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PREFACE 

This monograph, one of 12 on the Soviet Spsce Research 
Program, covers information available on structure and conflgu- 
ration of space vehicles from all mums as of 1 December 1059. 
propulsion systems, and guidance and control are the mbjects 
of Separate monograph& Monograph I will be an eSttmate 
baaed on the others in the series and will be published last. 
Manographs on the Soviet space Research Program: 

I Eetimate 1959-74 VIITeleJnetry, aoInm- - ticws, and Reconnais- 
II Objectives sance Instrumentst;ion 

IV Space Vehicles X S b  Biology and As- 
V Propulsion System biology 

XI Astronomical Aspects 
VI Guidance and control XII  current Statu8 Of Prog- 

resa 
I 
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THE SOVIET SPACE RESEARCH PROGRAM 

MONOGRAPH IV 
SPACE VEHICLES 

SUMMARY AND CONCLUSIONS 

1. The Soviets are fully capable of design- 
ing md developing significantly advanced 
space vehicles and wil l  probably solve the 
materials problem for the reentry of manned 
earth satellites during the perlod mid-1960 to 
mid-1961. The Soviet Union’s achievements 
in the penetxation of faterplanetary space in- 
clude a powerfbl launching vehicle that has 
permitted the payload of earth satellite ve- 
hicles and space probes to be constructed by 
convsntfanal aircraft techniques and with 
readily available mskriab and inatrumenta. 
FurtheFmore, the Soviets can, when necessaFg, 
develop mlniaturhed 8tructures and their nu- 
clear program will probably provide radiation 

2. The Soviets have developed instrumented 
unmanned earth satellites and space probes 
using existing ballistic missiles as launching 
vehicles. The exceptionally powerful launch- 
ing vehicle, as demonstrated by the large pay- 
load weights of Sputnik 111 and the Lunik 
missions, indicates that the vehicle probably 
consisted of a basic military intercontinental 
baUstic missile (and most certainly of pro- 
pulsion, control, and guidance systems devel- 

similarity 6f 
Soviet ICBM’s 

the Lunik flnal- 
powered-stage indicates that the vehicles 
probably are identical or verg neafly so. The 
aimllnrfty in announced weights of the Wee 
Lunik final stage vehicles, and the similarity 

. -  melding support. 

of 1 Ion the launching boosters 
utilized for these shots also indicate that the 
three Lunik final-powered-stage vehicles are 
probably identical or very nearly so, except 
for the difXerence in payload weights. Based 
on the gross weight of the Lunik I final pow- 
ered stage, the launch weight of the complete 
vehicle is estimated to be about 500,000 
pounds. The launchhg thru&to-wdght 
ratio is about 1.5 to 1; thus, the launching 
thrust of these vehicles is about 750.000 
pounds. It is m t e d  that current &viet 
launching vehicles of the Lunik type could 
&e a 5,000- to 10,000-pound earth satellite 
into a 100-150 nautical mile orbit. 

& T h e  large payload capability of the 
launching vehicles has enabled the Soviets to 
u88 readily available materials and instru- 
ments in space vehicles, but tRey can develop 
lightweight, miniaturized structures for com- 
plex space missions when neceersary. They are 
capable of solving current problems concerned 
with materials of construction and fabrica- 
tion technology for space vehicle launchers, 
instrumented satellites, and space probes. 
They can design and develop high-strength, 

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 Lunik I final-powered- 
stage vehicle shows conventional aircraft 
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structural technique and use of aluminum as 
the material of'construction; this fabrication 
technology is considered to be typical of cur- 
rent ballistic missiles utilized as launching 
vehicles for Soviet space vehicles (satellites 
and lunar probes). 

4. Soviet high-altitude research vehicles 
have yielded a wealth of important sCimMc 
data for the design of space vehicles, e s p  
dally the structure of re-entry capsula. So- 
viet ballistic missiles flred down range will 
probably be used as 'test beds for studying 
problem8 of re-entry and recoverable capsules. 
It is estimated that the Soviets wUl solve the 
materials problems for the re-entry of a 
manned earth satellite in the period mid-1960 

5. There is no evidence of Soviet research 
specifically directed towards the radiation 

to mid-1961. 

shielding problem as it applies to manned 
space fight. The radiation shielding research 
that is conducted as part of the Soviet nuclear 
energy program should contribute to the solu- 
tion of this problem, but there is no direct 
intelligence information to confirm such 
support. 

6. Payloads larger than those estimated for 
current capability will require the develop- 
ment of launching vehicles specifically de- 
signed for the Soviet space program, which 
when available will end the apparent depend- 
ence on ballistic missiles except for adaptable 
propulsion and guidance components. The 
she of these vehicles will be determined by the 
mission, payload and propulsion systems avail- 
able, Nuclear propulsion, which would mate- 
rially reduce the launching-vehicle she for 
large payloadIweights, may be available by 
the late 1960's. 

DISCUSSION 

INTRODUCTION 
The structure and conflguration of space 

vehicles are coincident with that of the air- 
frame lnvolved- the overalI structure that 
contabu the propulsion system, guidance sys- 
tem, and payload. The airframe must be 
strong, lightweight, and capable of resist4g 
aerodynamic heating. The payload, whether 
it be a space probe or a satellite, has its own 
airirsme that must have similar airframe 
properties; moreover, the aerodynamic heat- 
ing problem is of greater magnitude in mis- 
sions requiring the re-entry of a recoverable 
payload into the earth's atmosphere. There- 
fore, basic research and development are di- 
rected toward the production of strong, light- 
weight, heat resistant materials and refrac- 
tor3f,* ablating,++ heat sink,++* and transpira- 
tion cooling+*++ materials for special pur- 

*Refractory materiala are thm capable of 
withstandin hlgh.temperature8 without loas of 

* Ablating mat8rial8 absorb heat b vaporiaing 
or by melting and slouehlng off the me%. 

*+*Heat sinks absorb heat in a large mass of 
material having a high thermal capecity. 

**** Tramphation la the Mpation of heat by 
evaporatioa of liquids forced to the d a c e  through 
a porous medium. 

. their dealrake propertlea 

a 

pose applications on re-entry vehicles. Addi- 
tional requirements are imposed by the bands 
of harmful radiation surrounding the earth, 
solar eruptions, and cosmic rays in space; 
these conditions present a major shielding 
problem for most manned satellites & space 
probe missioe. 

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

In the Soviet space research program, exist- 
ing military and scientific missiles and equip- 
ment have been utilized insofar as possible for 
launching vehicles, satellites, and. space 
probes. Relatively heavy, unsophisticrrted 
space vehicles with large payload capabilities, 
which have performed well and collected con- 
siderable data of various types have resulted. 
To fulfill increasingly difficult missions, So- 
viet scientists and engineers are expected to 
develop more refined and spedalkd space 
launching vehicles. The modified military 
ballistic missiles now used as launching ve- 
hicles will have to be replaced with larger pro- - 

I 
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p a o n  units designed to meet the needs of 
hterplanetary and manned space missions. 
Nevertheless, many components of milltarg 
equipment will continue to be used in the 
space program. 

The development of military mhde air- 
frames and their modifkation for space flight 
b probably supervised by the Chief Artillery 
Directorate, the principal ordnance org&& 
t ion of the bdinistry of Defense. Scientific 
aspects of the space vehicle program are su- 
pervised and coordinated by the Interagency 
Committee on Interplanetary Cammunica- 
tions under the direction of Professor Dr. L. I. 
Sedov. Basic research and development r e  
lated to vehlcle structural materials are most 
likely performed by appropriate institutes of 
the USSR Academy of Sciences. 

The military ballistic missile program and 
its scienW space portion are large scale 
ef!orla which involve thousands of scientists, 
engineers, and technicisns. It is evident that 
the best Soviet talent is being utilized in con- 
nection with thm programs. One cannot at 
this time estimate the number of persons in- 
volved but there is no evidence of any quanti- 
tative shortage of personnel. In view of ac- 
complishment& to date it would appear that 
these personnel are being effectively utilized. 
Ballistic missile research and development 

is centered in the Kaliningrad area some 
twenty miles northeast of Moscow with fltght 
testing in the Kazakhstan area, In the Kalin- 
ingrad area of some eight square miles are 
located the Central Artillery Design Bureau, 
Scientific Research Institute/Plant 88, Scien- 

ities at Plant 88. The resources of this area 
have been expanded in the post-war period 
and further expansion is feasible. It is believed 
that numerous facilities of the State Com- 
mittees for Aviation, Shipbuilding, Defense 
Industry, and, perhaps, others are directed 
and coordinated from the Kahingrad area 
in the creation of both the ballistic launching 
vehicle for space flights and the space vehicles 
thynselves. E’acilltiea suspected of contribut- 
ing specifically to the space vehicle airframe 
development program are Scientific Research 

tiAc Research -titUte 4, and Static test facil- 

Institute 88, Kaliningrad; Plant 8, Sverdlovsk; 
Automobile Plant 186, Dnepropetroosk, All 
Union Institute of Aviation Materials, Mos- 
cow; and Plant 82, Tushino. 

SATELLITES AND SPACE PROBES 

The immediate problems concerned with 
the structural design of an instrumented 
satellite or space probe have been to build a 

stand the aerodynamic heating and accelera- 
tion stresses. Soviet satellite and space probe 
achievements to date attest to the fac t  that 
currently available materkls were satisfac- 
toq. FutuDe materials research and fabrim 
tion technology will be directed towards mini- 
mizing the structural and component wefghts 
of proposed space vehicles. A recoverable sat- 
ellite or space probe has the additional prob- 
lem of providing for re-entry of the vehicle, 
the instrument container, or at least a por- 
tion of it such as a photographic illm package 
The re-entry structure could be a winged 
space vehicle or a capsule fltted with retro- 
rockets to slow it down with final descent 
made with the aid of a special slotted para- 
chute designed for opening during rapid de 
scent in EL rarefled atmosphere. These same 
problems would spply to an instrumented 
&pace probe designed for exploring the atmos- 
pheres of other planets or for a wft landing 
on them. For a soft landing on those planets 
without an atmosphere or for a lunar soft 
landing, the vehicle must include retrorockets 
to slow the structure down so that the vehicle 
is not destroyed on impact. The lack of an 
atmosphere for braking the vehicle’s descent 
makes a soft landing on these non-atmos- 
pheric bodies a major design problem. 

Additional problenb become apparent when 
one considers the design of a manned satellite 
or manned space vehicle. The primfu‘~ con- 
sideration here is to provide for the internal 
environment of the vehicle: composition and 
pressure of the atmosphere, gravitational 
forces, deceleration and acceleration efIects, 
temperature, protection from. meteorite Im- 
pacts, radiation shielding, waste disposal and 
nutritional requirements are the main prob- 
lemS. 

. 
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strumexits. 

Analysis of published Soviet photographs 
(see tlgures 1 to 5) and data (slJmmarized in 
tablee 1 and 2) on satellite8 and space probes 
has not disclosed any signiftcant discrepan- 
cies from the announced dimenaiana.l~ The 
last propulsion stages (carrier rockets) of 
Sputnik I and III separated from the satellite 
after thrust terminatdon and orbited inde- 
pendently of their respective.payloads. The 
€hal propul@on stage of Sputnik II did not 
separate from its pa$!Ioad capsule. The pay- 
load and flnal-stage empty w e h t  for the 
Lunlk I were announced as totaling 3,245 
pounds and $he W propulsion stage report- 
edly Separated from the “artificial planet No. 
1.” The payload structures are constructed 
of an aluminum alloy and are rugged in com- 
parison with U.S. satellites; the Soviets.have 
not needed to utilize the many weighhaving 
innovations characteristic of U. 9. satellites 
and probes. The Soviet payload structures 
may d e c t  some technical shortcomings, but 
it is more likely that in their desire to be first 
and because of the large payload capabwty 
of the launching vehicle, the Soviets used the 
mt expedient m~terials, technologg, and in- 

7 0  

Launch data .............. 
Re-entry date ............. 
Lifetime .................. 
Payload tpoUnd6) ......... 
Inetnnncntation weight 
(pounds) ................ 

oonflgurauon ............. 
DimenSionS (ft.) ........ 
Burnsut veloclty tfp6.) .. 
Experlmenta conducted . . . .  

LAUNCHING VEHICLES 
Launching vehicle requiremenb 858 gov- 

med by the theoretical velodtim n- 
for varioua missfons (see table 3) and by the 
payload. Calculations show that most of the 
current Soviet satellites and space probes are 
impractical if not impossible for a onestage 
vehicle using conventional propellants. W of 
the space missions are attainable with multi- 
stage vehicles; Le., staging using two or more 
rockets. IZI the configuration c u e d  tandem 
staging (stages stacked on top of me another 
and fired successively) the payload for any one 
stage represents the grogs weight of the subae- 
quent stage (s) . The last stage the smallest 
and d e s  the useful payload (satellite or 
space probe). As the propellsnt la copIsumed 
in each stage, thia stage is dropped from the 
vehicle and the operation of the propulsian 
system in the next stage commences. Each 
stage imparts a velocity increment to the 
space vehicle; the final velocity of the space 
vehicle is the sum of the velocity increments 
for each of the stages. The size of the vehicle 
and the number of stages and their arrange- 

TABLE 1 

SO- SATELLITES 

-1  
4 oct 57 
4 Jan 58 
3 months 
184 

unknowp 
spherical 
1.9 
2 a m  
atam m d  a- 
ternal tempera- 
tures, meteor im- 
Pact& p==- 

SpdTmx II 
3 Nov 57 
14 April 88 
5% months 
unhsown ’ 

1,120 
Conleal 
6.6 X 3.3 
26,GW 
Internal and external tem- 
perature& internal pres- 
mare cosmlcrsdiation,ul- 
tradolet and X-ray radia- 
tjon meteor lmpacb blo- 
l o g i h  experiment (dog) 

1 rocket stage. Dimensions @veri are exclusive of any flr 
Total welght of instrumen&, 8dmd, and electric power source. 
Welght of 6cientific remarch equipment, radlo equipment, and power I 

4 

15 -i&y MI 
(still In orbit) 
est. 1% years 
2,026 

2,134 *** 
conical 
11.7 x S.? 
28,950 

yplie8. 

..I . . . .  ........ 
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mure 1. Model of the instrument containsr taken up by the Soviet rockek LuniL I, 
on 8 January 1059, and claimed to have become artiftckl planst No; 1. 
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TABLE 2 

SOMET SPACE PROBES - I 
\. 
t' ""-TIC 

: ' 12 sep 59 3 oct 69 

, L v m x r n  
LUXmc II wlrcumlunar 

.* . 
L u m x  I 

(Arwdal Planet No. 1) (Lunar Impact) Orbit) f ;  : 

.(* b n .  ( J and .......................... w e t e r  of last atage .17.3 IK 8.6 unlmown -0- 
!' . Tow payload welght (lbs.) . . . . .  797 860 959 

ab . . . . . . . . . . . . . . . . . . .  2 Jan 59 : 
3,332 3.424 mpty weight of mal atage (lbs.) 

-0- grw weight of mal 
3,2G 

U n k I l O W n  !. stbga (I-.) ................... 18,000 , unknown 

(lbs.) ......................... 2,w 2,472 2,465 Structure wdght minus P W l a  

613 ' 
i. anvss wei ht of se ating in- m e n f a t i o n  prorUbs.) 397 unknown 
,'. ~stimated laatnunentation weight 
v. UnlrnOWn 345 remaining with powered mal 

itage (lbs.) . . .......... 400 

63 162 .' Increaminpay 
Lunik I (lbs.) . . . . . . . . . . . . . . . .  - 

U n L n O W n  U n k n O W n  
!. Diameter of instrument capsule 

(it.) ......................... 2.7 
spherical cylindrical spherical 

', Known experiments conducted . . Internal temperatures and Cosmic rays, micromete- Photograph of ..... pressurea micrometeorftes, orltes, earth's magnetic backside of moon 
e r t e r n d  tern eratures, field, lnbrplanetsry gas 
earth's magnezc .field 80- components, moon's 
lar corpuscular radiabon, magnetic field, sodium 
gmary cosmic radlirtion, va r cloud radlatlon 

. terplanetsry gas compo- be&prfmarjrcdcra- 
' nents, moon's magnetic diation 

field, sodium vapor cloud . 

1 

8hape of instrument capsule . . .  

TABLE 3 

TYPICAL MISSIONS * 

A few days after the launch on 4 October 
1057 of the ewth's ffrst man-made satellite, ' 

retary of the Central Committee of the Com- 
munLst Party of USSR, stated that the USSR 
can launch satellites because it has a carrier 
for them, namely the ballistic missile.4 Later 
statements by Khrushchev further implicates 

6500 n. mile'ICBM 23,000 
SateUte orblt around earth 
(no return) . . . . . . . . .  . 26,000 to 35,000 the Soviet ICBM as contributing in some way ' 

Escape frm earth (no re- . to the launching vehicle for the Spubiks. 
turn) 36,700 Academician Leonid I. Sedov, Chairman of 

the Soviet Interagency Commission for Inter- Lunar missions, approk 35,000 
Mars/Venus . . . . . . . . . . . . . . .  3 7 , ~  . plane* Communications,.in October 1057 * Neglect8 air reatstence, navigational corrections and gravitational losses (varlatlons in gravitationai $aid that the S O V M  SateUte ProPam was 
forma with berm distance from the earth's .based upon available military hardware from 

the start.5 V. P. Petrov in his book stated that suriacd . 
'.. merit is dependent on the mission, payload it is only necessary to replace the hydrogen 

Wdght, speciflc 'impulse of the propellants, . warhead in the nose of a Soviet ICBM with' 
. fabrication techniques, materials of construe- suitable instrumentation to produce an arti- 

'tion, and weights of component systems (pro- flcfal earth satellite.6 Soviet Defense Minister 
pulsion, guidance, awdliary power, and so Rodion Malinovsky stated in a special,speech 
forth). Merent  types .of staging are Illus- given 3 February 1050 to the 21st Congress of 
bated in Figure 5. the Soviet Party that the intercontinental 

5 

vELocITIEs.FoR. Sputnik I, NM& ghrushchev, the First &c- 

TH#IoFIIcILfELocfil,* -ON .. JTmc 
......... 

, . . . . . . . . . . . . . . . . . . .  
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ballistic rocket lauqched the Mechta space 
probe (Lunik I).’ These statements by 8u- 
thoritative Soviets strengthen an already firm 
conviction that the current Soviet space pro- 
gram is built on the experience gained in 
their military ballistic rocket program and 
that the vehicles u t i l b  at least major com- 
ponents of their ICBM hardware. 

Photographs of the orbiting carrier rockets 
for the three Sputniks show that a Merent 
launching vehicle was used in each ca8e. (See 
table 4.) It is believed that the vehicle used 
to orbit Sputnik III was a Soviet ICBM. The 
atmllarity d ICBM and space probe launch- 
ing vehicle telemetry formats indicates that 
the ICBM was utWzed to launch the flnal 
powered stage for Soviet space probes. Te- 
lemetry evidence also supports a parallel or 
partia3 stage ICBM. Thus, on the premise 
that Sputnik 111 wa8 launched by an ICBM, 
the Soviet ICBM is a parallel or parthl staged 
vehicle approxbately 91 feet high and 10 
feet in diameter. Calculations b@ on the 
Lunik I flnal stage estimated gross weight of 
18,000 pounds show that the Soviet ICBM 

of about 500,- 

TABLE 4 

PHYSICAL CHARACTERISTICS OF SOVIET 
SATELLITES AND CARRXER ROC-”.‘ 

Sputnik I (carrier) . 
SputnlllI . . . . . . . . . . 

SputnlkII (carrier) 
sputnik II . . . . . . . . . . 

sputnlkm (carrier) 
8pUtnik m .“. . . . . . . . 

1s rpherical 2.3 I (total - 
weight in 

orbit) 
7 0 ~ 6  8 2 3  ’ - 
0 3.a 1,120 

tlnstru- 
mated 

payload) 
Q1 *s 10.3 -c 2.0 - 

(total 
weight In 

orbit) 

11.2 5.7 a,~as 

.The phyalcrrl data avaflsble come from Soviet 
announcements twelghb) and from photo intelll- 
gence. 

ICBM is 1.5; therefore, the l a u n a g  thrust 
is about 750,000 pounds. Evidence on the ma- 
terials of construction, airframe and staging 
technique is totally lacking. 

Soviet press releases have revealed a lim- 
ited amount of information on the Lunik final 
stage vehicles (reviewed in table 2). In July 
1059, the Soviets exhibited a model of the 
flnalgtage vehicle (minus rocket engine) and 
listed the spherical instrument package which 
separated to become “arfiflcial planet No. 1” 
as weighing 397 pounds. The final stage was 
approximately 8.5 feet in diameter and had a 

cated a liquid propellant system? 
A completely reliable sdurce has produced 

additional information on the Lunik I final 
stage vehicle, including the diagrsms shown 
in figures 0 to 9 and information on construc- 
tion details. The internal arrangement of the 
tankage is such that the rocket engine (not 
exhibited) is positioned in the hole created by 
the toroidal tanks. The top tank is made of 
aluminum, assembled from sections by weld- 
ing.’ Its volume is 150 cubic feet. The top 
tank is fueled through a flller pipe attached 
to the bottom of the tank. The bottom tank’s 
inside and outside diameters are +e same aa 
those of the top tank but it is a true torus 
with a volume of 93 cubic feet. The bottom 
tank is fuel@ through a spring loaded nozzle 
located on the opposite side of the one for the 
upper tank. 

Figure 9 shows an exploded view of the en- 
tire flnal stage vehicle illustrating the prob- 
able manner of assembly. The nose cone tip 
fits over the forward section of the two coni- 
cal half sections. At the proper time, the nose 
cone tip is ejected, the clamps holding the 
two half sections together are released, and 
the nose cone breaks away from the vehicle. 
The spherical instrumentatiion package is 
ejected by some undisclosed method at the 
end of powered fiight. The forward reinforced 
section which supports the nose cone ia 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, 

height Of 17.3 feet. Propellant tankage bdi- 
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ORBIT 
PAYLOAD (Circular) 

Earth roteUte . . . . . . . . . . 100-1!N n.m. 
Earth sotelllte . . . . . . . , . . 7PM)nm. 
%-hour equabrlal earth 

sotelllte . . . . . . . . . . . . . 20,000nm. 

. . . . - - - .. - ..,.,, ._.... , * .  -.. .\ . _ . . .  .. . *  * 

WpoITr 
(Lbe.) 
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tank most likely would contain a 
uquid believed to be liquid oxygen 

(lor). ' n e  battam tank IS a t f a d  to the 
cy- body section which is made of 
m+ gauge ahminum alloy. The volumetric 
&io of the two tanka indicates that the p n  
psllant ayatem is lox-kerosene and on thls 
hub, the total weight of propellante is a p  

Tn$"design and fabrication of the Lunik I 
b a l  stage vahicle follows conventional air- 
craft 6onstruction practice. The integral lox 

ir& m'aments, and axitrl loada. The axial 
force generaw by the precedbg powered 
stage is distributed to the skin-striqger atruc- 
tam 0% the final stage vehicle by eight heavy 
extwnallp mounted lugs. 

The design of the Lunik fhal stage vehicle 
8hm that no concerted effort was to 
save weight. Reliable intelligence indicates 
the total structure weight less propulsion sys- 
tax i to  be 1,760 pounds. Aluminum was the 

proXlmateJly 15,000 pounds. 

tB$lL is pre~~urised to ~ a r r y  bOdy shears, bend- 

mateflal of ~ 0 ~ ~ t ; l O n .  The Soviets u- 

\ 
I .  

t 

The USSR is not expectep $Q be dependent 
for long on military developed missiles for the 
Soviet space program. Soviet development of 
larger vehicles speciAcally designed for apace 
missions is most likely well along. The Soviet 
space program we envision for the period 
1959-74 requires the development of these 
much larger vehicles and of associated pro- 
pulsion and guidance systems. Estimates 
show that the Soviets, for every payload pound 
put into a satellite orbit, req- apprm- 
mately 150 pounds of launch weight and that 
each payload pound of the L d  vehicle re- 
quired about 600 pounds of launch weight. 
These ratios will naturally become less as the 
Soviet statesf-the-art improves, but even if 
the ratios were to halve, the launch weight 
of future Soviet space vehicles must be esti- 
mated at a few million pounds. 

The appearance of these future gigantic 
vehicles is at best ody a guess. They will be 
a few hundred feet high and consist of sev- 
eral powered stages. High-energy propellants 
will be utilized. In the latter part df the 
period 1959-74, when nuclear or exotic prw 
pulsion systems may be a reality, the number 
of stages may decrease to two or three and 
vehicles may be short and thick. During the 
period of this estimate, Soviet vehicles will 
probably be developed capable of orbiting 
large manned space stations, making manned 
lunar soft *d ings ,  and placing inStrumented 
probes into outer space. 

MATERIALS OF CONSTRUCTION AND 
FABRICATION TECHNOLOGY 

7 



b 1 
~ 

C 0 10 5 7 7 5 2- 
1 

. .  

.. 

jectories* Few of these tempeiratures are 
withtn the performance limits of current 
IIpBterl81B. 

In their efforts to develop structural and 
other materials for future space vehicles go- 

--.-. ii6t -WeikitfSts are undoubtedly investigating 
.-.- . , 

many substances, including I;retals, piitici ,  
ceramics, cermets, and other chemical com- 
pounds. There is no evidence to show that 
the Soviets have materials research and de-. 
velopment programs which are directly con- 
nected with space flight pmjects but s- 
projects probably exist and probably are 

Plastics and Rubbers 
The Soviets will probably use plastics in 

space flight structure8 pharlly 88 compo- 
nents of major quipment unit8 (rocket en- 
gine throats and noz!tJe8), for housings and 
lightly loaded structures, 8s iwulatiag-mate- 
rials, and as ab@ting material for the nuse 
cones of reentry vehkies. , 

The SoMets have the cap8bility to use exist- 
ing, reliable and readfly avBIIcLble plastics such 
89 phenolics, acrylates, and polystyrene for 
space flight applications. The Soviets report- 
edly are now using plastic8 fairly extensively 
in their satellite and space vehicle programs. 
Smaller and lighter weight components pro- 
d- from plastics will  see greater utilization 
in future Soviet space vehicles. 

Metals and Cermeb 
mere is no evidence of meWw@cal re- 

search or facilitie8 for such research in the 
USSR which are directed specifically toward 

highly classified. 

. .  

meeting space vehicle mteriaJs requirements 
However, the U8SR is engaged in an M V c  
metallurgical research and development pro 
gram which includes studiea of high tempeFa 
ture alloys, cermets, and refractory metals 0; 

potential importance to space vehicle con 
struction. While m u a  Soviet work is un 
doubtedly clasdfied, the quality of preseni 
known Soviet metallurgical science and tech 
nology is uneven and in some areas generall] 
equivalent to that pi the West. Publlshec 
Soviet work on theories of strength and ele 
vated temperature propertie8 of metals 8f l [  

alloys reveals that, whereas a great smoun 
of data and correlations have been produced 
the Soviets are now no nearer a saWfaCtoq 
understanding of these factors than before 
. The USBR produces a varlety of ferrbue and 
nonferrous metals, including several high. 
temperature alloys nimllar to those availablt 
in Western countries. Soviet specificatiolll 
for a nickel alloy similar to Inconel X for & 
in gas turbines have been found. Incone 
X is being used in the construction of a spacc 
flight vehicle (X-16) in the United Statea 
The Soviets have made no mention, however 
of the heat emissivity characteristics of nickel 
based alloys which would provide a more pod 
tive indication of interest in employing thw 
alloys in spacavehide constructioa The ad 
vantage of Inconel X is its high temperatun 
strength (to about 1600" F); a feature of ob 
vious signiflcance to space vehicle design 

of a composition equivalent to the Westen 
alloy Vitallium are produced in the USSR fo 
aircraft engine applications. 

Similarly, dobalf-base high-WPeratW alloy 

.:TABLE 6 

MAXIMUM EQUILIBRIUM TEMPERA-S REACIIED DURING VARIOUS TPPES O! 
ATklOSP€lERXC PENETRATION 

MREUEpITnr AT DIRECT PlTBI AT 
-vsmorR O B B f i d l v Z L o a m  

PLANE% 
90' 6' 20' - DO' 

Earth , . . .. 5008 . 1900 6800 3900 4600 5200 
4900 Venus .. . . 4TW** !i5500 6300 3800 4200 
2500 2800 3200 --- - lsoo 2200 Mar8 . .  2400 

5' - 

The re-entry angle. - -  
** Temperature8 are given in dew- Renlrtn (R' = F' + 480). 

8 . 
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atruCDwal. membere and flttlngs 
ce-vehkle; althougE not subject 
~ting, -*be subjected to r e b  

. temperatures and to rapid.tem- 
hmges.. With suitable design, and 

anticipated service tem- 
2 4 .  'iixnjkmenta mky be sui- or further developed for use in space vehicles. ' 

proved materials for use in space vehicles in 
the near future. It is estimated that, for the 
neit several years at least, the Soviets will  
cGtinue to follow Western I 
search for indications of improved materials 
or promising research which could be adopted 

' 

wt&eskinbmpetat&etoper- I * 
6 ~f more conventional alloys of Fabrication T ~ ~ o l o ~  t 

f a y  mployed in space vehicle components. 
VeR studies are also being conducted on 
qermets, sillcfdes, nitrides, borides and car- 

me qurrllty of soviet metals research is 
good, but there is no evidence that this native 
research will provide new or higniflcantly im- 

- 
f 
L 

thus fat constructed have utilized conven- , .  

rugged structures; that is, the Soviets have 
' tional aircraft fabrioation techniques and are . L...'.. 

not einphaaized wdghhving designs. 
For the past 60 years, Soviet workers have 

been making important contributions to 
structures technology, especially in the flelds 
of i t ruchhl  mechanics and vjbration analy- 
ses. World War 11 developments and subse- 
quent work have been consolidated by the So- 
viets in a number of good texts and mono- 
graphs.= An examination of Soviet capabili- 
ties in structural design indicates that they 
have the ability to solve the structural prob- 
leps associated with space vehicles, including 
re-entry vehicles. 

In some aspects of structural theory and 

' 

analysis that would be directly applicable to 
the design of a space vehicle, such as design 

and possibly creep analysis, Soviet work may 
be'slightly better than that of the West. Al- 
though the Soviets are doing good theoretical 
and applied work in vibrations, the West a p  
pears to have taken a slight lead in the 8850- 
ciated field of flutter. 

Soviet metallwgists have adequate experi- 
-,e= LwmpJex .mew forming, mldlng and 

forging techniques to permit the construction 
of space flight vehicles using presently known 
materials of construction. It is believed that 
as new materials are developed only the mini- 
mum time lag will be involved in applying 
these materials to space vehicle needs. 

of thin-walled strucwes, theary of elasticity 

1 
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RADIATION SHIELDING PROBLEM 
In 1958, L. I. Sedov acknowledged that radi- 

ation shielding poses a major problem for 
manned space flights. 
4# hnhdiate concern for spy - m e d  space 

vehicles are (i) solar w e  radiatioh' (whkh- 
G y  main& the radiation levels in the van 
Wen bands), (U) the radiation (Van Allen) 
bands above the earth's atmoephere (see fig- 
ure lo), aqd (U) c d c  radiation ( m l y  
energetic ChargeU particles such as protom, 
alpha particlea and-nwlei of some elements). 
Any of these types of radiation may inm- 
markedly in amount during solar a m o m ,  
but will not change markedly in  character^ 
(See figure 10B); the Vah Allen basds will 
extend somewhat further gut during such 
solar eruptions,, and will be more intense by 
vp to several orders of magnitude. When 
nuclear rockets are developed, pcmdbly in the 
period 1967-74, it will also be necessary to 
shield personnel from the nuclear reactor. 

Soviet and U.S. satellites and space probes 
have yielded information on the earth's r a d b  
tion bands and cosmic radiation. However, 
from the knowledge gained thus fa r  on this 
radiation, salutiona requiring little or. no 
shielding are possible for periods when there 
are no solar eruptions. Unfartun-ately such 
solar flares are not predictable at present. The 
earth's radiation bands are toroidal shaped 
layers above the earth's atmosphere with 
traces of radiation extending out aa far as 
30,000 miles, or over 50,000 miles during solar 
eruptions. The bands are shaped by geomag- 
netic forces (are latitude dependent) and are 
not present at polar latitudes. Therefore, one 
solution would be a trajectory-pmddhg for 
a polar exit and re-entry. An uashielded 
manned satellite must orbit below 400 miles. 
or above 50,000 milea from the earth in order 
to avoid the high-intensity haxmful radiation 
bands.l* For periods of s b h  quiescehce, a 
possible solution would be to we unfWE4ded 
manned lunar or space p r o w  and t0,pass 
quickly through the radiation bands; there is 
a possibili@ that in this manner the dosage 
received-miiht be less than the maximum 
permtsSible dosage. The Soviets have in&- 

' 

10 

cated a wUingnes8 to do this as a calculated 
risk.1416 Cosmic radiation appears to be a 
lesser problem than the Van Wen type of 
radiation.*d 
To shield out the earth radiation band8 

would require_on..tk!: prder of 10 cm of lead. 
Part of this shielding L needed for prokction 
from rsdtstion produced by the high-energy 
electrons striking the vehicle structure. How- 
ever, if one used this amount of lead in the 
vehicle, there would be a higher dose contri- 
bution from the radiation produced by cosmic 
rays hitting this shielding. Thus, conven- 
tional shielding is not entirely aatlsfactory 
for a space vehicle unless comic rays can be 
completely blocked or the radiation produced 
by them can be completely abrbed.  

The basic problem of keeping radiation in- 
side a reactor is much the same 88 keeping it 
out of a manned space ship. However, the 
shielrllng currently used for nuclear reactors 
would impose a tremendous weight pendQ 
when used in a space ship. Soviet research 
is estimated to be underway in a search for 
lightweight shielding materials which p& 
duce a minimum amount of secondary radia- 
tion on interaction with primary cosmic radi- 
ation. Thls research is probably conducted 
at Soviet nuclear energy research in&allations 
although there is no evidence of a @c re- 
search program. From the small amount of 
Soviet published material on this subject, it 
seems apparent that the USSR is.now Using 
Western research remalts and proceeding along 
parallel lines. Some data indicate that the 
Soviets are investigatiag the rare earth gad+ 
llnium (ad) for its neutron-absorbhg propep- 
ties. mey also have sh9wn intereat In alter- 
nate layers of boron-impregnated lead (Pb- 
B10) and water-boron salt s01utioM.~~ Both 
of these studies wo@d be applicable prlmmily 
to nuclear reactors and other neutron noureea, 
Other Saviet research includes work on nuif& 
tion attenuation by the usual types of shield- 
ing materials.l~le This Soviet work is no1 
currently applicable to the space laight prob 
lem, but it will be important for the develop 
ment of nuclear powered aircraft and spact 
vehicles. 
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Figure 1 Oa. Cross section of radiation bands surrounding the eacth 
Crass Sectton of radiation b u d s  surrounding e&h tS shoum COntOUrS of 
radiation fntensitv. Contour numbers gfue counts par second of charged partbles; 
horfiontul scale shows dbtance in earth radii (about 4,000 miles) from the center 

---of-the-&h; - A  relatively radiation-free zone eztsts over the earth's polar regfons. 
Shaded portion shows the two high-intensity radiation bands which circle the 
eurth. &b 
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Thfs simplified diagram represents solar mres of charged partfc2cs which c a m  
alonq thstr own mcynrdic jbl& in which the solar char@ p&W oscitlCrt8. 
When the solar particles and magnetic llekb reach the vtctnitv of the earth thcy 
deform and reinforce the Van AUm be& but thcy also fioOa the SOkW systm 
with C t d e  radfation in much the aame m n m  that the Van AUen belts aflect 
the ralatively small araa around the earth. Such solar actfvtty b Quit8 pO8siblV 
a m c h a t r m  tesponsfbk for the maintenance of the Van AUm .lavats. 

Figure 1 Ob, Hypothetical diagram of' solar flare activity 



to date has Dermitted them 

Since May 1957, the Sovlets are knm 
have flred at le& 18 near-vertical high4a- 
tude research vehicle8 from the Sapustin YSr 
Missile Test Range (KYMTR); e* table 7. 
There ie no doubt that other undetected and 
unannounced vertical firings have occurred 
on the KYBlTR and elsewhere in e USSR. 
The 12** with W I N T - c o  d a l t i t u d w  
(16 May 1957 to 10 July 1959) range from 
about 90 to 255 nautical miles maximam 
height and probably represent the major fir- 
ings from the standpoint of altitudes attained 
and experfments related to vehicle mentI'Y; 
for example, vehicle design, construction p1& 
terials, methods of re-entry, and related &en- 
tlfic and biological factors. Specific Soviet 
announbmenb concerning these fllghts have 
been limited to the ftrings on 24 May 1957,21 
February 1958, 27 August 1958, 2 July 1959 
and 10 July 1959.01gL 
These 12 RADINT-confirmed upper-abos- 

phere and space research f i r ings  appear to 
fall within two distinct groups according to 
altitude. The lower group of firings attained 
altitudes of 90-125 nautical mila, whereas the 
higher group of flrings reached altitudes of 
240-255 nautical miles. Additionally4 the So- 
viets announced at a TsAOI (Central Aerohy- 
drodynamics Institute) meeting in 1958 that 
during the period 1949-52, twelve dog-carry- 
ing vehicle# were launched to altitudes of 
about 50-60 nautical miles. Similarly, begin- 
ning in 1953, about 18 additional test m g s  
with dogs occurred to about the same alti- 
tudes. The payload weights have never been 
published nor has it been posslble to contllpl 
the altitudes. On 23 and 25 December 1958, 
possibly two additional near-vertical firings 
occurred. I 

altitude and probably were accomplished 
.ushg--the .Soviet nominal 200 nauQc4 mile 
ballistic missile. 
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I TABLE 7 
i .  

I SOVIET HIGH-ALTITUDE RESEARCH VEHICLE L d u " G S '  

'I,' 
~. ~ 

( 1 2 , l a U n ~ )  I 
1-6 ............... 501w) 

. . . . . . . . . . . . .  125 " : 
24-y 1967 .,. ........ . : .  , 115 
25 Aug 1957 .... :. . . . . . .  . 120 : 
91,Aug 1957, . . . . . . . . . . .  110 : 
.9 sept 195T.. .......... ' 120 

........... 2s6 21 Bbb lobs 
1 Aug 1058 ............ L 

I5 Aug lO58 ............ 120 ' ' 

19 A- 1- . . . .  1 ...... 
19 sept lB58 ............ 246 , . 
31 q t  19M .......... .,:. 246 . ' 

23 DSC 1968 . . . . . . . . . . . . . . . .  
25- 1958 . :.. . : ......... 
a JW IQSQ . . . . . . . . . . .  90-120. 
10 JW 1 W  ............ ,90-120 , - 

11 July 1M9 . :. . . . , 
21 Julp 2869' ........... ;. . 
28 July.1969 ........... ,< 

C18 lo-) 
16 -7 1953 

. . .  
. .  

249 

- 
- .  

- .  
. -9' . . .  

. .  
:.. Key to 1etb.m .aDDearing in Dalumns. 

P A W A D  
(Pounds) 

. :  

and 5. 

PrmPOSS * ' 

- -  
h - m-ounced ML MetaixoWcaI 

E- 8-8tabU&utlon, and/or Re-entrg, Recoverp 
a-aeophpdcal 
Further detail8 included in te%t. 

"-l3lo&pl R-RADINT 

** SpacKlc data not announced, but this ahof lnferred from the natura of the experiment conducted. 

.At the USSR National Econpmy Achieve- 
ment Exhibit,,Moscow, F e b q  1959, the & 
viets -diaphyeci some of the nose c a w  
launched and recoiiered from virtical filrings 
to altitudes of 60,115, and 225 n a u W  miles. 
The Cwpplays also indicated the existence of 
five basic xu&et-launching vehicle8 identifled 

8.) The latter two were used principally for 
meteorological fnpes#gations. The A-1, A-2, 
and A 4  (see flgures 11 to 1s) were used for 
sending animalti to high altitudes.*4 mag- 
mentary data 
ably the V-2 
identifies the 

88 A-I, A-2, A-3, A48 ~ n d  -1. (See k b k  

'calculations show that the nomina;l 700- 
nautical mile ballistic -(SHYSl'XR) ml8sile 
could achieve the group of IWngs to 240-285 
nautical mi@ altitude. In addition tu the ln- 
sthuneststion, the rocket ueed in these Mngs 
was equipped with 8 parachute recov6ry sy* 
tem for returning to earth s capsule contain- 
ing the two dogs carried by,it." 

T d  8 

NOSE CONE WEIGHTS FOR YEBTICALLY 
FI&EDEuxmms 

v-2, -1s the ----e V M C h  (300- A-1 .... , .......... , . . . . . .  ' 1618 
350 nautical - as the mrolev A-2 .. ,. . . . . . . . . . . . . .  4840 
missile. Similarly, 1 A - S  .................... . 3844 

...... ............. 826 A 4  r 3 e t  Is id entmed a me A 4  , - 
, the ballistic missile elthibited in *Total we t which uolb sum of no8e cone 

d g h t  Oi 82#lWm& an'%! the weights Of the fna 
instrument pod8 (7Q5 ppuqcQ each) attached to t h e  
center mtlon of the misdle. 

J (see the 
-. I 

12 
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-@.(6&60 muti@ b q ~ t e r  v w l e  and the instrUment paclrage . 
&&-sectional diagram of the 

[coneaug@8that theA4rOclretis 
& d e  minnlln called t h e - p  (see 

whi& w w  also dbpiayed ' in the 

during flight. Moreover, the Feentry and r+ 
covery tests of payloads from near-vertical 
firines occu~s at pre-determinea points mak- 
ing reliable location and subsequent exphi& 

1. mu- tlon possible. 

1100 n a u t i d  mile range ballistic misail(! per- 
mit, tbe Soviets are expected to divert 801118 
d these vehicles to the hig4-ftltMade and space 
research program. The propulsion stages of 
8oviet bslliatic ~ e s ~ s u p p l e m e a t e d  with 
additional burning stages provide the UWR 
with the capability of exploring the earth's 
radiation bands and spatial radiation. 

. 

!& 'hm experimeats a d  feasiblllty conditiane and re-entry perfomawe char* 
teristics. If the Sovlets have not already used 
some,of these down range shob for testing r e  
entry space VEWC~~S, they are expected to do 
so 80011. All of these miesiles give the USSR 

d mhnned space flight. 

TABLE 9 
, ._ .. ,; , , '..' ':E 

*- 
. . ' .  I 

* ESTIMATED CHARAtZERISkCS OF BALLIS!ITC MISSILES USW IN 
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I I I  on Soviet flghter aircraft indicates that the RE-ENTRY CAPSULES AND WINGED 
SPACE VEHICLES 

manned winged spsce-vwle 

It-- ---- bUty to build a winged space vehicle .--put ‘ I  it into orbit. Such a winged space vehicle Is 

Soviets have had di!€lculty in translating the- 
oretical solutions of stability and control prob- 

operational hardware and apparently are sti l l  

. I  $ j  1- k a n s d c  and $upem& mght Although there is no direct evidence to 
port a 
research program, the Soviets have the capa- I 

; r  

one method of recoveq ot from a space 
misSion. A manned glidetype wlnged vehicle 
using aerodynamic, control Sllrfaces can be 
guided into a shallow glide path descent yhich 
ia a;Ccomwmled by a .low deceleration rate. .. It 

I ’ ; .  , .  
:,I. . :;, .I) 

. 
also has-the pottktial capability of selecting 
its own point of landing. But re-entry 
(winged‘ or otherwise) raises two major prob- 
Isms: (1) aerodynamic heating and (2) high.. 
apeed stabilib and control of the vehicle. ,In 
addition, there are many other problems con- 
cerning fabrication techniques, puot escape 
provisions and the choice of a launching ve- 

The Soviet hvesiigations on materials of 
construction could re8olve the aerodynamiC 
heating problem for a re-entry capsule and/or 
winged space vehicle. Solutions to the sta- 
bility and control problems have already been 
arrived at thbretically by the Soviets; some 
have. been puWhed in the open literature. 
However, stability and control will probably 
be a major problem for the Soviets. Evidence 

I hicle it a space vehicle is air launched. 

having dif8culties. 

A winged space vehicle program is not man- 
datory for a man-inGpace program. The 
alternative is the use of a re-entry capsule 
which can be slowed down by drag brakes or 
retro-rockets, with the !hal descent made by 
pa,rachute. The Sovieta lpave utillaed drag 
brakes and parachutes for the recovery of nose 
cones Qed in 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 glide type ve- 
hicle is neceswy.06 

The various high-altitude vertical nose 
cones exhibited by the Soviets in Moscow, Feb- 
ruary 1959, are shown in flgures 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 S  nose cones. 

It is estimated that the Soviets will have 
solved the manned earth satellite reantry 
problem during the period mid-1960 to mid- 
1961. 

.- .___ 
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1. 
Ballistic Missile Scud 

NoseConrTyps A 4  

Altitude attained S6nm. 

N o s  Cone 825+13. 

used 

Weight 

v-2 
A-1 

60 nm. 
1618Ib. 

62 

Elongated v-2 
A-2 

121 nm 
4850 Ib. 

75 ft. t 
p h i M  
IOI cone 

L 
Shyster 

A-3 

243 nm. 
3340 lb. 

Figure 1 -. Charactoristia of Sovir. A-1, A-2, A-3 and A-G rockets 
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