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FOREWORD

Phillips Laboratory is proud to present
this book describing the space activities
of countries other than the United
States. This book was prepared by
KAMAN Sciences Corporation under
the direction of the Studies and
Analysis Division of the Phillips
Laboratory. The KAMAN principal
investigator was Mr. Nicholas Johnson.
For 10 years Nick Johnson authored The Soviet Year in Space
series. This book represents Phillips Laboratory effort to
continue the publication of this useful series and increase its
scope to other countries. Nick Johnson has documented his
sources, all of which are in the open literature or have been
provided by the owner of the spacecraft.

As the U.S. Air Force's premier space and missile systems
laboratory we hope that this document will prove to be useful
to you and we would like to hear your comments. Your
comments will be used to determine if we should continue this
effort and what changes we should consider in the content
and format of the material presented. Please send your
comments to:

Phillips Laboratory/XPF

Attn: Europe and Asia in Space Project
3550 Aberdeen Ave SE

Kirtland AFB, NM 87117-5776

Richard W. Davis, Col USAF
Commander
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1.0 PRINCIPAL SPACE ORGANIZATIONS AND INFRASTRUCTURE

The high technology requirements associat-
ed with space activity, including satellite and
launch vehicle design, manufacture, and opera-
tions, dictate a comprehensive and well defined
organization involving both government and
industry whether the program is of a national or
commercial nature. This section highlights the
major agencies and support functions which are
necessary for the realization of the spacecraft
and the space transportation system described
herein. Only the ten principal sponsors of space
endeavors in Europe and Asia which have
broad interest and influence in space activities
have been selected.

1.1 USSR/CIS

Since the mid-1960’s the USSR has been
the most prolific builder and launcher of artificial
satellites in the world, accounting for more than
two-thirds of the nearly 3,500 international
space missions conducted between 1957 and
1992. The sheer magnitude of this 35-year
effort led to a highly structured, albeit
Byzantine, system of space program develop-
ment, funding, and implementation. While the
historic transformation of the Union of Soviet
Socialist Republics into the Commonwealth of
Independent States at the end of 1991 brought
profound political changes, the fabric of the
former Soviet space industry remained essen-
tially intact below the government ministerial
and state committee level. Although the year
1992 witnessed significant economic disruptions
and project down-scalings in the space
program, the near-term effects have not yet
altered the identity of the majority of individuals
and agencies responsible for producing space-
related hardware.

Under the Soviet bureaucracy of 1991
numerous Ministries and State Committees
played major roles in the management of civilian
and military space programs as directed by the
Council of Ministers through its various commit-
tees. Whereas the heart of the space industry
was located within the Ministry of General
Machine Building, other important organizations
were affiliated with the Ministry of Defense,
Ministry of Aviation Industry, Ministry of
Electrical Equipment Industry, the State
Committee on Hydrometeorology, the State

Committee on Education, and the Main
Administration for Geodesy and Cartography.
The USSR Academy of Sciences through its
many, widely dispersed institutes, directed a few
special scientific programs as well as supported
a variety of other applications projects with both
civilian and military objectives.

The space industry itself was largely divided
into scientific production associations (NPO’s),
institutes (local or “All-Union”), and design
bureaus. Most of these organizations have
retained their identity under the CIS, although all
are undergoing internal realignments (Table
1.1). Today, the USSR Ministry of General
Machine Building has essentially been replaced
by the Russian Ministry of Industry which con-
tains the Department of General Machine
Building. Non-Russian organizations are direct-
ed by their respective governments via bi-lateral
or multi-lateral agreements with Moscow, e.g.,
under the auspices of the CIS, or work with
Russian industry under commercial contracts.

The mutual benefit of an integrated common-
wealth space program for economic and
defense requirements was so apparent that this
issue was addressed in a separate agreement
signed at the Minsk reeting in December, 1991,
which established the CIS (Appendix 2). Even
though most heavy industry was Russian, the
republics of Azerbijan, Belorussia, Georgia,
Kazakhstan, Kyrgystan, Ukraine, and
Uzbekistan contained vital design bureaus,
manufacturing plants, and facilities for space
launches, space surveillance, and satellite
control.

After only one year, the mechanism for this
cooperation and coordination in space
endeavors was still being defined. Officially, the
CIS Joint Armed Forces (CIS OVS) encom-
passed the former activities of the Soviet Space
Units of the Ministry of Defense, including the
space surveillance system, the missile early
warning network, the spacecratft control network,
and space launch complexes. Consequently,
the Russian space program has become virtual-
ly synonymous with the CIS space program.
Near the end of 1992 Ukraine indicated that it
might decline joining a formal CIS Space
Agency (References 1-6).

To represent their national interests, many of
the newly independent republics quickly formed
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their own space agencies. Azerbijan estab-
lished the National Air and Space Agency
(headed by General Director Arif Shafayatovich
Mekhtiyev) on 21 February 1992, followed four
days later by the creation of the Russian Space
Agency (headed by General Director Yuri
Nikolayevich Koptev) (Appendix 3) and on 2
March by the formation of the National Space
Agency of Ukraine. Kazakhstan moved a little
more slowly, laying the groundwork for the
Space Research Agency to be established in
early 1993 and led by former cosmonaut Major
General Tokhtar Ongarbayevich Aubakirov.

The principal Russian organizations and their
areas of responsibility, as outlined by the
Russian Space Agency (RSA) in September,
1992, are depicted in Figure 1.1. An early goal
of a 150-member Russian Space Agency had
already been exceeded by Fall of 1992: ~200
people belonged to the organization which
included (1) a First Deputy General Director
responsible for the office of Federal Space
Programs Planning and the office of Federal
Space Programs Realization, (2) a Deputy
General Director overseeing the office of
Manned Spacecraft and Transport Systems and
the Office of Space Infrastructure, (3) a Deputy
General Director for the office of Space Science
and Applications, and (4) a Deputy General
Director to manage international cooperation,
including relations with the other CIS republics.
The head of RSA, Yuri Koptev, was once an
engineer at the Lavochkin NPO and later a
Deputy Minister in the USSR Ministry of General
Machine Building.

Whereas Figure 1.1 indicates a significant
role for the CIS OVS in military affairs and
support services, the Russian Armed Forces
were established on 7 May 1992, followed by
the formation of the Russian Military Space
Forces. In effect the Russian Military Space
Forces are jointly serving Russian national inter-
ests and CIS requirements much like a service
command functions within a US unified
command (References 7-9). The Russian
Ministry of Defense is also responsible for the
management of the Gagarin Cosmonaut
Training Center (TsPK), the Aviation Search
and Rescue Service which handles spacecraft
recoveries, and the Mozhayskiy Military Space
Engineering Institute in St. Petersburg which
trains all the officers for the Russian Military
Space Forces and the CIS Space Units.

Russian and CIS satellites are still handled
via the Space Command, Control, and Tracking
System (KIK) which operates the Main Center
for Spacecraft Tests and Control at Golitysno-2
near Moscow as well as 14 other sites in
Russia, Ukraine, Kazakhstan, and Uzbekistan.
In the Fall of 1992, Golitsyno-2 was reportedly
supporting 190 active spacecraft. Seven of
these facilities (at Yevpatoriya, Tbilisi, Dzhusaly,
Kolpashevo, Ulan Ude, Ussuriysk, and
Petropavlovsk) also serve as the primary
support network for the Mir space station
through the Flight Control Center (TsUP) at
Kaliningrad outside Moscow. However, at least
two of the sites in Ukraine are no longer partici-
pating in KIK on a routine basis (References 10
and 11).

The Russian (former USSR) Academy of
Sciences possesses a fleet of Space Event
Support Ships (SESS) which historically have
assisted manned and deep space missions.
From a fleet of 11 vessels, ranging in tonnage
from 6,100 metric tons to 45,000 metric tons in
1988, the SESS navy was reduced to six ships
in 1990 with 3—4 on deployment at any given
time. During 1991-1992 the on-station times of
the SESS (normally in the North and South
Atlantic Ocean) were significantly curtailed,
apparently due to a lack of hard currency. A
simultaneous degradation of the Luch geosta-
tionary data relay system led to a marked reduc-
tion in communications opportunities with the
Mir space station.

A special network of large diameter antennas
makeup the Long-Range Space Commun-
ications System (TsDKC) for control of scientific
spacecraft in high Earth orbits or on interplane-
tary flights. The network consists of 10 primary
antennas (22-70 m diameter) at seven loca-
tions: Yevpatoriya, Simeiz, Pushchino,
Medvezhi Ozera, Ulan Ude, Ussuriysk, and the
Suffa Plateau (the last under construction). For
example, current plans call for linking the RT-32
and RT-70 radiotelescopes at Yevpatoriya and
Ussuriysk and the RT-64 radiotelescope at
Medvezhi Ozera to form the primary tracking
and telecommunications system for the Mars-94
mission (References 12-15).

Equally important as the KIK is the CIS
network of large ground-based radars which
comprise the System for Monitoring Outer
Space (SKKP) and the terrestrial element of the
System for Warning of Missile Attacks (SPRN).
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Space surveillance tasks are primarily per-
formed by HEN HOUSE and Large Phased
Array Radars (LPARs) developed in the 1960's
and 1980’s respectively (Figure 1.2). Eight facil-
ities are currently operational: in Russia at
Irkutsk, Murmansk, and Pechora; in Ukraine at
Sevastopol and Uzhgorod; in Kazakhstan at
Balkhash; in Azerbijan at Mingechaur; and in
Latvia at Riga. A ninth sensor for the SKKP is
an ABM radar near Moscow. To augment the
radar facilities which operate primarily at 150
MHz and 400 MHz, the SKKP receives informa-
tion from twelve optical and electro-optical sites:
7 optical sensors located in Russia,
Kazakhstan, Tadjikistan, and Ukraine and 5
electro-optical sensors located in Russia,
Georgia, Armenia, Ukraine, and Turkmenia
(Reference 16).

1.2 European Space Agency

Since its official establishment in 1975, the
European Space Agency (ESA) not only has
become the most prominent force in the com-
mercial space launch services market but also
has invested substantial resources in develop-
ing and operating scientific and applications
(Earth observation, communications, meteorolo-
gy, and materials processing) space systems.
Although ESA’s ambitious plans to perform
manned space operations were set back during
1991-1992, a long term commitment remains.
For a decade ESA has been the third most
active space-faring organization in the world
behind the USSR/CIS and the US.

From an initial membership of 11 nations,
ESA now includes 13 full members (Austria,
Belgium, Denmark, France, Germany, Iceland,
Iltaly, The Netherlands, Norway, Spain, Sweden,
Switzerland, and the United Kingdom), one
associate member (Finland), and one co-opera-
ting state (Canada). The purpose of ESA is to
“provide for and to promote, for exclusively
peaceful purposes, co-operation among
European States in space research and technol-
ogy and their space applications, with a view to
their being used for operational space applica-
tions systems” (Reference 17). Although coop-
eration with other national and international
space organizations has been encouraged, one
of the tenets of ESA policy has been European
independence in virtually all matters of space
exploration and exploitation.

The ESA organizational structure includes a
Council for policy decisions and approval of long-
range plans and a much larger operations arm
for handling the day-to-day affairs of the
agency. The Council, led in 1992 by Chairman
Francesco Carassa of ltaly, is divided into
Program Boards and Committees staffed by
national delegations. Whereas the Council
normally meets once each quarter, full ministeri-
al-level meetings are held only once a year or
less as dictated by events. As a result of signifi-
cant world political changes and economic
factors, ministerial-level meetings were held in
both 1991 and 1992 (Appendices 7—-11).

ESA operations are managed by the General
Director, Jean-Marie Luton of France, and his
principal staff which includes five major techni-
cal directorates: Science, Telecommunications,
Observation of the Earth and lts Environment,
Space Station and Microgravity, and Space
Transportation Systems. With headquarters in
Paris and liaison offices in Washington, DC;
Kourou, French Guiana; and Toulouse, France,
ESA runs four major facilities with a staff of just
over 2,000 permanent employees (Reference
18).

The European Space Operations Center
(ESOC) celebrated its 25th anniversary in 1992
as the primary satellite control facility for ESA
spacecraft. Located in Darmstadt, Germany,
and headed by Director Felix Garcia-Costaner,
ESOC operates detachments in French Guiana,
Belgium, Germany, and Spain and receives
additional assistance from national ground sta-
tions in the Canary lIslands, Sweden, ltaly,
Kenya, Australia, and Japan. In 1992 ESOC
cooperated with the US ground station at
Wallops Island in conjunction with the operation
of Meteosat 3 and with the US Jet Propulsion
Laboratory to support the Ulysses deep space
mission.

The European Space Research and
Technology Center (ESTEC) in Noordwijk,
Norway, houses more than half of all ESA per-
sonnel in its role as the satellite environmental
testing facility. Two smaller ESA facilities with
100 personnel or less are the European Space
Research Institute (ESRIN) in Frascati, ltaly,
and the newly created European Astronauts
Center (EAC) in Cologne, Germany. Plans for
rapid expansion of the latter have been delayed
due to the restructuring of the Hermes space
plane program, but training for joint missions
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with the US and CIS continues.

ESA does not maintain its own aerospace
industry but instead contracts with the special-
ized companies of its member states to procure
ESA satellites and launch vehicles. Annual
contributions to ESA by each nation are based
upon the respective gross national products.
ESA then returns funds in the form of contracts
to the national aerospace industries in direct
proportion to the amount of their government’s
contributions. States may elect to concentrate
their support on specific programs. For
example, the UK which places great emphasis
on Earth observation programs has agreed to
finance up to 25% of the Envisat-1 satellite but
will support the Data Relay Satellite program at
a level of only one percent.

1.3 France

In addition to being the principal contributor
to ESA, France finances the largest national
space program in Europe. During the past ten
years (1983-1992), total French investment in
space rose more than 260% to an annual
budget of more than 10 billion Francs. France
continues to pursue a broad selection of nation-
al, bi-lateral, and ESA-sponsored programs and
is taking the lead in Europe in developing mili-
tary space systems.

The French space program is managed by
the Centre National D’Etudes Spatiales (CNES),
which was established in 1962. The principal
objectives of CNES are four-fold: “(1) orienting
the French space program by preparing
Government decisions, (2) designing, manag-
ing, and conducting the actual programs in an
industrial context, (3) furthering the know-how of
France’s space industry, and (4) consolidating
research programs with the scientific communi-
ty.” CNES resides within the Ministry for
Research and Space but maintains close ties
with the Ministry of Defense and the Ministry of
Transport (Reference 19).

With a contingent of 2,400 personnel, CNES’
staff outnumbers all of ESA. Led by President
Jacques Louis Lions, CNES was managed by
Director General Jean-Daniel Levi in 1992.
Previous CNES Director Generals have moved
on to assume top positions within the French
government, including the Minister for Research
and Space and Chief of the Delegation General
pour 'Armement of the Ministry of Defense, as

well as the head of ESA, e.g., Jean-Marie
Luton. Reporting to the Director General are
three principal directorates for Space
Transportation Systems; Research and
Applications; and Strategy, Planning,
International and Industrial Affairs.

Analogous to ESA, CNES operates four
major centers. The largest by far is the
Toulouse Space Center, home to approximately
1,650 personnel. Operations centers for SPOT,
TDF, and Telecom are located at Toulouse,
which also directs tracking, telemetry, and
communications control centers at Issus
Aussaquel, France; Kourou, French Guiana;
Hartebeesthoek, South Africa, and Kerguelen
Island. The Guiana Center for Space at
Kourou, French Guiana, provides full launch
support services for all ESA Ariane space
launches, while the Evry Center for Space is the
headquarters for Arianespace, the CNES sub-
sidiary responsible for managing much of the
Ariane program. A fourth CNES center is in
charge of atmospheric balloon launchings.

In its role as promoter of the French aero-
space industry, CNES has established a
number of subsidiaries and special organiza-
tions called GIEs (Groupements d’Interet
Economiques). The best known subsidiaries
include Arianespace, SPOT Image, Intespace,
and Novespace. Space research laboratories
are closely associated with CNES (Table 1.2).
The principal aerospace industries in France
include Aerospatiale (spacecraft, subsystems,
and materials), Alcatel Espace (communic-
ations, subsystems, and TT&C), Arianespace
(launch vehicles), Dassault Aviation (manned
aerospace vehicles), Intespace (environmental
testing), Matra Marconi (spacecraft, subsys-
tems, and ground stations), SEP (launch vehicle
and spacecraft propulsion), and Thomson-CSF
(communications, space technology, and
ground support).

1.4 Germany

Under a major governmental restructuring in
1989-1990, a new German space agency,
DARA (Deutsche Agentur fur Raumfahrtangel-
egenheiten) GmbH, was created and seven
national space goals were established:

“o increase scientific knowledge of the uni-
verse, our solar system, the Earth and the
conditions for life on our planet and to
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enlarge the possibilities for research;

+ contribute to solving environmental prob-
lems by means of Earth observation satel-
lites and promote further world climate
research;

« improve public and commercial infrastruc-
ture and services by means of spacebound
telecommunications, positioning and navi-
gation;

» stimulate technological progress and
thereby contribute to improving the competi-
tiveness of the German economy;

* make access to space and its utilization
safer and more economic;

» promote international cooperation especial-
ly in the field of science and technology and
improve the possibilities of extending aid to
developing countries;

» realize the verification and control of trea-
ties covering disarmament, crisis manage-
ment and Earth observation for environmen-
tal purposes alongside our European
partners.”

DARA, which has assumed and consolidated
the activities of the former West German and
East German organizations, is headed by
Director General Wolfgang Wild and is staffed
by a group of only about 250 personnel.
Nationa! long-range planning and oversight of
DARA is achieved by the Cabinet Committee
and the State Secretary’s Committee formed by
representatives of seven ministries and the
Federal Chancellery. Internally, DARA is
divided into three main directorates: space
infrastructure, space utilization, and administra-
tion. With its limited resources, DARA is largely
restricted to policy and top level management
tasks (Reference 20).

Technical and scientific research in the areas
of aeronautics, astronautics, and energy tech-
nology is directed and coordinated by the
German Aerospace Research Establishment
(DLR, Deutsche Forshungsanstalt fur Luft und
Raumfahrt) with approximately 4,500 personnel.
The chairman of DLR, Walter Kroll, is assisted
by six directors in charge of Flight Mechanics
and Guidance and Control, Fluid Mechanics,
Materials and Structures, Energetics,
Telecommunications Technology and Remote
Sensing, and Scientific-Technical Facilities
(Reference 21).

DLR operates major research centers in

Braunschweig, Cologne-Porz, Gottingen, Ober-
pfaffenhofen, and Stuttgart. Oberpfaffenhofen
is the home of the German Space Operations
Center which has supported numerous national,
ESA, and bi-lateral space missions for more
than 20 years. Nearby are DLR’s Manned
Space Laboratories Control Center, User Data
Center, and Automation in Orbit Center. The
Crew Training Complex and the Microgravity
User Support Center are located in Cologne-
Porz.

Germany is the only European country to
possess a credible, albeit limited, space surveil-
lance capability. The German Defense Re-
search Organization (FGAN, Forschungsge-
sellschaft fur Angewandte Naturwissenschaften)
operates the High Power Radar System consist-
ing of a 34-m diameter dish antenna, an L-band
tracking radar, and a Ku-band imaging radar.
Located at Wachtbeg-Werthoven outside Bonn
and housed within a 49-m diameter radome, this
system can perform selected observations on
objects in Earth orbit (Reference 22).

The nature of the German aerospace indus-
try changed significantly at the beginning of the
decade when the formation of Deutsche
Aerospace (DASA) brought together some of
the most influential space manufacturing firms.
DASA’s four subsidiaries are now Dornier
(unmanned and manned space systems), Mes-
sershmitt-Bolkow-Blohm (MBB; spacecraft,
subsystems, and ground support equipment),
Motoren- und Turbinen-Union (MTU; propul-
sion), and Telefunken Systemtechnik (subsy-
stems, materials). Other important aerospace
companies include ANT Nachrichtentechnik
GmbH (communications spacecraft, subsys-
tems), MAN Technologie (space vehicle engi-
neering), and Siemens {communications, sub-
systems).

Germany is also the site of two of ESA’s four
major space centers: the European Space
Operations Center in Darmstadt and the new
European Astronauts Center in Cologne.

1.5 India

Despite its limited resources, India has and is
continuing to develop a broad-based space
program with indigenous launch vehicles, satel-
lites, control facilities, and data processing.
Since its first satellite was orbited by the USSR
in 1975 and its first domestic space launch was



conducted in 1980, India has become a true
space-faring nation and an example to other
Eurasian countries wishing to move into the
space age. Today’s Indian remote sensing,
communications, and meteorological satellites
are comparable to many similar space systems
operated by more affluent countries, and by the
end of the decade India may be one of only a
half dozen countries/organizations with a geo-
stationary launch capability.

The Indian Space Research Organization
(ISRO) was established in 1969 and is currently
under the Department of Space. An inter-
ministerial Space Commission coordinates
space-related issues at the highest government
levels for policy-making and implementation
through the Department of Space and ISRO.
Along with ISRO in the Department of Space
are the National Remote Sensing Agency, the
National Natural Resources Management
System, the National Satellite Space Segment
Project, and the Physical Research Laboratory.
The Chairman of ISRO since 1984 and
Secretary of the Department of Space is Prof.
U. R. Rao. With headquarters at Bangalore,
ISRO now boasts of a workforce of more than
16,000 (References 23-25).

ISRO overseas five major centers and
various units. The largest facility is the Vikram
Sarabhai Space Center at Trivandrum, near the
southern tip of India, where emphasis is placed
on propulsion and launch vehicle technology as
well as spacecraft subsystems. The ISRO
Satellite Center in Bangalore is the lead center
for all satellite development. All Indian space
launches originate from the Sriharikota High
Altitude Range (SHAR) Center on Sriharikota
Island in the Bay of Bengal. The Liquid
Propulsion Systems Center is actually distribut-
ed among facilities at Bangalore, Mahendragiri,
and Trivandrum. Finally, the Space
Applications Center at Ahmedabad has the
responsibility to ensure that practical applica-
tions of space technology are realized.

Unlike European countries, India’s aero-
space industry is largely contained within the
national space agency itself. Facilities construc-
tion and development are provided by a sepa-
rate Civil Engineering Division of the
Department of Space.
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1.6 Israel

The newest member of the so-called space
club is Israel which has conducted only two
successful space launches, the first in 1988 and
the other in 1990. Following in the footsteps of
India, Israel is first concentrating on the devel-
opment of relatively simple launch vehicles with
low payload capacity and of satellites based on
proven technologies. Future activities may be
biased toward the deployment of more sophisti-
cated space systems (via domestic and com-
mercial foreign launch services) than a signifi-
cant advance in booster capability.

The Israeli Space Agency (ISA) was created
in 1983 under the Ministry of Science and
Technology and is chaired by Prof. Yuval
Ne'eman, who is also the Minister of Science
and Technology. The Director of ISA, Prof.
Akiva Bar-Nun, manages the agency in its
duties to run the nation's space program, to
coordinate research and space studies, and to
promote the “development of space-related
products by the private sector” (References 26
and 27). Cooperating with ISA to exploit Israel’s
fledgling capabilities in space are the
Interdisciplinary Center for Technological
Analysis and Forecasting of Tel Aviv University
and the National Commitiee for Space
Research of the Israeli Academy of Sciences
and Humanities.

To date Israel’s industrial base for launch
vehicle and satellite development is narrow.
Israel Aircraft Industries Ltd (IAl) was the princi-
pal designer and manufacturer of the Shavit
solid-propellant booster and the Ofeq experi-
mental spacecraft and is developing the Amos
geostationary communications satellite. Rafael,
Israel Armament Development Authority, was
responsible for the AUS-51 which has served as
the third stage motor of Shavit launch vehicle.

1.7 HRaly

ltaly was one of the first European nations to
operate its own Earth satellite (1964) and since
1967 has been conducting space launches with
assistance from the US. About half of Italy’s
national expenditures on space are contributed
to ESA, where ltaly is the third largest member
and the leading participant in the Data Relay
Satellite project. Italy’s primary interests are in




the fields of geophysics, astrophysics, and Earth
applications. ESA’s European Space Research
Institute is located in Frascati, Italy.

A governmental reorganization in 1988
established the lItalian Space Agency (ASI,
Agenzia Spaziale ltaliana) under the Ministry for
Coordination of Scientific Research and
Technology (MURST) and its Undersecretary of
Space. In 1992 Rossela Artioli was named the
new Undersecretary of Space. With assistance
from ASI the Italian government adopts 5-year
space plans to establish national goals and for
long-range budgeting purposes.

ASl is a relatively small organization with a
staff of little more than 100 personnel.
Headquartered in Rome, ASl is led by President
Lucianno Guerriero and Director General Carlo
Buongiorno. The agency’s Board of Directors is
advised by two 12-person committees: the
Scientific Committee and the Technical
Committee. To implement the national space
program ASI| works closely with the University of
Rome and the National Research Council. The
former, through its Aerospace Research Center
run by Director Luigi Broglio, manages the San
Marco space launch facility in the Indian Ocean
near Kenya. However, relations between ASI
and the University of Rome became strained in
1991-1992 over different views concerning the
means of improving ltaly’s space launch capabil-
ity. The National Research Council, through its
CNUCE institute, supports ASI in areas of
mission analysis, mission design, and data
handling, and works with Italian aerospace
industries.

The principal Italian corporation involved in
space activities is Alenia Spazio which was
formed in 1990 with the merger of Aeritalia and
Selenia. The new firm is broad-based, support-
ing both ltalian and European programs with
spacecraft, subsystems, ground stations, and
related software. BPD Difesa E Spazio is ltaly’s
leading company for launch vehicle and space-
craft propulsion.

1.8 Japan

Japan is unique among the Eurasian space
nations with two, relatively independent national
space organizations: one for applications and
one for science. Both not only fund and
manage satellite programs but also develop
families of launch vehicles to place the satellites
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in orbit. The government structure is further
complicated by the various ministries and agen-
cies which support these organizations. The
Space Activities Commission (SAC) annually
reviews Japan's Space Development Program
to coordinate national space activities and to
draft departmental budgets. The chairman of
SAC is the Minister of State for Science and
Technology. Since the first domestic launch of
a Japanese satellite in 1970, the country has
become a major space power, perhaps sur-
passed in all Europe and Asia by only the CIS
and the multi-national ESA (References 28-30).

The National Space Development Agency of
Japan (NASDA) currently receives about 75% of
the national space budget primarily via the
Science and Technology Agency of the Prime
Minister’s Office, the Ministry of Transport, and
the Ministry of Posts and Telecommunications.
NASDA is responsible for the development of
Japanese communications, meteorological, and
Earth observation satellites as well as the large
H-class launch vehicles. NASDA also oversees
Japan’s participation in the international
Freedom Space Station and is behind the pro-
posed HOPE space plane. The President of
NASDA in 1992 was Masato Yamano. NASDA
operates several large space centers including
the Tanegashima Space Center for space
launches, the Kakuda Propulsion Center for the
development of launch vehicle propulsion
systems, the Tsukuba Space Center for satellite
tracking and control, and the Earth Observation
Center for data processing of remote sensing
information (References 28 and 31).

Working under the Ministry of Education, the
Institute of Space and Aeronautical Science
(ISAS) is devoted to space science research
and the development of satellite and launch
vehicle technologies needed to support this
objective. Until 1981 ISAS was a part of the
University of Tokyo. The Director General of
ISAS, Ryojiro Akiba (since February, 1992),
heads 11 technical divisions and is advised by a
Board of counselors and an Advisory Council for
Research and Management. ISAS’ primary
facilities include the Kagoshima Space Center
for space launches, the Noshiro Testing Center
for launch vehicle propulsion system develop-
ment, and the Usuda Deep Space Center with a
64-m diameter antenna for satellite tracking and
control (References 28, 32-34).

Japan benefits from a strong interest in



space activities by the giants of industry.
Moreover, these firms invest considerable
private resources to conceive long-term projects
which may not be realized for a decade or more.
Mitsubishi Heavy Industries and Nissan Motor
Company are the major launch vehicle manu-
facturers for NASDA and ISAS, respectively.
Mitsubishi Electric Corporation, Nippon Electric
Corporation, and Toshiba Corporation all have
credentials as satellite prime contractors.

1.9 People’s Republic of China

The PRC’s first domestic space launch took
place just two months after Japan’s first mission
in 1970, and since then the paths of these two
Asian countries have been remarkably similar.
Like Japan, the PRC averages only a few mis-
sions each year and has developed the means
to reach both LEO (including sun-synchronous
missions) and GEO. However, the PRC has
launched relatively few scientific satellites and
has accumulated extensive experience with
recoverable spacecraft.

The internal organization of the Chinese
space program is somewhat obscure, but many
of the principal players and their areas of
responsibility are known. The national space
program is focused at the government level in
the Ministry of Aerospace Industry, whose pre-
decessor was formed in 1982. In the late
1980’s a new State Astronautics Committee
was established with the PRC Premier as its
head to guide space planning (References
35-40).

The most visible entity within the Ministry of
Aerospace Industry is the China Great Wall
Industry Corporation (CGWIC) which was
created in 1980 but did not assume the respon-
sibility for marketing commercial launch services
until 1985. CGWIC now coordinates all foreign
contracts within the Chinese space industry.
Actual launch operations at the three launch
sites are conducted under the auspices of China
Satellite Launch and TT&C General which is a
part of the Commission for Science, Technology
and Industry for National Defense.

The satellite and launch vehicle manufactur-
ing base is concentrated in three lead organiza-
tions. The Chinese Academy of Space
Technology (CAST) has designed and produced
the majority of PRC satellites since 1970.
Located in Beijing, CAST also plays a central
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role in the recoverable satellite payloads.
Meteorological satellites originate at the
Shanghai Institute of Satellite Engineering. The
largest launch vehicle manufacturer, responsi-
ble for the CZ-2 and CZ-3 lines of boosters, is
the Beijing Wan Yuan Industry Corporation
which includes more than a dozen research
institutes and six factories. The firm also per-
forms mission analysis and handles interface
coordination issues. The Shanghai Bureau of
Astronautics with its 10 research institutes and
12 factories serves as a subcontractor to the
Beijing Wan Yuan Industry Corporation for Cz-2
and CZ-3 components and is the prime contrac-
tor for the CZ-4 launch vehicle. Solid propellant
retro motors and apogee kick motors have been
developed by the Northwest Chemistry
Dynamics Corporation and spacecraft thrusters
are built by the Beijing Institute of Control
Engineering and the Lanzhou Institute of
Physics.

1.10 United Kingdom

During the 1960’s the UK was an early and
active participant in space activities, fielding its
first national satellite in 1962 and conducting its
first (and only) space launch in 1971. However,
for a variety of reasons, support for space pro-
grams in the UK has waned steadily for the past
two decades, and current funding is concentrat-
ed on Earth observation science and data pro-
cessing. Even though ESA contributions now
represent approximately two-thirds of the
national space budget, the UK has fallen to
fourth place in ESA, well below its desired, GNP-
linked level.

The British National Space Center (BNSC)
was established in 1985 as a coordinating
agency among government departments and
research councils to help formulate and manage
national space policy. The BNSC works directly
with the Cabinet Office, the Ministry of Defense,
the Meteorological Office, the Department of
Trade and Industry, the Department of the
Environment, the Foreign and Commonwealth
Office, and the Department of Education and
Science to this end. More than 80% of the
national space budget is funded through the
Department of Trade and Industry and the
Science and Engineering Research Council of
the Department of Education and Science.
BNSC with its staff of less than 250 personnel is




led by Arthur Pryor, the Director General. The
agency is divided into four main directorates:
Space Applications, Science and Microgravity,
Earth Observations, and Policy and Finance
(References 41-44).

BNSC claims five technical centers, although
four actually belong to other government organi-
zations. The Royal Aercspace Establishment
(RAE) and the Royal Signals and Radar
Establishment (RSRE) are elements of the
Ministry of Defense’s Defense Research
Agency. The Space Department of RAE is
renown for its spacecraft systems and remote
sensing technology mission analysis, orbital
dynamics and ground facilities, while the RSRE
specializes in telecommunications. Two other
centers fall under the Department of Education
and Science’s Science and Engineering
Research Council (SERC) and National
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Environment Research Council (NERC
SERC’s Rutherford Appleton Laboratory
provides support for university groups working in
space research. NERC’s Remote Sensing
Applications Development Unit and the inde-
pendent Earth Observation Data Center’s
(EODC) National Remote Sensing Center iead
the UK’s Processing and Archiving Facility, one
of four facilities supporting ESA’s European
Remote Sensing (ERS) satellite program.

In the industrial sector, the two largest aero-
space firms are British Aerospace (scientific
spacecraft, communications, subsystems) and
Matra Marconi (spacecraft, subsystems, ground
stations). A relative newcomer is Surrey
Satellite Technology Limited of the University of
Surrey which has already acquired an interna-
tional reputation for the manufacture of minia-
ture (<50 kg) satellites.
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2.0 SPACE TRANSPORTATION SYSTEMS AND LAUNCH FACILITIES

During 1991-1992 75% of all world-wide
space missions were performed by the
European and Asian space powers. Of the 14
active launching grounds around the globe, 11
are operated by Eurasian nations to support
14 families of launch vehicles available in as
many as 24 major variants to meet specific
mission needs. By the year 2000 the number of
operational launch vehicle types is likely to
grow, providing commercial flight opportunities
for payloads as small as a few hundred kilo-
grams or as large as tens of metric tons.

In all, 137 missions originating from the
USSR/CIS, ESA, India, Japan, or the PRC
reached Earth orbit in the period 1991-1992
from eight different sites (Figures 2.1 and 2.2).
Only three launches (CIS) are known to have
failed to reach orbit, although two payloads
intended for GEO were stranded in lower alti-
tude orbits (PRC). To support these activities, a
considerable infrastructure has been estab-
lished by each organization to design, manufac-
ture, launch, and track the vehicles on every
flight. :

2.1 USSR/CIS

Despite the continued decline in space launch
activity, the USSR/CIS during 1991-1992 con-
ducted 116 known launches with only three
failures compared with 24 missions with two

launch failures for the rest of Eurasia.
Averaging a launch every six days, the
USSR/CIS overcame severe political and eco-
nomic difficulties to maintain a constellation of
more than 150 active spacecraft. This feat was
accomplished by employing nine of the ten
operational space launch systems from the
Baikonur and Plesetsk Cosmodromes
(Figure 2.3).

The oldest booster family consists of the SL-3
(Vostok), SL-4 (Soyuz), and the SL-6 (Molniya)
launch vehicles which are direct descendants of
the SL-1 which placed Sputnik 1 into orbit on 4
October 1957. All three variants are produced
under the direction of the Central Specialized
Design Bureau of Samara (formerly
Kuybyshev). Each vehicle employs the same
basic lower stage consisting of a core stage
powered by the RD-108 engine and four strap-
on boosters powered by the RD-107 engine.
Both engines burn liquid oxygen and kerosene
and were developed by Glushko’s GDL-OKB,
now the Energomash NPO (References 1-14).

Since 1983 the SL-3 has only been flown
from the Baikonur Cosmodrome on four mis-
sions into sun-synchronous orbits. The SL-3
uses a short, liquid oxygen/kerosene upper
stage with a RD-448 engine designed by the
Kosberg Design Bureau, now the
Khimavtomatika Design Bureau in Voronezh.
The demonstrated payload capacity to a 630

MISSIONS TO EARTH ORBIT

1991
E4 1992

USSR/CIS
Figure 2.1. Eurasian Space Launch History, 1991-1992.
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Figure 2.2 Eurasian Space Launch Activity, 1991-1992.

km, 98° orbit is 1,840 kg. The only SL-3 mission
flown during 1991-1992 was the commercial
launching of the Indian IRS-1B on 29 August
1991. IRS-1C will be launched by the SL-3 in
1994 or 1995. For such sun-synchronous mis-
sions, the booster follows a southwesterly tra-
jectory from Baikonur (References 1-7).

Replacing the SL-3 upper stage with a longer
stage powered by a Kosberg RD-461 liquid
oxygen/kerosene engine yields the more power-
ful SL-4 booster which currently supports all CIS
manned space flights and unmanned military
photographic reconnaissance, Photon, Bion,
Resurs-F, and Progress M missions (Reference
8). The booster has a demonstrated LEO
capacity 7,320 kg to an orbit of 200 km at 51.6°
inclination and was successfully flown 24 times
in each of 1991 and 1992, During both years 13
missions were conducted from Plesetsk and 11
missions originated from Baikonur. A variety of
shrouds are available for the SL-4 to accom-
modate oversized payloads and to support the
emergency rescue system required on Soyuz
TM missions (References 1-4, 8-9).

The SL-6 launch vehicle consists of the SL-4
plus another small upper stage burning liquid
oxygen and kerosene. Originally developed for
lunar and planetary missions, the SL-6 is now
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used to place payloads of 1.6-1.8 metric tons
into highly elliptical (~400 km by 40,000 km)
Earth orbits inclined 63° to the equator. The
upper stage and the payloads (a Molniya
communications or Kosmos early warning satel-
lite) are encased within the launch shroud and
placed into a low altitude parking orbit by the
first three stages. About half a revolution of the
Earth later, the upper stage is ignited for trans-
fer into the elliptical orbit. Five SL-6 missions
were flown in 1991 and eight in 1992: all from
the Plesetsk Cosmodrome (References 1-4,
10). In 1991 a group of US scientists and
engineers considered the SL-6 to launch a
small satellite, Lunar Prospector, to the Moon
(Reference 11).

Beginning in 1991 Russia revealed plans for
modifying and upgrading the SL-3/SL-4/SL-6
family of launch vehicles. The original concept
involved replacing the final stages of the SL-3
and SL-6 with a new stage called Fregat, devel-
oped by the Lavochkin NPO and derived from
the lower stage of the Phobos spacecraft. The
improved launch vehicles were dubbed Vostok-
A and Molniya-A and both were offered for sun-
synchronous missions with payload capacities
of 2,500-3,000 kg and 4,000 kg respectively.
By late 1992 the modernization project envi-
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sioned more substantial modifications in all
three launch vehicles under the Rus program.
One of the primary objectives was to increase
the lift capacity of the SL-4 by as much as 800
kg to permit the launch of Soyuz-TM spacecraft
from Plesetsk into 65° inclination orbits
(References 12-14).

The smallest launch vehicle still in use by the
USSR/CIS is the SL-8 (Kosmos) booster,
derived from the SS-5 (Skean) medium range
ballistic missile. Originally designed by the
Yangel Design Bureau in Ukraine (now the
Yuzhnoye NPO), primary manufacturing
responsibilities are currently held by the Polet
PO in Omsk, Russia. Between 1964 and 1992,
a total of 389 SL-8 missions reached Earth
orbit. The two stage booster burns
Unsymmetrical Dimethylhydrazine (UDMH) as a
fuel and either nitric acid or nitrogen tetroxide
as the oxidizer. Used only for LEO missions,
the SL-8 has a demonstrated payload capacity
of 1,500 kg to a low altitude, 51° parking orbit,
although most payloads are substantially
smaller and are placed at moderate altitudes
between 500 and 1,500 km. The only known
launch failure of the SL-8 during 1991-1992
occurred on 25 June 1991 when the second
stage failed to reignite and the payload imme-
diately fell back to Earth before reaching orbit
(References 1-4, 15-16). However, the SL-8
second stage used for the Kosmos 2125-2132
mission (12 February 1991) fragmented repeat-
edly during its first five weeks in orbit, creating
more than 70 trackable debris.

The third family of launch vehicles operated
by the USSR/CIS includes the SL-11 (Tsyklon-
M) and the SL-14 (Tsyklon) boosters built in
Ukraine. Based on the SS-9 (Scarp) ICBM
developed by Yangel, the SL-11 launch vehicle
is a 2-stage booster flown only from Baikonur
and used only for high value military payloads,
e.g., the co-orbital ASAT, EORSAT, and
RORSAT. In the case of the last two missions,
the payload is required to complete insertion
into the desired operational orbit because the
second stage is sub-orbital (RORSAT) or
remains in a very short-lived transfer orbit
(EORSAT). Since 1988 the SL-11 has been
employed by only EORSATSs of which one was
flown in the 1991-1992 time period. Both
stages burn UDMH and nitrogen tetroxide. Like
all USSR/CIS launch vehicles, the SL-11 is
transported to the pad horizontally for final pre-
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paration and fueling. However, the SL-11
reportedly has the shortest pad stay time and
can be launched within a few hours
(References 1-4, 17-18).

The SL-14 consists of the 2-stage SL-11 plus
a small hypergolic stage sitting inside the
payload shroud, much like the SL-6. This
vehicle debuted in 1977, has a reported
4,000 kg capacity to LEO, and to date has only
been flown from Plesetsk, operationally at incli-
nations of 73.6° and 82.6°. The SL-14 has
assumed all the posigrade military (ELINT) and
Earth observation (Meteor, Okean) missions
formerly serviced by the SL-3 and has taken
away several SL-8 missions as well, including
multiple communications satellites, geodetic
spacecraft, and national security support’
systems. Eight SL-14 missions were conducted
in 1991 and five in 1992, and the last known
failure occurred in June, 1989, when the third
stage failed to reignite (Reference 17).

The largest USSR/CIS launch vehicles in
regular use are the SL-12 and SL-13 (Proton)
booster. (Since 1967 these vehicles have been
technically designated Proton-K.) The first
three stages of the SL-12 and SL-13 are identi-
cal, a product of the Chelomei Design Bureau in
the 1960’s. Today design responsibilities lie
with the Salyut Design Bureau of the
Experimental Machine Building NPO, while
manufacturing is performed by the Khrunichev
Machine Building Plant. All three stages burn
UDMH and nitrogen tetroxide. The first stage is
powered by six RD-253 engines, the second
stage by three RD-465 and one RD-468
engines, and the third stage by one RD-473
engine. Glushko was the chiet designer of the
RD-253, whereas Kosberg was the developer of
the second and third stage engines (References
1-4, 19).

The 3-stage SL-13 is used infrequently when
large payloads of about 20 metric tons are
slated for insertion into LEO. All Soviet space
stations and space station modules have been
launched by the SL-13 as have the Almaz
remote sensing platforms. The only SL-13
mission of 1991-1992 was the launch of Almaz
1 on 31 March 1991. This marked only the
22nd orbital mission of the SL-13 since flights
started in 1968. The last launch failure was in
1986.

The more common Proton configuration
mates a fourth stage, Block D/DM, with the SL-




13 to make the SL-12. The Block D (for deep
space missions) and Block DM (for geosynchro-
nous and circular, semi-synchronous missions)
are produced by the Energiya NPO and burn
liquid oxygen and kerosene or similar hydrocar-
bon fuel. The single 58M engine was originally
designed by Melnikov of the Korolev Design
Bureau for use by the N-1 heavy-lift launch
vehicle. It was first transferred to the SL-13 to
support the Zond circumiunar program. The lift
-capacity of the SL-12 to GEO is about 2.5
metric tons, to the Moon is 5.7 metric tons, to
Venus is 5.3 metric tons, and to Mars is 4.6
metric tons. Eight SL-12 missions were suc-
cessfully flown in both 1991 and 1992
(References 1-4, 20-25). The last known
launch failure of the SL-12 occurred on 10
August 1990. The SL-12 has been selected to
launch an INMARSAT-3 satellite in 1995 and
three sets of seven Iridium satellites.

To accommodate larger payloads, particularly
those designed for GEO, the SL-12 and SL-13
launch vehicles are undergoing a modernization
process. The new Proton-KM vehicles will by
1994-1995 be able to place up to 23.7 metric
tons into LEO and 4.5 metric tons into GEO.
With a standard Block DM fourth stage the GEO
capacity will be 3 metric tons, but a new liquid
oxygen/liquid hydrogen fourth stage will permit
the heavier 4.5 metric ton GEO satellites.
Likewise a new shroud with 120 m3 volume will
replace the current standard shrouds with 50
m3 or 70 m3. An alternative design calls for
adding a Fregat upper stage to a standard SL-
12 1o increase GEO capacity to 3.5 metric tons.
Authorization for construction of Proton launch
pads at Plesetsk was announced in late 1992
(References 12, 26-29).

The first brand new launch vehicle to be
developed in the USSR in 20 years debuted in
1985 as the SL-16 (Zenit). A medium-lift, 2-
stage booster in its own right, the SL-16 was
primarily made possible by the need to develop
the first stage as a strap-on booster for the
heavy-lift SL-17 (Energiya) launch vehicle. As a
secondary objective, the SL-16 was designed to
off-load several satellite programs from the SL-
4, particularly those which were approaching
the lift capacity limit of SL-4 due to normal evo-
lutionary growth.

Both stages of the SL-16 employ liquid
oxygen and kerosene as propellants for their
Energomash NPO engines: the RD-170/171 for
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the first stage and the RD-120 for the second
stage. Overall responsibility for the SL-16,
which has a low altitude payload capacity of
13.7 metric tons, rests with the Yuzhnoye NPO
in Ukraine. Due to satellite program redirec-
tions, the need for the SL-16 has to date been
far below the level anticipated in the early
1980’s. Currently, the SL-16 supports only a
single satellite program — the newest generation
military ELINT - although other uses are
expected within the next few years. However,
plans to employ the SL-16 as the principal
launch vehicle at Cape York, Australia, have
been severely curtailed due to problems in
establishing the launch facility (References 4,
30-34).

The first twelve orbital missions of the SL-16
(1985-1990) were largely successful with only
one failure in late 1985 when the second stage
failed to reignite. Then, the booster was struck
with three devastating failures in a row. The
first accident occurred on 4 October 1990 within
seconds of lift-off, causing the vehicle to fall
back to Earth, destroying not only itself and its
payload, but the launch pad as well. The next
attempt to launch the SL-16 took place in late
July, 1991, but the countdown was terminated
shortly before launch. The subsequent launch
on 30 August 1991 failed when the second
stage malfunctioned. The next launch on 5
February 1992 was also unsuccessful due to a
second stage breakdown (References 35-38).

The SL-16 finally returned to service on
17 November 1992 with a successful mission,
followed by an identical mission on 25
December. Although the December military
payload was placed in the desired orbit, the
second stage of the SL-16 exploded two days
later into more than 200 fragments. Future
improvements for the SL-16 include new launch
pads at Plesetsk and a third stage to provide a
high altitude, e.g., GEO, capability. The latter
modification was first chosen in conjunction with
the Cape York project, since the three-stage
Zenit will still have less lift capacity than the SL-
12. The third stage was to be an adaptation of
the SL-12 Block DM, but the failure of Energiya
NPO and Yuzhnoye NPO to agree on integra-
tion issues led the Ukrainian firm to begin
designing its own upper stage (References 39
and 40).

When Glushko was designated head of the
Korolev Design Bureau (now Energiya NPO) in



the mid-1970’s, his first major act was to termi-
nate the N-1 heavy-lift launch vehicle program
and substitute in its place the development of
the Energiya—Buran space transportation
system. In 1987 the SL-17 (Energiya) booster
made its maiden flight with an unmanned
payload called Polyus. Although the spacecraft
failed to reach orbit due to an attitude control
malfunction, the SL-17 apparently performed
flawlessly (Reference 41). Launch facilities are
only available at the Baikonur Cosmodrome.

The SL-17 is comprised of a central stage
powered by four liquid oxygen/liquid hydrogen
RD-0120 engines developed by the
Khimavtomatika Design Bureau surrounded by
four strap-on boosters (essentially equivalent to
the SL-16 first stage) with Energomash RD-
170/171 liquid oxygen/kerosene engines. The
lift-off payload capacity is cited as about
102 metric tons, but the maximum low altitude
orbital payload mass is only 88 metric tons due
to the fact that the SL-17 is a sub-orbital system
and the “payload” must carry its own propulsion
system for orbital insertion. On the two SL-17
missions flown by the end of 1992, such a pro-
pulsion unit was an integral part of the payload,
i.e., Polyus and Buran (References 42-45).

To provide the SL-17 with direct LEO, GEO,
and deep space capabilities, two auxiliary
stages were designed. The smallest is a modifi-
cation of the SL-12 Block D with overall dimen-
sions of 3.7 mby 5.5 m. Named the Retro and
Correction Stage (RCS), this unit could deliver
an 88 metric ton payload to an altitude of 200
km or an 81.5 metric ton payload to 600 km.
For higher orbit destinations, an Upper Stage,
measuring 5.7 m by 16.5 m and burning liquid
oxygen/liquid hydrogen, is being developed.
This larger stage could place a 19 metric ton

payload into GEO or insert a 21.5-23 metric ton
spacecraft into lunar orbit. Using both the RCS
and the Upper Stage, the SL-17 is capable of
sending a 10 metric ton payload to the surface
of Mars while leaving a 3 metric ton spacecraft
in Mars orbit (Reference 46).

To accommodate these auxiliary stages and
their payloads, a payload carrier is needed for
the SL-17’s required side-mounting. This con-
tainer has a maximum diameter of 6.7 m, a
length of 42 m, and a payload volume depend-
ent upon the combination of auxiliary stages
selected. The maximum payload dimensions
(with the RCS) are 5.5 m diameter and 35 m
length. To date none of the auxiliary stages or
the payload carrier have been flight tested.

The principal payload designed for the SL-17
is the Buran space shuttle. This vehicle (Figure
2.4) is analogous to the US Space Shuttle and
completed a single, unmanned space ilight in
November, 1988. The overall length of Buran is
36.4 m with a wing-span of 24 m. The basic
orbiter has a mass of 75 metric tons and can
accommodate a payload of 30 metric tons
inside the 4.7 m by 19 m cargo bay. Unlike the
US Space Shuttle, Buran does not carry large
main engines which are employed during lift-off,
since this function is performed by the SL-17
central stage.

The Buran program in the late 1980’s envi-
sioned a fleet of three orbiters. The first flight of
the second spacecraft, which includes life
support systems absence from the original
Buran, has been delayed repeatedly since
1990. The mission profile called for an
unmanned launch, a rendezvous and docking
with the Mir space station, a check-out by Mir
cosmonauts, and an automated landing at
Baikonur. During 1992 the Buran program was

Figure 2.4. Buran Space Shuttle.
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repeatedly and “officially” declared both dead
and alive. The earliest possible launch of a
Buran is now 1994, and the prospects for
regular Buran missions seems poor (References
45-57).

Originally conceived as a large family of
space transportation carriers, the entire
Energiya system is currently under considerable
political pressure due to its high cost and a
current lack of payloads. The delay and restruc-
turing of the Buran, the Mir 2, planetary explora-
tion, and national security programs have had a
negative impact on Energiya. Early plans for
implementing recoverable reusable strap-on
boosters and for varying the number of strap-
ons (2-8) to match payload requirements have
been stalled indefinitely. The only near-term
use of Energiya is the launch of heavy (18-19
metric ton) communications payloads to GEO
being heavily promoted by the Energiya NPO
(Section 4.1.1) . Such a launch could come as
early as 1994.

Another Energiya variant, known as Energiya-
M, perhaps has a brighter future. Energiya-M
employs two standard SL-17 strap-on boosters
and a shorter central stage with only one RD-
0120 engine (Figure 2.5). Upper stages and
payloads are stacked above the central stage
within a large shroud. Three upper stages — the
N12R, N14R, and N15DV - may be used to
provide GEO capabilities of 3, 5.5, and 6.5
metric tons, respectively. The payload space
allocated is 5.1 m by 15 m for the N12R and the
N14R and 5.1 m by 12 m for the N15DV. The
maiden flight of the Energiya-M is possible in
the 1994-1996 timeframe (References 58-62).

A farther term potential for the Energiya space
transportation system is a completely reusable
vehicle integrating Buran technology directly
with Energiya. A preliminary concept employs
four strap-on boosters modified to become
gliders after release from the central stage for a
controlled runway landing. The central stage
would be an unmanned shuttle with three main
engines designed for the delivery of payloads to
low altitude parking orbits (Figure 2.6). A
simpler design would add wings to the current
SL-17 central stage and use a parachute
system for the strap-on boosters (References
63-66).

Another reusable space transportation system
currently being evaluated is a small space
plane, originally referred to as Molniya and now
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known as MAKS, the Multi-purpose Aerospace
System. Taking advantage of 30 years of
developing small and large space planes under
the Spiral, EPOS, BOR, and Buran programs,
MAKS would be a 27-metric-ton-class space-
craft capable of manned (with a crew of two and
an 8.3 metric ton payload) or automated (with a
9.5 metric ton payload) flight.

MAKS is being developed jointly by the
Molniya NPO and the Central Aerohydro-
dynamic Institute and could be launched either
atop the An-225 aircraft or by the Energiya-M
launch vehicle. In the air-launched mode, the
space plane and a large propellant tank would
separate from the An-225 at an altitude near 10
km, and the space plane, using two tri-propell-
ant (liquid oxygen/liquid hydrogen/kero-sene)
RD-701 engines, would fly into a low altitude
orbit. The overall dimensions of the space
plane, which could be operational by the end of
the decade with proper funding, are 19.3 m in
length and 12.5 m wing-span (References
67-73).

Whereas MAKS represents a multi-stage
space transportation system, a single-stage-to-

Figure 2.5. Energiya-M (left) and Energiya

Launch Vehicles.
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orbit aerospace plane is viewed as the ultimate
goal to reduce drastically the cost of delivering
material to Earth orbit as well as to evolve into a
more routine method of access to space. For
several years USSR/CIS aerospace engineers
have been evaluating different designs of aero-
space planes which are analogous to the US
NASP and the UK HOTOL. An integral part of
the project, sometimes refer to as the Tu-2000,
is the development of a supersonic/ hypersonic
ramjet/scramjet engine for powered flight within
the atmosphere.

. A prototype engine model, developed by the
Turayevo Soyuz Machine Design Bureau, was
tested 28 November 1991 when the rocket-
mounted engine was launched from
Kazakhstan on a 130-second flight. Supersonic
combustion was achieved in the range of Mach
5-6. A second test was conducted 17
November 1992 in cooperation with France. A
separate aerospace plane project, named
Ayaks, is centered in St. Petersburg and relies
on disposable boosters supplied by the Polet
PO in Omsk. The CIS is soliciting international
participation in the development of an aero-
space plane, which will not be fully tested until
after the turn of the century (References
74-88).

Despite the wealth of space launch vehicles
already available and the future systems
described above, CIS industries are eagerly
promoting many new booster systems — primari-
ly for small satellite payloads — derived from
former ballistic missiles. The relatively low cost
of the vehicles, together with a wide variety of
launching options (ground-based fixed and
mobile, sea-based, and air-based) and rapid
availability, represent attractive features for the
emerging “small sat” market. While the CIS
government is encouraging former missile
manufacturers to find new civilian applications
for their decommissioned boosters, direct gov-
ernment support has not been forthcoming.
The missiles proposed for conversion range
from small SLBMs to the largest ICBM
(References 89-94). Unlike the European arms
control agreement which prohibited the use of
banned missiles for space launch purposes, the
START Treaty explicitly permits such conver-
sions with modest restrictions (Reference 95).

One of the first Soviet missiles to be consid-
ered for space launch support in 1989 was the
SS-20 (Soviet designator RSD-10) mobile

IRBM, under the name START. However, this
was forbidden under international agreements,
and the concept was later changed on the basis
of the SS-25 (Soviet designator RS-12M) ICBM,
under the name Start-1. The SS-25, a 3-stage
solid propellant missile, is closely related to the
less powerful SS-20. To create an orbital
launch vehicle a fourth stage was added to the
S8-25 producing a 1.8 m diameter, 21.6 m tall
booster. The lift capacity of Start-1 is cited as
550 kg to a low Earth orbit or 300 kg to an alti-
tude of 1,000 km with inclinations of zero
degrees. The first launch of Start-1 was
delayed from late 1992 to early 1993. An
improved Start-1 vehicle with a maximum LEO
capacity of 850 kg and more than five times the
payload volume is possible during 1993-1994.
The principal supporters of the program are the
Kompleks Scientific and Technical Center, the
Moscow Institute of Thermal Engineering, and
the IVK Joint-Stock Company. The First com-
mercial customer of Start-1 will be the Kuryer

Figure 2.8. Start-1 Launch Vehicle.



communications satellite system (References
96 —100).

The largest ICBM in the CIS inventory is the
SS-18 (Soviet designator RS-20), and under the
terms of the START Treaty more than 150 of
the missiles must be removed from strategic
duties. Consequently; the designers and manu-
facturers of the 2-stage, liquid propellant
(UDMH and nitrogen tetroxide) rocket — the
Yuzhnoye NPO of Dnepropetrovsk, Ukraine —
have developed a space launch variant with a
lift capacity of 4.4 metric tons to a 65°-inclined,
200 km orbit. To achieve orbital velocity a small
third stage has been added, and two payload
fairings (one 5 m tall and one 8 m tall) have
been designed. Referred to as the SS-18K, this
new space launch vehicle has a diameter of
3 m and a height of up to 37.3 m and has spe-
cifically been recommended for materials
science experiments (orbital and ballistic) and
for support to an emergency rescue service
named VITA (References 31, 101-103).

The Salyut Design Bureau, creators of the SL-
12 and SL-13 Proton boosters, was also
responsible for developing the 2-stage SS-19
ICBM (Soviet designator RS-18), of which 300
were deployed at the time of the signing of the
START Treaty. By adding a third stage named
Breaz, the SS-19 has been converted into a
space launch vehicle named Rokot with a low
altitude payload capacity of two metric tons into
an orbit inclined 65° to the equator. All three
stages burn UDMH and nitrogen tetroxide, and
the overall dimensions of the vehicle are 2.5 m
diameter and 24.6 m height. Two payload
shrouds provide a useful satellite cavity of up to
1.7 m in diameter and 3.1 m in height. Two bal-
listic test missions have been flown (20 Nove-
mber 1990 and 20 December 1991), and the
first orbital flight is scheduled for late 1993.
Although the principal launch facilities will be
silos at Plesetsk, a floating sea-based platform
has also been considered (References 104-
108).

Another Yuzhnoye NPO product is the rail-
mobile and silo-based SS-24 (Soviet designator
RS-22) ICBM. Ukraine is proposing to develop
this 3-stage, solid propellant missile into an air-
dropped space launch vehicle called the Space
Clipper. The booster would be carried aloft
inside an An-124 cargo plane and then pushed
out the rear cargo door at an altitude of
10-11 km (Figure 2.9). A small parachute
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would briefly stabilize the vehicle prior to first
stage ignition (References 31, 109-111 )-

Originally advertised in two variants, Space
Clipper 1 and Space Clipper 1A, the program
now foresees six or more variations based on
five solid rocket stages (thrust in vacuum from
2 metric tons to 210 metric tons) in 3- or 4-stage
configurations. The most powerful versions
could place a 1.75 metric ton payload into an
orbit of 200 km at 90° inclination or 800 kg into
a geostationary transfer orbit (GTO) of 150 km
by 36,000 km at 0° inclination. The ability of the
An-124 to fly to lower latitudes for GTO or low
inclination missions greatly increases the effi-
ciency of the system. A 0.95 flight reliability has
been designed.

Although submarine-launched satellites have
been considered since the 1960’s, political
more than practical limitations have prevented
such operations. In 1990 the US firm Space
Commerce Corporation began marketing three
Soviet SLBMs developed by the Makeyev
Design Bureau of Mechanical Engineering in
the Urals capable of placing small satellites into
LEO. The Vysota is based on the SS-N-8
(Soviet designator RSM-40) SLBM and would
be launched from a Delta-| submarine (Figure
2.10). This 2-stage, liquid-propeliant launch
vehicle has a payload capacity of 130 kg to an
altitude of 200 km with 0° inclination. The Voina
is derived from the SS-N-18 (Soviet designator
RSM-50) SLBM and would be launched from a
Delta-Hll submarine. Its payload capacity is
similar to that of the Vysota, but a small third
stage could be added for heavier payloads or
high altitude/inclination requirements. A third
system named Shetal (or Shtil) is based on the
SS-N-23 (Soviet designator RSM-54) SLBM,
launched from Delta-1V submarines. The orbital
capacity is said to be 550 kg to an 800 km, 0°
inclination orbit (Reference 112).

Two other SLBMs may be combined to form
yet another small satellite launcher. A US-
Russian joint venture is examining the potential
of a hybrid SS-N-20/SS-N-23 (Soviet designa-
tors RSM-52 and RSM-54) launch vehicle
called Surf. Launched from a floating platform
(but not a submarine), Surf will consist of the
SS-N-20 solid propellant first stage and a com-
plete liquid propellant, 4-stage SS-N-23. The
SS-N-20 is currently deployed on Typhoon
submarines and is also a creation of the
Makeyev Design Bureau of Mechanical
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Engineering. Surf is calculated to have a 2.4
metric ton payload capacity into a 200 km, 0°
orbit. A test flight of the composite launch
vehicle is possible in 1994 (References
113-115).

In 1991 the Raduga Machine Building Design
Bureau of Moscow announced plans to offer the
Burlak air-launched space launch vehicle. Much
smaller than the Space Clipper, Burlak would be
carried under the wing of an aircraft such as the
Tu-160 much like the US Pegasus launcher
(Figure 2.11). Initial designs provided a 700 kg
payload capacity to a low altitude, equatorial
orbit, but later refinements increased the
payload to 1,100 kg for the same orbit. Flights
could begin in 1995 (References 116-118).

Finally, the USSR/CIS has studied the
problem of designing nuclear-powered space
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propulsion for more than 30 years. Most con-
cepts have involved the heating of a working
fluid (e.g., liquid hydrogen) by a fission or fusion
nuclear reactor. Although complex to build and
operate, such nuclear-powered engines attain
very high specific impulses (up to 950 seconds
or more) and are considered an attractive
means to send men on interplanetary voyages.
The principal organizations in the CIS conduct-
ing reach in this area are the Kurchatov Institute
of Atomic Energy, the Research Institute for
Thermal Processes, Moscow Physical-
Technical Institute, and the Luch NPO. Testing
of nuclear engine designhs was performed for
many years at the Semipalatinsk proving
grounds (References 119-127).

From 1966 to 1987 the USSR operated three
launch sites: Baikonur in Kazakhstan and
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Plesetsk and Kapustin Yar in Russia. The last
facility, which only launched the smallest space
boosters, has been inactive since 1987 and is
no longer a part of the Russian Military Space
Forces which manages all launch activities. The
other two sites remain quite active and both
have performed more space launchings than
any other facilities in the world.

The Baikonur Cosmodrome (also known as
Tyuratam) is the oldest space launch facility in
the world and by the end of 1992 had conducted
more than 900 orbital missions. In 1991 and
1992 the number of launches to reach Earth
orbit were 22 and 21, respectively. Baikonur
also supports the largest assortment of launch
vehicles including the SL-3, SL-4, SL-6, SL-11,
SL-12, SL-13, SL-16, and SL-17. More impor-
tantly, the heaviest USSR/CIS boosters, Zenit,
Proton, and Energiya, can only be flown from
Baikonur. The cosmodrome is the origin of all
manned and man-related (e.g., space stations,
resupply ships), lunar, interplanetary, high alti-
tude navigation, and geosynchronous missions.

In late 1991 when the Soviet Union was dis-
solved and the CIS was formed, the importance
of commonwealth space coordination — and in
particular the status of Baikonur — was the
subject of special agreements (Appendix 2). In
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fact, on 31 August 1991 soon after the attempt-
ed coup, the President of Kazakhstan signed a
decree asserting jurisdiction over Baikonur. By
May, 1992, the first of several bi-lateral accords
between Russia and Kazakhstan were signed
(Appendix 2). Despite sometimes heated rhe-
toric between the two nations, the continued
maintenance and operation of the Baikonur
Cosmodrome is clearly in the best interests of
both parties. Ukraine and Kazakhstan have
also been engaged in discussions concerning
the launches of SL-11 and SL -16 boosters
produced by Ukraine. In late 1992 the

President of Kazakhstan appointed Major
General Aleksi A. Shumilin as the new com-
mander of Baikonur (References 128-130).
Conditions at Baikonur and the adjacent
support town of Leninsk have always been
described as harsh due to the extreme climates
in winter and summer and due to the absence

Figure 2.11. Burlak Sateliite Launcher.




of many amenities. The organizational and
economic difficulties arising after the fall of the
USSR only aggravated the situation, increasing
tensions between the civilian and military popu-
lations and between the Russians and the
Kazakhs. The most extreme example of this
strife occurred during 23-25 February 1992
when riots started by a military construction unit
left three dead, many injured, and a substantial
loss of property, including destroyed barracks,
warehouses, and food storage facilities
(References 131-137).

Plesetsk in northwestern Russia is the world’s
busiest cosmodrome, averaging one mission
per week during the past ten years
(1983-1992). By the end of 1992 the site had
conducted 1,369 orbital launches — more than a
third of all world missions since 1957. Although
the annual flight rate at Plesetsk fell to 33 in
1992 (the lowest since 1968), the site out-
performed every other space launch facility
around the globe.

Currently, Plesetsk has launch pads for the
SL-4, SL-6, SL-8, and SL-14 boosters.
Technically, SL-3 vehicles could be launched
from Plesetsk but the last such mission
occurred in 1983, and future missions here are
unlikely. Pads are reportedly under construc-
tion for the SL-16, and SL-12/SL-13 complexes
have at least been authorized, if not funded. In
1993 plans call for the first launches of the Start-
1 and Rokot vehicles from Plesetsk.

From its location near the Arctic Circle, by far
the most northerly launch facility in the world,
Plesetsk can support only missions with initial
inclinations of 62.8° or greater. In practice, due
largely to range safety restrictions, flights from
Plesetsk now exhibit inclinations of 62.8°,
73-74°, and 82-83°. The prime reason behind
the consideration of placing the Mir 2 space
station into a 63-65° inclination is to permit
manned and logistical flights to originate from
Plesetsk as well as (or instead of) Baikonur.
These missions will also require the SL-4
upgrade (Rus) for Soyuz TM and Progress M
flights and possibly the installation of SL-12/SL-
13 pads for large space station module launch-
es. However, during a visit to Plesetsk in April,
1992, Russian President Yeltsin cautioned that
a major shift of missions from Baikonur to
Plesetsk in the near-term was unlikely due to
the tremendous financial investment needed
(References 26, 40, 138-141).
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Unlike many space launch facilities in the
world, both Baikonur and Plesetsk are not
directly situated on or near a coast.
Consequently, the lower, sub-orbital stages of
USSR/CIS boosters normally fall back on
former Soviet territory. This situation limits the
permissible launch azimuths to avoid impacts
near populated or foreign regions, e.g., due
east launches (the most advantageous) from
Baikonur are forbidden since lower rocket
stages would fall on Chinese territory. For
those launch corridors which are used, tens of
thousands of tons of spent boosters, many with
toxic residual propellants still on board, now
litter the countryside. Local residents have
complained about this situation, which makes
some land unproductive, for many years, and
the calls for remedial action as well as lawsuits
did not subside in 1991-1992 (References
142-147).

2.2 European Spacé Agency

ESA introduced the European-built Ariane
launch vehicle in 1979, and by the end of 1992
had conducted 55 missions with an overall
success record of 91% (Figure 2.12). The origi-
nal Ariane 1 vehicle was joined in 1984 by
Ariane 2/3 and in 1988 by Ariane 4. Since 1989
all ESA orbital flights have used a variant of the
Ariane 4 booster. In 27 launches Ariane 4 has
suffered only one failure for a 96.3% reliability
mark.

The basic Ariane 4, also known as the Ariane
40 variant, is a three-stage, liquid propeliant
booster with a 1.9 metric tons payload capacity
to a 7°-inclined GTO or 2.7 metric tons to a 800-
km, sun-synchronous -orbit. The first stage
(L220) is powered by four Viking V engines
burning nitrogen tetroxide and a combination of
UDMH plus hydrazine hydrate called UH25.
The second stage (L33) employs the same
propellants with a single, higher thrust Viking IV
engine. The third stage (H10) burns liquid
oxygen and liquid hydrogen through an HM7
engine (References 148-151).

The Ariane 4 program is managed and
launch services are marketed by Arianespace,
while the French space agency CNES is
responsible for overall design and serves as
general contractor. The primary industrial agent
and integration contractor for stages one and
three is Aerospatiale. -Main engines are provid-
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Figure 2.12. Ariane Launch Vehicle Flight Record.
ed by SEP. In all, more than three dozen  housing and the upper satellite are then

European companies provide significant servic-
es in the design, manufacture, and operation of
Ariane 4.

The Ariane 40 variant has actually only flown
twice to place payloads into low altitude, sun-
synchronous orbits (1980 and 1991). Since the
principal mission of Ariane 4 is to insert com-
mercial satellites into GTO, five other booster
variants are available depending upon the mass
of the payload and whether one or two main
satellites are to be carried. The five variants are
distinguished by the number and type (liquid
propellant or solid propellant) of the small
boosters attached to the first stage. The
payload capacity ranges from 2.6 metric tons for
two solid boosters (PAP) to 4.2 metric tons for
four liquid boosters (PAL) (Figure 2.13). The
most widely used variant is the most powerful
Ariane 44L, and by the end of 1992 all but the
Ariane 42L had flown at least once. The major
contractor for the PAL, which employs the same
propellants as the first two stages and a Viking
VI engine, is MBB-ERNO, whereas SNIA-BPD
is in charge of the PAP.

To permit the launching of two large, inde-
pendent spacecraft on a single booster, one
satellite is encased in a special housing (SYLDA
or SPELDA) while the second satellite is
mounted on top of the housing. Both the
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covered by the payload shroud which is jetti-
soned at an altitude of about 115 km. Once the
Ariane third stage reaches GTO, the upper sat-
ellite is released, followed by separation of the
top portion of the SYLDA or SPELDA and
release of the second satellite. Injection into
GEO is the responsibility of the individual satel-
lites. For the infrequent LEO missions, a multi-
ple payload platform called ASAP can carry up
to six small (less than 50 kg) piggyback satel-
lites without interfering with the primary
payload.

During 1991-1992 15 Ariane missions were
flown (all successful) including 13 GTO flights
and 2 LEO flights with a total of 27 satellite
payloads. Of all these payloads, only two were
produced under the auspices of ESA; the rest
belonged to a variety of countries and interna-
tional organizations (Section 7).

In April, 1992, the 50th Ariane mission (22nd
Ariane 4) introduced a new third stage called
H10 Plus, which was lengthened by 0.3 m to
accommodate an additional 340 kg of propellant
for a 100 kg payload capacity increase. By the
end of 1994 a new propellant management
technique will add another 120 kg increase in
payload capacity, bringing the Ariane 44L up to
4.46 metric tons for GTO. Also introduced in
1992 was a new flight profile which utilizes a




PERFO.GT0

AR 40 AR 4L2P ARLLP
(Off toaded) (Solid) (Sotid)
~ ARIANE 2 ~ ARIANE 3

AR 4L LP

(Liquid) (Mix) (Liquid)

Figure 2.13. Ariane 4 Variants and Payload Capacities.

lower than normal perigee to provide a net gain
for satellites slightly heavier than the cited
vehicle capacity (References 152—154).

Ariane 4 will continue its current flight rate of
about seven missions per year through 1996
when a gradual reduction is planned for eventu-
al phase-out in 1999 (Reference 155). To take
its place will be the more capable Ariane 5,
scheduled for a maiden flight in 1995 and opera-
tional missions in 1996. Ariane 5 represents a
significant departure from Arianes 1-4 and will
support a much wider range of heavier space-
craft. From the start Ariane 5 was designed as
a critical node in ESA’s autonomous man-in-
space program.

Ariane 5 will be somewhat shorter but much
broader than its predecessor (Figure 2.14). The
basic launch vehicle consists of a large, liquid-
propellant central stage surrounded by two
large, solid propellant boosters. The central
stage (H155) will be powered by a single HM-60
Vulcain engine developed by SEP and burning
liquid oxygen/liquid hydrogen. The booster
stages (P230) are analogous to the boosters
used by the US STS and are designed to be
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recovered from the Atlantic Ocean and refur-
bished. This configuration was sized to place
the 22-metric-ton Hermes space plane into a
low altitude transfer orbit: 100 km by 460 km,
28.5° inclination (References 149, 156-158).

For GTO or other LEO missions, a smali
upper stage (L7) burning nitrogen tetroxide and
monomethylhydrazine through a single engine
will be employed. Payload capacity for this type
of mission varies from 5.1 to 6.9 metric tons
depending upon the number of payloads
carried. Multiple payload housing systems
called SPETRA and SPILMA can accommodate
two or three major satellites. The L7 stage was
also designed to place the unmanned
Columbus module into LEO.

The principal contractors for Ariane 5 are
Aerospatiale (central stage), SEP (Vulcain
engine), Europropulsion and Aerospatiale
(booster stage and engine), and MBB-ERNO
(upper stage). The ambitious program has
remained essentially on track for the last
several years, and the first full-scale firing of a
booster stage was scheduled for early 1993
after slight difficulties. The first full-duration
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Figure 2.14. Ariane 5 Design.

firings of the HM-60 commenced in 1992, and
initial tests of the central stage propellant tanks
occurred in the same year (References
159-164).

Although Ariane 5 will not be operational for at
least three years, ESA is already looking into
the future for needed Ariane 5 derivatives. An
improved HM-60 main engine and a change in
propellant ratio and mass represent a near-term
improvement which could increase the booster
payload capacity to LEO by two metric tons. By
combining the new main engine with two addi-
tional strap-on boosters, the LEO capacity could
be increased by more than seven metric tons.
This concept would employ two P130 boosters
which are shortened versions of the standard
P230 rockets and which would be ignited at alti-
tude to avoid costly pad modifications. Another
option includes replacing the small L7 upper
stage with a more capable unit. To effect a
much greater lift capability, preliminary designs
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envision a significant increase in the size of the
central stage which would be equipped with five
improved HM-60 engines and would be sur-
rounded by four P230 boosters. At the other
end of the spectrum, ESA is evaluating the
need for smaller launch vehicles which would
be derived from Ariane 5 components. One
example sees a launch vehicle employing a
P230 booster as the main stage with a small
solid-propellant second stage to place 5- -metric-
ton payloads into LEO (References 165—168).

Perhaps the most important — and stressing —
influence on the design of Ariane 5 has been
the requirement to launch ESA’s Hermes space
plane (see also Section 3.2). The manned
Hermes spacecraft was officially adopted as a
major ESA development program in 1987 after
many years of preliminary study by France.
During its nearly 10 year conceptualization, the
configuration and specifications of Hermes
changed many times. In the latest design,
Hermes is seen as possessing a mass of just
over 24 metric tons at transfer orbit injection
with a three-man crew and a useful payload of
one metric ton. To regain the desired 3-ton
payload capacity, Ariane 5 must be upgraded
(References 169-174). "

Hermes is divided into two primary compon-
ents: the orbiter and the Module de Resources
Hermes (MRH), an aft compartment serving as
the Hermes-Ariane adapter and propulsion and
docking module. The MRH is discarded prior to
reentry. The overall length of Hermes is
approximately 19 m with a wing-span of 9.4 m.
Electrical power is provided by fuel cells, and
propulsion is furnished by 12 hypergolic
thrusters. An ejectable crew cabin was dropped
in favor of individual ejection seats for the crew
members. Hermes will also carry EVA sunts as
mission plans dictate.

During 1991-1992 ESA’s Hermes program
came under intense pressure, primarily due to
the cost of the effort. In late 1991 Norway indi-
cated its intention to withdraw from the project,
and soon thereafter ESA seriously considered
canceling Hermes entirely or down-scaling the
program to a sub-orbital demonstrator ready for
flight in the year 2000. At the end of 1992,
ESA’s space plane project was drastically
revamped, concentrating in the near-term on
technology development in close cooperation
with Russia. A manned space transportation
system has been postponed well into the next




century (References 175-179).

All Ariane launches are conducted at ESA
facilities located on the French Centre Spatial
Guyanais grounds in Kourou, French Guiana.
Kourou was the site of eight launches of the
French Diamant B/BP boosters during
1970-1975 before the maiden flight of Ariane 1
in 1979. Currently, only one launch pad, ELA-2,
is operational for all Ariane 4 missions. Another
pad, ELA-3, is under construction for the larger
Ariane 5. Both pads are designed for rapid
refurbishment in case of a major launch vehicle
accident. Launches are conducted essentially
eastward for GTO missions and to the northeast
or northwest for LEO posigrade and retrograde
orbits, respectively. Kourou was also to be the
site of one of the principal runways for Hermes.

23 Germany

Following the lead of France with its Hermes
space place, Germany and the major German
aerospace industries are investing considerable
resources in the preliminary design and technol-
ogy development of an advanced transportation
system with hopes that ESA will adopt the
program for full-scale development and opera-
tion. Named in honor of the German engineer
whose pioneering work in the first half of the
20th century fostered the present-day concept,
the Sanger project is based on a two-stage,
fully reusable aerospace plane which would
take-off and land horizontally like conventional
aircraft.

The first stage is a large (>80 m long, >40 m
wing-span), unmanned hypersonic aircraft
powered by hybrid, air-breathing turbo-ramjets
to carry a smaller Hypersonic Orbital Reusable
Upper Stage (HORUS) to an altitude of approx-
imately 40 km. HORUS would then separate at
a speed of more than Mach 6 and ignite con-
ventional liquid oxygen/liquid hydrogen engines
to reach LEO. With a 4-man crew, HORUS
would be capable of delivering up to three
metric tons to the baseline Freedom Space
Station orbit. An unmanned version of HORUS,
HORUS-C, could deliver up to 6 metric tons of
cargo and return a like amount to Earth.

Currently sponsored by the Federal Ministry
of Research and Technology, Sanger requires
international cooperation to move into Phase 2
which would develop a hypersonic flight demon-
strator by about the year 2000. An operational
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Sanger vehicle probably would not be available
until the second decade of the next century.
The recent de-scoping of ESA’s Hermes
program may have an adverse effect on
Sanger's long-term prospects. Meanwhile, Ger-
many is continuing state-of-the-art technology
development of turbo-ramjet engines (Refer-
ences 180-183). MBB is the leading aerospace
company investigating the Sanger concept.

2.4 India

India’s modest, yet steady, indigenous space
launch program scored a major victory in 1992
with the first successful launch of the
Augmented Satellite Launch Vehicle (ASLV).
Derived from the successful SLV-3 booster
(three orbital missions in four attempts during
1979-1983), the ASLV is itself a transition
program for the Polar Satellite Launch Vehicle
(PSLV) scheduled for an inaugural flight in
1993. Simultaneously, India is developing the
much more ambitious Geosynchronous Satellite
Launch Vehicle (GSLV) to assure its indepen-
dence from foreign launch providers.

The SLV-3 launch vehicle was a four-stage,
solid-propellant booster with a LEO payload
capacity of less than 50 kg into an orbit with a
mean altitude of 600 km at an inclination of 47°.
Following an initial failure, the SLV-3 success-
fully orbited three Rohini Satellites in 1980,
1981, and 1983, respectively (Reference 184).
The ASLV was created by adding two additional
boosters modified from the SLV-3’s first stage
and by making other general improvements to
the basic SLV-3 4-stage stack (Figure 2.15).
The ASLV is actually a five-stage vehicle since
the core first stage does not ignite until just
before the booster rockets burn out. The
payload capacity of the ASLV is approximately
150 kg to an orbit of 400 km with a 47° inclina-
tion (Reference 185).

The first launch of the ASLV on 24 March
1987 failed when the bottom stage of the core
vehicle failed to ignite after booster burn-out.
The second attempt ended with the Rohini
payload falling into the Bay of Bengal on 13 July
1988 when the vehicle became unstable and
broke up soon after release of the booster
rockets. Finally, on 20 May 1992 the SROSS 3
(Stretched Rohini Satellite Series) was inserted
into LEO by the third ASLV. However, instead
of obtaining a circular orbit near 400 km, the
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ASLV only achieved a short-lived orbit of 256
km by 435 km, not unlike the degraded perfor-
mance of the SLV-3 launch of 31 May 1981
(Reference 186).

The PSLV is being developed to permit India
to launch its own IRS-class satellites into sun-
synchronous orbits, a service until now pro-
cured commercially via the USSR/CIS. The
design orbital capacity for the PSLV is one
metric ton into a 900 km, 99° inclination orbit.
This significant increase in lift will be achieved
using a 5-stage design similar to the ASLV: a 4-
stage core vehicle surrounded by six strap-on
boosters of the type developed for the ASLV.
At lift-off only two of the strap-ons and the
bottom stage of the core vehicle are ignited.
The other four boosters are fired at an altitude
of 3 km.

The core vehicle possesses an unusual
design consisting of two solid-propellant stages
(1 and 3) and two liquid, hypergolic stages (2
and 4). The first stage also carries two cylindri-
cal tanks which are part of the Secondary
Injection Thrust Vector Control System (SITVC).
The large liquid engine of the second stage is
designated Vikas and is essentially an indian-
manufactured Viking engine used by ESA’s
Ariane. During 1992 all four stages were certi-
fied for flight in 1993, and full vehicle integration
tests were performed (Reference 185).

In the 1980’s India began designing the
GSLV with an objective of placing 2.5 metric ton
payloads into GTO. Drawing heavily on the
PSLV, early concepts for the GSLV would
borrow the six strap-on boosters and first two
stages of the PSLV’s core vehicles. A later
design suggested replacing the solid strap-on
boosters with four liquid units similar to the
second stage of the core vehicle. The third
stage was to incorporate an indigenous liquid
oxygen/liquid hydrogen engine with a thrust of
approximately 12 metric tons. Component
development for this engine was already under-
way in the late 1980’s, and subscale develop-
ment was still on-going in 1992 (References
185, 187-188).

However, in an attempt to maintain the GSLV
development schedule which now calls for a
first flight in 1995, India in 1992 contracted with
Russia to buy a liquid oxygen/liquid hydrogen
engine (KVD-1) developed in the 1970’s for the
heavy-lift N-1 launch vehicle. The plan, which
had been in negotiations since 1988 came
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under fire from the US which considered the
transfer of such technology a violation of the
Missile Technology Control Regime. Despite
sanctions by the US against ISRO and
GLAVKOSMOS, the engine sale agreement
was still in effect at the end of the year. Under
the contract terms, the first two engines would
be assembled in Russia, but later engines
would be built jointly (References 189-195).

In October, 1992, India conducted sub-orbital
tests of model air-breathing rocket engines
mounted on small conventional launch vehicles.
The development program was initiated in the



late 1980’s and is said to be applicable to the
creation of future hypersonic boosters.
Although few details have been released, both
flights were described as successful
(References 196 and 197).

All Indian space launches are conducted from
the Sriharikota High Altitude Range (SHAR) on
Sriharikota Island off the east coast of India in
the Bay of Bengal. The original SLV-3 launch
complex was converted to support the ASLV.
Two new complexes to the south are being
readied for the PSLV and GSLV. The Vikran
Sarabhai Space Center at the southern tip of
India is the site of most launch vehicle stage
development.

2.5 Israel

Israel’s Shavit (Comet) launch vehicle has
flown only twice — 19 September 1988 and 3
April 1990 - to place the Ofeq 1 and Ofeq 2
engineering technology satellites into LEO.
Shavit is a small, 3-stage, solid-propellant
booster based on the 2-stage Jericho 2 ballistic
missile and developed under the general man-
agement of Israeli Aircraft Industries and in par-
ticular its MBT Systems and Space Technology
subsidiary. The demonstrated payload capacity
is 160 kg into an elliptical orbit of 207 km by
1587 km with a highly retrograde inclination of
143.2°. Shavit was proposed to launch an
American commercial recoverable spacecraft
(COMET) which would have required a payload
of 800 kg or more inserted into a low altitude
orbit (References 198-200).

The upper stage of the Shavit is designated
AUS-51 (Advanced Upper Stage) and since
September, 1992, has been offered commer-
cially under a cooperative venture by the Israeli
firm Rafael, which developed and manufactures
the AUS-51, and the American Atlantic
Research Corporation. A much more capable
upper stage is under development by Israeli
Aircraft Industries for much larger launch vehi-
cles with a GEO objective. Called the
Cryogenic Transfer Module (CTM), the stage
burns liquid oxygen and liquid hydrogen to
produce a thrust of approximately one metric
ton. CTM is designed to lift a 2.1 metric ton
satellite from a 200 km, 28° parking orbit to
GEO and was scheduled to be ready for flight
by the end of 1992 (References 201 and 202).

Shavit boosters are launched from an undis-
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closed site near the Palmachim Air Force Base
on the coast of Israel south of Tel Aviv. The
facility is also sometimes referred to as Yavne.
To prevent over flight of foreign territory,
Shavits have been launched on a north-
westerly trajectory over the Mediterranean Sea,
passing over the Straits of Gibraltar at the west
end of the Mediterranean. This procedure sig-
nificantly reduces the payload capacity of the
launch vehicle and severely limits potential
operational orbits.

26 Italy

Although nine space launches were conduct-
ed by Htaly during 1967-1988, all employed vari-
ants of the US-built Scout booster to orbit small
scientific satellites prepared by ltaly, the UK, or
the US. The vehicles are completed in the US
prior to shipping to the ltalian launch facility for
final testing and launch. However, this arrange-
ment has provided Italy with valuable launch
operations experience.

The ltalian firm BPD Difesa E Spazio is the
prime contractor for the Ariane 4 solid-pro-
pellant strap-on boosters and is a principal
developer of the larger Ariane 5 solid-propeliant
booster. Meanwhile, Alenia Spazio in coopera-
tion with BPD has developed the solid-pro-
pellant ltalian Research Interim Stage (IRIS) for
use by a variety of international launch vehicles.
Its first mission was the successful transfer of
ltaly’s LAGEOS 2 satellite from a US Space
Shuttie to a high altitude operational orbit in
October, 1992.

Italy’s desire to acquire a more capable and
more independent space launch capability ran
into trouble in 1992 when competing designs
from the Italian Space Agency and the
University of Rome became embroiled in a legal
dispute. Since 1988 the ltalian Space Agency
has been examining the possibility of develop-
ing a Scout 2 launch vehicle based on the first
three stages of the current US Scout G-1.  ltaly
would add two large, solid-propellant, strap-on
boosters and possibly a new fourth stage. The
strap-on boosters would be derived from BPD’s
Ariane 4 boosters. The University of Rome,
which operates the current Scout launch facility,
has supported this program which would
increase Italy's LEO payload capacity to 500 kg.

However, in recent years the ltalian Space
Agency has preferred a more radical design




employing a greater degree of national space
technology and less dependence on the US. In
March, 1992, the experimental Zefiro rocket,
which would serve as the new launch vehicle's
first stage with two strap-on boosters was flown
for the first time — albeit with mixed success.
Unwilling to support two, essentially redundant
Scout upgrade programs, the ltalian Space
Agency began withholding development funds
from the University of Rome, prompting the
latter to file suit. The initial court rulings have
been in favor of the University of Rome, leaving
ltaly with two relatively independent launch
vehicle programs to produce an improved Scout-
class vehicle by 1995 (References 203-208).

Although the 1992 test launch of the sub-
orbital Zefiro was conducted from the island of
Sardinia, all Italian space launches to date have
originated from the San Marco launch platform
off the coast of Kenya in Formosa Bay. With a
latitude less than three degrees from the
equator, San Marco offers nearly optimum
payload capacity for satellite missions with low
inclination. However, much larger launch vehi-
cles would be required to support the more
popular GTO/GEQO missions. A second sea-
based platform near San Marco supports the
necessary launch control facilities.

2.7  Japan

Japan operates two independent space trans-
portation systems: a small launch vehicle for
modest scientific payloads under the Institute of
Space and Astronautical Science {ISAS) and a
medium-lift booster for applications and technol-
ogy spacecraft managed by the National Space
Development Agency of Japan (NASDA). Both
organizations expect to be flying new more
capable launch vehicles in the mid-1990’s. By
the end of the decade the boosters may be
conducting commercial fights — an aspect of
space activity as yet untapped by Japan.

ISAS’s present M-3SlIl launch vehicle has
been in operation since 1985, has performed
flawlessly on all six missions by the end of 1992
and is a descendent of the M-4S first flown in
1970. The only flight during 1991-1992
occurred on 30 August 1991 when the 420-kg
Solar-A (later renamed Yohkoh) X-ray observa-
tory was sent into an orbit of 523 km by 792 km
with an inclination of 31.3°. The maximum lift
capacity for the M-3SlI is approximately 800 kg
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into a 250 km, 31° orbit (References 209 and
210).

The M-3Sli is a 3-stage, all solid-propellant
launch vehicle with two strap-on boosters and a
family of optional fourth stages which are tailor-
made for specific mission profiles. All four
stages as well as the strap-on boosters are
manufactured by the Nissan Motor Company.
In addition to LEO missions, the M-3Sll| has
placed spacecraft on Earth escape trajectories
(Sakigake and Suisei in 1985) and into extreme-
ly high altitude orbits with apogees beyond
lunar distances (Muses-A in 1990). Following
another scientific mission in 1993 similar to
Solar-A, the M-3Sll is scheduled to support the
German-Japanese Express microgravity recov-
erable satellite program in 1994 (Section 4.4.4).
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Figure 2.17. M-5 and M-3Sii Launch Vehicles.



The following year, 1995, may witness the
maiden flight of the M-5 launch vehicle, a 3-
stage, solid-propellant system capable of lifting
1.8 metric tons into a LEO of 250 km. Both the
second and third stages will employ extendable
motor nozzles. Again produced by Nissan, the
M-5 will permit ISAS to undertake more ambi-
tions scientific missions, particularly beyond
Earth orbit, e.g., a Mars mission in 1996 and a
lunar mission in 1997. A one-year delay in the
first launch has already been introduced due to
funding and technological difficulties
(References 211-213).

Since 1975 NASDA has been conducting a
parallel program of launching Japanese satel-
lites for space technology and applications
purposes using liquid-propellant vehicles. The
original N-series (N-1 and N-2) launch vehicles
were developed under license from the US and
were closely related to the Delta launchers.
Flown during 1975-1987, the N-series was
replaced by the H-1 launch vehicle (first flight in
1986), a hybrid US-Japanese design. The first
stage of the H-1 is essentially the same as that
of the N-2 with a liquid oxygen/kerosene main
engine and 6-9 small solid-propellant strap-on
boosters. The second stage is of Japanese
origin, built by Mitsubishi Heavy Industries, and
burns liquid oxygen and liquid hydrogen. A
small solid-propellant third stage designed by
Nissan is employed on GEO missions to place
the payload into GTO (References 209 and
214).

During 1991-1992 the eighth and ninth mis-
sions maintained the perfect success record of
the H-1. On 25 August 1991 an H-1 inserted
the BS-3B communications satellite into GTO,
and on 11 February 1992 a 2-stage H-1 placed
the JERS-1 remote sensing satellite into a retro-
grade LEO. The latter mission marked the last
of the H-1 line and represented the heaviest
payload with a mass of 1.4 metric tons.

To provide greater payload capacity and to
permit unencumbered commercial offerings (the
Delta licensing agreement restricted the use of
the H-1 for commercial flights), Japan is com-
pleting the development of the H-2 launch
vehicle based on all-Japanese propulsion
systems. The H-2 will be able to lift payloads
four times heavier than the H-1 into LEO and
GTO and will open the door to NASDA space-
craft designed to explore the Moon and planets
(References 209, 214-217).
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Dwarfing its predecessors, the H-2 consists
of a 2-stage core vehicle, burning liquid oxygen
and liquid hydrogen in both stages, with two
large solid-propellant strap-on boosters. Nissan
is producing the 4-segmented strap-on boosters
which are considerably larger than the main

£

Figure 2.18. H-Class Launch Vehicles.




stages of ISAS’ M-3 and M-5 series vehicles.
Development began in 1984, and the first full-
scale, complete-duration test occurred 15 April
1988. The fourth and final test of the booster
was conducted on 29 May 1991 for 95 seconds
certifying the design for serial production
(References 218-220).

While the development of the second stage,
which uses an upgraded LE-5 engine from the H-
1, has moved smoothly, the new 86-metric-ton
thrust (sea level) LE-7 first-stage main engine
has been the source of extensive problems.
Following test fires in both 1989 and 1990 which
had already led to a year’s delay in the inaugu-
ral mission from 1992 to 1993, difficulties con-
tinued to plague the program in 1991-1992.
Two explosions occurred during tests in 1991 on
16 May and 9 August, respectively, with the
latter resulting in the death of a Japanese
engineer. The next year fared little better with
numerous test failures in April and a fire during
a test on 18 June. At the end of 1992 most
problems appeared to have been resolved and
a first flight was scheduled for early 1994
(References 221-229). A major program mile-

stone was accomplished in 1992 when the full-
scale H-2 ground-test mode! was rolled out to
the brand new H-2 launch pad for compatibility
checks (Reference 230).

A third new launch vehicle concept emerged
during 1991-1992. Called J-1, the new booster
would serve the small satellite community with a
one metric ton payload capacity to LEO in its
basic configuration. After some evolution the J-
1 design has solidified around a 3-stage, solid-
propellant vehicle using a modified H-2 strap-on
booster for the first stage and the second and
third stages of the current M-3SIl. Growth
options include adding two or more small strap-
on boosters or augmenting the first stage with
two additional H-2 class strap-ons. The project,
which may result in a sub-orbital, 2-stage test
flight by 1995-1996, is being sponsored by
NASDA with cooperation from ISAS
(References 231-233). The first orbital mission
is scheduled for 1997.

In addition to lofting larger GEO satellites, the
H-2 has been designed specifically to accom-
modate the proposed HOPE (H-2 Orbiting
Plane) spacecraft (see also Section 3.5). Inits
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current configuration HOPE will have a launch
mass of approximately 10 metric tons, a length
of 11.5 m, and a wing-span of 8.6 m. Originally
viewed as a major logistical vehicle for the
Japanese Experiment Module of the Freedom
Space Station, NASDA's HOPE has not
received adequate funding to meet the desired
end-of-decade maiden flight, and its payload
capacity has been reduced to only one metric
ton. HOPE would initially fly in an automated
mode, but the addition of a crew is seen as a
long-term goal. A typical flight time of only four
days is planned with an automatic landing on a
3,000 m runway. At the end of 1992, the HOPE
project was in limbo with uncertain government
support for 1993; however, an early H-2 mission
is still planned to test thermal protection materi-
als for HOPE under the Orbiting Re-entry
Experiment (OREX) program (References 209,
214, 234-236).

A 20-metric-ton version of HOPE with a 3-3.5
metric ton payload capacity has also been con-
sidered. Such a vehicle would be 16 m long
with a wing-span of 12.3 m. To support the
larger HOPE, the H-2 launch vehicle would
require additional strap-on boosters (up to six
solid boosters or a combination of solids or
liquids). However, preliminary engineering
analyses suggest that the new H-2D would still
not be able to insert the larger HOPE directly
into orbit, requiring HOPE to burn up to four
metric tons of propellants to enter LEO
(Reference 237).

ISAS and NASDA conduct their space launch
activities at two separate sites. The oldest facili-
ty is known as the Kagoshima Space Center
and is maintained by ISAS on Kyushu Isiand.
All M-3SIlI missions are launched from
Kagoshima which will also support future M-5
flights. NASDA operates the Tanegashima
Space Center on the island of Tanegashima
south of Kagoshima for all H-class vehicle
launches. The H-1 launch pad is currently
being modified to support the new J-1 vehicle.
A new facility about 1 km away is being readied
for the first H-2 flight in 1994. Due to strict
fishing industry requirements, all Japanese
launches from both Kagoshima and
Tanegoshima are limited to two 2-month periods
each year: January-February and August-
September. Consequently, the current maxi-
mum flight rate each year is two M-class and
two H-class launch vehicles.
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2.8 Pepole’s Republic of China

Since 1970 the PRC has conducted nearly 40
space launches, although its failure rate of more
than 20% is substantially higher than its primary
Eurasian competitors: CIS, ESA, and Japan.
Despite a relatively low domestic launch
demand — typically 2-3 satellites annually — the
PRC has developed and is expanding, in part
for commercial reasons, a diverse arsenal of
launch vehicles to support both LEO and GEO
missions. In 1992 a new Long March (CZ)
booster variant was introduced, bringing to five
the number of vehicles currently available
among three broad families: CZ-2, CZ-3, and
CZ-4. Principal responsibility for the design and
production of CZ launch vehicles appears to lie
with the Beijing Wan Yuan Industry Corporation
with major contributions by the Shanghai
Bureau of Astronautics.

The oldest operational Chinese launch
vehicle is the CZ-2C which debuted in 1975 as
the carrier of the FSW-class of recoverable low
altitude satellites. Averaging one mission per
year for the past decade, the CZ-2C has a high
reported reliability and a payload capacity of
three metric tons to LEO. The CZ-2C is derived
from the CSS-4 ballistic missile and consists of
two stages burning UDMH and nitrogen tetrox-
ide. The single CZ-2C mission during
1991-1992 was launched on 6 October 1992
with a FSW-1 13 primary payload and the
Swedish Freja scientific satellite (Section 5.2.6)
as a secondary payload (References 238-247).
In the second half of the 1990’s, the CZ-2C may
be mated with a small, solid-propellant perigee
kick stage to provide the vehicle with a modest
GTO capability.

In 1990 the CZ-2E variant was introduced to
give the CZ-2 series of launch vehicles a GTO
capability which was specially designed to
accommodate Western GEO satellites. The
booster consists of a 2-stage core vehicle with
four strap-on stages, all employing UDMH and
nitrogen tetroxide. The strap-on stages each
use a single YF-20B engine which is an
improved version of the main engine design
used on the first stage of the CZ-2C. Four YF-
20B engines are combined to make the YF-21B
which powers the first stage of the core vehicle,
which is more than three meters longer than the
CZ-2C first stage. The CZ-2E second stage is
also based on its CZ-2C counterpart with an up-
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Figure 2.20. Long March Family of Launch Vehicles.

rated main engine (YF-22B) and larger propel-
lant tanks carrying more than twice the load of
the CZ-2C second stages. Finally, a small
perigee kick stage is available for payload trans-
fer from a LEO parking orbit to GTO
(References 239, 242, 243, 246-250). The CZ-
2E has a 9.2 metric ton LEO capacity and a
3.1-3.4 metric ton capacity to GTO depending
upon the perigee kick stage selected.

The first test of the CZ-2E on 16 July 1990
successfully reached the desired LEO parking
orbit with the small (50 kg) Pakistani Badr piggy-
back satellite, but an attempt to test the new
Chinese perigee kick stage attached to a
dummy payload failed. The next mission carried
the Australian Optus B1 satellite into orbit on 13
August 1992 after an initial pad launch abort on
22 March of that year. The next flight on 21
December 1992 failed when a malfunction of the
payload or shroud occurred less than one
minute into the ascent. Despite the violent
nature of the failure, which left a large portion of
the payload scattered down range, the CZ-2E
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second stage continued to function and reached
a nominal LEO parking orbit (References
251-259).

A third CZ-2 variant, the CZ-2D, appeared
with little forewarning on 9 August 1992 in con-
junction with the maiden flight of the FSW-2
satellite. To lift the heavier FSW-2 (as com-
pared with the FSW-1), the CZ-2D replaced the
first stage of the CZ-2C with the more capable
first stage of the CZ-2E without the strap-on
boosters. The overall dimensions of the new
launch vehicle suggest that the CZ-2C second
stage is also used by the CZ-2D. Payload
capacity data for the CZ-2D were not available
at the end of 1992 (Reference 247).

The CZ-3 launch vehicle was introduced in
1984 to provide the PRC with its initial GEO
mission capability. The vehicle also marked the
first use of a high technology upper stage and
led to China’s entry into the commercial space
launch services market. The CZ-3 is a 3-stage
launch vehicle with the first two stages essen-
tially identical to the CZ-2C . The third stage



utilizes a restartable, liquid oxygen/liquid hydro-
gen engine designated YF-73. The GTO capac-
ity of the CZ-3 is 1.5 metric tons (References
239, 244, 260-264).

Although the inaugural flight of the CZ-3 on
29 January 1984 failed when the third stage did
not restart to maneuver from a LEO parking
orbit to GTO, the next six missions (April,
1984—April, 1990) were successful. Only one
CZ-3 mission was attempted during 19911992,
and this resulted in the stranding of a domestic
PRC communications satellite in the wrong
orbit. Lift-off occurred on 28 December 1991
(the only PRC space flight of the year), and
orbital insertion into the planned LEO was
accomplished. However, when the third stage
was re-ignited, a propellant pressurization mal-
function caused a premature shut-down, leaving
the payload with an apogee of only 2,450 km
instead of nearly 36,000 km as required
(Reference 265).

With its limited payload capacity and the con-
tinued growth of GEO satellites, the CZ-3 is
scheduled to be upgraded in the near-term.
The CZ-3A, which could fly as soon as late
1993, will incorporate a lengthened first stage, a
pair of more powerful YF-75 engines in the third
stage, and an improved, light-weight flight
control system. The LEO payload capacity will
increase from 5.5 metric tons to 6.5 metric tons,
and the GTO payload capacity will increase
from 1.5 metric tons to 2.5 metric tons. The CZ-
3B, also known as the CZ-2E/HO, will be
formed by essentially adding the new CZ-3A
third stage to the CZ-2E, thereby creating the
most powerful PRC booster with a 12 metric ton
LEO capacity and a 4.8 metric ton GTO capaci-
ty (References 239 and 267). By removing two
of the four strap-on boosters from the CZ-3B,
the CZ-3C will be formed.

The third currently operational series in the
CZ family is the CZ-4 (also referred to as the
CZ-4A) which to date has been employed only
twice for inserting payloads into sun-synchro-
nous orbits. Both flights in September of 1988
and 1990, respectively, lofted the PRC’s first
domestic meteorological satellite Feng Yun-1.
The CZ-4 is a 3-stage launch vehicle carrying
UDMH and nitrogen tetroxide for all stages.
The CZ-4 uses first and second stages very
similarly to those of the CZ-2E first stage and
the CZ-2C second stage. The CZ-4 third stage
is a short stage powered by the YF-40 main
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engine. One month after the first CZ-4 mission,
the third stage exploded into more than 70
trackable pieces, apparently as a result of resid-
ual propellants. The payload capacity of the Cz-
4 into a sun-synchronous orbit is cited as 2.5
metric tons (References 239, 268—269).

To satisfy the need for launching small satel-
lites into LEO, the PRC is offering to make
available the CZ-1D launch vehicle about 1995.
The CZ-1 was the PRC's first space launch
vehicle with missions in 1970 and 1971.
Derived from the CSS-3 ballistic missile, the CZ-
1 was quickly replaced by the more capable CZ-
2 and its cousin the FB-1. The CZ-1D design
consists of a 2-stage vehicle with the first stage
burning UDMH and nitric acid whereas the
second stage utilizes UDMH and nitrogen
tetroxide. The payload capacity of the CZ-1D
will be 900 kg to LEO and 300 kg to a sun-
synchronous orbit (References 239-241,
270-271). :

In the long-term the PRC has expressed the
need to develop a much larger LEO payload
capacity: on the order of 25 metric tons. Such a
capability is consistent with future plans for
manned space systems, including a potential
space station (Section 3.6). Even further into
the future is the development of a fully reusable,
two-stage-to-orbit space transportation system
similar to the German Sanger concept. The
PRC has been conducting detailed engineering
studies in this area for more than a decade, but
available resources have not permitted a com-
mitment to begin development (References
239, 272-273).

Presently, the PRC operates three widely
separated space launch centers to meet the
needs of the entire CZ family of vehicles. Since
these facilities are not located on the coast of
China, each site is limited in the launch azi-
muths permitted which has led to separate
centers for typical LEO, sun-synchronous, and
GEO missions.

The oldest site which is used for low altitude
posigrade missions with inclinations of 40° or
more is called the Jiuquan Satellite Launch
Center (sometimes referred to in the West as
Shuang Cheng-Tzu) and is situated in the Gobi
Desert in north central China. All CZ-2C and
CZ-2D launches originate at Jiuquan. The
second PRC space facility is the Xichang
Satellite Launch Center which supports all GEO
missions from its location in southern China.




Separate launch pads support CZ-3 and CZ-2E
operations. The Taiyuan Satellite Launch
Center was commissioned for sun-synchronous
missions and thus supports all CZ-4 launches.
Taiyuan is located southwest of Beijing
(References 274 and 275).

2.9 Spain

In 1992 Spain’s National Institute for
Aerospace Technology (INTA) announced plans
to develop a small orbital launch vehicle with a
payload capacity of up to 100 kg into 600 km
polar orbits. Named Capricornio, the launch
vehicle is still in the preliminary design stage,
although an initial flight in the mid-1990’s is
desired. To facilitate the development effon,
INTA will produce the solid-propellant second-
stage and purchase a foreign-made solid-pro-
pellant first stage. The third stage may be either
foreign or domestic, liquid- or solid-fueled. The
initial launch site may be El Aranosillo near
Portugal to be followed by a more capable
launch facility in the Canary Islands (References
276 and 277).

2.10 United Kingdom

During the 1960’s and early 1970’s the UK
embarked on a national space launch program
which culminated in the launch of the Prospero
scientific satellite by a Black Arrow launch
vehicle on 28 October 1971. However, for
many years further UK interests in launch
vehicle development were transferred to ELDO
and ESA programs. Finally, in 1982 British
Aerospace engineers originated a concept for a
single-stage, horizontal take-off and landing
(HOTOL) space transportation system. For the
next several years the design was refined and
eventually presented to ESA for consideration;
meanwhile a 2-year proof-of-concept study was
initiated in 1985 among the UK government,
British Aerospace, and Rolls Royce.

Firm support for HOTOL never materialized
from the UK government or ESA, but the project
has managed to survive at a very low level of
effort. The baseline HOTOL design in the late
1980’s called for a 250 metric ton unmanned
vehicle which could deliver a payload of up to
seven metric tons to LEO on a typical mission

Figure 2.21. Interim-HOTOL on Top of Modified An-225.
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lasting 50 hours. The vehicle would be similar
in size to the Concorde supersonic aircraft with
an overall length of 62 m and wing-span of
28 m. Propulsion would be provided by four
RB545 dual-mode engines which would operate
in an air-breathing mode up to an altitude of 26
km where a conversion would be made to a
liquid oxygen/liquid hydrogen rocket propulsion
mode. A 14-year development program was
recommended before HOTOL would become
operational (Reference 278).

In 1991 British Aerospace joined with the
USSR'’s Antonov Design Bureau to consider the
possibility of developing a smaller version of
HOTOL, dubbed Interim HOTOL, which could

44

be air-launched by a modified An-225 aircraft.
Interim HOTOL would be released at an altitude
of about nine kilometers and would then use
four Russian RD-0120, liquid oxygen/liquid
hydrogen engines to carry a payload of 7-8
metric tons into LEO. Wind tunnel testing of the
Interim HOTOL and 8-engine Antonov carrier
has been accomplished. The dimensions of
Interim HOTOL are approximately 36 m length
and 22 m wing-span. Despite considerable
interest in the program, no full development
plan has been approved and funded. The
concept is still being evaluated following the
restructuring of the Hermes space plane
program (References 279-286).
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3.0 MANNED AND MAN-RELATED SPACE PROGRAMS

Since Yuri Gagarin first paved the way for
manned space flight, citizens of 25 nations
(21 countries in Europe and Asia) have ven-
tured into the hostile near-Earth environment.
However, 32 years after that historic mission
only the US and the USSR had developed the
technological base and spacecraft necessary to
carry man into space and to return him home
safely to Earth. Although ESA, Japan, and the
PRC have seriously considered building
manned spacecraft, all three programs are on
indefinite suspension with no flights possible
untit after the year 2000. Hence, for the remain-
der of this decade European and Asian astro-
nauts must continue their reliance on American
and Russian spaceships.

Despite this lack of national space transpor-
tation capability, formal man-in-space programs
are developing rapidly in the Eastern
Hemisphere. ESA and Japan are major part-
ners in the international Freedom Space Station
program, contributing habitable modules to the
large complex, and have consequently
established official astronaut training programs.
In addition to its activities with ESA, France has
undertaken a long-term bi-lateral agreement
with USSR/CIS to gain manned space flight
experiences. PRC’s on-again/off-again manned
space program appears dormant at the present,
but the country remains capable of conducting
an indigenous man-in-space project or entering
international endeavors. Austria and the UK
both sponsored short duration missions to the
Mir space station in 1991 but support no on-
going national manned space programs.
Consequently, these two flights are addressed
under the CIS Mir section. Likewise, Belgium’s
and ltaly’s first astronauts flew in 1992 aboard
the US Space Shuttle, but no major manned
activities are planned for the near future by
these countries.

3.1 USSR/CIS

The year 1991 marked the 30th anniversary
of USSR/CIS manned space flight and the 20th
anniversary of the Soviet Earth orbital space
station program. During these two decades
more than 120 spacecraft, including ten space
stations, with an aggregate mass of over 1,000
metric tons were launched. Figure 3.1 clearly
indicates that the Salyut and Mir platforms
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represent a continuing evolution with major
improvements being incorporated into
successive vehicles. Likewise, the Mir 2 facility
planned for the latter part of this decade will
benefit from more than 24 man-years of space
station operations, including uninterrupted
activities on Mir since 1989.

The Mir core module has been in Earth orbit
since February, 1986, and by the end of 1992
had met its original design life. The vehicle is
13.1 m long with a maximum diameter of 4.2 m
and an initial mass of 20.4 metric tons. The
habitable volume is approximately 90 m3, and
the two main solar arrays were augmented in
1987 with a third, deployed array for a total
power capacity of 10.1 kW. The basic outward
configuration of Mir was similar to that of Salyut
6 and Salyut 7, but the forward transfer
compartment of the Salyuts was replaced with a
5-port docking module on Mir. Internally, many
design changes and system improvements were
incorporated.

Space station logistical and upgrade
requirements have been met with three classes
of spacecraft: crew ferries (Soyuz, Soyuz T,
and Soyuz TM), unmanned cargo ships
(Progress and Progress M), and large
specialized modules (Kosmos, Kvant, and
Kristall). The Soyuz series spacecraft flew the
first manned mission in 1967 (Figure 3.2) and
by the end of 1992 had launched 65 crews into
Earth orbit. The current Soyuz TM model
(Figure 3.3) closely resembles its predecessors,
but many of the support systems have been
greatly modernized.

Designed and manufactured by Energiya
NPO, the Soyuz TM is capable of carrying three
cosmonauts and has a gross weight of just over
seven metric tons, a length of seven meters,
and a maximum diameter of 2.7 m. The
spacecraft consists of three main sections: the
orbital module, the command and reentry
module, and the service module. Two solar
arrays (10.6 m span) provide electrical power
for the typical 50-hour journey to Mir and can be
interconnected with the space station’s electrical
system to furnish an additional 1.3 kW. The
nominal flight time for a Soyuz TM spaceship is
5-6 months (References 1-3).

Since the cargo capacity of a manned Soyuz
TM is limited to only a few hundred kilograms, a
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Figure 3.1. Evolution of USSR Space Stations.
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more efficient logistics vehicle was designed for
support operations to Mir. Progress M (maiden
flight in August, 1989) is a “modernized” version
of the original Progress cargo freighter
(1978-1990) which flew 43 times (including
Kosmos 1669) without a docking failure. Derived
from Soyuz TM, Progress M has a launch mass
of approximately 7.3 metric tons and a length of
8.2m.

Whereas the service module is essentially
the same as the one used by Soyuz TM, the
central module is designed for carrying
propellants, air, and water, while dry cargo is
stored in the forward, nearly spherical
compartment (Figure 3.4). Continual
improvements to the spacecraft have increased
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the total payload cargo to 2.7 metric tons,
averaging more than 2.6 metric tons on five
missions in 1991. Progress M is rated for 30
days independent flight and up to 180 days
attached to Mir. Although Progress M
spacecraft are destroyed during reentry,
beginning in 1990 (Progress M-5) a small
recoverable capsule (payload capacity of 150
kg) has been used on about every other mission
(References 2, 4-8).

Since 1977 large, 20-metric-ton class
spacecraft have been tested and used to
support the USSR/CIS space station program.
Kosmos 929, the first of the series (Figure 3.5),
was designed to serve as a combination cargo
carrier, space tug, and temporary space station
module. The conical reentry vehicle at the
forward end was originally conceived as a
manned return capsule but has only been used
in an unmanned mode. Kosmos 929, flown on
a solo shakedown mission, was followed by

. Kosmos 1267 and Kosmos 1443 which docked

with the Salyut 6 and Salyut 7 space stations,
respectively. Kosmos 1686 was a variant of this
series without the reentry vehicle.

With the advent of the Mir space station in
1986, a new requirement for permanent
expansion of the orbital complex was set. In
1987 Kvant 1, a specialized module left over
from the Salyut 7 program, was attached to Mir
not only to provide a complex set of scientific
equipment (the international Roentgen X-ray
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Figure 3.3. Current Soyuz-TM Spacecratft.



Figure 3.4. Progress-M Spacecraft. =

Observatory consisting of the HEXE, Pulsar X-1,
Sirene-2, and TTM instruments; the Glasar UV
telescope; and the Svetlana electrophoresis
unit) but also to enhance space station support
systems, in particular attitude control via six
large gyrodynes. When attached to the aft
docking port of Mir, Kvant 1 (Figure 3.6) meas-
ured 5.8 m in length and 4.2 m in diameter with
an initial mass of 11 metric tons (References 2,
9-10).

The four forward radial ports were reserved
for full-size Kosmos 929-class modules of about
19.6 metric tons each. However, the multi-role
missions of the former spacecraft were aban-
doned in favor of one-of-a-kind, highly special-
ized modules built at the Khrunichev Machine
Building plant for the Energiya NPO. Kvant 2,
which was attached in 1989, was also known as
the additional equipment module in accordance
with its wide variety of new systems. Perhaps
the most important feature of the new module
was the unique air-lock chamber with an
enlarged (1 m diameter) exit hatch. In addition,
the 12.4 m long, 4.4 m diameter Kvant 2 housed
the following major equipment:

» Six gyrodynes
MKF-6MA multi-spectral camera system
ITS-7D infrared spectrometer
MKS-M2 optical spectrometer
KAP-350 Topographic camera
ARIS X-ray sensor
Inkubator 2 hatchery
Rodnik water system
Elektron and Vika electrolysis units
ASP-G-M exterior instrument platform.

Less exotic but equally important are Kvant
2's two solar arrays with a capacity of 6.7 kW at
beginning of life (References 2, 11-16).

Six months after the arrival of Kvant 2, the
Kristall module became the newest component
of the Mir complex. Kristall (Figure 3.7) pos-
sessed the same mass and diameter as Kvant 2
but was a little shorter at 11.9 m. In place of the
Kvant 2 air-lock chamber, Kristall was equipped
with a new multiple docking adapter employing
two APAS-89 androgynous ports for mating with
the Buran space shuttle and a new model of
Soyuz TM. The primary scientific payload was
devoted to microgravity research and is
described in more detail in Section 4.4.1.
Kristall also carried the Priroda 5 high resolution
camera and the Svet greenhouse for botanical
research. The two solar arrays on Kristall were
of a new design with a total 8.4 kW capacity,
variable deployment positioning, and the ability
to be removed and relocated to another part of
the space station (References 2, 17-20).

By the end of 1990 the Mir space station’s
normal configuration consisted of six linked
spacecraft: Mir, Kvant 1, Kvant 2, Kristall, a
Soyuz TM, and a Progress M. Together they
boasted a total mass of about 90 metric tons
and a habitable volume of 270 m3. During its
nearly seven years of operations (1986-1992),
the Mir space station program has involved 53
spacecraft with an aggregate of more than 400
metric tons. Twelve primary expeditions have
been undertaken with a maximum duration of
366 days.

3.1.1 1991 Operations

As 1991 began, Soviet and international
attention was temporarily drawn away from
activities on Mir to the impending destruction of
its predecessor. Salyut 7, the heart of the
USSR man-in-space program during
1982-1985, was losing altitude at an exponen-
tial rate and was expected to fall back to Earth
in February. With only a tiny amount of fuel left
in its propellant tanks, Salyut 7 was virtually
uncontrollable and could not follow the tradition
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Figure 3.5. Kosmos 929-class Spacecraft.




Figure 3.6. Kvant 1 Module (left) with Delivery Unit.

of being intentionally ditched over the Pacific
Ocean.

During its four-year service as a manned
orbital laboratory (May, 1982-June, 1986),
Salyut 7 had been the site of numerous world
records and daring exploits. In all, 25 spacecraft
(10 Soyuz T manned ferries, 13 Progress-class
resupply ships, and two heavy cargo modules)
docked with the station which hosted 21 different
cosmonauts, including two foreign visitors. Over
2,000 man-days were spent on-board Salyut-7:
30% more than Salyut 6's mark. Five main
expeditions toiled on the space station, setting
new world records of 211 days in 1982 (Soyuz T-
5) and 237 days in 1984 (Soyuz T-10B).

Despite these significant achievements,
Salyut 7 seemed to attract more than its share of
bad luck. The planned second expedition in
April, 1983, was aborted after only two days
when a rendezvous system malfunction prevent-
ed docking with the space station. Five months
later another expedition never got off the ground
when their SL-4 booster caught fire and explod-
ed on the launch pad. Within days of the launch
pad accident, Salyut 7 — in a completely unrelat-
ed failure — suffered a potentially crippling
rupture of its propulsion unit's primary oxidizer
line. A year and six EVA’s later the journeymen
team of Kizim and Solovyev had performed
unprecedented repairs to mitigate the damage
and to allow continued operations on the station.

Scarcely had the propulsion unit repairs been
effected when an even more devastating mal-
function appeared to end Salyut 7’s mission
prematurely. During a brief period after the
Kizim-Solovyev mission when Salyut 7 was left
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unattended, a series of cascading failures left
the station without electrical power, heat, and
communications with Earth. A heroic mission
by veteran cosmonauts Dzhanibekov and
Savinykh in early 1985 literally brought the
frozen spacecraft back to life. However, amid
concerns about Salyut 7’s safety and after the
accelerated launch of its successor, Mir, cosmo-
nauts vacated Salyut for the last time on 25
June 1986. Two months later the Kosmos
1686—-Salyut 7 complex was sent into a storage
orbit 475 km above the Earth (Reference 21).

From this altitude USSR officials announced
that the complex would not decay for eight
years, i.e., until 1994, by which time a Buran
space shuttle mission was expected to visit the
station, examine the effects of more than
10 years in the harsh space environment, and
either reboost the vehicles or de-orbit them over
the Pacific Ocean. Fate, however, was not yet
through with the hard-luck Salyut 7 (Reference
22).

First, technical and budgeting problems
beset the Buran program, repeatedly pushing
back its initial manned mission. Meanwhile, the

Figure 3.7. Kristall Module.



anticipated increase in solar activity predicted
for the early 1990’s came far sooner and with
greater intensity than expected. The resultant
increases in atmospheric density around
Kosmos 1686—-Salyut 7 hastened their fall back
to Earth. By the end of 1990 Salyut 7 had
dropped to a mean altitude of only 288 km, and
the USSR Flight Control Center in Kaliningrad
was projecting a reentry by February, 1991
(References 23 and 24).

While mission control personnel were confid-
ent that they could influence the complex’s
reentry point by expending the remaining propel-
lant on its final orbit (Kosmos 1686 had failed
about a year earlier but Salyut 7 was still active)
and thereby avoid any populated region, space-
craft engineers tried to estimate the number and
the masses of fragments which might reach the
surface of the Earth. In the process, details of
the nature of Kosmos 1686 — held secret for
more than five years — were finally released. In
part, this secrecy was derived from Kosmos
1686’s heritage with the Soviet military Salyut
space program (Salyut 2, Salyut 3, and Salyut
5) run by Chelomei in parallel (and to an extent
in competition) with Mishin’s and Glushko’s civil-
ian Salyut platforms.

Prior to 1991 no clear photo or drawing of
Kosmos 1686 had appeared in the West,
although the TASS launch announcement
stated that Kosmos 1686 was “similar in design
to the artificial Earth satellites Kosmos 1267 and
Kosmos 1443.” In an article in Pravda about a
week after launch, Kosmos 1686 was credited
with delivery of about five metric tons of dry
cargo to Salyut 7 but specifically was not outfit-
ted with a Gemini-type return craft like those of
its predecessors (References 25 and 26).

Although a Soviet drawing of Kosmos 1686
released in 1991 confirmed the absence of the
large return module, new conflicting statements
by officials about a reentry capsule with a dia-
meter of 3 meters and a mass of 2.5 metric tons
or more clouded the issue further. One series
of articles claimed that the capsule was to have
been undocked in January, 1986, by the Soyuz
T-14 crew but this plan was abandoned when
Cosmonaut Vasyutin fell ill, and his mission was
abruptly terminated in November, 1985.
Reportedly, the undocking could have been
performed only manually, unlike the Kosmos
1267 and Kosmos 1443 return craft. However,
the USSR repeatedly asserted that an actual
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return to Earth was not envisioned and the solid-
fuel retro motors were not loaded with propellant
(References 27-31).

Due to the design of Salyut 7 and Kosmos
1686, including the mysterious reentry capsule,
an estimated 250 fragments were expected to
reach the surface of the Earth. The end finally
came on 7 February after the complex passed
over the southern Pacific Ocean and broke
apart, scattering some debris over Chili and
Argentina. A final attitude control maneuver
with perhaps 70 kg of fuel was executed and
was credited with shifting the debris reentry
zone farther away from populated regions. The
USSR acknowledged liability for damage
caused by falling debris, although no significant
strikes were reported. The two largest frag-
ments reported found were 4 and 8 kg, respec-
tively (References 28, 32-36).

The 1991 mission plan for Mir was ambi-
tious: conducting as many as four manned mis-
sions, including two foreign visitors traveling on
a commercial basis; launching a third, semi-
permanent module; testing the new universal
docking system with a Buran shuttle and a new
Soyuz TM variant; and performing a record
number of extra-vehicular activities (EVA’s) to
repair and to reconfigure the space station. At
year's end most of these objectives were left
unfulfilled and postponed to 1993 or even later.
However, the Mir program did weather the
tumultuous storm of upheaval which had dis-
rupted much of Soviet terrestrial affairs, culmi-
nating in the dissolution of the Union on the eve
of 1992.

On New Year's Day, 1991, Soyuz TM-11
cosmonauts Viktor Afanasyev and Musa
Manarov were completing the first month of their
mission and looking to as many as four ventures
outside the cramped confines of Mir. The first
EVA was scheduled for 7 January to repair the
troublesome Kvant 2 EVA air-lock hatch, which
had been damaged inadvertently by the Soyuz
TM-9 crew in July, 1990, and which had resisted
earlier efforts by the Soyuz TM-10 team to
repair it in October.

On the evening of 7 January (Moscow time)
Afanasyev and Manarov donned their EVA
suits, sealed themselves in the Kvant 2 air-lock,
and then depressurized the compartment to
begin their primary task. [f the hatch could not
be satisfactorily repaired, the 1991 mission plan
for Mir might suffer a serious setback. After




experiencing some difficulty in removing the
damaged hatch hinge, the two cosmonauts
were able to install a new device without incid-
ent. After verifying the operation of the hatch,
Afanasyev and Manarov transferred outside the
station equipment needed for the next series of
EVA’s, removed a malfunctioning camera, and
retrieved a cantridge of material samples which
had been exposed to the space environment to
evaluate long-term effects on proposed space-
craft structures (References 37-38).

A week after the EVA the first unmanned
cargo ship of the year was launched. Progress
M-6 arrived at the Mir complex two days later on
16 January and successfully docked at the
Kvant 1 aft port, vacant since the departure of
Soyuz TM-10 on 10 December 1990. During
the next week Afanasyev and Manarov began
unloading Progress M-6 and preparing for a pair
of EVA’s while attending to routine house-
keeping and medical chores.

The spacewalks conducted on 23 and
26 January were primarily designed to affix and
to test a crane (Strela) on the Mir core module.
The arm, which could be extended up to 14 min
length, would permit the transfer of the 500-kg
Kristall solar panels to new sites on the Kvant 1
module as well as assist other EVA operations.
The first EVA lasted just over five and a half
hours, almost two hours longer than planned,
but the crane was completely installed and
checked-out with Manarov receiving a ride on
the end of the crane as Afanasyev operated the
device. Before the EVA was terminated another
tray of sample materials (Ferritt) was retrieved
from Kvant 2's hull and replaced with a new ex-
periment (Sprut-5) designed to measure particle
flows near the station (References 39-45).

With the Strela crane now operational, the
two cosmonauts were tasked to prepare the
Kvant 1 module to receive the Kristall solar
panels. Their third EVA involved mounting two
support structures on Kvant 1 (one on either
side) in line with the main Mir solar panels.
Actual transfer of the Kristall panels was not
scheduled for this outing; however, laser reflec-
tors were attached to the Mir complex before
the 6 hour 20 minute EVA was over
(References 41-42).

For the next month the pace of activity on
board Mir slackened somewhat and a more
routine regime was established. The cosmo-
naut’s typical activities included strenuous exer-
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cise periods, medical examinations, house-
keeping and maintenance chores, and specific
scientific investigations, e.g., in the fields of
astrophysics, remote sensing, and materials
science. The Kristall module was the site of
several materials processing operations includ-
ing the production of large gallium arsenide
crystals in the Gallar furnace and other semi-
conductor materials in the Optizon crucibleless
melting device. Afanasyev and Manarov also
conducted remote sensing observations, includ-
ing the consequences of the conflict in the
Persian Guilf. At the end of January the Mir
complex was passing over the region during mid-
morning and early evening (local time), but
within a week the space station’s orbit had pre-
cessed, offering early-morning and mid-after-
noon observation opportunities (Reference 46).

Although the entire month of February
passed uneventfully for the crew, their busy
daily schedules did not allow boredom to gain a
foothold. Late in the month, the two men began
concentrating on the completion of the Progress
M-6 mission. The cargo ship was used to boost
the orbital complex to a higher altitude on
27 February and again on 4 March. After refuel-
ing operations with Mir had been accomplished
and station refuse had been loaded into
Progress M-6, the unmanned spacecraft was
undocked from Kvant 1 on 15 March and then
sent to a destructive reentry into the Earth’s
atmosphere (Reference 47).

Four days after the departure of Progress M-
6, its successor was launched by SL-4 from the
Baikonur Cosmodrome. The Progress M-7
launch announcement issued by TASS indicat-
ed that the cargo ship carried the new recover-
able capsule for the second time. Docking of
Progress M-7 at the Kvant 1 aft port was sched-
uled for 1428 GMT on 21 March, almost 50
hours after lift-off. The rendezvous proceeded
smoothly until Progress M-7 closed to within
500 m of the space station. At this point the
Progress M-7 Kurs rendezvous and docking
system computer failed to receive the anticipat-
ed guidance data and automatically terminated
the operation (References 48-49).

The situation with the automated spacecraft
was viewed seriously by mission control person-
nel but not with alarm. Although Progress M-7
was the first of 50 Progress-class vehicles to
experience a problem of this nature, all three of
the Mir modules (Kvant 1, Kvant 2, and Kristall)
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Figure 3.8 History of Expeditions to the Mir Space Station.

had failed on their first attempt to dock. With
guarded optimism Progress M-7 was maneu-
vered back toward Mir on 23 March. In a virtual
replay of the mishap two days earlier, the robot
vehicle again faltered as the two spacecraft
drew close. Progress M-7 veered away but
missed the space station by a narrow margin,
variously reported as within 5-12 m (References
51-55).

Analysis of telemetry from Progress M-7
suggested that the problem might reside on the
Kvant 1 module. To verify this suspicion
Afanasyev and Manarov were directed to re-
activate their Soyuz TM-11 spacecraft, undock
from Mir’s forward port, and attempt an automat-
ic redocking with Kvant 1. On 26 March with
Progress M-7 being maintained in an orbit close
to the space station, the two cosmonauts sepa-
rated from Mir and brought their Soyuz TM-11
ferry in line with Kvant 1’s aft port. Again, the
automatic rendezvous and docking system
failed, but this time the docking could be
achieved manually (Reference 56).

Even through the Kvant 1 auto docking
system remained inoperable, the immediate sit-
uation was resolved by commanding Progress M-
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7 to dock with the now vacant port at the
forward end of Mir. This was finally accom-
plished without further incident on 28 March,
one week after the first docking attempt. Had a
similar scenario developed prior to the introduc-
tion of the Progress M spacecraft in 1989, an
older Progress would probably have been lost
without the extra electrical power and integrated
propulsion system of Progress M (References
51, 57).

Initial reports from the Mir cosmonauts indi-
cated that the Kvant 1 Kurs antenna was “dis-
located.” Apparently, Afanasyev and Manarov
had inadvertently bumped the antenna while
installing the laser reflectors on their last EVA of
26 January. A new EVA was tentatively sched-
uled for late April to inspect the site and to
ascertain the degree of damage inflicted.

Another consequence of the three pro-
cedures and the 9-day independent flight of
Progress M-7 was the extensive consumption of
propellants which would have been used to
raise the space station to a slightly higher orbit
and to replenish the propellant tanks feeding
Mir's attitude control system. Mir's own primary
propulsion system had been disabled since the




docking of Kvant 1 in 1987. By 11 April the Mir
complex had fallen to its lowest mean altitude of
the year (369 km), and a decision was made to
transfer propellants from Mir to Progress M-7,
which then could push the space station into a
higher orbit. This operation was performed
successfully with a series of burns by Progress
M-7 during 12-13 April, lifting the complex
approximately 7 km (Reference 58).

Two weeks later Afanasyev and Manarov
were given the opportunity to perform a final
EVA. In addition to their inspection of Kvant 1,
the men were to engage in a number of activi-
ties: reinstall the camera removed from Kvant
2’s mobile platform during their 7 January EVA,
retrieve a boom made of carbon-reinforced
plastic for structural tests, deploy and return a
sample specimen associated with the Sofora
girder experiment planned for the summer, and
place “highway markers” along the Mir complex
to assist future cosmonauts working outside the
space station.

The EVA was conducted over a span of
about three and one-half hours during the
evening of 25 April and was largely successful.
Manarov examined the antennas of Kvant 1
while Afanasyev remained at Kvant 2 to mount
the aforementioned camera. This breech of the
buddy policy earned the cosmonauts a mild
rebuke. Manarov discovered that the antenna
dish, approximately 23 c¢m in diameter, was
completely missing. Purportedly, it had been
knocked-off by the boot of one of the cosmo-
nauts in January. Manarov took careful note of
the present condition of the antenna to permit
support personnel to fabricate a repair kit for the
next Mir crew (References 59-60).

With the successful completion of their fourth
EVA, Afanasyev and Manarov entered the final
days of their mission. The difficulties encoun-
tered with the rendezvous and docking system,
particularly the delay in docking Progress M-7,
led to a slip in the launch schedule of the next
Mir crew from 12 May to 18 May. Meanwhile,
operations with Progress M-7 had to be fin-
ished, including the loading of the return
capsule with the fruits of months of materials
science and remote sensing activities.

The robot spacecraft was undocked late on
6 May (early 7 May, Moscow time) and pre-
pared for reentry by personnel at the
Kaliningrad Flight Control Center outside
Moscow. The de-orbit burn commenced at
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1624 GMT on 7 May as the spacecraft passed
over the south Pacific Ocean, west of South
America. The maneuver appears to have been
successful, but the return capsule was never
recovered. Although hope remained for several
months that the approximately 380-kg capsule
had survived reentry and would be found, by
year's end the precious cargo had not been
located (References 61-63).

Preparations for the launch of Soyuz TM-12
drew world-wide attention not for the objectives
of the 5-month mission but for the composition
of its crew. Commanding the flight was Anatoli
Artsebarskiy, a Lieutenant Colonel in the Soviet
Air Force and a native of the Ukranian Republic,
making his first flight into space. The Flight
Engineer assignment was awarded to Sergei
Krikalev, a Russian national and member of the
Energiya NPO which manages the Mir space
station program. Krikalev was a veteran of the
151-day Soyuz TM-7 mission in 1988—1989.

The third member of the Soyuz TM-12 crew
was clearly the center of the attention: Helen
Sharman, a 27-year-old research technologist
from Great Britain. Dubbed the Juno mission,
the joint Soviet-British space flight emerged
from a commercial venture announced in 1989.
Against a backdrop of severe financial difficul-
ties, which eventually led the Moscow Narodny
Bank (a Soviet-owned British bank) to under-
write the 16-million-pound-sterling mission,
Sharman along with Major Timothy Mace were
selected in November, 1989, and began their
indoctrination at the Yuri Gararin Cosmonaut
Training center immediately. On 22 February
1991, Sharman was named the primary can-
didate. This selection was not officially con-
firmed until 17 May, the day before launch
(Reference 64).

A comprehensive, scientific program had
been proposed for Sharman and her Soviet col-
leagues during her six-day stay on board the Mir
complex. Twenty-six experiments in the fields
of botany, biology, materials science, and physi-
ology proposed by British researchers were
replaced by 16 Soviet experiments in these
same fields in addition to Earth observations
after the collapse of British financing efforts.
Some of the equipment needed for these
experiments was delivered by the Progress M-7
spacecraft in March,

The launch of Soyuz TM-12 on 18 May
occurred precisely on schedule, and the subse-
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quent two-day rendezvous proceeded without
incident. In the process Sharman became only
the third woman to fly on a Soviet spacecraft
(after Valentina Tereshkova in 1963 and
Svetlana Savitskaya in 1982 and 1984) and the
first woman sent to the Mir space Station.
During the final approach to Mir, the automatic
docking procedure was aborted when the Kurs
system (Mir forward end) failed to provide com-
plete relative motion data. However,
Artsebarskiy and Krikalev quickly assumed
control of Soyuz TM-12 and docked manually at
the scheduled time (References 65-66).

While Sharman concentrated on fulfilling her
assigned tasks, with occasional assistance from
crew members, Artsebarskiy and Krikalev spent
the majority of their time conferring with
Afanasyev and Manarov about the status of the
complex and the transfer of command to the
newcomers, the ninth Mir expedition in more
than five years. Afanasyev and Manarov would
return to Earth with Sharman in the Soyuz TM-
11 spacecraft, leaving Artsebarskiy and Krikalev
on board until their own relief crew arrived in
October. On 24 and 25 May the Soyuz TM-11
vehicle was re-activated, tested, and loaded
with materials from a large number of experi-
ments. Also during these final days, Afanasyev
and Manarov had to set aside time wearing the
Chibis apparatus which facilitates the body’s
readaption to 1-g environment by promoting
blood circulation in the lower extremities.

Like the launch eight days earlier, the return
to Earth of Afanasyev, Manarov, and Sharman
proceeded smoothly. A gentle touchdown
occurred in Kazakhstan, northeast of the
Baikonur Cosmodrome where the Juno mission
had originated. In addition to the numerous
records established by Sharman in accordance
with her sex and nationality, Musa Manarov
shattered the previous world record for total
time in space (nearly 431 days by Yuri
Romanenko during three missions) with an
accumulated flight time of 541 days on two
missions (Reference 67).

The departure of Soyuz TM-11 left the Kvant
1 aft port vacant. However, since the Kurs
rendezvous system at this port was still inoper-
able, Progress M cargo ships were still prevent-
ed from mooring there. To receive new sup-
plies, Artsebarskiy and Krikalev needed to
repeat the actions of their predecessors, i. e.,
move their Soyuz TM transport from the Mir
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forward port and dock manually at the Kvant 1
aft port. This maneuver was accomplished on
28 May. Two days later Progress M-8 was
launched, arriving at Mir on 1 June (References
68-70).

The program for the Soyuz TM-12 cosmo-
nauts during June and July was exceptionally
intensive, and its success would directly dictate
the course of future expeditions. One of the first
orders of business was to employ the Progress
M-8 propulsion system for a series of orbit
adjustments which would compensate for the
loss of propellant on the Progress M-7 mission.
Between 6 and 19 June, the orbit of the Mir
complex was raised more than a half-dozen
times, adding a full 30 km to the station and
boosting it to a mean altitude of approximately
395 km.

On 17 June, prior to the last minor orbital
adjustment, the MAK-1 upper atmospheric sci-
entific satellite, developed by the Moscow
Aviation Institute, was ejected from the Mir
space station. (Two small satellites, Iskra 2 and
Iskra 3 had been launched in a similar manner
from one of the experiment/waste air-locks of
Salyut 7 in 1982.) Identified in the popular
press as the first satellite to be launched from
Mir, MAK-1 was actually the 114th satellite from
the space station tracked and cataloged by the
US Space Surveillance Network. The previous
objects, including 10 released just the week
before, are believed to be debris originating
from intentional dumpings or created during
EVAs. For example, a total of 15 new objects
were found after the four EVAs conducted in
January and April, 1991.

The MAK-1 satellite received the internation-
al designator 1986—17 DV and the US satellite
number 21425. Unfortunately, communications
with the satellite were never established, and it
reentered the Earth’s atmosphere on 18
October without completely fulfilling its mission.
A second MAK satellite launch scheduled for
the Soyuz TM-12 crew was postponed for
17 months (References 71-73).

A week after the launch of MAK-1 from Mir,
Artsebarskiy and Krikalev ventured outside the
space station on the first of six EVAs to be
conducted over the course of a littie more than
one month. The first spacewalk during the night
of 24-25 June was primarily concerned with the
repair of the Kvant 1 Kurs antenna. With an
array of specially designed tools, the two men



completed the complex task, replacing the
damaged appendage with a new one delivered
by Progress M-8. However, revised mission
plans prevented an operational test of the Kurs
system to verify the success of the repair until
the fourth quarter of the year (References
74-75).

A second objective of the 6-hr EVA, one
which would greatly affect planned July activi-
ties as well as the future operation of the Mir
complex, was the testing of a new thermo-
mechanical joint designed for use in the assem-
bly of large space structures. An experimental
model of a girder using those joints was
deployed and temporarily attached to the exteri-
or of the space station.

Four days after the first EVA, the two cosmo-
nauts were ready for their next chores in open
space. This time the goals were more modest.
An experiment provided by the University of
California and delivered by the Progress M-8
cargo ship was installed outside the complex to
detect and to characterize cosmic rays of par-
ticularly heavy nuclei. A new television camera
was attached to one of the space station’s solar
panels, and the thermo-mechanical joints tested
on the previous EVA were retrieved for closer
inspection inside Mir. In all, Artsebarskiy and
Krikalev spent less than three and one-half
hours on this second EVA (Reference 76).

After a two-week respite the two cosmonauts
began preparing for an arduous job of space
construction which would require nearly 24
hours outside the safe confines of Mir. Their
goal was to assemble and to erect a 14.5-m-tall,
0.5 m wide girder under a project named
Sofora. The girder would be comprised of 20
cubical units relying on titanium-nickel fasteners
with “thermal shape memory.” Attached to
Kvant 1, the tower was to later support a new
attitude control engine designed to improve the
stability of the station along the roll axis. The
construction activity was reminiscent of an
experimental girder built on the Salyut 7 space
station in 1986, but the technique to be
employed on Mir was new. If Sofora withstood
the rigors of the harsh space environment for
one year without detrimental effects, plans for
mounting the attitude control engine could
proceed (References 77-80).

The work began on 15 July when
Artsebarskiy and Krikalev prepared the site on
top of the Kvant 1 module. The Strela crane

was used to transport the equipment easily from
the Kvant 2 air-lock to the aft end of the space
station. The men first affixed two ladders along
the surface of Kvant 1 to aid their footing. Next,
the platform for the girder was unfolded and
securely fastened to Kvant 1. Four “installation

~ and heating” devices were then connected to

the Mir electrical power grid in preparation to
apply the thermo-mechanical couplers. All
these tasks were completed and the cosmo-
nauts had returned inside Mir in just under six
hours (Reference 81).

Between each of their EVA’s Artsebarskiy
and Krikalev were allowed four days to rest, to
recharge and ventilate their space suits (the
latest Orlan-DMA model rated for 10 EVAs), and
to review the tasks for the next outing. During
the second EVA on 19 July the men installed an
assembly unit on Kvant 1 with which to build the
cubical segments of the girder. A pre-assemb-
led section was completed, and two more sec-
tions were built in the five and a half hour EVA
(References 82-84).

The third and fourth EVAs were conducted
on schedule on 23 and 27 July. With the experi-
ence gained on EVA number two, Artsebarskiy
and Krikalev increased their efficiency, complet-
ing 11 more segments on the third EVA and
easily finishing all 20 on the last. The complet-
ed girder, including a USSR flag attached on the
initiative of the cosmonauts, was then raised
into a nearly vertical (79°) position. Toward the
end of the last EVA, Artsebarskiy’s visor
became fogged due to his exertion and a taxing
of the space suit's ventilation system, and
Krikalev had to assist his comrade back to the
air-lock. The EVA lasted 6 hours and 49
minutes, the longest space walk of 1991-1992.
In total, the four EVAs had taken 23 hours and
47 minutes, but all objectives had been met
(References 85-86).

In the midst of this extraordinary operation,
the USSR announced a significant change in
the Mir program schedule for the remainder of
the year. Originally, the next mission (Soyuz
TM-13) was to carry two Soviets to relieve the
Soyuz TM-12 crew and a visiting Austrian cos-
monaut. That mission was to be followed by
Soyuz TM-14 with two regular members of the
cosmonaut corps and a Kazakh cosmonaut.
For a variety of reasons the two missions were
integrated to produce a Soyuz TM-13 crew
consisting of the Austrian and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>