
~JlU ~~OCID: 1~4~4 '/ UNCLASSIFIED 

.,. 

SCIENTIFIC INTELLIGE~CE REPORT 

THE SOVlliT SPACE RESEARCH PROGRAM 

MONOGRAPH IV 
I . 

SPACE VEHICLES 

'· . 
\ ; ·. - . 
.'. J . . .. 

... . . " 



J•~V.I\..1 ~Ut; .11J: UNCLASSIFIED 

Scientific Intelligence Report 

\ 

" 

THE SOVIET SPACE RESEARCH PROGRAM 

MONOGRAPH N: 

SPACE VEHICLES 

~ ·: . . . - : . . ...~ 

26 February 1960 

CENTRAL INTELLIGENCE AGENCY 

OFFICE OF SCIENTIFIC INTELLIGENCE 

,:-_ 



MORI QociD: 124247 

-
.... 

Fe • . 

UNCLASSIFIED 

' ' 

- - -- . 
..:.~ ... w-,_: ...... :.:,::~.~·~-~~~~ ~ ..... ~ ... "" -· 

w 

• .. .... • -_;:_ • 1 • - _.. •• '- • • 



MORI DociD: 124247 . . 

' I 

·~ 

! 
I 

I 
I 

~.IV 

i 

UNCLASSIFIED 

CONTENTS 

PREFACE . . . . . . . . . 

SUMMARY AND CONCLUSIONS . 

DISCUSSION • . , • : . • • 

Introduction 

Satellites and Space Probes . 

Launching Vehicles . . • • 

~ . . 
' 

Materials of Construction and Fabrication Technology . 

Plastics and Rubbers . . 
Metals and Cennets . . . 

Page 
w 

1 

2 

2 

3 

" 7 

8 
8 

Fabrication Technology • . 9 

Radiation Shielding Problem . 10 

VerlicaUy Fired High·Altltude Space Research Vehicles • 11 

Re-Entry Capsules and Winged Space Vehicles . 14 

TABLES 

1. Soviet SateUltes . . 4 

2. Soviet Space Probes . 5 

3. Approximate Vehicle Velocities for Typical M.isslon.s . . 5 

4. Physical Characteristics of Soviet SatelUtes and Carrier 
Rockets . . . . . . . . . . . . . . . . . . 8 

5. Approximate Payload Capability of Lunik LaUDching 
VehJcle . . . . . . . . . . . . . . • . . . 7 

6. Maximum Equilibrium Temperatures Reached During 
Various Types of Atmospheric Penetration . . . . . · 8 

7. Soviet High~Altitude Research VehJcle Launchings . 12 

8. Nose Cone Weights for Vertically Fired Rockets . . . 12 

9. EsUmat.ed Characterist.lcs of Ballistic M.lssUes Used in 
Soviet HJgh-AJUtude Research Shots . . . • • . • . 13 

v 



MIJH.l D.ociD: 1:.!4:l4 7 . . 

\'I 

1. Photo 

2. 

s. 
Photo 

Photo 

4. Photo 

5. Diagram 

6. Diagram 

7. Diagram 

8. Diagram 

9. Diagram 

1 OA. Diagram 

lOB. Diagram 

11. Photo 

12. Photo 

13. Photo 

14. Photo 

15. Photo 

16. Dl.agram 

UNCLASSIFIED 

FIGURES 

Following Page 
RepUca of Sputnik I . • • • " 

Reproduction of Sputnik ll • 

Repllca o! Sputnik m . " 4 

Model of Lunik I Instrument Container. 4 

Possible configurations tor the Soviet ICBM 4 

Cross Section of Lunfk I Final Stage 
Vehicle . . . • . • • • • 6 

Lunlk I Last Stage Vehicle, Side I . . • . 6 

Lunik I Last Stage VehJcle, Slde II 6 

Lunik I Last Stage Vehicle, Exploded View • 6 

Cross-section of Radiation Bands Sur· 
rounding Earth . . . . . . 10 

Hypothetical Diagram of Solar Flare Ac-
tivity . . . 10 

A-+ Nose Cone 12 

A-2 Nose Cone 12 

A-3 Nose Cone 12 

Surface-to.Surface ~fissile (Shyster) 12 

Surface-to-SurCace ltllssUe (Scud) 14 

Characteristics of Soviet A-1, A- 2, A-3, and 
A-4 Rockets . . . 14 

1. The So\'iet.s 
ing and 
space vehicles 
materials Ll'"'un;;•u•l 

earth sateWtes 
mld-1961. The 
in the penetra 
elude a powerful 
pennit~ the 
hicles and space 
con\'entlonal airc 
readily a\·aUable 
Furthermore, the 
develop 
clear program wi 
s!Ueldlng support. 

2. The Soviet$ 
unmanned earth 
using existing bal 
verucles. The 
ing vehicle. as 
load welghLs or S 
missions. indicate~ 
consis~ of a basi 
baUistic missile (; 
pulsion, control, a 
oped for military 
U.S. telemetry in 
and launching vto 
powered-stage in 
probably are ident 
slmilarity in anne 
Lunik tlnal stage 



~Jrtl uoclU: ~~4~47 UNCLASSIFIED . . 

THE SOVIET SPACE RESEARCH PROGRAM 

\ 

MONOGRAPH IV 

SPACE VEHICLES 

SUMMARY AND CONClUSIONS 

1. The Soviets are fully capable or design­
ing and developing slgn..l.ficantly advanced 
space vehicles and will probably solve the 
materials problem lor the re-entry or marmed 
earth satellites during the period mid-1960 to 
mid-1961. The Soviet Union's achievements 
in the penetration of interplanetary space in­
clude a powerful laWJchlng \"ehicle that has 
permitted the payload of earth satellite ve­
hicles and space probes to be constructed by 
con .. ·enUonal alrcralt-techniques and with 
readily available materials and instrwnents. 
Furthermore, the Soviets can, when necessary, 
develop miniaturized structures and their nu­
clear program will probably provide radiation 
shielding support. 

2. The Soviets have developed instrumented . 
unmanned earth sat.eWtes and space probes 
using e:tisting balllstlc missiles as laWlchlng 
vehicles. The exceptionally powerful laWlch­
ing vehicle, as demonstrated by the large pay­
load weights or Sputnik m and the Lun!k 
m.Isslons, indicates that the vehicle probably 
consisted of a basic military intercontinental 
baUistic missile (and most certainly or pro­
pulsion, control, and guidance systems devel-

for . Slmilarity of 
on Sonet ICBM's 

the Lunik 1ina.l· 
powered-stage indicates that the vehicles 
probably are Identical or very nearly so. The 
similarity in announced weights oC the three 
Lunik final stage vehicles, and the slmllarlty 

otfz jon the launching boosters 
u ed for these shots also Indicate that the 
three Lunik tlnal-powered-stage vehicles are 
probably Identical or very nearly so, except 
for the dUJerence ln payload weJghts. Based 
on the gross weight of the Lwlik I final pow­
ered stage, the launch weight of the complete 
vehicle is estlmated to be about 500,000 
pounds. The launching thrust-t.o-welght 
ratio Is about 1.5 to 1; thus, the launching 
thrust of these vehicles Is about 750,000 
pounds. It is estimated that current Soviet 
launching vehicles o! the Lunlk type could 
.fire a 5,000- to 10,000-pound earth satellite 
lnto a 10~150 nautical m.Ue orbit. 

. 3. The large payload capabllity of the 
launching vehicles has enabled the Soviets to 
use readily available materials and instru­
ments in space vehJcles, but they can develop 
lightweight, miniaturized structures for com­
plex space missions when necessary. They are 
capable o( solving current problems concerned 
with materials of construction and fabrica­
tion technology for space vehJcle launchers, 
instrumented satellites, and space probes. 
They can design and develop high-strength, 
tow-weight. structural materials, lncludlng 
ablating, refractory, and other types, for solv­
ing the aerodynamic heating problem Involv­
ing re-entry vehicles (recoverable satellites, 
satellite capsules, and space probes) . The 
exhibited model of the LunJk I tlnal-powered­
stage vehicle shows conventional aircraft 

1 
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st::.! ·;~•..::al technique and use o! alumJnum as 
the mat.erial ot construction; this fabrication 
technology is considered to be typical of cur­
rent ballistic missiles utlllzed as launching 
vehicles !or Sovie~ space \"ehJcles (satelll~ 
anc lUl"lC.Z' probes). 

4. so..,;et high-altJtude research vehicles 
:have };elded a wealth o! importankclentUic 
data for the design ot space vehicles, espe. 
cia.!ly the structure of re-entry capsules. So­
"iet ballistic missiles ftred down range will 
:>robably be used a.s test beds !or studying 
problems of re-entry and recoverable capsules. 
It ·is esti.:nated that the So..,iets wUl solve the 
n:.,te!'tc:.~ problems !or the re-entey o! a 
ma:1nec earth satellit.e ln the period mJd-1960 
to rrJc-19ol. 

5. There i.s no evidence o! Soviet research 
sp.:-:L":·:ally directed towards the radiation 

shielding problem as 1t applles to manned 
space tught. The r&dJatlon shielding research 
that is conducted a.s part. o! the Soviet nuclear 
energy program should contribute to the solu­
tion o! this problem, but there is no direct 
Intelligence lntbrmatlon to confirm such 
support. 

6. Payloads larger than those estimated !or 
current capability will require the develop­
ment of laWlching vehicles specifically de­
signed tor the Soviet space program, whJch 
when available Will end the apparent depend· 
ence on balllstlc missUes except tor adaptable 
propulsion and guidance components. The 
size of these vehJcles will be determined by the 
mission, payload and propulsion systems &\'all­
able. Nuclear propulsion, which would mate· 
rlally reduce the launching-,·ehlcle size !or 
large payload weights, may be available by 
the late 1960's. 

DISCUSSION 

INTRODUCTION 

Tn~ .st:-"Jcture and configuratioA- of space 
\'..:::: ;: _; .:=.:-e coincident v.ith that o! the air· 
f:-:.:-:: ':' :::vco!·:ed - the overall structure that 
c·~n~ ·~ =-....s ~he propulsion system, guidance sys­
t.:n'".. ;;.nd payload. The airframe must be 
$l.r Jn!:. Hghtv.·e!ght, and capable o: resisting 
:>. : : . -:. :. ::~mic heating. The payload, whether 
it ~e ~ spa.ce probe or a satellite, ha.s its ov;·n 
ai::':a.me that must have slmilar airframe 
p:O?•:r:i~s: moreover, the aerodynamic heat­
L"1g probl-:m is of gTeate:- magnJtude in mls· 
sior..s r.::quiring the re-entry o! a recoverable 
payioad into the earth's atmosphere. There· 
fore. basic research and de~·elopment are di­
rected to~ard the production or strong, light. 
v.·eight . heat resistant materiai.s and refrac­
tory." ablating, • • heat sink, • •• and transpira· 
tkm c·Joling • • • • materials !or special pur· 

• Rc:~actor; materials are ~hose capable of 
-:.1~h.>~.lndlr.g hl~h tempe:-atures without Joss of 
the.: desirable p~opertl~$. 

• • A!)latlng rr.ater1ab absorb heat by >aporll.ing 
o: b: melting and 31oughlng oa the melt. 

• • • He3t slnf'.s absorb heat tn a large m;us oC 
r;,ater!:l! ho:!.'Jlng a high lhermal capacity. 

• • • • T:-3nSplratlon Is the dissipation of heat b\' 
e·a;:J)~:\t icr. o! Uqulds Co:ced to the surfac~ through 
a i)o">:".)\!.S r.1edl um. 

2 

pose applications on re-entry vehicles. Addi· 
tlonal require~.nts are imposed by the bands 
of harmlul radiation surrounding the earth, 
solar eruptions, and cosmic rays In space; 
these conditions present a major shielding 
probJ.?m for most manned sat.ellites or space 
probe missions. 

Test vehicles for investigating these prob­
lems and for developing re-entry vehicles may 
take the form of vertically fired high-altitude 
rockets, long-range ballistic missiles fired 
down range, and rocket-powered aerodynamlc 
research vehicles. 

In the Soviet space research program, exist. 
ing military and scientific missUes and equlp­
ment have been utilized insofar as possible for 
launching vehicles, satellites, and space 
probes. Relatively heavy, unsophisticated 
space vehicles with large payload capabilities, 
which have performed well and coUec~d con­
siderable data of various types have resulted. 
To fuUill increasingly difficult missions, S~ 
viet scientists and engineers are expected to 
develop more refined and specialized space 
launching vehicles. The modified military 
ballistic missiles now used as launching ve­
hicles wUl have to be replaced with larger pre-
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oul.sion units designed to. meet the needs ot 
in~:planet.ary and manned space missions. 
N~vertheless, many components of mlllt.ary 
equipment will continue to be wed 1n the 
space program. 

The development of mllltary mJsslle air­
frames and their modif!catlon tor space dlght 
Ls probably supervised by the Chlet Artlllery 
Directorate, the principal ordnance organlza.­
tion of the Ministry of D~!ense. Sclenttftc 
aspects of the space V.Jhlcle program are su­
pervised and coordJnated by the Interagency 
Committee on Interplanetary Communica­
tions under the direction of Professor Dr. L. L 
Sedov. Basic research and development re­
lated to vehicle structural materials are most 
likely pe~Connecl by appropriate institutes of 
the USSR Academy of Sciences. 

The mllltary baWstlc mJsslle program and 
1 ts scient lAc. space portion are. large seale 
efforts whJch involve thousands of sclentlst.s, 
englneers, and teehnlclans. It is evident that 
the best Soviet talent is being utlliied in con­
nection With these programs. One cannot at 
this time estimate the number or persons ln· 
volved but there Is no evidence of any quantf· 
tative shortage of personnel In view of ac­
complishments to date It would appear that. 
these personnel are b~g effectively utWud. 

Institute 88, ltaUnJngrad; Plant 8, Sverdlovu; 
Automoblle Plant 186, Dnepropetrovsk; All 
Union Irutltute of Aviation Materials, Mos­
cow; and Plant 82, Tu.shJno. 

SATELLITES AND SPACE PROBES 

The immediate problems concerned with 
tb~ structural design ot an lnstrwnented 
sa~Wte or space probe have been to bulld a 
minimum-weight structure that wU1 With­
stand the aerodynamic heating and accelera­
tion stresses. Soviet satellite and space probe 
achievements to date attest to the tact that 
currently avallable materials were satl.sfac· 
tory. Future materials· research and fabrica­
tion technology wW be dlrected towards min!· 
mJzing the structural and component weights 
ot proposed space vehiclu. A recoverable sat.­
eWte or space probe has the. additional prob­
lem of providing tor re-entry of the vehicle, 
the instrw:i:lent container. or at lea.st a por­
tion o( It such as a photographic tl1m package. 
The re-entry structure could!~ a winged 
space vehicle or a ca~ule titt.ecL. with.. retro­
rockets to slow it down wlth dnal. descent 
made with the a.ld of a special slotted para­
chute de.s!gned !or opening dwing rapid de­
scent ln a rarefted atmosphere. These same 
problems would . apply tO an Instrumented 
space probe designed !or exploring tbe atmo.s-

BalU.stlc. mlssUe research and development pheres of other planets. or tor a sort landing 
prob- Ls centered 1n the. Kaliningrad area. some on them. For a soft landing on those planets 
; rna.\·. t\\·enty mlles northeast of. Moscow with ftlght without an atmosphere or Cor a lunar soft 

--- ·itudel---!- - test41'g llrthe Kazakhstan-area-. In-the-Kalln - Jandlng;tbtr-l"ehichrmu.sHnclude-retrorocket.s-
t\red · {ng;ad area of some eight square miles are · to slow the structure down so that the vehicle 
am.ic located the Central Al'tWery Design Bureau, is not destroyed on Impact. The lack of an 

l~t­

~uJp­
le ror 
space 
cated 
Utles, 
1 con­
'Jlted. 
;, So­
eel to 
space 
lltary 
g ve­
':pro-

Scll!ntiftc Research Instltutet?lant 88, Sclen· atmosphere tor braking the vehicle's descent 
tl.tic Research Institute 4, and static test. fa.cll· makes a soft landlng, on these non-atmos-
ltles at Plant 88. The res9urces o! this area phetlc bodies a major design problem. 
have been expanded.. In the post-war periocl Additional pr~bleai.s become apparent when 
and further e.-cpanslon is tea.slbJe. It ls beUeved one considers the design of a manned satellite 
that. numerous !acWtfes of the State Com- or manned space vehicle. The primary con-
mittees Cor Aviation, ShipbulldJng, Defense slderatfon here. l.s to provide Cor the internal 
Industry, and, perhaps, others are dlreeted environment ot t.he vehJcle: composition and 
and coordinated from ttte KaUningrad area pressure o! the atmosphere, gravitational 
In the creation of both the bal.llstic launchlng forces, deceleration and acceleration eft'ect.s, 
vehicle tor space ftlght.s and the space vehicles temperature, protection !rom meteorite 1m-
themselves. Facilities suspected of contribut- pacts, radiation shleJdlng, waste disposal and 
lng spec11lcaUy to the space vehicle airframe nutritional requirements are the main prob-
development program are Scientific Research lems. 

3 
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.----.. 
• ~ ... ~::.:;:~i..i c: published Soviet photographs 

(see flg"..tres 1 to 5) and data (summarized 1n 
ta~les 1 s.nd 2) on satellites and space probes 
has not ·:!.isclosed any slgniflcant dlscrepan· 
ci~ fm::.: the announced dimensions.& 1 'Ibe 
last ;>=-:.?iJ.!sion stages (carrier rockets) of 
Sputnik r and m separated from the satellite 
aftl!r thrust t.en:nination and orbl~ 1Dde­
pendenti.y of their respective payloads. The 
final propulsion stage of Sputnik II did not 
separate- !rom Its payload capsule. The pay. 
load and final·stage empty weight tor tbe 
Lu..t".LL;: ! ~~re allllounced as totaling 3,245 
pvu...'ld.s and the final propulsion stage report­
cd!y ~t~: :l::lted !rom the "artiflcial planet No. 
l." The payload structures are constructed 
o! :1;-. ~1: ..:.r:-.!nu.m alloy and are rugged In com­
paruon ·.;.ith U.S. satellites; the Soviets have 
no: :-.~?.;d~d to utilize the many weight-saving 
ln.!'lovat ion.; characteristic ot U. S. satellites 
anci probes. The Soviet payload structures 
may rc:~~..:~ some technical shortcomings, but 
it i.; r: ~,;,:·~ li:..ely that in their desire to be first 
and b~c'l~se of the large payload capability 
of ::·.·.' ;.-.·.:ncl'ling \'ehlcle, the Soviets used the 
r:-~·::~: ·::·.:· ·~ ·.H.:nt materials, technolofi, and in· 
st:-~:::~ent...s .. 

lAUNCHING VEHICLES 

Launching vehicle requirements are gov­
erned by the theoretical velocities necessa.ry 
tor various mJsslons (see table 3) and by the 
payload. Calculatlons show that lllost of the 
current SoViet satellites and space probes are 
impractical I! not impossible for a one:stage 
vehicle using conventional propellants. All of 
the space mlssions are attainable with multi· 
stage vehJcles; Le., staging using two or more 
rockets. In the configuration called tandem 
staging (stages stacked on top of one another 
and fired successively) the payload for any one 
stage represents the gross weight ot the subse­
quent stage(s). The last stage 1s t.he smaUest 
and catties the useful payload (satellite or 
space probe). As the propellant 1s consumed 
ln each stage, this stage is dropped trom the 
\'ehicle and the operation ot the propUlsion 
system in the next stage commences. Each 
stage imparts a velocity increment to the 
space vehicle; the final velocity of the space 
vehJcle Is the sum of the velocity increments 
tor each ot the stages. The size ot the veh.lcle 
and the number or stages and thelr arrange. 

TABLE 1 

SOVIET S.-\TELLITES 

: :~ \ '·'C':'l:IUSnC SPQ'r..'n\: I Si'CTmX II s,.o-r.."tJt m 
--- ··· -
~·--.·:h ·:!:.te ' o ~ • 0 I I " Oct s; 3 NoY 57 u May sa 
?.e-~:-.:::· C::lt.e . . .. 4 1an 58 14 April 58 c.suu In orbit) 
ur~ u=.e ... . -- . .. l r:noot.hs 5~ IJ\ODths e.st. 1 n ,.ear'$ 
Pa;o<·).l;i i;~ouncl.s) -· 184 w:lalown 2,926 
Lr..st~t:."':lent.a.tlon weight 

i ;:.:)!.!nc!.s I - - ... . .. unknown 1,120 •• 2.,13-i ••• 
Cor.~i'Jratlon . sphertcal coal cal coa.lcal 
Olr..~~:;lo!'a (ft..) • 1.9 6.5 xl.l 11.7 x5.7 
5~.;:":'.·ou: •cioclty rrp~.) 28,200 26.950 28,950 
E::..-;~~:ncr.~~ conducted Internal and ex- l:ntemal acd external tem· Earth's magn~Uc fteld, prl-

tern a! tempera- puatures, 1Dterual pres· mary gamma radlaLloc, 
tures. meteor lm· sure, cosrnlc radiation, uJ- solar radiation. earth's elec· 
p:act.s. pressure trariolet and X-ray radla· trostaUc Oeld, heavy prlma-

tlon, meteor Impacts, blo· ry cosrnle radiation, conceo· 
logtcal experiment (dog) tratlon or poslti"Ye Ions, lD· 

Leroal and external temper-

- atures, meteor Impacts 
• o .:r.er..s!ons g',t"cn are ex c:lu.slve o( a.ny tl.nal rocket stage 

• • To tal ':!;eight or lnstrument.s, animal, and electric power s~uree 
• • • w~ : ~ht o: sc!enU:ic research equipment r"dlo equip- t a d . u • .. ...en , n power supp es. 

4 
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Flcure 1. RepUc:1 of Sputnik I. 
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f'i,ure Z. ~production or Sputnik U. ~irti,bt c.:1bin nur bue, sphere 
c:onl.alnln' tr:uuraltt.ers :a.nd instruments just aboTc, and solar 
ndiation app:r.r:atus near top. 
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f"i~ure 4 :Hodel ot the inslrumrnt cont3lner t.:aken up by the SoYiet rocket, Lunlk I, 
on :! l;1nuuy 1959, ;~.nd cblmed to ba~e become utitlc:lal planet So. I. 
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TABLE 2 

SOVIET SPACE PROBES 

1.1nnK I LO:rtX U 
LONIK III 

!Circumlunar (Arutlclal Planet No. 11 !Lunar Impact) OrbltJ 
Launch date . . . . . . . . . . 
Empty weight. of n.nal stage (lbs.) 
::sumated cross weight o! ftnal 

stace Obs.) . . .. . . . . ... . . . 
~ngth and diameter oC last st.ace 

I ft.) . . . .. . .. .. . . .. .. .....• . 
Total payload weight Utw.J .. . . 
Structure weight mlnus payload 

(lbs.) .......... . ............ . 
Gross weight ot separaUnr In­

strumentation probe <lbs.J . 
E.stlmat.ed Instrumentation weight. 

remaining With powered ftnal 
stare Clbs.J ......... . ...... . . 

tncre:ue ln payload welcbL our 
Lunlk I Ubs.l ... , . . .... . . . . . 

01:1mete.r oC Instrument capsula 
((t.) ... ... . .. . ... ...... . .. 

2 Jan 59 
3,245 

18,000 

1'1.3 X 8.5 
797 

2,Ha 

39'7 

400 

2.1 
spherical 

-

\ 

' 

12 Sep 59 
3,332 

wtknown 

wttnown 
860 

U72 

wtknown 

unknown 

53 

unknown 
spherical 

3 Oct 59 
3,424 

unknown 

unknown 
959 

U65 

&13 

345 

1G2 

-

Shape or Instrument capsule .. 
Knoo;~:n experiments conducted . Internal temperatures and 

pressures, micrometeorites, 
external temperatures, 
eartb's marneuc 11eld, so­
lar corpu.sc:ular radlaUon, 
primary c:osmlc: radJatlon, 
Interplanetary ga.s compo­
nents, moon's marnetlc: 
fteld, sodium vapor cloud 

CosmJc: rays, micromete­
orites, earth's marneUc 
Celd, Interplanetary ras 
components, moon's 
marnette 4eld, .sodium 
•apor eloud, racUaUon 
belts, prtmary cosmJe ra· 
dlaUon 

unknown 
cylindrical 
Photograph of 
backside ot mooo 

TA_DLE 3 

APPROXDU.TE VEHICLE \"'ELOCITIES FOR 
rrPICAL :mssro~s, 

5500 n. mile ICBM 
Sa.~ell!te orbit. around earth 

r.a:oll£7lc.\L v n.ocrrv. • 
r.'/SEC 

23,000 

rno retwnJ 26.000 to 35,000 
!.;cape from earth !no re-

turn I 36,700 
Lunar missions, approx. . 35,000 
~fa.rs/Venus . . . . . . . . . . . . 31,000 

• Seglects alr resistance, nulrattonal c:onec:Uons, 
and grav1t.atlonal losses !variations In crav1tatlonal 
Corces with lncrea.$lng d1stance trom the earth's 
surtaceJ . 

ment is dependent on the mission, payload 
weight. specific impulse of the propellants, 
!abrication techniques, materials of construe· 
tion, and weights o! component systems (pro­
pulsion, guidance, auxillary power, and so 
forth) . Different types of staging are illus­
trated in Figure 5. 

A few days after the launch on 4 October 
1957 of the earth's first man-made satellite, 
Sputnik I, · Nikita Khrushchev, the First Sec­
retary or the Central Committee of the Com­
murust Party of USSR, stated that the USSR' 
can launch sateWtes because it ha.s a carrier 

-for them, namely the balHstlc missile. • Later 
statements by Khrushchev further implicates 
the Soviet ICBM as contributing 1n some way 
to the launching \'ehicle for the Sputniks. 
Academician Leonid I. Sedov, Chairman of 
the Soviet Interagency Com.ml.ssion for Inter­
planetary Communications, 1n October 1957 
said that the Soviet satellite program was 
based upon avaUable military hardware !rom 
the start.~ V. P. Petrov ln his book stated that. 
it is only necessary to replace the hydrogen 
warhead ln the nose or a Soviet ICBM with 
suitable instrumenlatlon to produce an artl· 
ficial earth satellite.• Soviet Defense Minister 
RocHon Malinovsky stated in a special speech 
given 3 February 1959 to the 21st Congress or 
the Soviet Party that the lntercontlnenta.l 

5 
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ballistic rocket launched the Mecbta space 
probe (Lunik I) .1 These statements by au­
thoritative Soviets strengthen an already 1bm 
conviction that the current Soviet space prcr 
gram is built on the experience gained in 
their military ballistic rocket program and 
that the vehJcles utlli2e at least maJor com­
ponen t..s o! their ICBM hardware. -

Photographs o! the orbiting c:arrler rockets 
tor the three Sputniks show that a <Wrerent 
launching vehicle was used in each case. (S~ 
table 4.) It is belleved that the vehicle used 
to orbit Sputnik UI was a Soviet ICBM. The 
siml!arity o! ICBM and space probe launch­
incr vehicle telemetry formats lncUcates that 
th~ ICBM was utWzed to launch the ftnal 
powered stage !or Soviet space probes. Te­
lemetry evidence also supports a parallel or 
partial stage ICBM. Thus, on the premise 
that Sputnik Ill was launched by an ICBM, 
the Soviet ICBM is a parallel or partial staged 
;rehicie approximately 91 feet high and 10 
teet in diameter. Calculations based on the 
Luru..'-' r fi.nal stage estimated gross weight of 
tB .CQO pounds show that the So~et ICBM 
r:.;.s a 5r'OSS 1-UJ'lching eight or about 500,· 
OIJI) Dound.5.1 evidence shows that 
the 'thrust to we1g t ratio !or the Soviet 

TABLE 4 

PHYSICAL CH.-\RACTERISTICS OF SOVIET 
S .~ TELLITES ~'"D C:\RRIER ROCKETS • 1 

LOICTB I DI.Ul.tTU ' W'I:ICB'T 
~;.n.uu: (Ftl (Ftl !Lbl 

Sp•J:nl k I ccamtr> 54:5 5:3 -
SputnJlt 1 ... spherical 2.3 185 

(total 
weight in 

Sputnik II Ccarrter) ;o = 5 8:3 1-
orbltl -

Spu:nllc II 5 3.2 1,120 
Unstru-
znented 

payload I 
SputnJk m Ccarrterl 91 = 5 10.3 = 2.0 -
Sputnik ill .. 11.2 S.1 2,925 

{total 
weight In 

orbttl 

• The physical data anl!able come from Sovtet 
ill''.:IO~ncement.s (weights! and from photo lnteW­
~;~nce . 

ICBM Js 1.5; therefore, the launching thrust 
is about 750,000 pounds. Evidence on the ma­
terials ot construction, airframe and staging 
technique is totally lacking. 

\ 

Soviet press rtleases have revealed a lim-
ited amoWit of lntonnaUon on the Lunik ftnal 
stage vehicles (reviewed 1n table 2). In July 
1959', the Soviets exhibited a model or the . 
tlnal-stage vehicle (minus rocket engine) and 
listed the spherical Instrument package which 
separated to become .. artificial planet No. 1" 
as weighing 397 pounds. The 1inal stage was 
approximately 8.5 feet in diameter and had a 
height o! 17.3 feet. Propellant tankage Indi­
cated a UquJd propellant system.• 

A completely rella.ble source has produced 
addltional information on the Lunik I 1lnal 
stage vehicle, including the diagrams shown 
in figures 6 to 9 and inlonnation on construc­
tion details. The Internal arrangement of the 
tankage is such that the rocket engine (not 
exhibited) is positioned ln the hole created by 
the toroidal tanks. The top tank is made of 
aluminum, assembled !rom sections by weld· 
lng. Its volume is 150 cubic feet. The top 
tank is fueled through a filler plpe attached 
to the bottom or the tank. The bottom tank's 
inside and outside cUameters are the same as 
those of the top tank but it is a true torus 
with a volume of 93 cubic reel. The bottom 
tank Is fueled through a spring loaded nozzle 
located on the opposite side of the one Cor the 
upper tank. 

Figure 9 shows an exploded \'iew of the en­
tire final stage vehicle illustrating the prob­
able manner or assembly. 'Ibe nose cone tip 
ftts over the forward section of the two coni­
cal halt sections. At the proper time, the nose 
cone Up is ejected, the clamps holding the 
two hal! sections together are released, and 
the nose cone breaks away from the vehicle. 
The spherical lnstrumentatlon package is 
ejected by some undisclosed method a t the 
end of powered ftlght. The forv:ard reinforced 
section which supports the nose cone is at­
tached to the curved section of the upper tank. 
The forward tank and aft body section are 
joined together to form a continuous cylinder. 
An aluminum circular heat shield goes around 
the external surface of the top tank. Thus, 

6 . . . .. ·.. . .' . ... . 
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17.25 ft. 

!-------8.47ft. _________ _, 

Figure 6 . Diagram of lunik 1 last stage vehicle 
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Figure 8. lunik 1 last stage vehicle, side 2 
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the upper tank most likely would contain a 
c:yogenic liquid believed t.o be liquid oxygen 
(lox) . The bottom tank 1s attached to the 
cylindrical body section which is made of 
heavy gauge aluminum alloy. The volumetric 
:atio oi the two tanks indicates that the pro­
pellant system is lox-kerosene and on this 
basis, the total weight of propellants is a~ 
pro:dmat.ely 15,000 pounds. 

The design and fabrication of the Lunik: I 
final stage vehicle follows conventional a.fr. 
craft construction practice. The integrallox 
tank is pressurized to carry body shears, bend· 
ing moments, and axial ioacb. The axial 
force generated by the preceding powered 
stage ls dlstributed to the skuHtringer strue· 
ture of the final stage vehicle by eight heavy 
externally moW\ted lugs. 

The design of the Lunik final stage vehic:le 
shows that no concerted effort was made t.o 
sa\·e weight. Reliable intelligence Indicates 
the total structure weight less propulsion sys· 
tem to be 1,760 poWlds. Aluminum was the 
material of construction. T'ne Soviets uttllzed 
modern ·manu!acturing techniques, unusually 
careful workmanship, and extensive auto­
matic machine welding in its construction. 
t:se ot hea\'f forgings and starnpings are also 
il~ e~idence. ... 

The So•·iet.s have ample capability for im· 
mediate space missions with their Lunlk 
launching vehicle, which has the capability 
for a manned satellite mission when the So­
.. iets !~J.\'e solved the re-entry problem. The 
launching \.'erucle has estimated payload capa· 
bilities for specific missions as shovm in table 
5. For a 7,500 nautical mile earth satellite, 
the payload capability l.s the same as that !or 
nnj· lunar mission except a soft landing. 

TABLE 5 

APPROXDU.TE PAl:"LOAD CAPABfi.ITY OF 
LID-i1K LAUNCHL'i'G VEHICLES 

~'·' n.o.Ul 
OUIT WE1C:ln 

(Ctreularl (Lb.t.l 

E:lrth S3telll te . . ... . 100-150 a.m. S,000-10,000 

Earth satellite 7,SOOn.m. 1,000 
:!4-hour equatorial eart.b 

sate!llte . ~ ~ I I ~ I • •• I 20,000 n.m. 550 

The USSR 1s not expected to be dependent 
tor long on military developed mJssUes for the 
Soviet space program. Soviet development or 
larger veh1cle5 speciflcally designed for space 
missions is most Ukely well along. The Soviet 
space program we envision lor the period 
1959-74 requb'es the development or these 
much larger vehicles and of associated pro­
pulston and guidance systems. Estimates 
show'that the Soviets, for every payload pound 
put into a satellite orbit, required approxi· 
mately 150 pounds of launch welght and that 
each payload pound of the Lunik vehicle re­
quired about 500 pounds of launch welght. 
These ratios wW naturally become less as the 
Soviet state-of-the-art improves, but even u 
the ratios were t.o halve, the launch welghL 
of future Soviet space vehicles must be esti­
mated at a few million pounds. 

The appearance of these future gigantic 
.,·ehlcles is at. best only a guess. They will be 
a few hundied feet high and consist of sev­
eral powered stages. High-energy propellants 
wW be utflli;ed. In the latter part of the 
period 1959-74, when nuclear or exotic pro­
pulsion systems may be a reallLy, the number 
of stages may decrease to two or three and 
vehicles may be short and thlck. During the 
period of this estimate, Soviet vehicles will 
probably be developed capable of orbiting 
large manned space staUons, making manned 
lunar sort landings, and placing instrumented 
probes in to outer space. 

• MATERIALS OF CONSTRUCTION AND 
FABRICATION TECHNOLOGY 

The construction materials and fabrication 
technology for space vehicles must produce 
strong, lightweight, and heat-resistant struc­
tures. The need Cor strength and Ughtness is 
merely an extension of aircraft requirements, 
but recoverable space-vehicle heating prob­
lems are of a difl'erent magnitude. Steady 
state heating, as 1n a propulsion system, must 
be handled ditferently from the transient. 
heating of a re-entry vehicle. The extremely 
h.lgh temperatures (caused by aerodynamJc 
heating) estimated to be encountered by a 
re-entry vehicle Cor specl.flc planets Ls sum­
marized ln table 6 Cor various re-entry tra-

7 
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jecto:--::.5.: F~w ot these temperatures are 
within the performance limJts of current 
mate:-t;.lS. 

In t:-:eir efforts to develop structural and 
other materia.J..s tor future space vehJcles So­
viet sci=:1tlst.s are undoubtedly investigating 
m:u:.:· substances, including metalS, plastics, 
cerarrucs, cermets, and other ch~ com­
po'.!nd-5. There is no evidence to show that 
the Soviets have materlals research and de­
'>elopment programs which are direcUy con­
nect.::: ·.;ith space flight projects but such 
projects probably exist and probably are 
hig!'liy classified. 

PhlStics :md Rubbers 
Tne Sot.·iets will probably use plastics in 

sp:l.:e fiight structures piimarily as compo­
r.e:'l~~ .... f major equipment units (rocket. en­
gine throats and nozzles), !or housings and 
lightly load!!d structures, as insulating mate­
rials, a:1d as ablating material tor the nose 
.:cr.ts ·:·f :-c·ent.l'}· vehicles. 

:'i:: S•.)\'iets ha\'e the capability to use exist-­
i:i~. :~i; abie and readily available plastics such 
as ::.: : -:· n ,~Hcs. acrylat.es, and polystyrene tor 
.s;::.:. : :' ~ .,. h: applications. The SO\iets report-­
~- ::::. -~ ;· :1-Y:.· using plastics fairly extensively 
!:: ··-.· ·.:- .;at.~!lite and space vehlcle programs. 
s:-:· : : : ~- ~ :1nJ light~r weight components pro­
c: ·_. :· ,; ~ =- ·.· :1~ plastics i!o'ill see greater utilization 
lri ;·· _: ·~ :-~ 5•)\;Ct Sp3Ce vehicles. 

)lo.!t:tis :tnd Cennets 
TI~::~~ is no evidence o! metallurgical re­

.Si.'a:.::·. y: ~.lcUitles for such research in the 
GSSt:: o;.·hich are directed specifically toward 

meeting space vehicle materials requirements. 
However. the USSR is engaged in an extensive 
metallurgical research and development pro­
gram which includes studies of hJgh tempera­
ture alloys, cermets, and refractory metals of 
potential Importance to space vehicle con­
struction. While much Soviet work is un­
doubtedly classf.fled, the quality of present 
known Soviet met.aUurgtcat science and tech­
nology is uneven and in some areas generally 
equivalent to tbat of the West. Published 
Soviet work on theories of strength and ele· 
vated temperature properties or metals and 
alloys reveals that, whereas a great amount 
ot data and correlations have been produced, 
the Soviets are now no nearer a satisfactory 
understanding of these factors than before. 

The USSR produces a variety of ferrous and 
nonferrous metals, including several high­
temperature alloys similar to those avallable 
in Western countries. Soviet specifications 
tor a nickel alloy simllar to Inconel X for use 
in gas turbines have been round. Inconel 
X is being used in the construction of a space 
fiight vehicle (X-15) In the United States. 
The Soviets have made no mention, however, 
ot the heat emissivity characteristics of nJckel­
based alloys which would provide a more posi· 
tlve indication of interest in employing these 
allO)'S in space-vehicle construction. The ad­
vantage of Inconel X ls its high temperature 
strength (to about 1600~ F); a feature of ob-' 
vious signlflcance to space vehicle design.· 
Slmllarly, cobalt-base high-temperature alloys 
o! a composition equh·alent to the Western 
alloy Vitalllwn are produced in the USSR tor 
aircraft engine applications. 

TABLE 6 

;,{AXDil . .":\1 EQt.JtLIBRtU:\1 TE:\lPER:\TURES RE.-\CHED OURIXG \'AR!OUS TYPES OF 
AT:\IOSPHERIC PE:\"ETRATION 

I 
Oti"te't £~Y AT DUU:C'T £NUT At 
J:Sc.\Pt vn.ocrrv OIUUTAJ. 'IELOCrrY 

E:rntY IIY 

rt..\;-.i!:r DECAY T'RON 

I s· . 20• go• s· 20" 90• SATELLITE 0 R!ll"t 

Ea~th I 5000 5900 6800 3900 4600 5200 3600 
\'!!n~s I 

·l'lOO • • 5500 6300 3800 <l~OO 4900 3-100 
~f:lrs 2-lOO 2500 3200 1900 2200 2500 1900 

• T:-.e :.:-c!otl")' angle, 
• • :-•. ::qJ•:::~turcs are gt\>"en In degrees Raokln <R• = F· + -460) . 
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Internal structural members and .fittings 
·.•·ithin a soace vehicle, although not subject 
to direct heating, will be subjected to rela­
t:v~ly high temperatures and to rapid tem­
perature changes. With suitable design, and 
possible cooling, the anticipated service tem­
oeratures of internal components may be suf­
ficiently below the skin temperatw-e to per­
mit the use of more conventional alloys of 
construction such as stainless steel or tlta­
niwn alloys and even certain of the aluminum 
and magnesium aiioys. The USSR produces 
a variety of stainless steels similar in com­
position to those produced in the West. So­
,·iet titanium technology is also similar to 
that o! the West and a number of alloys are 
being produced on a llmited scale. Alwni­
num and magnesium alloys are also produced 
in the USSR in a variety or compositions. 
Observations o! models or Soviet satellites 
and the Mechta space probe and its carrier 
rocket indicates that aluminum is the pre­
ferred material of construction. Reports on a 
Soviet missile production facility, Plant 82, 
Tushlno, claim that duralumlnum and staJn­
l~ss steel sheets have been used for missile 
skins and stainless steel for the nose cones. to u 

The refractory metals (primarily tungsten, 
tantalum, molybdenum and columbium) offer 
strong possibiliti~s for the solution or ex­
tremely high temperature problems encoun­
tered in some propulsion systems and in some 
c-omponents upon re-entry. Research inve.sti­
ga~ior.~ on these metals are in progress in the 
USSR. The biggest barrier to the use o! these 
materials, ho~·ever, is their low oxidation re­
sistance. Some !onn o! coating must be de­
veloped before these metals can be success­
tully employed in space vehicle components. 
USSR studies are also being conducted on 
cermets, slllcldes, nitrides, borldes and car­
bides; however, there are no indications that 
these imestigation.S have resulted in signifi­
cant advances. Related Soviet developmental 
research in po~·der metallurgy is comparable 
in qua.Uty to that currently being conducted 
in the West. 

The quality of So,·iet metals research is 
good, but there is no evidence that this native 
rcs~a.rch will provide new or significantly lm-

- ... , ... ··-· __ ___:_ ______ ___ 

proved materials !or use ln space vehicles in 
the near future. It l.s estimated that, !or the 
next several years at least, the SoViets wW 
continue to follow Western metallurgical re­
search ror lndlcatlons o! improved materials 
or promising research which could be adopted 
or further developed !or use ln space vehicles. 

Fabrication Technology 

Estimates on Sovlet fabrication technology 
for space vehicles are based on USSR exhibl ts 
of models of the Spu t.n1ks and the Lwtik I 
space probe and lts carrier on the two 

on aircraft 
space vehicles 

thus far constructed have utUl2ed conven­
tional aircraft fabrication techniques and are 
rugged structures; that ls, the Soviets have 
not empha.sl2ed weight-saving designs. 

·For the past 50 years, Soviet workers have 
been making Important contributions to 
structures technology, especially ln the fields 
of structural mechanics and vibration analy­
ses. World War II developments and subse­
quent work have been consoUdat.ed by the So­
viets ln a number of good texts and mono­
graphs.': An examination o! Soviet capabili­
ties In structural design lndlcates that they 
hao,·e the ability to solve the structural prob­
lems associated with space vehicles, including 
re-entry o,·ehlcles. 

In some aspects o! structural theory and 
analysis that would be directly applicable to 
the design oC a space vehicle, such as design 
or thin-walled structures, theory o! elasticity 
and possibly creep analysis, Soviet work may 
be slightly better than that o! the West. Al­
though the so .. iets are doing good theoretical 
and appUed work In vibrations, the West ap­
pears to have taken a slight lead In the asso­
ciated field of Butter. 

so .. iet metaUurgists have adequate experi­
ence in complex metal forming, welding and 
forging techniques to permit the construction 
o! space Bight vehicles using presently known 
materials of construction. It ls believed that 
as new materials are developed only the mini· 
mum time Jag will be Involved in applying 
these materials to space vehicle needs. 

. . . ... . - 9 ~ - ~ .... . . . .. . -- -· - . 
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RADIATION SHIELDING PROBLEM 

In 1958, L. I. Sedov acknowledged that rad.J. 
ation shi~lding poses .a major problem for 
manned space dlghts. 

Of immediate concern for any manned space 
vehicles are (i) solar fiare radiation (which 
may maintain the radiation levels In ~eVan 
Allen bands). (ii) the radJation (Van Allen) 
bands above the earth's atmosphere (see fig· 
ure 10). and (ill) cosmic radiation (extremely 
energetic charged particles such as protons, 
alpha particles and nuclei of some elements). 
Any o~ these types of radfatlon may increase 
marked!)" in amount during solar eruptions, 
but wili not change markedly ln character. 
(See figu:-e lOB); the Van Allen bands will 
extend somewhat turther out during such 
solar eruptions, and will be more intense by 
uo to several orders of magn!tude. When 
nuclear rockets are developed, possibly in the 
period 1967- 74, lt will also be necessary to 
shield personnel from the nuclear reaetor. 

Soviet and U.S. sateWtes and space probes 
have yieided iniormation on the earth's radia­
tio)n b:..nds and cosmic radiation. Rowever, 
Crom the knowledge gained thus far on this 
:-~cLaUor.. solutions requiring tittle or no 
sr.:e:c1~5 a:e possible !or periods when there 
a:e no sola: eruptions. Unfortunately such 
.:>Jia: ::.ul!.:> are not predictable at present. The 
earth ·s radiation bands are toroidal shaped 
:aye:-$ above the earth's atmosphere with 
t::-ar.es of &actiation extending out a.s far as 
30.000 miles, or O\'er 50,000 miles during solar 
eruptions. The bands are shaped by geomag­
netic forces (are latitude dependent) and are 
not pres~nt at polar latitudes. Therefore, one 
solution would be a trajectory providing for 
a polar exit and re.entry. An unshielded 
manned sateHite must orblt below 400 miles 
or above 30,000 mJles from the earth in order 
to a\·oid the high-intensity harm!ul radiation 
band3. 11 For periods o! solar quiescence, a 
possible solution would be to use unshielded 
manned lWlar or space probes and to pass 
quickly through the radiation bands; there 1s 
a possibility that in this manner the dosage 
received might be less than the ma.ximwn 
per.ni.ssible dosage. The Soviets have indf-

10 

cated a willingness to do this as a calculated 
rlsk.at ,. Cosmic radiation appears to be a 
lesser problem than the Van Allen type of 
radiation.1• 

To shield out p!e earth radiation bands 
would require on the order of 10 em oC lead. 
Part ot this shielding 1s needed for protection 
from radiation produced by the high~nergy 
electrons striking the vehicle structure. How­
ever, it one used this amount of lead tn the 
vehicle, there would be a higher dose contrf· 
butlon from the radiation produced by cosmic 
rays hitting this shielding. Thus, conven­
tional shielding Js not entirely satisfactory 
for a space vehJcle unless cosmJc rays can be 
completely blocked or the radtatlon produced 
by them can be completely absorbed. 

'Ibe basic problem o! keeping radiation tn· 
side a reactor 1s much the same as keeping it 
out of a manned space ship. However, the 
shielding currently used for nuclear reactors 
would impose a tremendous weight penalty 
when used ln a space ship. Soviet research 
is estimated to be underway ln a search for 
Ughtweight shielding materials which prO: 
duce a minimum amount of secondary radia­
tion on interaction with primary cosmic radi­
ation. This research is probably conducted 
at Soviet nuclear energy research installations 
although there ls no e\·idence or a specific re­
search program. From the small amount of 
Soviet published material on this subject, it 
seems apparent that the USSR 1s now using 
Western research results and proceeding along 
parallel Unes. Some data indicate that the 
Soviets are investigating the rare earth gada. 
llnlum (Gd) for lt.s neutron-absorbing proper­
ties. They also have shown interest in alter· 
nate layers of boron-impregnated lead (Pb­
B11') and water-boron salt solutions.n Both 
o! these studies would be applicable prlmartly 
to nuclear reactors and other neutron sources. 
Other Soviet research includes work on radia­
tion attenuation by the usual types ot shield­
ing materials.••" This Soviet " . .-ork is not 
currently applicable to the space flight prob­
lem, but it will be important !or the develop­
men't o! nuclear powered aircraft and space 
vehicles. 
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Figure 1 Oa. Cross section of radiation bonds surrounding the ear:th 

Crou Section of radiation bancf.s .surrounding earth i.s .shoum bv contours of 
raditJCion intensitv. Contour numbers give counts per .second of ch.crged parUdes; 
horizontal scale .sllou:s di.stance In earth radii (about 4,000 milesJ trom the c~ter 
ol the earth. A rel.ativelv raditJtion-/rce zone emt.s over the ecrth'3 pol.ar rcgion.s. 
Shaded portion shotcs the tu:o hfgh.-int~.sitv rcdlation bands u:hlch. circle the 

earth. lli 
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This simplfjl~c! di4gram represents sole1r J(t1rts of charged pcrtkiQ u:hich carry 
along their ou:n magnetfc fttlds in which the solar charged particles osc:lllatt. 
W~~n the solar particles and magnetic fields reach the uicinitv ot Cite earth they 

f!e/orm and reinforct the Van Allen be!ts but they al$o flood the solar sv.stem 
u:itlt interue rcdiation in much th.e same manner that th.e Van Allen belts a(Jed 
the relati.:tlv smc!C area around the earth. Such solar 4Ctluitv u quite po.uiblv 

a m~cllanism responsible [or the ~JU:intenance of the Van Allen l4yers. 

Figure 1 Ob'. Hypoiheticcl diagram of solar flare activity 

30911 2-60 
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The Soviets wUl attempt to determine tne 
qualltatlvP. composition (protons or electrons) 
of the r&\'i·~tlon bands, either independently 
or by using U.S. data as lt becomes available. 
A scientific breakthrough could occur whlch 
would yield a method of controUing the radia­
tion bands and cosmic particles such that 
shielding Cram these would not be necessary, 
for instance, a new type or electromagnetic 
field has been proposed as an e:q>lanatlon of 
gravity and a potential idea for controlling 
other electromagnetic 1\elds.:r In lieu of- tlUs 
and during the interim period, the Soviets will 
probably take this radiation as a calculated 
risk and make no attempt to shield thelr .first 
few "astronauts." There seems to be Uttle 
likelthood that the Soviets (or anyone else) 
will ha,·e made any major advance in shielding 
\\ithin the next ten years. 

VERTICALLY FIRED HIGH.ALTITUOE SPACE 
RESEARCH VEHICLES • 

Analyses of Soviet near-vertical firings, in 
addition to thel.r announced and confirmed 
successes in space launch.l,ngs, have provided 
a significant insight into their space restarch 
program. Particularly, these analyses have 
disclosed important information concerning 
the vehicles being u tU.J,zed for this research. 
This information has a direct application to 
thei: military capabillties. The Soviets have 
made no secret that their space research pro­
gram is based on military facilities and ve­
hi~lcs: ho;;-e.,·er, they have ne'l"er specified 
which missiles were actually being used, e:t­
cept for their ICBM.:o 

The USSR began high-altitude research at 
least as early as 1949 and has achle.,·ed a 
uniql!e advantage over the West. The Soviets 
ha·;e concentrated on a continuing program 
of research which to date has pe:-mltted them 
to attain e·,.er-increa.slng altitudes with their 
..-ehicles, carrying hea.,ier and more varied 
payloads than the West. As a result, they 
ha~te accrued considerable data of major Im­
portance to the Soviet space program. 

• High·altJtude space vehJc:les coc.slc!ered tn t.h1s 
report ue lnstrum~nted ba!Ustlc mls.sl!es ftred ~ertl­
c:a.lly tor explortn~ the earth's ra.dl:1t!oa ban<!.s. cos­
rrJe :-:1d!:ltlon. blologtc:al condltlons In outer space, 
re-entry phenomena. and especially :.n the tutlnc 
o: re-entry vehlcles. 

Since May 1957, the Soviets are known to 
have fired at least 18 near-vertical hJgh-altl· 
tude research vehicles from the Kapustin Yar 
Missile Test Range (KYMTR); see table 7. 
There is no doubt that other undetected and 
unannounced vertical firings have occurred 
on the KYMTR and elsewhere in the USSR. 
Th(! 12•• with RADINT-<:onflnned altitudes 
(16'May 1957 to 10 July 1959) range from 
about 90 to 255 nautical miles muimum 
height and probably represent the major fir· 
ings from the standpoint of altitudes attained 
and experiments related to vehlcle re-entry; 
for eumple, vehJcle design, c:onslructlon ma- _ 
terfals, methods o! re--entry, and related scien­
tific: and biological !~tors. Specific Soviet 
announcements concerning these ftJghts have 
been Umited to the firings on 24 May 1957, 21 
February 1958, 27 August 1958, 2 July 1959 
and 10 July 1959.21 2: 

These 12 RADINT-conflrmed upper·atmos­
phere and space research tirings appear to 
taU within two distinct groups according to 
altitude. The lower group or tlrings attained 
altitudes or 90-125 nautical miles, whereas the 
higher group or firings reached altitudes of 
240-255 nautical mues. AdditlonaUy, the So­
viets announced at a TsAGI (Central Aerohy­
drodynamJc.s Institute) meeting in 1958 that 
during the period 1949-52, twelve dog-carry­
ing vehicles were launched to altltudes of 
about 50-60 nautical miles. SimUarly, begin­
ning in 1953, about 18 additional ust firings 
with dogs occurred to about the same alti­
tudes. The payload weights have never been 
published nor has 1 t been possible to confirm 
the altitudes. On 23 and 25 December 1958, 
possibly additional near-vertical 

These pre-1957 8.rings (over thirty) 
possibly could represent a third grouping by 
altitude and probably were accomplished 
using the Soviet nominal 200 nautical mlle 
ba.lllsUc missile. 
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TABLE 7 

SOVIET HIGH-ALTITuDE RESEARCH VEHICLE LAUNCHINGS 

CE:.'IO:fOt.oCT 
A!.Tn'U11£ PATtO.U rvaros1: • sonac1: • 

(Nautical mUesl (Pounds) \. 
1949-52 ... .. .. ~ - B,S A 

(1:! launcr..lngsJ 
1953-511 . . ....... 50-$) - - B,S A -

(18 laUDch!DgsJ 
16 ~!:11 1957 ..... ... . 125 - - E,R. 
24 May 1957 ... ....... 115 .f&IO B,S A,E,R 
25 Aug 1957 ....... 120 - B E,R. 
31 Aur 1957 . I '' o •• •t 110 - - E,R. 
9 ~pt 1951 ... ... ... 120 - B E,R 

21 f'etl 1S58 ........ 255 334.f o,s A,R 
2 A-:.;g 1958 . . . . .... - - O,M E 

13 Au~ 195a ........ 120 - O,M E,R 
27 Auf; 1958 ... .. 243 37215 B,S A,R 
19 ~pt 1958 .. .... . 2.f6 - M A, • • E,R. 
31 Oct 1958 ..... ... 248 - - E,R 
23 D.ee 1958 . . .. . .. - - - E 
25 D~c 1958 .. ....... . - - - E 

2 July 1959 .... . .. ~120 ... 10 B,S E,R 
10 July 1959 ... ... 90-120 •a-to B,S E,R. 
21 Jut~· 1959 .. - - - E 
21 Juirl959 ....... - - - E 
28 July 1S59 .. .. ... - - - E 

• K~y to letters appeartnr In Columas 4 and 5. 
!-. - • .1.::::·:<'..!..,c:e<! M- Meteorolopcal 
9 - 31.,lolllcal R-R.Wnn' 
E- Et.L""t s -Stablllzatlon, and/or Re-entry, RecoYery 
G- G~o;:~~.y.slcal 

•- S;-:o:!~c: c:l~e noL a.nnounced, but this shot. Inferred Crom the nature ot the experiment conducted. 
r'-.1::~~: c~~ai!s Included In text . 

. :..~ ;.;,e t.;S.SR ~ational Economy AchJeve­
m~n t r::xi:ibit, Mosco9!.·, February 1959, the So­
vie~ displayed some of the nose cones 
launched and recovered from vertical firlngs 
t.o altitudes oC 60, 115, and 225 nautical miles. 
The displays also indicated the existence of 
five ba.s!'= rocket-launching vehicles Identified 
as .-\-1, A-2, A-3, A-4, and MR-1. (See table 
8.) Toe latter two were used principally for 
meteorological investigations. The A-1, A-2, 
and A-3 (see figures 11 to 13) were used for 
sendL"1g animals to h.igh alt1tudes.2• Frag-
mentary data A-1 identifies it a& 

ably the V -2. 
identifies the A-2 a.s probably an .... ..,, .. &, ....... ,u 

V-2, possibly the extended-range vehicle (300-
350 nautical miles) known as the Korolev 
miss . s~!l.:l~yf a 

the A-3 rock~ is identi.fted as the 
~'U'"'.,;....,.,o the ballistic ml.ssile in 

(See 

12 

Calculations show that the nominal 700-
nautlcal mile -ballistic (SHYSTER) missile · 
could achieve the group of firings t.o 240-255 · 
nautical mile altitude. In addition to the In­
strumentation, the rocket used in these firings 
\l.'as equipped with a parachute recovery sys­
tem for returning t.o earth a capsule contain­
ing the two dogs carried by lt.n 

TABLE 8 

NOSE COt-"E WEIGHTS FOR VERTICALLY 
FmED ROCKETS 

A-1 
A-2 
A~ 

A-4 

~OSE CO:St WEICHT 
IPoundsJ 

1818 
-cuo· 
33-(4 

82-S 

• Total weight which equals sum o! nose cone 
Weight Of 3250 poWldS &nd the weights O( the two 
instrument pods (795 poWlds each I a.tt.a~:hed to the 
eenter ~Uon oC the ~le. 
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1dlibited 

~rCOM 

62ft. 

~9 ft. 

l 
Scud V-2 

A·4 A-1 

Son.m. 60n.m. 

825+lb. 1618lb. 

Elongated V -2 

A-2 

121 run. 

4850lb. 

7S tt. 

'-

~ 

- I-
~ 

-

(_ ~ 
u 

Shyster 

A·3 

243n.m. 

~·~~~ blled 
mne 1105.! 

334vtb. 

figure 16. Choroc:feristic:s of Soviet A·l. A-2, A-3 and A·.C rockeh 
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The altitude performance (55-60 nautical 
miles) and a cross-sectional diagTam ot the 
A-4 nose cone suggests that the A-4 rocket Is 
the short-range mlssile called the SCUD (see 
jigure 15), which was also displaye<l,ln the 

!- - Estt-
'-mates o! the altitude and payload ~ability 

or the various Soviet ballistic mJssUes that are 
believed to have been used in vertical shots 
are shown in table 9. Vehicle con1lgurat!ons 
and heights are shown in figure 16. -From the foregoing it is evident that the 
USSR has the necessary launching vehicles 
lor conducting a systematic research program 
at altitudes well beyond the earth's atmos­
phere. The vertical shot vehicles used to date 
have carried geophysical, meteorological, and 
biological experiments a.s well as Curthered 
studies ot the technical and material prob­
lems involved in stabWzation, re-entry, and 
recovery o! the payload package !rom verti­
cally fired rockets. Payload weights up to 
about 5,000 pounds have been used in these 
studies.= :s These experiments and !easibWty 
studies are contributing substantially to the 
Soviet development o! equipment !or recov­
erable animal and manned space flight. 

The Soviets have utilized their KYMTR 
facilities for conducting these high-altft.ude 
explorations. This has permitted continuous 
S•J•:fet monitoring of the performance ol the 

booster vehicle and the instrument package 
during llight. Moreover, the re-entry and re­
covery tests o! payloads from near-vertical 
ftrings occurs at pre-determined points mak­
ing reUable location and subsequent exploita­
tion possible. 

The USSR Is expected to continue high­
altitude firings, using existing opei·~tional 
balnstlc missiles, particularly those o! nom­
inal 200, 350 and 700 nautical m.Ue ranges. 
Additionally, as Inventories o! the nominal 
1100 nautical mile range ballJStic misslle per­
mit, the Soviets are expected to divert some 
ot these vehicles to the high-altitude and space 
research program. The propulsion stages ot 
Soviet ballistic mlssUes supplemented with 
additional burning stages provide the USSR 
with the capability o! exploring the earth's 
radiation bands and spatial radiation. 

In down range drlngs, Soviet ballistic mls­
sUes have most likely carried instrumentation 
!or investigating the m.Lssiles' environmentaJ 
conditions and re-entry performance charac­
teristics. I! the Soviets have not already used 
some o! these down range shots for testing re­
entry space vehicles, they are expected to do 
so soon. All o! these mi.s.sUes give the USSR 
an early and distinct advantage over other 
nations ln the testlng of large re-entry re­
search vehicles. 

TABLE 9 

ESTL'\U.TED CfL-\RACTERISTICS OF B . .U.LISTIC :tUSSILES USED IS 
SOVIET HIGH-ALTITUDE RESEARCH SHOTS 

nmcu SC1711 1'-2 KOIIOIZY 

!tiSSIU 
SI!'YSTn 

No:nlnal horlzr.:ttal raage (n..m.) ~ .. ~ .. . .. .. .. • I • ~ ~ o 75 200 3$0 100 
PropeUants _ . .. .......... ... ... . . .. ..... ······· (Stor&blel Lox· Alcobol Lox-Alcobol Lox-Alc:ohol 
Specl.1l.c ImpuLse <second.1) .. ... o o o o o I o • o ~ • 0 0 I 210 210 220 220 
Thl'\!st (ptJUDd5 - .. ·· · ··. , ... . ~ ... • ' ' ,. ~ a • ~ ~ 20,000 55,000 75,000 75,QOO...U,OOO 
Diameter UeetJ -· -· .. . .. . . .. .. . . ... ·· ·· ·· · 2.7 $.4 5.f 5.3 
!Angth (teet) ~ .... .. . . . ... . . .. 0 • 0 • • ~ •• • • 0 •• ~ •• 33 45 - 67 
\Varhead wt. (lb.) . . . . 1500 2000 2000 3000 .. 

0 •• • •• • • • • •• • • • •• •• • • • • 

NomJna! pea~ a ltitude <n.m.l •• ... .... 35 50-75 110..125 24G-2ISO 

• Warhe&d welrht 1s as given and deQnd ln NIE 11~9 a.nd Includes the explosive dtnce and lt.s as­
sociated ruzinr and tiring mecban15m. The welgbt oC the nose cone structure, the beat prot«Uve aute­
rtal !or the nose cone and any adaptation ldt are not. Lncluded. 

• • The norn.lnal peale a ltitude ot a baWsUc mls3Ue tired on a near-•ertlcal trajectory l.s on lhe order ot 
40 pe:-cent o! lt.s hortzontal range tor the same warhead welgbt. 

13 
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~E-E~iRY CAPSUlES AND WINGED 
SPACE VEHICLES 

Altho•Jgh there is no direct evidence to sup­
port a So•;iet manned winged space-vehicle 
research program, the Soviets have the capa­
bility to build a winged space vehicle and put 
It into orbit. Such a winged space vehicle 1s 
one method o! recovery oC man fro~ space 
mission. A manned glide-type winged vehicle 
using aerodrnamic control surfaces can be 
guided Into a shaUow glide path descent whJch 
is acco:npanled by a low deceleration rate. It 
also has the potential capabllity or selecting 
its · o~ point o! landing. But re-entry 
(v;;.nged or otherwise) raises two major prob­
lems: ll) aerodynamic heating and (2) hJgh­
s~ed stability and control o! the vehicle. In 
adc!it toc, there are many other problems con­
cerning fabrication techniques, pilot escape 
pro·: i.s ions and the choice of a launching ve­
hicle if a space vehicle is air launched. 

Tne Sov1et investigations on materials of 
constructiOn could resolve the aerodynamic 
heat i::~ problem for a re·entry capsule and/or 
wi..~ged .S?ace vehicle. Solutions to the sta­
bil i!y o;nd control problems have already been 
arr:·.·.:ri at theoretically by the SO\iets; some 
tJ.·;:! ::. .. ~ t!:1 published in the open literature. 
E r~·;·.e::-. stabillty and control will probably 
b~ ~ :::~: .:o r ;mJ~lem ror the Soviets. Evidence 

on Soviet ftgbter aircraft indicates that the 
Soviets have had d.lft1culty 1n translat.ing the­
oretical solutions oC stability and control prob­
lems In transonic and supersonic flight Into 
operat.tonal hardware and apparently are still 
having d.l.fficultie$._ 

A winged space vehicle progTam is not man­
datory for a man-in-space program. The 
alternative 1s the use of a re-entry capsule 
which can be slowed down by drag brakes or 
retro-rockets, with the final descent made by 
parachute. The Soviets have utillzed drag 
brakes and parachutes ror the recovery of nose 
cones tired ln vertical shots to high altitudes. 
A Soviet scientist claims that they have found 
this method to be Inadequate for recovering 
a manned satellite and that a gUde type ve· 
hicle 1s necessary.:• 

The various high-altitude vertical nose 
cones exhibited by the Soviets 1n Moscow, Feb­
ruary 1959, are shown ln figures 11 to 13. 
The nose cone structures appear to be con­
structed of aluminum. Drag brakes will be 
noted on the A-1, A-2, and A--3 nose cones. 

It is estimated that the Sot.iets will have 
solved the manned earth satellite re-entry 
problem during the period mid-1960 to mid-
1961. 



MORI 'UociD: 12424 7 

:he 
hc:-­
')b-

:lto 
tW 

an­
ihe 
ule 
. or 
by 

rag 
ose 
Jes. 
md 
ing 
"'e-

.ose 
'eb-
13. 

·on­
be 

; . 
. ave 
ltry 
n.id-

, 
. 

UNCLASSIFIED 

\ 

' 

Flrure 15, Surlace-to-surf.:~oc:e mlssUe CScudl. · 


