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PREFACE 

T he information reflec~ed m this report has been prc r;, red 

primari ly for the use of Foreign Technology pe r sonnd engaged 

in the analysis o{ the Soviet space effort. The study of the Sovid 

space effort is an Air Farce Systems Command pro;ect, and thi s 

r eport will be of particular interest to individuals concerned 

with Soviet spacecraft control equipment. This is a tr;chnical 

support document for Project 6182, Task oi8204(3.3.9.l), a,;sign~d 

to the .Air Forc e Missile Development Center. 

PUBLlCATlON REVIEW 

This Foreign Technology document has been reviewed and i" 

approved for distribution within thr. Air. !"~ ·c .. SyqtemQ :__., -,,·.nand. 

FOR THE COMN!. A.i.WEI.~ 

~-::~·;0,, 
J..t Col, US.AF~N~r 
De-puty for Foreign Technology 

AFtvlDC 63--6249 
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Purpose 

Thls report presents the results of analysis inillate d t o 

satisfy Task 618204{3.3 . 9.1) o f t he V o stok TOPS. (U) 

Conclusions 

a. In-orbit or i entation of the Vostok is accomplished 

through the use o f horizo n scanne r s in pi.tch and roll, and a 

yaw gyro in yaw. 

b. Control torques during t:his period are pruv idc:d by a 

cold gas storage system.__ 

c. High level torques duri.ng periods of rap·',d reor i •mta­

tion are provided by a hot gas syste m (possi.bly HzOz)· 

d. The solar o rientation sys tern for d e orbit consis t s o f 

a solar sensor and rate gyros, The s un prov ',des an orienta ·· 

tion checkpoiut !or establishing ar. iner:i;;d reie­ ·"'ce thr<'"·i!.h. 

these gyros. This syEtem provides the necessary element s 

for control of the v e hide during a1l penods other ~· . an 

in -orbit, ;.81 

Background Highlights 

This report was prepared from exlensiv e Sov' ~ · o"en 

eource literatu:::-e and variou& studi ell on Vostok 3:'-.' - ~ · d e 

..... ­.. 
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control. Neither telemetry nor definitive telemetry studies 

were available for this analys is . ~ 

The systerc. postulated in this report is sli ghtly unusual m 

the sense that a solar reference is used to establish an ol:'ienta­

tion with respect to the earth. F-rom the Soviet descriptions 

of the system and its operation, it is ve.ry probable that this 

method is necessary because the sensors used fo-r in-orbit 

control do not provide adequate accuracy for deorbit and 

re-ent:ry orientation, )i!f 

Discussion 

Because of the many exi~>ting gaps in the information. 

available for analysis of the Vostok control system, certain 

assumptions are necessary to allow complete component 

spe·cifi cation. To make these assumptions valid, the cont!"Ol 

requ1rements io·.~ a recove~at-t_e t:"'l.i.o.nneC .c;at~lli-=-~ :"' .. :: c;t b~ 

firmly ;. : tabli~h~d. t •• : s,. ·~i et penchant for :reliabi lity and 

simplicity must be accounted £or, and the early (1958-60) 

design period must be recognized. Although "'"tP. ui ~hese 

factors can actually pinpoint des i gn, they do provide analysis 

constraints which limit selection to the most prob«ble campo­

nents !rom th.e myriad of possibi lities. ..(81 

.,i 
! 
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The initial step in this analys :'. s was a review of all the 

existing studies on various aspects of Vostok attit ude cont rol. 

It was immediately apparent that l i ttle agreemec _existed 

among the many agencies which had postulated cont'rol systems. 

One system synthes ·~zed was completely unreali z able by e ~the r i 
I 

J 
. j 

. . ~ 

--~ 

1959 or 1963 control technology; at least two others were so 

re5tricted in operational flexibility as to be extremely unlikely . 

In an attempt to bypass thes e pitfalls, a review of U.S. 

control techno logy in the time period of Vos tok des!.gn was 

made. Referen-~e 5 provided the majority of information for 

this review both irom a theoretical and a practical. s t andpoin t . 

(U) 

From thi s base a rnicimu m system was established whic h 

met all the V!'lstok control requirements for the m i s t< ions e.s 

flown. Since this , _. ,c a minimum syr;t~m, it wa s the simpl.e"t 

and most reliable one which cou ld be established f rom U.S. 

design technology in the applicabl e time perio<... ·.._-l,c sy 2tem 

thus established was then modified to fit Sovi e t open so urce 

descriptions, the avai lable cov e r t data ind ica~ir, g d e sign, and 

the Soviet control system capabilities J->re. ·<i ous )·! •>- mon <>t:o- 3.ted. 

v 
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A:n examination of the Vostok test p:rogram indicates that 

perhaps a change was made in the deorbit orientation system 

during this test ph;..se. In the detailed :Joviet descnptions of 

both Sputnik 4 and Sputnik 5·,_. no mention is made of any "solar 

orientation system" fer other than control of solar panels . This 

is consi<iered s i gnificant because such a system wa s extensively 

described as being an integral portion of the control system oi 

Vostcl<s 1 and 2. lf a change was made, it came after the second 

deorbi t failure, Sputnik 6, In view of the short time period 

between this failure and the successes of Sputniks 9 and 10 , a. 

new system probably could not have been developed. The 

Soviets would thu s be forced to modify a proved system to fit 

this application. The only applicable system whi ch existed at 

that time, and whi~h had also successfully pe:!'formed in space, 

was the sobr sem :>r-gyro o-:-ieTcta~'.cn .,y;;i;en> u e,.ci .:::> Lunik ~I!. 

Inte!'c:stin,)y enrugr., l"~ Suvi.et descriptions of the two systerr.s 

are very sirnilar. In e a ch case, both solar and gyroscopic 

senliors are described as integral elements. ~ 

The control system which results from following the 

procedures and thinking outlined above is reasonable, and 

realizable , a.t least by U.S. standards. Further, i'. is fle:x:ibl e 

vi 
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enough to meet orientation r equi rement s under a variety of 

ci rcumstances, and is also a logical ext ension of previous 

Soviet accomplishments in attitude control. ).S1 

. ! 
,; 
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SECTION 1 

jU) AUTOMATIC lN ·ORSlT CONTROL SYSTEM 

The functional r equirements of any space vehicle are 

determined largely by the t r ajectories and regions of space 

through which the vehicle passes in r ealizing ita operational 

concept. Theoretically a manned orbital vehicle need hav e no 

more control than that necessary !or deorbit az,d re-entry. As 

a practical matter, however, the vehicle is c ont ro lled i .n o r bit 

to allow ground s u rveillance a nd the initiation o! any required 

maneuvers. This flexibility requires a r e fe r ence system 

establishing a vertical relative to earth a nd a forward direction 

in the orbit. The speculation that this i o, in {act, the orbital 

:reference used in the Vostok vehicles is substanti!lted by 

Reference 1: 

"The longitudinal axis of Yostor. II wa s .;~rected ~ 

tangeiltially toward the trajectory of their centcz:s of g ravity. 

Such o rientation wa9 convenient in t hat the shi ? r:o•.:: .l more 

precisely transition to a previoualy computed tra!':c:ory fo r 

a landing o=> eaz:th•• • • When there is orienu.tion with re lation 

to the earth, the axis of the ~hip must form a de!ir.it"' angle to 

t he vertical (fo r example, a right ;o.ngle). " (U ) 

AFMDC 63-6Z29 
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Reference 2 was even more specific in its description of 

the orientation of Sputnik 5: 

"During oper:ltion of the orientation system, one axis 

of the ship was directed along the local vertical and the other 
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one perpendicular to the orbit plane; the third (longitudinal 

axis) perpendicular to the first twa, along the intersection of 

the plane of the local horlzontal and the orbit plane." (U) 

These two descriptions are compatible since an axis 

perpendicular to the local vertical will be tangent to the 

trajectory only ill a circular orbit". For eccentric orbits, such

·a.s those of the Vostoks, thi~; longitudinal axis will be ~ 


tangent. ;81 


Having established the nominal orbital attitude, it is now 


possible to determine the most p:::-obable sensor mechanization

used to achi eve this or:.antation. A! ' hol.,gh there e xist e . -: .. ral 


loco.l •tert:.cal.:. ·nhich can b~o aeneed for attitude control, the 

simplellt and most accurate (by 1958~60 U.S. state of the

art) scheme us es horizon scanners to establi:!h both the Fitch 

a nd r oll axis attitude by sensing the geographic horizon. The 

concept of horil'on tracking can be mechanized in many "-"<>ys; 

essentially ecs.ch scheme examines a localized segmeu1: r. J. •he 

earth's periphery .and develops a usable output signal at tt.~ 

AFMDC 63-622.9 
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line of maximum intensity gradient. Th1s maximum gradient 

generally occurs at the eai·t.h-space interface, and the output 
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nal i.s th\ls proportional to the angle between the sensor axis 

d the hori:ton. T!:!is information, properly processed, results 

orientation of th.e vehicle with. respect to the horizon. Use of 

scanner in pitch and one in 1·oll (or one which scans the entire

rizon) provides stabilizing signals for each ax1s, thus 

tablishing the local vertical. l81 

The Soviet mechanization of i:his concept cannot be dete rrnined 

om available data; in fact, it is only a po·stul.ation that horizon 

canners are used at aU. ln all the Sovie t open lite ra.ture 

creened, a horizon scanner or sensor has never been identified 

s an included component on any spacecraft except for a casual 

mention in the September 1961 i;>sue of ~in which it was 

noted that the atticude refe r~nc.; cf Vostok ll wa? r- ,~ormin~;d by


scann«::rs. 11 Tid.s ii:... " 
1 

.- ~s~~ng !act ha.E possibl~; implications wl~. l ·:.h 

will be d 'l scussed in a later report. !,81 

Despite the lack. of knowledge o! the exact ; ,1 echar.iz.ation 

used by the Soviets, certain ;;oncJ.us'.ons about the horizon 

scanne:-s can be reached beca•;;~e of th<e chal'a.cteri.;~ics commOI'. 

to this cla.-;s o£ sensors. They opera~e in the Ik s ·r'ectrum \1 to 

30 microns) to permi t orientation on the n.i.ght side c[ o.a.rth, 'l. 

3 
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mechanical motion is required to accomplish scanning, random · 

errors are introduc<';d by the geometry of the horizon and a.tmos­

pheric phys ics, and accurate operation is generally iimited to 

srnall angular excursions about nominal. Achievable accuracies, 

under worst operating conditions, of U.S . horizon scanners vary 

from approximately 0.5° to 1.0°. This capability 1s adequate for 

' manned satellite orbital .orientation and also for deorbit orienta­

tion of nonlifting blunt body re-entry vehicles which do. not require 

pinpointing o! impact locations . ...(81 

ln accordance with the component simpl icity constraint, it 

is postulated that a yaw gyro is used to provide the necessary 

reference for the remaining stability axis . This mechanization 

can be accomplished using the gyrocompass principle or by a. 

rate gyro which indicates a component of the orbital rate . when 

yaw is off nominal. As befo,.~ ·~•e P.l:act &.:he me Ill :;-loyed by 

the S<>vie•~ cann•)t be :.·~ !ciiied ; the gyrocompas,. utilization is 

more likely because o( the time period of development. -\at 

ln the simplest mechani.zation, each stability ax!.s is controlled 

by an independent control loop . Both the p itch and roll axis 

loop& require a. computer to derive the error signa~ ; aU thre e 

loop s contain an amplifier which can also serve ~" -;e,,er<>te the 

necessary stability derivatives of the e rror signal. ~ ." 19 also 

4 
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poss1ble that a general computer may be included among the on­

board components to perform necessary re-entry computations. 
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SECTION II 

(U) MANUAL CONTROL SYSTEM 

The manual control system employed on the Vostoks is 

d~scribed in Referenc e 3. No signi ficant differences in phy:;~ical 

or operational characterist ics from those presented in that 

report were discovered during the course of this analysis. J,B1 

' ! 

\, 
. ~ 
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SECTION lli 

{U~ CONTROL ·FORCE GENERATION 

The torque generati on system used on these vehi cles 1s 

mentioned and described many times in the ~pen literature. lt 

is a mass expulsion system using a cold (pressuri z ed) gas. It 

is likely that there are actually two separa te systems -- one for 

automatic control, and one for. manual c ontrol. T he manua l 

system would necessarily utillze a separate gas suppiy to 

in crease reliability through redundan cy. This 5epara.tion of the 

systems is substantiated by d<'-ecdptlcns which place a portion 

oi the orien tation system (a.utomatic} in tl:_e nonrecoverable 

. ! 

instrument sectwn and the remainder (manual) in the recoverable 

cabin. PI'( 

One oi the basic Jimitatior.:;>. d a cold g <>.a system is the· low 

th:rust level available; typical.ty 0 . .: t.,; 0.3 ;>C lli'l.d~. -: ;.e ae LevPh 

make reorieotai.ion of a v·eht cle of the mass o! a Vostok a slow 

process. A rou gh calculation Uili!~g t},e estimated Vo '-·<:ok <:odigura­

tion. indicates a. 10- to 15-rninute pericd is required f.or a J80° t ll rn, 

as is apparently r~quired fer re-elltry. Although acc-ording to 

Soviet claims submitted to t.he F/'J., a period of this }<"n~th is 

available from '-nitiat.ion c! o:-i;;nta.t!on to deorbit, a. -:,· -rpa ~is on of 

7 
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times of entry into sunhght (which i; indlcated ln all Soviet 

reports as the ;_mtiation of onenta:ion) with the p-::obable tunes 

of retrofire :,ndicatcs a marginal available time penod. Also 

safety precautions at injection into orbit probably require the 

capsule be in the deorbit attitude for the first several minutes 

of the zero orbit. Since thi$ maneuver must occur immediately 

upon injection, the time reqUlred for cold gas reorientation is 

\ 
:~ 

not available. For these l'easons it is highly probable that a 

hot gas sy~>tem (possibly Hz02.) is also employed on the Vostok 

. ~ " ': 

for those peri od& when rapid reorientation is required. k8f 

The postula.tiOP oi th1s high thrust level system answers 

another question about Vostok control • • namely, control force 

generation during the re.·entry period after the . instrument 

compartment containing the automatic system has been jettisoned. 

!his system, as an ~ategral ~c~:nr->n~~L o! thP. cabin, .... ..... · ,ld 

pro'lide the ,,dcesf.'l.:ty ·: '.l•· ~roi fe;rces to stabilize the re-entry 

vehicle during passage through the atmosphere and during that 

period from separation of the instrument section ·u.n ti\ ;:e ·entry 

of the cabin began. jBf 
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SECTION IV 

(U) DEORB!T A.ND RE ··ENTRY CONTROL 

The system so far synthes1~ed is capable, al lea~ t 

theoretically, of providing ~he necessary control far-a recovet·able 

satellite. Sov1et releases, howevP.r, 	 indicate that such is not the 

case. The deorbit orientation prc·cess is descr1bed by Refe-rence 

··' 
2: 

"Prior to descending into a giv~n region, the ship 

satellite, prior to retrothrust, must acquire perfectly definite 

· orientation in space. Th1s problem is solved by the orientation 

system. In. the givem flight {Vostck I) orientation is realized by 

orienting one of the ship's axes in the direction of the sun. The 

sens itive elements of that system are a numbe·r of optical and 

gyroscopic sensing elemo:;r\ts. The sip;nal.s entering these 

elements are c onv"' rtcd in an elect ron block into commands 

regulating a system of co::1t.rol c. ·rgan!!. The orienta.tlon system 

provides automatic scanning of the ,;uu, prop.. r ~u! n of the ship, 

and keeping J.t ip. the required position with grea~er accuracy." )81' 

Reference 4 provides a n indication of the ir::po~tance of the 

sun to deorbit: 

"ln case of failure o.f eys t e.ms p:rcvidi.ng automo.tic 

descent, or upon the necessit:r of making an emel g,.ncy descent 

9 
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when the orientatlon on the sun is not poss!ble, he sw1tches on 

the system of manual control. .. and havtng made an accurate 

orientat1on, begins deceleration. 11 (U) 

Similar descnpt~ons have appeared in many Soviet reports 

of Vostok operations. These statements can be (and have been; 

interpreted in many ways, but the or.e undisputable fact is that a 

~;~eparate orientation system wh~ch requues the sun as a reference 

is used to establish the deorb1t att::.tude. The significa nce of this 

fact ia; rclat1vely unimportant in considerattons of manned vehic:le 

recovery; it simply means that the launch tlme must be. controlled 

to insure proper sunlight conditions for programmed deorbi.t {as lS 

done). The implications are extremely important to other applica­

tiona of deorbit techniques, however. As noted bef~re, the horizon 

scanner-yaw gyre sy~&tem should proVlde adequate accuracy for 

deorbit and re-entry : but, by Soviet admi ssion, it does not rr.eet 

some criteri a and i s replac-~d at· the most cri t ical portion of the 

mission . I£ it is ase•~meci t~at this s,_,;itch is made because of 

accuracy limitations (a;; is do r.e h e :-e*}, the logical co.tclus i on i<> 

that the Soviets cannot, wit..-. 'foEtok control technology, employ a 

*The argument that the s o lar orienta tion sy~te1n is <>dC: - ..; ~"'cau~E> 
of increased sen:>OT reliability aeemll illogical upon axa,\."\>J.tiGn 
o£ the description of Reieren.ce 4. ~ · 

10 

SECRET AFMDC 63~6229 

I 

http:Reieren.ce


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

system which can be :ieo::-b1ted except at cer--tain r ~. g1dty fixed times. 

In other word!>, _a ilex1ble otb)_tal !::!ember 15 r•.c:: techmc ally feas>.ble 

using the Vostok deo !· bit sys!em. Th11• subject wlll be discussed in 

detail 1n a futu::-e report• .),81 

The actual deo:rb1t attltude of the Vostoks has been the subject 

of much speculation and ana.l\•sis . All of these stud:.es have shovm 

that a reasonable re-entry traj~ ':tory can result from a variety of 

deorbit orientations, includ.-.ng a d : re-:t polflting at tr..e SLm durmg 

the apphcation of retrothru~;t. It ~ s not the purpose of this study 

to add to th1s controvers.y, but rather ~c attempt to explain the 

quoted statements above :-.n terms of reasonable control applica- · 

tions. Of necessity, howeYcr, -:ertam other nuss.:on cor.siderations

must be included in the discussion. ...-:8f 

For succP.ssful deorbit and I"<--'!r.t~y the -'::Ol"~'O'o: syete.:n ~~ 

essentially required to : 

a, Establis h and ma~ntain the requned ori~ntat;.on !or 

retrothrust. 

b. Provide ~hrc."t ve::tc.r .::~nt:rol of the rP.tro impulse. 

c. Reorier.t the vehid•> to t!le prope:: re ··<'ntry at!t tude. 

d. Insure stab:.. l ity cf the vebde dur·:·:.; ""~nospher:!c 

penetration. (U) 

"i 
i 
i 
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In the Vostok case, onent.:nion (o~ ret~o apparently begins 

as the vehicle ente:s sur.llght en the fi.n.=l ozobi t. The SU!1 see\<:ers 

then turn the sp"-cecrait to "poi.n! one o! the sh1p'; axes at th~ 

sun." The:re are several 1ndtc3.t.;.un• that a 120° !.urn i.n yaw .. s 

made durir.g th1s initial solar acqmsttlon. Although the axis 

which is pointed at the sun lG not !d.er,tified, tbe longttudJ.na.l 

axis "' the logi.cal choice becauS'e the moet cntk al attitudes, 

pitch and yaw, can be established directly. Or,el,~ation in roll 

during this sun pointing period wotol:l. meet sl.mply be furnished 

by the roll ho-rizon scanner. Sun poi nt.! ng o! any e ther body axis, 

or an arbitrary axi.s, would :-:ee•.1lt in degradation of orientation 

accuracy in either pitch or ya.w, and would increase the on -board 

computation required to esta.bltsh tl-.e d~crbit atti tude. .f.8'l 

The disadvantage in t•si><g .=ol;u· orien~ation tc e3ta.bl l Sh the 

dcorbit attitude r.;sult;> !rom the i'lC .'Oei"..3eC. ma"E'"ve.rin!l r-:quired, 

with tl-: C' attanrl.a.nt. i .1.: ., case in ccnt::al !:lr"l ?:equ:remcnts. ThP. 

advantage is orientatic-n ac-ou%'3.cy. '!'he sun fur.nisl-.eJ> an orienta­

tion checkpoint which establishes th.e pitch and y-ew attitudes to a 

greater accuracy thac. poEsiblP. wi~h tl:e horizon scann-;r and yaw 

gyro • ..(81 

It is well documer.ted that s~n pr:in~1::1g tal:·c <. ;;:ace during the 

initial portion of the daoxbi'. o~· :.ent~t'.o"': subsequeoc· mar>.'Ouvers 

•i 
! 
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requirement causes ft to operate .in an unnatural mode. The 

cor-tro l system ~ee s thls mc··""ing r<.ferenc e as a h~gh level, 

cont.~nuously varying (in yaw/ dist\!:-bing torque. Although the 

exact extent of th '. s e!fec.~ canner. l:-e determ~ned wi.thout a 

detailed knowledge of both the vehicle conilguration and the 

control logic use.d, such a disturbance will result. in a degrada­

t1on of acc~racy, a larg~ inc::e.ase in control fuel cons..unphon, 

and con tmuous hunting for the destred att,tude. In fa~ ! the large 

increases in the sun's a.zunuth whicr. begm to occu1· just p:nor 

to :-etro could drive the yaw loop out c.S limi: cycling, making 

th1s attitude bghly !.naccurate at the moe;t critical poi"t. Thus, 

through the constant sola;: c.rientation r.e.qu1;:ement, the inherent 

accuracy of a solar sensor ie oe·;erely degraded , defeating the 

reason for 1ts employmlln.t :..:r: l:!',e iust pla-:e. -18"1 

must be t= .:. -: tuiatP:d wT.h ..:. S.ft.tisfies t}-..e characteristics d! s.close:l 

by the Soviets, and which insur·es better accuracy tha.n the 


horaon seeker-yaw gyro z·e£er-en<:e. t:.eed ln orb\ , , m 


The basic limitation of gyr<:·s i n !':pace applications 1a their 

inability to mair-tain an accurate long term refe:renc.: becau se of 

drift, To overcome this limitation, a g:· ea~ deal of work is being 

done both in this ccunt!'y and i.>.. the USSR on stellar -inc. , 1 .iai. 

l4 
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syste.m:>. In r.hese sy.9~ems th; gy::c re!e:::ence :.s penodtcally 

update:l by s~ellar ~dc;:m;;.~i.c::., tb..ts eEm,.na.t:i.ng <.h~ dn!t er:ors. 

Although a system which. ~odd p<::rfo::-m fc~· prolonged penods in 

space 1s at present beyond the. ~:ate c:i the art fer anyc!le, th1s 

technique. can be applied to earth satellites. In the Vostok onenta­

tion fox- deo:::-b1t 7nd r"-· e.,try, f.k;;. :Oe- ~~'- "'- ~qt.:.C• :.~ . w>th a high 

p!"obab~hty, the ~- ch':!me Emf"lcy~d. ;.r.. !.1-.:. s --:.ase :ne .;u.n furn1shes 

the stellar reference r:.er;e.ssa~y ['::.r aca•l!:a.t.ely e ;;. t3.bEshing an 

1nert1al attitude for .>ubr;e:quen~ mane••ve .~ci • ...48'f 

It is postulated that thi.~ eola:- o~ ;;;n •:a!.~cn chet:kpo>nt provides 

the necessary refere.nce t:tl:-cugh ::-3~e gy:-c'£: for all subsequent 

control requirements. The. oper.at;,on of the ;;;ylitem is as follows : 

a. As the ve.hi -:le t:= ( \me.s.f ::.r;.':o ~t.e su.n o"n the recovery 

orbit, the ltsola!' o!":entat:.~ cn ~Y:"f~ ~m; ; b~g:.n.s z.ts c•pera.tiCln. The 

longitud inal aA:.s. i~ aligned~~::-: ~ ·: ::.!. ~~:.: - ~--:!'}y ~t. '~~ ....~. s·\·: ;;:~'~'t . 2.bhsh1:1.::! 

att1tude i13 ee"~bl"she d, bcdy-m<:· :~;-:. :.~;d r.3.te gy;: c... 2 ~ !e ul:'.caged 

and an 1ne:r.t.ial attiNde refe.re.n-;;; H' eet:tbliehed. Subsequent 

maneuvers to the desired dec.:rb:; a~ti.:':u·.:l" are made. th!'cugh 

AFMDC 63-62.2.9SECRET 
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Once th1s gyro reference is established, the solar sensor is no 

longer neceseary ~nd can be electron1cally removed from the 

control system. ~ 

b. These gyros, with the capability for two modes of 

operation, prov~de the required inputs for control of the rema1nde r 

of the fhght. In the first mode, gyro torqu:'cng devices are utilize d 

to command the necessary turns for reorientation of the vehicle 

for deorbi t and re-entry. The requi red stability 1npl!ts of posit1on 

during this period are derived by integration of the rate proport1ona.L 

torquer currents. In the second mode (u&ed !o1· retro and re-entr y), 

the gyros act as rate sensor!;, During rctro the required error 

signals are developed from these rate outputs and the thrust 

vector control actuator positional information. During re-entry 

simple rate damping woul d provide the nece .;, sary 9ta bii;.ty. These 

<".t inje cL~ .1, TJ-e i'l<o <: ~ · :: ar;• !nertial refer~nce would be estah~-... h.ed 

du r i ng injection stage burmng f!·om the injechon s t a ge refE. renee ; 

mode 2. operabon would stop the a.rbitrary rotation res ulting from 

separation of the &tage, and mode 1 operation would ori ent t he 

vehicle for po!<sible eme rgency deorbl.t during the e arly m inutes of 

the zero orbit. J8'( 
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