneuver• are a lunc~on of the parhcula.r mission of the 

spacecraft. For this treatment, lunar soft l anding will be 

a.uumed aa the goal o! the flight. (U} 

At about 1,000 milea ! r om the lunar surface, the ground 

commanded reorientation for ! i na! descent is begun. The roll 

axis , whlch was a ligned with the sun in t~e cruise -node, fe 

proat-ammed through ~h e rate gyros to orieht approximately 

alon2 the velocity vector expected fer the time of retro ignitl.on. 

Altitude sensing could then be transferred to h o rtz:on seekers fo r 

p r eciae alignment o! the roll axis with the local lunar vertlcal. 

Because of the preci ee navigat ion and ~tuidance 1 eq,·i• ·ements !or 

the soft landiog, certain procedures must taice p!~ :P. ;.t this 

time. The first chaoge occurs because of the long tr:-~sri>iuion 
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delay which exists at lunar range. This de Ia y makes it 

necessary to gwitch !rom ground command to a programmed 

uufrtia\ and radar control. Also the opet:at~on of specialized 

radar• must be initiated to determine attitude, vertica.L, and 

lateral velocities. These radar derived measurements contr o l 

both vehicle attitude &od retrorocket operation, causing tile 

spacecraft to follow a programmed tra.jectory to l &nding. (U) 

This description provides, in a general manner , the control, 

navi,stion, and guidance requirements !or a lunar soft land~i 

vehicle injected from a parkinz orbit. The deta.He for each 

separate discrete operation are not intended to constitut e the 

only, or even the best, possible mechanis:ation fo r e ach acti.on. 

They are, however, probably the eimpleat waye and do provide 

a. basis ~or !urth.er analysis o! opera.ticn:ll eehemes. (U) 
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SECTlON Ill 

(U) SOVIET TECHNICAL LITERATURE 

A search has been initiated in the available ope n source 

Soviet technical literature to find reports applicable to the 

lunar control requirements. There are numerous technical 

articles on the theory of optimum control systems which have 

indirect application to this area. These studies, in essence, 

are directed to the goal of obtaining the best control for the 

least expenditure of weight of components. The exact appli­

ca.bihty of these studies iP difficult to assess since all are 

couched in pure mathematical terms and notation. They do 

indicate an extensive interest in optimization and make the use 

of a. highly optimized system probable. ~ 

A study applicable to cr;1ise mode attitude control is "Some 

Guidance Prcbler.:.z in lnten:>~ilX .tary Spaeoe " h y l3 . ·:. Raush.:nb<>.~l: 

a;1d E. N. Tokar, t;: 'c:'l.~ ',;;..ted from Artificial Earth Satellites, 

1960, Nr 5. This i.s a textbook examination o£ attitude control 

through momentum storage in inertia wheels. !'~~ mcc!l.aniza tion 

ia proposed, nor ie any .mention made of practical applications 

other than th.rough in!e:rence, Lt does p:.ovide, how..:v er, the 

type o! theoretical base from which design could tF"W· y(} 
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SECRU 

An extremely sophisticated approach to attit ude control 

al".d navigation is presented by V.' A. Bo,dner and V. P. Seleznev 

in "Theory of Three-Axis Stable Systems Employing External 

Information," lzvesti..ia Akademii Nauk SSSR, Otdel Tekh Naul<, 

Energetika i Automatika, 1960, Nr 3. This paper presents a 

h i ghly mathematical approach to a combined astra-inertial system 

utilizing an inertial platform, three accelerometers, and three 

tracking telescopes. A complete error analysis is performed 

using an earth orbit as a reference. A system of this type pro· 

vides a very precise attitude control and also can perform both 

guidance and navigation functions. A schame of. this complexity 

has little application in the lH'esent t i me ·period but will ·probably 

become a necessity in the more sophisticated lunar rnis sions of 

the future. JS1 

A possible application of a system of thls type would be to 

provide inertial :r.:ie:-ences for p:ra::lse ~u£tia<\Ce .;..,u ·. :>nt•·ol of 

the :iipacecrait d.uin;.; ••.e i njection to transfer orbit and during 

rnidcourse corrections. This is a highly complicated Gyiitt.m 

with attendant low reli abili ty, but it does provide bet te1· accuracies 

than possible with a lesli sophisticated scheme• ..(&1 

The same ~ystem was presented by Seleznev in an a.:-ticle 

entitled "Space Navigation" which appeared in the t'1r 2, 1962., 
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issue o! Aviation and Cosmonautics. T lus treatment omitted the 

mathematical detail and presented the idea of astro-inertial 

navigation in laymen's terminology. (U) 

Both of these articles show a schematic of a possible mecha· 

niza.tion of the system, discuss computer requirements, and point 

out the necessity of a preci:~e time measurement. The extreme 

complexity of the system is stressed in both articles. (U) 

Although none of these articles are st~ictly applicable to the 

Soviet lunar missions wh ich have been so far performed, they do 

indicate that much serious work ia being expended in solving the 

attitude control requirements of future, more complex deep 

space flights. (U) 
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SECREt 
SECTION IV 

(U) SPACE PROBES 

FTD-TT- 62 -l21 provides general de tail on the !lights of 

Luniks II a.nd Ill from which certain obse:rvations about the 

attitude control system can be deduced. This document, which

is a translation of selected articles from Soviet Satellites and

Space Sh~s by S. Ci. Aleksandrov and R.. Ye. Federov, substa.n­

tia.te' the statements made earlier by both Sedov and Bh.gonarov, 

a.nd add~ con11ide:!"ably to the detail of the earlier Luniks, (U) 

The authors describe the basic elements of the Lunik IU 

cuntrol system as: 

a . Optical "feelers" (sol~r and lunar) . 

b. Gyro scopic "feelers. •·• 

c. Electronic logic circuits . 

~lagon:.rov) . 

[n thia probe, power !or operation of the electror.ic :F.~b -

iystems wai provided by both solar panels and a atorage battery. 

Diicrete operations were initiated by ground commands w:ith 

fu nctions performed near the luna:r: surface preprogr;>,mmed in the 

logic c1rcuitrr. ("Autonomous" control was undoui>t~dly 
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SECRfJ 
necessary near the moon because of the t:ransmiBSlOn delays 


encountered in using sround commands), -i8') 


Lunik lll was injected on a d irect ascent and no mi<1courae 


correction wa.:o made; the spacecraft Clew in the previously 


described cruiae mode !rom injection to near lunar approach, 


No active control was exercised during this period; mertial 


stabilization was provided by spin about the longitudi!'al apace-


c raft axis. Although no menUon wa• made in any ac:count that 


this inertial orientation was stabilized along the velocity vector 


at injection, this poatl,llation is made !or the !ollowina reason: 
 -
Hig~ noise l evels in radio tra.nsmiuions !rom lllJlar distance• 


made it almost a necessity for a spacecraft antenna to be 


nominally pointed at the earth.. There ill no mention made (nor 

any indicatidn from photography o£ the probe) that auch a 

atcerable antenna wa• t>~ploy~d o~ t"La.t ;;a.~, earth 116nsc-r ,.·:-" 


aboartl. which ::•.ulci O-"iOn\: t.•.' llpac'!cra!t and point an anteruta., 


Becauee of the hiab. injection velocity, however, the ca;rth-moon 

t r ajectory was essentially a s~raight line a.nd an inortial o:denta­

tion as described above would provide a ncar alignment to the 


earth throughout fli ght within the ea.rth111 sphere o! inllue.~.:e. 


Tbo spin ata.bilization also aerved to controlepacecr ai~ bedine 


and, in conjunction with the aola r panel s mounted around t;, ~ 
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circumference of the spacecra!t, removed the necouoity for 

orientation on the aun to insure proper operation of the ~olar 

Although the llstin' of bade contr ol element s contained 

gyro1copic "feelers, " no mention i s made of t heir employment in 

the repor t. Since a yaw gyroscope is not feasible in thia 

application, and an iner tial platform ia unnecessar ily complex, 

these feeler& were undoubtedly rate gyros, used as described

puvioualy for the immediate poat , injectiC?n orientation and other 

!unctions later in the flight. .$1 

Thus, it ia est'abUahed that the orientation during the cruise 

mode wa• inertial and wa.s a. reault of a spin imparted aj)out the 

lon&itudU..al axia. The completely 11ymmetrir.d configur ation o! 

the apacecr a!t about the lona (roll ) axis confir ms the uae o! • pin 

11 tabUi:r.atio n • ..(51 

The fi.r at r equir ement £or active con:r ol ol Lunik 4•• attitude 

ute-r injoc~ion occurred as t he probe approached the lunar 

auriace, It then became necena:r:-y to roo:!"ient to perr'\!t .noon 

photography. Thi a reorientation wae s i mplified by the 11 ~ometry 

oi the sun-moon c:omhina.tion; upon near approach the p r <'?e lay 

approxirn.atoly on a &traight line joining the su<' and the I"' , .,n, 
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SECREt­
and perm1tted approximate moon acquuiUon ;1mply by pointing 

the appropr iate spacecnft a.xis to the s un. {See Fig. 1. l {U) 

Befo re th e required l"eorientation could occur, the space·· 

cra..Ct had to be de -spun. Information derived £rom the rate 

gyros a-ctuating the cold-gas jets provided the control torques 

nece55ary . The command to de-&pln wu undoubtedly ground 

o rigina-ted; all subsequent actions were preprogr ammed and 

stored in the loeic circuitry. After compl etion of th e de - spin 

process, attitude sensing ~<~U •wiiched to sun Cinders. These 

finders, which were positioned a r ound the ap<l.cecra£t, indicate d 


the generAl location of the sun and provided aigna.le to 'roealy 


align the longi.rudlna.l axis on the tun. Aa the axis approached 


the 11un, moTe a ccur&te sun .oeel<e rs tl1en locked onto the sun, 


, providing p r ecise alianment and at the same time ttabiliz ing 

bvth the r oll anc ya.w .xes. wr.:.n ;his l nck-on occu·.. ...!. the 

\'Oll axis wa..o a.ho :.pp:tt ·'tl' ,lately pointed to the moon because 

of the uniqu e geometry mentioned previously. Control aen•inl( 

was then switched to the moon senso r wh.\Ch acquir~d ~nd 

locked on the moon, thua er;;tab li 1hing a refer ence !or th.e photog ­

raphy which followed. J8') 

Certain deductions as to sensing technique• anu s~n&ore 

e m p loyed can be made from the deec:ribed and hypothesu o:d lur.ar 

ll 
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orientation. The pumary alignment which required a. :nm 

:te!erence indicates that the Sov1ets co11ld not p redict with 

su!Clcient certalnty the location of the moon relative to the 

longitudinal ax1s o! the probe at i ts nearest p&.5sa.~:e. The uae o! 

the s= Wlth i ts high prominence in any spectral r eg1on allows a 

v e ry Jimple search technique; it is performed by the dispersion 

o! sensors on the spacecr~t body to provide a spherical field ol 

view. This is the s i mplest method (and the most r eliable) for 

approximate orientation to the des ired a t titude. A simple 

mechani~ation using cadmium selenide detectors could provide 

center point~ng of the sun and would be well within the necessary -. 
accuracy requirements, .$85 

Since t he sun lock-on p r ovided an a.pproximate lunar point 

under the geometry which exilted for Lunik Ill, no mechanical 

scan was r equired for the moon 1ensor in ita a.cqui5ition phase. 

l t could mo11 t simply be an optical device with approximately a 

J0° f ield o! view. By concentrating the energy reflected from 

the moon onto an appr opriat e detector. the cpacecra!t c.,\li.t 

be cont rolled to o r ient itself to the center of the r adiative 

source. lD a 1imple mechanization, the detecto r could cc::lSist 

of a q11adrant moaaic arraneement of sensitive .!etftctora .. : .~ 

some type o£ •hadow shield above them. Any alignment oi Ul: 
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axts of the shadow sh1eld to other than the target results in a 

differential detector output which can be used to drive the body·· 

fixed shadow shield, and hence the spacecraft, to align itseH 

with the target source. The ahgnment, m this case, provided 

approximate local lunar vertical sensing. Thia mecha.nization 

i 
; 

.I 
l 

LS essentially a sun sensor and does not have general application 

to lunar and planetary ,en~;ing: )81

Again the geometry of the sun-moon combina.tion makes this 

simple and reliable mechanizu.tion possi.'ble. T he limitation of 

the technique descr ibed above when applied to sources other than 

the 1un arises because these bodies do not radiate, b ut merely -
reflect incident sunlight. Thus if the target !ace presented to the 

aeneot" is not fully illuminated. the sensor will point at the center 

o! illumination and not at the geometrical center o£ the body (local 

vertical) . Of course in this c;ue, the technique ha.s the added 

advantage o£ pointi;ag the ca.rr.er~~; a ;, th '! '1lu:ninattci. "'" ~>: ·7. s oi 

the lunar sur£a-:e {rorn ..•ich t&\e. best photog\'aphy could be 

obtaine~. M 
Cameras were started as soon as the lunar senaor had 

o.chieved lock -on and cor.tinued to run untit the film supply was 

depleted, At this time, the moon aensor was disconne r-ted !ro:m 

the contr ol syst~>m and a new atti tude ref erence b~eaone n e cessary. 

http:ca.rr.er
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From an .R.F transmusio n standpo~nt it wa~ probably necessary 

to re - establish the anteruta axis toward the earth. Tnere is no 

1nd1cau on In any ot the reports tnat tbl.s was done, S1ncc tnere 

is a.lio no mention o! a sensor capable of acquiring the earth, it 

seems probablo that sudt an orientation, if accomplished, was 

done 1n an open loop Ja:;luon. Both the angular orientation and 

poaition o! the epa.cec r a!t were known during camera operation: 

tnus a r eorientation toward the earth could be progr ammed throu&h 

th• rate gyr os. Mter this fairly p reciae alignment, the space-

c r aft could be reapun about i ta longitudinal axis to again rna.intain 

an ine rtial alignment. The highly eccentric o r bit v.rbich resulted -· &!tcr ·m oon pa&5age, however, would not maintain this pointing 

within the accuracy n.eceuary (approxim &tely 35°) for any 

lengthy period, The poaeibi.lity exista o£ courae that the powor 

of the probe-borne tran~mitter coupled with the sensitivity of 

the sroUJtd receiver~~ made the un of a highly chr~~tion~~.l 

aotonna unnecessary. particularly aa tho probe noarod the earth 

aft.r lunar pauage • ..(St'" 

All r eport& point out that the spacecraft waa respu.n a!~~r 

photography was complete ; The Soviets indicated that thls ,.,,u 

dono fo r . temperature control and to a.aaure propeT ope;-atio~ c i 

j., . 
the aolar e nergy a tor age system aa described pr~v1oudy. \ ...., 

Z5 
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This detailed study was performed on I..untk Ill because more 

control functions are identifiable on this probe than on any other. 

Th.e ~<:curacy requirements: for attitude centro':. in tb.is application 

ue very lax, and it is doubtful if the sensors employed had much 

better accuracy than tho minimum required. Probably the most 

restrictive requlremcnt was the lunar po1nting required io r 

photography, and this requi~ernent, 3. 5°, is approximately one-

twentieth of the achievable accuracy o{ ,imila,r U, S, sensors 

available in 1960. It is felt, therefore, that Lunik lll demonstrated 

little more tb.an a capilbllily to orient a spac:" probe under low 

accur acy requirements, and a great amount of ingenuity 1n, and 


knowledge of, lunar trajectory de,ign. lt is also interesting to 


note thilt the succe:lS of the attitude control funeti'On on this 


particul~r apace probe w;u contingent on this t:raj•ctory design, 


~d thus it diapl01.yed very little versiltility (as a complete 


system) for performance of any o<her r~~>~~~on or e•t.. .. tl~e Lunilc: 


III minion under lees op•tmum conditions. -E81 


The 11\.tCceseful Yenu' probe o! February 196 1 provides t.'"t-~ 


next indication of Soviet capability for spacecraft control. 


Although the publicly announced mission of thi; probe did not 


require a variety o! controliunctions as did J...uni\< IU; -.L:-"'e 

aignificant new a.pplicatione were used; 
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a. lnject10n from a parlunR orb1t. 

I
-I 

b. Po1ntable solar panels. 

c. A eteetra.ble communications ant4nna. 

All three oi these are significant advancements in control and 

I 

l -; 

.i 

! 
l 

! 
' 

1 
'·i 

indicate a capability !or more refined lunar missions • ..{Sf 

Unlike the earlier luniks, the Venus probe was not spin 

stabilized during the cruise phase . The open Soviet literature 

indicates that only sun orientation was used during the ;-:-~ajor 

portion of flight, .and that a communications a n tenna was earth

a ligned as the probe neared Venus, This statement i s s u b 

sta.ntiated by the employment of three antennae on the probe: 

a near ear th omnidirectional antenna, a medium range antenna 

mounted on a solar panel , and _a long range parabolic dish. 

Utilizing this announced reference con&traint and !he ieqmetrical 

configuration of the probe, certain ~onclusions can be drawn ~bout 

vehicular orientation during the cruise phase. The parabolic 

dish antenna has limited orientational mobility while the solar 

panels can be rotated through large angle8 with respec. to u,c 

probe. As pointed out by West W1ng, an orientation with :;he 

lon~tudinal axis . aligned perpendicularly to the ecliptir. p!,,ne 

would permit oper ation of both the solar panel bys~em 2. -,.; ·_;,e 

dish =tenna within the angular restraints present on the pro'ue_. 
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Th e sensing and mecha nizahon methods Co r s uch an Otlentati on 

are presently unknown and will b e the subJeCt of furtner study, 

(The use of Canopus as a reference star poss1bly provided the 

required o rientation . l .)81 

The significance o! thls space probe can be determined, 

however, without a full understanding of the details of operation. 

The Soviets have demonstrated the ability to: 

a . Achi eve free fl ight spac e orientation by methods 

othe~ than spin stabilization. This implies reliable sun senso:rs, 

a.nd star trackers with a pointing a c c u ::-acy o! a.ppro x i matdy 2°. 

B. Design a sensor which provides acqu !ution o! the 

earth at distancee of 70,000. QOO km. This capability is indicative 

c!. a low sensitivity tracker, something not present on any of the 

SL-l launches. 

c , · Design a c ontrol actuation • cheme whic:h c.an provide 

attitude control for extremely lc.o<:g penuci:s. This -: • ..ti ' e m"-:!e 

orientation could p o:... i uLy be p•vvided by n-.omcntum :stor.:.ge , ~ 

Although none o£ theee accomplishments arc :oar• ;::ul&.rlf 

outat-.nding s ince they are commonplace in U, S. p r• cHce, they 

do prov.ide i ndicatore of future acc ompli&hme nta , The ability 

to orient w i thout the u s e of spin stabilization i s partl ru1arly 

notewot·thy since it is currently believed that no acc•1r.•.l e ~dcourse 
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correction maneuver is possible with a spl"1ning vehicle. This 

ability then permits midcourse corrections \l.'lich are necessary 

for any b.ighly refined lunar (or planetary) open :ion. )81 
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SECTION V 

{U) LUNIK IV 

The recent Soviet lunar series {SL-2) provides the most 

curr ent indication of the status of Soviet spacecraft control. 

As wns noted before, little ;nfo rmation is pree c:ntly available 

!:'om which to originate &ny definitive analysis. Also because 

of the complete !ai.lure of the J anuary ani! February attempts, 

and the only partial success of Lunik IV, it is very unlikely 

that open source data will be available in the quantity that na;; 

characterized previous Soviet successes. Despite this lack 

of da ta in the depth desired, certain conclusions and specula · 

tiona can be made from the available information, ...181 

ln attempting to hypotheaiz.e the sensing tcc:hniquu and har d · 

ware mechanization uaed to est&blish the injection attitude o£ 

prime ref'-• ...nee. Th; c: ·' ~.::uri for several r easons : The a~ ie 

prominent and easy to acquire, a requirement exists !or sol11.r 

cell orientation, aensor mechanization is a imple and l eliab1e, 

and the Soviets h~ove shown a preference for i ts usc in a.pplica.· 

tioru where another source would provide a. better reieren<:e 

(Voetok and Coemo a r eoovery). All these facta would seem to 
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indicate that some use of the sun "is very probable. The dis·· 

quieting fact in this line of reasonmg is an ind1cahon that the 

Venue probe was not in lhe sunlight prior to, or during, injection 

f rom the parking orbit. !8') 

To determine if this si tuati on existe·d for the SL-2 series 

launches, a determination of the sun's posihon dur>ng e ach achieved 

or potential parking orbit was made. (Injection was assumed to 

occur at the points predicted as optimum for each date. ) In 

each case it was found that the probe was (or would have been) in 

the &unliiht for a. minimum of 20 nunutee prior to injection, Thi& -
a.nalysis thus indicates tha~ the uae of solar o dentation !or the 

injection of Lunik IV cannot be discounted from this standpoint, 

How this injection orientation was actually sensed cannot be 

spe.cified a t this time because of lack of <~.1ta. .(81 

Soviet open ec.u,.ce iniorm~.ti,-n p•..t\;li sha<\ j•~st fr. ;Jr ~c-. and 

during, the F1.ignt ;,f !'""•~ A.V indicated that i!s intended mission 

was very probably a s oft l Wlar landing, with a c lose lun~..- or;;oit as 

another possibility. .!for either of these sophi s ticated ·missions, 

a rnidcourse correction is a necessity. Ae stated before, a 

meani ngful midcourae correction is not possible with a spir.ning. 

vehicle; therefore, it can be postulated with a high de::ree •'i 

certainty that Lunik IV was not spun for cru ise mode s t :,i.·t!ity. 
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It is also very probable tliat a directional antenna. was utilized 

on Lunik IV to better enable rapid passing of data from the 

probe. From these consideratlons the most likely orie·,tat ion 

during free flight to the moon would be very Slroilar to that of 

the Venua probe: a SW\ orientation to insure proper operation 

of solar energy cells and a.n earth or1enta.tion to allow proper 


positioning o£ the communications. antenna. The simplest mecha­


nization to achieve this dual orientation 1s as deacribed 1n the 


hypothetlca.l !light previously. )81 


Bau:d on open source :reports and current Soviet sta.te o£ 

'the art, it is doubtful that Lunik IV had any capability for on­ -· 
. board navigation. This !unction was most probably performed by 

interferometer 11y5tems or :radio telescopea located on the 

earth (with possible optical backup), and the positional and velocity · 

information thus derived wa.:J fed to a c~mputation center where 

the transfer orbit was calC1tlated, The necessary corrections 

tor .the midcourse maneuver were ·then paned to the probe in 

the form of rotational movements and velocity to be gc.meJ. Th~ 

1:velocity requirement could either be given as a specific veriod 

of thrust application or an accelerometer setting to ~rm:n;~.te 

thrust. The accelerometer setting method WO\.ld provi4 ., 1. ':Gate:. 

accura.c)j and is the most likely mechanization• ....{&} 
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Noth1ng can be sa1d with any certainty about the proposed 

Soviet means for guidance and control of a probe as 1t nears the 

lunar -6Urface, U.S, studies have shown, however, thz. : some 

employment of radar measurement is the only feasible method 

of achieving tlie requned accuracies in present day technology. 


Thus it i:~ possible that the Soviets also plan to use radar for


sensing and guidance of probes intended for so!t lunar landing 

or near lunar orbits. .-{81 

The most important conclusion that can be drawn from the 

SL-2. series is that all is not well with Soviet space probes, and 

it i11 very possible that both the failure jn February and the 

failure o£ Lunik lV to accomplish a more definitive mission can 

be laid on the doorstep of control. Although the February failure 

can be considered an unusual event in view of the many space 

launch s-acc:esses tL..:J Sov1ets havP. achieved, '-..unik IV :• a 

definite indic e'ion tha.~ nP.i;~ -;.r the injection nor the midcourse 

phases can at ·this time be accomplished with any degree of 

1·eliability. It may very well be that Soviet technology in the 

control field cannot produce the more exotic components required 

{or accurate space missions. The a.chieved accuracy o·: Soviet 

ballistic missiles seemingly precludes tl·.io; statamdr.t, h.<J,vev:n, it 

merits serious consideration, This ael'ies was undoubtc•Hy a 
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tremendou6 setback to the planTled Soviet lunar exploration pacing 

and could well have formed a partial basis ! o r the recent state­

ments by Sir Bernard Lo~eU. }.fff 

li the failure of Lunik lV was indeed due to control di£ficuJties, 

it can be expected that ;).1'1 intensive testing program will be 

initiated to prove a reliable spac:eera!t orient ation system. The 

' .
majority of this testing will be done in laboratories and experi­

·~.~~ ) 

mental facilities, bu t undoubtedly some wiU be done operationally 

both through vertical probes and in-orbit test beds such as the TT 

Cosmos aeries: j.S'f -· 

.. 

.i 
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An examination o( LMSC ESS SR 31 revealed no information 

which allowed synthcsit of Soviet space<:t·alt control methods !of 

the SL­ 2. series. Based on timing o£ the orbit o! Lunik lY, how­

ever, the following items could b e looked !o r in t he analog traces: 

a. Evidences of control actlona in Telemetry References* 

57 and 58, The presence of contr ol !or ces duf ing this period 

would indicate proba ble active attitude control throughout the 

parking orbit. 

b. Poesible indications of contr ol methods during .......
il\jection thrusting in Telemetry References 60 and 61 . The 

channel identifteations as given tend to indicate that tl-.e autopilot­

velocity meter sche=e was ueed !or injection guidance. ....(8t 

The poatula.tione made on methods ior p:re­ injection ori~nta. -

tion U~d &uidance durii::.fi injection a~~ pouibilitie~; hn~.:.:..r , 

thCf seem to ·.:>~ l ess like:y • .lUibiHtiee, Unless the SSESS have 

a. capability f o r providing a radio yaw r eference during injectiol", 

no reference could exist becaQGe of the wide ra.nge of in jection 

locations neco•sa.ry. In fact , f rorn the point o! view advanced 

p r evioQSly, no yaw guidance is nece&n.ry. )81 

i 

I 
.I 
l 

: 

·-. 

o As enumerate d in SR 31 
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It is also possible that the inertial reference used for launch 

into orbit could also be used to a ttain Ule injection attitude. The 

uae o( this method would, because of gyro ddfts during tne long 

coasting phase, add significantty to the veloci~ requirements 

Lor the m.idcou:rse correction. tree of tne s un, or some other 

ex ternal reference, could reduce the drift error with the 

attendant reduction of the midcourse maneuver. This latter 

method ia more probable since &ensors. otherwise required aboard 

the spacecraft could be uaed !or thill !unction. (8'1 

-· 

. 
·-! 
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