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hasezamant of Soviet Spaca Tranaportetlion Technology
Suomacy

The primary strengrh of the Sovict ipace program 15
1L Sspace Leansportal ion systess.  Whale mool of their
SUCCEES Ls dependent on Cheir conscgval jve wie of
tochnology, there are arcas where Choey are woeld:
lcaders, such as in storable liguid-propel lant @mgaone
technology In addition, the 30viels have o §LI0Ng
research progras investigating a wide variety of newo
technologies for incorporation into future
Lransporbation syscems.  Soviel progress wn dewveloping
space Lransportalion systeoms 1z likely Lo slaow as Lhe
deterioraling Sovier eConomy Cauicd CULE Lh Epace
Tunding. A& a resoult of Che 9ereriofating coonomac
climate s Che Spviael Union, Chese s endomaus
wncenlive for Lhe Sovicts to soll existing syitems [O
the West and seek Mestern pariners for jeantly ’
deve loping future Systems

L5 memozandum was prepared Dy cthoe Difice of
Scwentalie and MWeapons Rescard L WA _ulllr ST aeE arae
welcome and may be dircoied Lo
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Introduction

Space transportation technology can bo broadly categorized
into feven Componenls:

- Propulsion systemns.

- herﬂthermudrnan1c3.1

- Structures and materlals.

- Environmantal contrel and life support SysCems.
= Hawigation and guidamce.

- Systens engineering and integration.

= Launch support and operacions.

Sowiet capahilitles In these arcas range from being Lhe
world leaders in storable ligquid propulsion technolegy tao having
very limited capabilities in some areas of acrothermodynamics due
to Lheir lack of high-speed computers.  While Ehe Soviets are
vEDY conservative in inCcorporating few bechnolegies in designing
and bailding their systess, they have relatively advanced
programs for researchipa and developing advanced technologies for
Tuture systems

Fropulsion Systama
Liguid-fropellant Fockel Techaology

The Soviels are the world leadess in storable
liguid-propellant rocket technolegy, based on the design of their
space launchers and ICBEMs, using rclesed-losp cycle storable
Liguid-propetlant engines. The Spviet lead in
storable-propellant technology applicalions ower bhe U5 s about
I years. The Soviets, however, were late in flying a ligquad
oxygendliquld hydrogen propelled vehicle, naving had several
signaficant test failures in the late 1960s. They reached this
goal Lo 15E7 when the 3L=17 [(Energiya) heavy 1300 launch wehicle
flew for the first vime.

Finee che early, 19805, the Saviets have condected cxtensive
research and testung programs in high-encrgy liquid propellants
and engine rechnalegy. The State Institute of Applied Chemistry
WEIPERD at Leningrad ts Lhe key Sovietr chesical industry
nrganization for liguid missile propellant research. in a 1%81
text, V. P, Glushke, one of the tap Sovier rocket ecngine

hersthernsdynanics characterizes the {luid dynanic and

the fynamic phenomsna that govern the flight of asrospace

voh & as Lhey exilk, enter, and maneuves in an atmosphore, Im
that chavacterizes a wehicle's interaction with the
envi.oament, iU impacts all areas of & vehicle incleding its
tlagny gconcral, structures, materlals, aprodynamic performance,

fligs “qround dperagions, and propulsion.
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designers, stated that an experimental closed-loop (staged
corbustion) engine, which uped fluorine and ammonia, was built
and tested. The Soviets have sentioned the use of slush Hydrogen
in thelr iiterature, but there has been no direct evidence te
indicate any development -

E : ! ’ _:f, they had a
tripropellant (Liuorineflithivm-hydrogen) engine in an advanced
stage of research. Soviet texts continue to nention
tripropellants, but there has been no other owvidence of work on
this or any other metallired cryogenlc propeollant. '

Huclear Rocket Technology

The Soviet Union is investigating several appreaches to
nuclear rocket propulsion systems. These include selid core
reactors using hydrogen propel lants, gas and plasma Ccore
resctors, and aerosol or levitated bed reactors. We Believe
primary focus is on solid core reactor technology, wilh gas core
reactor development receiving qonsiderable attention and other
syscems a distant third.

Soviet progrars in nuclear reactor prapulsion are highly
classified and involve a large number of institutions. There
appearcs to be Close cooperabion among a number of insbiluliond
anvolwed., Reactor technology is investigated at the Kurehatew
institute of Atomic Energy, at che Scilentific Research Institute
of Thermal Processes, at the Cencral Design Buresauw of
Experimental Machine Building in Kaliningrad, and the Turayevo
bBramch of che Favorskiy Desige Duresw, A nusbar of othere
institutes study materials and thermcdypgaric properties, and
systems LnCegration and concrol.

Hypersonic HResearch

The Soviets are acbtively researching hypecson:ic Elight
rachnologies directly applicable to CLrans-atmespharic vehicles or
Flyback first stages for space launch SysCems .  Soviet research
indicates Chat they have Lhe necessary technology to design
exlernal compression inlels operation wp co HMach 1. By 1982 the
rechnology was available o begin development of an uncooled
inlet for a scramjet opecating up bo Mach 6 for short (under fwo
minutes) £light Limes. The technology for a ficsi-generalion
coaled inlel could have Desn available in 18986, The Lechnology
necessary Lo design a completely cooled inlet capable of
steady-state coeration up Lo Mach B will not be available until
Lhe: eacly 1930 . Potential applicacinons are s hypersonit
criaysing vehic i@ capabhle of Flight specds approaching Mach T oat
high alvitude or anp ablr-hoeathing space launch system capable of
acoeleration #yrowgh Hach B
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The structuril technolegy required to use cryogenics as a
coolant was developed by the Soviet liguid recket industry during
the early 1960s. Extending this knowledge to hydrogen or methans
fuel belng used to cool an engine and critical vehicle components
would require advanced research and will not be available to the
Spviets until the parly 18%0s. —

rarothermodynamicos

Soviet lack of high-speed computers puts them at a
considerable disadvantege for mathematical modeling. While the
Sowiets hawve access te all the major Western cosputational fluid
dynamie cedos, their computers are too slow and have memerics too
small to do precision simulatien work. The Soviets usad CFD
nodeling for design of the Buran, but it took a subsrdinate role
to flight testing of =cdels. The Soviets flew both orbital and
suborbital svbscale flight test wvehicles {designated Bor-4 and
Boz-5) in designing cheir shuttle and vsed these results to
confirmfverify their rudimentary computer modeling., The Soviets
also built full scale models of the Buran for drop testing and
equpped one version with jet engines for asrodynamic testing.

Structures and Materials
Fabrication/Manufacturing

Sowiet and Western technelegles in metals and alloys are
genecally comparable, but the Soviets lag in seweral key areas of
fabricatien and production, The Soviets mest their structural
regquirements in flelding effective systems through innovatfee
engineering. The Soviets have an adeguate capability ta
fabricate advanced conposite materiels into structural camponents
for asrospace uses. Rather sophisticated structures have heen
built, largely with manuwal fabrication and inspection technigques.

Metallic Materials

The Soviets can be credited with possessing an exoellent
capability in many areas of metallic materials Lo include
Litanium, electroslag technoleogy, thermoscchanical Lreatments,
sluminum-iichium alloys, and powdar metallurgy, In curcent
propulsion systems the Soviets rely almost exclusively on
matallic materials.

The Sowviets include a wariety of adwvanced materials in their
propulsion systems, T ¢ 20-170 engine has a tuEbo-pump Shaft
made of titaniue, prodoced by powder metallurgical technigques.
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E— . 3#:-: cryogenic bydrogen tank
Tor the sL-17 15 cliined 00 be_racricated from machined
aluminum—lithium allaoy.

Composites

The Buran is the cnly Soviet space system thar makes
pxtensive use of composites. The protective tiles on Buran are
made of superfipe guartz fibers with flexible high-temperature
organic Fibers. B graphite material is used on che areas
subjected bo greatest reentry heating, reported to be as high as
1, 600 degrees Centigrade. The doors for the Buran,

. [The wing ana tail
leaaroy eoges ol BUFAan are rapricatea rron two-directicnal
carbonCcarbon composites. The carbon-carbon leading edges are
coated with molybdenun disilicide for protection from oxidation,
Hetal matcis composite tubing is used extensively throughoot The
fuzelage, and carbondpolyimide copposites are wsed in Lhe
structure near Lhe @angines. -

.‘_-]-f-nn plasmscron 18 a plasma induction furnace Lhat
providges o pure, undconlaninated environment for testing ibems
ranging from 720 cm in diamecer. The facility can simalate sany
comppinations of reentry condivions by wvarying the temporaturs and
pEESEUTE .

Envircnmantal Control and Lifa Support Systams

The anvicanmental contral and life support systems found on
the Sowiet space station Mir are representative of Sowien
capabilibies in this area. With only a few eoxceptions Mir's
environment and life support Systems show a pelabively low lowel
of technoelogical sophiscicacion and are strictly tunctional in
nature. System failwures due Lo the inadequacies of Savier
technology are expected and are Laken anbo acoounl dezing design
Lo ensure the safety of Lhe cosmonauls,  5aviel ondgindeers are
well aware of the limitations of Soviet Lechnalogy and seldom, L1f
ever, design systems that are dependent on state-of-vhe-art
technolaogy . Soviet success in space has cose from incrementally
upgracing theirr_spﬂ.c.::.cral'l: with well proven aff-rhe-shelt
technalogies,

The Soviers cecognize the -snefit of & closed lite support
system and are develaping tech. ‘ogies Lo achisve Lhis end.
While Mir contains systems for producing oxygen and wacer from
cosmonant wasbe produdsts, they dce 51011 largely dependent on
Frogress resupply craft for replenishing consumables.  Mir
cont inues che long-standing Soviet practice of maincaining an
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interior shirt-slecwe environment of approximately sea level
pressure and the nitrogenfoxygen composition of alr (20% axygen) .
The Seviets hawe a redundant system with oxygen being generated
by the electyolysis water, or released from cartridges brought on
Prograss '

The Saviers maintain an atmospheric composition (by wvolume)

ef:
Hiteoggern TEY maw
D gen 21 to 404
Carbon Dioxide 3% max
Helium 0.1% max
Hydrogen 2% max

The temperature on Mic is maintatned between 18 and 28
degrees Celsius. The Somewhat high upper limit of 28 degrees was
provided to insere comfort im the staticn when the cossonauts are
prposed to direct draft (from circulation fans). The cosmonauts
nften complain about the cemperaturs heing too high, particularly
during exsrcise.  hecordimg to the Soviets the Chermal regulating
system uses "heat pipes™, located on the gutside of cChe station,
to regulabe the temperatore. The sCation pressare i maintained
betweeg B34 ang %70 mm Hg and relative hunidity bebween 300 and
10%.

The primacy source of water is that delivered by Progooss
venicles., It i3 stored inm L0 liter fanks and can remain patable
for & year. Each cosmonaut 1§ ratiencd 2 liters of wWator por
day . Same dvater regencration is perflormed on Condensate Wator,
as had heen dene on Salyol stations, bul Che Scwiets have hadg
difficulty in keeping the systen workigg and Lhe cosmonauls are
reluctant to drink recycled water

The Sovier condensate woater purification system consiscs of
successive columnz with lon exchange resing (Cation exchange,
anion exchange, mimed layer, and activated cacbhoni. The
necessary degree of water purification is resched by manipulating
the colusn working volumes, grain diamcter, optimal proportions
of ammonite amd cationite, &nd gquantity of acbivated charcoal.
The Sowiets claig chis purification sysiem is derable ang
reliable.

Hawigation and Guldance

Sovieb launch vehicles enpley a wide wariation in navigation
technigues.  The navigational cesrdinate systems appear o be
difterent on ditierent vehicles, On some wehigles, the
navigational acceleromelers appear to be body nounted, while on
abhers Lhey are mounted on anertially fided or corqued platfor®
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systams., Also, the ousber of acceleoromecers wsed and the
pla'jrfﬂm acceloromiber -qunt.inq axes differ between vehicles.

Guidance on Soviet vehicles is believed to invelwe
generating errors based on coemparing programmed attitude and
velooity histories [computed and stored fn the vehicle pricor to
launch) with the actual values attained during flight. This
guidance scheme is inplemented successfully by the Soviets,
primarily because they have developed engines with thruost
sagnitude contral, WVehicles with vle ability to wvary thrust
magnituede, as well as directlon, can control the wehicle velocity
wector to an arbitrary degree during the {ligho, depending only
on the response time and limits of the control and sensor
systems. Guidance computalicns are greatly sisplified compared
toa wehicles without thrust magnitude control

Sensing vehicle attitude deviavions frem the reference
attitude iz accompllished cn all wehicles Ly using a three-axis
gyrostabilized platfocm, [(Depending on sapplication, the plactforw
is either inertially referenced or torgued in Lhe piteh plane.]
The wehiocle attitude deviabions are probabhly determined (com each
of three (pitch, waw, roll) gimbal apgle pick-offs.  These
attitude deviatiens are then used in the computabion function Lo
driwe attitude errors.

Syatema Enginsaring and Integration

The Seviets use a schedule-dominated management approach for
system development, Tachnology geloction occurs early in a
schedule-dominant management Style-—before the full-scale
engineering phase, This management approach, similar to that
used by US corporations for the dewvelopnent of large commercial
systems, is one in which meeting a predecersined delivery date
takes precedence over changing the system's deskgn during
development . Technelogy development for a nés S0Wlel gyatoem
typically takes 12 to 15 years, and actual system development
averages another t¥ te 15 vegrs, times which have nol changed
sipnce the late 1950s.

The development time for a Sowier syatem 1s sob reduced by
implement ing what the United States would consider a "crash®
program. When the Soviers describe & program as "acoelerated®,
their aim is to hold Lo the sermeal schedule even when a prodect
i difficult or complex. when a Sowviect program is described as
"priority®, that should be interpreted to mean that it is allowed
firsr call on resources rather than to speed up the program, The
Soviets have used thetr Conservabiwre approacih in selecting
rechnology Since the late 19605, They walt unktil a techoology
has proved to be produsible before bBeginning full-scale system
development. The Seviets tried some programs in che late 1950y




apd early 19605 where they zelected wnproven Cechnologies and had

Taju; failures, E'- 3

Tl [nll-:HinLis a description of the design phases for an
S1r .
LS

Technical Proposals :ﬂ-'ilﬂ months)

Study of the technical demands.
- Compariscn of cheices for design paraseters, Cype of
engines, lasnch pads, etc,

Skeoch Project [1 year]

- Calcwlations of acrodynamics, reliabilicy.
- Cost caleulation for protalype,
- Preliminary project plan,

Technuzal Projeci

Documantalion o |':-r'|;-||.|11|.r-..1|'5-I Proatiect By,
- Hockups and sysiem prortelype peoduct o
- waraly plan for pao oot

Plight Testing
Serral Productien

Launchk Zupport and Opacationa

Thers ave twn major facilities For the lavnehing of miliea
and caiwilian Sspacecralt inlo arbig Tyuratam and Pleseisk are
‘ocated Qs remote arcas of Che USSR promarily for safely ang
SECUrily reasons. Facilities for che receipt, assembly,
checkoul, Leansport, lawnch, and tracking of sizs:les and spad
boosters are locsted at cach of Che test centers.  Io oaddizion,
Suppoft facilities arc prosenc.at those conlers which are used
Fer paylosd processing, propsllant handlaing,
administrstion/personnel housing, uCilitics, and construst e
SURPGET .

hPP:l-"'K'—ml"-Lcl? (] parcent ol Sovider Launchios oach vaar rakgo
Flace (rom Ploserik Thege are primaraly i litary roconealsaan
Sysbems Lhat are Being launched inco iigh inclinat ians Tyoral
b5oLhe sawlhecnmest Sowvier lawvncn facilicy and s osed (o
malatary, Ciwil, scaentifie launches, and all manned | agnoin--

Flescisk has pads (or jawnching che SL-4%, -6, -8, -14, and 00,
=hile Tyuraiam has pads for the SL-d, -6, -0, 124073, -16, amd
-1 7 Fech facilitvy haz multipic pads for aach wvehicle ©hag oo
Pawnched from gt




All Soviet launch systems, regardless of physical size, are
assembled, and have their initial checkeut accomplished ’
horizontally under ane reof. Payload mating is normally
conducted at the launch Systes preparation facility, and the
complete system L5 transported herizontally te the launch pad by
rail. This practice minimizes the on-pad time, allowing fast pad
turnaround time and minimal system cxposure to inclement weather
and intelligence colleckien efforts. This practice alse permits
rapid removal of the wehicle from the launch pad in the event of
a system malfunction, -

tatlook

The collapsing Soviet economy will significantly slow
developrent of new space Lranspertation vehicles in the Soviet
Union., The Soviet space program is no longor operating in an
envirensent of steadily increasing budgets. According to press
reports, space Lunding for 198% and 19%0 was cut by
10-20 percent. The existing excess of launmch wehicles in the
Soviaet Union will make programs for developing nev ones
particularly wulnerable to cuts. Soviet space transportation
technology is likely Lo suffer as money is shifted away from
development of new transpartation systems to meeting an increased
call for directing space resources toward sclving civil needs.
There is already a scramble among Soviet space industries to find
altermate finaneing, cither through sales Lo Lhe WesL or prograss
for jpint research and development with Western organizations.

The Soviets already have a significant excess launch
capacity. Owar the past Lwo years the Soviet yearly launch rate
hes decreased from $0-100 per year chrough the 149805, ca 75 per
year, leaving them with an excess production capacity. The
newest Soviebl systems, the S1-17 Bnergiys and the Buran shuttle,
currently have no payloads to be launched on them, Delays or
curtatlments in future programs, such as Lhe Mir 11 space
staticon, will dimimish the need for nev Lransporbation Systess to
sepport or launch them, =

host Soviet space indestries are looking for sales of space
tachnology te the West to makeup for their budget shortfalls.
The historically secretive Soviel Space program now ROCe
resembles a garage sale, The Soviets have placed a for sale sign
on almost everything conpected with their space program, from
launch wehicles, o individual rocket engines, Lo proposals For
jeintly developing and manufacturing a reusabile space plane
launched from the top of Lhe Sowiet AM-225, While they have been
dnsuccessful soe far, the Sovielrs will likely concinue Cheir
efforts Lo work with the West. Almost all of the Sovier
commercial offerings are derived from military systems whose
development Costs are alreadv defrayed and thereby pose little
additiomal financial risk.
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