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PREFACE 

Th e inf<'.rm3. ~•on :e!lected 1n th.1s repc!·' has been prepared 

p:-::,mar : \y fc.r t!_.,.. 'O~e c.J F·n:eign Te ~ hnology p<!rsonnel engaged 

:n the analys,.s of th f, S<:>c: '.et. '-pace "'.[fort. Captain James W. 

::o :he mate r:;.3.l 10 S.;-~!;,::_ (:.n I"'f... -::cncf.!' r:u.ng O!' '!ent.aU.on systems .. 

The. $t-..:dy of the S<:>vie. ~ ,;pact>. eifc.rt !S ~n Ai~· Foro::e Systems 

Command p.:oject, a:!d th j..s report will be of part1cular 

interest t o m<hv iduals ccnc ~. .rne-.d with Sovi et deorb1t, rctro

thrust, and ~:e- - e nt~y t.,<:bniq•~es . Th:·.s .cs a t e.-:hrucal support 

do<:ume nt !or Proje::~ 6182, T3.sk 6182.04(3.3 . 8.3). a:signed to 

the Ai-z: Force M.io;si.l.,; D evelopmer,t Center. 

PUBLC ·,TJ.O:·• --RS ---1i1F.W

:rh:•.s Foreign Te<:!:r.c:logy do'O'-lmen~ ha~ beoon :>:<Wlewed and is 

approved for di.stribut.ion wi. tr.~n t!-o~ Au For:::e '>y •. e~,., Command. 

FOR THE COMMANDER 

~~t:JL1:;T 
L!: Col 1 USAF 
DE[-c: t y £or Foreigl". Te:::hm,Jc g·i' 
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This report was prepared t.o satisfy requirements e~lablished 

by tr.. e Fore1gn Technology Division Vostok Techmcal Operat1ona1 

P-rojectSpec~fic_.t;.on {TOPS). The:;oe requnements are rcfledcd 

I 

l 
·! 

,. 
; I 

·j 
I 

i 

c"' page 47 of the TOPS as Taek 618;!04 ·:3.3.8.3). /.81 

Conr:lusions 

The following conclusions are presented : 

a. A decision tc deorbit a vehtcle is made by the Moscow 

M1ssi.on Control Group based on degree of m i ssion accomphsh · 

ment, the cosmonaut's recommenda~ions, . and c!'bltal parameters 

de.tcrmmed by the space tracking net. jB')' 

b. Ground co mmands arc passed to the Vostok electronic 

prcgrammer, possibly •.ria a h;ghly d1rect1ve radar link ·from either 

Ko.·•,~chatka or the. Ty...tr~ Tam ran~eh'!ad f'n thE r r, ~cver,· crb!t. 

autc-.mati:: a<:tivati.on of deor.b ' t events; the ::a£monaut w:tll 

mon~to:r and veri.iy the automat:~ sequence. The Sov!~t Space 

Event Support. Ships (SSESS) alsc mcnitor the c!eor·bit pha.se and 

coald be utilized in the deorb~t command link. ).8f 

c. There is a. separate a1.1tomaih : deorb1t u~~-:l·..,. :!on 

syat~m a.board the Vostoks wh1cl", utilizes a sun sensor, g-;-.:-os , 

iii 
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and horizon scanne.::-s. Three gy:ros and three. actuators are 

ut1liz.ed w1th the follo·v;•ing mechanl 7.al:ion affordcng the greatest 

prec~sion and ease vi operation: 

-:ll As the ve,h1de crosses 1n~o the sunlight on 1t.s 

re c over-y orbit, the solar sensor is used to align the longltudinal 

axis d,Iect.ly a~ the e-un; a t the 2ame time a s e t of th:>"ee caged 

c:rthogonal body ·· mounted gyrc.e are set into motion to wa"rn up. 

\2) Or.ce the sur.line 1s precisely eetabhshed, the 

body -mounted gyros are uncaged by the cosmonaut, thereby 

establi shing a highly a cr.urate 1nerti.al attitude reference for 

deorbi.t. 

:3) Wi th r.he inertial reference estabbshed, th~t. 

' 
r 

. ! 

.! 

vehicle iS then oriented to fire the retrorocket at the programmed 

t i me and 1 0 plane angle t.o ach1ev<;> impact. in the des ignated area. 

d. The r. ~trc.. : n.· <tt untt is 1den t i cal o n a ll -.rostok~ and 

Vostok··t.ype veh t cles (Sputnik 4 and Cosmos l2 are epecittc 

examples); it has a nominal 40 . 3 -sP.cond burni ng t,~~.- a.nd 1s a 

s ' ngle chamber, liqu1d bipropellant. turbopump rocke t. The 

eet1mated thn.:st l.S 3, 580.:!:. 380 pounds w1th a veloCJ.'.y ciecrP.ment 

(nV) of 464.:!:. 49ft/sec . The retrorocket has a consC<' i'lt t:N: 

tr.er eforF., it is necessary for t.he Soviets to adjust the , ..•~cor:-1tch 

AFMDC 63-629'2 
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E.ngle [or each of th ebe satellites :.n order to. achleve impa c t at 

spo .:;(\~ loca•.ic~. ~. This w1ll result m beth positive 3.nd n~. gative 

rct~opi!ch angles bemg pos::.ible ior the Vosto k ser:es . ....;8} 

e. Abo'.lt 8 to 9 eeccnd8 afte:- termmation of retrothrust, 

the hfe support C:ibl.n is separa~ed f::-on1 the mstrument and ret<o" 

package. Both uni t s :re - e!'le? ~h@ atmosphere at an angle between 

f. The li~e support C3.b>.n must be. reonented to place 

the hea t shi e ld along the .path of t.he velocity v e cto:-; there i s no 

speci.E c tele metry to Vf;rify the exac t na t.u :-; e of thts event . ~ 

Backgro:.1nd Highlights 

Inf ormation utilized fc.r th ~ s paper ecn s·~s ted of Loc kheed 

ESS reports, Goodyear Astroan.a.'.yo ;.s r~. po!"ts, Foreign Tecl:•-

r\Ology Div!s~.cn e.tud).e e , and othe_::- ~nte:U.ig ~rt. C e -:o~trac"tcr studi~e. 

All ba$iC mate:ri a.l U~ F-d ·VJas at thr s~c r et 0 :' 1"";'W~"!" levt 1 
: how

po~t '.o r. s o{ thF. repo1 t, 

I SOXl and 3, E.0.13526 

Discu ~ :: : en 

See Section I for an intr.odu,tion and ::-cmarks v r. c. -'r''" bas 1c · 

ass·.1mptions made for p·.Irpc·se s of tic.is .!epor t . (u) 

v 
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SECTION L 

(U) IN T RODUCTION 

1. There are several basic aesumpt:ons which have been u .sed 

throughout this report. There are valid rea5ons for most of the 

assumptions; however , in some instances, only a "best guess" 

lS rossible . The following items fo•rn the baslS for most of the 

s~atemcnts reflected in later sec t ions: 

a. The Vostok is a simple ballistic vehicle which produces 

no lift and follows a purely ballistic re··entry trajectory. 

b. The deboost retroiirings: for the Vostoks all occur at 

approximately the final P. quatori3.1 crossings of each vehicle. 

w 
c. The ballost.ic coefficient ( C A) fo r the re-entry vehicle 

D 

i.s about 100 lbs I sq ft . . 

d: T he re ··entry angles of t.he Vostoks wer" within a -l..7 to 

-2 .5 degtee range . 

e . Small changes in o!b·~tal and deboost parameters hav~ a 

marked influence on imt:act di;pers;.cn . For a r~ - ·.-.;t ;-y 3ngle on 

the ord<>r of -2°, an "=ro!" in retro ·alignment will ;ield a 25-nm 

per. degree error ; simllarly, the ~mpact poilit errc-: due to retro

•teloc;ity 1mpulse error is on the order of. 2.5 nrn o~ "t/.>ec, wher eao; 

landing errors d ue 'to aEi~ude ~rro::-s a.re about 2.5 It...>.i • ~per m >.le. 

. i 
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{ ' 

50Xl and 3, E.0.13526 

L-----------------------~ ~ 
2 . ln many instances , the ava1 l able 1nformat10n allows a cho1ce 

of several alternatives a6 to the actual meaning o! an obser•ted 

event. In t.hose cases, each of the possibill.ties is llsted and 

discussed. (U) 

2 
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SECTION li 

~U)EVENTSEQUENGE 

l. A revte.w o! availab1e telemetry analysis along with. coltateral 

and background information for the Vostok flights has resulted m 

the postulation of an event sequence as follows (also see Figur e 

l ): 

a. Re-Entry Decision: Made by the Mo s cow Mission Analysi s 

and Control Genter utilizing data £rom the Moscow Computing 

Center and real-time information from the cosmonaut in orb1t. 

(See Section III. ) ..(8/ 

b. Spacecraft Orientation for Retrothrus t: The spacecraft is 

oriented for retrofire through the u.-se of IR horizon scanners,

rate gyros, and a solar sensor . The exac;:t mechanizahon and 

use of these devices i~ the subject o! considerable dcl>ate. See 

S ection lV for a dis cussion -of the. most probable sche mes and 

po6sibilities. See Figures 2 and 3 for deorbit schernahcs and 

pa!'ameters of 1nterest. ;8')' 

c. Deorblt Command and Retrothrust: The exact time to 

ini tiate the retrorocket is believed to be set into th-= "''stok' s 

electronic programming device b efore launcn: •t i s ~=·<!;•.,pdated 

w!.th real-time tracking information as the 'lehi cle pa6se.:; over 

I 
! 

·1 	

3 
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I 50Xl and 3, E.O 13526. 
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In-Plana rGtro~'?wust 
either ± pitch angle 
depending on orbital 
parome~er s 

Llfa Suppart Cabin 

with~~ 100 

Heat shield placed 
In proper alignment 

SEC!~ET 


. 
Tracking DataMOSCOW COMPUTING CENTER 
ora Tam RangeMission Analysis & Control ~Ty

Coordination 

~ 

rREENTRY DECISIONl 

\ 

PROGRAM ORIENTATION 

AND TIME FOR DEORBIT 


AUTOMATIC ORIENTATION 
(Solar fix tor .Inertial orientation, 
uncoge bodv mounted ·rote gy~os) 

\ 


RETROFIRE~ 
{Nominal 40 seconds; constant : 

AV for each vs~icle j 

SE.PARAT.!ON OF CABIN FROMl 

INSi~i.JMENT S RETRO UNIT _i 


~ SECRB 
REORIENTATION FOR REt:NT~

1 
FlG. 1 {U)VOSTOK EVENT4S SEQUENCE 



) __ ,....___ 

! ; 


ORiiT 
t>EFLEC'I'IOI-! 

__.,.,___--...........\ 

TRANSFER 
EI.LIPSE 

UNCLJ..SSJ.aED 
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the. rangehead or Kamchatka on it.s last (reco•Jery) orbit. Addi

ti::o.ally the SSESS could conceivably play in a role "n the deorbit 

sequenc.,. {See Section V. ) (l31 

d. Reorientation for Re-Entry and Post Retrophase: There 

is a .separation of the life ~support cabin from the instrument 

:rc.tropackage. 1t is then ne:ce&sary to reorient the liia support 

cabin to align the heat shield along the path of the velocity vector. 

This may be a matter of only a few degrees, depending on the 

attitude of the spacecraft at retrofiring; however, it is difficult 

to verify this event for the Vostoks. 

50Xl and 3, E.0.13526 

(See Section VI.) -\8r 

z, In addition to theo automatic deor.bit system d;;acribed above, 

the Vostoks also hsve a manual deorbit orientation system in 

anticipation of em.,rgency Gii:".J.=-'t.1ons. Ti>is sylltem would have 

an ovet'ride capabil"lty over the automatic system and would be 

capable o! ext:cuting the same sequence oi events as th.e o,he:..· 

ey15tem with th6 excepti.on of the solar fix. In the manual mode 

of operation, information would be transmittr:d to the (:;O:'!r.t:l.C'l~.ut 

to :.~pdate his instr)lments, and also to p!:-ovide hiM. ...-.-it!-> ir,<.,, .c-:

tio!ls and precise time!l fo:r retro events. (See Section VII.) y;l, 

7 
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SECTION Ill 

(U) RE-ENTRY DECISION 

l. The total ilight hme of each Vo:>tok vehccle is constrained hy 

the amount of life support aboard and by th.e extent to whi~h the 

desired missioil pc. rameters are achieved. fhere are provisions 

for e.mergency recove,·y in the event of a e1.1bsystems failu r e, or 

if 
1 

the orbita1 characteristi cs a:re in error . The dec:. sion to "go ~ 

c r ';no go" is the responsibiL~y of t.he Mis s :!on Analysis and 

Contr ol Group in Moscow; tb..is group haS the data from Lhe 

Moscow Computing Center and coordinates with the !"angehead 

on many matters concerni.ng the re-entry recovery phase . ,)8f 

2 . Vehicle telemetry and space tracking information i~ trans

mitted to the Moscow Center on a real - time basis . Orbit 

parameters are co~tinuall.y updated and ar.alyses conducted to 

inEure a stable orbi·.:, prope.r ori entaticn, cos.anonau\. ·.vell - 'te:ir;._;, 

3.nd .accomplishment of de~ired mi~nion aims. f.81 

3 . The cosmonaut would also p r o·-;·id.e the Mission C0n•.: .,1 G:i.'O'-'P 

hi~; personal feeltngs !"egarding any plans for continui:-:g or 

termina!ing a flight . (U} 

4. . Once the deci9ion tQ re - entet· has been !Y'ad,;;, the c,-,r trol 

G::-onp will notify the vehicle a!'_rl alert the cosmonaut to .::> " F:.~c 

i 
I 

J 

i 
.I 
·.~ 

9 
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·.<' 

the cteorbit sequence at the proper time. li in the automatic 

mode, the cosmonaut wi11 monitor the deorbit instrumentat10n, 

while in the manual mode, he will naturally tw in personal 

control of each event in the sequence. (U) 

10 
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SECTION lV 

(U ) SPACECRAFT ORIENTATION FOR RETROTHRUST 

l. Th-~B phase of the deorbit sequence is Che most criti cal 

portion of the entire misBion; and at the same time, it is the 

phase about which many d iffer ent v i ewpointe exist. I 

.! ' 
! 
{ 
(' 

:~ 

50Xl and 3, E.0.13526 

I~
2. 

50Xl and 3, E.0.13526 

ll 
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[ SOXl and 3, E.0.13526 I 


3. 

lSOXl and 3, E.0 .13526 1 


r~ 
4. 

\ SOXl and 3, E.0.13526 1 


12. 
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50Xl and 3, E.0.13526 

b. 	 5:;·> Onentat., on fer Retrothrust 

The thesis that tb.~ tc• l git·~din~l ax: s of the craft (a!'ld 

thus the r e:t ro ~ni ~) ls po ontecl o.t. ~he sun dunnr, the entlre t!me 

from in itul onentat1on to post.-re;trofirl!\g has been e xplo re d in 

grco.t depth b y other analysts , E.;sentially, they feel that the 

concept of using the s·.m to o:-ientate Vostok s pace veh~cles pno r 

to retrofire can be given some crc.d•.1Lty by the following fac tn ~ s: 

(l} Soviet open releae c:s announced the abgning of ar, 

axis toward the sun prior to retrofire for the Vo~toke . Smce all 

'fostck fi.igh.ts have been simi.la-r, there~'-' an i.n.di::ation that sun 

orient;;.tion was used fa:: all '/os•.<>k fiighr.,·. Aite~· '""· : .,:(.•" .sslul 

flight of Vo: tok 1, the 2 · ,:,E;t.s d e.:c r~be.o in their l'terat~.:.re fo :r 

the first time the. use of the sun '.n d etermining a reference <..xie 

for the Vo~tok ?l'l tomatical1y contJ:oll.ed attitude orie .>ta t io n prior 

t"J r etl'o ro<::ket ignition , In a Soviet pl.!blication, " The F'irst 

Manr.td Space Flights, 11 rbe following statem ent appe 3 r e d : "The 

ship hnd>: in 3. .-p<!!cifi.ed area a!t~r turni.ng on the b? 1king e ngine 
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mstallation, an operation which changes the orblt of th'e spaceshlp. 

Whcon turning on the braking engine installatlOn, the axis of the 

spaceship along which thP. engine is installed mus t occL,:>Y a 

definite angular position in space. This problem is solved by a 

system of automatic or manuat orientation.. The system of 

automatic orientation searches the sun, 'locks on to it, 
1 

turns the

ship, and puts the .appropriate axis in the direction of the sun, 


The setting andmaintaining of the appropriate axis in a definite 


position occurs with the necessary precision." 


Although the wording above does· not actually state 

that the spaceship axi.s along which the eng1ne is installed is 

directed toward the sun, it appears that a solar orientation of 

retrorocket theory could be supported by the wording of the 

text. A8'f 

(Z) All Vc~toks were launched durir.e the surpmer 

months which 'l.llow for ~ : r '•tb- to r.orth-landing pattern. 

Generally speaking, the retro point in the summer is closer to 

the Soviets' selected landing point than if retro occurrea tn the 

winter. Of course, major factors aifecting range such as 

altitude and flight path angle a.t retro must be taken int. · '"ccount 

when making comparisons of any part;cu~ar flights. :':r•<o ?Ortion. 

of the orbit during which solar orientation may be utilize~ for 

15 
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re-entry dunng the summer months is restr ,.cted to the 

approXlmate quadrant begi.l\n·:.ng wl.th e·rne:rgence from the earth 

shadow and ending at a position some 30° or so north la.tltude. 

The date s between October and February appear more unattrac ·· 

tive !or use of this techn:.que than the remainder of the year 

since the generally larger azimuth angles to the sun would allow 

only small in-plane components of retrothrust. However, a 

su,table elevat1on angle to the sun can be obtained on any date 

by selecting the time and/or the latitude o f -retro. ~ 

(3 i It is alleged in Reference 1 that all Vostoka 

deviated to the left of the:<r projected orbital plane during 

re-entry w1th the e~ception of Vostok V wh1ch went to the 

right; however, it is most difficult to ve·nfy this supposition 

with hard data. 

If both l.n-or:,it and no\"'n'-:t-tc-urbit vectorP ':.!..! 

sun-orientated ,;y.. tem c;.l'e u -~>~, till' inclinat~on of the deorbit 

trajectory may be shghtly changed , either to the east or west 

from the original orb}tal calculahons. Due to the lateru.l 

component of retrovelocity whtch occurs when a sun-o6ented 

:retrorocket system is used, the 1nclination of the orbi tal pla~1e 

is changed after retrofire . ~ 

16 

AFMDC 63-62.92 

1 

http:63-62.92
http:begi.l\n�:.ng


(4) 

50Xl and 3, E.O.l3526 

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

(5) The sun orientation scheme would bea.1· out the 

Soviets 1 reputation for simplicity and reliabili-ty in :heir instru

mentation techniques. )Z} 
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c. Solar Fix Orientation Syste~ 

This is a Vo:;tok deorhLt orientat,on system po~tulatcd 

by the Foreign Ter.hnology analysts of the Deputy k •· Forc1gn 

Technology at AFMDC. !tis based on open source literature, 

telemet ry data, and other background information, and is 

compl.etely described in Te chnicai Report AFl'viDC- TR-63 ··8 

entitled Vostok Control Equipment prepared by Captain James E. 

Howard. Basically, the system is as accurate as subparagraphs 

a and b above, and is a realistic approach to the deorbit orienta

tion scheme and its associated control problems, The following 

events would occur in th<> decrbi t sequence: 

(1) As the vehicle enters the sun on the recovery orbit, 

i 
i the so -called "solar orientation system" is activated and the

cosmor:aut would then verify this event th:!:ough his i!"lst:l"ument 

panel. The lona;~twiin.al <~xis <:J! ~be space•:raft is a~ ' ~neci to · 

point din· ·· ·~y at the: •1...: ~h:rough ~he use of the sun sensot·; at th e-

same time a set of three caged o:rthogonal body-mount.,.d. gyros 

is also s e!: intc motion to warm up. ).B1 

(2) Once this sl.!n pointir.g attitude is precioely 

established (and good solar devices are •accurate wi•h;n two 

se~or.cl~ oi arc as a pract1c.aJ limit), ~he ~ody-l.nC.L.Ll'":i:-.::_ rate 

gyros are unca ged in a sef>arate event, an d the inerti.•.1 atLt11de 
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reference is th~reby estabLshed. Yaw and pitch, tl1e two mo:;t 

cr i tical attitudes. can be determ·1ned directly from the sunli.11~; 

without complex computation. Roll would be established with 

the horizon s<;nsor and transfe rred to the appropriate gyro. 

This will insure that no loss of roll reference w1ll occu-r at 

excessive pitch angles, and further negate the need !or an 

extra roll horizon seeker as c9uld be required in subparagraph 

b above. The subsequent maneuvers to the desi~ed deorbit 

attitude are mad" through precalculated and programmed torquing 

commands to these body··mounted gyros. Once the gyro reference 

is established, the solar sensor is no longer requ:.red, and can 

be electronically removed from the .control system. This 

establishme!\t of a solar fix then effectively reduces any gyro 

drift errors in the deorbi t system to a negligible quantity 


1nasrouch as the r etroro~ket:;, \Vl~L r..urm?l~y f:rt:! abuu1; .,;_ .: 


minutes later. ~ 

(3) The retro .<ockets then firP. at the p rogramm ed 


time and at the prog!"ammed angle {in the o r-bital plane) to 


ar.hieve impact in the designated recover-y area. Proper 


orientation during the nominal 40 -second retrothrust 1::.~ dod 


would also be precisely determined by th·~ three b-ody· mour.ted 

gyros . ...(-5} 
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5. rn reviewir..g the sugge,tions in paragraph 4 'Lbove, it is 

t-eadily apparent that a variety of mechani·~atwns c3.n be postu ·· 

lated from the available data; however, it is felt th at the sun 

orientation for rettcthrust would create tretnendous contra~ 

problems and degrade the ac curacy of the sensor itself. 

Additionally, it does not appear compati.ble with the manual 

earth reference syst!!m used to back up the automatic system. 

It should also be noted that the large yaw a!ld pitch mar..euvers 

observed 9 seconds after re i:.roburr.ing (Vostok I1) are very 

possibly movements of the separated instrument package, and 

not orientations of the life support capsule. The other possi

bilities are certainly straightforward, workable, and within 

demonstrated Soviet capabilities. 1t remains purely a per8onal 

chcice as to whi<:h mechanization would provide tbe more 

logi<:al and accurate deerbit ore : "''' .•.t:!<. ,% 

~ . 
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SECTIO N V 

(U) DEORBIT COMMAND .AND RETROTHRUST 

Deorbit Command Link 

1. Open Soviet literature reflects statements to the effect 

that: 

a. .An electronic programming instrument in Soviet 

space vehicles issues the command to fire the retrorocket; 

most simply, this would be a predsion clock or t~mer. 

b. The exact times arc eet into the programmer by 

commands which are computed at the Moscow Coordinating 

Computer Center. (U) 

2.. As a practical matter, the times stored ~n the 

electronic programmer at launch would have to be continually 

updated by information from real-time tracking data. Ground 

commands would be relayed ic. ·~h" Vus~cko~ !L·o:·.. ...ny n'-ltr""'" cf 

sites -- mo>~t probaoly, however, the commands originate !rom 

Kamchatka and/or the Tyura Tam rangehead on f? " orahle 

orbits. There is. also good basis for suspecting 'h:J.t the deorbit 

phase is supported in some specifically undefined manner by 

the SSESS. These veaBels (Dolinsk, Aksai, Krasni:>•lar, and 

ll'ichevsk} have been located off the bfrican coas•. Fy· e~. ch 
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Vostok fl ight su<:h that they are ideally pos itioned for data 

collection on recovery orbits. They could be utilized in the 

deorbit command link; h e wever, firm substantiation is la.c .,i.ng ._ 

In the event of an unprogrammed earlier deorbit by the 

cosmonaut, the ships would also ser ve as an e mergen cy recovery 

center. )$'> 
3. A radar link for the deorbit command is certainly 

plausible and highly possible; however, no specific information 

exists to verify its use. Such a link is very secu~e from detec

tion bec.a.use of the high directivity of the antenna and wavelength, 

and i s relativel y easy to use. )8'f 

Retrothrust 

system (to achieve a given range from the deboost point) ; ~ 

to va-ry the r etrothruat pitch angle• . Becau se of the u: ~:...:J ~' dY 

small retroveloci ty decrement (on the ord e:r of 464ft ( sec) 

22. 
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when compared to o:bital -.,elc·dt.y {-~2.5,500 f t. /sec), 't would be 

necessary to a1just the p!tc.h angle for each satellit.c in orcler 

to achieve impa·c'. a~ a spedfi<>.d po:nt.. This dlffenng of p•tch 

angles is pl"imari ly requ>red b ecause: 

a, Each satellite is tra<iel ing at a different velocity 

which may be a consi derable factor wh.en compared to the 

relatively small r e tro der..remenL 

b. Each satelhte ; s orb1t 1s different-- perhaps ·only 

slightly whe n viewed numerically; however, i t is quite significant 

in terms of retrorocket performance and alt1tude at retrofire -

an e xtremely sensitlve par.arneter. In thi s scheme, both positive 

and negative pitch angles could occur at ret!:othruat depending 

on the other variables of the ind ividual Vos tok orbits. ThiS 

allows the Soviets to e1£ectively: 

bel~eve itt~; je free ft·<" -;r••ve-;.t.~ .rn observat1on, or more J>kcly 

wher.e thei r SSESS might monitor the event. 

(2.) With an app3.rero.t excess of total retrc;thrust 

avatlable at one d eboost point, the Sov1cts in a mal!unctton 

flring case havE: a chance. to reprogram the ret1·ohr e <..vent to a 

few nunutes later. 1n the same or·bit, and stlll impact ,n a pre- . 

seler.t.<ed recovery are3. · . merely by altenng the retrov.•-- h an gle. 

2.3 
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(3 ) ~-') l.hcs;c>. 1ns:c.1nc:"s where a posu!·,-e. retru 3.().gle 

1s used a lofr.i ng ve. l oc:~:.y d~r: remlcn~ (-up and to l.h e r Eoar) 

results , t h l S r. a. ~ the ;;<.lded adva.nta.ge of hav1ng the veh.de 

rough ly aligl!ed for t he re ·-~n·..-y po,·tlCn of t h e ! Egh t. 

Computer qms have been made~ by various agencie; us1ng the 

retrorocket parameters , debc-ost Jor::ations. orb1tai ephemens,

and probable impac::t lc~a.t!cns, T~e r -, sults 1ndica.ted tha t each 

Vostok and Vostok -type veh":l eo \!sed a different ret:o:o thrust 

pitch ang.Le depending on the i nput v a nables- The p itch angles 

thus de r ive d included beth pos1!:iv e and negat1ve quant1t1es. %J 
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SECTIOf~ V.l 

::;) REORIENTATION FOR RE-ENTRY 

' 
' 
I' 
1 
i 

.I 

.: 

\

mer.ts associated with tfv; veh1de ai~e:t retrothr '.J. .~t. The blun t ed 

heal sh1eld of the cab1n mc.s :; o( coure.e be aLgne:l to n';. : e it 

a long th<C pat.h of t.he ve lcJci.t.y v~c:or. !f the ve!nc:le ~ .J • ~ i <:. 
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lofted · -~ype retrof1ring as d~G C!ls sed in Sect!On IV, there would be 

only a slight r.eahgnment in pitch required. j/it'r 

4. After re-entry the vehicle slows down enou.gh to deploy its 

drogue chute between 2.0,000 to 30,000 !eet; at 10,000 feet a 

I 

I 

J 
; 

I


"I 
' 

final chute is deployed (about 1,000 pound~ to yield a ground 

i mpact velocity of 25 !t/ sec) of th e shaped, solid textile, 

circular type. Location aids such as beacons and flares are 

probably used to aid recovery forces. -(81 
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SECTlON V1l 

(U) MANIJAL OR1ENTA'TJ.ON SYSTEM 

1. V.'hen ~n the manual overrtdc pha8e, the cosmonaut h1mself 

can actuate the gas jet controls to maneuver the veh1cle about 

all three axes. He also has the capab!hty to i.ninate deorb-.t 

act1on -- - i.e,, orientation and retro 1gnit1on. For manual 

orientation the Vostok is eqU1pped with (as T1.tov describes 1t) 

" t h01t mil[:(nlfi cent colored globe of the world which would rotate 

in unison with lhe oceans and conbnents · soon to rotate under 

my spaceship and tell me precisely whe re I was at any given 

moment. 11 Thi.s globe has a line marked on 1t which allows it to 

be used somewhat like a dr!it meter t:or al1gnrnent of the 


longitudinal axis oi the Vostok. When the p i tch and roll ahgn 


ments are correct, the honz.on at·o und the earth may be seen 


retrofiring can probabLy be determ~ned to about:!:. 50 miles . 

Thls indicatP.s the rotation of the glClt.e 1s ac-:urate to .!:. 1 or 2 

minute~ of arc . ln v i ew of the relative simplicity of such manual 

onentahon device~. it i'> cec>.:tain th<n they are usefuL only for 

nea r earth satellite VP.hiclr.s with small orb1tal eccen~_-;clties. 

AleoJ a c cording to 'T i tc- v; a!te~- ma..nually!:!r:ing 1~tr:'~"'"J 0.:10ther 

COHFiDEHTIAl 
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switch could be thrown which would a.utomatical1y rotate t he globe 

rapidly and show th<:" cosmonaut the land;ng point t o be expected. 

It is expP.ct.ed that the glc:-b~ VJould b e updated from •,.me to tlrlie 

by accurat~ tracking info::mation .f.t·<:>rn the ground. ...{ef 

2.. ln additton to the globe device, there is an optLcal oncntat1on 

instrument consisting of two aru.mlar ref.le..::ting mirrors, a Lght 

fllter, and a Vlt'oWir'.g glaf..:. m:.1:::ked W!th a gr:.d of lines simila r 

to drift meter linea. This device w1ll yield fligh t directlOn and 

the local vertical. The ehip ie properly or1ented to the vert1cai 

when the image of the hor lZOn in the-- field cf V!s10n lS v1ewed as 

a ring. It i~ est~mated ~hat th"l c(ls.mcnau~ could anent the 

spacecraft about ~t11 th!'ee axes to an accuracy of _:t 30 m1nutes of 

arc, ;.e:}
3 . lr. a.dditin~ , the cccmor.a.ut probacly !:,a;:l aCC€.55 to the, error 

sensors of -:".he ~.utornatic oxi~tation &ys'.:em . ~-

4. lf an ~mergency a--:><;e, ~"-T"' would l:!:!Ve to be a standard

manual orientat1on maneuver 1o.~ the cosmonaut to perform. 

Thi5 maneuvt>,r wcul.d be exp.::cted to yield about lote a a me t ·e -entry 

angle and total r ange i0 impact a5 th~ automatic. s ystem. The 

optical. o~ient~ng· d~.vice could be .,;:nbed t~ reflect ~~.., designated 

<,tanda.rd Fitch ar.g i. ~ t.c a6,~F.' ·.rt\ p-<·ograrnmed re entrv )""1 

; . 	

-; 
·f, 
' ' ' ' i 
~ 
! 
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5. There is no efficient manner in· which the cosmonaut may 

manually obta~n a solar fix for his deorbit orientation system; 

therefore, it is net Ekely that the sun sensor would be utilized 

1n the manual mode of operation. _.;.e1' 
6. There would probably be a .separate pressurized gas supplv 

for the manual orientation system to provide needed redundancy 

for an emergency situation. J.f2i 
t 
i 

~I, 
1' 
I 
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HEADQUARTeRS 

AIR FORCE MISS~LJE DJEVELOPMENT CJENTlER 
AIR FORCE SVST.EMS COMh'AND 

UNITfO STAT~S AIR FORCf 

tiolloman Air forc.o U.aa.e, Now MniC6 8S330 
lEPL't TO 15 Jan 
ATTN Ofa MDF 

sual~l. 
(U) MDF Monthly Progress Report- December 1963, RC.S: AFSC-R3B 

TO• AFSC (SCFDD} 

1. GENERAL AND ADMlNlSTRATIVE 

a. Personnel: 

Authori1.ed Ass1gned 

MDF 
MDFA 2. 

MDFB 7 7 

MDFC 5 3 

TOTALS 15 12 {U) 

b. Temeorarr Dutr Travel: 

Mr. Michael E. Cason, Jr. {MDFB) spent 9-12 December at 
FTD. TDSPAO Support and Offensive TOPS meetings were attended 
on 9 --10 December ; 11 - 12 December was :>pent working on various 
ana.lytlcal problems of mutual concern to AFMDC and FTD. (U) 

c. Visitors: 

{1) On b DPcembe. · }b3, Col George W, Scott, Lt Col John :rt. 
Patterson, Dr. S. Skolnik, and Mr . David A. Pierson, all of SSD, 
visited MDF to discuss some recently derived i.niormation on s~"iet 
missile and space tracking capability. During the vis.t, i.1:L:>FB 
presented a short briefing on the past, present, and futu:re operations 
of the Technical Evaluation and ApplicatlOns Directorate. A visit was 
made to ASD' s ClOl.idcroft Electro - Optical Site where MSgt Villott 

conducted a tour of the £ac1lity. AS) 

(2) Lt Col Frank W. Angevine fl·om Hq A.!."SG (~._: : ,)) vii~ i~ed 
MDF facilities on 12 -i3 Decemb er 1963. {U) 
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d. General: 

(1) Ef!ective 23 December 1963, Mrs. Jessie C. Babcock 
was placed on loan from MDF to MDFC to permit continueu operation 
of the Techmcal Support Directorate. (U) 

(2 ~· Mr. Michael E. Cason, Jr. (MDF8) !:.as tende.red his 
1·esignatinn, effect!v~ 7 February 1964, to accept a po5ition w1th the 
Lovelace Founda.Lion in Albuquerque, New MeY..lco. (U) 

2. TECHNICAL EVALUATION AND AFPLJ.CATlONS DIRECTORATE 
(MDFB) 

Space Analys1s Program. 

(I) Document AFMDC-VW-63-2 authored by Mr. Michael E. 
Cason, Jr. , and "">titled. "Vo&tok Recovery Forces" was forwarded 
through AFSSO channels to FTD. The document fulfills the requi re
ments oi Task 618204(4,5.1}. Some 220 rnanhours were u sed in 
preparation of the document. )81 

(2) AFMDC Technical Report 63-8, "Vostok Spacecraft 
Guidance and Navigation Equipment," by Capt James E. Howard and 
meeting the requirements of Task 618204(3.3.9.1) was sent to FTD 
and ESD during the month of December, The report d1scusses 
automatic control systems, manual control systems, control force 
generation, and deorbit and :re-entry control. Nearly all the 
material available far t.l,e analysis W'l.!' frol'T' ope~t source ! ' • .. rature, 

'L·. ·...-a~, ~owever, possible to specify 
the most proba le system for odP.r"tation and the types of torquins 
devices used, both hot and cold·· gases. Among other conclusions the 
:report defi nes a deorbit or1entation scheme that accounts fr · th e u,; e 
o! the sun prior to tleorbit and, as well, ,acc.:ommodateE t.'l-te :- equire
ment for more sophisticated guidance than sunpointing up •o the 
tlme of retrofire. A total of 2.36 manhours was r~quired for this 
task. ..($) 

(3) AFMDC Technical Report 63-9, "Vo~tok Retrof•r, and 
Deorbit Systems," authored by Capt William J. Barlow we..·.. submitted 
in fulfillment of Task 6182.04(3.3.8,3), Tho, followmg inter-:: c hg 
conclustons are drawn: 
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(3.) The deorbit decisiOn is made by the Moscow Mission 
Control G•ouf> based o n m1ssion ac<:omphshrnent, cosmonaut inputs, 
and orb1tal parameters; 

{b) Ground command~ are passed to Vostoks possibly 
1hroil ;;h ~ highly d•.-:-e.c1.i<"nal r;;d;r linl< (rom K;.mchatka, Tyura Tam, 
cH" i>erhup> the SSESS, 

(c) There is a separate au~nmatlC: deorbit orientat10r. 
sy~; t c-w ~ornpdsecl of a solar 6ensor, rate gyros .. and hori..:on scanners; 

{d) The retrorockc.t un;t :<~ t.'te. same for all Vostoks and 
Vostok-t)•pt:s; 

(e) 8 to 9 seconds afte1· relro burnout the cabin 1s 
se1>aratcd iron1 the ret!'<>-inst.rument package. and 

(f) The cabin must then be reonent.ed to place the h.:>at 
slueld fore:most, 

This task reqmred some 249 rnanhours for accomphshment. )8J 

(4} The MDF Technical13rief 63-17 was written by Mr. Julian 
S. Nichols to f ulfill thP. requirements of Task 618204(2.,2.6.1}. 
Entitled "(S) Vostok Laun·ch Vehicle Guidar,ce and Control, 11 the Brief 
po1nta out that the launch vehicle V.lles the booster and sustainer of 
the SS-6 plus the Lunik-type third etag<:. No radical changes in the 
rad1o 1aertial guidanc<:'. c; t':\e SS-6 sy~t.,. ·.n ar! poetulated. 7~: 6 thi~-:l 
6tage guidance is estimated to be i nt:r tial in 1;.~e pitch plar.'-' and 
inertia~ in the ya~ -- .'l&.ne with.~ ·"·:o1.nd radio command override, 
Manhours requil•ed for this task were 44. )81 

(5) Total manhours c;xpended th!·o'-'gh December C"l ~ · ·mpl~ted 

SPAO tasks ~qual 3,2-33. (U) 

3. TECHNrCAL SUPPORT DIRECTORATE (MDFC) 

a, General: 

With the legs o! the MDFC ;;,ec:retary on 9 December 1963. the 
effo rt s of the Tecl-.dcal Support Dire ctorate were p:nmarily cu• ce:n
trated on supporting tJ-,e analytical projects o f the TechnicaL Ev<'<\uation 
and Appbcations .Directorat"' during the reporting period, (C'. 
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b. 	 Status of Data C,!ntral Sys tc-. m : 

Acquis1tions dur ing the m on th o£ De ce mber : 

{1) P rc ject White Sto rk: ! , 2.00 PWS ca::ds were acquired 

dunng thP. mor.th, 

{2 ) Projec~ Gold Eagl e : 100 PGE c:ards were r e c e1' ved during 

the reporting p enod. 

(3) CIA P ersonahty Ca rd s: 150 c a .rds we:e received. (U) 

<:. lnver.to ry of Vau.lt a;:d CoLlateral Data: 

{1) Vault Material : 

Bound publications - 1,62.5 
L e tter s and messages - 2.91 
Tapes - None 
Photographs - 50 
Movies - None 
Total linear feet utiliz e d fo1· sto rage - 44 

(2 ) Collate ral Material: 

Bound p1ib1i cations - 2., 161 
L etters and messages - 58 5 
Tapes - 3 reels 
Photographs - .24 
Movies - 2. ree l s 
Othcor- 22.,.00 '-"- ~:; ;53?. lR's an d case files 
Tctal linear fe et utili.zed for sto rage - 84 {U) 

d. Foreisn Acnvitie s Monthly Report ( U-60 Format 1: 

N"gative r ~po;,-t . ( U) 

FOR THE COMMA.1\lDER 

~R~-iN~y
Lt C ol, USAF 

1 .'\.t~h 
D istribution Lis t (U) 

D eputy for Foreign Te ology 

4 ',\ -~ n: t_i_'; (~,t';_ t .::\~~',·(;,·~. · ; , .·' 
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