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| NOTE TO AUTHORS OF PROSPECTIVE ENTRIES:

This bibliography compiles results from a compiete search of the STAR and /AA files of the NASA STI
Database, supplemented with a perusal of their printed versions. Although many technical areas relate
to Large Space Structures and Space Stations, only those reports which directly address these subjects
are included. To insure the inclusion of your work in this bibliography, use the words large space structure
or space station in the title, abstract or suggested key words.



INTRODUCTION

This bibliography is designed to aid researchers and managers engaged in the develop-
ment of technology, configurations and procedures that enhance the efficiency of current and
future versions of space stations or other large space structures. It merges two earlier semi-
annual NASA Special Publications, NASA SP-7046, Technology for Large Space Systems,
produced 1979-1989, and NASA SP-7056, Space Station Systems, produced from 1983-
1989.

This literature survey lists 1221 reports, articles, and other documents announced be-
tween January 1, 1991 and June 30, 1991 in Scientific and Technical Aerospace Reports
(STAR), and International Aerospace Abstracts (1AA).

The coverage includes references that define major systems and subsystems, servicing
and support requirements, procedures, operations, and missions. It also includes analytical
and experimental techniques and mathematical models required to investigate the different
systems/subsystems, and to conduct trade studies of different configurations, designs, and
scenarios.

The references appear in categories which are described with scope notes in the Table of
Contents. These categories are unique to this publication only and differ from those found in
STAR and /IAA.

Each reference consists of a bibliographic citation and an abstract, if available, and ap-
pears with the original accession numbers from the respective announcement journals.

References appear in each category in this order:
(1) IAA entries in ascending accession number order with the form A91-10000,

followed by,
(2) STAR entries in ascending accession number order with the form N91-10000.

After the abstract section there are seven indexes, viz., subject, personal author, corporate
source, foreign technology, contract number, report number, and accession number. The sub-
ject index terms are from the NASA Thesaurus.

George F. Lawrence, Space Station Office
John J. Ferrainolo, Technical Library Branch
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TYPICAL REPORT CITATION AND ABSTRACT

NASA SPONSORED

ON MICROFICHE CORPORATE SOURCE

ACCESSION NUMBER ——N91-13363*'# Research Inst. for Advanced Computer Science,

Moffett Field, CA.
TITLE —— FACTORS SHAPING THE EVOLUTION OF ELECTRONIC
DOCUMENTATION SYSTEMS
AUTHORS ——CHRISTOPHER_J. DEDE, TIM R. SULLIVAN, and JACQUE R. PUBLICATION DATE

SCACE 19907128 p

CONTRACT NUMBER ———(Contract NCC9-16)° ~ AVAILABILITY SOURCE

REPORT NUMBERS — (NASA-CR-187257; NAS 1.26:187257) Avail: NTIS HC/MF AQ7
COSAT! CODE ——CSCL 05/2
The main goal is to prepare the space station technical and man-

ageriai structure for likely changes in the creation, capture, transfer,
and utilization of knowledge. By anticipating advances, the design of
Space Station Project (SSP) information systems can be tailored to
facilitate a progression of increasingly sophisticated strategies as the
space station evolves. Future generations of advanced information
systems will use increases in power to deliver environmentally mean-
ingful, contextually targeted, interconnected data (knowledge). The
concept of a Knowledge Base Management System is emerging
when the problem is focused on how information systems can perform
such a conversion of raw data. Such a system would include traditional
management functions for large space databases. Added artificial
intelligence features might encompass co-existing knowledge rep-
resentation schemes; effective control structures for deductive, plausi-
bie, and inductive reasoning; means for knowledge acquisition, refine-
ment, and validation; explanation facilities; and dynamic human inter-
vention. The major areas covered include: alternative knowledge rep-
resentation approaches; advanced user interface capabilities; com-
puter-supported cooperative work; the evolution of information system
hardware; standardization, compatibility, and connectivity; and organi-
zational impacts of information intensive environments. Author

TYPICAL JOURNAL ARTICLE CITATION AND ABSTRACT

NASA SPONSORED

ACCESSION NUMBER ———— A91-27359*  California Univ, La Jolla.
TITLE ——= A SPACE PARASOL AS A COUNTERMEASURE AGAINST THE
GREENHOUSE EFFECT AUTHOR'S AFFILIATION
AUTHOR———H. S. HUDSON (California, University, La Jolla)™ British
Interplanetary Society, Journal (ISSN 0007-084X), vol. 44, March--———— JOURNAL DATE
CONTRACT NUMBER ———— (Contract NSG-7161) -
Copyright
It is suggested that the deployment of a 'space parasol’ at the L1
Langrangian point of the earth-sun system would serve to intercept
some desired fraction of the solar radiant energy, thereby lessening
the impact of the greenhouse effect. The parasol satellites are de-
scribed and possible orbit configurations are discussed. Orbital pos-
sibilities include Low Earth Orbit Geosynchronous orbit, and L1 which
appears to be the best option Structural strength, control, and use
of extraterrestrial material in the construction of the parasol are
discussed. L.K.S.
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System requirements for proposed missions, mission models,
overall conceptual configuration and arrangement studies. Analyses
for future required technology. Identification and description of
technology for the elements of a complete space station.

A91-10009*#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
SPACE STATION TRANSITION THROUGH SPACELAB
HARRY G. CRAFT, JR. and THOMAS G. WICKS (NASA, Marshall
Space Flight Center, Huntsville, AL) AIAA, Space Programs and
Technologies Conference, Huntsville, AL, Sept. 25-27, 1990. 12
. refs

(AIAA PAPER 90-3540) Copyright

It is appropriate that NASA's Office of Space Science and
Application’s science management structures and processes that
have proven successful on Spacelab be applied and extrapolated
to Space Station utilization, wherever practical. Spacelab has many
similarities and complementary aspects to Space Station Freedom.
An understanding of the similarities and differences between
Spacelab and Space Station is necessary in order to understand
how to transition from Spacelab to Space Station. These
relationships are discussed herein as well as issues which must
be dealt with and approaches for transition and evolution from
Spacelab to Space Station. Author

A91-10179#
FUTURE SCIENCE AND TECHNOLOGY FOR MILITARY SPACE
ALLEN E. FUHS (Monterey Consulting Services, CA) AlAA, Space
Programs and Technologies Conference, Huntsville, AL, Sept.
25-27, 1990. 18 p. refs
(AIAA PAPER 90-3827) Copyright

The space technology base and materials applications for space
systems are examined including launch and orbital transfer vehicles,
and space structures for large or small spacecraft. Launch vehicle
technology, thermal and attitude controls, aerothermodynamics,
life support, autonomy and telerobotics, stealth and deception,
and computers, software and intelligence are all discussed.
Systems, missions, and operations are also treated by presenting
information from the Discriminate Deterrence report, Long Term
Strategy which addresses such topics as reconnaissance,
communications, electronic warfare, antisubmarine warfare from
space, and joint civil-military space missions such as ocean
monitoring. L.K.S.

A91-10908*# NASA Space Station Program Office, Reston, VA,
SPACE STATION FREEDOM - CONFIGURATION
MANAGEMENT APPROACH TO SUPPORTING CONCURRENT
ENGINEERING AND TOTAL QUALITY MANAGEMENT
RAYMOND B. GAVERT (NASA, Space Station Freedom Program
Office, Reston, VA) IN: Space Logistics Symposium, 3rd, Colorado
Springs, CO, Apr. 30-May 2, 1990, Proceedings. Huntsville, AL,
Society of Logistics Engineers, 1990, 13 p. refs

Copyright

DECEMBER 1991

Some experiences of NASA configuration management in
providing concurrent engineering support to the Space Station
Freedom program for the achievement of life cycle benefits and
total quality are discussed. Three change decision experiences
involving tracing requirements and automated information systems
of the electrical power system are described. The potential benefits
of concurrent engineering and total quality management include
improved operational effectiveness, reduced logistics and support
requirements, prevention of schedule slippages, and life cycle cost
savings. It is shown how configuration management can influence
the benefits attained through disciplined approaches and
innovations that compel consideration of all the technical elements
of engineering and quality factors that apply to the program
development, transition to operations and in operations.
Configuration management experiences involving the Space Station
program’s tiered management structure, the work package
contractors, international partners, and the participating NASA
centers are discussed. R.E.P.

A91-12213
THE SPACE STATION IS LOSING FRIENDS
M. MITCHELL WALDROP  Science (ISSN 0036-8075), vol. 250,
Oct. 19, 1990, p. 364-366.
Copyright

NASA’s proposed Space Station Freedom has begun to draw
criticism for a number of apparently fundamental technical
shortcomings. Quite apart from the large number of Space Shuttle
payloads required for construction and the extensive EVA
maintenance program the completed structure will require, it is
alleged by critics that Freedom will be so great a leap beyond
current practice that only failure can follow the inability to assemble
and test the station prior to launch. The present discussion of
representative criticisms and responses to them gives attention to
computerized truss structure vibration simulations, thermal control
methods, and the housekeeping tasks entailed by continuous
operation over the 30-year projected service life of the Space
Station. 0.C.

A91-12276
SPACE DYNAMICS; PROCEEDINGS OF THE INTERNATIONAL
SYMPOSIUM, TOULOUSE, FRANCE, NOV. 6-10, 1989
[MECANIQUE SPATIALE; SYMPOSIUM INTERNATIONAL,
TOULOUSE, FRANCE, NOV. 6-10, 1989, PROCEEDINGS]
Symposium  organized by CNES. Toulouse, France,
Cepadues-Editions, 1990, 1025 p. In French and English. For
individual items see A91-12277 to A91-12341.
Copyright

The conference presents papers on mission analysis and
design, attitude dynamics, orbit determination, maneuvers and orbit
control, station keeping in GEQO, and space debris. Particular
attention is given to the influence of aerodynamic forces on LEOs,
error estimation in the propagation of orbits of low-altitude artificial
satellites, and a system for the autonomous navigation and attitude
determination in geostationary orbit. Consideration is also given to
inflight results of active nutation damping on board Skynet 4B,
the application of power series to orbit computation and
determination of geostationary orbits, and real-time geostationary
orbit determination. K.K.

O-HOPIHOD>




01 OVERALL DESIGN AND EVOLUTIONARY GROWTH

A91-13771*#  National Aeronautics and Space Administration,
Washington, DC.
SPACE STATION FREEDOM OVERVIEW
RICHARD H. KOHRS and CAROLYN S. GRINER (NASA,
Washington, DC) IAF, International Astronautical Congress, 41st,
Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 4 p.
(IAF PAPER 90-060) Copyright

The status of the Space Station Freedom project is briefly
reviewed. The multilateral agreements achieved to this point are
summarized, and the results of preliminary design reviews are
discussed. Progress being made in implementing improvement
recommendations and in meeting weight and power allocations is
addressed. C.D.

A91-13794*# NASA Space Station Program Office, Reston, VA.
OPERATIONS INFLUENCE ON SPACE STATION FREEDOM
ANNE L. ACCOLA (NASA, Space Station Freedom Program Office,
Reston, VA), DAVID WALKER (NASA, Johnson Space Center,
Houston, TX), and LAYNE SIMMONS IAF, International
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 7 p.
(IAF PAPER 90-091) Copyright

The Space Station Freedom is the first experience for NASA
and its international partners in building a spacecraft that will be
operated and maintained over a multi-year lifetime and that will
be permanently manned. To ensure it functions safely and
effectively, the operations community has become invoived much
earlier than in previous U.S. programs. This involvement has taken
the form of defining requirements and analyzing the configuration,
systems, and elements in terms of operations suitability and
supportability. This early participation has had many effects on
the definition and design of the Freedom Station. Examples of
operations participation include the development of various
operations concepts, design reference missions, contingency
operations scenarios, and assembly operations assessments.

Author

A91-14375
THE NEXT 40 YEARS IN SPACE - 40TH INTERNATIONAL
ASTRONAUTICAL CONGRESS OF THE IAF, TORREMOLINOS,
SPAIN, OCT. 7-13, 1989, REPORT
JAMES HARFORD, ED. and RAY WILLIAMSON, ED. Washington,
DC, American Institute of Aeronautics and Astronautics, Inc., 1990,
61 p. No individual items are abstracted in this volume.
Copyright

Overviews are given of the plenary events and technical
sessions of the conference. The main topics addressed include
astrodynamics, automation and robotics, space commercialization,
communication satellites, earth observations, economics in space
operations, education, history, international plans and policies,
interstellar exploration, the life sciences, Mars exploration, materials
and structures, and microgravity sciences and processes. Also
discussed are power systems, propulsion, safety and rescue, SETI,
small scientific satellites, solar-system exploration and resources,
the social and environmental impacts of space activities,
space-based astronomy, space law, space stations, space systems,
and space transportation. T.K.

A91-19334#
APPLICATION OF AI-BASED TECHNIQUES FOR
SYSTEM-LEVEL ANALYSIS OF SPACE STATION FREEDOM
KENNETH J. LASKEY and ALFRED H. KROMHOLZ (Grumman
Corp., Reston, VA)  AIAA, Aerospace Sciences Meeting, 29th,
Reno, NV, Jan. 7-10, 1991. 14 p.
(AIAA PAPER 91-0502) Copyright

A technique for applying Al-based methods to the systems
engineering of large complex systems is presented. Engineering
aspects of the Space Station Freedom Program are used to
demonstrate the combined use of modeling and expert systems
to obtain a successful design. An overview is presented of the
uniform systems engineering environment system, which uses the
mixed decomposition approach to system modeling. K.K.

2

A91-20485#
SPACE STATION CHANGES ITS COURSE
ERIC J. LERNER  Aerospace America (ISSN 0740-722X), vol.
29, Jan. 1991, p. 12-15.
Copyright .
The series of complications that has beset the Space Station
project, culminating in a Congressional order for NASA to redirect
the entire project, is reviewed. In addition to cutting $6 billion
from the Station’s budget over the next five years, the House and
Senate have written clear directives into NASA's FY91
appropriations bill stating that the Station be built one stage at a
time, not all at once as NASA had intended. Congress has directed
that the first phase be devoted to microgravity research and should
be only human-tended, visited periodically by astronauts, but
otherwise flying unmanned with automated experiments.
Advantages and complications incurred by such changes are
discussed. One suggested way for NASA to operate long duration
human biology experiments in the absence of a fully developed
Space Station program is to place appropriate U.S. instrumentation
and/or astronauts aboard the space station Mir. L.K.S.

A91-27358
A SPACE-BASED SOLAR SCREEN AGAINST CLIMATIC
WARMING
M. MAUTNER (Canterbury, University, Christchurch, New
Zealand) British Interplanetary Society, Journal (ISSN 0007-084X),
vol. 44, March 1991, p. 135-138. refs
Copyright

The expected global warming may be reversed by a
space-based screen that would intercept a fraction of the solar
radiation incident on earth. Warming by 2-5 C could be prevented
by intercepting 3-7 percent, respectively, of the incident solar
radiation. The screen may be constructed for example of a thin
film, a grid of film supported by a mesh, or fine-grained dust
deployed in orbit about the earth. For an average film thickness
or particle radius of 0.001 cm, the required mass is (1-10) x 10 to
the 14th g, equivalent to a medium-sized lunar mountain or asteroid.
The material may be deployed and processed using existing
technology, similar to methods proposed for space habitat
construction. The cost may be substantially lower than the
economic and human damage caused by a significant climate
change. Author

A91-27359* California Univ., La Jolla.
A SPACE PARASOL AS A COUNTERMEASURE AGAINST THE
GREENHOUSE EFFECT
H. S. HUDSON (California, University, La Jolla) British
Interplanetary Society, Journal (ISSN 0007-084X), vol. 44, March
1991, p. 139-141. refs
(Contract NSG-7161)
Copyright

It is suggested that the deployment of a 'space parasol’ at the
L1 Langrangian point of the earth-sun system would serve to
intercept some desired fraction of the solar radiant energy, thereby
lessening the impact of the greenhouse effect. The parasol
satellites are described and possible orbit configurations are
discussed. Orbital possibilities include Low Earth Orbit,
Geosynchronous orbit, and L1 which appears to be the best option.
Structural strength, control, and use of extraterrestrial material in
the construction of the parasol are discussed. L.K.S.

A91-27719
PROBABLE IMPACTS OF SPACE OPERATIONS ON AIR
FORCE CIVIL ENGINEERING
JOHN W. MOGGE, JR. (USAF, Engineering and Services Center,
Tyndall AFB, FL) IN: Engineering, construction, and operations
in space Il; Proceedings of Space 90, the Second International
Conference, Albuquerque, NM, Apr. 22-26, 1990. Vol. 2. New York,
American Society of Civil Engineers, 1990, p. 1443-1451. refs
Copyright

Consider the bridge from today’s space programs and systems
to tomorrow’s space reality. Current space policy is revolutionary
in nature. Selected space related programs such as transportation




systems, space control, space weapons and power have potential
to sffect change. Revolutionary characteristics are present in many
of these programs and activities. Support concepts, specifically
space logistics, engineering and space facilities, relate to these
space programs and have evolutionary and revolutionary potential.
Future considerations include an approach for civil engineers to
develop their space support missions. The approach has four basic
tenets: visualization of space as the basis of global power, focusing
attention on the linkages between space policy and technology,
acceptance of a bias for action in space, and the normalization of
space functions in civil engineering mission areas. Author

A91-29717#

SPACE STATION FREEDOM VERIFICATION

JOSEPH A. JOHNSON (McDonnell Douglas Space Systems Co.,
Space Station Div., Huntington Beach, CA) IN: Aerospace Testing
Seminar, 12th, Manhattan Beach, CA, Mar. 13-15, 1990,
Proceedings. Mount Prospect, IL, Institute of Environmental
Sciences, 1990, p. 201-209.

One of the four NASA work package centers charged with the
responsibility of developing the Space Station, the Johnson Space
Center (JCS), has developed a plan to integrate and verify the
end-to-end functionality of the flight hardware and software
associated with basic Space Station utilities and services. This is
referred to as the core station, which consists of the port and
starboard integrated truss assembly, resource nodes 1 and 4,
mobile transporter, attached payload simulator, and electrical power
support from the project at the Lewis Space Center. The core
station will be integrated on the ground utilizing a high fidelity
verification fixture (VF) since the flight truss structure is not capable
of supporting itself in a 1-G environment. The VF simulates the
flight truss attachment interfaces and supports the attached flight
hardware in the proper relative spatial orientation. Data
management system kits and ground support equipment will be
used to simulate absent hardware and software. L.K.S.

A91-30420
THE SOVIET YEAR IN SPACE - 1990
NICHOLAS L. JOHNSON (Teledyne Brown Engineering, Colorado
Springs, CO) Colorado Springs, CO, Teledyne Brown Engineering,
1991, 176 p. refs
Copyright

Soviet space activities during 1990 are surveyed on the basis
of press reports, articles in scientific journals, and unclassified
satellite tracking data and illustrated with drawings, diagrams, and
photographs. Consideration is given to support systems;
photographic reconnaissance, communication, navigation, geodetic,
meteorological, remote-sensing, scientific, and military satellite
programs; the Mir space station; solar-system exploration. The
launches of 1990, the current satellite constellations, and the radio
frequencies used by Soviet spacecraft are listed in tables.  T.K.

A91-30656
TABES 90 - ANNUAL TECHNICAL AND BUSINESS
EXHIBITION AND SYMPOSIUM, 6TH, HUNTSVILLE, AL, MAY
15, 16, 1990, SUBMITTED PAPERS
Exhibition and Symposium sponsored by Huntsville Association of
Technical Societies. Huntsville, AL, Huntsville Association of
Technical Societies, 1990, 252 p. For individual items see
A91-30657 to A91-30672.
Copyright

Among the topics considered are joint electronic combat,
supercomputing in the 1990’s, business development, education,
space exploration initiatives, and information into the 1990’s. Papers
on the Space Station are also presented. B.J.

N91-10576°# National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

SPACE STATION

DONALD F. STEWART and JUDITH HAYES (Krug International,
Houston, TX.) In its Workshop on Exercise Prescription for
Long-Duration Space Flight p 15-18  Oct. 1989

Avail: NTIS HC/MF A06 CSCL 228
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The history of American space fiight indicates that a space
station is the next logical step in the scientific pursuit of greater
knowledge of the universe. The Space Station and its complement
of space vehicles, developed by NASA, will add new dimensions
to an already extensive space program in the United States. The
Space Station offers extraordinary benefits for a comparatively
modest investment (currently estimated at one-ninth the cost of
the Apollo Program). The station will provide a permanent
multipurpose facility in orbit necessary for the expansion of space
science and technology. it will enable significant advancements in
life sciences research, satellite communications, astronomy, and
materials processing. Eventually, the station will function in support
of the commercialization and industrialization of space. Also, as a
prerequisite to manned interplanetary exploration, the long-duration
space flights typical of Space Station missions will provide the
essential life sciences research to allow progressively longer human
staytime in space. Author

N91-11785*# Bionetics Corp., Hampton, VA.
ADVANCED-TECHNOLOGY SPACE STATION STUDY:
SUMMARY OF SYSTEMS AND PACING TECHNOLOGIES Final
Report, May 1986 - Oct. 1988
A. J. BUTTERFIELD, P. A. GARN, C. B. KING, and M. J. QUEIJO
Nov. 1990 141 p
(Contract NAS1-18267)
(NASA-CR-181795; NAS 1.26:181795) Avail: NTIS HC/MF A07
CSCL 22B

The principal system features defined for the Advanced
Technology Space Station are summarized and the 21 pacing
technologies identified during the course of the study are described.
The descriptions of system configurations were extracted from
four previous study reports. The technological areas focus on those
systems particular to all large spacecraft which generate artificial
gravity by rotation. The summary includes a listing of the functions,
crew requirements and electrical power demand that led to the
studied configuration. The pacing technologies include the benefits
of advanced materials, in-orbit assembly requirements,
stationkeeping, evaluations of electrical power generation
alternates, and life support systems. The descriptions of systems
show the potential for synergies and identifies the beneficial
interactions that can result from technological advances. Author

N91-12402*#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
OVERVIEW OF SPACE STATION
CLAUDE C. PRIEST /n its Measurement and Characterization of
the Acceleration Environment on Board the Space Station 25 p
Aug. 1990
Avail: NTIS HC/MF A99 CSCL 22/2

An overview of the Space Station program for workshop
participants is given. Covered here are overall program guidelines,
international involvement, the present baseline configuration, and
development plans for the coming year. Author

N91-12737*# Lockheed Missiles and Space Co., Huntsville, AL.
Astronautics Group.
GEOSTATIONARY PLATFORM STUDY: ADVANCED
ESGP/EVOLUTIONARY SSF ACCOMMODATION STUDY Final
Report .
Aug. 1990 231 p
(Contract NAS8-36103)
(NASA-CR-184037; NAS 1.26:184037) Avail: NTIS HC/MF A11
CSCL 22/2

The implications on the evolutionary space station of
accommodating geosynchronous Earth Orbit (GEO) facilities are
assessed. These facilities include unmanned satellites and
platforms, manned elements, and transportation and servicing
vehicles/elements. The latest existing definitions of typical
unmanned GEO facilities and transportation and servicing
vehicles/elements are utilized. The physical design, functional
design, and operations implications at the space station are
determined. Various concepts of the space station from past studies
are utilized ranging from the I0C Multifunction Space Station to a

3




01 OVERALL DESIGN AND EVOLUTIONARY GROWTH

branched transportation node space station and the implications
of accommodating the GEO infrastructure at each type are
assessed. Where possible, parametric data is provided to show
the implications of variations in sizes and quantities of elements,
launch rates, crew sizes, etc. The use of advanced automation,
robotics equipment, and an efficient mix of manned/automated
support for accomplishing necessary activities at the space station
are identified and assessed. The products of this study are
configuration sketches, resource requirements, trade studies, and
parametric data. Author

N91-12738"# Lockheed Missiles and Space Co., Huntsville, AL.
Astronautics Div.
GEOSTATIONARY PLATFORM STUDY: ADVANCED
ESGP/EVOLUTIONARY SSF ACCOMMODATION STUDY Final
Report
Aug. 1980 232 p
(Contract NAS8-36103)
(NASA-CR-184036; NAS 1.26:184036; LMSC-F393987) Avail:
NTIS HC/MF A11  CSCL 22/2

The implications on the evolutionary space station of
accommodating geosynchronous Earth Orbit (GEO) facilities
including unmanned satellites and platforms, manned elements,
and transportation and servicing vehicles/elements. The latest
existing definitions of typical unmanned GEO facilities and
transportation and servicing vehicles/elements are utilized. The
physical design, functional design, and operations implications at
the space station are determined. Various concepts of the space
station from past studies are utilized ranging from the I0C
Multifunction Space Station to a branched transportation node
space station, and the implications of the accommodation the
GEO infrastructure of each type are assessed. Where possible,
parametric data are provided to show the implications of variations
in sizes and quantities of elements, launch rates, crew sizes, etc.
The use of advanced automation, robotics equipment, and an
efficient mix of manned/automated support for accomplishing
necessary activities at the space station are identified and
assessed. The products of this study are configuration sketches,
resource requirements, trade studies, and parametric data.

Author

N91-15216# MATRA Espace, Toulouse (France). Integration
Div.
FINAL VALIDATION OF AUTONOMOUS SPACECRAFT
J. H. PICHON /n ESA, International Symposium on Environmental
Testing for Space Programmes: Test Facilites and Methods p
31-34 Sep. 1990
Copyright  Avail: NTIS HC/MF A23

The ever increasing complexity of Earth observation spacecraft
requires new verification methods and powerful test support
equipments. An overall approach is presented for the spacecraft
from electrical assembly and tests up to validation of flight
operational procedures, together with guidelines for optimized
design of the required check out and verification ground
equipments. These test methods and verification steps were
implemented on SPOT and ERS 1 programs. ESA
N91-15285# Aeritalia S.p.A., Turin (ltaly). Space Systems
Group.
EMC VERIFICATION APPROACH AND FACILITY ON
COLUMBUS ATTACHED LABORATORY
A. CICCOLELLA, E. COMANDATORE, P. GROLL, and V.
ROBERTO /n ESA, International Symposium on Environmental
Testing for Space Programmes: Test Facilities and Methods p
511-520 Sep. 1990
Copyright  Avail: NTIS HC/MF A23

The overall problems of Electro Magnetic Compatibility (EMC)
verification, as part of the environmental test phase, to be
conducted on very large and technically complex space systems,
are studied. The Columbus Attached Laboratory (CAL) was taken
as the referenced program, where all the related problems and
constraints are present. Major requirements and constraints with
regard to the Attached Pressurized Module (APM) are outlined:
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EMC design and test requirements; overall EMC verification
methodology; EMC analytical software tools/models; and external
interface simulators. The overall CAL verification approach is
summarized. ESA

N91-15974°# Management Services, Inc., Huntsville, AL.
HISTORICAL ANNOTATED BIBLIOGRAPHY: SPACE STATION
DOCUMENTS
JESSIE E. WHALEN, comp., SARAH L. MCKINLEY, comp., and
THOMAS G. GATES, comp. Dec. 1988 540 p
(Contract NAS8-35900)
(NASA-CR-184012; NAS 1.26:184012; MHR-13) Avail: NTIS
HC/MF A23 CSCL 05/4

Information is presented regarding documentation which has
been produced in the Space Station program. This information
will enable the researcher to locate readily documents pertinent
to a particular study. It is designed to give the historian the
necessary data from which to compile the written histories and to
preserve records of historically significant aspects of Marshall's
involvement in Space Shuttle and Space Station. Author

N91-18121*# Universities Space Research Association, Houston,
TX.
PROCEEDINGS OF THE 6TH ANNUAL SUMMER
CONFERENCE: NASA/USRA UNIVERSITY ADVANCED
DESIGN PROGRAM Final Report
Nov. 1990 319 p Conference held in Cleveland, OH, 11-15
Jun. 1990; sponsored by NASA. Lewis Research Center and
USRA
(Contract NASW-4435)
(NASA-CR-187041; NAS 1.26:187041) Avail: NTIS HC/MF A14
CSCL 22/1

The NASA/USRA University Advanced Design Program is a
unique program that brings together NASA engineers, students,
and faculty from United States engineering schools by integrating
current and future NASA space/aeronautics engineering design
projects into the university curriculum. The Program was conceived
in the fall of 1984 as a pilot project to foster engineering design
education in the universities and to supplement NASA'’s in-house
efforts in advanced planning for space and aeronautics design.
Nine universities and five NASA centers participated in the first
year of the pilot project. The study topics cover a broad range of
potential space and aeronautics projects that could be undertaken
during a 20 to 30 year period beginning with the deployment of
the Space Station Freedom scheduled for the mid-1990s. Both
manned and unmanned endeavors are embraced, and the systems
approach to the design problem is emphasized.

N91-18146"# Ohio State Univ., Columbus.
PROJECT WISH: THE EMERALD CITY
/In USRA, Proceedings of the 6th Annual Summer Conference:
NASA/USRA University Advanced Design Program p 165-168
Nov. 1990
Avail: NTIS HC/MF A14 CSCL 22/2

When Project WISH (Wandering Interplanetary Space Harbor)
was initiated as a multi-year project, several design requirements
were specified. The space station must have a lifetime of at least
50 years, be autonomous and independent of Earth resources, be
capable of traveling throughout the solar system within a maximum
flight time of three years, and have a population of 500 to 1000
people. The purpose of the station is to provide a permanent
home for space colonists and to serve as a service station for
space missions. The orbital mechanics, propulsion system, vehicle
dynamics and control, life support system, communication system,
power system, and thermal system are discussed. Author

N91-18199" National Aeronautics and Space Administration,
Washington, DC.

LARGE SPACE STRUCTURES AND SYSTEMS IN THE SPACE
STATION ERA: A BIBLIOGRAPHY WITH INDEXES

JOHN J. FERRAINOLO, ed. (National Aeronautics and Space
Administration. Langley Research Center, Hampton, VA))  Nov.



1990 350 p
(NASA-SP-7085(01); NAS 1.21:7085(01)) Avail: NTIS HC A16
CSCL 22/2

Bibliographies and abstracts are listed for 1372 reports, articles,
and other documents introduced into the NASA scientific and
technical information system between January 1, 1990 and June
30, 1990. Its purpose is to provide helpful information to the
researcher, manager, and designer in technology development and
mission design according to system, interactive analysis and design,
structural and thermal analysis and design, structural concepts
and control systems, electronics, advanced materials, assembly
concepts, propulsion, and solar power satellite systems.  Author

N91-18201# European Space Agency, Paris (France).
MANNED SPACE STATIONS: THEIR CONSTRUCTION,
OPERATION AND POTENTIAL APPLICATIONS
RODOLFO NERI! (Secretaria de Comunicaciones y Transportes,
Copacabana Beach, Mexico ) and B. BATTRICK, ed. Nov. 1990
119 p  Sponsored in part by EEC - Original contains color
illustrations
(ESA-SP-1137; ISBN-92-9092-124-2; ISSN-0379-6566;
ETN-91-98802) Copyright Avail: NTIS HC/MF A06; EPD,
ESTEC, Noordwijk, Netherlands, HC 40 Dutch guilders

The following are discussed: the importance of manned space
stations and the possibilities offered by performing experiments in
microgravity; the characteristics and effects of the space
environment; the basic architecture of manned space stations as
well as the missions performed by the Salyuts, Skylab, MIR, the
Space Shuttle and the Spacelab; the Space Station Freedom;
and the financing of manned space stations and the pros and
cons of multilateral cooperation.

N91-18202# European Space Agency, Paris (France).
THE IMPORTANCE OF MANNED SPACE STATIONS
In its Manned Space Stations: Their Construction, Operation and
Potential Applications p 3-7 Nov. 1890 Original contains color
illustrations
Copyright  Avail: NTIS HC/MF A06; EPD, ESTEC, Noordwijk,
Netherlands, HC 40 Dutch guilders

The possibilities offered in performing experiments and
" microgravity tests on space stations are presented. The pros and
cons of these space stations being 'manned’ are discussed. An
explanation of gravity and its effects is given. Space stations offer
unique opportunities for long duration experiments and the
manufacturing of rare materials. They offer scientists and engineers
the opportunity to broaden their understanding of the Universe
and the origin of life and their knowledge can be applied to
important technical applications. People with financial objectives,
pharmaceutical, chemical, computing, and telecommunication
industries, can exploit the unique conditions for making new and
rare products such as more effective high purity medicines, alloys,
semiconductors and ceramics. Satellite communications and
remote sensing are two space industries which are already
successful. Despite the great differences in complexity in manned
and unmanned space stations the former-are more advantageous
since man has capabilities machines can not match. They also
enable a better understanding of the effects of weightlessness
and isolation on human physiology and psychology. The
movements of the crew in the space station are disadvantageous
as they produce small disturbances in the simulated microgravity
levels in the Earth orbit. The disadvantages of the hostile space
environment, confinement, and safety are discussed. ESA

N91-18204# European Space Agency, Paris (France).
BASIC ARCHITECTURE OF MANNED SPACE STATIONS
In its Manned Space Stations: Their Construction, Operation and
Potential Applications p 29-95 Nov. 1990 Original contains
color illustrations
Copyright  Avail: NTIS HC/MF A06; EPD, ESTEC, Noordwijk,
Netherlands, HC 40 Dutch guilders

Manned space stations are very complex structures. Adequate
conditions and facilities for conducting experiments, material
processing and scientific observations must be provided as well
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as safety and .comfort for the crew. As a complex orbiting structure,
a manned space station is divided into a set of major engineering
systems to facilitate its design, construction and operation. All of
these systems are closely interrelated in their working; therefore,
they need to be defined, manufactured, and integrated together in
a mutually coherent manner in order to guarantee safe and efficient
operation. These systems include: structures; electrical power;
thermal control; guidance navigation and control propulsion;
automation and robotics; communications and tracking/data
management, environmental control and life support/fiuid
management; crews systems and accommodations; and crew and
payload transportation. Details of past, present, and planned
manned space stations including the 7 Soviet Salyuts, the American
Skylab, the Soviet MIR and the U.S. Space Shuttle and Spacelab
are given. The experience gained, the launching of the station
and crew, the electrical systems, the experimentation and research,
and any problems encountered are discussed. ESA

N91-18205# European Space Agency, Paris (France).
SPACE STATION FREEDOM
In its Manned Space Stations: Their Construction, Operation and
Potential Applications p 99-114  Nov. 1990 Original contains
color illustrations
Copyright  Avail: NTIS HC/MF A06; EPD, ESTEC, Noordwijk,
Netherlands, HC 40 Dutch guilders

The idea of constructing a modern manned space station in
low Earth orbit had been considered by NASA for about two
decades before its development was finally approved, at which
time emphasis was put on the need to invite international
participation. Political, economic, and human factors have shaped
the course of events in relation to Space Station Freedom. The
objectives and international participation including the United
States, European, Canadian, and Japanese contributions are
discussed as well as the construction, assembly sequence and
future evolution. ESA

N91-19123*#  National Aeronautics and Space Administration,
Washington, DC.
SPACE STATION: THE NEXT LOGICAL STEP
ANDREW J. STOFAN 1986 12 p  Original contains color
illustrations
(NASA-TM-103398; NAS 1.15:103398) Avail: NTIS HC/MF A03;
5 functional color pages CSCL 22/2

The following topics with respect to the space station program
are discussed: (1) unmanned free-flyers; (2) recent progress; (3)
the space shuttle; (4) international participation; (5) science,
commerce, and technology; and (6) private sector participation.

K.S.

N91-20177*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
BENEFITS FROM SYNERGIES AND ADVANCED
TECHNOLOGIES FOR AN ADVANCED-TECHNOLOGY SPACE
STATION
L. BERNARD GARRETT, MELVIN J. FEREBEE, JR., MANUEL J.
QUEIJO, and ANSEL J. BUTTERFIELD (Bionetics Corp., Hampton,
VA.) Washington Apr. 1991 25 p
(NASA-TP-3067; L-16618; NAS 1.60:3067) Avail: NTIS HC/MF
AO3 CSCL 22/1

A configuration for a second-generation advanced technology
space station has been defined in a series of NASA-sponsored
studies. Definitions of subsystems specifically addressed
opportunities for beneficial synergistic interactions and those
potential synergies and their benefits are identified. One of the
more significant synergistic benefits involves the muilti-function
utilization of water within a large system that generates artificial
gravity by rotation. In such a system, water not only provides the
necessary crew life support, but also serves as counterrotator
mass, as moveable ballast, and as a source for propellant gases.
Additionally, the synergistic effects between advanced technology
materials, operation at reduced artificial gravity, and lower cabin
atmospheric pressure levels show beneficial interactions that can
be quantified in terms of reduced mass to orbit. Author
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N91-20189*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA. :
UTILIZATION OF COMMON PRESSURIZED MODULES ON THE
SPACE STATION FREEDOM
MARSTON J. GOULD, MICHAEL L. HECK, and DANIEL D.
MAZANEK (Analytical Mechanics Associates, Inc., Hampton, VA.)
Jan. 1991 90 p
(NASA-TM-102779; NAS 1.15:102779) Avail: NTIS HC/MF A05
CSCL 22/2

During the preliminary design review of Space Station Freedom
elements and subsystems, it was shown that reductions of cost,
weight, and on-orbit integration and verification would be necessary
in order to meet program constraints, particularty nominal Orbiter
payload launch capability. At that time, the Baseline station
consisted of four resource nodes and two 44 ft modules. In this
study, the viability of a common module which maintains crew
and payload accommodation is assessed. The size, transportation,
and orientation of modules and the accommodation of system
racks and user experiments are considered and compared to
baseline. Based on available weight estimates, a module pattern
consisting of six 28 ft. common elements with three radial and
two end ports is shown to be nearly optimal. Advantageous
characteristics include a reduction in assembly flights, dual egress
from all elements, logical functional allocation, no adverse impacts
to international partners, favorable airlock, cupola, ACRV (Assured
Crew Return Vehicle), and logistics module accommodation, and
desirable flight attitude and control characteristics. Author
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Descriptions, interfaces and requirements of international payload
systems, subsystems and modules considered as part of the space
station system and other international space station activities such
as Soviet Salyut.

A91-10037* # Jet Propulsion Lab., California Inst. of Tech.,
Pasadena.

INTERNATIONAL STANDARDS FOR COST-OPTIMIZED SPACE
MISSIONS AND INFRASTRUCTURE

MERLE MCKENZIE (JPL, Pasadena, CA) AIAA, Space Programs

and Technologies Conference, Huntsville, AL, Sept. 25-27, 1990.

4 p.
(AIAA PAPER 90-3586) Copyright

The establishment of international standards is essential for
the success of multiagency space missions. Here, two key areas
for international standardization are proposed: the development of
standards for infrastructure and the development of multiagency
standards. Such standards will ultimately enable cost-optimized
small missions as well as a cost-optimized superset of space
infractructures. V.L.

A91-10039#
SPACE STANDARDS FOR INTERNATIONAL COOPERATION
HUGH R. ANDERSON (Science Applications International Corp.,
Bellevue, WA) AlAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1990. 4 p.
(AIAA PAPER 90-3589) Copyright

Environmental standards differ from performance or
construction standards in that they describe something not
man-made and hence variable. In the case of the natural and
induced space environment, it is particularly difficult to write a
standard because (1) it is difficult to decide what phenomena are
important, and (2) not all of the enviornment is known. The role
of an environmental standard is clarified by accurately labeling it
a Standard Definition of the Space Environment. Properly written
standards, whether national or international, serve both a usual
and a special function. They encourage or compel builders to use
design constraints, illuminating differences between assumed

constraints, and the accepted level of performance and risks; and
their preparation can show up those areas for which knowledge
of the space environment is incomplete. Author

A91-10055#
COLUMBUS, THE EUROPEAN SPACE AGENCY’S ELEMENT
OF THE SPACE STATION FREEDOM
F. LONGHURST (ESTEC, Noordwijk, Netherlands) AIAA, Space
Programs and Technologies Conference, Huntsville, AL, Sept.
25-27, 1990. 14 p.
(AIAA PAPER 90-3624) Copyright

The objectives of the Columbus development program are
described, and the specific content of the Columbus program is
discussed. The development program covers the development,
manufacture, and delivery to orbit of three space elements, an
Attached Laboratory, a Free-Flyer, and a Polar Platform; buildup
of the related ground infrastructure; and preparation for initial
operations and subsequent utilization. B.J.

A91-10056#
THE MOBILE SERVICING SYSTEM (MSS) - CANADA’S
CONTRIBUTION TO SPACE STATION 'FREEDOM’
DAVID F. FRANKLIN (Canadian Space Agency, Ottawa, Canada)
AlAA, Space Programs and Technologies Conference, Huntsville,
AL, Sept. 25-27, 1990. 10 p.
(AIAA PAPER 90-3625) Copyright

The paper describes the Mobile Servicing System (MSS),
Canada’'s contribution to Space Station Freedom. It defines
Canada’s objectives for participation in this program and how it
proposes to utilize its resources in order to meet these objectives.
An overview of the MSS'’s configuration addressing space, ground,
and support segments is provided. Detailed breakdowns of the
space segment elements are discussed in order to provide the
reader with an understanding of how the MSS functions with the
Space Station Freedom. Functional requirements for both the
Space Station Remote Manipulator System (SSRMS) and the
Special Purpose Dexterous Manipulator (SPDM) are specifically
addressed. Author

A91-10057#

CURRENT STATUS OF JAPANESE EXPERIMENT MODULE

N. SAITO and S. MATSUBARA (NASDA, Tokyo, Japan) AIAA,
Space Programs and Technologies Conference, Huntsville, AL,
Sept. 25-27, 1990. 7 p.

(AIAA PAPER 90-3626)

The design and development activities of the Japanese
Experiment Module (JEM) began after the Intergovernmental
Agreement (IGA) was approved in June 1989. JEM will be launched
by the Space Shuttle and will be attached to the international
Space Station (SS) on orbit within this century. As a resuit of the
SS rephasing in 1989, the assembly sequence and launch date -
of JEM have to be modified. The assembling, operations and
utilization concept of JEM/SS have been studied multilaterally.
The construction of a ground support facility for the JEM
development and operation is planned to begin in early 1991.
The Preliminary Announcement of Opportunity (pre A.O.) for JEM
utilization was issued and the collected data will be used for
selecting the generic experiment equipment installed in JEM.

Author

A91-10059"#  National Aeronautics and Space Administration,
Washington, DC.

INTERNATIONAL PROGRAMS - A GROWING TREND

A. N. BUNNER (NASA, Astrophysics Div., Washington, DC) AIAA,
Space Programs and Technologies Conference, Huntsville, AL,
Sept. 25-27, 1990. 6 p.

(AIAA PAPER 90-3630)

The National Aeronautics and Space Administration has
collaborated successfully in space science missions with a
multiplicity of partners, including the European Space Agency,
Federal Republic of Germany, the Netherlands, United Kingdom,
Japan, and the Soviet Union, among others. These collaborations
generally arise out of common scientific goals and in the interest




of economizing to take advantage of skills and capabilities among
the partners. A trend towards increased cooperation in space is
expected to continue as the global scientific community works
together to plan future space science missions and the missions
become more sophisticated. Author

A91-13772#
OVERVIEW OF THE JEM PROGRAM
KAZUO MATSUMOTO and YASUSHI HORIKAWA (NASDA, Tokyo,
Japan) |AF, International Astronautical Congress, 41st, Dresden,
Federal Republic of Germany, Oct. 6-12, 1990. 7 p.
(IAF PAPER 90-062) Copyright

Japan is participating in the International Space Station Program
and will provide a Japanese Experiment Module (JEM) which will
be attached to the NASA Space Station core system. The phase
C/D design and development of JEM was initiated in early 1990.
An overview of the JEM program which includes program
background, current status, funding situation, overall schedule, and
some technical challenges and issues, is presented. In addition,
JEM utilization and operation planning activities are described.

Author

A91-13773#
SPACE STATION'S MOBILE SERVICING SYSTEM
K. H. DOETSCH (Canadian Space Agency, Ottawa, Canada) |AF,
International Astronautical Congress, 41st, Dresden, Federal
Republic of Germany, Oct. 6-12, 1990. 7 p.
(IAF PAPER 90-063) Copyright

As the space station concept is finalized, the many challenges
in its assembly, maintenance and servicing are becoming
crystallized. Canada, through the provision of the Mobile Servicing
System, is intimately involved in providing solutions to some of
the problems which are still to be resolved in this area of operations.
The paper provides a status report on the progress for Canada’'s
space station program and identifies some of the specific
operational challenges in assembly, servicing and maintenance
which are being addressed through the provision of this critical
space station system. Author

A91-13776#
CONFIGURAT'ON AND DESIGN OF THE MOBILE SERVICING
SYSTEM
SAVI S. SACHDEV (Spar Aerospace, Ltd., Weston, Canada) and
DOUG A. BASSETT (Canadian Space Agency, Ottawa, Canada)
IAF, International Astronautical Congress, 41st, Dresden, Federal
Republic of Germany, Oct. 6-12, 1990. 20 p.
(IAF PAPER 90-067) Copyright

The overall configuration of the space segment of the Mobile
Servicing System (MSS), Canada's contribution to the Space
Station Freedom program, is described for both the NSTS launch
configuration and on orbit. Key function and performance
requirements are summarized, and the architecture of the overall
system and its power, data, video, and RF systems are described,
indicating interfaces with the station’s distributed systems. The
hierarchy of processors and allocation of software functionality is
described. The key design features of the flight elements and
systems of the MSS are examined. C.D.

A91-13777#
DEVELOPMENT OF JAPANESE EXPERIMENT MODULE (JEM)
KAZUO MATSUMOTO, KUNIAK!I SHIRAKI, YASUSHI HORIKAWA
(NASDA, Tokyo, Japan), and NOBUYUKI TOMITA (Mitsubishi
Heavy Industries, Ltd., Nagoya, Japan) |AF, International
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 8 p.
(IAF PAPER 90-068) Copyright

The most recent JEM configuration, stowage allocation
summary and launch configuration are presented. JEM system
design activities and contractors are listed, and it is noted that
system design began in early 1990. JEM major development items
are listed and include power distribution unit, control processor,
control system network, airlock, RMS control system elements,
control system atmosphere, meteoroid/debris protection system,
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and payload attach mechanism. JEM project master and basic
schedules are also presented. A number of major technological
issues are briefly discussed including resource allocation, remote
manipulator system operational feasibility test, air distribution and
ventilation test, and an equipment exchange unit R&D test.

L.K.S.

A91-13778#

THE COLUMBUS ATTACHED LABORATORY

LUIGI D’EMILIANO (Aeritalia S.p.A., Turin, italy) and PATRICE
AMADIEU (ESTEC, Noordwijk, Netherlands) IAF, International
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 21 p.

(IAF PAPER 90-069)

The current Attached Laboratory architecture and the most
significant technical features implemented in order to meet the
overall performance requirements and to achieve compatibility with
the Space Station Freedom are described. Major requirements
behind the Attatched Laboratory design include compatibility with
the Space Shuttle for launch and deployment; provision of a
laboratory environment for experimenters; functional and physical
compatibility with the Space Station Freedom and provided
raesources; operational support to the crew; and a 30-year life
span. Emphasis is placed on system budgets and resources
required from the Space Station as well as payload and crew
accommodation. Payload rack interchangeability possibilities
accross the Space Station’'s three laboratories, and its implications
on the Columbus Laboratory design are discussed. The design
and development plan and major steps to reach design qualification
are also addressed. L.K.S.

A91-13788"#  National Aeronautics and Space Administration,
Washington, DC.
STRATEGIC PLANNING FOR THE INTERNATIONAL SPACE
STATION
CAROLYN S. GRINER (NASA, Office of Space Flight, Washington,
DC) IAF, International Astronautical Congress, 41st, Dresden,
Federal Republic of Germany, Oct. 6-12, 1990. 7 p.
(IAF PAPER 90-083) Copyright

The concept for utilization and operations planning for the
International Space Station Freedom was developed in a NASA
Space Station Operations Task Force in 1986. Since that time
the concept has been further refined to definitize the process and
products required to integrate the needs of the international user
community with the operational capabilities of the Station in its
evolving configuration. The keystone to the process is the
development of individual plans by the partners, with the
parameters and formats common to the degree that eiectronic
communications techniques can be effectively utilized, while
maintaining the proper level and focation of configuration control.
The integration, evaluation, and verification of the integrated plan,
called the Consolidated Operations and Utilization Plan (COUP),
is being tested in a multilateral environment to prove out the
parameters, interfaces, and process details necessary to produce
the first COUP for Space Station in 1991. This paper will describe
the concept, process, and the status of the multilateral test case.

Author

A91-13793#
STATUS OF SPACE STATION/JEM UTILIZATION
PREPARATION IN JAPAN
Y. FUJIMORI, K. HIGUCHI, S. YODA, K. SHIBUKAWA, and K.
MURAKAMI (NASDA, Tokyo, Japan) IAF, International
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 5 p.
(IAF PAPER 90-089) Copyright

This paper briefly overviews the past and current activities on
the mission requirement analysis, examination, planning, and
implementation. These are being carried out in National Space
Development agency of Japan under the name of Space
Environment Utilization Promotion Project. Included in the project
are utilization theme elaboration, utilization planning, generic
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experiment equipment evaluation, generic technology development,
aircraft experiment, sounding rocket experiment, and spacelab
missions. The progress status is to be reported. Author

A91-13799#
PREPARATION FOR JAPANESE EXPERIMENT MODULE
OPERATION
YASUSHI HORIKAWA, HIDESHI KOZAWA (NASDA, Tokyo,
Japan), and AKIRA TANAKA (Japan Manned Space System Corp.,
Tokyo, Japan) IAF, International Astronautical Congress, 41st,
Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 9 p.
(IAF PAPER 90-096) Copyright

Japan participates in the International Space Station Program
by providing the Japanese Experiment Module (JEM) which will
be launched in 1998 and attached to the Space Station (SS) core
system. JEM will be launched by the two Space Shuttle flights
and assembled to the SS core system. Japan is now preparing
JEM operations, and some requirement analyses for the ground
supporting system are conducted. This paper presents the JEM
operations concept including the JEM assembly sequence and
the outline of the ground support system for JEM operations. The
methods of evaluating the system operability are also introduced,
and an assessment of the operability of JEM operations is
presented. Author

A91-14090#
COST IMPACTS OF SUPPORTING A FUTURE EUROPEAN
SPACE STATION
R. C. PARKINSON and C. M. HEMPSELL (British Aerospace
/Space Systems/, Ltd., Stevenage, England) IAF, International
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 8 p. refs
(IAF PAPER 90-602) Copyright

Although the International Space Station represents an
important facility, Europe has identified a long term aim of having
an autonomous facility in addition to Freedom. A number of roles
for a European Autonomous Station can be identified (in science,
microgravity and/or servicing, transport). In all roles, affordability
is critically dependent on reducing operating costs. A sheaf of
scenarios determined by role and growth rate was studied. Growth
rate is a bigger determinant of system requirements than role.
Two factors that affect total lifetime cost are system architecture
and transportation. Appropriate semi-independent modules.
Transport dominates support and operational costs, The use of
currently planned launch systems (Ariane 5/Hermes) and advanced
future launch systems have been considered. Comparison between
Hotol and Saenger as advanced transport elements indicates that
there may be more than one route to cost-effective support.

Author

A91-14124#
FUTURE INTERNATIONAL COOPERATION ON SPACE
STATIONS
JOHN-DAVID BARTOE (Association of Space Explorers, San
Francisco, CA) IAF, International Astronautical Congress, 41st,
Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 10 p.
refs
(IAF PAPER 90-639) Copyright

it is pointed out that the Space Station Freedom (SSF) program
is offering the first sustained long-term opportunity for international
cooperation in space. It is noted that any significant future increase
in international cooperation would likely need to include both the
U.S. and the USSR. Such cooperation would offer many
opportunities, including interactions between SSF and Mir. It is
concluded that the success of future manned exploration missions
may depend on how well space-faring nations learn to cooperate
with each other. B.J.

A91-14125#

INDUSTRY VIEWS ON INTERNATIONAL COOPERATIVE
SPACE ACTIVITIES

SAM F. IACOBELLIS (Rockwell International Corp., EI Segundo,

CA) I|AF, International Astronautical Congress, 41st, Dresden,
Federal Republic of Germany, Oct. 6-12, 1990. 4 p. refs
(IAF PAPER 90-642) Copyright

Internationally shared projects offer technical, political, and
financial benefits. However, maintaining program continuity over
an extended time period, with the potential of participants to change
their priorities, is a major concern. This paper discusses the benefits
and obstacles of cooperative programs. It reviews past and current
cooperative space activities in an effort to identify appropriate
cooperative strategies for the future. Since cooperation may take
numerous forms, potential options for cooperative approaches are
discussed. Finally, the potential for long-term international
cooperation is evaluated. Author

A91-14129#
INTERNATIONAL SPACE - COOPERATION LESSONS FROM
THE SPACE STATION EXPERIENCE
J. M. LOGSDON (George Washington University, Washington,
DC) IAF, International Astronautical Congress, 41st, Dresden,
Federal Republic of Germany, Oct. 6-12, 1990. 6 p. refs
(IAF PAPER 90-658) Copyright

The character of the agreements setting up the international
partnership to design, develop, and operate a Space Station
complex and the political realities underpinning those agreements
are reviewed. The results of the Station partnership to date are
discussed and suggestions are made concerning the formulation
of further cooperative arrangements. The importance of consistency
and commitment in an international partnership are stressed.

: L.K.S.

A91-16896
THE LEGAL HAZARDS OF TRANSATLANTIC COOPERATION
IN SPACE
MICHEL BOURELY Space Policy (ISSN 0265-9646), vol. 6, Nov.
1990, p. 323-331. refs
Copyright

Transatlantic cooperation has played a key part in developing
Europe's capabilities in space, but this has been despite serious
drawbacks on the legal status of the agreements concerned. This
article traces the history of transatlantic space relations and
highlights the misunderstandings that have arisen. These stem
from the precedence given in the USA to domestic laws and
financial interests over all international agreements except formal
treaties, which are generally not considered suitable for scientific
and technical agreements. The article concludes with a discussion
of how more stable and equitable relationships could be
achieved. Author

A91-18375 ‘
INTERNATIONAL SPACE PLANS AND POLICIES - FUTURE
ROLES OF INTERNATIONAL ORGANIZATIONS
STEPHEN E. DOYLE (Aerojet Corp., Propulsion Div., Sacramento,
CA) Journal of Space Law, vol. 18, no. 2, 1990, p. 123-137.
refs
Copyright

Potential roles of international organizations are considered and
the possible coordination and monitoring of these roles by a new
agency within the structure of the United Nations is examined in
detail. Organizations affecting space activites which exist on the
national, regional, and global levels are discussed such as ITU,
Intelsat, and Inmarsat, ICSU, and COSPAR. It is suggested that a
number of functions which these organizations perform will
eventually require globally centralized and standardized monitoring,
coordination, regulation, reporting, and control in such areas as
standardization of astronautic cartography, standardization of
mission safety practices, standardization of health and
communications controls, the definition and policing of criminal
activity, personal status and nationality issues, and management
resource exploitation. It is proposed that a world space agency
be created and its potential mission, organizational structure,
budget requirements, and method of obtaining revenue are
outlined. LK.S.




A91-19957
THE LEGAL BASES FOR DECIDING ON THE TRANSITION TO
PHASE 2 IN THE COLUMBUS AND HERMES ESA PROGRAMS
(DIE RECHTSGRUNDLAGEN FUER DIE ENTSCHEIDUNG
UEBER DEN UEBERGANG ZU PHASE 2 BEI DEN
ESA-PROGRAMMEN COLUMBUS UND HERMES)
BIRGITTA STAUDT Zeitschrift fuer Luft- und Weltraumrecht (ISSN
0340-8329), vol. 39, Sept. 1990, p. 281-284. In German. refs
Copyright

The legal bases for deciding the roles of the states participating
in Phase 2 of the Columbus and Hermes ESA programs are briefly
discussed. The accomplishments of phase 1 and the goals of
phase 2 are summarized. The economic contributions to be made
by the various participants are pointed out. C.D.

A91-22191#
OPERATING EUROPE’S FUTURE IN-ORBIT
INFRASTRUCTURE
U. CHRIST, W. FRANK, N. GARGIR, and R. VAN HOLTZ (ESA,
European Space Operations Centre, Darmstadt, Federal Republic
of Germany) ESA Bulletin (ISSN 0376-4265), no. 64, Nov. 1990,
p. 21-26.
Copyright

The European In-Orbit Infrastructure (EIOI) consists of the
Columbus elements, including the Attached Laboratory (AL), the
Free-Flying Laboratory (FFL), and the Polar Platform; the Hermes
spaceplane with its Ariane-5 launcher; and the Data-Relay System
(DRS). The operating concept for the EIOI is based on a three-level
hierarchical management structure that includes strategic, tactical,
and execution management. Functions to be performed both
centrally and decentrally are listed and discussed. Space-station
AL, FFL, Hermes, and DRS operations are analyzed. Aspects of
the overall system and its utilization are analyzed. it is noted that
EIOI communications will involve numerous networks both in space
and on the ground. The Communication Resource Management
Center at ESOC will process all communication service requests
centrally and coordinate the allocation of resources. The
Interconnection Ground Subnetwork wili provide the connectivity
between the various terrestrial networks and with the space data
links. L.K.S.

A91-26183 -
CHANGING PATTERNS OF INTERNATIONAL COOPERATION
IN SPACE
JOAN JOHNSON-FREESE (Central Florida, University, Orlando,
FL) Malabar, FL, Orbit Book Co., 1990, 130 p. refs
Copyright

The history and current status of U.S. policy on international
cooperation (IC) in space projects are reviewed and analyzed.
Topics addressed include the initial U.S. motivations for IC; the
Soviet space program in 1958-1969, the early space programs in
other countries, legal and organizational aspects of IC; the
NASA-ESA Spacelab project, the Apollo-Soyuz mission, and the
new emphasis on commercial exploitation in the Space Shuttle
era. Also examined are the increase in competition after 1985,
‘glasnost’ in the space arena, IC in the NASA Space Station
program, IC in programs with direct terrestrial applications, and
the 1986 Comet Halley Inter-Agency Consultative Group as a model
for future IC. It is argued that the ability to participate in and lead
IC efforts is economically and politically essential, but that space
IC should not be expected to produce better international relations
and will probably remain limited to areas with fewer political
implications. T.K.

A91-27567* George Washington Univ., Washington, DC.
INTERNATIONAL COOPERATION IN THE SPACE STATION
PROGRAMME - ASSESSING THE EXPERIENCE TO DATE
JOHN M. LOGSDON (George Washington University, Washington,
DC) Space Policy (ISSN 0265-9646), vol. 7, Feb. 1991, p. 35-45.
NASA-supported research. refs
Copyright

The origins and framework for cooperation in the Space Station
program are outlined. Particular attention is paid to issues and
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commitments between the countries and to the political context
of the Station partnership. A number of conclusions concerning
international cooperation in space are drawn based on the Space
Station experience. Among these conclusions is the assertion that
an international partnership requires realistic assesments, mutual
trust, and strong commitments in order to work. L.KS.

A91-28978
MIR MISSION REPORT: NEW CREW LAUNCHED TO MIR -
JAPANESE REPORTER IN SPACE
NEVILLE KIDGER Spacseflight (ISSN 0038-6340), vol. 33, March
1991, p. 91-97.
Copyright

The flight of the first Japanese citizen in space, reporter
Toyohiro Akiyama, is discussed. The mission, launched from
Tiuratam on November 30, 1990, carried the Soyuz TM-11 crew
of three to a rendezvous with the Mir Space Station, where a
crew of two was stationed. Various biotechnical, physiological, and
astrophysical experiments and EVA activities, such as hatch repair
of the Kvant-2 module, conducted are briefly reviewed. L.K.S.

N91-10378*#  National Aeronautics and Space Administration.
Goddard Space Flight Center, Greenbelt, MD.

THE 1990 REFERENCE HANDBOOK: EARTH OBSERVING
SYSTEM

1980 154 p

(NASA-TM-102910; NAS 1.15:102910) Avail: NTIS HC/MF A08
CSCL 05B ]

An overview of the Earth Observing System (EOS) including
goals and requirements is given. Its role in the U.S. Global Change
Research Program and the International--Biosphere Program is
addressed. The EOS mission requirements, science, fellowship
program, data and information systems architecture, data policy,
space measurement, and mission elements are presented along
with the management of EOS. Descriptions of the facility
instruments, instrument investigations, and interdisciplinary
investigations are also present. The role of the National Oceanic
and Atmospheric Administration in the mission is mentioned.

M.G.

N91-12727# Bundesministerium fuer Forschung und Technologie,
Bonn (Germany, F.R.).
PROJECTS OF THE EUROPEAN SPACE TRAVEL PROGRAM
[PROJEKTE DES EUROPAEISCHEN
RAUMFAHRTPROGRAMMS]
DIETMAR FRENZEL /n Deutscher Industrie- und Handelstag,
Space Travel Economics: Prospects for a Greater Participation of
German Companies in Space Travel Research p 33-43 1989
In GERMAN
Avail: NTIS HC/MF A11

The balance sheet and the long term program decision are
outlined. The application program, including Columbus, Ariane 5
and Hermes, the Hipparcos and ROSAT satellites, the
microgravitation, the Spacelab, the Earth observation from satellites
are presented. The costs and financing up to year 2000 are
discussed. ESA

N91-12728# Bundesministerium fuer Forschung und Technologie,
Bonn (Germany, F.R.).
PROJECTS OF THE EUROPEAN SPACE TRAVEL PROGRAM
[PROJEKTE DES EUROPAEISCHEN
RAUMFAHRPROGRAMMS]
GOTTFRIED GREGER /n Deutscher Industrie- und Handelstag,
Space Travel Economics: Prospects for a Greater Participation of
German Companies in Space Travel Research p 45-62 1989
In GERMAN
Avail: NTIS HC/MF A11

The Ariane 5, Columbus and Hermes projects are reviewed in
detail and the new scientific field of research using zero gravity
are outlined. In this connection, the EURECA platform is presented.
Annexed tables show the cost distribution among ESA European
partners, and the industrial organization for Ariane 5, Hermes and
Columbus. ESA
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N91-12730# Deutsche Forschungsanstalt fuer Luft- und
Raumfahrt, Cologne (Germany, F.R.).
NATIONAL GERMAN HANDLING OF SPACE TRAVEL
PROJECTS AND ACCESS POSSIBILITIES TO SPACE TRAVEL
TASKS [NATIONALE FOERDERUNG VON
RAUMFAHRTVORHABEN UND MOEGLICHKEITEN DES
ZUGANGS ZU RAUMFAHRTAUFGABEN]
NORBERT KIEHNE /n Deutscher Industrie- und Handelstag,
Space Travel Economics: Prospects for a Greater Participation of
German Companies in Space Travel Research p 85-94 1989
In GERMAN
Avail: NTIS HC/MF A11

The aims of the German space travel project are outlined, in
particular innovation through space travel technique applications
and increase in competitive ability for the German industry. The
tender process is described. Advice is given to the small and
medium size industries on how to gain access to the space travel
market. ESA

N91-13376# Committee on Commerce, Science, and
Transportation (U.S. Senate).
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
AUTHORIZATION ACT, FISCAL YEAR 1991
ERNEST F. HOLLINGS Washington GPO 1980 53 p
Report to accompany S. 2287 presented by the Committee on
Commerce, Science, and Transportation, 101st Congress, 2d
Seassion, 11 Sep. 1990
(S-REPT-101-455; GPO-39-010) Avail: Document Room, Senate,
Washington, DC 20510 HC free

The Senate committee on Commerce, Science, and
Transportation presents the NASA Authorization Act for fiscal 1991.
This act authorizes appropriations to NASA for research and
development, space flight, control and data communications,
construction of facilities, research and programs management, and
many aspects of the Space Transportation System. M.G.

N91-13377#
(U.S. House).
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MULTIYEAR AUTHORIZATION ACT OF 1890
ROBERT A. ROE Washington GPO 26 Sep. 1990 82 p
Report to accompany H.R. 5649 presented by the Committee on
Science, Space, and Technology, 101st Congress, 2d Session,
26 Sep. 1990
(H-REPT-101-763; GPO-39-006) Avail: Document Room, House
of Representatives, Washington, DC 20515 HC free

The House of Representatives’ Committee on Science, Space,
and Technology presents the NASA Multiyear Authorization Act
of 1990. The act authorizes appropriations for research and
development, space flight, control and data communications,
construction of facilities, research and program management, and
many aspects of the Space Transportation System. M.G.

Committee on Science, Space and Technology

N91-15119*# Management Services, Inc., Huntsville, AL.
CHRONOLOGY: MSFC SPACE STATION PROGRAM, 1982 -
PRESENT. MAJOR EVENTS
JESSIE E. WHALEN, comp., SARAH L. MCKINLEY, comp., and
THOMAS G. GATES, comp. Dec. 1988 135 p
{Contract NAS8-35900)
(NASA-CR-184014; NAS 1.26:184014; MHR-12) Avail: NTIS
HC/MF A07 CSCL 05/4

The Marshall Space Flight Center (MSFC) maintains an active
program to capture historical information and documentation on
the MSFC's roles regarding Space Shuttle and Space Station.
Marshall History Report 12, called Chronology: MSFC Space Station
Program, 1982-Present, is presented. It contains synopses of major
events listed according to the dates of their occurrence. Indices
follow the synopses and provide additional data concerning the
events listed. The Event Index provides a brief listing of all the
events without synopses. The Element Index lists the specific
elements of the Space Station Program under consideration in
the events. The Location Index lists the locations where the events
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took place. The indices and synopses may be cross-referenced
by using dates. Y.S.

N91-15192# European Space Agency, Paris (France).
SOME PAPERS FROM THE SEMINAR MIRANDO AL ESPACIO
NORMAN LONGDON, comp. Jun. 1990 89 p In ENGLISH
and SPANISH Presented at Jornadas Euro-Mexicanas de Asuntos
Especiales, Mexico City, Mexico, 7-10 Nov. 1989
(ESA-SP-309; ISBN-92-9092-078-5; ETN-91-98343) Copyright
Avail: NTIS HC/MF A05; EPD, ESTEC, Noordwijk, Netherlands,
HC 30 Dutch guilders

European and Mexican space activities are presented. To
illustrate activities in Europe the following topics are included:
activities of the German aerospace research organization; British
programs concerning Sspace exploration; SPOT products
commercialization; perspectives of European activities; international
activities of ESA and ESA retrieval system. Concerning Earth
observation, the European meteorological satellite programs like
EUMETSAT and Meteosat and the ERS-1 satellite and the Polar
Platform are reviewed. The Mexican programs of communication
satellite (SATEX and Morelos), astronomical satellites, space
physics research and participation in manned space flights are
presented.

N91-15193# Deutsche Forschungsanstalt fuer Luft- und
Raumtfahrt, Oberpfaffenhofen (Germany, F.R.).
ORGANIZATION AND ACTIVITIES OF THE DLR
ROLF DICK /n ESA, Some Papers from the Seminar Mirando al
Espacio p 5-10  Jun. 1990
Copyright  Avail: NTIS HC/MF A05; EPD, ESTEC, Noordwijk,
Netherlands, HC 30 Dutch guilders

The activities of the German aerospace research organization
are described, including history, location of research centers, short
discussion of the main tasks, astronautics and energy technology.
The space activities include space vehicles, space applications,
space missions, and space project management. Examples are
given. ESA

N91-15194#
(England).
GREAT BRITAIN IN SPACE

RAEFE M. SHELTON /n ESA, Some Papers from the Seminar
Mirando al Espacio p 11-12  Jun. 1990

Copyright  Avail: NTIS HC/MF A05; EPD, ESTEC, Noordwijk,
Netherlands, HC 30 Dutch guilders .

The role of the United Kingdom in space exploration and
exploitation is discussed. The primary purpose of British programs
are to demonstrate and develop commercial application of space
technology in cooperation with industry and commerce. The focus
is now being tranferred to Earth observation. ESA

British Aerospace Public Ltd. Co., Bristol

N91-15196# Construcciones Aeronauticas S.A., Madrid (Spain).
PERSPECTIVES OF EUROPEAN ACTIVITIES IN SPACE
[PERSPECTIVAS SOBRE LAS ACTIVIDADES EUROPEAS EN
ESPACIO] :
ANTONIO FUENTESLLORENS /n ESA, Some Papers from the
Seminar Mirando al Espacio p 23-25 Jun. 1990 In SPANISH
Copyright  Avail: NTIS HC/MF A05; EPD, ESTEC, Noordwijk,
Netherlands, HC 30 Dutch guilders

The European space program's trends are analyzed to evaluate
the economic potential for industrial growth. Reference is made
to the most important projects, including Ariane, Columbus, Hermes,
Earth observation, telecommunication and microgravity. The
evaluation is highly positive at middle and long terms. The
participation of Spain to the potential development is also
described. ESA

N91-16848#
Utrecht.
ACTIVITIES REPORT OF THE SPACE RESEARCH
ORGANIZATION NETHERLANDS Annual Report, 1989
Mar. 1980 241 p

(ETN-91-98473) Avail: NTIS HC/MF A11

Space Research Organization Netherlands,




The leading fields of research were x ray astronomy, infrared
astronomy, solar research, ultraviolet and visual astronomy, gamma
ray astronomy. The SRON scientific program is not limited to
astronomy. It contains a substantial component on solid Earth
research, as well as on the physics and the biology under conditions
of (near) weightlessness. In 1989 the core instrument selection
for XMM, the x ray observatory, took place. SRON contributed to
the manufacture of the detector electronics for Hipparcos launching.
The x ray instrument on board the Russian Space Station MIR
operated satisfactorily. The Italian-Dutch x ray mission continued
according to plan. ESA

N91-17829#
(Japan).
ACTIVITIES OF THE NASDA INSTALLATIONS AND OFFICES
1991 47 p
Avail: NTIS HC/MF A03

NASDA is now capable of developing launch vehicles and
satellites with indigenous technologies, which are internationally
evaluated. Initially, space development began with the modus of
launching satellites via launch vehicles, resulting in beneficial
applications here on earth. As Japan's initial steps toward manned
space activities, beginning in 1991, NASDA will commence
performing 34 material processing and life science experiments
with a Japanese payload specialist onboard the U.S. Space Shuttle.
Space Station Freedom is currently being developed with
international efforts. NASDA is responsible for the development
and operation of the Japanese Experiment Module (JEM), which
will be attached to the Space Station. Japan’s participation in the
Space Station will contribute to the establishment of manned
support technologies and in-orbit assembling techniques for large
space structures. In promoting the international collaborative
efforts, NASDA seeks resolution to the scientific, medical, and
commercial imperatives which make it so important to pursue
opportunities in space development. NASDA space development
program is thoroughly detailed. Author

National Space Development Agency, Tokyo

N91-18206# European Space Agency, Paris (France).
SOME COMMENTS ON MULTILATERAL COOPERATION
In its Manned Space Stations: Their Construction, Operation and
Potential Applications p 117-119  Nov. 1990
Copyright  Avail: NTIS HC/MF A06; EPD, ESTEC, Noordwiik,
Netherlands, HC 40 Dutch guilders

The financing of manned space stations and the pros and
cons of multilateral cooperation are discussed. Launching and
operating these manned space stations is essentially a totally
government funded venture, since no private company is prepared
to invest in them until adequate revenues can be expected in the
short term. However the government funded nature and very high
costs involved means delays and budgetary cuts can seriously
hinder and delay proceedings. When international cooperation is
involved, for example the Space Station Freedom, one country’s
cut can seriously affect another country’s budget. Naturally there
are advantages to international cooperation from the scientific point
of view since combining intellectual, technological, and economic
resources allows advances to be made faster and more efficiently.
It is stated that the need for every partner to receive ‘reciprocal
benefits’ is the best formula for cooperation. ESA

N91-19113# Bundesministerium fuer Forschung und Technologie,
Bonn (Germany, F.R.).
SPACE RESEARCH FOR THE SAKE OF ALL
[WELTRAUMFORSCHUNG NUTZEN FUER ALLE]
ROLF D. GUENTHER, ed. 1980 46 p In GERMAN
(ETN-91-98807) Avail: NTIS HC/MF A03

A review of the present and future developments to be carried
out in West Germany in the field of space research is given.
Information on the numerous aspects of the space travel technique
applications in daily life is given. The consideration of space
research, which was looked on over 25 years as an exotic discipline,
as a now genuine science and technique is demonstrated.
Explanations are given in numerous illustrations and tables. ESA
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N91-19124# Advisory Group for Aerospace Research and
Development, Neuilly-Sur-Seine (France). Flight Mechanics
Panel. -
SPACE VEHICLE FLIGHT MECHANICS
N. X. VINH (Michigan Univ., Ann Arbor.) Nov. 1990 16 p
Symposium held in Luxembourg, 13-16 Nov. 1989
(AGARD-AR-294; ISBN-92-835-0570-0; AD-A230434) Copyright
Avail: NTIS HC/MF A03; Non-NATO Nationals requests available
only from AGARD/Scientific Publications Executive

In recent years, manned flights into low earth orbits were made
both for scientific study and for the placement of unmanned
satellites into geosynchronous orbits and also into interplanetary
orbits. Efforts of many nations are currently under way to place
man into orbit on a semipermanent basis through the use of a
space station. At the same time, the aerospace industry worldwide
is considering the extension from supersonic flight of advanced
fighter aircraft to the hypersonic flight of a future ‘aerospace plane.
To meet the challenges of the many technical problems to be
solved in this new area, the flight mechanics of vehicles in space
and in the upper layer of the atmosphere are identified, and the
areas of technology relevant to the Flight Mechanics Panel are
indentified. Author

N91-19967# Committee on Appropriations (U.S. Senate).
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
In jts Departments of Veterans Affairs and Housing and Urban
Development, and Independent Agencies Appropriation Bill, 1991
p 128-146 1990
Avail: Document Room, Senate, Washington, DC 20510 HC free
Following a general description of NASA's structure and a
summary of each center's activities, NASA's mission and its
objectives are presented. The Senate Committee on Appropriations
lists its recommendations for funding. It also recommends cuts in
several specific programs. J.P.S.

N91-19969# Committee on Appropriations (U.S. Senate).
PROBLEMS AT NATIONAL AERONAUTICS AND SPACE
ADMINISTRATION
Washington GPO 1991 63 p Special hearing before the
Committee on Appropriations, 101st Congress, 2d Session, 18
Jul. 1890
(S-HRG-101-1146; GPO-36-778) Avail: Committee on
Appropriations, Senate, Washington, DC 20510 HC free; also
available SOD HC $2.00 as 552-707-09795-3

Hearings before the Subcommittee on Veterans Affairs, Housing
and Urban Development, and Independent Agencies of the Senate
Committee on Appropriations are presented on problems at the
National Aeronautics and Space Administration (NASA). The
hearing focused on the Hubble telescope, the space shuttle, and
the space station and effects that problems with these projects
have on the Federal budget. The management structure of NASA
was discussed and the need for adequate support not only for
space operations but also for research. Various broad issues were
discussed as they pertain to the Subcommittee’s stated goal of
an affordable, achievable space program. Senator Garn noted that
the identification and open discussion of problems with space
projects when they are in the design stage is a necessary step
for a successful mission. He stressed that the identification and
discussion of problems that need to be corrected before liftoff is
not pointing a finger at NASA’s failures, as media personnel seem
to perceive it, but is a normal and essential procedure which
should be understood as such by the American taxpayers.

J.P.S.

N91-20155# Joint Publications Research Service, Arlington, VA.
DEVELOPMENT, FUNCTIONS OF KVANT-2 SUPPLEMENTARY
EQUIPMENT MODULE
M. M. LEMELEV /n /ts JPRS Report: Science and Technology.
USSR: Space p 8-16 26 Nov. 1990 Transl. into ENGLISH
from Zemlya i Vselennaya (Moscow, USSR), no. 3, May - Jun.
1990 p 3-11
Avail: NTIS HC/MF A06

In accordance with the outer space research program, a Proton
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launch vehicle placed the specialized Kvant-2 supplementary
equipment module into near Earth orbit on 26 Nov. 1989. The
module docked with the Mir manned complex on 6 Dec. 1989.
Diagrams and specifications are given of the Kvant-2 module.
Author

N91-20668°#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
ISSUES ASSOCIATED WITH ESTABLISHING CONTROL
ZONES FOR INTERNATIONAL SPACE OPERATIONS
BLAIR A. NADER and KUMAR KRISHEN /n jts Fourth Annual
Workshop on Space Operations Applications and Research (SOAR
90) p 207-225 Jan. 1991 ’
Avail: NTIS HC/MF A21 CSCL 05/4

Cooperative missions in Earth orbit can be facilitated by
developing a strategy to regulate the manner in which vehicles
interact in orbit. One means of implementing such a strategy is to
utilize a contro! zones technique that assigns different types of
orbital operations to specific regions of space surrounding a vehicle.
Considered here are issues associated with developing a control
zones technique to regulate the interactions of spacecraft in
proximity to a manned vehicle. Technical and planning issues,
flight hardware and software issues, mission management
parameter, and other constraints are discussed. Also covered are
manned and unmanned vehicle operations, and manual versus
automated flight control. A review of the strategies utilized by the
Apollo Soyuz Test Project and the Space Station Freedom Program
is also presented. Author

N91-21007# Committee on Appropriations (U.S. Senate).
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
In its Departments of Veterans Affairs and Housing and Urban
Development, and Independent Agencies Appropriations for Fiscal
Year 1991, Part 2 p 239-548 1991
Avail: Subcommittee of the Committee on Appropriations, Senate,
Washington, DC 20510 HC free; also available SOD HC 16.00 as
552-070-09823-2

Following opening statements of members of the Subcommittee
of the Senate Committee on Appropriations, the National
Aeronautics and Space Administration presents its fiscal year 1991
budget. Comments on the various budgeted items begin with a
summary of previously approved programs. Also noted are
proposed new initiatives, which amount to 2 percent of the total
budget request. Programs discussed include expendable launch
vehicles, the Hubble Space Telescope, the Space Station Freedom,
planetary exploration, research and development, university
programs, communications, observations of Earth, the moon-Mars
initiative, and space shuttles, a series of written questions and

answers follow the oral presentation. J.P.S.
03
MANAGEMENT SYSTEMS AND LOGISTICAL
SUPPORT

Scheduling and logistical support for space systems. Includes
descriptions of ground-based support and research facilities.

A91-10071#
SPACE STATION FREEDOM ALTITUDE STRATEGY
BRIAN M. MCDONALD and SCOTT B. TEPLITZ (McDonnell
Douglas Space Systems Co., Houston, TX) AIAA, Space Programs
and Technologies Conference, Huntsville, AL, Sept. 25-27, 1990.
17 p. refs
(AIAA PAPER 90-3652) Copyright

The evolution of the past and current Space Station Freedom
(SSF) altitude strategies is reviewed, and the development of a
new altitude strategy, focusing on operation issues rather than on
design, is discussed. The discussion covers basic approaches to
defining rendezvous altitudes as part of an altitude strategy, a
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historical view of the SSF altitude strategy, and advantages and
disadvantages of particular altitude strategies. The new operational
attitude strategy is discussed with reference to the principal aspects
of SSF operations, including on-orbit operations, logistics systems
operations, and Space Shuttle mission planning. V.L

A91-10084#
EXPLORING DOMAIN LIMITING TECHNIQUES IN SPACE
STATION RESOURCE ALLOCATION
MICHAEL N. GIBSON, DONNIE R. FORD, and JOHN S. ROGERS
(Alabama, University, Huntsville) AlAA, Space Programs and
Technologies Conference, Huntsville, AL, Sept. 25-27, 1990. 5 p.
(AIAA PAPER 90-3672) Copyright

Demand for space-based experimentation platforms currently
greatly exceeds supply. Therefore, it is very important to maximize
resource utilization in an effort to increase the number of
experiments which can be flown. In this paper the Frontier of
Feasibility system, which is designed to provide 'good’ starting
points for a scheduling program is presented. The system is a
resource allocation program, not a scheduling program. The way
the system handles activities and resources is discussed, and
how when combined they can provide constraining factors for the
system. The resource allocation problem is then explained in
graphical terms using a tree graph, and using this example the
search method is explained. Author

A91-10169*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

DESIGN OPTIONS FOR ADVANCED MANNED LAUNCH
SYSTEMS (AMLS)

DELMA C. FREEMAN, THEODORE A. TALAY, DOUGLAS O.
STANLEY, and ALAN W. WILHITE (NASA, Langley Research
Center, Hampton, VA) AIAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1990. 15 p. refs

(AIAA PAPER 90-3816)

Various concepts for advanced manned launch systems (AMLS)
are examined for delivery missions to Space Station and polar
orbit. Included are single- and two-stage winged systems with rocket
and/or airbreathing propulsion systems. For near-term
technologies, two-stage, reusable rocket systems are favored over
single-stage rocket or two-stage airbreathing/rocket systems.
Advanced technologies enable viable single-stage-to-orbit (SSTO)
concepts. Although two-stage rocket systems continue to be lighter
in dry weight than SSTOs, advantages in simpler operations may
make SSTOs more cost effective over the life cycle. Generally,
rocket systems maintain a dry weight advantage over airbreathing
systems at the advanced technology levels, but to a lesser degree
than when near-term technologies are used. More detailed
understanding of vehicle systems and associated ground and flight
operations requirements and procedures is essential in determining
quantitative discrimination between these latter concepts. Author

A91-10901

SPACE LOGISTICS SYMPOSIUM, 3RD, COLORADO SPRINGS,

CO, APR. 30-MAY 2, 1990, PROCEEDINGS

Symposium sponsored by the Society of Logistics Engineers and
AlAA. Huntsville, AL, Society of Logistics Engineers, 1990, 464 p.
For individual items see A91-10902 to A91-10945,

Topics presented include logistics for European manned space
flight, the role of government property in the commercial space
launch program, spares quantification for the Space Shuttie
Orbiters, a Space Station location coding that makes sense, and
a manned mission to the planet Mars. Also presented are some
issues in space systems reliability and maintainability, a Satellite
Servicer System flight demonstration program, a concept for an
expendable launch vehicle logistics resupply/servicing carrier, and
Space program survivability. Also addressed are some
interconnecting devices conceived for on-orbit operations, applying
QFD techniques to aerospace supportability, resource requirements
determination using system-level reliability modeling, achieving
on-board satellite reprogrammability in Ada, and the manned space
systems utilization of product assurance and supportability
technology. R.E.P.
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A91-10902#
INTEGRATED LOGISTICS SUPPORT - SUGGESTED
APPROACH FOR COLUMBUS
G. F. DE LUCA, R. GRAZ|, and S. MASULLO (Compagnia Italiana
Servizi Tecnici S.p.A., Rome, Italy) IN: Space Logistics Symposium,
3rd, Colorado Springs, CO, Apr. 30-May 2, 1990, Proceedings.
Huntsville, AL, Society of Logistics Engineers, 1990, 10 p. refs
An overview is provided of how the Columbus logistics support
is to be designed, focusing particularly on the engineering support
centers, where major Columbus logistics tasks are to be
undertaken. The functions necessary to ensure an effective logistics
ground support, in compliance with the available set of
requirements, are discussed. The necessary facilities and tools
that take into account the previously foreseen and/or existing
infrastructures are described. Interfaces with the other main
functions in the Columbus ground segment are identified with the
goal of achieving a logistics system properly integrated in the
overall Columbus ground infrastructures. It is shown that the
functions of the engineering support center are strictly correlated
and it is not easy to define the boundaries comprising one function
with the exclusion of the others. R.E.P.

A91-10904#

LOGISTICS FOR EUROPEAN MANNED SPACE FLIGHT

H. BARGL (ESG Elektronik System GmbH, Munich, Federal
Republic of Germany) and R. GOERLICH (FEG-Geselischaft fuer
Logistik mbH, Munich, Federal Republic of Germany) IN: Space
Logistics Symposium, 3rd, Colorado Springs, CO, Apr. 30-May 2,
1990, Proceedings. Huntsville, AL, Society of Logistics Engineers,
1990, 6 p. :

The results of an investigation into existing methods used in
logistics for military aviation and their application in manned space
flight programs are presented. For the Hermes and main Columbus
elements, a multielement, multimanufacturer logistics system should
be usable for all transportation and orbital systems, compatible
with external logistics systems such as NASA systems, uniform
with ESA-wide application of centralized logistics processes, and
adaptable to future or additional components, elements and
systems. It is shown that particular parallels exist when comparing
the operational characteristics of military aviation and spaceflight,
and, with appropriate modifications, these similarities in operational
characteristics also apply to logistics. R.E.P.

A91-10905#

SIMULATION - A FUNDAMENTAL SUPPORT IN THE
COLUMBUS LOGISTICS ACTIVITIES

G. F. DE LUCA, R. GRAZI, and S. MASULLO (Compagnia Italiana
Servizi Tecnici S.p.A., Rome, italy) IN: Space Logistics Symposium,
3rd, Colorado Springs, CO, Apr. 30-May 2, 1990, Proceedings.
Huntsville, AL, Society of Logistics Engineers, 1990, 12 p.

This paper illustrates how simulation can support the logistics
activities in its multiple tasks for Columbus, allowing to meet its
demanding requirements (such as training, on-board S/W updates,
and spare management. The diverse types of simulators (such as
S/W based tools, Engineering Models, and logistic models) are
analyzed as potential support to logistics activities, in order to
have an optimum apportionament of their capabilities. Reutilization
of tools or part of them already developed for other Columbus
tasks is assessed and proposed. Author

A91-10909*#  National Aeronautics and Space Administration,
Washington, DC.
EXPENDABLE LAUNCH VEHICLES IN SPACE STATION
FREEDOM LOGISTICS RESUPPLY OPERATIONS
J. STEVEN NEWMAN (NASA, Office of Space Flight, Washington,
DC), ROY L. COURTNEY, and PETER BRUNT (NASA, Space
Station Freedom Program Office, Reston, VA) IN: Space Logistics
Symposium, 3rd, Colorado Springs, CO, Apr. 30-May 2, 1980,
Proceedings. Huntsville, AL, Society of Logistics Engineers, 1990,
14 p. refs
Copyright

The projected Space Station Freedom (SSF) annual logistics
resupply requirements were predicted to exceed the 1988 baseline

MANAGEMENT SYSTEMS AND LOGISTICAL SUPPORT

Shuttle resupply system capability. This paper examines the
implications of employing a 'mixed fleet’ of Shuttles and ELVs to
provide postassembly, steady-state logistics resupply. The study
concluded that ELVs supported by the OMV could provide the
additional required resupply capability with one to three launches
per annum. However, the study determined that such a capability
would require significant programmatic commitments, including
baseline SSF OMV accommodations, on-orbit OMV monoprop
replenishment capability, and substantial economics investments.
The study also found the need for a half-size pressurized logistics
module for the increase in the efficiency of logistics manifesting
on the Shuttle as well as ELVs. Author

A91-10911*#
Pasadena.
MESSOC CAPABILITIES AND RESULTS

ROBERT SHISHKO (JPL, Pasadena, CA) IN: Space Logistics
Symposium, 3rd, Colorado Springs, CO, Apr. 30-May 2, 1990,
Proceedings. Huntsville, AL, Society of Logistics Engineers, 1980,
9p

Jet Propulsion Lab., California Inst. of Tech.,

MESSOC (Model for Estimating Space Station Operations
Costs) is the result of a multi-year effort by NASA to understand
and model the mature operations cost of Space Station Freedom.
This paper focuses on MESSOC's ability to contribute to life-cycle
cost analyses through its logistics equations and databases.
Together, these afford MESSOC the capability to project not only
annual logistics costs for a variety of Space Station scenarios,
but critical non-cost logistics results such as annual Station
maintenance crewhours, upweight/downweight, and on-orbit
sparing availability as well. MESSOC results using current logistics
databases and baseline scenaric have already shown important
implications for on-orbit maintenance approaches, space
transportation systems, and international operations cost sharing.
Author

A91-10913"#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

SPACE STATION LOCATION CODING THAT MAKES SENSE
LEONG W. LEW (NASA, Johnson Space Center, Houston, TX)
and WILLIAM J. PRAUS (Johnson Engineering Corp., Houston,
TX) IN: Space Logistics Symposium, 3rd, Colorado Springs, CO,
Apr. 30-May 2, 1990, Proceedings. Huntsville, AL, Society of
Logistics Engineers, 1990, 9 p.

An alphanumeric interior and exterior location coding system
for elements of the Space Station is presented as an aid in
identifying specific locations aboard the Station and possibly in
locating specific items of loose equipment stowed in these
locations. Past experience with long-duration missions has
demonstrated the difficulty of tracking loose equipment aboard
spacecraft. Inasmuch as over 50,000 items of loose equipment
must be accounted for aboard Space Station Freedom there is a
high potential for continuing difficulties in this area. It is shown
that the alphanumeric location coding system described is simple,
logical, and easy to use. R.E.P.

A91-10917#
APPLICATION OF OBJECT-ORIENTED PROGRAMMING TO
ON-ORBIT LOGISTICS SUPPORT
JOEL LUNA (Dynamics Research Corp., Andover, MA) IN: Space
Logistics Symposium, 3rd, Colorado Springs, CO, Apr. 30-May 2,
1990, Proceedings. Huntsville, AL, Society of Logistics Engineers,
1990, 9 p. refs

Evaluation of on-orbit logistics support of space systems
typically involves the examination of alternate support concepts
and scenarios. Conventional programming techniques take into
account these different concepts either by varying data inputs (a
heavier OMV has an increase in its mass input value) or by selecting
one of several sets of procedures each of which correspond to a
different concept. This paper proposes an alternative approach to
conventional programming methods using object-oriented
programming techniques. Particular advantages of object-oriented
programming versus conventional programming will be highlighted.
It will be shown how changes in support concepts can more easily

13
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and clearly be impiemented in an object-oriented environment. A
tradeoff analysis of effectiveness and cost between the support
concepts will be presented and discussed. Author

A91-10926#
ON-ORBIT SUPPORT - PAST, PRESENT, AND FUTURE
JOHN H. BURGER (Advanced Technology, Inc., Huntsville, AL)
IN: Space Logistics Symposium, 3rd, Colorado Springs, CO, Apr.
30-May 2, 1990, Proceedings. Huntsville, AL, Society of Logistics
Engineers, 1990, 9 p. refs

The results of studies that have identified the need for an
on-orbit support capability and confirmed the technical feasibility
and cost effectiveness of performing on-orbit support missions
are presented. The status and future direction of continuing studies
and development work are assessed, and requirements for future
development activities that will bring an on-orbit support capability
to reality are identified. It is shown that the ability to accomplish
on-orbit maintenance and support operations becomes increasingly
attractive as a means to reduce the cost of supporting the current
and future space systems to an affordable level and to provide
user flexibility. R.E.P.

A91-10927#
CONCEPT FOR AN EXPENDABLE LAUNCH VEHICLE
LOGISTICS RESUPPLY/SERVICING CARRIER
SAM M. DOMINICK (Martin Marietta Corp., Denver, CO)  IN:
Space Logistics Symposium, 3rd, Colorado Springs, CO, Apr.
30-May 2, 1990, Proceedings. Huntsville, AL, Society of Logistics
Engineers, 1990, 8 p. Research supported by Martin Marietta
Corp.
Copyright

The concept for an ELV-launched expendable logistics carrier
that can be utilized to both resupply useful cargo and to dispose
of unwanted cargo after the mission is completed is presented.
This system can carry out both of these operations on a single
ELV launch that would be used to complement the STS-based
Space Station Freedom logistics system, especially in a back-up
mode if the STS launches are delayed. As the carrier is initially
designed to be expendable, subsystems are kept to a minimum
and maximum utilization of Freedom-provided services (e.g.,
avionics and electrical power) is made. Finally, the carrier can be
manifested in different configurations depending on the mission
requirements, making it a flexible alternative to the STS resupply
system. R.E.P.

A91-10929*# Rutgers - The State Univ., Piscataway, NJ.
SPACE STATION PAYLOAD SCHEDULING

JAMES T. LUXHOJ (Rutgers University, Piscataway, NJ) and -

WILLIAM T. DAVIS (NASA, Langley Research Center, Hampton,
VA) IN: Space Logistics Symposium, 3rd, Colorado Springs, CO,
Apr. 30-May 2, 1990, Proceedings. Huntsville, AL, Society of
Logistics Engineers, 1890, 11 p. refs
A solution algorithm is presented for the scheduling of payloads
for NASA’s proposed Space Station. The payload scheduling
problem possesses some unique and unusual features that cannot
be adequately addressed using static scheduling theory. The
solution algorithm is demonstrated with a hypothetical Space
Station example that involves 10 payloads and 3 crewmembers
with a varied skill profile. A constrained version of the algorithm is
compared with three other scheduling heuristics through use of
the Space Station Operations Model which can simulate orbital
activities. The constrained solution algorithm outperforms the three
other scheduling heuristics in the minimization of makespan.
’ Author

A91-10930#

CALS AND LOGISTICS MANAGEMENT - HOW LOGISTICS
CAN IMPLEMENT THE CALS CONCEPT ON THE SPACE
STATION

D. ALBERG HORTON (Honeywell, Inc., Minneapolis, MN)  IN:
Space Logistics Symposium, 3rd, Colorado Springs, CO, Apr.
30-May 2, 1990, Proceedings. Huntsville, AL, Society of Logistics
Engineers, 1990, 7 p.

14

The new computer-aided acquisition and logistics support
(CALS) developments, intended to lead to weapons systems
improvements, and how these developments will benefit the Space
Station are presented. Methods by which logistics management,
employing CALS focal points, can creatively implement logistics
functions in the building and support of the Space Station are
discussed. Costs are more likely to continue to decrease as factors
in CALS implementation equations continue to change. As a driver,
lite cycle costs should be applied to CALS implementation. Logistics
management at all levels should implement these processes in
the Space Station development phases, with resulting savings in
space, weight, documentation, and supply costs. R.E.P.

A91-10940#
PRIORITIZING THE STANDARDIZATION OPPORTUNITIES
AVAILABLE TO LARGE SPACE SYSTEMS
ROSS A. DE JONG and DONALD M. KEITH (Dynamics Research
Corp., Arlington, VA) IN: Space Logistics Symposium, 3rd,
Colorado Springs, CO, Apr. 30-May 2, 1990, Proceedings.
Huntsville, AL, Society of Logistics Engineers, 1990, 11 p. refs
A methodology for focusing the standardization efforts of a
major space system in order to maximize logistics support benefits
is presented. The methodology incorporates a nonparametric
weighted-factor analysis to rank the design constraints in order to
emphasize those that provide the greatest possibility for
standardization benefits. Hardware form, function, and fit type
standardization techniques can be used at the system, subsystem,
system element, and component levels. These techniques and
top-down standardization, when utilized together, foster the
development of qualitative and quantitative standards for modular
components. In addition, the traditional benefits of standardization,
hidden benefits of standarization, and prioritization methodology
are discussed. R.E.P.

A91-10944"#  National Aeronautics and Space Administration,
Washington, DC.

SPACE STATION LOGISTICS POLICY - RISK MANAGEMENT
FROM THE TOP DOWN

GRANVILLE PAULES (NASA, Operations and Utilization Div.,
Washington, DC) and JAMES L. GRAHAM, JR. (Booz-Allen and
Hamilton, Inc., Space Systems and Technology Div., Bethesda,
MD) IN: Space Logistics Symposium, 3rd, Colorado Springs,
CO, Apr. 30-May 2, 1990, Proceedings. Huntsville, AL, Society of
Logistics Engineers, 1990, 11 p.

Considerations are presented in the area of risk management
specifically relating to logistics and system supportability. These
considerations form a basis for confident application of concurrent
engineering principles to a development program, aiming at
simultaneous consideration of support and logistics requirements
within the engineering process as the system concept and designs
develop. It is shown that, by applying such a process, the chances
of minimizing program logistics and supportability risk in the long
term can be improved. The problem of analyzing and minimizing
integrated logistics risk for the Space Station Freedom Program is
discussed. R.E.P.

A91-12332
AN EXPERT SYSTEM FOR HERMES IN-ORBIT OPERATIONS
GROUND SUPPORT
J. AMALRIC (Aerospatiale, Cannes; CNES, Toulouse, France), D.
DE GABAI, F. PAOLI, S. POUGET (Aerospatiale, Cannes, France),
and P. SENGENES (CNES, Toulouse, France) IN: Space
dynamics; Proceedings of the International Symposium, Toulouse,
France, Nov. 6-10, 1989. Toulouse, France, Cepadues-Editions,
1990, p. 865-892. :
Copyright

Application of a knowledge based system devoted to Ground
Control Center support during the Hermes in-orbit phase is
presented. Main functions of such a system are fault diagnosis
and mission planning. This paper details the study first development
step, aiming to design a mission planning mock-up.
Object-orientated formalism, goal-orientated programming and
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algorithmic modules driven by heuristics are the main features of
this mock-up modeling and architecture. Author

A91-13789*#  National Aeronautics and Space Administration, .

Washington, DC.
AN INNOVATIVE APPROACH FOR DISTRIBUTED AND
INTEGRATED RESOURCES PLANNING FOR THE SPACE
STATION FREEDOM
RHODA S. HORNSTEIN (NASA, Washington, DC), GERALD L.
SHINKLE (NASA, Johnson Space Center, Houston, TX), JERRY
D. WEILER (NASA, Marshall Space Flight Center, Huntsville, AL),
and JOHN K. WILLOUGHBY (Information Sciences, Inc.,
Englewood, CO) |AF, International Astronautical Congress, 41st,
Dresden, Federal Republic of Germany, Oct. 6-12, 1980. 8 p.
(IAF PAPER 90-084) Copyright

This paper presents a planning approach to the Space Station
Freedom program which takes into account the widely distributed
nature of that program. The program management structure is
organized into three major levels: a strategic level, a tactical level,
and an execution level. For each level, resource availabilities are
determined, the resources are distributed, schedules are built
independently within the resource limits, the schedules are
integrated into a single schedule, and conflicts are resolved by
negotiating requirements and/or relaxing contraints. This approach
distributes resources to multiple planning entities in such a way
that when the multiple plans are collected, they fit together with
minimal modification. The up-front distribution is planned in such
a way and to a sufficient degree that a fit is virtually assured.

C.D.

A91-13790#
THE MANNED SPACE-LABORATORIES CONTROL CENTRE -
MSCC: OPERATIONAL FUNCTIONS AND IMPLEMENTATION
H. BROGL (ESA, European Space Operations Center, Darmstadt,
Federal Republic of Germany), J. KEHR (DLR, Oberpfaffenhofen,
Federal Republic of Germany), and M. WLAKA (Dornier GmbH,
Friedrichshafen, Federal Republic of Germany) |AF, International
Astronautical ~ongress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 22 p.
(IAF PAPER 80-086) Copyright

The functions of the Manned Space Laboratories Control Center
{MSCC) during the operations of the Columbus Attached Laboratory
(CAL) and the Free-Flying Laboratory (FFL) are described.
Operational scenarios for MSCC are considered, including routine
operations of the Space Station Manned Base, servicing operations
at CAL, routine operation of the FF, and FF servicing at the Space
Station and by Hermes. MSCC communication and management
interfaces are examined, and implementation of the MSCC for the
Spacelab Mission D-2 is examined. The MSCC detailed definition
and qualification concept is discussed. C.D.

A91-13800#
AN EXPANDED SIMULATION OF SPACE STATION FREEDOM
OPERATIONS
EDMUND T. DEJULIO and KELLY L. FURLONG (Boeing Aerospace
Operations, Inc., Cocoa Beach, FL) IAF, International Astronautical
Congress, 41st, Dresden, Federal Republic of Germany, Oct. 6-12,
1990. 8 p.
(IAF PAPER 90-097) Copyright

A description of the simulation too! developed to model various
Space Station designs and operations plans is presented. The
model, called Simulation of Manned Space Station Logistics
Support, or SIMSYLS, allows designers and planners to
cooperatively evaluate the complex relationship of design to
operations. This paper describes the general features of the model,
focuses on the enhancements developed within the last year, and
suggests ways in which the simulation can be used to study and
consequently improve system effectiveness. Author
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A91-13801#
TRASYCOM, A TOOL FOR THE DETERMINATION OF SPACE
TRANSPORTATION LOGISTICS REQUIREMENTS,
DEMONSTRATED FOR A COLUMBUS FREE FLYER
SERVICING SCENARIO
B. BRAND and J. PULS (DLR, Oberpfaffenhofen, Federal Republic
of Germany) |AF, International Astronautical Congress, 41st,
Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 11 p.
(IAF PAPER 90-098) Copyright

For predicting the suitability of a space transportation system
to perform a given transportation-scenario a program system named
TRASYCOM (TRAnsportation SYstem COMparison) has been
developed. TRASYCOM carries out a superposition of the
requirement- and flight-scenario with intent to identify the payload
distribution to the single transportation system flights. The main
result of these calculations is the identification of critical flights,
i.e., the payload transportation capability is exceeded in mass or
volume. In addition to this, the number of flights and payload
capability required by a transportation system to accomplish a
given requirement-scenario can be established. Mass and volume
budgets, i.e., the determination of the actual mass and volume in
orbit, resulting from up- and down-flights, can also be performed.
A survey of the program structure is given, and a Columbus Free
Flyer (CFF) servicing scenario is discussed as an example.

Author

A91-13839*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
PERSONNEL LAUNCH SYSTEM DEFINITION
WILLIAM M. PILAND, THEODORE A. TALAY, and HOWARD W.
STONE (NASA, Langley Research Center, Hampton, VA)  IAF,
International Astronautical Congress, 41st, Dresden, Federal
Republic of Germany, Oct. 6-12, 1990. 12 p. refs
(IAF PAPER 90-160) Copyright

A lifting-body Personnel Launch System (PLS) is defined for
assured manned access to space for future U.S. space missions.
The reusable craft described is configured for refiable and safe
operations, maintainability, affordability, and improved operability,
and could reduce life-cycle costs associated with placing personnel
into orbit. Flight simulations show the PLS to be a very flyable
vehicle with very little control and propellant expenditure required
during entry. The attention to crew safety has resulted in the
design of a system that provides protection for the crew throughout
the mission profile. However, a new operations philosophy for
manned space vehicles must be adopted to fully achieve low-cost,
manned earth-to-orbit transportation. R.E.P.

A91-13840*#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
A PERSONNEL LAUNCH SYSTEM FOR SAFE AND EFFICIENT
MANNED OPERATIONS
ANDREW J. PETRO (NASA, Johnson Space Center, Houston,
TX), DANA G. ANDREWS, and ERIC D. WETZEL (Boeing Co.,
Seattle, WA) IAF, International Astronautical Congress, 41st,
Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 10 p.
(Contract NAS9-18255)
(IAF PAPER 90-161) Copyright

Several Conceptual designs for a simple, rugged Personnel
Launch System (PLS) are presented. This system could transport
people to and from Low Earth Orbit (LEO) starting in the late
1990’s using a new modular Advanced Launch System (ALS)
developed for the Space Exploration Initiative (SEl). The PLS is
designed to be one element of a new space transportation
architecture including heavy-lift cargo vehicles, lunar transfer
vehicles, and multiple-role spcecraft such as the current Space
Shuttle. The primary role of the PLS would be to deliver crews
embarking on lunar or planetary missions to the Space Station,
but it would also be used for earth-orbit sortie missions, space
rescue missions, and some satellite servicing missions. The PLS
design takes advantage of emerging electronic and structures
technologies to offer a robust vehicle with autonomous operating
and quick turnaround capabilities. Key features include an intact
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abort capability anywhere in the operating envelope, and elimination
of all toxic propellants to streamline ground operations. Author

A91-13841#
EVOLUTION IN HOPE CONCEPT AND FLIGHT EXPERIMENT
PLAN
HIROSHI MIYABA, TESTSUICHI ITO, YOSHISADA TAKIZAWA,
TOSHIO AKIMOTO, MOTOYUK! INABA (NASDA, Tsukuba Space
Center, Japan) et al. IAF, International Astronautical Congress,
41st, Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 8 p.
(IAF PAPER 90-162) Copyright

National Space Development Agency of Japan is conducting
conceptual design of HOPE, H-l Orbiting Plane. The purpose of
the current study is to establish the feasible concept of HOPE
and to prepare the technical bases. The primary mission of HOPE
is the Space Station Freedom/JEM logistics transportation. Besides
previous concept of ten ton class orbiter launched by H-Il rocket,
extended size orbiter concept has been studied along with
enhancement of H-I rocket. An orbiter derived from this study
weights 20 tons at lift off and has three to five tons of payload
capability. Subsystems design and technology development in such
field as aerodynamics, structure and materials, guidance, navigation
and control are in progress. In order to acquire the reentry flight
data, orbital reentry experiment is planned and under development
utilizing orbital flight opportunity of H-Il test flight in 1993. Author

A91-13844+#
ARIANE TRANSFER VEHICLE SCENARIO
NORBERT DEUTSCHER (MBB/ERNO, Bremen, Federal Republic
of Germany) and CLAUDE COUGNET (Matra Espace, Toulouse,
France) |AF, International Astronautical Congress, 41st, Dresden,
Federal Republic of Germany, Oct. 6-12, 1990. 8 p.
(IAF PAPER 90-166) Copyright

ESA’s Ariane Transfer Vehicle (ATV) is a vehicle design concept
for the transfer of payloads from Ariane 5 launch vehicle orbit
insertion to a space station, on the basis of the Ariane 5
program-developed Upper Stage Propulsion Module and Vehicle
Equipment Bay. The ATV is conceived as a complement to the
Hermes manned vehicle for lower cost unmanned carriage of
logistics modules and other large structural elements, as well as
waste disposal. It is also anticipated that the ATV will have an
essential role in the building block transportation logistics of any
prospective European space station. O.C.

A91-13845#
ARIANE TRANSFER VEHICLE STATUS
CHRISTOPHE BONNAL, FRANCIS THEILLIER (Aerospatiale,
Division Systemes Strategiques et Spatiaux, Les Mureaux, France),
and DAVID J. SALT (British Aerospace /Space Systems/, Ltd.,
Stevenage, England) |AF, International Astronautical Congress,
41st, Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 8
p. refs
(IAF PAPER 90-167) Copyright

ESA has since 1987 conducted studies for an Ariane Transfer
Vehicle (ATV) that will be able to bridge the distance between
the Ariane 5 launch vehicle and orbiting elements which must be
serviced. ATV’s reference mission involves the logistical support
of the Space Station Freedom through transport of such items as
unpressurized carriers or pressurized modules. After an attached
period of up to six months at the Station, the ATV can remove a
cargo of the Station’s waste products for disposal. A conceptual
development history of the ATV is presented with emphasis on
the ESA/NASA common design criteria that had to be addressed
to arrive at a suitable ATV architecture. O.C.

A91-13865*#  National Aeronautics and Space Administration,
Washington, DC.

HEAVY-LIFT LAUNCH VEHICLE OPTIONS FOR FUTURE
SPACE EXPLORATION INITIATIVES

DARRELL R. BRANSCOME and RONALD J. HARRIS (NASA,
Office ot Space Flight, Washington, DC) IAF, International
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Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 8 p.
(IAF PAPER 90-196) Copyright

A review of present heavy-lift launch vehicles (HLLV) capable
of placing heavy payloads in earth orbit is presented and the
basis for an emerging consensus that an HLLV will be required in
the near future is discussed. Some of the factors for the policies
governing the roles and requirements for these vehicles in the
future, such as cost, technology development, and lead time to
first use are addressed. Potential Space Station Freedom
application is discussed as well as application to the proposed
initiatives for human exploration of Mars and the moon. REP.

A91-14449# .
CONCEPT AND TECHNOLOGY DEVELOPMENT FOR HOPE
SPACEPLANE
TESTSUICHI ITO, TOSHIO AKIMOTO, HIROSHI MIYABA,
YASUOMI KANO, NORIO SUZUKI (NASDA, Tsukuba, Japan) et
al.  AlIAA, International Aerospace Planes Conference, 2nd,
Orlando, FL, Oct. 29-31, 1990. 9 p.
(AIAA PAPER 90-5223) Copyright

HOPE spaceplane has been studied for several years in
NASDA. The purpose of the current study is to establish the feasible
concept of HOPE and to prepare the technical bases. The primary
mission of HOPE is the Space Station Freedom/JEM logistics
transportation complementing with U.S. Space Shuttle fleet.
Besides previous concept of ten ton class orbiter launched by
H-II rocket, extended size orbiter concept has been studied along
with enhancement of H-1l rocket, which is called H-IID (derivative)
rocket. An orbiter derived from this study weighs 20t at lift off
and has three to five tons of payload capability, based on the
H-1ID configuration of H-II first stage with six solid boosters strapped
on. Subsystems design and technology development in such field
as aerodynamics, structure and materials, guidance-navigation and
control, and Space Station interface are in progress. in order to
acquire the reentry flight data, orbital reentry experiment is planned
and under development utilizing orbital flight opportunity of H-ll
test flight in 1993. These concepts are under review and trade off
in NASDA for establishing HOPE development scenario.  Author

A91-14963*#  National Aeronautics and Space Administration.
Goddard Space Fiight Center, Greenbelt, MD.
LESSONS LEARNED FROM THE HUBBLE SPACE TELESCOPE
PLANNING AND SCHEDULING SYSTEM IMPLEMENTATION
AND OPERATION
EDWARD O. RUITBERG and PAUL J. ONDRUS (NASA, Goddard
Space Flight Center, Greenbelt, MD) AIAA and NASA, International
Symposium on Space Information Systems, 2nd, Pasadena, CA,
Sept. 17-19, 1980. 7 p.
(AIAA PAPER 90-5039) Copyright

The major challenge of the NASA Hubble Space Telescope
(HST) Ground System has been the implementation of the planning
and scheduling system. This paper describes the operational flow
of HST from science proposals to the actual execution of science
observations on board the HST. The paper provides a collection
of lessons learned over the 10 years that have covered the
definition, development, test, and initial operation of HST’s planning
and scheduling system. Author

A91-15001*#  National Aeronautics and Space Administration.
Goddard Space Flight Center, Greenbelt, MD.
DISTRIBUTED PLANNING AND SCHEDULING FOR
INSTRUMENT AND PLATFORM OPERATIONS
LARRY G. HULL (NASA, Goddard Space Flight Center, Greenbelt,
MD), ELAINE R. HANSEN, and THOMAS P. SPARN (Colorado,
University, Boulder) AIAA and NASA, International Symposium
on Space Information Systems, 2nd, Pasadena, CA, Sept. 17-19,
1990. 11 p. refs
(AIAA PAPER 90-5090) Copyright

Distributed planning and scheduling for instruments and platform
operations in resource constrained environments are discussed.
NASA has repeatedly faced the situation of multiple users having
diftering goals, objectives, and requirements interacting with a
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planning and scheduling system. Current examples include the
Hubble Space Telescope and Space Station Freedom. The paper
provides a brief description of the instrument and platform
operations domain, discusses both traditional and distributed
planning and scheduling in the context of this domain, and looks
at examples of NASA environments in which planning and
scheduling is or will be performed in a distributed system.

Author

A91-15002*# McDonnell-Douglas Space Systems Co., Huntington
Beach, CA.
APPROACH TO TRANSACTION MANAGEMENT FOR SPACE
STATION FREEDOM
C. R. EASTON (McDonnell Douglas Space Systems Co., Huntington
Beach, CA), PHIL CRESSY (NASA, Washington, DC), T. E.
OHNESORGE, and GARLAND HECTOR (NASA, Johnson Space
Center, Houston, TX) AIAA and NASA, International Symposium
on Space Information Systems, 2nd, Pasadena, CA, Sept. 17-19,
1990. 9 p.
(AIAA PAPER 90-5091) Copyright

The Space Station Freedom Manned Base (SSFMB) will support
the operation of the many payloads that may be located within
the pressurized modules or on external attachment points. The
transaction management (TM) approach presented provides a set
of overlapping features that will assure the effective and safe
operation of the SSFMB and provide a schedule that makes
potentially hazardous operations safe, allocates resources within
the capability of the resource providers, and maintains an
environment conducive to the operations planned. This approach
provides for targets of opportunity and schedule adjustments that
give the operators the flexibility to conduct a vast majority of their
operations with no conscious involvement with the TM function.

R.E.P.

A91-16048*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

THE PERSONNEL LAUNCH SYSTEM

WILLIAM M. PILAND, THEODORE A. TALAY, and HOWARD W.
STONE (NASA, Langley Research Center, Hampton, VA)
Aerospace America (ISSN 0740-722X), vol. 28, Nov. 1990,
p. 18-21, 29.

Copyright -

NASA has begun to study candidate vehicles for manned
access to space in support of the Space Station or other future
missions requiring on-demand transportation of people to and from
earth orbit. One such system, which would be used to complement
the present Shuttle or an upgraded version, is the Personnel Launch
System (PLS), which is envisioned as a reusable priority vehicle
to place people and small payloads into orbit using an experimental
launch vehicle. The design of the PLS is based on a Space Station
crew changeout requirement whereby eight passengers and two
crew members are flown to the station and a like number are
returned within a 72 hour mission duration. Experimental and
computational aerothermodynamic heating studies have been
conducted using a new two-color thermographic technique that
involved coating the model with a phosphor that radiates at varying
color intensities as a function of temperature when illuminated
with UV light. A full-scale model, the HL-20, has been produced
and will be used for man-machine research. Three launch vehicle
concepts are being considered, a Titan IV, the Advanced Launch
System, and a Shuttle equipped with liquid rocket boosters.

R.E.P.

A91-16280+#
PREDICTING ACCELEROMETER ERRORS IN GROUND-BASED
TESTING OF LARGE FLEXIBLE STRUCTURES
ROGER C. THOMPSON (Pennsylvania State University, University
Park) AIAA and AAS, Astrodynamics Conference, Portland, OR,
Aug. 20-22, 1990. 8 p. refs
{Contract F49620-86-K-0014)
(AIAA PAPER 90-2915) Copyright

The purpose of the study is to investigate the dynamic coupling
effect for flexible structures in which the motion is not confined to
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a single mode. It is shown that an accelerometer can produce an
erroneous signal that is a function of the frequency of excitation,
the location of the sensor, and the mode shape of the structure.
The signal errors are shown to be a dynamic effect resulting from
the interaction of the sensor element and gravitational loading.
An analysis of gravity-induced accelerometer-signal errors is
performed for a thin uniform cantilevered beam in free and forced
vibration modes, and the analytical model obtained is used for
predicting the location where an accelerometer will produce a
zero output. Vv.T.

A91-21213° National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

ACTIVE VIBRATION CONTROL ACTIVITIES AT THE LARC -
PRESENT AND FUTURE

J. R. NEWSOM (NASA, Langley Research Center, Hampton, VA)
IN: U.S.-Japan Workshop on Smart/Intelligent Materials and
Systems, Honoluly, HI, Mar. 19-23, 1990, Proceedings. Lancaster,
PA, Technomic Publishing Co., Inc., 1990, p. 211-228. refs
Copyright ‘

The NASA Controls-Structures-Interaction (CSl) program is
presented with a description of the ground testing element
objectives and approach. The goal of the CSI program is to develop
and validate the technology required to design, verify and operate
space systems in which the structure and the controls interact
beneficially to meet the needs of future NASA missions. The
operational Mini-Mast ground testbed and some sample active
vibration control experimental results are discussed along with a
description of the CSI Evolutionary Model testbed presently under
development. Initial results indicate that embedded sensors and
actuators are effective in controlling a large truss/reflector
structure. R.E.P.

A91-27120#

INTER-OPERABILITY OF EUROPE’'S HERMES SPACEPLANE
WITH THE COLUMBUS FREE-FLYING LABORATORY, AND
WITH 'FREEDOM’ AND 'MIR’-TYPE SPACE STATIONS

F. DI MAURO, D. CORNIER, L. MARECHAL (ESA; CNES, Toulouse,
France), W. FEHSE, and A. TOBIAS (ESTEC, Noordwijk,

Netherlands) ESA Journal (ISSN 0379-2285), vol. 14, no. 4,
1990, p. 369-388.
Copyright

The Hermes spaceplane is adaptable to visiting other space
stations by using an expendable rear Hermes Resource Module
(HRM), which can accommodate special docking ports, berthing
mechanisms and utilities interfaces, as well as cargo for the station
being visited. The rendezvous and docking strategies are described,
with the focus on such related choices as the role of astronauts,
safe approach corridors, and the sizing of docking ports. The
interoperability makes space station operations less vulnerable and
the presence of man in space much safer. The in-orbit rendezvous
operations are discussed, and concepts for control zones,
contamination control, common devices such as docking
mechanisms, and communications packages used by the visiting
and visited vehicles are proposed. Cooperation between the space
community’s members is suggested, recommending that space
stations should standardize operations for visiting vehicles.
Servicing the European Columbus Free-Flying Laboratory is one
of Hermes's main task, but visits to Space Station Freedom and
the Soviet MIR station are also discussed. The system configuration
of Hermes, and its rendezvous and departure strategies are covered
in depth. A series of flow diagrams, explanatory charts and
interoperability rules is included. 0.G.

A91-27640

OPTIMAL SELECTION OF SPACE TRANSPORTATION FLEET
TO MEET MULTI-MISSION SPACE PROGRAM NEEDS
GEORGE W. MORGENTHALER and ALEX J. MONTOYA
(Colorado, University, Boulder) IN: Engineering, construction, and
operations in space |l; Proceedings of Space 90, the Second
international Conference, Albuquerque, NM, Apr. 22-26, 1990. Vol.
1. New York, American Society of Civil Engineers, 1990, p.
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656-665. refs
Copyright

This paper presents a linear integer programming launch vehicle
selection model and an example of a multimission space program
which can serve as a guidance of a future space program choices.
The space program considered is comprised of a LEO space
station, a polar platform, a geosynchronous space station, a lunar
base, a Mars astronaut fly-by, and a Mars base. This example
points to large logistic launch costs associated with multimission
space programs and emphasizes the need to minimize costs by
using mathematical optimization methods. 1.S.

A91-27675
A ROBOTICS TESTBED FOR IN-SPACE ASSEMBLY TASKS
JACK FABER (Colorado, University, Boulder), JOHN BLANCO, and
NICK WILDE IN: Engineering, construction, and operations in
space ll; Proceedings of Space 90, the Second International
Conference, Albuquerque, NM, Apr. 22-26, 1990. Vol. 2. New York,
American Society of Civil Engineers, 1990, p. 1025-1034.
Copyright

The operations testbed of the Center for Space Construction
at the University of Colorado is described. This testbed serves as
a centralized testing environment for interdisciplinary research in
the problems of construction and assembly in space. The three
main components are described: NoPumpG - a flexible user
interface system; OASIS (Operations and Science Instrument
Support) - a teleoperations package; and a SCORBOT robot with
its associated assembly mock-ups. Finally, integration efforts
involving all three components and some on-going robotics
assembly tasks using the robotics testbed are described. Author

A91-27721
APPLICATION OF STATISTICAL DISTRIBUTION THEORY TO
LAUNCH-ON-TIME FOR SPACE CONSTRUCTION LOGISTIC
SUPPORT
GEORGE W. MORGENTHALER (Colorado, University, Boulder)
IN: Engineering, construction, and operations in space |II;
Proceedings of Space 90, the Second International Conference,
Albuquerque, NM, Apr. 22-26, 1990. Vol. 2. New York, American
Society of Civil Engineers, 1990, p. 1462-1471. refs
Copyright

Actual unscheduled 'hold’ data for various launch vehicles are
used here in an attempt to determine suitable probability models
which can describe historical data and can be used for inputs to
broader simulations of launch vehicle logistic space construction
support processes. The models can also be used to determine
which launch operations cause the majority of the unscheduled
holds and how the operations can be changed to improve
launch-on-time. The ability of a compound distribution probability
model to fit the data is examined. The model is manipulated to
show how launch system changes can improve launch-on-time
statistics. C.D.

A91-27722
COLUMBUS GENERIC ELEMENT MANAGEMENT CONCEPT
JOHN SVED (MBB/ERNO Raumfahrttechnik GmbH, Bremen,
Federal Republic of Germany) IN: Engineering, construction,
and operations in space |l; Proceedings of Space 90, the Second
International Conference, Albuquerque, NM, Apr. 22-26, 1990. Vol.
2. New York, American Society of Civil Engineers, 1980, p.
1472-1481.
Copyright

The concept for largely autonomous onboard management of
the ESA Columbus project elements relies on the automation of
Operational procedures. Reconfigurable items are commanded in
sequence during execution of automated procedures that ensure
failure management during indeterminate system states. At other
times a new form of generalized decision tables will deal with
incomplete failure symptoms. Unacceptable operations are avoided
by the management of execution of a planned timeline of predefined
actions. The concept supports both unmanned and manned
systems. Author
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A91-27802*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

OPSMODEL, AN ON-ORBIT OPERATIONS SIMULATION
MODELING TOOL FOR SPACE STATION

WILLIAM T. DAVIS and ROBERT L. WRIGHT (NASA, Langley
Research Center, Hampton, VA) Journal of Spacecraft and
Rockets (ISSN 0022-4650), vol. 27, Nov.-Dec. 1990, p. 569, 570.
Abridged. Previously cited in issue 05, p. 639, Accession no.
A89-18309.

Copyright

A91-29689

AEROSPACE TESTING SEMINAR, 12TH, MANHATTAN
BEACH, CA, MAR. 13-15, 1990, PROCEEDINGS

Seminar sponsored by Institute of Environmental Sciences and
Aerospace Corp. Mount Prospect, IL, Institute of Environmental
Sciences, 1990, 239 p. For individual items see A91-29690 to
A91-29721.

Recent developments in the technology and management of
testing in the U.S. aerospace industry are discussed in reviews
and reports. Sections are devoted to the impact of Total Quality .
Management on testing, risk and cost management, innovative
testing and lessons learned, improved testing for launch systems,
Space Station testing, and software issues in testing. Particular
attention is given to eliminating waste in the test process, satellite
environmental testing cost benefits, motion- and force-controlled
vibration testing, Shuttle and Shuttle-C mixed-fleet processing
operations, environmental interactions on the Space Station,
integrated testing of the Space Station ECLSS at NASA Marshall,
a comprehensive software package for thermal vacuum test
monitoring, and real-time instrumentation control applications for
satellite system tests. Diagrams, drawings, graphs, photographs,
and tables of numerical data are provided. T.K.

A91-29715°#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
INTEGRATION BY PARTS
THOMAS BARRY (NASA, Johnson Space Center, Houston, TX)
and TERRANCE J. SCHEFFER (McDonnell Douglas Space
Systems Co., Huntington Beach, CA) IN: Aerospace Testing
Seminar, 12th, Manhattan Beach, CA, Mar. 13-15, 1990,
Proceedings. Mount Prospect, IL, Institute of Environmental
Sciences, 1990, p. 181-186. refs

This paper describes the unique integration and verification
challenges associated with the Space Station Freedom and an
approach to solve these problems using Data Management
Systems (DMS) Kits. These DMS Kits will help alleviate the complex
integration problems inherent in building, assembling and testing
the Space Station. Particular emphasis has been placed on utilizing
the capabilities and services of the on-board DMS to provide the
integration and verification tools, not only for the DMS but for the
other on-board distributed systems as well. DMS Kits are provided
to system/software developers across the program. These DMS
Kits provide a common set of integration and verification tools
and hardware. Each system developer can then utilize, through
the kits, a simulation of the complete data processing environment
which will be available on orbit. The paper describes the evolution
of the integration process from the system level to the final
integration of multiple launch packages. DMS Kits are used
throughout this process, which addresses both the ground and
on-orbit aspects of the problem. Author

A91-29724
THE LEGACY OF THE LIFTING BODY
STEPHAN WILKINSON Air and Space (ISSN 0886-2257), vol. 6,
Apr.-May 1991, p. 50-62.
Copyright

A review is presented of the lifting body programs that have
developed out of the overall space program. The project conceived
a ballistic capsule that could withstand the enormous forces and
temperatures of hypersonic flight during reentry, then make the
transition to supersonic and transonic speeds, but still maintain
enough lift so that at some point the vehicle could go subsonic
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and maneuver to a controlled landing rather than dropping into
the ocean. An early lifting body, the M2-F1 was designed, wind
tunnel tested, towed by car, and eventually towed in the air by a
C-47 to be released and glided down to earth. Upgraded versions
continued to be developed including the incorporation of rocket
engines for propulsion so that eventually the lifting body program
proved that wingless vehicles returning from orbital altitudes could
routinely be landed on runways. Today, the lifting body shape
seems to be the best way to handle the problems being
encountered in the design of the National Aerospace Plane using
scramjet engines at hypersonic speeds. Also, engineers at Langley
Research Center are studying a lifting body, the HL-20, that could
be launched to the Space Station atop an expendable booster
and returned to earth with passengers or cargo. R.E.P.

A91-30668" National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
THE VEHICLE CONTROL SYSTEMS BRANCH AT THE
MARSHALL SPACE FLIGHT CENTER
CHRIS BARRET (NASA, Marshall Space Flight Center, Huntsville,
AL) IN: TABES 90 - Annual Technical and Business Exhibition
and Symposium, 6th, Huntsville, AL, May 15, 16, 1990, Submitted
Papers. Huntsville, AL, Huntsville Association of Technical
Societies, 1990, p. 212-216. refs
(TABES PAPER 90-1805) Copyright

This paper outlines the responsibility of the Vehicle Control
Systems Branch at the Marshall Space Flight Center (MSFC) to
analyze, evaluate, define, design, verify, and specify requirements
for advanced launch vehicles and related space projects, and to
conduct research in advanced flight control concepts. Attention is
given to branch responsibilities which include Shuttle-C, Shuttle-C
Block I, Shuttle-Z, lunar cargo launch vehicles, Mars cargo launch
vehicles, orbital maneuvering vehicle, automatic docking, tethered
satellite, aeroassisted flight experiment, and solid rocket booster
parachute recovery system design. Author

N91-10091#  Messerschmitt-Boelkow-Blohm/Entwicklungspring
Nord, Bremen (Germany, F.R.). Dienstleistungsbereich.
COLUMBUS LOGISTICS SUPPORT. A CONCEPTIONAL
DEFINITION OF THE OPERATIONAL PHASE

H. J. C. KOOPMANN and MIKE C. ATTWOOD 1990 9 p
(MBB-UO-0093-90-PUB; ETN-90-97837; OTN-027616) Avail:
NTIS HC/MF A02 '

In order to logistically support the systems included in the
Columbus program, logistic support concepts and facilities are
developed. The logistics support functions for the Columbus
operational phase includes the identification of major facility
requirements and recommendations for support of the
implementation planning. These tasks have to be complemented
by the definition and implementation of a logistics support system
and its related facilites and proceedings. Emphasis is given to
the logistics functions which drive facility requirements, on general
considerations for a long term support program, e.g., centralization
aspects, and on the intended implementation approach. ESA

N91-10108#  Messerschmitt-Boelkow-Blohm/Entwicklungspring
Nord, Bremen (Germany, F.R.). Dienstleistungsbereich.
COLUMBUS ELEMENTS PROCESSING NEEDS AT KSC
DIETER HUSUNG 1990 10 p
(MBB-UO-0092-90-PUB; ETN-90-97836; OTN-027615) Avail:
NTIS HC/MF A02

The Columbus Attached Laboratory will form an integral part
of the Space Station Freedom and the Columbus Free Flying
Laboratory will use the Space Station Freedom as a servicing
base. The ground processing support for the initial delivery of the
Columbus Attached Laboratory, payload outfitting launches, and
the periodic resupply launches for both the Attached Laboratory
and the Free Flyer is presented. The acceptance approach of
flight hardware at the European facilities and the concepts for
shipment to and essential processing at the launch site, are
described. Primarily addressed is the intented use of the Space
Station processing facility for these Columbus needs. A summary
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is presented in a scenario covering upload and download
processing for the Columbus elements at KSC (Kennedy Space
Center), Florida, U.S. ‘ ESA

N91-10793*# Research Inst. for Advanced Computer Science,
Moftett Field, CA.
THE INTEGRATED SCHEDULING SYSTEM: A CASE STUDY IN
PROJECT MANAGEMENT
PETER C. BISHOP, DAVID B. LEARNED, and CISSY A. YOES
Oct. 1989 117 p
(Contract NCC9-16)
(NASA-CR-187261; NAS 1.26:187261) Avail: NTIS HC/MF A06
CSCL 05A

A prototype project management system was developed for
the Level Il Project Office for the Space Station Freedom. The
main goal was to establish a framework for the Space Station
Project Office whereby Project and Office Managers can jointly
establish and review scheduled milestones and activities. The
objective was to assist office managers in communicating their
objectives, milestones, schedules, and other project information
more effectively and efficiently. Consideration of sophisticated
project management systems was included, but each of the
systems had limitations in meeting the stated objectives.  Author

N91-11391*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
DATA BASE ARCHITECTURE FOR INSTRUMENT
CHARACTERISTICS CRITICAL TO SPACECRAFT
CONCEPTUAL DESIGN
LAWRENCE F. ROWELL and CHERYL L. ALLEN  Washington
Nov. 1990 32 p
(NASA-TM-4213; L-16748; NAS 1.15:4213) Avail: NTIS HC/MF
A03 CSCL 09B

Spacecraft designs are driven by the payloads and mission
requirements that they support. Many of the payload characteristics,
such as mass, power requirements, communication requirements,
moving parts, and so forth directly affect the choices for the
spacecraft structural configuration and its subsystem design and
component selection. The conceptual design process, which
translates mission requirements into early spacecraft concepts,
must be tolerant of frequent changes in the payload complement
and resource requirements. A computer data base was designed
and implemented for the purposes of containing the payload
characteristics pertinent for spacecraft conceptual design, tracking
the evolution of these payloads over time, and enabling the
integration of the payload data with engineering analysis programs
for improving the efficiency in producing spacecraft designs.
In-house tools were used for constructing the data base and for
performing the actual integration with an existing program for
optimizing payload mass locations on the spacecraft. Author

N91-12741#  Messerschmitt-Boelkow-Blohm G.m.b.H., Bremen
(Germany, F.R.). Space Systems Group.
SPACECRAFT AUTONOMY CONCEPT VALIDATION BY
SIMULATION: A FEASIBILITY ASSESSMENT
U. PAPE, A. N. PIDGEON (VEGA Space Systems Engineering,
Saint-Albans, England ), J. SVED, and R. WILKEIT 1990 6 p
Prepared in cooperation with Erno Raumfahrttechnik G.m.b.H.,
Bremen, Fed. Republic of Germany
(MBB-UO-0100-90-PUB; ETN-90-98158) Avail: NTIS HC/MF
A02

An assesment of the feasibility of simulating the functionality
of an autonomous spacecraft and its ground control system by
enhancing a simulator and control system is presented. The
distributed, hierarchical onboard architecture based on an earlier
ESA study, the Standard Generic Approach to Spacecraft
Autonomy and Automation (SGASAA), is described. The
architecture uses onboard tools for autonomous replanning and
enhanced failure diagnosis. The ground control system will change
to enable onboard event reconstruction and the implementation
of the autonomous spacecraft simulator will reveal changes in the
ground bases missions support role. ESA
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N91-13363*# Research Inst. for Advanced Computer Science,
Moffett Field, CA.
FACTORS SHAPING THE EVOLUTION OF ELECTRONIC
DOCUMENTATION SYSTEMS
CHRISTOPHER J. DEDE, TIM R. SULLIVAN, and JACQUE R.
SCACE 1990 128 p
(Contract NCC9-16)
(NASA-CR-187257; NAS 1.26:187257) Avail: NTIS HC/MF A07
CSCL 05/2

The main goal is to prepare the space station technical and
managerial structure for likely changes in the creation, capture,
transfer, and utilization of knowledge. By anticipating advances,
the design of Space Station Project (SSP) information systems
can be tailored to facilitate a progression of increasingly
sophisticated strategies as the space station evolves. Future
generations of advanced information systems will use increases
in power to deliver environmentally meaningful, contextually
targeted, interconnected data (knowledge). The concept of a
Knowledge Base Management System is emerging when the
problem is focused on how information systems can perform such
a conversion of raw data. Such a system would include traditional
_management functions for large space databases. Added artificial
intelligence features might encompass co-existing knowledge
representation schemes; effective control structures for deductive,
plausible, and inductive reasoning; means for knowledge
acquisition, refinement, and validation; explanation facilities; and
dynamic human intervention. The major areas covered include:
alternative knowledge representation approaches; advanced user
interface capabilities; computer-supported cooperative work; the
evolution of information system hardware; standardization,
compatibility, and connectivity; and organizational impacts of
information intensive environments. Author

N91-15212# European Space Agency, Paris (France).
INTERNATIONAL SYMPOSIUM ON ENVIRONMENTAL
TESTING FOR SPACE PROGRAMMES: TEST FACILITIES AND
METHODS
T. DUC GUYENNNE, ed. and JAMES J. HUNT, ed. Sep. 1990
535 p In ENGLISH and FRENCH Symposium held in Noordwijk,
Netherlands, 26-29 Jun. 1990; sponsored by ESA
(ESA-SP-304; ISBN-92-9092-058-0; ISSN-0379-6566;
ETN-91-98342) Copyright Avail: NTIS HC/MF A23
Organizational aspects cover verification concepts, product
assurance, and safety and test centers. Thermal application
facilities and electromagnetic testing facilities are described.
Mechanical applications cover acoustics and dynamic testing.
Facilities for special applications are included.

N91-15221# Aerospace Corp., El Segundo, CA.
THE EFFECTIVENESS AND COST BENEFITS OF SATELLITE
ENVIROMENTAL ACCEPTANCE TESTS
0. HAMBERG, W. F. TOSNEY, and C. A. BRACKIN /n ESA,
International Symposium on Environmental Testing for Space
Programmes: Test Facilities and Methods p 69-73  Sep. 1990
Copyright  Avail: NTIS HC/MF A23

The effectiveness of satellite environmental acceptance tests
in reducing early flight failures and the economic benefits of flight
failure avoidances versus the cost of performing the tests are
discussed. The results indicate that satellite early flight failures
decrease with increases in the degree of environmental testing.
For two programs used as case studies, the economic benefits
due to environmental testing are shown to exceed the cost of the
tests. Recommendations for future cost benefit studies using a
predictive methodology are made. ESA

N91-15222# European Space Agency. European Space
Research and Technology Center, ESTEC, Noordwijk
(Netherlands). Product Assurance Dept.

SAFETY ANALYSIS APPLIED TO TEST/VERIFICATION OF
ESA SPACE SYSTEMS

T. A. MEAKER, C. PREYSSL, and N. WATTS /n its International
Symposium on Environmental Testing for Space Programmes: Test

20

Facilities and Methods p 75-80 Sep. 1990
Copyright  Avail: NTIS HC/MF A23

A safety analysis of test/verification of ESA space systems is
presented. The system safety approach of ESA aims at the
protection of life, and the minimization of risk of loss to space
systems. Systematic safety analysis and hazard and risk reduction
are drivers for the design and operation of ESA environmental
test facilities and provide a major influence on the definition of
test article specific operation procedures. ESA

N91-15225# Tsukuba Space Center, |baragi (Japan).
MANAGEMENT AND OPERATION OF ENVIRONMENTAL TEST
FACILITY COMPLEX
T. OKUDA, M. TSUCHIYA, K. NOZAWA, T. YOSHIDA, K. TOMITA,
and M. KINOSHITA (Advanced Engineering Services Co. Ltd.,
Isukuba City, Japan ) In ESA, International Symposium on
Environmental Testing for Space Programmes: Test Facilities and
Methods p 95-98 Sep. 1990
Copyright  Avail: NTIS HC/MF A23

The Spacecraft Integration and Test Building (SITE) was built
by the National Space Development Agency of Japan (NASDA) in
1989, and is designed to perform developmental tests on future
use large scale test objects such as large satellites which would
be launched by H-2 rockets, space stations, space planes and so
on. Many kinds of facilities are confined to one building with a
fully sufficient test area which results in high test performance
and paralle! test plans availability. The operation and management
of the SITE building and facilities are collectively controlled from
an operation and control room. Test operations are carried out by
contractors and supervised by NASDA to ensure safety and
reliability. The management and operation of SITE are described.

ESA

N91-15226# Academia Sinica, Beijing (China). Inst. of
Environmental Test Engineering.
ENVIRONMENTAL TESTING FOR CHINESE
COMMUNICATIONS SATELLITES
SHOU-QUAN KE and XUN-SHU JiN In ESA, International
Symposium on Environmental Testing for Space Programmes: Test
Facilities and Methods p 99-101  Sep. 1990
Copyright  Avail: NTIS HC/MF A23

An introduction to environmental testing program for Chinese
communications satellites is presented. Some environmental tests
at component, subsystem and system levels are described. The
tests ensured successful entry and operation of communications
satellites into geosynchronous orbits. ESA

N91-15227# Rotem Industries Ltd., Beer-Sheva (lsrael).
THERMAL DESIGN AND CONTROL OF SPACE SIMULATION
CHAMBERS IN ISRAEL
S. GRUNTMAN, E. KOCHAVI, J. OREN, E. TARAGAN, and M.
ARAD /n ESA, International Symposium on Environmental Testing
for Space Programmes: Test Facilittes and Methods p 103-106
Sep. 1990
Copyright  Avail: NTIS HC/MF A23

A set of space simulation chambers designed, manufactured,
and constructed for Israeli space industry is considered. These
chambers vary in size and in their thermal vacuum performances.
Some of the thermal and control systems of these chambers are
described and the considerations involved when determining the
concepts of the thermal and control systems are discussed.

ESA

N91-15228# Tsukuba Space Center, lbaragi (Japan).
THIRTEEN METER DIAMETER SPACE SIMULATION TEST
FACILITY
Y. NAKAMURA, T. TOMITA, N. ARATANI, S. IWASA, and S.
SATOH /In ESA, International Symposium on Environmental
Testing for Space Programmes: Test Facilities and Methods p
107-112  Sep. 1990
Copyright  Avail: NTIS HC/MF A23

The National Space Development Agency of Japan (NASDA)
built a new spacecraft test center at Tsukuba Space Center (Japan)
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to cope with space activities in the next generation. The new test
center called Spacecraft Integration and Test building (SITE)
accommodates space simulation test facility, acoustic test facility,
vibration test facility as main test facilities, and also alignment
measuring system, mass properties measuring system, and
integrated data handling system. The space simulation test facility
has a usable volume of 13 m in diameter and 16 m in length,
and has solar simulator of 6 m effective diameter. Design and
performance of the facility is described. ESA

N91-15229# Tsukuba Space Center, |Ibaragi (Japan).
SIXTEEN HUNDRED CUBIC METER ACOUSTIC TEST
FACILITY
M. FUJITA and S. IIDE /n ESA, International Symposium on
Environmental Testing for Space Programmes: Test Facilities and
Methods p 113-116  Sep. 1990
Copyright  Avail: NTIS HC/MF A23

A new acoustic test facility, which is used for the acoustic test
of the large spacecraft, was constructed in the Spacecraft
Integration Test Building (SITE) at Tsukuba Space Center (Japan).
The facility simulates the high intensity sound field, which is
expected to occur during lift off and flight of the H-2 launch vehicle.
After the facility was completed in September 1989, an acoustic
test of the ETS-6 which is a 2 ton class geostationary satellite to
be launched in 1993, was performed in October 1989. The design
concept and the performance of the facility is described. ESA

N981-15230# Intespace, Toulouse (France).
SIMMER (SIMMER]) :
G. BOURES and G. VISIGNY /n ESA, International Symposium
on Environmental Testing for Space Programmes: Test Facilities
and Methods p 121-129  Sep. 1990 In FRENCH
Copyright  Avail: NTIS HC/MF A23

The objectives of the SIMMER thermal vacuum chamber are
outlined. SIMMER basically will consist of a horizontal cylinder 10
m in diameter incorporating the following general specifications:
variable temperature of -173 to 100 C, vacuum 10 to 5 mbar,
1500 measuring lines. The SIMMER design and system is
described. Thermal flexibility, integration with existing test facilities,
simple pre and post tests, confidential testing, cost reduction in
utilization and maintenance, availability and accessibility, are to
be taken into account in optimization. ESA

N91-15234# Liege Univ. (Belgium). IAL Space.
IAL SPACE FACILITIES FOR THERMAL VACUUM TESTING
M. HENRIST, J. P. MACAU, |. DOMKEN, and A. CUCCHIARO
/In ESA, International Symposium on Environmental Testing for
Space Programmes: Test Facilities and Methods p 149-155 Sep.
1990
Copyright  Avail: NTIS HC/MF A23

The thermal vacuum facilities of |IAL Space Research Center
of the University of Liege (Belgium) for testing of the ESA payloads
are addressed. They progressively upgraded for cryogenic payloads
including 4 K (liquid helium temperature) experiments. The three
vacuum chambers, ranging from 1.5 to 5 m diameter, including
the corresponding capabilities in the vacuum, thermal and optical
fields are reviewed. The various aspects of cleanliness, product
assurance and quality control are presented. ESA

N91-15235# Liege Univ. (Belgium). IAL Space.
ISO OPTICAL CRYOGENIC TESTS IN THE IAL SPACE
FOCAL-5 FACILITY
|. DOMKEN, P. GILSON, and A. CUCCHIARO /n ESA, International
Symposium on Environmental Testing for Space Programmes: Test
Facilities and Methods p 157-162 Sep. 1990
Copyright  Avail: NTIS HC/MF A23

Experimental constraints and set up for the ESA ISO (Infrared
Space Observatory) payload cryogenic temperature tests are
described. The cool down and warm up of the optics and telescope
assembly without inducing of excessive material stresses is
discussed. The support structure for maintenance of optical
alignment is described. A general view of the FOCAL-5 facility is
presented. The qualification of the payload measurement
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requirements are considered: image quality of the telescope through
wave front error measurements and optical alignment of the
scientific instruments with respect to the telescope axis and
focus. ESA

N91-15236#  European Space Agency. European Space
Research and Technology Center, ESTEC, Noordwijk
(Netherlands).
IONOSPHERIC PLASMA SIMULATION IN A LARGE SPACE
SIMULATOR
J.-P. LEBRETON, Y. ARNAL, and R. DEBRIE (Institut National
des Sciences Appliquees, Routen, France ) /n its International
Symposium on Environmental Testing for Space Programmes: Test
Facilities and Methods p 163-164 Sep. 1990
Copyright  Avail: NTIS HC/MF A23

Environmental plasma tests which were carried out in the large
space simulator are described. The mock up of the French/Soviet
polar orbiting magnetospheric satellite ARCAD-3, equipped with
its scientific payload and some subsystems, and the Spacelab-1
charged particle beam experiment PICPAB, were subjected to the
tests. The characteristics of the plasma conditions which can be
simulated in large space simulator are described; typically Low
Earth Orbital (LEQ) plasma conditions and the ionospheric
environment of other planetary bodies, like Mars and Titan, targets
of currently planned missions, are discussed. ESA

N91-15237# Fokker Space and Systems, Amsterdam
(Netherlands). Thermal Control Dept.
REPRESENTATION OF EARTHSHINE IMPACT IN THE ERS-1
EM PAYLOAD TB/TV-TEST
W. KRUIDHOF, A. KAMP, and E. BOSLOOPER /n ESA,
Internationa! Symposium on Environmental Testing for Space
Programmes: Test Fagcilities and Methods p 165-171  Sep. 1990
Copyright Avail: NTIS HC/MF A23

The ERS-1 EM (Electronics Module) payload was tested in the
LSS (Large Space Simulator) facility in June/July 1989. The test
included a Thermal Balance (TB) and a Thermal Vacuum (TV)
test. For the thermal balance test an inventory was made of the
need and the possibilities to compensate the missing earthshine
during the test. A tradeoff taking into account all constraints on
technical aspects (hardware and simulation) and cost and schedule
aspects, was made, and resulted in the application of test heaters
on the ERS-1. During the tradeoff period a radiometer was used
in the ERS-1 EM thermal balance test to determine the radiative
heat flux on some radiator areas of the payload electronics
module. ESA

N91-15245#  National Research Council of Canada, Ottawa
(Ontario). Inst. for Aerospace Research.
PERFORMANCE AND OPERATIONAL CAPABILITIES OF THE
LARGE EUROPEAN ACOUSTIC FACILITY (LEAF)
F. SLINGERLAND, G. M. ELFSTROM, and W. E. GRUEN
(European Space Agency. European Space Research and
Technology Center, ESTEC, Noordwijk, Netherlands ) /n ESA,
International Symposium on Environmental Testing for Space
Programmes: Test Facilities and Methods p 241-247  Sep. 1990
Copyright Avail: NTIS HC/MF A23

LEAF is a 1677 cubic m reverberant chamber for the acoustic
testing of satellites, recently installed at ESTEC. An extensive
program of performance testing was just completed. Measured
performance is compared with specifications and predictions in
the areas of: nitrogen supply stability; sound field levels, uniformity
and stability; chamber vibration; external disturbances during
chamber operation. ESA

N91-15256# Deutsche Forschungsanstalt fuer Luft- und
Raumfahrt, Goettingen (Germany, F.R.). Inst. for Aeroelasticity.
EXPERIENCES WITH AND PROSPECTS FOR DYNAMIC
MECHANICAL TESTING OF SPACECRAFT STRUCTURES

M. DEGENER and H. HUENERS /n ESA, International Symposium
on Environmental Testing for Space Programmes: Test Facilities
and Methods p 309-315 Sep. 1990

Copyright  Avail: NTIS HC/MF A23
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Spacecraft structures are subjected to severe environmental
mechanical loads especially during the launch phase. By means
of flight load analysis using a dynamic mathematical model
spacecraft have to be qualified to withstand all load events
occurring during this phase. To verify the mathematical model of
the spacecraft, system identification by means of experimental
mechanical testing is a prerequisite. One of the most powerful
methods for experimental system identification is the modal survey
test based on the phase resonance method. The features of the
modal survey test facility, with special emphasis on applications
experiences, and improvements in the testing of current spacecraft
structures are described. A second important field of mechanical
testing is qualification testing by realistic simulation of the flight
loads. In general, this is still being done by uniaxial shaker tests.
Current trends in the development of multi axis vibration simutation
systems are reviewed. ESA
N91-15261#  Aeritalia S.p.A., Turin (ltaly). Space Systems
Group.

IRIS SPIN AND DEPLOYMENT TEST

P. MESSIDORO, M. BALLESIO, and M. MODENA  /n ESA,
International Symposium on Environmental Testing for Space
Programmes: Test Facilities and Methods p 347-358  Sep. 1990
Copyright  Avail: NTIS HC/MF A23

An attempt to simulate zero gravity effects in some particular
tests is presented. The Italian research interim stage (IRIS) system
characteristics and program, the test philosophy, the set up, and
the instrumentation, are presented. Details on elaboration and
evaluation criteria are included together with a presentation of
test results. Judgement and final conclusions of these types of
test, along with the relevant problems and possible improvements,
are provided. A VHS system movie is provided as integrating
documentation, in which a general overview of overall test activities
is presented with an English commentary. ESA

N91-15262# Commissariat a I'Energie Atomique, Le Barp
(France). CESTA Centrifuge Facility.
APPLICABILITY OF CENTRIFUGE TO TEST SPACE
PAYLOADS
R. LABROT, Y. MARTIN, and C. PASCAL /n ESA, International
Symposium on Environmental Testing for Space Programmes: Test
Facilities and Methods p 359-362 Sep. 1990 In FRENCH,;
ENGLISH summary
Copyright Avail: NTIS HC/MF A23

Due to its technical performances and capacity, the centrifuge
tacility described remains the best adapted testing facility in Europe
for static acceleration simulation for satellites or satellite elements
during the propulsion phase. The facility makes it possible to create
a field of uniform constraints highlighting possible structural failures
that may arise. The model to be tested is placed at the end of a
10 m radius arm end subjected to the requested static acceleration.
For space activities, the accelerations never go over 25 g but the
centrifuge facility can take 2 T up to 100 g. A computer controlled
measurement unit enables the acquisition of physical parameters
(strain gage, shift, etc.), with a capacity of 200 chanels. The facility
can test components under combined environments: climatic,
vibration, and static acceleration. ESA

N91-15270# European Space Agency. European Space
Research and Technology Center, ESTEC, Noordwijk
(Netherlands).
HIGH ACCURACY PHOTOGRAMMETRIC SYSTEM FOR THE
LARGE SPACE SIMULATOR AT ESTEC
N. NIKOLAIZIG and W. WESTER-EBBINGHAUS (Technische Univ.,
Brunswick, Germany, F.R. ) /n its International Symposium on
Environmental Testing for Space Programmes: Test Facilities and
Methods p 409-412 Sep. 1990
Copyright Avail: NTIS HC/MF A23

The inclusion of close range photogrammetry into the Large
Space Simulator (LSS), as useful in three dimensional coordinate
measurement of large spacecraft structures, is addressed. The
basic principles of close range photogrammetry are outlined. The
specific requirements imposed on a photogrammetry system to
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be employed in space simulation test facilities are reflected.
Candidate photogrammetry systems comprising cameras,
automated monocomparators as well as data reduction software
are presented. Concepts to integrate such a system into the LSS
and operational aspects are addressed. ESA

N91-15286#
(England).
AN RF ANECHOIC LOAD ASSEMBLY FOR USE DURING
SPACECRAFT SOLAR SIMULATION TESTING
P. HINCHLEY /n ESA, International Symposium on Environmental
Testing for Space Programmes: Test Facilities and Methods p
521-527 Sep. 1990
Copyright  Avail: NTIS HC/MF A23

With any multicarrier communications spacecratft it is important,
once the connection of the high power RF interfaces have been
made during the assembly and integration phase, that those
interfaces are not disturbed if the RF integrity is to be maintained.
However, an integral and important component of the protoflight
and flight acceptance environmental test phases of a
communications spacecraft is the on station Solar Simulation Test
(SST). During this test the communications’ performance
parameters are required to be checked over the in orbit operational
temperature range. To enable the on station SST to be conducted
without demating the high power interfaces and thus allowing the
transmit antenna arrays to develop the full designed Effective
Isotropic Radiated Power (EIRP), the RF energy has to be
absorbed. The design, development and subsequent use of the
RF anechoic load used during the SST on the IMARSAT-2 program
are described. ESA

British Aerospace Public Ltd. Co., Stevenage

N91-15287# European Space Agency. European Space
Research and Technology Center, ESTEC, Noordwijk
(Netherlands).
RADIATING PAYLOAD TESTING IN THE LARGE COMPACT
PAYLOAD TEST RANGE AT ESTEC
J. REDDY and P. BENGTSSON /n jts International Symposium
on Environmental Testing for Space Programmes: Test Facilities
and Methods p 529-532 Sep. 1990
Copyright Avail: NTIS HC/MF A23

As satellites and their payloads become more complex, the
means by which the in orbit performance can be verified on the
ground also become more complex. This is particularly true for
radiating payloads where the satellite itself is a part of a complex
system comprising ground, in orbit and ground/sea/air segments.
The European Space Research and Technology Center (ESTEC)
Compact Payload Test Range (CPTR) which was developed to
allow RF performance measurements (including electromagnetic
compatibility) for payloads including multibeam communications,
reconfigurable antennas, phased arrays and synthetic aperture
radars, is described. ESA

N91-15288# Physikalisch-Technische Studien G.m.b.H., Freiburg
(Germany, F.R.).
A COMBINED TEST FACILITY FOR SPACE RESEARCH AND
TECHNOLOGY
G. STASEK, R. WIRTH, and P. SEIDL /n ESA, International
Symposium on Environmental Testing for Space Programmes: Test
Facilities and Methods p 535-539 Sep. 1990
Copyright Avail: NTIS HC/MF A23

The combined test facility IONospheric Atmospheric Simulator
(IONAS), suitable for testing even large satellite subsystems in
simulated low Earth orbital and geosynchronous Earth orbital space
environments, is described. Numerous combinations with light,
plasma, electron sources and various optical systems cover a
wide range of potential experiment specific requirements. The most
important technical aspects of the facility and of the various add
on systems are summarized and typical applications are
presented. ESA
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N91-15289# Industrieanlagen-Betriebsgeselischaft m.b.H.,
Ottobrunn (Germany, F.R.).
EVALUATION OF AIRBORNE AND SETTLED PARTICULATE
CONTAMINATION IN A CONTROLLED ENVIRONMENT FOR
SPACECRAFT TESTING AND MOLECULAR CONTAMINATION
MEASUREMENTS DURING SPACECRAFT THERMAL VACUUM
TESTS
H. ABELE and F. RESCH /n ESA, International Symposium on
Environmental Testing for Space Programmes: Test Facilities and
Methods p 541-546 Sep. 1980
Copyright  Avail: NTIS HC/MF A23

The two kinds of particle contamination monitoring are airborne
and settled particulate contamination measurement. The
experiences gained with both methods in a controlled environment
are prasented. It is demonstrated that particle deposition is heavily
dependent on the amount of activities even if the number of
airborne particles remains unchanged. An attempt is made to
compare the results of both measurement methods. Not only
particulate contamination can become critical for spacecraft but
also the effects of molecular organic contamination. Different
methods for the detection of the molecular contamination exist
but only few provide the capability of material species identification.
Results obtained with the indirect method of molecular
contamination measurement are described. Results of the
molecular contamination measurements inside a space simulation
chamber during tests and dry runs are presented. ESA

N81-15290# Industrieanlagen-Betriebsgesellschaft m.b.H.,
Ottobrunn (Germany, F.R.).
PUMPDOWN AND REPRESSURIZATION PROCEDURE FOR
THERMAL VACUUM TESTS
H. E. NUSS and I. STREUFF /n ESA, International Symposium
on Environmental Testing for Space Programmes: Test Facilities
and Methods p 547-550 Sep. 1990
Copyright  Avail: NTIS HC/MF A23

Molecular contamination of spacecraft during assembly,
integration and environmental testing is a continuing subject for
the present and future programs because of its significant impact
on spacecraft performance. The pumpdown and repressurization
procedure fo- space simulation and thermal vacuum chamber
WSA/TVA is described. The sequence was optimized with respect
to potential contamination and to facility operation. ESA

N91-15714*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

SUBSYSTEMS COMPONENT DEFINITIONS SUMMARY
PROGRAM

A. DON SCOTT, CAROLYN C. THOMAS, LISA C. SIMONSEN,
and JOHN B. HALL, JR. Feb. 1991 17 p

(NASA-TM-4247; L-16827; NAS 1.15:4247) Avail: NTIS HC/MF
AO3 CSCL 09/2 .

A computer program, the Subsystems Component Definitions
Summary (SUBCOMDEF), was developed to provide a quick and
efficient means of summarizing large quantities of subsystems
companent data in terms of weight, volume, resupply, and power.
The program was validated using Space Station Freedom Program
Definition Requirements Document data for the internal and
external thermal control subsystem. Once all component
descriptions, unit weights and volumes, resupply, and power data
are input, the user may obtain a summary report of user-specified
portions of the subsystem or of the entire subsystem as a whole.
Any combination or all of the parameters of wet and dry weight,
wet and dry volume, resupply weight and volume, and power may
be displayed. The user may vary the resupply period according to
individua! mission requirements, as well as the number of hours
per day power consuming components operate. Uses of this
program are not limited only to subsystem component summaries.
Any appilications that require quick, efficient, and accurate weight,
volume, resupply, or power summaries would be well suited to
take advantage of SUBCOMDEF’s capabilities. Author
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N91-16832*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
SPACE STATION FREEDOM RESOURCE ALLOCATION
ACCOMMODATION OF TECHNOLOGY PAYLOAD
REQUIREMENTS
DON E. AVERY, LISA D. COLLIER, and CHARLES F. GARTRELL
(General Research Corp., Washington, DC.) Nov. 1980 32 p
(NASA-TM-102766; NAS 1.15:102766) Avail: NTIS HC/MF A03
CSCL 05/1

An overview of the Office of Aeronautics, Exploration, and
Technology (OAET) Space Station Freedom Technology Payload
Development Program is provided, and the OAET Station resource
requirements are reviewed. The requirements are contrasted with
current proposed resource allocations. A discussion of the issues
and conclusions are provided. It is concluded that an overall 20
percent resource allocation is appropriate to support OAET's
technology development program, that some resources are
inadequate even at the 20 percent level, and that bartering
resources among U.S. users and international partners and
increasing the level of automation may be viable solutions to the
resource constraint problem. ~ Author

N91-18143*# Minnesota Univ., Minneapolis.
BICONIC CARGO RETURN VEHICLE WITH AN ADVANCED
RECOVERY SYSTEM
/In USRA, Proceedings of the 6th Annual Summer Conference:
NASA/USRA University Advanced Design Program p 137-144
Nov. 1990
Avail: NTiS HC/MF A14 CSCL 22/2

The current space exploration initiative is focused around the
development of the Space Station Freedom (SSF). Regular
resupply missions must support a full crew on the station. The
present mission capability of the shuttle is insufficient, making it
necessary to find an alternative. One alternative is a reusable
Cargo Return Vehicle (CRV). The suggested design is a biconic
shaped, dry land recovery CRV with an advance recovery system
(ARC). A liquid rocket booster will insert the CRV into a low Earth
orbit. Three onboard liquid hydrogen/liquid oxygen engines are
used to reach the orbit of the station. The CRV will dock to the
station and cargo exchange will take place. Within the command
and control zone (CCZ), the CRV will be controlled by a gaseous
nitrogen reaction control system (RCS). The CRV will have the
capability to exchange the payload with the Orbital Maneuvering
Vehicle (OMV). The bent biconic shape will give the CRV sufficient
crossrange to reach Edwards Air Force Base and several alternative
sites. Near the landing site, a parafoil-shaped ARS is deployed.
The CRV is designed to carry a payload of 40 kib, and has an
unloaded weight of 35 klb. Author

N91-18144"# Minnesota Univ., Minneapolis.
WINGED CARGO RETURN VEHICLE CONCEPTUAL DESIGN
/n USRA, Proceedings of the 6th Annual Summer Conference:
NASA/USRA University Advanced Design Program p 145-151
Nov. 1990
Avail: NTIS HC/MF A14 CSCL 22/2

NASA is committed to placing a permanent space station in
Earth orbit in the 1990’s. Space Station Freedom (SSF) will be
located in a 220 n.m. orbit at 28.5 degrees inclination. The Winged
Cargo Return Vehicle’s (CRV) primary mission is to support SSF
crew by flying regular resupply missions. The winged CRV is
designed to be reusable, dry land recoverable, and unmanned.
The CRV will be launched inline on three liquid hydrogen/oxygen
rocket boosters with a payload capacity of 113,000 Ibs. The three
boosters will take the CRV to an orbit of 50 by 110 n.m. From
this altitude the orbital manuevering engine will place the vehicle
in synchronous orbit with the space station. The winged CRV will
deliver cargo modules to the space station by direct docking or
by remaining outside the SSF command zone and using the Orbital
Maneuvering Vehicle (OMV) to transfer cargo. After
unloading/loading, the CRV will deorbit and fly back to Kennedy
Space Center. The CRV has a wing span of 57.8 feet, a length of
76.0 feet, and a dry weight of 61.5 kib. The cargo capacity of the
vehicle is 44.4 klb. The vehicle has a lift-drag ratio of 1.28
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(hypersonic) and 6.0 (subsonic), resulting in a 1351 n.m. cross
range. The overall mission length ranges between 18.8 and 80.5
hr. The operational period will be the years 2000 to 2020.

Author

N91-18455*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
THE LANGLEY RESEARCH CENTER CSI PHASE-0
EVOLUTIONARY MODEL TESTBED-DESIGN AND
EXPERIMENTAL RESULTS
W. K. BELVIN, LUCAS G. HORTA, and K. B. ELLIOTT  Jan.
1991 21 p Presented at the 4th NASA/DOD CSi Conference,
Orlando, FL, 5-7 Nov. 1990
(NASA-TM-102762; NAS 1.15:102762) Avail: NTIS HC/MF A03
CSCL 20/11

A testbed for the development of Controls Structures Interaction
(CS)) technology is described. The design philosophy, capabilities,
and early experimental results are presented to introduce some
of the ongoing CSI research at NASA-Langley. The testbed,
referred to as the Phase 0 version of the CSI Evolutionary model
(CEM), is the first stage of model complexity designed to show
the benefits of CSI technology and to identify weaknesses in current
capabilities. Early closed loop test results have shown non-model
based controllers can provide an order of magnitude increase in
damping in the first few flexible vibration modes. Model based
controllers for higher performance will need to be robust to model
uncertainty as verified by System ID tests. Data are presented
that show finite element model predictions of frequency differ from
those obtained from tests. Plans are also presented for evolution
of the CEM to study integrated controller and structure design as
well as muitiple payload dynamics. Author

N91-18798# Edgerton, Germeshausen and Grier, Inc., Idaho
Falls, ID.
GROUND-BASED TESTING OF SPACE NUCLEAR POWER
PLANTS )
THOMAS G. MCDONALD 22 Oct. 1990 34 p
(Contract DE-AC07-761D-01570)
(DE91-006179; EGG-ME-9338) Avail: NTIS HC/MF A03

Small nuclear power plants for space applications are evaluated
according to their testability in this two part report. The first part
introduces the issues involved in testing these power plants. Some
of the concerns include oxygen embrittlement of critical
components, the test environment, the effects of a vacuum
environment on materials, the practically of racing an activated
test chamber, and possible testing alternative the SEHPTR, king
develop at the Idaho National Engineering Laboratory. DOE

N91-19143*#  National Research Council of Canada, Ottawa
(Ontario). Inst. for Aerospace Research.
NON-LINEAR GENERATION OF ACOUSTIC NOISE IN THE IAR
SPACECRAFT
R. WESTLEY, K. NGUYEN, and M. S. WESTLEY /n NASA,
Goddard Space Flight Center, 16th Space Simulation Conference
Confirming Spaceworthiness Into the Next Millennium p 195-210
Nov. 1990
Avail: NTIS HC/MF A20 CSCL 20/1

The requirement to produce high leve! acoustic noise fields
with increasing accuracy in environmental test facilities dictates
that a more precise understanding is required of the factors
controlling nonlinear noise generation. Details are given of various
nonlinear effects found in acoustic performance data taken from
the IAR Spacecraft Acoustic Chamber. This type of data has
enabled the IAR to test large spacecraft to relatively tight acoustic
tolerances over a wide frequency range using manually set controls.
An analog random noise automatic control system was available
and modified to provide automatic selection of the chamber's
spectral sound pressure levels. The automatic control system when
used to complete a typical qualification test appeared to equal
the accuracy of the manual system and had the added advantage
that parallel spectra could be easily achieved during preset tests.

Author
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N91-19150*# Chicago Bridge and Iron Co., Oak Brook, IL.
SPACE SIMULATION FACILITIES PROVIDING A STABLE
THERMAL VACUUM FACILITY
MARTIN L. TELLALIAN /n NASA, Goddard Space Flight Center,
16th Space Simulation Conference Confirming Spaceworthiness
Into the Next Millennium p 289-313  Nov. 1990
Avail: NTIS HC/MF A20 CSCL 14/2

CBI has recently constructed the Intermediate Thermal Vacuum
Facility. Built as a corporate facility, the installation will first be
used on the Boost Surveillance and Tracking System (BSTS)
program. It will aiso be used to develop and test other sensor
systems. The horizontal chamber has a horseshoe shaped cross
section and is supported on pneumatic isolators for vibration
isolation. The chamber structure was designed to meet stability
and stiffness requirements. The design process included
measurement of the ambient ground vibrations, analysis of various
foundation test article support configurations, design and analysis
of the chamber shell and modal testing of the chamber shell. A
detailed 3-D finite element analysis was made in the design stage
to predict the lowest three natural frequencies and mode shapes
and to identify local vibrating components. The design process is
described and the results are compared of the finite element
analysis to the results of the field modal testing and analysis for
the 3 lowest natural frequencies and mode shapes. Concepts are
also presented for stiffening large steel structures along with
methods to improve test article stability in large space simulation
facilities. Author

N91-19151*#
IAL SPACE.
THE SPACE SIMULATION FACILITIES AT IAL SPACE
M. HENRIST, A. CUCCHIARO, |. DOMKEN, and J. P. MACAU
/n NASA, Goddard Space Flight Center, 16th Space Simulation
Conference Confirming Spaceworthiness Into the Next Millennium
p 314-322  Nov. 1990
Avail: NTIS HC/MF A20 CSCL 14/2

The thermal vacuum facilities of IAL SPACE were tailored for
testing of the ESA payloads. They were progressively upgraded
for cryogenic payloads including 4 K (liquid helium temperature)
experiments. A detailed review of the three vacuum chambers,
ranging from 1.5 to 5 m diameter, is presented including the
corresponding capabilities in the vacuum, thermal, and optical fields.
The various aspects of cleanliness, product assurance, and quality
control are also presented. Author

Liege Univ. (Belgium). Centre de Recherches

N91-20672*# Ford Aerospace Corp., Sunnyvale, CA. Artificial
Intelligence Group.
CHALLENGES IN BUILDING INTELLIGENT SYSTEMS FOR
SPACE MISSION OPERATIONS
WAYNE HARTMAN /n NASA, Lyndon B. Johnson Space Center,
Fourth Annual Workshop on Space Operations Applications and
Research (SOAR 90) p 259-263  Jan. 1991
Avail: NTIS HC/MF A21 CSCL 09/2

The purpose here is to provide a top-level look at the
stewardship functions performed in space operations, and to
identify the major issues and challenges that must be addressed
to build intelligent systems that can realistically support operations
functions. The focus is on decision support activities involving
monitoring, state assessment, goal generation, plan generation,
and plan execution. The bottom line is that problem solving in the
space operations domain is a very complex process. A variety of
knowledge constructs, representations, and reasoning processes
are necessary to support effective human problem solving.
Emulating these kinds of capabilities in intelligent systems offers
major technical challenges that the artificial intelligence community
is only beginning to address. Author

N91-20690*#  Boeing Computer Services Co., Huntsville, AL.
Artificial Intelligence Center. .

A KNOWLEDGE-BASED APPROACH TO CONFIGURATION
LAYOUT, JUSTIFICATION, AND DOCUMENTATION

F. G. CRAIG, D. E. CUTTS, T. R. FENNEL, C. M. CASE, and J.
R. PALMER (Boeing Aerospace and Electronics Co., Huntsville,




AL) /n NASA, Lyndon B. Johnson Space Center, Fourth Annual
Workshop on Space Operations Applications and Research (SOAR
90) p 393-396 Jan. 1991  Previously announced in IAA as
A90-27286 :
Copyright  Avail: NTIS HC/MF A21  CSCL 12/1

The design, development, and implementation of a prototype
expert system which could aid designers and system engineers in
the placement of racks aboard modules on the Space Station
Freedom are described. This type of problem is relevant to any
program with multiple constraints and requirements demanding
solutions which minimize usage of limited resources. This process
is generally performed by a single, highly experienced engineer
who integrates all the diverse mission requirements and limitations,
and develops an overall technical solution which meets program
and system requirements with minimal cost, weight, volume, power,
etc. This system architect performs an intellectual integration

process in which the underlying design rationale is often not fully-

documented. This is a situation which lends itself to an expert
system solution for enhanced consistency, thoroughness,
documentation, and change assessment capabilities. Author

N91-20700*# National Aeronautics and Space Administration.
Ames Research Center, Moffett Field, CA.
PARALLEL PROCESSING AND EXPERT SYSTEMS
JERRY C. YAN (Sterling Federal Systems, Inc., Moffett Field, CA.)
and SONIE LAU /n NASA, Lyndon B. Johnson Space Center,
Fourth Annual Workshop on Space Operations Applications and
Research (SOAR 90) p 469-476  Jan. 1991
Avail: NTIS HC/MF A21 CSCL 09/2

Whether it be monitoring the thermal subsystem of Space
Station Freedom, or controlling the navigation of the autonomous
rover on Mars, NASA missions in the 90's cannot enjoy an
increased level of autonomy without the efficient use of expert
systems. Merely increasing the computational speed of
uniprocessors may not be able to guarantee that real time demands
are met for large expert systems. Speed-up via parallel processing
must be pursued alongside the optimization of sequential
implementations. Prototypes of parallel expert systems have been
built at universities and industrial labs in the U.S. and Japan. The
state-of-the-art research in progress related to parallel execution
of expert systems was surveyed. The survey is divided into three
major sections: (1) multiprocessors for parallel expert systems; (2)
parallel languages for symbolic computations; and (3)
measurements of parallelism of expert system. Results to date
indicate that the parallelism achieved for these systems is small.
In order to obtain greater speed-ups, data parallelism and
application parallelism must be exploited. Author
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The external environment of space including debris or meteoroid
hazards, electrical and plasma interactions, and the presence of
atomic oxygen or other chemical species.

A91-10140#
SPACE DEBRIS - CAN POLICY AVOID DISASTER?
WILLIAM B. WIRIN (Colorado, University, Colorado Springs) AIAA,
Space Programs and Technologies Conference, Huntsville, AL,
Sept. 25-27, 1990. 7 p. refs
(AIAA PAPER 90-3774) Copyright

The contents of formal reports on space debris submitted to
the ESA Director General and to the U.S. National Security Council
are discussed. The ESA report was forceful in its call for policy
solutions. The U.S. report found that the limitations on debris
measurement and the consequent limitations in debris environment
modeling create sufficiently uncertainty concerning the urgency of

action and the effectiveness of any particular mitigation effort; it
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therefore called for enhanced measurement capabilities. The U.S.
is prepared to enter into multilateral disssuioons with space faring
nations. B.J.

A91-10142#
LEGAL IMPLEMENTATION OF ORBITAL DEBRIS MITIGATION
PRACTICES - A SURVEY OF OPTIONS AND APPROACHES
PAMELA L. MEREDITH (Space Conform, Inc., Washington, DC)
AIAA, Space Programs and Technologies Conference, Huntsville,
AL, Sept. 25-27, 1990. 7 p. refs
(AIAA PAPER 90-3778) Copyright

An overview is presented of options for future legal input to
resolution of the problem of earth orbital debris from civil sources.
The roles of the FCC, the Office of Commercial Space
Transportations, and of NOAA in formulating U.S. domestic law in
the space debris area are addressed. The roles of the Committee
on Peaceful Uses of Outer Space, the International
Telecommunication Union, and the Conference of Spacefaring
Nations in formulating relevant international law are examined.

C.D.

A91-10203*#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

SUMMARY OF THE AIAA/NASA/DOD ORBITAL DEBRIS
CONFERENCE - TECHNICAL ISSUES AND FUTURE
DIRECTIONS

A. POTTER, D. KESSLER, R. NIEDER (NASA, Johnson Space
Center, Houston, TX), and R. REYNOLDS (System Planning Corp.,
Houston, TX) AIAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1990. 15 p.

(AIAA PAPER 90-3860) .

An international conference on orbital debris was held on April
16-19, 1990, in Baltimore, Maryland. Topics of the conference
included the implications of orbital debris for space flight, orbital
debris measurements, modeling of the orbital debris environment,
and methods to reduce the growth of the orbital debris population.
Significant results from this meeting are summarized. Author

A91-10204#

THE GOVERNMENT'S RESPONSE TO THE INTERAGENCY
REPORT ON ORBITAL DEBRIS

JAMES P. AHERN (DOD, Space Policy Directorate, Washington,
DC) AIAA, Space Programs and Technologies Conference,
Huntsville, AL, Sept. 25-27, 1990. 5 p.

(AIAA PAPER 90-3861)

This paper discusses the report on the implementation of the
national policy regarding the creation of space debris, provided by
the Interagency Group (Space), together with the results of the
review of this report by the Orbital Debris Subcommittee of the
AlAA's Space Operations and Support Technical Committee of
the draft research plan. As a result of the review, 20 tasks were
ear-marked for inclusion as orbital debris research objectives. The
paper describes these objectives and the ultimate Orbital Debris
Research Plan, which was submitted to the National Space Council
Staff in May 1990, and approved in July the same year. 1.S.

A91-10205#

DEFINING ORBITAL DEBRIS ENVIRONMENTAL CONDITIONS
FOR SPACECRAFT VULNERABILITY ASSESSMENT

R. REYNOLDS, P. ANZ-MEADOR, and G. OJAKANGAS AIAA,
Space Programs and Technologies Conference, Huntsville, AL,
Sept. 25-27, 1990. 25 p. refs

(AIAA PAPER 90-3862)

The major problem of orbital debris is not that of catastrophic
collision, which fragments the space structure and which has been
the focus of attention for orbital-debris environment evolution, but
instead the threat of collisions with smaller debris objects that
can damage the structure. In this paper, the debris environment
is defined in a manner that supports the analysis of vulnerability
of a particular space platiorm to the debris environment. Flux
directionality functions related to surface penetrability, which are
seen to be various velocity moments of. the phase-space
debris-density distribution, are derived for both the man-made

25




04 SPACE ENVIRONMENTS

debris environment and for a simple model of the meteoroid
environment. A first-order model for the role of shielding of
spacecraft surfaces by other spacecraft components, and the
concomitant enhancement of secondaries from these same
directions, is presented. . Author

A91-10206#
ORBITAL DEBRIS ENVIRONMENT
G. W. OJAKANGAS, P. ANZ-MEADOR (Lockheed Engineering and
Sciences Co., Houston, TX), and R. REYNOLDS (Systems Planning
Corp., Houston, TX) AIAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1990. 21 p. refs
(AIAA PAPER 90-3863) Copyright

A detailed computer model termed EVOLVE, developed at the
NASA Johnson Space Center, is described. The EVOLVE program
was designed to simulate the time-evolving debris environment in
LEO and the threat posed by this debris. The program was run
for the period from 1957 through 1989, with known historical space
traffic and on-orbit fragmentations used as input. Orbits of intact
objects are evolved in time using the routines of Mueller (1981)
under the time-varying solar flux estimation of Hopson (1988).
Debris clouds generated by on-orbit explosions and collisions are
described by empirically-derived functions of altitude and time.
Using a Monte Carlo method, a large number of possible future
debris environments are generated for calculating means and
standard deviations. 1.S.

A91-10207*# Cincinnati Univ., OH.
A HIGH SEVERITY SPACE HAZARD - ORBITAL DEBRIS
G. K. BAHR and P. J. DISIMILE (NASA, Center for Health
Monitoring Technology for Space Propulsion Systems; Cincinnati,
University, OH)  AIAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1990. 6 p. refs
(AIAA PAPER 90-3865) Copyright

This paper examines the orbital debris-meteoroid hazard that
will be encountered by the Space Station Freedom. Recent reports
on the orbital debris studies are discussed with special attention
given to the procedures and techniques that can be used to
minimize the impact damage, to avoid the collision, and to design
shielding distribution so as to reduce the penetration damage.

A91-10208*#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
RADAR OBSERVATIONS OF ORBITAL DEBRIS AT NASA
JOHNSON SPACE CENTER
E. G. STANSBERY and J. F. STANLEY (NASA, Johnson Space
Center, Houston, TX) AIAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1990. 5 p.
(AIAA PAPER 90-3868) Copyright

This paper describes the original Debris Environment
Characterization Radar concept and the design verification
experiments developed and carried out with the purpose of
establishing methods for assessing the hazards to the Space
Station Freedom from radar measurements. Three design
verification experiments, utilizing the Arecibo, the Goldstone, and
the ALCOR radars were performed. Data obtained from RCS
measurements of a representative sample of debris from
ground-test hypervelocity impacts and from explosions of simulated
satellites will be used to establish a relationship between the
physical size of a randomly shaped debris object and its RCS.

1.S.

A91-10209#
VERIFICATION AND VALIDATION OF ALGORITHMS FOR
OBTAINING DEBRIS DATA USING HIGH FREQUENCY
RADARS
NICHOLAS YOUNG and GEORGE BOHANNON (XonTech, Inc.,
San Bernardino, CA) AIAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1990. 10 p.
(AIAA PAPER 90-3869) Copyright

This paper describes experiments conducted to support the
development of algorithms for estimating the orbital debris size
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from data of high-frequency radars. The activities include data
collection from the X-band Haystack radar, the analysis of
hypervelocity impact ground test results, static RCS measurements
on debris objects, and RCS calcutations/simulations. The set of
algorithms developed on the basis of these data will be used for
calculating the orbital debris flux and the most probable debris
size, and for making uncertainty estimates. 1.S.

A91-10210*# National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
CCD OBSERVATIONS OF ORBITAL DEBRIS
KARL G. HENIZE, CHRISTINE A. O’'NEILL (NASA, Johnson Space
Center, Houston, TX), and MARK K. MULROONEY (Lockheed
Engineering and Sciences Co., Houston, TX)  AIAA, Space
Programs and Technologies Conference, Huntsville, AL, Sept.
25-27, 1990. 8 p.
(AIAA PAPER 90-3870) Copyright

A portable 31 cm aperture /1.3 Schmidt telescope with a
CCD sensor at the prime focus has been designed and constructed
to camry out photometric studies of earth-orbiting debris. When
operated in the time delay integration mode in which the readout
rate is matched to the predicted motion of the satellite, this system
reaches a limiting diameter of about 10 cm for particles at 400
km height and albedo 0.1. It is used for statistical studies of
phase angle effects and for swarm-to-swarm albedo differences
between several selected debris groups which include the Cosmos
1275, Cosmos 1375, Landsat 1, Landsat 3, NOAA 3, Nimbus 4,
Solwind, and Spot-1/Viking groups. Author

A91-10211*# Lockheed Engineering and Sciences Co., Houston,
TX. )
A SPACE-BASED CONCEPT FOR A COLLISION WARNING
SENSOR
DAVID L. TALENT (Lockheed Engineering and Sciences Co.,
Houston, TX) and FAITH VILAS (NASA, Johnson Space Center,
Houston, TX) AlAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1980. 12 p. refs
(AIAA PAPER 90-3871) Copyright

This paper describes a concept for a space-based collision
warning sensor experiment, the Debris Collision Warning Sensor
(DCWS) experiment, in which the sensor will rely on passive sensing
of debris in optical and IR passband. The DCWS experiment will
be carried out under various conditions of solar phase angle and
pass geometry; debris from 1.5 m to 1 mm diam will be observable.
The mission characteristics include inclination in the 55-60 deg
range and an altitude of about 500 km. The results of the DCWS
experiment will be used to generate collision warning scenarios
for the Space Station Freedom. 1.S.

A91-10222#

TRACK TWO DIPLOMACY - AN INTERNATIONAL
FRAMEWORK FOR CONTROLLING ORBITAL DEBRIS
DARREN S. MCKNIGHT (U.S. Air Force Academy, Colorado
Springs, CO) AlAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1990. 12 p. refs

(AIAA PAPER 90-3896)

Orbital debris is gaining increasing worldwide attention due to
its potential for disrupting the international space infrastructure in
the years to come. This paper proposes a framework for
multinational cooperation that will help to control the growth of
artificial space debris through Track Two Diplomacy. This style of
diplomatic process emphasizes the use of citizen-to-citizen
interaction. With discussions and negotiations being performed at
the lowest level possible many of the liabilities of formal
government-to-government interactions are avoided. The proposed
Orbital Debris Action Committee (ODAC) would be the international
group responsible for the development of action plans to be
delivered to space faring countries representing consensus
procedures and policies to control orbital debris. The time for talk
is over - the international aerospace community must work together
to act toward the preservation of our near earth space
environment. Author




A91-10224#
HISTORICAL GROWTH OF QUANTITIES AFFECTING
ON-ORBIT COLLISION HAZARD
DARREN S. MCKNIGHT (U.S. Air Force Academy, Colorado
Springs, CO) and PHILLIP D. ANZ-MEADOR (Lockheed
Engineering and Management Services Co., Inc., Houston, TX)
AIAA, Space Programs and Technologies Conference, Huntsville,
AL, Sept. 25-27, 1990. 7 p.
(AIAA PAPER 90-3902)

The probability of collision (PC) between an opérational satellite
in low earth orbit and the orbital debris environment is mainly a
function of spatial density of the debris population, collision
cross-section, relative impact velocity, and mission duration.
Routinely only changes in spatial density and parent satellite size
are used to account for changes in the PC as a function of altitude
and time. This paper identifies historical changes to the on-orbit
population that would affect the relative velocity and collision
cross-section. Changes in the relative kinetic energy of an impact
are aiso calculated. The analysis shows that the average relative
velocity, collision cross-section, and relative energy of impact have
increased over time due to alterations in the cataloged population.
While changes in spatial density are found to have a dominating
effect on PC values the other factors studied have a small eftect
on the PC but substantially influence the energy of representative
impacts. Author

A91-10225#
DEBRIS CLOUDS IN ECCENTRIC ORBITS
ALAN B. JENKIN and MARLON E. SORGE (Aerospace Corp., El
Segundo, CA) AlAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1990. 15 p. refs
(AIAA PAPER 90-3903) Copyright

The short-term behavior of a debris cloud in an orbit with a
semimajor axis of 7000 km and an eccentricity of 0.5 is investigated
by estimating the effect of eccentricity on the cloud shape and
computing the in-track particle density variations due to variable
tangential velocity. A method was developed to calculate the cloud
volume needed to compute collision probabilities. The results of
these calculations showed that the behavior of debris clouds in
eccentric orbits is considerably more complex than the behavior
of clouds in circular orbits, described by Chobotov et al. (1988).

1.S.

A91-10226# )
AN ANALYTIC DESCRIPTION OF DEBRIS CLOUD EVOLUTION
STARTING FROM THE EQUATIONS OF MOTION
G. W. OJAKANGAS (Lockheed Engineering and Sciences Co.,
Houston, TX) AlAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1990. 15 p. refs
(AIAA PAPER 90-3904) Copyright

Results are presented of computations for a versatile model
of the debris cloud evolution. The evolution of a debris cloud is
described using an approach in which the equations of motion of
particles in a cloud are solved collectively. The resulting system
of time-varying orbital elements is transformed into an analytical
expression of spatial density as a function of time and altitude.

1.S.

A91-10227#
SPACE DEBRIS AND MICROMETEORITE EVENTS
EXPERIENCED BY WL EXPERIMENT 701 IN PROLONGED
LOW EARTH ORBIT
D. S. MCKNIGHT, R. E. DUEBER (U.S. Air Force Academy,
Colorado Springs, CO), and E. W. TAYLOR (USAF, Weapons
Laboratory, Kirtland AFB, NM) AIAA, Space Programs and
Technologies Conference, Huntsville, AL, Sept. 25-27, 1990. 17
p. refs
(AIAA PAPER 90-3905) Copyright

WL Experiment 701 (Space Environment Effects on Fiber Optic
Systems) was housed aboard the Long Duration Exposure Facility
(LDEF) and placed into orbit on April 6, 1984, by the Shuttle
Challenger. It was retriaved sixty-nine months later by the Shuttle
Columbia on January 12, 1990. During this period in orbit, the
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experiment experienced numerous debris or micrometeorite
impacts. Impact flux values, crater characteristics and shock
phenomena on the experiment's space exposed surfaces were
observed to be similar to returned materials of the Solar Max
satellite. This paper presents the analysis of preliminary data,
describes data reduction techniques and outlines areas of future
study. Author

A91-12336
AN EVALUATION OF THE MASS AND NUMBER OF
SATELLITES IN LOW EARTH ORBIT
DARREN MCKNIGHT (U.S. Air Force Academy, Colorado Springs,
CO) and NICHOLAS JOHNSON (Teledyne Brown Engineering,
Huntsville, AL) IN: Space dynamics; Proceedings of the
International Symposium, Toulouse, France, Nov. 6-10, 1989.
Toulouse, France, Cepadues-Editions, 1990, p. 943-948. refs
Copyright

The number and mass of objects in earth orbit provide two
measures of hazard to satellites. Since 1972 the number of objects
in the satellite catalog has tripled. Analysis shows that an increase
in catalog population may not directly correlate to an increase in
hazard. Since 1961 delayed cataloging of debris has masked the
actual growth rate of 240 objects per year. The mass in low earth
orbit is calculated to be between 1500 to 2000 metric tons. The
status and growth of the number and mass of debris in orbit must
be better understood before effective countermeasures to orbital
debris may be formulated. Author

A91-12337
COLLISION RISK IN SPACE - DETAILED ANALYSIS AND
BASIC CONSEQUENCES FOR DESIGN AND OPERATION OF
LARGER STRUCTURES
P. EICHLER and D. REX (Braunschweig, Technische Universitaet,
Brunswick, Federal Republic of Germany) IN: Space dynamics;
Proceedings of the International Symposium, Toulouse, France,
Nov. 6-10, 1989. Toulouse, France, Cepadues-Editions, 1990, p.
949-964. Research supported by BMFT.
Copyright

The detailed analysis of collision risks, possible reduction of
risk, and cost of shielding are discussed. The number and origin
of the objects and object density and collision risk in the near
earth environment are considered and it is estimated that about
30,000 to 140,000 objects greater than 1 cm exist in this
environment. A detailed collision analysis is presented with the
help of a deterministic method of calculation. In order to investigate
the angle, velocity, and mass distribution of the object flux, the
orbital mechanics of each individual object in earth orbit is taken
into consideration. The object flux in the near earth environment
was found to depend strongly on the incidence angle. A strong
accumulation inside the debris plane is also apparent, depending
on the inclination of the target orbit. These features can be made
use of by skillful selection of the structure or attitude orientation
of larger structures in arder to reduce the object flux and thus the
shielding necessary. For this, the varying attitude orientations of a
cylinder, which correspond to the Columbus in free flight, the MTFF
or the Polar Platform, are investigated. L.K.S.

A91-12338
ORBITAL ANALYSES OF A DEBRIS POPULATION IN A
SUN-SYNCHRONOUS ORBIT [ANALYSES ORBITALES DE
L'ENSEMBLE DES DEBRIS SUR UNE ORBITE
HELIOSYNCHRONE]
F. NOUEL (CNES, Toulouse, France) and J. Y. BURGAUD (Ecole
Nationale Superieure d’Electrotechnique, d’Electronique,
d’Informatique et d'Hydraulique, Toulouse, France} IN: Space
dynamics; Proceedings of the International Symposium, Toulouse,
France, Nov. 6-10, 1989. Toulouse, France, Cepadues-Editions,
1990, p. 965-980. In French. refs
Copyright

- On Feb. 22, 1986, Ariane 1 launched two satellites into LEO:
Spot 1 and Viking. On Nov. 13, 1986, the third stage of the
rocket, which had been in orbit near Spot 1, exploded, creating
more than 450 bits of debris, detected by NORAD. This paper
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presents the results of an analysis of this debris population over
the course of a year. An effort was made to reconstruct the spatial
distribution of momenta imparted to the debris in the explosion.
The analyses are performed on the basis of standard celestial
mechanics techniques, e.g., the Gabbard diagram and the
Meirovitch equations. B.J.

A91-13400

THE JUNKYARD IN THE SKY

BARBARA WOOD-KACZMAR New Scientist (ISSN 0262-4079),
vol. 128, Oct. 13, 1990, p. 36-40.

Copyright :

An account is given of the nature and current and prospective
severity of the orbital space debris problem, from LEO to GEO. It
has been hypothesized that so much debris will accumulate in
the next few years that random collisions will set off an avalanche
of secondary collisions in a runaway cascade; the resulting belt
of small debris particles would render spaceflight impossible for
several centuries. While NASA has postulated that such a critical
mass will be reached before the middle of the next century, other
researchers have calculated the critical mass to lie only a factor
of 2 or 3 beyond the current population of 70,000 fragments 1
cm across or larger. This could make spaceflight impossible in as
little as 20-30 years o.C.

A91-14080#
DISPERSION OF DEBRIS CLOUDS FROM ON-ORBIT
FRAGMENTATION EVENTS
RUEDIGER JEHN (ESA, European Space Operations Centre,
Darmstadt, Federal Republic of Germany) IAF, Internationat
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 9 p. refs
(IAF PAPER 90-565) Copyright

The fragmentation of a satellite creates numerous debris. A
new approach is chosen to model in four phases the dispersion
of an ensemble of particles which originates from a common
breakup point. During the first revolutions the ensemble is
represented as a pulsating ellipsoid in an orbiting reference system
(phase A). Within a few hours, the cloud spreads out to the shape
of a torus (phase B). Due to the nonsphericity of the earth, different
drift rates in ascending node and argument of perigee cause the
torus to open to a band limited in latitude by the inclination of the
parent satellite (phase C). In the last phase (D), starting after
complete nodal and apsidal dispersion, only the cleaning effect of
air drag has to be considered. Consequences for the LEO
environment of fragmentations like that of the Ariane V-16 third
stage in 1986 are investigated. Spatial density and collisional risk
diminish quickly in the direct vicinity of the breakup point, but
remain significant for years in a broad environment. Author

A91-14081#
AN ASSESSMENT OF ACTIVE REMOVAL AS AN OPTION FOR
MITIGATING THE SPACE DEBRIS ENVIRONMENT
THOMAS E. ALBERT and WILLIAM B. MARGOPOULOS (Science
Applications International Corp., Clearwater, FL) |AF, international
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 7 p. refs
(IAF PAPER 90-568) Copyright

Future space activities in Low Earth Orbit (LEO) are threatened
by the expected growth of the artificial space debris environment.
If actions to minimize the generation of debris are not globally
implemented, portions of the LEO region may become unacceptably
hazardous for some missions within a few decades. A model has
been developed to predict the effects of active removal as a
management option on the future catastrophic collision hazard to
spacecraft. The model incorporates all the dominant sources and
sinks for debris large enough to cause catastrophic failures. The
primary results are summarized in terms of the probability of a
satellite surviving one year without a collision with a 1 cm or
larger object. Methods are shown to calculate the probability of
survival for other lifetimes from the one year data. Author
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A91-14082#
ORBITAL DEBRIS REMOVAL BY LASER RADIATION
WOLFGANG O. SCHALL (DLR, Institut fuer Technische Physik,
Stuttgart, Federal Republic of Germany) IAF, International
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 10 p. refs
(IAF PAPER 90-569) Copyright

The use of high-power lasers is suggested for removing small
dangerous orbital debris up to about 10 cm in diameter. Assuming
data for a most probable collision orbit and for realistic ejection
speeds of debris vapor under laser irradiation, calculations show
the feasibility of treating a debris object like a laser propelled
rocket. The acceleration of the debris during irradiation allows to
change its orbit for a direct re-entry into the atmosphere of the
earth or for escape from earth’s gravitational field. Only a fraction
of the laser power would be needed compared to that for complete
vaporization of the debris. An autonomous orbital vehicle equiped
with a moderately sized laser, proper optics and the instrumentation
for the acquisition and tracking of debris objects could eventually
clear the whole low earth orbital environment from small debris.
In a modification of this method a laser could be used on short
note to divert the flight path of a piece of debris to avoid a
collision. The principal of the underlying mechanism is shown in a
simple experiment. Author

A91-14083#
THE SPACE DEBRIS ISSUE - PROBLEMS AND
RECOMMENDATIONS
D. FELSKE (Institut fuer Kosmosforschung, Neustrelitz, Federal
Republic of Germany) IAF, International Astronautical Congress,
41st, Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 5
. refs

(IAF PAPER 90-570) Copyright

The near earth space is characterized by a proliferation of
artificial objects as a result of launch activities, explosions and
collisions. The number of trackable objects increases by a rate of
about 300 per year. The population of smaller pieces can only be
estimated. It is time to stop the contamination of space with debris
and preserve this environment as a common resource. The relevant
provisions of the Outer Space Treaty or the Environmental
Modification Convention are insufficient and need be complemented
by more stringent regulations. Much more attention should be given
to the adoption of new launch and construction criteria aimed at
reducing operational space debris to an absolute minimum.
Particular emphasis is given to notification on launch activities
and maneuvers in orbit. Requirements of a management system
for orbiting objects of size larger than 1 mm are discussed.

Author

A91-141004#
TECHNICAL ASPECTS OF THE CONTROL OF SPACE DEBRIS
LUBOS PEREK (Ceskoslovenska Akademie Ved, Astronomicky
Ustav, Prague, Czechoslovakia) IAF, International Astronautical
Congress, 41st, Dresden, Federal Republic of Germany, Oct. 6-12,
1990. S p. refs
(IAF PAPER 90-645) Copyright

An evaluation is made of preventive, active, and passive
methods for space debris hazard minimization. Preventive
measures for reducing any further debris production encompass
avoidance of unintentional spacecraft explosions, the prohibition
of intentional ones, and general restraint in the population of orbital
space with additional spacecraft. Active measures envisioned
include the removal of inactive spacecraft from orbital space, and
the removal of smaller debris by such means as laser vaporization.
Passive measures extend both to the devising of additional
shielding for spacecraft and the institution of evasive maneuvers
against the larger pieces of debris. o.C.

A91-14101*#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.

UNITED STATES STUDIES IN ORBITAL DEBRIS -
PREVENTION AND MITIGATION

JOSEPH P. LOFTUS, JR. and ANDREW E. POTTER (NASA,




Johnson Space Center, Houston, TX) IAF, International
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1980. 10 p. refs
(IAF PAPER 90-646) Copyright

Debris in space has become an issue that has commanded
considerable interest in recent years as society has become both
more dependent upon space based systems, and more aware of
its dependence. After many years of study the United States Space
Policy of February 1988 directed that all sectors of the U.S.
community minimize space debris. Other space organizations have
adopted similar policies. Among the study activities leading to the
policy and to subsequent implementing directives were discussions
with the ESA, NASDA, and other space operating agencies. The
policy derived from technical consensus on the nature of the issues
and upon the courses of action available to mitigate the problem,
but there remains the concern as to the adequacy of the data to
define cost effective strategies. There are now in place mechanisms
to continue technical discussions in more formal terms. Author

A91-14102*# National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
U.S. STUDIES IN ORBITAL DEBRIS
JOSEPH P. LOFTUS, JR. and ANDREW E. POTTER (NASA,
Johnson Space Center, Houston, TX) 1AF, International
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 10 p. refs
(IAF PAPER 90-564) Copyright

The combined effect of the natural meteoroid flux and the
man-made debris on future space operations is discussed. The
radar and optical systems used to study orbital debris are examined
with special attention given to the Haystack Debris Observation
Project and the Haystack radar at Millstone Hill, which is being
modified to enable it to observe the regions of interest to the
Space Station. Consideration is also given to techniques designed
to remove objects from space. 1.S.

A91-14103#
STRATEGY FOR THE ECONOMIC REMOVAL OF NUMEROUS
LARGER DEBRIS OBJECTS FROM EARTH ORBITS
PETER EICHLER and ANETTE BADE (Braunschweig, Technische
Universitaet, Brunswick, Federal Republic of Germany) IAF,
International Astronautical Congress, 41st, Dresden, Federal
Republic of Germany, Oct. 6-12, 1990. 10 p. refs
(IAF PAPER 90-567) Copyright

A strategy for debris removal is presented using techniques
expected to be available in the near future. The proposed concept,
TERESA or tethered remover satellite, consists of a cycle of energy
transfer and conversion by means of a conductive space tether.
It is projected that such a strategy will dramatically reduce the
propellant consumption for the removal of objects from earth orbits.
Instead of consuming energy to force the debris to re-enter the
earth’'s atmosphere, this part of the orbital energy of the debris
will be transferred to the remover and converted into electrical
energy. This energy can be stored in batteries and used later on
for the next rendezvous maneuver. The effective removal of larger
objects from higher altitudes could thus be realized. An alternative
strategy which would replace the missing parts with conventional
technology is also considered. LK.S.

A91-14104#
CLASSIFICATION OF DEBRIS ORBITS WITH REGARD TO
COLLISION HAZARD IN GEOSTATIONARY REGION
TETSUO YASAKA and SHUN'ICHI ODA (NTT, Radio
Communication Systems Laboratory Yokosuka, Japan) IAF,
International Astronautical Congress, 41st, Dresden, Federal
Republic of Germany, Oct. 6-12, 1990. 9 p. refs
(IAF PAPER 90-571) Copyright

Neither detailed understanding of collisional probabilities in GEO
nor policies for the future prevention of collisions are widespread
in the communications satellite community. Known orbital elements
of existing bodies which reach the GEO altitude are presently
used to estimate the object densities and collisional probabilities
of GEO and its vicinity. It is projected that two objects will collide
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with a probability of 1 percent within 10 years, and 4.5 percent
within 20 years. The removal of such objects as dead satellites
and upper stages from both GEO and the GEO-orbit transfer
altitudes is deemed essential for collisional probability
minimization. ocC.

A91-14399
INFLUENCE OF SIMULATED SPACE ENVIRONMENT ON THE
PERFORMANCE OF OPTICAL SOLAR REFLECTOR (OSR)
BINGSEN HU, JIAWEN QIU, BIN WANG, and TIANHAI CHANG
(Lanzhou Institute of Physics, People’'s Republic of China) IN:
Hard materials in optics; Proceedings of the European Congress
on Optics, The Hague, Netherlands, Mar. 14, 15, 1990. Bellingham,
WA, Society of Photo-Optical Instrumentation Engineers (SPIE
Proceedings. Volume 1275), 1890, p. 142-147. refs
Copyright

The influence of simulated space environment on the properties
of the satellite temperature-control coating, Optical Solar Reflector
(OSR) is discussed. Two kinds of OSR samples are tested in the
simulated space environment. The simulation items include vacuum
UV irradiation, electron and proton irradiation. The surface
charge/discharge test is carried out too. After the electron, proton
and UV accelerative irradiation of total dosage equivalent to 7
years at the south or north pole of geosynchronous satellite, the
solar absorptance increases from 0.068 to 0.078 for conductive
OSR, and from 0.066 to 0.085 for nonconductive OSR; the normal
emittance decreases from 0.83 to 0.72 for conductive OSR, and
from 0.82 to 0.76 for nonconductive OSR. Also, it is shown from
the charge/discharge test that the surface charge potential is only
15-40 V for conductive OSR, and about 1-10 kV for nonconductive
OSR. Author

A91-14531*  National Aeronautics and Space Administration.
Goddard Space Flight Center, Greenbelt, MD.
COMMENTS ON 'PULSED ELECTRON BEAM EMISSION IN
SPACE' BY NEUBERT ET AL. (1988)
W. M. FARRELL (NASA, Goddard Space Flight Center, Greenbelt,
MD) Journal of Geomagnetism and Geoelectricity (ISSN
0022-1392), vol. 42, no. 1, 1990, p. 57-62. refs
(Contract NGT-50034)
Copyright

Using the potentials measured by the Spacelab’s Charge and
Current Probe during beam ejections and the signature of the
harmonic emissions generated by pulsed electron beams, Neubert
et al. (1988) presented evidence that overdense electron beams
(with electron density above 150,000/cu ¢cm) can escape the near
vicinity of the Shuttle. This paper supplements these results by
presenting a further indication of the beam escape and propagation
out to at least 200 m, using the whistler-mode wave signature
obtained during the SL-12 electron beam ejection which occurred
on DOY 213 of 1985 from 03:30 to 03:37 UT. The combined
results support the hypothesis that overdense electron beams can
and will escape from a spacecraft, contrary to predictions based
upon idealized simulations of the injection process. 1.S.

A91-15331
MODELING THE DYNAMICS OF ELECTRON FLUXES WITH
ENERGIES OF 30-300 KEV IN GEOSTATIONARY ORBIT
[{MODELIROVANIE DINAMIKI POTOKOV ELEKTRONOV S
ENERGIIAMI 30-300 KEV NA GEOSTATSIONARNOI ORBITE)
V. |. DEGTIAREV, G. V. POPOV, and S. S. SHESHUKOV (Sibirskii
IZMIRAN, Irkutsk, USSR) Geomagnetizm i Aeronomiia (ISSN
0016-7940), vol. 30, Sept-Oct. 1990, p. 866-868. In Russian.
refs
Copyright

Based on data from the Promis expenment a model is proposed
for the distribution of electron fluxes with energies of 30-300 keV
in geostationary orbit in connection with geomagnetic activity. The
possibility of using this model for predicting mean hourly electron
fluxes in geostationary orbit according to the Kp, Dst, and AE
indices is assessed. B.J.
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A91-16897
THE ESA AND US REPORTS ON SPACE DEBRIS - PLATFORM
FOR FUTURE POLICY INITIATIVES
HOWARD A. BAKER (McGill University, Montreal, Canada) Space
Policy (ISSN 0265-9646), vol. 6, Nov. 1990, p. 332-340. refs
Copyright

This article examines the development of policy on space debris
in the European Space Agency and the USA, comments on its
regulatory effectiveness, and proposes further recommendations
for consideration when developing future space debris policy. The
author argues that the international community must work towards
a policy which incorporates an environmental perspective, and
discusses the principles which should inform such a perspective.

Author

A91-18900

ORBITAL SCIENCE'S 'BERMUDA TRIANGLE’

THOMAS J. SHERRILL (Lockheed Missiles and Space Co., Inc.,
Sunnyvale, CA) Sky and Telescope (ISSN 0037-6604), vol. 81,
Feb. 1991, p. 134-139.

Copyright

The effects of a part of the inner Van Allen belt lying closest '

to the earth, known as the South Atlantic Anomaly (SAA) upon
spacecraft including the Hubble Space Telescope (HST), are
discussed. The area consists of positively charged ions and
electrons from the Van Allen Belt which become trapped in the
earth’s dipole field. Contor maps representing the number of
protons per square centimeter per second having energies greater
than 10 million electron volts are presented. It is noted that the
HST orbit causes it to spend about 15 percent of its time in the
SAA, but that, unlike the experience with earlier spacecraft, the
satellite’s skin, internal structure, and normal electronic’s packaging
provides sufficient protection against eletrons, although some
higher energy protons still get through. Various charged particle
effects which can arise within scientific instruments including
fluorescence, Cerenkov radiation, and induced radioactivity are
described. B.P.

A91-19004* Princeton Univ., NJ.
INJECTION OF AN OVERDENSE ELECTRON BEAM iIN SPACE
HIDEO OKUDA (Princeton University, NJ) and MAHA
ASHOUR-ABDALLA (California, University, Los Angeles) Journal
of Geophysical Research (ISSN 0148-0227), vol. 95, Dec. 1, 1990,
p. 21307-21311. refs
(Contract NAGW-1606; NAGW-78; DE-AC02-76CH-03073;
F19628-88-K-0011; F19628-88-K-0022)
Copyright

A three-dimensional particle simulation model is used to study
the injection and propagation of an overdense electron beam in
the vicinity of a conductor in space. Beam electrons with a density
of more than 100 times the ambient electron density are modeled
using large-scale plasma simulations; in these simulations the
surface area of the conductor is several thousands times that of
the beam cross section at the injection point. The parameters of
the simulations are chosen to allow the realistic simulation of
active space experiments such as the Space Shuttle's Spacelab
2 electron beam mission. These simulations confirm space
observations that an overdense electron beam can at least partially
escape the near vicinity of the spacecraft, even in a fully ionized
plasma. Once they have escaped from the vicinity of the spacecraft,
these beam electrons should be able to propagate away freely
until their energy is dissipated. It is suggested that such large-scale
simulations could be useful in interpreting data from space
experiments. Author

A91-19133“# Maryland Univ., College Park.
A RAPID METHOD OF CALCULATING THE ORBITAL
RADIATION ENVIRONMENT
MICHELE M. GATES and MARK J. LEWIS (Maryland, University,
College Park) AIAA, Aerospace Sciences Meeting, 29th, Reno,
NV, Jan. 7-10, 1991. 11 p. Research supported by NASA. refs
(AIAA PAPER 91-0098) Copyright

This paper describes the process of integrating available
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environment models into a single package that calculates the
radiation environment for any earth orbit quickly and accurately
with the only input being initial orbit parameters, launch date and
length of mission, and units of output. The radiation dose is
calculated for particles penetrating varying aluminum shielding
thicknesses and incident upon several materials inside. Included
also are modifications that have been made to the codes that
account for the decrease of the magnetic field with time, which.
allows the use of data taken in the past to accurately predict a
future environment. The complete package has relatively short
run times, 20 minutes per mission on a Micro VAX II, allowing
multiple iterations for application to mission design and planning.
Author

A91-19143"# Massachusetts Inst. of Tech., Cambridge.
A GLOBAL ANALYSIS OF THE ELECTRODYNAMIC
INTERACTIONS BETWEEN A SPACE STATION AND THE
IONOSPHERIC PLASMA ENVIRONMENT
J. WANG and D. E. HASTINGS (MIT, Cambridge, MA)  AIAA,
Aerospace Sciences Meeting, 29th, Reno, NV, Jan. 7-10, 1991.
12 p. refs
(Contract NAG3-695)
(AIAA PAPER 91-0114) Copyright

A general analysis of the electrodynamic interactions between
a space station with two biased platforms and the ionospheric
plasma is presented. This problem can be separated into a far-field
problem, concerned with the electromagnetic interference
surrounding the entire space station, and a near-field problem,
concentrated on the interactions in the vicinity of the biased
platforms. The far-field problem is solved by application of plasma
fluid theory. The space station will generate a radiation field
composed mainly of the Alfven waves. This far-field radiation
depends on the details of the near-field current collection. Computer
particle simulations were performed in the near-field of the biased
platform to study the plasma flow field, the sheath structure and
the current collection. Approximate analytical solutions to the
near-field are also obtained. The far-field and near-field solutions
are coupled to provide a global description of the electrodynamic
interactions. Author

A91-19145#
3-D GEOMETRICAL ANALYSIS TOOL FOR
METEOROIDS/DEBRIS IMPACT RISK ASSESSMENT
J. BORDE (Matra Espace, Toulouse, France) and G.
DROLSHAGEN (ESTEC, Noordwijk, Netheriands) AlAA,
Aerospace Sciences Meeting, 29th, Reno, NV, Jan. 7-10, 1991. 8
p. refs
(AIAA PAPER 91-0117) Copyright

It is widely appreciated that meteoroids and space debris are
critical factors in the safety and reliability of future missions,
especially long-term mission such as the Space Station Freedom.
In this paper, enhanced a 3-D numerical analysis tool for
meteoroids/debris risk evaluation is presented. It is based on
presently available environment and particle/wall interaction
models together with spacecraft shielding design. This provides
impact probabilities and resulting damaging effects using realistic
geometrical treatments. The shielding by other parts of the
spacecraft is considered. It accounts for directional and geometrical
effects both in the environment and in the damage evaluation. it
includes the latest environment and design models and allows an
easy updating of these data as they are improved upon. This tool
is a new application of the ESABASE framework, a geometrical
system level analysis and engineering tool developed by MATRA
ESPACE for ESA/ESTEC. Author

A91-19224#

PRACTICAL CONSIDERATIONS OF IMPACT OF ORBITAL
DEBRIS ON SPACE OPERATIONS

THOMAS J. ELLER and KENNETH D. KOPKE (Kaman Sciences
Corp., Colorado Springs, CO) AIAA, Aerospace Sciences Meeting,
29th, Reno, NV, Jan. 7-10, 1991. 15 p.

(Contract F05603-88-D-0011)

(AIAA PAPER 91-0300) Copyright




This paper summarizes early work characterizing the near-term
nature of space debris created by a kinetic energy antisatellite
(ASAT’) engagement. Emphasis was twofold: reflect reality through
accurate computations, and present easily understood data. The
debris pieces of an assumed uniform breakup model were
propagated using a special perturbations algorithm equivalent to
that of the Space Surveillance Center. Breakup scenario
ephemerides were generated, stored, and then displayed using a
high speed graphics workstation. The screen showed orbit tracks
of one-minute or continuous contrails or debris piece density
concentrations in inertially fixed boxes in space (in order to display
a moving debris 'cloud’ rather than individual debris pieces). The
simulation could run in real or accelerated time. New scalar
indicators of dispersion were developed, and existing indicators
were reexamined in an effort to provide meaningful debris-related
information to operational commanders. Author

A91-19380*# Colby Coll., Waterville, ME.
PARTICLE FLOWS TO SHAPE AND VOLTAGE SURFACE
DISCONTINUITIES IN THE ELECTRON SHEATH
SURROUNDING A HIGH VOLTAGE SOLAR ARRAY IN LEO
ROGER N. METZ (Colby College, Waterville, ME) AlAA,
Aerospace Sciences Meeting, 29th, Reno, NV, Jan. 7-10, 1991. 9
p. refs
(Contract NAG3-576)
(AIAA PAPER 91-0603) Copyright

This paper discusses the numerical-modeling of electron flows
from the sheath surrounding high positively biased objects in LEO
(Low Earth Orbit) to regions of voltage or shape discontinuity on
the biased surfaces. The sheath equations are derived from the
Two-fluid, Warm Plasma Model. An equipotential corner and a
plane containing strips of alternating voltage bias are treated in
two dimensions. A self-consistent field solution of the sheath
equations is outlined and is pursued through one cycle. The electron
density field is determined by numerical solution of Poisson’s
equation for the electrostatic potential in the sheath using the
NASCAP-LEO relation between electrostatic potential and charge
density. Electron flows are calculated numerically from the electron
continuity equation. Magnetic field effects are not treated.

Author

A91-19381#
DIELECTRIC CHARGING PROCESSES AND ARCING RATES
OF HIGH VOLTAGE SOLAR ARRAY
MENGU CHO and DANIEL E. HASTINGS (MIT, Cambridge, MA)
AlAA, Aerospace Sciences Meeting, 29th, Reno, NV, Jan. 7-10,
1991. 11 p. refs
(Contract AF-AFOSR-87-0340)
(AIAA PAPER 91-0605) Copyright

When high voltage solar arrays are used in the LEO
environment, serious interactions are known to occur between the
solar cell material and the surrounding plasmas. Arcing is known
to be the most severe interaction. The charging process of the
dielectric coverglass by charged particles is studied numerically. If
there is a field emission site with a high electric field enhancement
factor beta on the interconnector, charging process due to
enhanced field electron emission can be initiated and leads to
the Townsend breakdown in the neutral gas desorbed from the
coverglass. Based on this arcing onset model, the arcing rate is
calculated taking the reciprocal of the charging time and the
threshold voltage is found to be a few hundred volts negative
independent of the ambient ion density. Author

A91-20243

MONTE CARLO SIMULATION OF CONTAMINANT
TRANSPORT TO AND DEPOSITION ON COMPLEX
SPACECRAFT SURFACES

J. R. PHILLIPS, M. C. FONG, and T. D. PANCZAK (Lockheed
Misgiles and Space Co., Inc., Sunnyvale, CA) IN: Scatter from
optical components; Proceedings: of the Meeting, San Diego, CA,
Aug. 8-10, 1989. Bellingham, WA, Society of Photo-Optical
Instrumentation Engineers, 1989, p. 370-380. refs

Copyright
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A test molecule Monte Carlo simulation algorithm was devised
and tested to compute near equilibrium transitional flow and
resulting mass flux on complex surface geometries. The results
agreed, within the calculated statistical error of the simulation,
with known analytical solutions at the free molecular limit, and
gave satisfactory agreement near the continuum limit, when
compared to a diffusion model with slip boundary conditions. The
effects of the Knudsen number on dimensionless mass exchange
factors are considered for slip flow in an aperture geometry. A
variety of surface outgassing and surface adsorption-migration
kinetics models can be mated with the test molecule simulation
to compute surface deposition values. A multimolecular layer model
with two-neighbor migration is considered as one such alternative
for surface adsorption-migration kinetics. Calculations of surface
deposition for heavy chain oil molecules, known as DC-704, are
compared to experimental data, showing good agreement. This
kinetic model can serve as a boundary condition when computing
the exchange of mass among various surfaces. Author

A91-21370#
CHARACTERIZATION OF THE SPACE STATION FREEDOM
EXTERNAL ENVIRONMENT
. KATZ, G. JONGEWARD (Maxwell Laboratories, Inc., La Jolla,
CA), and R. RANTANEN (ROR Enterprises, Castle Rock, CO)
AlAA, Aerospace Sciences Mesting, 29th, Reno, NV, Jan. 7-10,
1991. 8 p. refs
(AIAA PAPER 91-0113) Copyright

The interactions between Space Station Freedom and its
environment are more complex and important than for previous
space missions. Space Station Freedom (SSF) is larger, its mission
is longer, and it will have more diverse payloads than any other
spacecraft. In order to address the environment issues, a program
is being instituted that will give SSF designers, operators, and
users unprecedented access to integrated environment data and
models. This program will have far-reaching importance not only
for Space Station and future manned missions but will also provide
comprehensive environment interactions analysis capabilities for
all spacecraft of all sizes from Space Stations to light satellites.

Author

A91-21448#
ORBITAL DEBRIS DAMAGE ESTIMATES USING COUPLED
PRE- AND POST-IMPACT CALCULATIONS
GERALD J. DITTBERNER (Kaman Sciences Corp., Alexandria,
VA), JEFF ELDER (Kaman Sciences Corp., Huntsville, AL), and
DUNCAN STEEL (Spaceguard Pty., Ltd.; Adelaide, University,
Australia) AIAA, Aerospace Sciences Meeting, 29th, Reno, NV,
Jan. 7-10, 1991. 11 p. refs
(AIAA PAPER 91-0302) Copyright

This paper describes results of a joint effort to couple an
orbital-debris collision probability model with an impact damage
model. Collision probabilities are produced as a function of velocity
and angle of impact on a sample satellite. Damage produced by
such an incoming projectile is estimated with semiempirical software
called KNAPP (Kaman New Analytic Penetration Program) originally
developed for SDI. For purposes of illustration, the orbit of the
Long Duration Exposure Facility is used for collision probability
calculations, and a generic satellite structure is used for impact
damage computations. Results indicate that the two methodologies
can be successfully coupled together to provide likely damage as
a function of impact velocity and orientation of specific surfaces
of a satellite. Author

A91-21450+#
EXAMPLES OF TECHNOLOGY TRANSFER FROM THE SDIO
KINETIC ENERGY WEAPON LETHALITY PROGRAM TO
ORBITAL DEBRIS MODELING
JOHN C. CONNELL, JR., WILLIAM J. TEDESCHI (DNA, Alexandria,
VA), and DENNIS JONES (Kaman Sciences Corp., Alexandria,
VA) AIAA, Aerospace Sciences Meeting, 29th, Reno, NV, Jan.
7-10, 1991. 13 p. refs
(AIAA PAPER 91-0304)

The Defense Nuclear Agency (DNA) Kinetic Energy Weapon
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Lethality and Target Hardening Program (LTH-5) has studied
hypervelocity impacts on simple and complex targets for a number
of years on behalf of the Strategic Defense Initiative Organization
(SDIO). The test parameter space includes projectile masses from
0.1 - 93 grams and velocities ranging from 1-9 km/s. The work to
date includes experimentation and modeling and the resulting data
and codes can be made available to the Orbital Debris Spacecraft
Breakup Modeling Program through technology transfer. This will
reduce duplication, conserve scarce R&D funds, and provide a
head start to orbital debris breakup modeling efforts. This paper
highlights results from those LTH-5 activities which will be of most
interest to those involved with orbital debris generation and the
effects of debris on spacecraft. The attached bibliography
documents some LTH-5 efforts which are directly applicable to
orbital debris breakup modeling. Author

A91-21553#
GUIDELINES, MILITARY STANDARD, AND HANDBOOK ON
SPACECRAFT SURFACE CHARGING :
V. A. DAVIS (Maxwell Laboratories, Inc., La Jolla, CA), W. L.
LOCKHART, J. K. KOGA, J. N. BARFIELD (Southwest Research
Institute, San Antonio, TX), and A. G. RUBIN (USAF, Geophysics
Laboratory, Hanscom AFB, MA) AlIAA, Aerospace Sciences
Meeting, 29th, Reno, NV, Jan. 7-10, 1991. 6 p. Research supported
by USAF. refs
(AJAA PAPER 91-0604) Copyright

Documentation of design, analysis, and experimental techniques
to minimize the effects of spacecraft surface charging and verify
that the effects will not interfere with the mission objectives is
under development. The new documentation will update present
guidelines and extend them to the auroral environment. The
documentation will include calculational and experimental
techniques to determine the risk to the mission of a given
configuration. Generic examples will be included. The involvement
of the spacecraft community through interviews and reviews of
the documents will maximize the usefulness of the documents.

Author

A91-23010* Sandia National Labs., Albuquerque, NM.
1990 IEEE ANNUAL CONFERENCE ON NUCLEAR AND SPACE
RADIATION EFFECTS, 27TH, RENO, NV, JULY 16-20, 1990,
PROCEEDINGS
DANIEL M. FLEETWOOD, ED. (Sandia National Laboratories,
Albuquerque, NM) Conference sponsored by IEEE, DNA, Sandia
National Laboratories, and JPL. IEEE Transactions on Nuclear
Science (ISSN 0018-9499), vol. 37, pts. 1 & 2, Dec. 1990, p. Pt.
1, 540 p.; pt. 2, 172 p. For individual items see A91-23011 to
A91-23083.
Copyright

Various papers on nuclear and space radiation effects are
presented. The general topics addressed include: basic
mechanisms of radiation effects, dosimetry and energy-dependent
effects, hardness assurance and testing techniques, single-event
upset and latchup, isolation technologies, device and integrated
circuit effects and hardening, spacecraft charging and
electromagnetic effects. C.D.

A91-23053
ESTIMATION OF PROTON UPSET RATES FROM HEAVY ION
TEST DATA
J. GREGORY ROLLINS (Technology Modeling Associates, Palo
Alto, CA) (IEEE, DNA, JPL, et al., Annual Conference on Nuclear
and Space Radiation Effects, 27th, Reno, NV, July 16-20, 1990)
|EEE Transactions on Nuclear Science (ISSN 0018-9499), vol. 37,
pt. 1, Dec. 1990, p. 1961-1965. refs
Copyright

A simple method of calculating the proton upset rates from
heavy ion test data is presented. Given the approximations made,
particularly in fitting a curve to the experimental data, the error
made in determining the upset rate can be as large as four or
six. It is clear from this model that ICs with heavy ion thresholds
over 10 MeV/(mg/sq cm) will probably not upset with protons. In
critical applications ICs with LET thresholds less than 10
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MeV/(mg/sq cm) should be tested with protons, or at the minimum
careful heavy ion test data should be taken in the low LET regions
(for heavy ion upset considerations as well as proton upset). |.E.

A91-23223* Victoria Univ. (British Columbia).
DESIGN OF A SHUTTLE-BASED SPACE DEBRIS TELESCOPE
E. H. RICHARDSON (Victoria, University, Canada), D. L. TALENT,
C. L. TRITSCH (Lockheed Engineering and Sciences Co., Houston,
TX), and F. VILAS (NASA, Johnson Space Center, Houston, TX)
IN: Advanced technology optical telescopes IV; Proceedings of
the Meeting, Tucson, AZ, Feb. 12-16, 1990. Part 1. Bellingham,
WA, Society of Photo-Optical Instrumentation Engineers, 1990, p.
237-242. refs
Copyright

A 1.6-meter diameter £/0.95 all-reflecting telescope was
designed to observe orbital debris particles as small as 1 mm
from the shuttle payload bay. The telescope was specified to
have a flat focal surface without the imposition of refractive
elements. Two design configurations involving three mirrors were
evaluated - a reflective Schmidt-Cassegrain and a modified Paul
corrector. The Paul system was found to be more compact and
appropriate for this application. Author

A91-27446
ENERGETIC PARTICLES IN THE ENVIRONMENT OF THE
EARTH'S MAGNETOSPHERE
E. MOEBIUS (Max-Planck-Institut fuer Physik und Astrophysik,
Garching, Federal Republic of Germany) Journal of Atmospheric
and Terrestrial Physics (ISSN 0021-9169), vol. 52, Dec. 1990, p.
1169-1184. refs
Copyright

This review summarizes the work in the field of magnetospheric
energetic particles during the years 1987-1989. First, it follows
the path of ions extracted out of the polar ionosphere and their
acceleration parallel and perpendicular to the magnetic field, as
well as their subsequent transport into the equatorial
magnetosphere and tail region. Then it focuses on acceleration of
ions in the magnetotail and the related characteristics in the
boundary layers including consequences for current substorm
modeling. Finally, leading beyond the boundaries of the
magnetosphere, attention is drawn to the still ongoing debate on
the source of energetic particles upstream of the earth's bow
shock and the respective importance of particle leakage and/or
acceleration at the magnetospheric boundaries. Author

A91-27584
SPACE DEBRIS AND THE WORLD COMMUNITY
LUBOS PEREK (Czechoslovak Academy of Sciences, Astronomical
Institute, Prague, Czechoslovakia) Space Policy (ISSN 0265-9646),
vol. 7, Feb. 1991, p. 9-12. refs
Copyright

A survey is presented of literature, committees, and legislation
dealing with the problem of space debris. Both past and current
contributions of the Committee-on the Peaceful Uses of Outer
Space (COPUOS), created in 1959, to the creation of international
policy concerning space debris are cited. It is suggested that there
are two main reasons for the reluctance of international committees
such as COPUOS to address the matter of space debris: either it
is believed that the problem of space debris has been exaggerated
and does not deserve serious attention or there is a certain aversion
to taking up a problem which might lead to considerable expense
or to regulations restricting member states’ freedom of action. It
is noted that the cost of removing space debris appears prohibitive,
but it is stressed that this cost is entirely necessary. Various sources
of information on the number, size, location, and motion of space
debris are reviewed. Emphasis is placed on the necessity for
COPUOS to immediately begin discussions on the problem of space
debris. L.K.S.

A91-27565
TRACK TWO DIPLOMACY - AN INTERNATIONAL
FRAMEWORK FOR CONTROLLING ORBITAL DEBRIS



DARREN S. MCKNIGHT (Kaman Sciences, Alexandria, VA) Space
Policy (ISSN 0265-9646), vol. 7, Feb. 1991, p. 13-22. refs
Copyright

Due to apprehension concerning the immediate creation of a
space debris policy, an alternative method, Track Two diplomacy,
has been suggested as a means of approaching this problem on
a citizen-to-citizen basis to encourage an international effort to
contro! this environmental problem. Track Two diplomacy is defined
as the interaction between private citizens or groups of people
within a country or from different countries who are outside the
formal governmental power structure. Typologies are provided of
various Track Two diplomatic efforts and examples of their
operation and effectiveness of this type of diplomacy are given.
The problem of orbital debris and its growth is outlined, and the
criticality of the situation is stressed. It is proposed that an Orbital
Debris Action Committee be formed in order to investigate means
to reduce the growth of orbital debris in a cooperative international
framework. The organization would emphasize the need for more
research in the areas of debris environment definition and break-up
phenomenology. The matters of membership and funding are
discussed and a proposed plan of action for the committee is
presented. L.K.S.

A91-27569
REVIEW AND ANALYSIS OF THE REGISTER OF SPACE
OBJECTS
R. WICKRAMATUNGA (UN, Outer Space Affairs Div., New York)
Space Policy (ISSN 0265-9646), vol. 7, Feb. 1991, p. 77-81.
Copyright

The categories of information with which parties to the
Registration Convention are committed to providing the United
Nations concerning objects they launch into space are described.
The inadequacies of the present Register of Objects Launched
into Outer Space are outlined and suggestions for modifications
presented. Categories of information required include whether it is
UN registered, the year of launch, the name of the object, the
launching site, the launching state, and the designator. Some
suggestions made in an effort to enable the Register to be more
effective include the specification of geostationary position where
applicable, the inclusion of additional information such as updated
orbital elements or experiments carried out, and the reduction of
time scale for states to register objects. L.K.S.

A91-27658
INCIDENT SOLAR FLUX AT FIXED ORIENTATIONS
STEPHEN BILANOW (General Sciences Corp., Laurel, MD) IN:
Engineering, construction, and operations in space II; Proceedings
of Space 90, the Second International Conference, Albuguerque,
NM, Apr. 22-26, 1990. Vol. 2. New York, American Society of
Civil Engineers, 1990, p. 842-851.
Copyright :
Optimal orientations are computed to maximize or minimize
the incident solar flux onto surfaces on spacecraft at fixed attitudes.
This analysis was motivated by a potential need to optimize the
power and thermal environment during the early assembly flights
of Space Station Freedom. The time history of the incident solar
flux is described using close analytical approximations. Author

A91-27660
MAN-MADE DEBRIS ENVIRONMENT CHARACTERIZATION
FOR SPACECRAFT VULNERABILITY ASSESSMENT
ROBERT C. REYNOLDS (Lockheed Engineering and Sciences Co.,
Houston, TX) IN: Engineering, construction, and operations in
space |l; Proceedings of Space 90, the Second International
Conference, Albuquerque, NM, Apr. 22-26, 1990. Vol. 2. New York,
American Society of Civil Engineers, 1990, p. 863-873.
Copyright

An issue of growing importance in the study of orbital debris
is the need to understand the consequence of impact on a space
structure. In this paper, a technique is developed to analyze the
flux directionality of debris for spacecraft surfaces having different
orientations, using catalog element set data. Author
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A91-27661

CLEARING SPACE DEBRIS USING ENERGETIC MATERIALS
LADDIE MARIN, JR., CHARLES A. MULLIGAN, and JOSEPH J.
SECARY (USAF, Weapons Laboratory, Kirtland AFB, NM)  IN:
Engineering, construction, and operations in space 1l; Proceedings
of Space 90, the Second International Conference, Albuquerque,
NM, Apr. 22-26, 1990. Vol. 2. New York, American Society of
Civil Engineers, 1990, p. 874-883. refs

Copyright - :

Space debris is growing at an alarming rate. It consists not
only of old, unusable payloads but also aluminum oxide combustion
products of various space delivery systems and small fragments
from payload breakups. Although the thousands of large, trackable
objects pose a collision hazard for future U.S. space vehicles, the
smaller, untrackable particles are an even larger threat due to
their high velocities and nondetectability prior to impact. Even
though efforts are under way to reduce the growth of this pollution
problem, an effective debris clearing method is needed to ensure
safe launch and deployment of expensive national space assets.
This paper discusses the space solutions, and presents a new
possible solution involving use of energetic material charges to
cause reentry or escape of debris objects. Author

A91-27990" Massachusetts Inst. of Tech., Cambridge.
A DYNAMIC ANALYSIS OF THE RADIATION EXCITATION
FROM THE ACTIVATION OF A CURRENT COLLECTING
SYSTEM IN SPACE
J. WANG and D. E. HASTINGS (MIT, Cambridge, MA) Journal
of Geophysical Research (ISSN 0148-0227), vol. 96, March 1,
1991, p. 3611-3620. refs
(Contract NAG3-695)
Copyright

Current collecting systems moving in the ionosphere will induce
electromagnetic wave radiation. The commonly used static analysis
is incapable of studying the situation when such systems undergo
transient processes. A dynamic analysis has been developed, and
the radiation excitation processes are studied. This dynamic
analysis is applied to study the temporal wave radiation from the
activation of current collecting systems in space. The global scale
electrodynamic interactions between a space-station-like structure
and the ionospheric plasma are studied. The temporal evolution
and spatial propagation of the electric wave field after the activation
are described. The wave excitations by tethered systems are also
studied. The dependencies of the temporal Alfven wave and lower
hybrid wave radiation on the activation time and the space system
structure are discussed. It is shown that the characteristics of
wave radiation are determined by the matching of two sets of
characteristic frequencies, and a rapid change in the current
collection can give rise to substantial transient radiation
interference. The limitations of the static and linear analysis are
examined, and the condition under which the static assumption is
valid is obtained. Author

A91-28432

CLEANING UP LOW EARTH ORBIT

DOROTHY DIEHL Journal of Practical Applications in Space
(ISSN 1046-8757), vol. 1, Spring 1990, p. 67-72.

Copyright

A91-29714" #
Pasadena.
ENVIRONMENTAL INTERACTIONS ON SPACE STATION
HENRY B. GARRETT, STEPHEN B. GABRIEL, and GERALD B.
MURPHY (JPL, Pasadena, CA) IN: Aerospace Testing Seminar,
12th, Manhattan Beach, CA, Mar. 13-15, 1990, Proceedings. Mount
Prospect, IL, Institute of Environmental Sciences, 1990, p.
163-179. refs

This paper describes the key environment/system interactions
associated with the Space Station and its companion polar platform
and defines the range of test environments that will need to be
simulated. These environments include the neutral atmosphere,
the ionospheric plasma, natural and man-made particulates, the
ambient magnetic field, the South Atlantic Anomaly, and the

Jet Propulsion Lab., California Inst. of Tech.,
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ram/wake environment. The system/environment interactions
include glow, oxygen erosion, drag, radiation effects, induced
electric fields, high-voltage solar-array effects, and EMC/EMI
associated with plasma/neutral gas operations. The Space Station
and its associated systems pose unique demands on the ability
to simulate these effects; synergistic effects require multiple
environments to be simulated simultaneously, and the long life
requirements require proper scaling of the exposure time. The
analysis of specific effects and the calibration or improvement of
ground test techniques will likely require in situ evaluation.
Qualification and acceptance testing, because of cost and the
impractically of extensive on-orbit analysis/modification, will likely
remain ground test objectives except in very rare cases.  Author

A91-29790#

NONLINEAR DYNAMICAL MODEL OF RELATIVE MOTION
FOR THE ORBITING DEBRIS PROBLEM

RICHARD S. HUJSAK (Applied Technology Associates, Inc.,
Lionville, PA)  Journal of Guidance, Control, and Dynamics (ISSN
0731-5090), vol. 14, Mar.-Apr. 1991, p. 460-465. USAF-supported
research. Previously cited in issue 21, p. 3319, Accession no.
A90-46778. refs

Copyright

A91-30297
SUMMARY OF INTERNATIONAL ASTRONOMICAL UNION
COLLOQUIUM NO. 112 'LIGHT POLLUTION, RADIO
INTERFERENCE, AND SPACE DEBRIS’
TOMAS E. GERGELY (NSF, Div. of Astronomical Sciences,
Washington, DC) IN: Space safety and rescue 1988-1989. San
Diego, CA, Univelt, Inc., 1990, p. 171-180.
(IAF PAPER 88-524) Copyright

The IAU colloquium was held in August 1988 in Washington
DC. Most of the papers dealt with the deteriorating observing
conditions that astronomers face today. Light poliution has
increased over the last few decades, to the point of causing the
closure of some observatories. Mankind is in danger of losing its
view of the night sky and, consequently, of the universe. RF
interference has also intensified enormously due to the pressures
that new services, many of them space-based, exert on the radio
spectrum, a quintessentially finite resource. Finally, space debris
poses a danger not only for astronomers but for all space
activities. Author

A91-30298
ARTIFICIAL SPACE DEBRIS - EFFECTS AND PREVENTION: A
REVIEW
ANEY THOMAS KADAVIL (ISRO, Quality Assurance Div.,
Bangalore, India) IN: Space safety and rescue 1988-1989. San
Diego, CA, Univelt, Inc., 1990, p. 309-320. ISRO-supported
research. refs
(IAF PAPER 89-626) Copyright

The many collisions and explosions which have resulted from
various space activities have led to the littering of space with
man-made debris. Recent studies show that man-made orbital flux
exceeds the natural meteoroid flux in most size ranges, except in
the 0.1-1-mm size range. The hazards/effects of these fragments
are reviewed in this paper. Damage/loss of active satellites through
collisions, debris proliferation by secondary collision, risks involved
in manned space flights, contamination by nuclear material in
space, accidental/uncontrolled reentry of space hardware,
crowding in GEO, and influence on ground-based and space
astronomy are some of the major problems. Author

A91-30654* Cincinnati Univ., OH.

ENVIRONMENTAL SPACE HAZARDS - AN OVERVIEW

G. K. BAHR and PETER J. DISIMILE (NASA, Health Monitoring
Technology Center for Space Propulsion Systems; Cincinnati,
University, OH)  IN: Annual Health Monitoring Conference for
Space Propulsion Systems, 2nd, Cincinnati, OH, Nov. 14, 15, 1990,
Proceedings. Cincinnati, OH, University of Cincinnati, 1990, p.
541-561. refs

Copyright
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An overview of space hazards that exist in the geo-lunar
environment is given along with specific examples of deleterious
effects that can be visited upon a long-term mission-oriented
spacecraft system in LEO, GEO, the intervening space, LLO, and
the lunar surface. Hazards discussed are categorized as pervasive
(radiation), incident specific (meteoroids, monatomic oxygen,
thermal gradient and shock, and low earth orbital debris), and
chemically corrosive (monatomic oxygen). It is pointed out that,
while some of the difficulties encountered are common to all types
of propulsion systems, in the interplanetary domain the emphasis
shifts from incident specific hazards to the pervasive upsets caused
by ionizing and nonionizing radiation. LKS.

A91-31669
THE DETERMINATION OF THE GAS-SURFACE INTERACTION
FROM SATELLITE ORBIT ANALYSIS AS APPLIED TO ANS-1
(1975-70A)
R. CROWTHER and J. STARK (Southampton, University,
England) Planetary and Space Science (ISSN 0032-0633), vol.
39, May 1991, p. 729-736. SERC-supported research. refs
Copyright

This paper considers the technique of orbital analysis as a
means of determining the ill-defined gas-surface interaction
between spacecraft and atmospheric molecules in Low-Earth Orbit
(LEO). The problem of representing the aerodynamics of complex
vehicles in LEO is considered. The theory required to represent
the relationship between the changes in the spacecraft trajectory
and the gas-surface interaction is developed. This theory is then
applied to the orbital data of ANS-1 (1975-70A) and the results of
the analysis compared with those of previous investigators.

Author

A91-32369
EFFECT OF THE NONUNIFORM DENSITY OF CHARGE
FORMED ON A SPACECRAFT SURFACE [VLIIANIE
NERAVNOMERNOI PLOTNOSTI! ZARIADOV,
OBRAZUIUSHCHIKHSIA NA POVERKHNOSTI
KOSMICHESKOGO APPARATA)
R. M. ZAIDEL' Kosmicheskie Issledovaniia (ISSN 0023-4206),
vol. 29, Jan.-Feb. 1991, p. 149, 150. In Russian.
Copyright

The work of Rich and Stringer (1980) concerning the
accumulation of charge on a spacecraft surface is extended. It is
considered that the spacecraft is charged due to charged particles
from the surrounding space as well as due to the emission of
photoelectrons from the spacecraft surface under the effect of
solar UV radiation. The present work shows that the nonuniform
(over the spacecraft surface) emission of charged particles can
lead to the generation of a much stronger electric field parallel to
the surface than in the case of uniform emission. L.M.

N91-11646# Los Alamos National Lab., NM.
DISCUSSION PAPER ON ENVIRONMENTAL HAZARDS ON
THE MOON, IN LOW EARTH ORBIT, AND IN LOW MARS
ORBIT
GRANT HEIKEN, comp. Sep. 1990 9 p
(Contract W-7405-ENG-36)
(DE90-017854; LA-11882-MS; UC-900) Avail: NTIS HC/MF A02
In a lunar base era, potential problems with dust will be serious.
Lunar soils, which make up most of the regolith that covers the
Moon's surface, are similar to silty sands on Earth, with mean
grain sizes of 45 to 100 microns. Lunar dust has very low electrical
conductivity and dielectric losses, permitting accumulation of
electric charge under ultraviolet irradiation. Dust coatings cover
thermally-sensitive surfaces, windows and visors, clog moving parts,
and create continual abrasion hazards. Reduced gravity on the
Moon favors the stability of aerosolized lunar soil and thereby will
prolong its availability for inhalation if it is not removed from habitat
atmosphere by filtration systems. Some other hazards must be
considered. On the lunar surface it is difficult to judge topographic
details and distances. New materials are needed to protect
astronauts and equipment at a lunar base from micrometeoroid
impacts. Spacecraft in low orbits around Earth and Mars experience



strong chemical interactons where 02 and CO2 are
photodissociated by sunlight. A ground-based facility at Los Alamos
can be used to test these chemical interactions with materials
proposed for use in spacecraft and satellites. Another component
of the space exploration initiative is the environmental effects posed
by man on the tenuous lunar and Martian atmospheres. Before
significant development occurs on these planets, these
atmospheres must be measured. Orbiting sensors designed to
measure these atmospheres can also be used to search for
water. ' DOE

N91-12344*# California Univ., Los Angeles. Dept. of Physics.
CURRENTS BETWEEN TETHERED ELECTRODES IN A
MAGNETIZED LABORATORY PLASMA
R. L. STENZEL and J. M. URRUTIA 1989 70 p
(Contract NAGW-1570)
(NASA-CR-186128; NAS 1.26:186128) Avail: NTIS HC/MF A04
CSCL 20/9

Laboratory experiments on important plasma physics issues
of electrodynamic tethers were performed. These included current
propagation, formation of wave wings, limits of current collection,
nonlinear effects and instabilities, charging phenomena, and
characteristics of transmission lines in plasmas. The experiments
were conducted in a large afterglow plasma. The current system
was established with a small electron-emitting hot cathode tethered
to an electron-collecting anode, both movable across the magnetic
field and energized by potential difference up to V approx.=100
T(sub e). The total current density in space and time was obtained
from complete measurements of the perturbed magnetic field. The
fast spacecraft motion was reproduced in the laboratory by moving
the tethered electrodes in small increments, applying delayed
current pulses, and reconstructing the net field by a linear
superposition of locally emitted wavelets. With this technique, the
small-amplitude dc current pattern is shown to form whistler wings
at each electrode instead of the generally accepted Alfven wings.
For the beam electrode, the whistler wing separates from the
field-aligned beam which carries no net current. Large amplitude
return currents to a stationary anode generate current-driven
microinstabilities, parallel electric fields, ion depletions, current
disruptions and time-varying electrode charging. At appropriately
high potentials and neutral densities, excess neutrals are ionized
near the anode. The anode sheath emits high-frequency electron
transit-time oscillations at the sheath-plasma resonance. The beam
generates Langmuir turbulence, ion sound turbulence, electron
heating, space charge fields, and Hall currents. An insulated,
perfectly conducting transmission line embedded in the plasma
becomes lossy due to excitation of whistler waves and magnetic
field diffusion effects. The implications of the laboratory
observations on electrodynamic tethers in space are discussed.

Author

N91-12739# Aerospace Corp., El Segundo, CA. Chemistry and
Physics Lab.
PHOTOCHEMICAL SPACECRAFT SELF-CONTAMINATION:
LABORATORY RESULTS AND SYSTEMS IMPACTS
THOMAS B. STEWART, GRAHAM S. ARNOLD, DAVID F. HALL,
DEAN C. MARVIN, WARREN C. HWANG, ROLAINE C.
YOUNGOWL, and H. DANIEL MARTEN 25 Jul. 1990 42 p
(Contract F04701-88-C-0089)
(AD-A226488; TR-0090(5470-01)-3) Avail: NTIS HC/MF A03
CSCL 03/2

It has become clear that photochemical reactions induced by
solar vacuum ultraviolet (VUV) radiation play a substantial role in
contaminant accretion and effects. A series of laboratory
measurements of the absolute rates of adsorption, desorption,
and VUV-induced deposition of contaminants have been made
under simulated spacecraft conditions. The results of these
experiments, together with analyses of operational and
experimental flight data, show conclusively that the role of sunlight
is not merely to darken or fix previously condensed contaminant
films, but also to promote the irreversible deposition of contaminant
films under conditions in which condensation would not occur. A
simple model of the kinetics of photochemical deposition, based
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on a competition between desorption and photolysis of a transiently
adsorbed contaminant molecule, using experimentally measured
parameters, is reasonably successful in describing the deposition
process. These laboratory experiments and analyses of space-flight
experience reveal that photochemical deposition is significant
mechanism whereby contaminant films accrete on orbit and must
be considered in the design of future vehicles. GRA

N91-13807*# Southwest Research Inst., San Antonio, TX.
SEPAC DATA ANALYSIS IN SUPPORT OF THE
ENVIRONMENTAL INTERACTION PROGRAM Interim Report
CHIN S. LIN 22 May 1990 51 p
(Contract NAS8-32488; NAGW-1231; SWRI PROJ. 15-4865-009)
(NASA-CR-184028; NAS 1.26:184028) Avail: NTIS HC/MF A04
CSCL 1372

Injections of nonrelativistic electron beams from an isolated
equipotential conductor into a uniform background of plasma and
neutral gas were simulated using a two dimensional electrostatic
particle code. The ionization effects of spacecraft charging are
examined by including interactions of electrons with neutral gas.
The simulations show that the conductor charging potential
decreases with increasing neutral background density due to the
production of secondary electrons near the conductor surface. In
the spacecraft wake, the background electrons accelerated towards
the charged space craft produced an enhancement of secondary
electrons and ions. Simulations run for longer times indicate that
the spacecraft potential is further reduced and short wavelength
beam-plasma oscillations appear. The results are applied to explain
the space craft charging potential measured during the SEPAC
experiments from Spacelab 1. A second paper is presented in
which a two dimensional electrostatic particle code was used to
study the beam radial expansion of a nonrelativistic electron beam
injected from an isolated equipotential conductor into a background
plasma. The simulations indicate that the beam radius is generally
proportional to the beam electron gyroradius when the conductor
is charged to a large potential. The simulations also suggest that
the charge buildup at the beam stagnation point causes the beam
radial expansion. From a survey of the simulation results, it is
found that the ratio of the beam radius to the beam electron
gyroradius increases with the square root of beam density and
decreases inversely with beam injection velocity. This dependence
is explained in terms of the ratio of the beam electron Debye
length to the ambient electron Debye length. These results are
most applicable to the SEPAC electron beam injection experiments
from Spacelab 1, where high charging potential was observed.

Author

N91-15265# Deutsche Forschungsanstalt fuer Luft- und
Raumfahrt, Goettingen (Germany, F.R.).
THE DLR PLUME SIMULATION FACILITY
G. DETTLEFF and J.-T. MEYER /n ESA, International Symposium
on Environmental Testing for Space Programmes: Test Facilities
and Methods p 381-383  Sep. 1990
Copyright Avail: NTIS HC/MF A23

A vacuum chamber under construction with sufficient pumping
capability to allow the formation of thruster plumes into the highly
rarefied flow region is described. The expansion chamber has a
length of about 4.5 m and a diameter of about 1.5 m and is
completely surrounded by cold walls. They act as a cryopump
kept at about 4K by means of liquid helium. It is expected that
thrusters with a thrust level up to 2 N can be fixed continuously.
The first goal of the experimental work is the measurement of the
mass flux distribution in the flow field, which is the basic quantity
for the determination of undesired impingement effects (force, heat
load, and contamination). ESA

N91-15266# Ernst-Mach-Inst., Freiburg (Germany, F.R.).
ACCELERATION OF PARTICLES IN LIGHT GAS GUNS FOR
MICROMETEROID/SPACE DEBRIS SIMULATION

E. SCHNEIDER and A. STILP /n ESA, International Symposium
on Environmental Testing for Space Programmes: Test Facilities
and Methods p 385-388  Sep. 1990

Copyright  Avail: NTIS HC/MF A23
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Light gas gun acceleration techniques and respective facilities
are described. Concerning the effective mass range of particles,
light gas guns are considered appropriate tools for experimental
micrometeroid and space debris simulation. For example, aluminum
spheres in the diameter range of millimeters can be accelerated
to velocities in the order of 10 km/s. ESA

N91-15271# Industrieanlagen-Betriebsgesellschaft m.b.H.,
Ottobrunn (Germany, F.R.).
RESIDUAL GAS ANALYSIS AND LEAK RATE
MEASUREMENTS DURING THERMAL VACUUM TESTS
H. E. NUSS and C. WUERSCHING In ESA, International
Symposium on Environmental Testing for Space Programmes: Test
Facilities and Methods p 413-419  Sep. 1990
Copyright  Avail: NTIS HC/MF A23

During thermal vacuum tests for the spacecraft mass
spectrometer, measurements were performed to identify cleanliness
conditions in the test facility in addition to other measuring methods.
By comparison of the results of facility dry runs and thermal vacuum
and space simulation tests, the outgassing rate of the test article
can be estimated. The hydrocarbon partial pressures are presented
as a function of thermal shroud temperature and thermal vacuum
exposure time. Typical results of the hydrocarbon partial pressures
in the atomic mass unit range 13 to 512 are 0.5 percent of the
total pressure for thermal shroud temperatures of T sub sh =
100K and 4 percent for t sub sh = 300K. ESA

N91-15272# Intespace, Toulouse (France). Metrology Section.
SOLAR SIMULATED FLUXES SPECTRAL ANALYSIS
AUTOMATION
R. HONIAT /n ESA, International Symposium on Environmental
Testing for Space Programmes: Test Facilites and Methods p
421-428  Sep. 1990 '
Copyright  Avail: NTIS HC/MF A23

The replacement of the solar simulated fluxes spectral analysis
system was addressed. General specifications are given and the
system is described. The optical path of the monochromators is
based on the Czerny-Turner configuration. The measurement is
described, detailing the standard irradiance lamp data, calibration,
analysis of the unknown source, data reduction and results editing.
Validation of the method is described. With the new system,
installation requires only 2 or 3 hours and data reduction needs
only half an hour. ESA
N91-15284# Centre National d'Etudes Spatiales, Toulouse
(France).
SATELLITE QUALIFICATION TESTS FOR ELECTROSTATIC
DISCHARGES
J.-P. CATANI /n ESA, International Symposium on Environmental
Testing for Space Programmes: Test Facilities and Methods p
507-510  Sep. 1990
Copyright Avail: NTIS HC/MF A23

Satellite resistance to charging phenomena in geostationary
orbits (between plasmasphere and magnetopause where there are
intense fluxes or medium energy electrons) was addressed. The
environment was reproduced in the laboratory by electron
accelators applied to the satellite components so as to cause
electrostatic discharge. Electric and electromagnetic measurements
made during the discharges are used to define susceptibility tests
to be applied to satellites or their electronic equipment. ESA

N91-15291# European Space Agency. European Space
Research and Technology Center, ESTEC, Noordwijk
(Netherlands). Mathematical Software Div.
SPACE ENVIRONMENT ANALYSIS TOOLS
E. J. DALY, G. DROLSHAGEN, C. TRANQUILLE, and J.
DEKRUYF /n its International Symposium on Environmental
Testing for Space Programmes: Test Facilities and Methods p
551-558 Sep. 1990
Copyright Avail: NTIS HC/MF A23

An important element in verifying the hardness of a spacecraft
against the hostile space environment is analysis of the
environment and its interaction with spacecraft. These
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environments, their effects, environments models and the various
computerized tools employed for. analyses are discussed, including
radiation belt energetic particles, cosmic rays and solar flares
particles, plasma environments, residual neutral atmosphere
(including atomic oxygen), space debris and micrometeroid
particles, and contamination. Available environment models and
analysis tools, and the ways in which they are used in combination
with test data are discussed. Analysis tools notably include
elements of the ESABASE framework and the space environment
information system. ESA

N91-15294# Naval Postgraduate School, Monterey, CA. Dept.
of Physics.
DIELECTRIC CHARGING AS A CATALYST TO THE
FORMATION OF POTENTIAL BARRIERS ON SYNCHRONOUS
ORBIT SATELLITES M.S. Thesis
MAUDE E. YOUNG Mar. 1990 87 p
(AD-A225796) Avail: NTIS HC/MF A05 CSCL 20/3

A deep dielectric charging of exterior spacecraft dielectrics is
postulated as a mechanism responsible for the sunlit charging
even observed on the ISEE1 spacecraft. Deep dielectric charging
can cause a negative potential to develop on the insulating surfaces
of the spacecraft, resulting in the information of a potential barrier
capable of suppressing photo and secondary emission. These
events can lead to overall negative charging of the spacecraft.
Calculations were made using in situ measurements from onboard
the ISEE1 and the SCATHA spacecraft. The results indicate, within
the range of the data used, that this mechanism is a viable
explanation for the ISEE1 charging event. This mechanism can
be generalized to most synchronous orbit spacecraft. GRA

N91-15953*#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
CHARACTERISTICS OF TRAPPED PROTON ANISOTROPY AT
SPACE STATION FREEDOM ALTITUDES
T. W. ARMSTRONG, B. L. COLBORN (Science Applications
International Corp., Huntsville, AL.), and J. W. WATTS Oct.
1990 31 p
(Contract NAS8-37916)
(NASA-CR-184061; NAS 1.26:184061; SAIC-90/1474) Avail:
NTIS HC/MF A03 CSCL 03/2

The ionizing radiation dose for spacecraft in low-Earth orbit
(LEO) is produced mainly by protons trapped in the Earth’'s
magnetic field. Current data bases describing this trapped radiation
environment assume the protons to have an isotropic angular
distribution, although the fluxes are actually highly anisotropic in
LEO. The general nature of this directionality is understood
theoretically and has been observed by several satellites. The
anisotropy of the trapped proton exposure has not been an
important practical consideration for most previous LEO missions
because the random spacecraft orientation during passage through
the radiation belt "averages out’ the anisotropy. Thus, in spite of
the actual exposure anisotropy, cumulative radiation effects over
many orbits can be predicted as if the environment were isotropic
when the spacecraft orientation is variable during exposure.
However, Space Station Freedom will be gravity gradient stabilized
to reduce drag, and, due to this fixed orientation, the cumulative
incident proton flux will remain anisotropic. The anisotropy could
potentially influence several aspects of Space Station design and
operation, such as the appropriate location for radiation sensitive
components and experiments, location of workstations and sleeping
quarters, and the design and placement of radiation monitors.
Also, on-board mass could possible be utilized to counteract the
anisotropy effects and reduce the dose exposure. Until recently
only omnidirectional data bases for the trapped proton environment
were available. However, a method to predict orbit-average, angular
dependent ('vector’) trapped proton flux spectra has been
developed from the standard omnidirectional trapped proton data
bases. This method was used to characterize the trapped proton
anisotropy for the Space Station orbit (28.5 degree inclination,
circular) in terms of its dependence on altitude, solar cycle
modutation (solar minimum vs. solar maximum), shielding thickness,
and radiation effect (silicon rad and rem dose). Author




N91-15972# Aerospace Corp., El Segundo, CA. Space Sciences
Lab.
SOLAR CYCLE EFFECTS ON THE NEAR-EARTH SPACE
SYSTEMS
DAVID J. GORNEY 6 Aug. 1990 74 p
(Contract F04701-88-C-0089)
(AD-A228037; TR-0090(5940-06)-3; SSD-TR-90-25) Avail: NTIS
HC/MF A04 CSCL 03/2

Forecasts of the magnitude of solar activity in the 1990s
(solar cycle 22) imply that the expected levels of activity might be
some of the most extreme ever recorded, and almost certainly
the levels of activity will be some of the most experienced during
the space age. Even as early as one year before the expected
maximum of solar cycle 22 in 1990, unprecedented levels of solar
activity (for example, the solar flares and solar particle events of
August to October 1989) and geomagnetic activity (for example,
the auroral events and geomagnetic storms of March 1989) have
been observed. The solar and geophysical events have stirred
scientific interest in both the long-term behavior of solar activity
and in the physics which couples the energy of solar events to
the near-Earth environment. Furthermore, the operational
community (including those involved in satellite operations,
telephone and radio communication, electric power distribution,
aviation, and others) have experienced many adverse effects of
these solar and geophysical events. Many more episodes of activity
are expected throughout the upcoming 4 to 5 years. The purpose
of this report is to review the direct and indirect influences of
solar activity on the near-Earth environment and to describe some
of the implications of the high levels of solar activity which are
expected to occur in the 1990 to 1994 time period. GRA

N91-17121#
bC.
ORBITING DEBRIS: A SPACE ENVIRONMENTAL PROBLEM.
BACKGROUND PAPER
Oct. 1980 64 p
(PB91-114272; OTA-BP-ISC-72) Avail: NTIS HC/MF A04
Artificial debris, deposited in a multitude of orbits about the
Earth as the result of the exploration and use of the space
environment, poses a growing hazard to future space operations.
Unless nations sharply reduce the amount of orbital debris they
produce, future space activites could suffer loss of capability, loss
of income, and even loss of life as a result of collisions between
spacecraft and debris. This background paper discusses the
sources of debris and how they can be greatly reduced.  Author

Office of Technology Assessment, Washington,

N91-17713"#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
CURRENT COLLECTION FROM SPACE PLASMAS
NAGENDRA SINGH, ed., K. H. WRIGHT, JR., ed. (Alabama Univ.,
Huntsville.), and NOBIE H. STONE, ed. Washington Dec. 1990
368 p  Workshop held in Huntsville, AL, 24-25 Apr. 1989;
sponsored by NASA. Marshall Space Flight Center and Alabama
Univ.
(NASA-CP-3089; M-644; NAS 1.55:3089) Avail: NTIS HC/MF
A16 CSCL 20/9

The First Workshop on Current Collection from Space Plasmas
was held at the Tom Bevil Center on the campus of The University
of Alabama in Huntsville on April 24 to 25, 1989. The intent of
the workshop was to assemble experts on various topics related
to the problem of current collection for deliberations that would
elucidate the present understanding of the overall current collection
problem. Papers presented at the workshop are presented.

N91-17721*# Massachusetts Inst. of Tech., Cambridge. Plasma
Fusion Center.

THEORY OF PLASMA CONTACTORS IN GROUND-BASED
EXPERIMENTS AND LOW EARTH ORBIT

M. J. GERVER, DANIEL E. HASTINGS, and M. R. OBERHARDT
(Air Force Geophysics Lab., Hanscom AFB, MA.) /n NASA,
Marshall Space Flight Center, Current Collection from Space
Plasmas p 150-189 Dec. 1990

Avail: NTIS HC/MF A16 CSCL 20/9
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Previous theoretical work on plasma contactors as current
collectors has fallen into two categories: collisionless double layer
theory (describing space charge limited contactor clouds) and
collisional quasineutral theory. Ground based experiments at low
current are well explained by double layer theory, but this theory
does not scale well to power generation by electrodynamic tethers
in space, since very high anode potentials are needed to draw a
substantial ambient electron current across the magnetic field in
the absence of collisions (or effective collisions due to turbulence).
Isotropic quasineutral models of contactor clouds, extending over
a region where the effective collision frequency upsilon sub e
exceeds the electron cyclotron frequency omega sub ce, have
low anode potentials, but would collect very little ambient electron
current, much less than the emitted ion current. A new model is
presented, for an anisotropic contactor cloud oriented along the
magnetic field, with upsilon sub e less than omega sub ce. The
electron motion along the magnetic field is nearly collisionless,
forming double layers in that direction, while across the magnetic
field the electrons diffuse collisionally and the potential profile is
determined by quasineutrality. Using a simplified expression for
upsilon sub e due to ion acoustic turbulence, an analytic solution
has been found for this model, which should be applicable to
current collection in space. The anode potential is low and the
collected ambient electron current can be several times the emitted
ion current. Author

N91-17731*# Colorado Univ., Boulder. Dept. of Astrophysical,
Planetary, and Atmospheric Sciences.
EFFECTS OF NEUTRAL GAS RELEASES ON ELECTRON
BEAM INJECTION FROM ELECTRICALLY TETHERED
SPACECRAFT
R. M. WINGLEE /n NASA, Marshall Space Flight Center, Current
Collection from Space Plasmas p 308-319 Dec. 1990
(Contract NAGW-1587; NAGW-91; NSG-7827; NSF
ATM-87-19371)
Avail: NTIS HC/MF A16 CSCL 20/9

The presence of high neutral densities at low altitudes and/or
during thruster firings is known to modify the spacecraft potential
during active electron beam injection. Two-dimensional (three
velocity) particle simulations are used to investigate the ionization
processes including the neutral density required, the modification
of the spacecraft potential, beam profile and spatial distribution of
the return current into the spacecraft. Three processes are
identified: (1) beam-induced ionization, (2) vehicle-induced
ionization, and (3) beam plasma discharge. Only in the first two
cases does the beam propagate away with little distortion.

Author

N91-17732*# Alabama Univ., Huntsville. Dept. of Mechanical
Engineering.
PRESSURE AND CURRENT BALANCE CONDITIONS DURING
ELECTRON BEAM INJECTIONS FROM SPACECRAFT
K. S. HWANG and NAGENDRA SINGH /n NASA, Marshall Space
Flight Center, Current Collection from Space Plasmas p 320-333
Dec. 1990
(Contract NAS8-37107)
Avail: NTIS HC/MF A16 CSCL 20/9

Electrostatic charging level of a conducting surface in response
to injections of electron beams into space plasma is investigated
by means of one-dimensional Vliasov code. Injections of Maxwellian
beams into a vacuum shows that the surface can charge up to
an electric potential phi sub s greater than W sub b, where W
sub b is the average electron beam energy. Since Maxwellian
beams have extended trails with electrons having energies greater
than W sub b, it is difficult to quantify the charging level in terms
of the energies of the injected electrons. In order to quantitatively
understand the charging in excess of W sub b, simulations were
carried out for water-bag types of beam with velocity distribution
functions described by (V) = A for V sub min approx. less than
V approx. less than V sub max and f(V) = O otherwise, where A
is a constant making the normalized beam density unity. It is
found that V sub max does not directly determine the charging
level. The pressure distribution in the electron sheath determines
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the electric field distribution near the surface. The electric field in
turn determines the electrostatic potential of the vehicle. The
pressure distribution is determined by the beam parameters such
as the average beam velocity and the velocity spread of the
beam. Author

N91-17733*# Systems Science and Software, La Jolla, CA.
NASCAP/LEO CALCULATIONS OF CURRENT COLLECTION
MYRON J. MANDELL, IRA KATZ, VICTORIA A. DAVIS, and
ROBERT A. KUHARSKI /n NASA, Marshall Space Flight Center,
Current Collection from Space Plasmas p 334-351 Dec. 1990
(Contract NAS3-23881) .
Avail: NTIS HC/MF A16 CSCL 20/9

NASCAP/LEO is a 3-dimensional computer code for calculating
the interaction of a high-voltage spacecraft with the cold dense
plasma found in Low Earth Orbit. Although based on a cubic grid
structure, NASCAP/LEO accepts object definition input from
standard computer aided design (CAD) programs so that a model
may be correctly proportioned and important features resolved.
The potential around the model is calculated by solving the finite
element formulation of Poisson’s equation with an analytic space
charge function. Five previously published NASCAP/LEO
calculations for three ground test experiments and two space flight
experiments are presented. The three ground test experiments
are a large simulated panel, a simulated pinhole, and a 2-slit
experiment with overlapping sheaths. The two space flight
experiments are a solar panel biased up to 1000 volts, and a
rocket-mounted sphere biased up to 46 kilovolts. In all cases, the
authors find good agreement between calculation and
measurement. Author

N91-18123*# Arizona Univ., Tucson.
AUTONOMOUS SPACE PROCESSOR FOR ORBITAL DEBRIS
In USRA, Proceedings of the 6th Annual Summer Conference:
NASA/USRA University Advanced Design Program p 11-21  Nov.
1990
Avail: NTIS HC/MF A14 CSCL 22/2

This work continues to develop advanced designs toward the
ultimate goal of a Get Away Special to demonstrate economical
removal of orbital debris using local resources in orbit. The
fundamental technical feasibility was demonstrated in 1988 through
theoretical calculations, quantitative computer animation, a solar
focal point cutter, a robotic arm design, and a subscale model.
Last year improvements were made to the solar cutter and the
robotic arm. Also performed last year was a mission analysis that
showed the feasibility of retrieving at least four large (greater than
1500-kg) pieces of debris. Advances made during this reporting
period are the incorporation of digital control with the existing
placement arm, the development of a new robotic manipulator
arm, and the study of debris spin attenuation. These advances
are discussed here. Author

N91-18171*# Texas A&M Univ.,, College Station.
ORBITAL DEBRIS REMOVAL AND SALVAGE SYSTEM
In USRA, Proceedings of the 6th Annual Summer Conference:
NASA/USRA University Advanced Design Program p 329-331
Nov. 1990
Avail: NTIS HC/MF A14 CSCL 22/2

Four Texas A&M University projects are discussed. The first
project is a design to eliminate a majority of orbital debris. The
Orbital Debris and Salvage System will push the smaller particles
into lower orbits where their orbits will decay at a higher rate.
This will be done by momentum transfer via laser. The salvageable
satellites will be delivered to the Space Station by an Orbital
Transfer Vehicle. The rest of the debris will be collected by Saivage
I. The second project is the design of a space based satellite
system to prevent the depletion of atmospheric ozone. The focus
is on ozone depletion in the Antarctic. The plan is to use an
orbiting solar array system designed to transmit microwaves at a
frequency of 22 GHz over the region in order to dissipate polar
stratospheric clouds that form during the months beginning in
August and ending in October. The third project, Project Poseidon,
involves a conceptual design of a space based hurricane control
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system consisting of a network of 21 low-orbiting laser platforms
arranged in three rings designed to heat the upper atmosphere of
a developing tropical depression. Fusion power plants are proposed
to provide power for the lasers. The fourth project, Project
Donatello, involves a proposed Mars exploration initiative for the
year 2050. The project is a conceptual design for a futuristic
superfreighter that will transport large numbers of people and
supplies to Mars for the construction of a full scale scientific and
manufacturing complex. Author

N91-18203# European Space Agency, Paris (France).
THE SPACE ENVIRONMENT: CHARACTERISTICS AND
EFFECTS
In its Manned Space Stations: Their Construction, Operation and
Potential Applications p 11-26 Nov. 1890  Original contains
color illustrations
Copyright  Avail: NTIS HC/MF A06; EPD, ESTEC, Noordwijk,
Netherlands, HC 40 Dutch guilders

The space environment in low Earth orbit is an unfriendly place
for both spacecraft and life forms. To exploit it properly, it is
necessary to understand both its characteristics and corresponding
effects on living organisms. Some of these characteristics offer
advantages or involve only minor problems that can be resolved,
while others are very hazardous and unpredictable. In space, there
are not only the phenomena of microgravity, vacuum, and extreme
temperature, but also lethal radiations and high speed junk that
can severely damage or even destroy a space station. Each of
these phenomena and the effects they have on the space station
and the crew are discussed. Means of overcoming the possible
disadvantageous effects are discussed and ways of exploiting
space conditions are presented. ESA

N91-18531*# Stanford Univ., CA. Space, Telecommunications,
and Radioscience Lab.
PLASMA DENSITY ENHANCEMENTS CREATED BY THE
IONIZATION OF THE EARTH'S UPPER ATMOSPHERE BY
ARTIFICIAL ELECTRON BEAMS
TORSTEN NEUBERT and PETER M. BANKS /n AGARD,
lonospheric Modification and its Potential to Enhance or Degrade
the Performance of Military Systems 6 p  Oct. 1990
(Contract NAS8-35350; NAGW-1566; NAG5-607;
F19628-89-K-0040)
Copyright  Avail: NTIS HC/MF A21; Non-NATO Nationals
requests available only from AGARD/Scientific Publications
Executive CSCL 04/1

Analytical calculations and experimental observations relating
to the interaction with the Earth’s upper atmosphere of electron
beams emitted from low altitude spacecraft are presented. The
problem is described by two coupled nonlinear differential equations
in the up-going (along a magnetic field line) and down-going
differential energy flux. The equations are solved numerically, using
the MSIS atmospheric model and the IRI ionospheric model. The
results form the model compare well with recent observations
from the CHARGE 2 sounding rocket experiment. Two aspects of
the beam-neutral atmosphere interaction are discussed. First, the
limits on the electron beam current that can be emitted from a
spacecraft without substantial spacecraft charging are investigated.
This is important because the charging of the spacecraft to positive
potentials limits the current and the escape energy of the beam
electrons and thereby limits the ionization of the neutral
atmosphere. As an example, we find from CHARGE 2 observations
and from the model calculations that below about 180 km,
secondary electrons generated through the ionization of the neutral
atmosphere by 1 to 10 keV electron beams from sounding rockets,
completely balance the beam current, thereby allowing the emission
of very high beam currents. Second, the amount of plasma
production in the beam-streak is discussed. Results are shown
for selected values of the beam energy, spacecraft velocity, and
spacecraft altitude. ’ Author

N91-18534#
Kieller.
VEHICLE CHARGING IN LOW DENSITY PLASMAS

Norwegian Defence Research Establishment,




B. N. MAEHLUM and J. TROIM  /n AGARD, lonospheric
Modification and its Potential to Enhance or Degrade the
Performance of Military Systems 11 p  Oct. 1930
Copyright Avail: NTIS HC/MF A21; Non-NATO Nationals requests
available only from AGARD/Scientific Publications Executive
Studies of electrical charging of space vehicles have been
reported in a number of papers in the last ten years. These studies
are based on charging due to onboard electron and ion accelerators
as well as charging due to thermal and energetic electrically charge
particles impinging on the surface of the vehicle. In spite of this
significant effort made in the field, both theoretically and
experimentally, the vehicle charging problem is far from being
completely understood. Part of the problem relates to the effects
of the plasma disturbances created by the beam. Several attempts
have been made with a varying degree of success to simulate
space plasma processes in large plasma chambers. The celebrated
studies in the large chamber at Johnson Space Center show that
the plasma may be very disturbed in the presence of a beam of
fast electrons by a beam plasma discharge (BDP) process. This
process was expected also to explain phenomena observed in
the upper atmosphere and possible various aspects of the vehicle
charging. However, there are still some doubts as to whether the
BDP really occurs in space, and the significance of the laboratory
simulation experiments conducted in the past remains obscure. A
number of high vehicle chargings generated by electron beams is
presented, and how this charging depends on the characteristics
of the plasma environment is discussed. Also, some results from
a simulation study of these problems conducted in the NDRE
plasma chamber are reviewed. Author

N91-19126*#  National Aeronautics and Space Administration.
Goddard Space Flight Center, Greenbelt, MD.
SIXTEENTH SPACE SIMULATION CONFERENCE CONFIRMING
SPACEWORTHINESS INTO THE NEXT MILLENNIUM
JOSEPH L. STECHER, Ill, ed. Washington Nov. 1990 464 p
Symposium held in Albuquerque, NM, 5-8 Nov. 1990; sponsored
by NASA, Inst. of Environmental Sciences, AIAA, and the American
Society for Testing and Materials
(NASA-CP-3096; REPT-90B00146; NAS 1.55:3096) Avail: NTIS
HC/MF A20 “SCL 22/2

The conference provided participants with a forum to acquire
and exchange information on the state of the art in space
simulation, test technology, thermal simulation and protection,
contamination, and techniques of test measurements.

N91-19159*# Rockwell International Corp., Downey, CA.
A FLIGHT EXPERIMENT TO DETERMINE GPS
PHOTOCHEMICAL CONTAMINATION ACCUMULATION RATES
A. C. TRIBBLE and J. W. HAFFNER /n NASA, Goddard Space
Flight Center, 16th Space Simulation Conference Confirming
Spaceworthiness Into the Next Millennium p 435-446 Nov.
1990
Avail: NTIS HC/MF A20 CSCL 22/2

it was recently suggested that photochemically deposited
contamination, originating from volatiles outgassed by a spacecraft,
may be responsible for the anomalous degradation in power seen
on the GPS Block 1 vehicles. In an attempt to confirm, or deny,
the photochemical deposition rates predicted, a study was
undertaken to design a flight experiment to be incorporated on
the GPS vehicles currently in production. The objective was to
develop an inexpensive, light weight instrument package that would
give information on the contamination levels within a few months
of launch. Three types of apparatus were studied, Quartz Crystal
Microbalances, (QCM’s), modified solar cells, and calorimeters. A
calorimeter was selected due primarily to its impact on the
production schedule of the GPS vehicles. An analysis of the
sensitivity of the final design is compared to the predicted
contamination accumulation rates in order to determine how long
after launch it will take the experiment to show the effects of
photochemical contamination. Author
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N91-19164"# Alabama Univ., Huntsville. Dept. of Mechanical
Engineering.
HYPERVELOCITY IMPACT PHYSICS Final Report
WILLIAM P. SCHONBERG, ALAN J. BEAN, and KENT DARZI
Washington NASA Jan. 1991 336 p
(Contract NAS8-36955)
(NASA-CR-4343; NAS 1.26:4343) Avail: NTIS HC/MF A15
CSCL 22/2

All large spacecraft are susceptible to impacts by meteoroids
and orbiting space debris. These impacts occur at extremely high
speed and can damage flight-critical systems, which can in turn
lead to a catastrophic failure of the spacecraft. Therefore, the
design of a spacecraft for a long-duration mission must take into
account the possibility of such impacts and their effects on the
spacecraft structure and on all of its exposed subsystems
components. The work performed under the contract consisted of
applied research on the effects of meteoroid/space debris impacts
on candidate materials, design configurations, and support
mechanisms of fong term space vehicles. Hypervelocity impact
mechanics was used to analyze the damage that occurs when a
space vehicle is impacted by a micrometeoroid or a space debris
particle. An impact analysis of over 500 test specimens was
performed to generate by a hypervelocity impact damage
database. Author

N91-19165*#  National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.
THE EFFECT OF THE LOW EARTH ORBIT ENVIRONMENT ON
SPACE SOLAR CELLS
DAVID J. BRINKER, JOHN R. HICKEY (Eppley Lab., Inc., Newport,
RI.), and DONALD K. BRASTED Nov. 1990 8 p Presented
at the 5th International Photovoltaic Science and Engineering
Conference, Kyoto, Japan, 26-30 Nov. 1990; sponsored in part by
Japan Society of Applied Physics, Inst. of Electrical Engineers of
Japan and Foundation for Adv. of Intern. Science, Kyoto, Japan
(NASA-TM-103735; E-5973; NAS 1.15:103735) Avail: NTIS
HC/MF A02 CSCL 22/2

The results of a space flight experiment designed to provide
reference cell standards for photovoltaic measurements as well
as to investigate the solar spectrum and the effect of long-term
exposure of solar cells to the space environment are presented.
This experiment, the Advanced Photovoltaic Experiment (APEX),
was launched into low Earth orbit as part of the Long Duration
Exposure Facility in 1984 and retrieved 69 months later. APEX
contained over 150 solar cells of a wide variety of materials, designs
and coverglasses. Data on cell performance was recorded for the
first year-on-orbit. Author

N91-20186# Systems Science and Software, La Jolla, CA.
POLAR CODE VALIDATION Final Report, 6 May 1986 - 6 Sep.
1989
. KATZ, J. R. LILLEY, JR., GARY A. JONGEWARD, M. J.
MANDELL, and T. T. LUU 30 Sep. 1989 56 p
(Contract F19628-86-C-0056)
(AD-A230138; SSS-DFR-89-10708/R1; GL-TR-89-0276) Avail:
NTIS HC/MF A04 CSCL 22/2

The POLAR code was written to model charging by large
spacecraft in low, polar orbit. This report documents comparisons
of POLAR code calculations with flight experiments. Calculations
of the plasma wake behind the Shuttle Orbiter are compared with
the situ measurements of Murphy et al.,, 1989. Calculation of the
charging of DMSP-7 are compared with the flight measurements
of Gussenhoven et al., 1985. Calculations of current and potential
on the SPEAR 1 rocket are compared with the flight measurements.
Calculation of electron collection by the CHARGE 2 mother rocket
payload are compared with flight observations. In all cases, the
POLAR calculations agreed with the essential features of the
observations. GRA
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N91-20187#  Arnold Engineering Development Center, Arnold
Air Force Station, TN.

CONTAMINATION EFFECTS OF SATELLITE MATERIAL
OUTGASSING PRODUCTS ON THERMAL SURFACES AND
SOLAR CELLS Final Report, 1 Oct. 1988 - 30 Sep. 1990

B. L. SEIBER, W. T. BERTRAND, and B. E. WOOD Dec. 1930

57
(AD’-)A230199; AEDC-TR-90-27) Avail: NTIS HC/MF A04 CSCL
10/3

The Wright Research and Development Center (WRDC) and
the Arnold Engineering Development Center (AEDC) have initiated
a program for measuring optical and radiative effects of satellite
material outgassing products on thermal control and cryo-optic
surfaces. A solar absorptance chamber for making
reflectance/absorptance measurements on thermal control
materials has been established. This report describes the operation
of the solar absorptance chamber used to measure the degradation
of reflective surfaces and solar cells caused by deposition of
outgassing contaminants. The effects of solar irradiation (UV) were
also studied, and results are presented. Data are presented for
Dow Corning 93-500 Space-grade encapsulant (DC93-500), Furane
Products Uralane 5753-A/B(LV) encapsulant, and Polyclad FR-4
Epoxy laminate. GRA

N91-20431# RADEX, Inc., Bedford, MA.
ONE-DIMENSIONAL ANALYSIS OF A RADIAL SOURCE FLOW
OF WATER PARTICLES INTO A VACUUM Technical Report,
Jan, - Aug. 1990
A. SETAYESH 31 Aug. 1990 45 p
(Contract F19628-89-C-0068)
(AD-A230729; RX-R-90081; GL-TR-90-0246; SR-4) Avail: NTIS
HC/MF A03 CSCL 20/4

An analytical investigation is made of a one-dimensional radial
source flow of water into a vacuum. The equations that describe
this model are a sixth-order, nonlinear, two-point boundary value
problem. The problem is solved by the shooting/splitting technique.
The results of this investigation are compared with the other works
in the literature and the comparisons generally are in good
agreement. Engineering parameters for the release of water into
space are used to give some indication of waterflow characteristics
into a vacuum environment; these parameters were chosen to
resemble those of a recent water release experiment from the
space shuttle. GRA

N91-20723*# Toronto Univ. (Ontario). Dept. of Electrical
Engineering.
MAGNETOPLASMA SHEATH WAVES ON A CONDUCTING
TETHER IN THE IONOSPHERE WITH APPLICATIONS TO EMI
PROPAGATION ON LARGE SPACE STRUCTURES
K. G. BALMAIN, H. G. JAMES (Communications Research Centre,
Ottawa, Ontario ), and C. C. BANTIN /7 NASA, Lyndon B. Johnson
Space Center, Fourth Annual Workshop on Space Operations
Applications and Research (SOAR 90) p 646-654 Jan. 1991
Sponsored in part by National Research Council of Canada; Natural
Sciences and Engineering Research Council of Canada; and
Institute for Space and Terrestrial Science, Ontario
Avail: NTIS HC/MF At14 CSCL 17/2

A recent space experiment confirmed sheath-wave propagation
of a kilometer-long insulated wire in the ionosphere, oriented
parallel to the Earth’s magnetic field. This space tether experiment,
Oedipus-A, showed a sheath-wave passband up to about 2 MHz
and a phase velocity somewhat slower than the velocity of light
in a vacuum, and also demonstrated both ease of wave excitation
and low attenuation. The evidence suggests that, on any large
structure in low Earth orbit, transient or continuous wave
electromagnetic interference, once generated, could propagate
over the structure via sheath waves, producing unwanted signal
levels much higher than in the absence of the ambient plasma
medium. Consequently, there is a need for a review of both
electromagnetic interference/electromagnetic compatibility standards
and ground test procedures as they apply to large structures in low
Earth orbit. Author
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N91-20725°#  National Aeronautics and Space Administration.
Goddard Space Flight Center, Greenbelt, MD.
ENVIRONET: AN ONLINE ENVIRONMENTAL INTERACTIONS
RESOURCE
MICHAEL LAURIENTE In NASA, Lyndon B. Johnson Space
Center, Fourth Annual Workshop on Space Operations Applications
and Research (SOAR 90) p 668-673 Jan. 1991 Sponsored by
NASA, Washington; AFGL; and AFSC
Avail: NTIS HC/MF A14 CSCL 12/2

EnviroNET is a centralized depository for technical information
on environmentally induced interactions likely to be encountered
by spacecraft in both low-altitude and high-altitude orbits. It provides
a user-friendly, menu-driven format on networks that are connected
globally and is available 24 hours a day - every day. The service
pools space data collected over the years by NASA, USAF, other
government research facilities, industry, universities, and the
European Space Agency. This information contains fext, tables
and over one hundred high resolution figures and graphs based
on empirical data. These graphics can be accessed while still in
the chapters, making it easy to flip from text to graphics and
back. Interactive graphics programs are also available on space
debris, the neutral atmosphere, magnetic field, and ionosphere.
EnviroNET can help designers meet tough environmental flight
criteria before committing to flight hardware built for experiments,
instrumentation, or payloads. Author

N91-20727*#  National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.
THE ENVIRONMENT WORKBENCH: A DESIGN TOOL FOR
SPACE STATION FREEDOM
GARY A. JONGEWARD, ROBERT A. KUHARSKI, THOMAS V.
RANKIN, KATHERINE G. WILCOX (Systems Science and Software,
La Jolla, CA), and JAMES C. ROCHE /n NASA, Lyndon B.
Johnson Space Center, Fourth Annual Workshop on Space
Operations Applications and Research (SOAR 90) p 684-687 Jan.
1991
(Contract NAS3-25347)
Avail: NTIS HC/MF A14 CSCL 22/2

The environment workbench (EWB) is being developed for
NASA by S-CUBED to provide a standard tool that can be used
by the Space Station Freedom (SSF) design and user community
for requirements verification. The desktop tool will predict and
analyze the interactions of SSF with its natural and self-generated
environments. A brief review of the EWB design and capabilities
is presented. Calculations using a prototype EWB of the on-orbit
floating potentials and contaminant environment of SSF are also
presented. Both the positive and negative grounding configurations
for the solar arrays are examined to demonstrate the capability of
the EWB to provide quick estimates of environments, interactions,
and system effects. Author

N91-20729*# Space Command, Peterson AFB, CO.
SMALL SATELLITE DEBRIS CATALOG MAINTENANCE
ISSUES
PHOEBE A. JACKSON /n NASA, Lyndon B. Johnson Space
Center, Fourth Annual Workshop on Space Operations Applications
and Research (SOAR 90) p 696-704 Jan. 1991
Avail: NTIS HC/MF A14 CSCL 22/1

The United States Space Command (USSPACECOM) is a
unified command of the Department of Defense, and one of its
tasks is to detect, track, identify, and maintain a catalog of all
man-made objects in Earth orbit. This task is called space
surveillance, and the most important tool for space surveillance is
the satellite catalog. The command’s reasons for performing
satellite catalog maintenance is presented. A satellite catalog is
described, and small satellite-debris catalog-maintenance issues
are identified. The underlying rationale is to describe the catalog
maintenance services so that the members of the community can
use them with assurance. Author




N91-20730*# National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
THE IMPORTANCE OF MOMENTUM TRANSFER IN
COLLISION-INDUCED BREAKUPS IN LOW EARTH ORBIT
ROBERT C. REYNOLDS and BRIAN J. LILLIE /n its Fourth
Annual Workshop on Space Operations Applications and Research
(SOAR 90) p 706-717  Jan. 1891
Avail: NTIS HC/MF A14 CSCL 22/1

Although there is adequate information on larger objects in
low Earth orbit, specifically those objects larger than about 10 cm
in diameter, there is little direct information on objects from this
size down to 1 mm. Yet, this is the sized regime where objects
acting as projectiles represent the ability to seriously damage or
destroy a functioning spacecratft if they collide with it. The observed
consequences of known collisional breakups in orbit indicates no
significant momentum transfer in the resulting debris cloud. The
position taken in this paper is that this is an observational selection
effect: what is seen in these events is an explosion-like breakup
of the target structure arising from shock waves introduced into
the structure by the collision, but one that occurs significantly
after the collision processes are completed; the collision cloud, in
which there is momentum transfer, consists of small, unobserved
fragments. Preliminary computations of the contribution of one
known collisional breakup, Solwind at 500 km in 1985, and Cosmos
1275 in 1981, assume no momentum transfer on breakup and
indicate that these two events are the dominant contributors to
the current millimeter and centimeter population. A different story
would emerge if momentum transfer was taken into account. The
topics covered include: (1) observation of on-orbit collisional
breakups; (2) a model for momentum transfer; and (3) velocity
space representation of breakup clouds. - Author

N91-20731*# Naval Space Surveillance System, Dahigren, VA.
Dept. of Analysis and Software.
NAVSPASUR ORBITAL PROCESSING FOR SATELLITE
BREAK-UP EVENTS
PAUL W. SCHUMACHER, JR. /n NASA, Lyndon B. Johnson
Space Center, Fourth Annual Workshop on Space Operations
Applications and Research (SOAR 90) p 718-723  Jan. 1991
Avail: NTIS HC/MF A14 CSCL 22/1

Satellite breakups via explosion or collision can instantly
increase the frackable orbiting population by up to several hundred
objects, temporarily perturbing the routine space surveillance
operations at U.S. Space Command (USSPACWCOM) and the
Naval Space Surveillance Center (NAVSPASUR). This paper is a
survey of some of the procedures and techniques used by
NAVSPASUR to respond to such events. First, the overall data
flow at NAVSPASUR is described highlighting the places at which
human analysts may intervene with special processing. So-called
manual intervention is required in a variety of non-nominal
situations, including breakups. Second, a description is given of
some of the orbital analysis and other software tools available to
NAVSPASUR analysts. These tools were developed in-house over
the past thirty years and can be employed in a highly flexible
manner. The basic design philosophy for these tools was to
implement simple concepts as efficiently as possible and to allow
the analyst maximum use of his personal expertise. Finally, several
historical breakup scenarios are discussed briefly. These scenarios
provide examples of the types of questions that are fairly easy to
answer in the present operational environment, as well as examples
of questions that are very difficult to answer. Author

N91-20733*#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
ATOMIC OXYGEN BEAM SOURCE FOR EROSION
SIMULATION
J. W. CUTHBERTSON, W. D. LANGER, R. W. MOTLEY (Princeton
Univ.,, NJ.), and J. A. VAUGHN /n NASA, Lyndon B. Johnson
Space Center, Fourth Annual Workshop on Space Operations
Applications and Research (SOAR 90) p 734-741  Jan. 1991
(Contract NASA ORDER H-83097-B)
Avail: NTIS HC/MF A14 CSCL 20/8

A device for the production of low energy (3 to 10 eV) neutral
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atomic beams for surface modification studies is described that
reproduces the flux of atomic oxygen in low Earth orbit. The beam
is produced by the acceleration of plasma ions onto a negatively
biased plate of high-Z metal; the ions are neutralized and reflected
by the surface, retaining some fraction of their incident kinetic
energy, forming a beam of atoms. The plasma is generated by a
coaxial RF exciter which produces a magnetically-confined (4 kG)
plasma column. At the end of the column, ions fall through the
sheath to the plate, whose bias relative to the plasma can be
varied to adjust the beam energy. The source provides a neutrai
flux approximately equal to 5 x 10(exp 16)/sq cm at a distance of
9 cm and a fluence approximately equal to 10(exp 20)/sq cm in
five hours. The composition and energy of inert gas beams was
diagnosed using a mass spectometer/energy analyzer. The energy
spectra of the beams demonstrate energies in the range 5 to 15
eV, and qualitatively show expected dependences upon incident
and reflecting atom species and potential drop. Samples of carbon
film, carbon-based paint, Kapton, mylar, and teflon exposed to
atomic O beams show erosion quite similar to that observed in
orbit on the space shuttle. ’ Author

N91-20736"#  National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
CHARACTERIZATION OF A 5-EV NEUTRAL ATOMIC OXYGEN
BEAM FACILITY
J. A. VAUGHN, R. C. LINTON, M. R. CARRUTH, JR., A. F.
WHITAKER, J. W. CUTHBERTSON, W. D. LANGER, and R. W.
MOTLEY (Princeton Univ., NJ.) /n NASA, Lyndon B. Johnson
Space Center, Fourth Annual Workshop on Space Operations
Applications and Research (SOAR 90) p 764-771  Jan. 1991
Avail: NTIS HC/MF A14 CSCL 20/8

An experimental effort to characterize an existing 5-eV neutral
atomic oxygen beam facility being developed at Princeton Plasma
Physics Laboratory is described. This characterization effort
includes atomic oxygen flux and flux distribution measurements
using a catalytic probe, energy determination using a commercially
designed quadrupole mass spectrometer (QMS), and the exposure
of oxygen-sensitive materials in this beam facility. Also,
comparisons were drawn between the reaction efficiencies of
materials exposed in plasma ashers, and the reaction efficiencies
previously estimated from space flight experiments. The results of
this study show that the beam facility is capable of producing a
directional beam of neutral atomic oxygen atoms with the needed
flux and energy to simulate low Earth orbit (LEQ) conditions for
real time accelerated testing. The flux distribution in this facility is
uniform to +/- 6 percent of the peak flux over a beam diameter
of 6 cm. Author
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Descriptions and analyses of different structural materials, films,
coatings or bonding materials. Mechanical properties of spacecraft
construction materials. Descriptions of the effects of natural and
induced space environments.

A91-10141*# McDonnell-Douglas Space Systems Co., Houston,
TX.

SPACE STATION METEOROID AND DEBRIS DESIGN
REQUIREMENTS

JAMES T. GEHAN (McDonnell Douglas Space Systems Co.,
Houston, TX) and RAYMOND L. NIEDER (NASA, Johnson Space
Center, Houston, TX) AIAA, Space Programs and Technologies
Conference, Huntsville, AL, Sept. 25-27, 1990. 7 p. refs

(AIAA PAPER 90-3776)

General concepts and design requirements for the protection
of Space Station Freedom against damage from meteoroids and
orbital debris are reviewed. In particular, attention is given to the
current approach to spacecraft protection from the meteoroid

Py
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environment, derived from probability-based requirements.
Alternative approaches are considered, which include a refined
probability approach, an area ratio approach, and a particle matrix
approach. The original approach and the new approaches are
then compared in terms of design flexibility and programmatic
maintenance considerations. V.l

A91-13730#
SPACECRAFT MATERIALS IN THEIR ACTUAL FLIGHT
ENVIRONMENT
J. C. GUILLAUMON, M. SUBIAS (CNES, Toulouse, France), J. C.
MANDEVILLE, and A. PAILLOUS (ONERA, Centre d’Etudes et de
Recherches de Toulouse, France) IAF, International Astronautical
Congress, 41st, Dresden, Federal Republic of Germany, Oct. 6-12,
1990. 10 p. refs
(IAF PAPER 90-005) Copyright

The effects of synergistic action of oxygen atoms and UV
radiation on specimens of spacecraft materials are compared with
the effects of solar UV radiation acting alone. The advantages
and drawbacks of in-flight experiments are discussed. Preliminary
experimental results are reviewed which show that very uniform
ITO and silicone layers are very effective in decreasing oxidative
surface degradation. Findings are also reported on Teflon
specimens and paints. C.D.

A91-13788°'# NASA Space Station Program Office, Reston, VA.
THE ROLE OF THE LONG DURATION EXPOSURE FACILITY
IN THE DESIGN OF THE SPACE STATION FREEDOM

S. A. LITTLE (NASA, Space Station Freedom Program Office,
Reston, VA), W. H. KINARD (NASA, Langley Research Center,
Hampton, VA), and J. B. WHITESIDE (Grumman Corporate
Research Center, Bethpage, NY) |AF, International Astronautical
Congress, 41st, Dresden, Federal Republic of Germany, Oct. 6-12,
1990. 6 p.

(IAF PAPER 90-080)

The Long Duration Exposure Facility (LDEF) satellite retrieved
this year by the U.S. Space Shuttle offers spacecraft designers
an unprecedented opportunity to examine synergistic, long-term
space environmental effects on systems and materials. This paper
discusses the strategy for data development and the role its
implementation will play in the design of the Space Station
Freedom. Examples are provided from three key areas
(environments definition, protection of external surfaces, and
verification of system components) to illustrate LDEF's potential
contribution. Author

A91-13921#
ADVANCED MATERIALS FOR SPACE STRUCTURES
JOHN 'R. WILLIAMSON (USAF, Materials Laboratory,
Wright-Patterson AFB, OH)  |AF, International Astronautical
Congress, 41st, Dresden, Federal Republic of Germany, Oct. 6-12,
1990. 7 p.
(IAF PAPER 90-276) Copyright

The materials that are being used to meet the operational
requirements of evolving space systems and applications are briefly
discussed. The materials considered inciude tribomaterials,
structural materials, and vibration suppression materials. Various
demonstration results are presented. C.D.

A91-13922#
SPACECRAFT SHIELDING AGAINST ORBITAL DEBRIS - A
REVIEW OF THE TECHNOLOGICAL WORK UNDERTAKEN IN
EUROPE
M. LAMBERT and E. SLACHMUYLDERS (ESTEC, Noordwijk,
Nethertands) IAF, International Astronautical Congress, 41st,
Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 8 p.
refs
(IAF PAPER 90-277) Copyright

Technological work done by ESA to improve the state of the
art in the design and implementation of meteoroid and debris
protection is described. Hypervelocity impact physics is briefly
reviewed, and the effects of impacts is examined along with the
thermal protection measures that can be taken against impacts.
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Ongoing ESA research on engineering modeling, material selection,
configurations, test facilities, computer simulation, and impact
damage detection is reviewed, especially as it applies to
Columbus. C.D.

A91-13923#
MATERIAL CONSIDERATIONS FOR SPACE STATION
FREEDOM
H. W. BABEL, K. E. SIMPSON, and C. A. JONES {(McDonnell
Douglas Space Systems Co., Space Station Div., Huntington Beach,
CA) |AF, International Astronautical Congress, 41st, Dresden,
Federal Republic of Germany, Oct. 6-12, 1990. 11 p. refs
(IAF PAPER 90-278) Copyright

An approach to materials selection for Space Station Freedom
is described. The approach takes into consideration the effects of
the environments and loads that will be encountered during launch,
assembly, and in service. Thermal control coatings and materials
for composites are addressed, and nonenvironmental issues such
as pressure vessel materials conpatability are discussed. The status
of multilayer insulation development, lubrication selection, and
finishes to prevent cold-welding is reviewed. C.D.

A91-13924#
COLUMBUS MATERIALS SELECTION AND QUALIFICATION
IN RELATION TO 30 YEARS LIFE TIME AND IN ORBIT
MAINTENANCE/REPAIR
H.-d. STEPHAN (MBB-ERNO, Bremen, Federal Republic of
Germany)  IAF, International Astronautical Congress, 41st,
Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 10 p.
(IAF PAPER 90-279) Copyright

Materials selection for the Columbus program is discussed in
the light of maintainability requirements. The long-term behavior
of materials under the conditions which will be encountered by
Columbus is addressed, and outgassing tests are reviewed as a
determinant of the thermovacuum stability of materials. The tests
described include the Volatile Condensible Material test, the
Vacuum Balance Quartz Crystal tests, and thermogravimetric
analysis. Sample results are presented. ~CbD.

A91-13925#

RESEARCH OF MATERIALS AND COATING OF SPACECRAFT
EXTERNAL SURFACES USING RECOVERABLE CASSETTES
ABOARD THE 'SALYUT-MIR'-TYPE STATIONS

S. F. NAUMOV, S. A. DEMIDOV, A. A. GORODETSKII, and N. 1.
KARPOV  (Nauchno-Proizvodstvennoe Ob’edinenie  Energiia,
Kaliningrad, USSR)  |AF, International Astronautical Congress,
41st, Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 6 p.

(IAF PAPER 90-280) Copyright

Recoverable cassettes containing spacecraft thermal coating
samples were used to study changes in the material characteristics
of the coatings caused by long-term orbital flight conditions. The
cassette configuration and the way that sample materials were
installed, housed, and released for exposure are described. Sample
results are presented for various thermal materials. C.D.

A91-16747#

EFFECTS OF A SURFACE DISCHARGE ON THE SPACE
CHARGE DISTRIBUTIONS IN E-IRRADIATED TEFLON AND
KAPTON FILMS

M. P. CALS, J. P. MARQUE (ONERA, Chatillon, France), and C.
ALQUIE (Paris, Ecole Superieure de Physique et Chimie
Industrielles, France) (Conference on Electrical and Dielectric
Phenomena, Pocono, PA, Oct. 28-Nov. 1, 1990) ONERA, TP no.
1990-170, 1990, 9 p. Research supported by DRET. refs
(ONERA, TP NO. 1990-170)

An experimental simulation of charging and discharging of
polymer films subjected to e-irradiation is presented. The charge
profiles in the irradiated films are measured using a laser-induced
pressure-wave propagation method. The method is reproducible
and nondestructive, and the evolution of the charge density is
recorded at various steps of the irradiation process until a discharge




occurs. The method is used for in situ measurements of space
charge distributions in a vacuum environment and at high chargmg
levels. B.P.

A91-16974
TOWARDS UNOBTAINIUM
MOHAN MISRA (Martin Marietta Space Systems Co., Denver,
CO) Aerospace Composites and Materials (ISSN 0954-5832),
vol. 2, Nov.-Dec. 1990, p. 29-32.
Copyright

The space conditions to be endured by such prospective orbiting
systems as the Space Station Freedom and various on-orbit
components of SDI entail space structures with unprecedented
dimensional stability throughout temperature changes and
maneuver loadings, in order to secure high sensor-pointing
accuracies. These requirements have prompted the study of
advanced composites for light/stiff, highly damped and
dimensionally stable structures; shape-memory alloy matrices for
'smart structure’ composites; light alloys for propellant tanks; and
such surface modifications as diamond films for tribological and
other protective purposes. Attention is given to the development
status of discontinuously-reinforced metal-matrix composites,
carbon-carbon composites, and beryllide intermetallics. O.C.

A91-17376
COMPOSITE STRUCTURES 5; PROCEEDINGS OF THE FIFTH
INTERNATIONAL CONFERENCE, PAISLEY COLLEGE OF
TECHNOLOGY, SCOTLAND, JULY 24-26, 1989
. H. MARSHALL, ED. (Paisley College of Technology, Scotland)
Conference organized by the Paisley College of Technology;
Sponsored by Scottish Development Agency, USAF, U.S. Army,
et al. London, England and New York, Elsevier Applied Science,
1989, 895 p. For individual items see A91-17377 to A91-17414.
Copyright

The conference addresses the progress of composites as
structure materials and includes such topics as shells and pressure
vessels, failure studies, environmental effects, plate and shell
vibration, and damage tolerance. Transport and aerospace
applications are also among the issues, along with finite-element
studies, and analyses of structural stability, platework structures,
pipeworks, fatigue and creep, and laminates. Cementitious
structures are reviewed, and focus is placed on matrix
considerations and complementary studies. Attention is given to
composite-intensive automobiles, failure modes of laminated
axisymmetric shells of revolution subject to external pressure,
moisture management and artificial aging of fiber-reinforced epoxy
resins, and nonlinear forced vibrations of anisotropic composite
unsymmetrically laminated plates. Free vibration characteristics of
materially monolithic circular cylinders are discussed, along with a
finite-element  formulation for three-dimensional laminated
composite plates, stress analysis of a composite plate based on
a new plate theory, the outgassing of spacecraft composites, and
vibrational analysis of large antennas for space applications.

V.T.

A91-17400
SENSITIVITY STUDIES IN THE OUTGASSING OF
SPACECRAFT COMPOSITES
ROBERT D. KARAM (Fairchild Space Co., Germantown, MD) IN:
Composite structures 5; Proceedings of the Fifth International
Conference, Paisley, Scotland, July 24-26, 1989. London, England
and New York, Elsevier Applied Science, 1989, p. 547-559. refs
Copyright

A systematic approach is described for analyzing outgassing
in spacecraft composites. Simplifications that apply to practical
cases are listed then used to derive tractable mathematical
expressions. The boundary condition in the model is related to
temperature and surface treatment. Outgassing of a platform
subjected to sinusoidal heating is discussed in a numerical example.
Sensitivity to small temperature fluctuations does not appear
significant, but variations in mean temperature, energy levels, and
surface parameters produce very different estimates of outgasasing
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rates. It is recommended that thermal/diffusion tests be performed
on samples fabricated simultaneously with flight hardware.
Author

A91-21207*
U.S.-JAPAN WORKSHOP ON SMART/INTELLIGENT
MATERIALS AND SYSTEMS, HONOLULU, Hi, MAR. 19-23,
1980, PROCEEDINGS
IQBAL AHMAD, ED., ANDREWS CROWSON, ED., CRAIG A.
ROGERS, ED., and MASUO AIZAWA, ED. Conference organized
by the University of Hawaii; Sponsored by the U.S. Army, USAF,
U.S. Navy, NASA, and DARPA. Lancaster, PA, Technomic
Publishing Co., Inc., 1990, 353 p. For individua! items see
A81-21208 to A91-21217.
Copyright

Topics presented include the concept of intelligent materials,
the molecular engineering of channel proteins, the prospects,
limitations, and requirements of intelligent micro motion systems,
the modeling of a shape memory integrated actuator for vibration
control of large space structures, and intelligent materials for future
electronics. Also presented are the slewing of an active structure,
the health monitoring of control system components, the numerical
modeling of the microstructure of crystals with symmetry-related
variants, and the intelligent material system concept. R.E.P.

A91-21367*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
LONG DURATION EXPOSURE FACILITY (LDEF) RESULTS
WILLIAM H. KINARD (NASA, Langley Research Center, Hampton,
VA) and ROBERT L. O’'NEAL (Lockheed Engineering and Sciences
Co., Hampton, VA)  AIAA, Aerospace Sciences Meeting, 29th,
Reno, NV, Jan. 7-10, 1991. 11 p.
(AIAA PAPER 91-0096) Copyright

This paper presents an overview of the initial observations of
the Long ODuration Exposure Facility and the 57 onboard
experiments which were retrieved from space on January 12, 1990,
during the Space Shuttle STS Mission 32. The facility and the 57
science, technology, and applications experiments had remained
in space for almost 6 years. The initial and the continuing
observations of this retrieved hardware have provided, and will
continue to provide for a number of years in the future, a wealth
of basic science data on the environments of near-earth space
and a unique opportunity to observe and study long duration
synergistic effects of these space environments on a large array
of typical spacecraft materials and systems. Author

A91-24427*# Alabama Univ., Huntsville.
HYPERVELOCITY IMPACT TESTING OF NON-METALLIC
MATERIALS
WILLIAM P. SCHONBERG (Alabama, University, Huntsville) IN:
ICAS, Congress, 17th, Stockholm, Sweden, Sept. 9-14, 1990,
Proceedings. Vol. 2. Washington, DC, American Institute of
Aeronautics and Astronautics, Inc., 1990, p. 1225-1235. refs
(Contract NAS8-36955)
Copyright

A comparative analysis of impact damage in composite and
ceramic specimens and in geometrically similar aluminum
specimens is performed to determine the advantages and
disadvantages of employing certain composite and ceramic
materials in the design of structural wall systems for long-duration
spacecraft. A similar analysis of the damage in single panel lexan
and multi-plane glass windows shows that glass window systems
are rather resilent under hypervelocity impact loadings. It is
concluded that thin Kevlar 49, IM6/3501-6 graphite/epoxy, and
alumina panels offer no advantage over equivalent aluminum
6061-T6 panels in reducing the penetration threat of hypervelocity
projectiles. LKS.

A91-25326#

ATOMIC OXYGEN INTERACTION WITH SPACECRAFT
MATERIALS

MASAAKI ITO, MASAMI WATANABE, MASAHIRO ISHII, and
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KYOICHI KURIKI Ishikawajima-Harima Engineering Review (ISSN
0578-7904), vol. 30, Sept. 1990, p. 335-339. In Japanese, with
abstract in English. refs

Atomospheric interaction with spacecraft materials in low earth
orbits was demonstrated using an atomic oxygen flow facility.
Resistance against atomic oxygen was assessed on some
candidate materials. Polymide films, which are used for thermal
control and structural materials, were tested to show surface
degradation and substantial mass loss. The reaction mechanism
was studied with XPS and FTIR methods. It is found that the
imide ring is oxidized, opened, and evaporated, and that a higher
glass transition temperature is effective in slowing the reaction.
Other materials such as TFE-coated belt glass cloth, silicone
rubber, M0oS2, and CFRP were also tested. While TFE and CFRP
are susceptible to atomic oxygen, glass cloth and silicone rubber
are unaffected. The stability of MoS2 is also determined by its
fixation method. Author

A91-26086#

SURFACE DISCHARGE ON E-IRRADIATED POLYMERS

J. P. MARQUE (ONERA, Chatillon, France) (Cours International
de Technologie Spatiale, Toulouse, France, Nov. 26-30, 1990)
ONERA, TP no. 1990-185, 1990, 12 p. refs

(ONERA, TP NO. 1990-185)

Deep charge trapping in thermal blankets at the surface of
geostationary spacecrafts gave rise to interest in surface discharge
occurring in a vacuum. Experiments on triggered surface discharges
and bulk charge distribution in dielectrics present the physical
processes which rules this type of discharges. The flashover
propagation is mainly a surface process, for which a model based
on the ionization of a thin layer of desorbed gas at the surface of
the polymer is developed. Blowoff electrons are released under
the effect of the expansion into vacuum of the plasma of the
discharge channel. The part of the main parameters as they can
act in orbit when a charging event leads to a radioelectric
perturbation and the electrical consequences of such a discharge
are described. Author

A91-27678
UNUSUAL SPACECRAFT MATERIALS
JONATHAN V. POST (Rockwell International Corp., Downey, CA)
IN: Engineering, construction, and operations in space II;
Proceedings of Space 90, the Second International Conference,
Albuquerque, NM, Apr. 22-26, 1990. Vol. 2. New York, American
Society of Civil Engineers, 1990, p. 1055-1064. refs
Copyright

A speculative evaluation is made of exotic materials that might
be conveniently and advantageously employed by future spacecraft
of solar sail-powered, sungrazing, and nuclear fusion-powered
‘iceship’ types. Attention is given to the last of these concepts,
envisioned as a spacecraft constructed from structure-forming
clusters of hydrogen ice spheres that can be robotically detached
as required for propulsion-system consumption. The hydrogen
spheres act as cryogen, structure, propellant, radiation shielding,
radiation absorber, radiation window, and electrical power source.
The concept is subjected to thermal analyses and computer
simulations. O.C.

A91-27933
ON THE INFLUENCE OF PLY-ANGLE ON DAMPING AND
MODULUS OF ELASTICITY OF A METAL-MATRIX
COMPOSITE
VIKRAM K. KINRA (Texas A & M University, College Station),
GRAEME G. WREN (Department of Defence, Aeronautical
Research Laboratories, Melbourne, Australia), SURAJ P. RAWAL,
and MOHAN S. MISRA (Martin Marietta Aerospace Corp., Denver,
CO) Metallurgical Transactions A - Physical Metallurgy and
Materials Science (ISSN 0360-2133), vol. 22A, March 1991, p.
641-651. refs
(Contract NO0014-84-C-0413)
Copyright

The central objective of the classical laminate theory is to
predict the properties of a laminate having an arbitrary lay-up,
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taking as its input the measured properties of an individual lamina.
Whereas a fair amount of work has been done concerning the
prediction of the laminate stiffness, relatively little attention has
been paid to the prediction of laminate damping. A recent model
by Ni and Adams (1984) fills this gap. The objective of this paper
is to compare the predictions of their mode! with the results of a
careful and detailed experimental investigation of the problem as
it concerns metal-matrix composites. Flexural modulus and flexural
damping of a continuous graphite/aluminum composite of
(+/-theta)s lay-up were measured for theta = 0, 15, 30, 45, 60,
75, and 90 deg. These were compared with the predictions of a
slightly modified form of the Ni and Adams model; the model was
modified to include the epsilon(y), sigma(y), and tau(xy) terms which
were ignored in the earlier work, where (xy,z) is the laminate
coordinate system. Excellent agreement between the theory and
experimental results was observed. Author

A91-28183" National Aeronautics and Space Administration.
Ames Research Center, Moffett Field, CA.
ATOMIC-OXYGEN INDUCED STRUCTURAL CHANGES IN
POLYPHOSPHAZENE FILMS AND COATINGS
LARRY L. FEWELL (NASA, Ames Research Center, Moffett Field,
CA) Journal of Applied Polymer Science (ISSN 0021-8995), vo!.
41, 1990, p. 391-406. refs
Copyright

Various polymers were exposed to atomic oxygen O(3P) and
comparisons made of their stability. The rates of reaction and
mass removal for polyphosphazenes exposed to atomic oxygen
were found to be significantly lower than for other polymers
evaluated in this study. Surface analysis of polyphc~phazene films
indicated that O(3P) induces rearrangements in the
phosphorus-nitrogen backbone of the polymer, resulting in
cross-linking and cleavage of some pendant groups that are then
replaced by oxygen. Author

A91-29701" #
Pasadena.
EMI TESTING ADEQUACY AND FLIGHT ANOMALY HISTORY
RICHARD W. KUBERRY (JPL, Pasadena, CA) IN: Aerospace
Testing Seminar, 12th, Manhattan Beach, CA, Mar. 13-15, 1990,
Proceedings. Mount Prospect, IL, Institute of Environmental
Sciences, 1990, p. 51-58. refs

The effects of electromagnetic interference (EMI) and the space
environment on the performance of long-duration spacecraft
hardware are surveyed, and the implications for prelaunch test
procedures are indicated. Topics addressed include the need for
onboard environmental monitoring devices to aid in the identification
of environmentally induced anomalies, environmental modeling
methods, the existing spacecraft-anomaly data bases, electrostatic
discharges, radiation effects, magnetic-field effects, and terrestrial
sources of EMI. Statistical data on EMI-induced anomalies are
presented in graphs and discussed in detail. It is recommended
that testing beyond the current MIL-STD levels be performed on
equipment for long-term missions such as the Space Station.

T.K.

Jet Propuision Lab., California Inst. of Tech.,

A91-29712#
EVALUATION OF RESIDUAL CONTAMINATION ON
SILVERED-TEFLON AFTER REMOVAL OF COVERLAY
LOURDES MENES and MAX K. BARSH (Aerojet ElectroSystems,
Azusa, CA) IN: Aerospace Testing Seminar, 12th, Manhattan
Beach, CA, Mar. 13-15, 1990, Proceedings. Mount Prospect, IL,
Institute of Environmental Sciences, 1990, p. 151-156.
Recognition that contamination of silvered-Teflon surfaces could
result in warming of temperature-sensitive spececraft hardware led
to an evaluation of two coverlay materials. Coverlay materials,
which are used to protect these surfaces, are removed just prior
to launch. investigations revealed that one of the coverlay
candidates left only trace contaminant residues on the Teflon
surface. It was also found that any adhesive residues remaining
could be eftectively removed without damaging the surface. Further
studies are under consideration to quantify the impact of on-orbit




radiation effects on the very small residue from the best coverlay
candidate. Author

A91-32134" National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
COATINGS COULD PROTECT COMPOSITES FROM HOSTILE
SPACE ENVIRONMENT
ANN F. WHITAKER (NASA, Marshall Space Flight Center,
Huntsville, AL) Advanced Materials and Processes (ISSN
0882-7958), vol. 139, April 1991, p. 30-32.
Copyright

An experiment has been conducted on about 100 different
material/process combinations, most of which were candidates
for use in solar arrays having high power-to-weight ratios. These
substances were exposed to the LEO environment during
Long-Duration Exposure Facility Experiment A0171 in order to
evaluate the synergistic effects of the LEO environment on the
materials’ mechanical, electrical, and optical properties. Materials
evaluated include solar cells, cover slips having antireflectance
coatings, adhesives, encapsulants, reflective materials, mast and
harness materials, structural composites, and thermal control thin
films. About one-sixth of the experiment tray was devoted to
composite-material tensile specimens, which were specifically to
be studied for changes in their mechanical properties. Preliminary
results of the surface-damage evaluation are presented. These
surface effects are dominated by atomic-oxygen erosion and
micrometeoroid/space debris impacts. L.K.S.

N91-11058*#  Nationa! Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.
PRELIMINARY RESULTS FROM THE ADVANCED
PHOTOVOLTAIC EXPERIMENT FLIGHT TEST
DAVID J. BRINKER, RUSSELL E. HART, JR., and JOHN R. HICKEY
(Eppley Lab., Inc., Newport, Rl.) May 1990 12 p Presented
at the 21st Photovoltaic Specialists Conference, Kissimmee, FL,
21-25 May 1990; sponsored in part by IEEE
(NASA-TM-103269; E-5709; NAS 1.15:103269) Avail: NTIS
HC/MF A03 CSCL 21H

The Advanced Photovoltaic Experiment is a space flight test
designed to provide reference cell standards for photovoltaic
measurement as well as to investigate the solar spectrum and
the effect of the space environment on solar cells. After a flight
of 69 months in low earth orbit as part of the Long Duration
Exposure Facility set of experiments, it was retrieved in January,
1990. The electronic data acquisition system functioned as
designed, measuring and recording cell performance data over
the first 358 days of flight; limited by battery lifetime. Significant
physical changes are also readily apparent, including erosion of
front surface paint, micrometeoroid and debris catering and
contamination. Author

N91-11069# Oak Ridge National Lab., TN. Applied Technology
Div. :
POTENTIAL FOR ADVANCED THERMOPLASTIC COMPOSITES
IN SPACE SYSTEMS
R. E. GARVEY 1980 15 p Presented at the 22nd International
Technical Conference of the Society for the Advancement of
Material and Process Engineering, Boston, MA, 6-8 Nov. 1990
(Contract DE-AC05-840R-21400)
(DE90-014447; CONF-901104-1) Avail: NTIS HC/MF A03

This paper provides a rational for incorporating
graphite/thermoplastic into future Strategic Defense Initiative space
systems. Graphite/PEEK is compared with the best available
graphite/epoxy materials, which today are graphite/1962 produced
by Amoco and graphite/934 produced by Fiberite. A first-order
comparison reveals similar performance between these classes of
materials with respect to maximum stiffness, minimum gage,
maximum damping and threat hardness. There are significant
differences in the behavior of graphite/polyether ether ketone and
graphite/epoxy with respect to the following characteristics: water
absorption, condensible-volatile contents, space-environment
effects, dimensional stability, weight-savings options, joining
alternatives, and production costs. A comparison is also made
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between organic composites, such as graphite/PEEK, with other
spacecraft structural materials, such as aluminum and beryllium
{which are commonly used today). The differing requirements for
each spacecraft component will determine which of these material
options is best suited for the particular structural application.

DOE

N91-11118°#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
STUDIES OF MOLECULAR PROPERTIES OF POLYMERIC
MATERIALS Final Report, period ending 31 Aug. 1990
W. L. HARRIES (O!d Dominion Univ., Norfolk, VA.), SHEILA ANN
T. LONG, and EDWARD R. LONG, JR. May 1990 169 p
(Contract NCC1-90)
(NASA-TM-101854; NAS 1.15:101854; PTR-90-3) Avail: NTIS
HC/MF A08 CSCL 118

Aerospace environment effects (high energy electrons, thermal
cycling, atomic oxygen, and aircraft fluids) on polymeric and
composite materials considered for structural use in spacecraft
and advanced aircraft are examined. These materials include Mytar,
Ultem, and Kapton. In addition to providing information on the
behavior of the materials, attempts are made to relate the
measurements to the molecular processes occurring in the material.
A summary and overview of the technical aspects are given along
with a list of the papers that resulted from the studies. The actual
papers are included in the appendices and a glossary of technical
terms and definitions is included in the front matter. M.G.

N91-11811#
(Germany, F.R.).
BASIC MATERIAL DATA AND STRUCTURAL ANALYSIS OF
FIBER COMPOSITE COMPONENTS FOR SPACE APPLICATION
H. BANSEMIR and O. HAIDER 1990 25 p Presented at
ICMC International Cryogenic Materials Conference on Nonmetallic
Materials and Composites at Low Temperatures, Heidelberg, Fed.
Republic of Germany, 17-18 May 1990 )
(MBB-UD-582-90-PUB; ETN-90-97887) Avail: NTIS HC/MF A03
Fiber composites are widely used for space applications such
as antennas, solar arrays, and support structures for cryogenic
tanks. For the calculation of the mechanical behavior of composite
structures basic material data is presented. Main mechanical
properties are thermal conductivity, thermal expansion, stiffness,

Messerschmitt-Boelkow-Blohm G.m.b.H., Munich

"and strength for the unidirectional material. Special fiber

orientations and lay ups are used in order to optimize the laminates,
taking special requirements into account. The optimized design
for some composite parts for different space applications are
shown, especially pointing out the aspects of the structural analysis
and the tests performed to check the calculations. ESA

N91-11812# European Space Agency, Paris (France).
SPACE APPLICATIONS OF ADVANCED STRUCTURAL
MATERIALS
W. R. BURKE, comp. Jun. 1990 433 p In ENGLISH and
FRENCH Symposium held in Noordwijk, Netherlands, 21-23 Mar.
1990
(ESA-SP-303; ISBN-92-9092-054-8; 1ISSN-0379-6566;
ETN-90-97990) Copyright Avail: NTIS HC/MF A19

The use of new structural materials and technology in
spacecraft construction and development is discussed. Mirrors and
reflectors, hot materials, joining and welding techniques and
nondestructive testing of materials are described. Composite fiber
reinforced plastics are discussed. Multiwall thermal protection and
hot structures are outlined. New materials and techniques for
pressure vessel and nozzle construction are described. Metals,
metallic composites and functionally gradient materials are
discussed. Design allowables and cost parameters are reviewed.
Material testing and intelligent structures are discussed.

N91-11828# Aerospatiale Aquitaine, Saint-Medard en Jalles
(France). Strategic and Space Div.

FIBER-REINFORCED GLASS-CERAMIC MATRIX
COMPOSITES: NEW CLASS MATERIALS FOR SPACE
APPLICATIONS
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J. F. JAMET /n ESA, Space Applications of Advanced Structural
Materials p 109-113  Jun. 1990
Copyright  Avail: NTIS HC/MF A19

A new type of glass and glass/ceramic matrix material is
discussed. Potential uses of these fiber reinforced glasses and
glass-ceramic matrix composites are reviewed. Their processing,
interfaces and characterization are studied. Relationships between
the behavior of the material and their microstructure are given
special attention. Use of the material in high temperature conditions
in space planes, and hot missiles is discussed. The high
dimensional stability of the material makes it useful for applications
in optical devices and space stations. . ESA
N91-11845#  Messerschmitt-Boelkow-Blohm G.m.b.H., Bremen
(Germany, F.R.).
STATUS OF ESA'S COMPOSITES DESIGN HANDBOOK FOR
SPACE STRUCTURE APPLICATIONS
J. BOLZ /n ESA, Space Applications of Advanced Structural
Materials p 217-220 Jun. 1890 Prepared in cooperation with
ERNO Raumfahritechnik G.m.b.H.
Copyright Avail: NTIS HC/MF A19

The status of the Composites Design Handbook (CDH) in 1986
is discussed. General revisions and modifications based on the
comments received from ESA's Advanced Structural Materials
Exchange Group are outlined. New information on various topics
which were considered relevant for the design of composite
structures is described. A short survey of the updates and
extensions of the CDH contents is presented. Future activities are
expected to concentrate on reinforced ceramics and carbon-carbon
materials. ESA

N91-11850# Aerospatiale Aquitaine, Saint-Medard en Jalles
(France). Strategic and Space Div.
NEW DEVELOPMENTS IN COMPOSITES FOR SPACE
APPLICATIONS
J. F. JAMET and D. CABANEL /n ESA, Space Applications of
Advanced Structural Materials p 247-253  Jun. 1990
Copyright  Avail: NTIS HC/MF A19

Experience and capabilities in the area of nonmetallic
composites for strategic and space applications are described.
Special technologies developed for resin formulation and tow
impregnation are outlined. High capacity winding machines, expert
systems for the optimization of structural joining and radio-curing
of large structures is described. Work ‘carried out in the areas of
carbon-carbon composites and ceramic composites is summarized.
Characterization  procedures, nondestructive testing and
manufacturing control are discussed. ESA

N91-11874# United Kingdom Atomic Energy Authority, Harwell
(England). Dept. of Advanced Engineering Materials.
THE CURRENT STATUS AND FUTURE PROSPECTS OF
SMART COMPOSITES
R. DAVIDSON /n ESA, Space Applications of Advanced Structural
Materials p 429-436  Jun. 1990
Copyright  Avail: NTIS HC/MF A19

Smart or intelligent materials, modeled on biological systems
with sensors acting as a nervous system are discussed. Actuators
act as muscles in these materials and real time computers act as
a brain to interpret signals and control the system. Smart materials
concepts are most easily applied in structural composite materials
where appropriate sensors and actuators can be embedded into
the structure during manutacture. The concepts involved in this
area are reviewed. What is currently possible and will be possible
in the future through emerging technology is discussed. ESA

N91-11875# Dornier System G.m.b.H., Friedrichshafen (Germany,
F.R.).
MULTIFUNCTIONAL STRUCTURES FOR AEROSPACE
APPLICATIONS
KAY W. DITTRICH /n ESA, Space Applications of Advanced
Structural Materials p 437-441  Jun. 1990
Copyright Avail: NTIS HC/MF A19

Multifunction or smart structures are discussed. Such structures
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are defined as structures incorporating additional functions besides
the function of load carrying. The additional functions may be
sensing, communication data processing or shape changing. To
achieve this multifunctionality, additional elements must be
embedded into the structure. Ways in which smart structures may
enhance the performance and reduce the weight ot space
structures are discussed. Incorporation of antennas, sensors,
electronics, processors, etc., into spacecraft construction materials
is discussed. ) ESA

N91-12151*# George Mason Univ., Fairfax, VA. Dept. of Electrical
and Computer Engineering.
LASER ANNEALING OF AMORPHOUS/POLY: SILICON SOLAR
CELL MATERIAL FLIGHT EXPERIMENT Final Report, Oct.
1989 - Jun. 1890
ERICE. COLE Jun. 1990 31 p
(Contract NAG5-1294)
(NASA-CR-187370; NAS 1.26:187370) Avail: NTIS HC/MF A03
CSCL 10/1

The preliminary design proposed for the microelectronics
materials processing equipment is presented. An overall mission
profile, description of all processing steps, analysis methods and
measurement techniques, data acquisition and storage, and a
preview of the experimental hardware are included. The goal of
the project is to investigate the viability of material processing of
semiconductor microelectronics materials in a micro-gravity
environment. The two key processes are examined: (1) Rapid
Thermal Annealing (RTA) of semiconductor thin films and damaged
solar cells, and (2) thin film deposition using a filament evaporator.
The RTA process will be used to obtain higher quality crystalline
properties from amorphous/poly-silicon films. RTA methods can
also be used to repair radiation-damaged solar cells. On earth
this technique is commonly used to anneal semiconductor films
after ion-implantation. The damage to the crystal lattice is similar
to the defects found in solar cells which have been exposed to
high-energy particle bombardment. Author

N91-12155# Naval Postgraduate School, Monterey, CA.
POWER RECOVERY OF RADIATION-DAMAGED GALLIUM
ARSENIDE AND INDIUM PHOSPHIDE SOLAR CELLS M.S.
Thesis
CORINNE CYPRANOWSKI Dec. 1989 155 p
(AD-A225307) Avail: NTIS HC/MF A08 CSCL 10/2

Radiation damaging to on-orbit solar arrays was found to
significantly decrease power output and efficiency. By a process
of annealing, these cells can recover some of the initial
performance parameters. Gallium Arsenide (GaAs) and Indium
Phosphide (InP) solar cells were subjected to 1 MeV electron
radiation by a Dynamitron linear accelerator at two fluence levels
of 1E14 and 1E15 electrons/sq cm. The annealing process was
varied by temperature, amount of forward biased current, light
conditions and time. Both types of cells were found to be hardened
to radiation; however, the InP cells were superior over the two.
Multiple cycles of irradiating and annealing were performed to
observe the amount of degradation and recovery. The results prove
that substantial recovery will occur, particularly with the InP cells.
Applying this process to on-orbit spacecraft utilizing solar arrays
as the main source of power will significantly increase mission life
and potentially decrease cost of the on-board power system.

GRA

N91-13324*#  College of William and Mary, Williamsburg, VA.
Dept. of Chemistry.
THE EFFECTS OF THE SPACE ENVIRONMENT ON TWO
ARAMID MATERIALS
RICHARD L. KIEFER /n Hampton Univ., NASA/American Society
for Engineering Education (ASEE) Summer Faculty Fellowship
Program, 1990 p 71-72  Sep. 1990
Avail: NTIS HC/MF A07 CSCL 11/3

Two aramid fibers having closely related chemical structures
were chosen for important roles in the first tether to be used to
connect pairs of orbiting vehicles. The protective outer jackets of
the tethers will consist of woven fibers of poly(m-phenylene




isophthalamide), commercially available from du Pont as Nomex.
A cylindrical sheath of woven Kevlar 29, whose principal constituent
is poly(p-phenylene terephthalamide), will be the load-bearing
component for the tethers. Orbiting tethers will be in a hostile
environment in which short wavelength electromagnetic radiation
and energetic charged particles degrade exposed organic materials.
At lower orbiting altitudes atomic oxygen is an especially serious
hazard. Studies on the effects of ultraviolet radiation and atomic
oxygen on fibers and films of Kevlar and Nomex are in progress.
In an experiment to simulate the effects of atomic oxygen in space,
small tows of Keviar and Nomex were mounted in a commercial
ashing device filled with oxygen at low pressure. An RF discharge
in the instrument dissociated the molecular oxygen producing a
strongly oxidizing atmosphere containing O(3P)(sup 4). Erosion was
measured in terms of mass loss. Kevlar films were exposed to
UV radiation in an apparatus consisting of a small vacuum chamber,
23 cm in diameter, into which a mass spectrometer and a quartz
window were incorporated. Samples were exposed under vacuum
with a 1000 watt xenon-arc lamp. Volatile products could be
monitored with the mass spectrometer during the exposures.
Transmission infrared spectra were taken before and after exposure
to monitor chemical changes in the films. Author

N91-14437*# National Aeronautics and Space Administration.
Goddard Space Flight Center, Greenbelt, MD.
OUTGASSING DATA FOR SELECTING SPACECRAFT
MATERIALS, REVISION 2
WILLIAM A. CAMPBELL, JR. and JOHN J. SCIALDONE
Washington Nov. 1990 398 p
(NASA-RP-1124-REV-2; REPT-90B00138-REV-2; NAS
1.61:1124-REV-2; NASA-RP-1014; NASA-TN-D-7362;
NASA-TN-D-8008) Avail: NTIS HC/MF A17 CSCL 11/4
Outgassing data, derived from tests at 398 K (125 C) for 24
hours in vacuum as per ASTM E 595-77, were compiled for
numerous materials for spacecraft use. The data presented are
the total mass loss (TML) and the collected volatile condensable
materials (CVCM). The various materials are listed by likely usage
and alphabetically. Author

N91-14478 Department of the Navy, Washington, DC.
FABRICATIO!" BY FILAMENT WINDING WITH AN
ELASTOMERIC MATERIAL Patent
WAYNE H. NAKAMURA, inventor (to Navy) 1 May 1990 8 p
Filed 13 Jul. 1988
(AD-D014570; US-PATENT-4,921,557;
US-PATENT-APPL-SN-209143; US-PATENT-CLASS-156-169)
Avail: US Patent and Trademark Office CSCL 11/4

This patent discloses an invention that relates in general to
fabricating fiber-reinforced membranes using elastometric materials
and, in particular, to a filament winding process suitable for
fabricating flexible fiber-reinforced membranes for inflatable
deployable or expandable structures capable of sustaining high
structural loads or providing thermal insulation to the structure.
The invention relates especially to a filament winding process for
fabricating a flexible membrane which may be inflated to provide
a flexible membrane which may be inflated to provide a conically
shaped deployable nose fairing for a missile. GRA

N91-15330# European Space Agency. European Space
Research and Technology Center, ESTEC, Noordwijk
(Netherlands). Dept. of Product Assurance and Safety.

DATA FOR SELECTION OF SPACE MATERIALS

Jun. 1980 128 p Revised

(ESA-PSS-01-701-ISSUE-1-REV-2; ESA-PSS-01-701-ISSUE-1;
ISSN-0379-4059; ETN-91-98399) Copyright Avail: NTIS
HC/MF A07

) The intention is to assist the designers and members of project
groups in the selection of space materials. Also enclosed are
data sheets of space proven material for general space
applications, i.e., materials that have been successfully used for
some applications in ESA space systems and associated
equipment. Concern lies mainly with the constraints specific to
space use such as vacuum or radiation. Classes of materials are:
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adhesives, adhesive tapes, coatings and varnishes, glasses,
lubricants, metals, paints, plastic films, potting compounds,
reinforced and thermosetting resins, rubbers, and thermoplastics.

ESA

N91-15332*#  Nationa! Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
EFFECTS OF CURE TEMPERATURE, ELECTRON RADIATION,
AND THERMAL CYCLING ON P75/930 COMPOSITES
JOAN G. FUNK Dec. 1980 17 p
(NASA-TM-102712; NAS 1.15:102712) Avail: NTIS HC/MF A03
CSCL 11/4

Graphite/epoxy composites are candidates for future space
structures due to high stiffness and dimensional stability
requirements of these structures. Typical graphite/epoxy
composites are brittle and have high residual stresses which often
result in microcracking during the thermal cycling typical of the
space environment. Composite materials used in geosynchronous
orbit applications will also be exposed to high levels of radiation.
The purpose of the present study was to determine the effects of
cure temperature and radiation exposure on the shear strength
and thermal cycling-induced microcrack density of a high modulus,
275 F cure epoxy, P75/930. The results from the P75/930 are
compared to previously reported data on P75/934 and T300/934
where 934 is a standard 350 F cure epoxy. The results of this
study reveal that P75/930 is significantly degraded by total doses
of electron radiation greater than 10(exp 8) rads and by thermally
cycling between -250 F and 150 F. The P75/930 did not have
improved microcrack resistance over the P75/934, and the 930
resin system appears to be more sensitive to electron
radiation-induced degradation than the 934 resin system. Author

N91-18550"#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
A COMPARISON OF GROUND-BASED AND SPACE FLIGHT
DATA: ATOMIC OXYGEN REACTIONS WITH BORON NITRIDE
AND SILICON NITRIDE
J. B. CROSS, E. H. LAN, C. A. SMITH, W. J. WHATLEY (Sparta,
Inc., Huntsville, AL.), and S. L. KOONTZ 1990 7 p Presented
at the Air Force Workshop on Surface Reactions in the Space
Environment, Evanston, IL, 24-25 Sep. 1990
(Contract W-7405-ENG-36)
(NASA-TM-103385; NAS 1.15:103385; DE91-004856;
LA-UR-90-3968; CONF-9009307-1) Avail: NTIS HC/MF A02
CSCL 04/1

The effects of atomic oxygen on boron nitride (BN) and silicon
nitride (Si3N4) have been studied in low Earth orbit (LEO) flight
experiments and in a ground-based simulation facility at Los Alamos
National Laboratory. Both the in-flight and ground-based
experiments employed the materials coated over thin (approx 250
Angstrom) silver films whose electrical resistance was measured
in situ to detect penetration of atomic oxygen through the BN
and Si3N4 materials. In the presence of atomic oxygen, silver
oxidizes to form silver oxide, which has a much higher electrical
resistance than pure silver. Permeation of atomic oxygen through
BN, as indicated by an increase in the electrical resistance of the
silver underneath, was observed in both the in-flight and
ground-based experiments. In contrast, no permeation of atomic
oxygen through Si3N4 was observed in either the in-flight or
ground-based experiments. The ground-based results show good
qualitative correlation with the LEO flight results, thus validating
the simulation fidelity of the ground-based facility in terms of
reproducing LEO flight results. DOE

N91-19149*# TRW Defense and Space Systems Group, Redondo

Beach, CA.

SPACE SIMULATION TEST FOR THERMAL CONTROL

MATERIALS

W. R. HARDGROVE /n NASA, Goddard Space Flight Center,

16th Space Simulation Conference Confirming Spaceworthiness

Into the Next Millennium p 267-285 Nov. 1990

Avail: NTIS HC/MF A20 CSCL 11/3 .
Tests were run in TRW’s Combined Environment Facility to
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examine the degradation of thermal control materials in a simulated
space environment. Thermal control materials selected for the test
were those presently being used on spacecraft or predicted to be
used within the next few years. The geosynchronous orbit
environment was selected as the most interesting. One of the
goals was to match degradation of those materials with available
flight data. Another aim was to determine if degradation can
adequately be determined with accelerated or short term ground
tests. Author

N91-19294*#  National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.
LOW EARTH ORBITAL ATOMIC OXYGEN AND ULTRAVIOLET
RADIATION EFFECTS ON POLYMERS
JOYCE A. DEVER Feb. 1991 15 p
(NASA-TM-103711; E-5943; NAS 1.15:103711) Avail: NTIS
HC/MF A03 CSCL 11/3

Because atomic oxygen and solar ultraviolet radiation present
in the low earth orbital (LEQO) environment can alter the chemistry
of polymers resulting in degradation, their effects and mechanisms
af degradation must be determined in order to determine the long
term durability of polymeric surfaces to be exposed on missions
such as Space Station Freedom. The effects of atomic oxygen
on polymers which contain protective coatings must also be
explored, since unique damage mechanisms can occur in areas
where the protective coatings has failed. Mechanisms can be
determined by utilizing results from previous LEO missions, by
performing ground based LEO simulation tests and analysis, and
by carrying out focussed space experiments. A survey is presented
of the interactions and possible damage mechanisms for
environmental atomic oxygen and UV radiation exposure of
polymers commonly used in LEO. Author

N91-20732*# National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.
ATOMIC OXYGEN INTERACTION WITH SOLAR ARRAY
BLANKETS AT PROTECTIVE COATING DEFECT SITES
BRUCE A. BANKS, BRUCE M. AUER, SHARON K. RUTLEDGE,
and CAROL M. HILL (Case Western Reserve Univ., Cleveland,
OH.) /n NASA, Lyndon B. Johnson Space Center, Fourth Annual
Workshop on Space Operations Applications and Research (SOAR
90) p 726-732  Jan. 1991
Avail: NTIS HC/MF A14 CSCL 10/1

Atomic oxygen in the low-Earth-orbital environment oxidizes
SiOx protected polyimide Kapton solar array blankets at sites which
are not protected such as pin windows or scratches in the protective
coatings. The magnitude and shape of the atomic oxygen
undercutting which occurs at these sites is dependent upon the
exposure environment details such as arrival direction and reaction
probability. The geometry of atomic oxygen undercutting at defect
sites exposed to atomic oxygen in plasma asher was used to
develop a Monte Carlo model to simulate atomic oxygen erosion
processes at defect sites in protected Kapton. Comparisons of
Monte Carlo predictions and experimental results are presented
for plasma asher atomic oxygen exposures for large and small
defects as well as for protective coatings on one or both sides of
Kapton. The model is used to predict in-space exposure results
at defect sites for both directed and sweeping atomic oxygen
exposure. A comparison of surface textures predicted by the Monte
Carlo model and those experimentally observed from both directed
space ram and laboratory plasma asher atomic oxygen exposure
indicate substantial agreement. Author

N91-20735*#  National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.

THE EFFECT OF ATOMIC OXYGEN ON
POLYSILOXANE-POLYIMIDE FOR SPACECRAFT
APPLICATIONS IN LOW EARTH ORBIT

SHARON K. RUTLEDGE, JILL M. COOPER, and RAYMOND M.
OLLE (Cleveland State Univ., OH.) /n NASA, Lyndon B. Johnson
Space Center, Fourth Annual Workshop on Space Operations
Applications and Research (SOAR 90) p 755-762 Jan. 1991
Avail: NTIS HC/MF A14 CSCL 20/8
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Polysiloxane-polyimide films are of interest as a replacement
for polyimide Kapton in the Space Station Freedom solar array
blanket. The blanket provides the structural support for the solar
cells as well as providing transport of heat away from the back of
the cells. Polyimide Kapton would be an ideal material to use;
however, its high rate of degradation due to attack by atomic
oxygen in low Earth orbit, at the altitudes Space Station Freedom
will fly, is of such magnitude that if left unprotected, the blanket
will undergo structural failure in much less than the desired 15
year operating life. Polysiloxane-polyimide is of interest as a
replacement material because it should from its own protective
silicon dioxide coating upon exposure to atomic oxygen. Mass,
optical, and photomicrographic data obtained in the evaluation of
the durability of polysiloxane-polyimide to an atomic oxygen
environment are presented. Author

N91-20737*# Nebraska Univ., Lincoln. Center for Microelectronic
and Optical Materials Research.
GROUND AND SPACE BASED OPTICAL ANALYSIS OF
MATERIALS DEGRADATION IN LOW-EARTH-ORBIT
JOHN A. WOOLLAM, RON SYNOWICKI, JEFFREY S. HALE, JANE
PETERKIN, HASSANAYN MACHLAB, BHOLA N. DE, and BLAINE
JOHS /n NASA, Lyndon B. Johnson Space Center, Fourth Annual
Workshop on Space Operations Applications and Research (SOAR
90) p 772-777  Jan. 1991
(Contract NAG3-95)
Avail: NTIS HC/MF A14 CSCL 07/4

There is strong interest in being able to accurately and
sensitively monitor materials degradation in both ground-based and
space-based environments. Two optical techniques for sensitive
degradation monitoring are reviewed: spectroscopic ellipsometry
and photothermal spectroscopy. These techniques complement
each other in that ellipsometry is sensitive to atomically thin surface
and subsurface changes, and photothermal spectroscopy is
sensitive to local defects, pin-holes, subsurface defects, and
delamination. Progress in applying these spectroscopies (both ex
situ and in situ) to atomic oxygen degradation of space materials
is reviewed. Author

N91-20738*#  Case Western Reserve Univ., Cleveland, OH.
Center for the Commercial Development of Space.
THE TRANSITION OF GROUND-BASED SPACE
ENVIRONMENTAL EFFECTS TESTING TO THE SPACE
ENVIRONMENT
STEPHEN V. ZAAT, GLEN A. SCHAEFER, and JOHN F.
WALLACE /n NASA, Lyndon B. Johnson Space Center, Fourth
Annual Workshop on Space Operations Applications and Research
(SOAR 90) p 778-784  Jan. 1991
Avail: NTIS HC/MF A14 CSCL 07/4

The goal of the space flight program at the Center for
Commercial Development of Space (CCDS)--Materials for Space
Structures is to provide environmentally stable structural materials
to support the continued humanization and commercialization of
the space frontier. Information on environmental stability will be
obtained through space exposure, evaluation, documentation, and
subsequent return to the supplier of the candidate material for
internal investigation. This program provides engineering and
scientific service to space systems development firms and also
exposes CCDS development candidate materials to space
environments representative of in-fight conditions. The
maintenance of a technological edge in space for NASA suggests
the immediate search for space materials that maintain their
structural integrity and remain environmentally stable. The materials
being considered for long-lived space structures are complex, high
strength/weight ratio composites. In order for these new candidate
materials to qualify for use in space structures, they must undergo
strenuous testing to determine their reliability and stability when
subjected to the space environment. Ultraviolet radiation, atomic
oxygen, debris/micrometeoroids, charged particles radiation, and
thermal fatigue all influence the design of space structural materials.
The investigation of these environmental interactions is the key
purpose of this center. Some of the topics discussed with respect



to the above information include: the Space Transportation System,
mission planning, spaceborne experiments, and space flight
payloads. Author

N91-20958#  Air Force Inst. of Tech., Wright-Patterson AFB,
OH. School of Engineering.
ANALYSIS OF SPACE RADIATION EFFECTS IN GALLIUM
ARSENIDE AND CADMIUM SELENIDE SEMICONDUCTOR
SAMPLES USING LUMINESCENCE SPECTROSCOPIC
TECHNIQUES M.S. Thesis
BRAD L. SHAFFER Dec. 1990 120 p
(AD-A230684; AFIT/GSO/ENP/90D-02) Avail: NTIS HC/MF
AO6 CSCL 07/4

Analysis of space radiation effects in gallum arsenide and
cadmium selenide semiconductor samples using luminescence
spectroscopic techniques. The M0006 semiconductor samples
were placed into a 28.5 degree inclination, 480 km altitude,
near-circular orbit aboard the Long Duration Exposure Facility
satellite and exposed to direct space environment for a period of
11 months, and were shielded by 0.313 inches of aluminum for
another 58 months. The samples were examined for changes using
cathodoluminescence and photoluminescence in various
wavelength regions from 0.5 to 1.8 microns. Samples were cooled
to approximately 10 K in a vacuum of 10-8. GRA
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STRUCTURAL MEMBERS & MECHANISMS

Design, analysis and description of structures. Includes their
manufacture, arrangement, testing, weight analysis and fatigue.
Also includes the design of joints, control mechanisms, springs,
latches, or docking hardware.

A91-10078°# Science Applications International Corp., Huntsville,
AL.
GEOMETRIC PROGRAMMING DESIGN OF SPACECRAFT
PROTECTIVE STRUCTURES TO DEFEAT EARTH-ORBITAL
SPACE DEBRIS
ROBERT A. MOG and D. MARVIN PRICE (Science Applications
International Corp., Huntsville, AL) AIAA, Space Programs and
Technologies Conference, Huntsville, AL, Sept. 25-27, 1980. 10
p. refs
(Contract NAS8-37378)
(AIAA PAPER 80-3662) Copyright

A unique methodology providing global optimization of
spacecraft protective structures is presented. The Geometric
Programming optimization technique, which has a long history of
application to structural design problems, is employed to minimize
spacecraft weight of protective structural systems exposed to
meteoroid and space debris hypervelocity impacts. The space
debris and meteoroid environment are defined followed by the
formulation of the general weight objective function. The Wilkinson,
Burch, and Nysmith hypervelocity impact predictor models are then
used in example cases to display Geometric Programming
capabilities. Results show that global nonlinear design optimization
can be performed for hypervelocity impact models that follow the
Geometric Programming form. Author

A91-10079"# Alabama Univ., Huntsville.
SPACECRAFT WALL DESIGN FOR INCREASED PROTECTION
AGAINST PENETRATION BY SPACE DEBRIS IMPACTS
WILLIAM P. SCHONBERG (Alabama, University, Huntsville) and
RANDY J. TULLOS (Southwest Research Institute, San Antonio,
TX) AlAA, Space Programs and Technologies Conference,
Huntsville, AL, Sept. 25-27, 1990. 11 p. refs
(Contract NASB-26955)
(AIAA PAPER 90-3663) Copyright

All orbiting spacecraft are susceptible to impacts by meteoroids
and pieces of orbital space debris. These impacts occur at
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extremely high speeds and can damage flight-critical systems,
which can in turn lead to catastrophic failure of the spacecraft.
The design of a spacecraft for a long-duration mission into the
meteoroid and space debris environment must include adequate
protection against perforation of pressurized components by such
impacts. This paper presents the results of an investigation into
the perforation resistance of dual-wall structural systems fabricated
with monolithic bumper plates and with corrugated bumper plates
of equal weight. A comparative analysis of thé impact damage in
dual-wall systems with corrugated bumper specimens and that in
dual-wall specimens with monolithic bumpers of similar weight is
performed to determine the advantages and disadvantages of
employing corrugated bumpers in structural wall systems for
long-duration spacecraft. The analysis indicates that a significant
increase in perforation protection can be achieved if a monolithic
bumper is replaced by a corrugated bumper of equal weight. The
parameters of the corrugations in the corrugated bumper plates
are optimized in a manner that minimizes the potential for the
creation of ricochet debris in the event of an oblique hypervelocity
impact. Several design examples using the optimization scheme
are presented and discussed. Author

A91-10080*# National Aeronautics and Space Administration.
Marshall Space Flight Center, Huntsville, AL.
FREEDOM STATION WALL DESIGN USING HYDRODYNAMIC
MODELLING
JOEL E. WILLIAMSEN (NASA, Marshall Space Flight Center,
Hunstville, AL) and JOHN P. TIPTON (U.S. Army, Corps of
Engineers, Huntsville, AL) AlAA, Space Programs and
Technologies Conference, Huntsville, AL, Sept. 25-27, 1990. 13 p.
(AIAA PAPER 90-3664) Copyright

The paper outlines selected outputs from an ongoing Marshall
Space Flight Center/US Army Corps of Engineers parametric study
of the effects of meteoroid/space debris impacts on Space Station
Freedom module wali protection structures. The advantages and
limitations of HULL hydrocode computer simulation are discussed,
and examples of meteoroid/ debris impacts on various wall
structural designs are presented. Trends in the terminal effects of
particle sizes, velocities, shapes, and impact angles upon structural
design parameters (wall and bumper thickness and spacing) are
summarized and depicted through selected simulation runs.
Throughout the paper, proposed structural modifications to the
baseline module protection structure will be examined which are
capable of mitigating damage from particle impacts. Author

A91-10081*#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
AUGMENTATION OF ORBITAL DEBRIS SHIELDING FOR
SPACE STATION FREEDOM
ERIC L. CHRISTIANSEN, JEANNE LEE CREWS (NASA, Johnson
Space Center, Houston, TX), and JENNIFER R. HORN (NASA,
Marshall Space Flight Center, Huntsville, AL)  AIAA, Space
Programs and Technologies Conference, Huntsville, AL, Sept.
25-27, 1990. 12 p.
(AIAA PAPER 90-3665) Copyright

Augmentation concepts for the Space Station Freedom (SSF)
are described in detail and advantages and disadvantages of
various proposals are evaluated. It is pointed out that early
augmentation of SSF debris shielding, which would take place 6-9
years after the First Element Launch, could provide the greatest
advantages to the program in terms of weight, cost, and safety
benefits. Potential augmentation concepts include an attached, rigid
aluminum second bumper; the multi-shock shield concept; a mesh
double bumper concept; a debris shield augmentation element; a
multi-shock airbag protection concept for 2-10 cm debris; and a
debris sweeper. Requirements for and operation and deployment
of these concepts are described in detail and an example of the
augmentation effect on cumulative SSF probability of no-failure
from debris and meteoroid impacts is given. An estimate of
predicted encounter rates between debris and a 100 m radius
sphere around SSF is presented. L.K.S.
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(DEBUT)
ATSUSHI NAKAJIMA (National Aerospace Laboratory, Chofu,
Japan), MITSURU ABE (NEC Corp., Yokohama, Japan), YOKO
NISHIO (Nissan Motor Co., Tokyo Japan), and HISAO YAHAG!
(Japan Aircraft Manufacturing Co., Yokohama) [AF, International
Astronautical Congress, 41st, Dresden Federal Republic of
Germany, Oct. 6-12, 1990. 9 p. refs

inexpensive
DEBUT(Deployable Boom and Umbrella Test Satellite), was
developed in a short period of 1.5 years elapsing from the start
of the detailed design until the launch of the mission. The kthium
ctyoellbattenesmwedasmeprmypowandhnmled
normally during 10 days mission lifetime.

A91-13765°# Virginia Polytechnic Inst and State Univ.,
Blacksburg.
MISSION TO PLANET EARTH TECHNOLOGY ASSESSMENT
AND DEVELOPMENT FOR LARGE DEPLOYABLE ANTENNAS
C. A. ROGERS, W. L. STUTZMAN (Virginia Polytechnic Institute
and State University, Blacksburg), T. G. CAMPBELL (NASA,
Langley Research Center, Hampton, VA), and J. M. HEDGEPETH
(Astro Aerospace Corp., Carpinteria, CA) |AF, International
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct 6-12, 1990. 16 p. refs
(Contract NAS1-18471)
(IAF PAPER 90-051) Copyright

A NASA R&D program, the Large Deployable Antenna program,

A91-13917#
DAMAGE TOLERANCE AND FRACTURE CONTROL FOR
COLUMBUS STRUCTURES UNDER CONSIDERATION OF
THEIR LONG DESIGN LIFE ON ORBIT
WERNER H. PAUL (MBB-ERNO, Bremen, Federal Republic of
Germany) IAF, Intemational Astronautical Congress, 41st,
Dresden, Federal Republic of Germany, Oct 6-12, 1990. 14 p.
(IAF PAPER 90-270) Copyright

Aspects of fracture control for Columbus structures are
discussed. The advantages and limitations of built-in maintenance
philosophy with regard to structural safety is summarized. Primary
sources of local are reviewed along with monitoring
methods and failure modes and mechanisms. The effects of
residual stresses are depicted and impact damage tolerance is
discussed. Inspection in orbit is briefly examined. C.D.

A91-13918#
DEPLOYABLE STRUCTURE FOR THE ENTRY AERODYNAMIC
BRAKING DECELERATOR SYSTEM OF PLANETARY PROBES
C. BONNET, J. PUECH, and M. RIGAULT (Dassault Aviation,
Saint-Cloud, France) [AF, Intemational Astronautical Congress,
41st, Dresden, Federal Republic of Gemmany, Oct. 6-12, 1990. 6 p.
(IAF PAPER 90-271) Copyright

decelerator concept applicable to the Cassini
mselon is described. In stowed position, the decelerator occupies
a kmited volume but is still stiff enough to offer good resistance
to launch-induced vibration. The kinematics allow sufficient
clearance for probe/orbiter attachment mechanisms to be
deployed. The optimization of the structure and its static equmlum
are discussed.

A91-15170"
Pasadena.
ACTIVE STRUCTURES FOR USE IN PRECISION CONTROL OF
LARGE OPTICAL SYSTEMS

JAMES L. FANSON, ERIC H. ANDERSON, and DONALD RAPP
(JPL, Pasadena, CA) Optical Engineering (ISSN 0091-3286), vol
29, Nov. 1990, p. 1320-1327. refs

Copyright

Jet Proputsion Lab., California Inst. of Tech.,

This paper discusses the application of active structures

technology to the control of precision structures for future
astrophysics observatories. The state of the art in

active structures is reviewed and technology developments
applicable to large optical systems are discussed. Author
A91-15172°  Jet Propuision Lab., California Inst. of Tech.,
Pasadena.
DEVELOPMENT OF AN ACTIVE TRUSS ELEMENT FOR
CONTROL OF PRECISION STRUCTURES
ERIC H. ANDERSON, DONALD M. MOORE, JAMES L. FANSON
(JPL, Pasadena, CA), and MARK A. EALEY (itek Optical Systems,
Lexington, MA)  Optical Engneenng (ISSN 0091-3286), vol. 29,
Nov. 1990, p. 1333-1341.
Copyright

An active structural element for use in precision control of
large space structures is described. The active member is intended
to replace a passive strut in a truss-ike structure. it incorporates
an eddy current displacement sensor and an actuator that is either
piezoelectric (PZT) or electrostricive (PMN). The design of the
device is summarized. Performance of separate PZT and PMN
actuators is compared for several properties relevant to
submicrometer control of precision structures. Author

A91-15173
LASER RADAR BEAM STEERING MIRRORS
STEVEN E. FORMAN, JOHN A. SULTANA, and RAYMOND A.
LECLAIR (MIT, Lexington, MA)  Optical Engineering (ISSN
0091-3286), vol. 29, Nov. 1990, p. 1342-1350. Research sponsored
by the U.S. Navy and DARPA. refs
Copyright

The concept of a laser-beam steering mirror for space-based




applications is considered with particular attention given to the
structural aspects of developing a flat steering mirror for an optical
discrimination of an array of spaceborne targets at 10.6 microns.
Several steering mirror designs are discussed, and results are
presented of computer simulations and of the structural
performance of three principal structures: a thin glass sandwich
coupled to a deep backup structure, a full-depth beryllium sandwich,
and a depth graphite epoxy sandwich. 1.S.
A91-16786 Virginia Polytechnic Inst. and State Univ.,
Blacksburg.
SMART SKINS AND STRUCTURES OVERVIEW
R. O. CLAUS, K. A. MURPHY, and K. D. BENNETT (Virginia
Polytechnic Institute and State University, Blacksburg) IN: 1989
SEM Spring Conference on Experimental Mechanics, Cambridge,
MA, May 29-June 1, 1989, Proceedings. Bethel, CT, Society for
Experimental Mechanics, Inc., 1989, p. 528-533. Research
supported by Litton Industries, General Dynamics Corp., NASA,
and Virginia Center for Innovative Technology. refs
Copyright

Optical fiber sensors have been applied to the measurement
of a wide range of physical observables during the last ten years.
A large portion of this work has been directed at the extension of
such sensors to the internal characterization of materials; in
particular, fiber sensor systems have been developed to determine
distributed strain, temperature and chemical concentrations along
the embedded length of fibers, as well as structural vibration mode
shape amplitudes, surface acoustic wave displacement field
amplitudes, bulk stress wave amplitudes and damage. Information
obtained from these systems is intended to provide in situ material
characterization during cure or fabrication, normal in-service
lifetime, and gradual material degradation. The fundamental
physical interaction between the material phenomenon to be
measured and the optical fiber observable, and the limiting
performance is described for each system. Specific applications
in the testing of advanced aerospace materials are cited. Author

A91-17609
COMPUTATIONAL TRENDS IN LARGE SCALE ENGINEERING
OPTIMIZATION
GARRET N. VANDERPLAATS and HIROKAZU MIURA
(Engineering Design Optimization, Inc., Santa Barbara, CA) IN:
Applications of supercomputers in engineering: Fluid flow and stress
analysis applications; Proceedings of the First International
Conference, Southampton, England, Sept. 5-7, 1989. Volume 2.
Amsterdam and New York/Southampton, England, Elsevier/Computa-
tional Mechanics Publications, 1989, p. 269-283. refs
Copyright

Optimization methods are discussed with particular emphasis
on features related to supercomputing. Basic concepts are first
outlined to indicate the algorithmic features of optimization. Several
features are identified which can benefit from parallel computations
in order to maximize computational efficiency. Three particular
topics are discussed that gain particular benefit from parallel
computation. It is concluded that advances in computer architecture
can dramatically change the approach to design optimization of
large and complex systems. Author

A91-19401*# North Carolina State Univ., Raleigh.
DESIGN AND FABRICATION OF AN AEROBRAKE MOCK-UP
GORDON K. F. LEE (North Carolina State University, Raleigh),
JURI FILATOVS (North Carolina Agricultural and Technical State
University, Greensboro), JOHN GARVEY, DAVE ANDERSON, and
LISA ROCKOFF (McDonnell Douglas Space Systems Co.,
Huntington Beach, CA) AIAA, Aerospace Sciences Meeting, 29th,
Reno, NV, Jan. 7-10, 1991, 9 p. Research supported by McDonnell
Douglas Space Systems Co. refs
(Contract NAGW-1331)
(AIAA PAPER 91-0658) Copyright

The paper reports on the design and fabrication of a Mars
aerobrake mockup that has been used in a series of underwater
neutral buoyancy tests designed to address this on-orbit assembly
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issue. Particular attention is given to the aerobrake shell, truss
components, and fastener issues. It is noted that soft docking
alignment fasteners, fasteners between petals, and fasteners to
connect the petal-to-petal truss members are all needed for this
mockup. K.K.

A91-18662°#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
SENSOR TECHNOLOGY FOR SMART STRUCTURES
R. S. ROGOWSKI, J. S. HEYMAN, M. S. HOLBEN, JR. (NASA,
Langley Research Center, Hampton, VA), D. W. DEHART, and T.
DOEDERLEIN (USAF, Astronautics Laboratory, Edwards AFB,
CA) IN: International Instrumentation Symposium, 35th, Orlando,
FL, May 1-4, 1989, Proceedings. Research Triangle Park, NC,
Instrument Society of America, 1989, p. 177-181. refs

Advanced aerospace structures are discussed that will very
likely be fabricated with integral sensors, actuators, and
microprocessors for monitoring and dynamic control of
configuration. The concept of ’smart structures’ integrates
fiber-optic sensor technology with advanced composite materials,
whereby the optical fibers are embedded in a composite material
and provide internal sensing capability for monitoring parameters
which are important for the safety, performance, and reliability of
the material and the structure. Along with other research facilities,
NASA has initiated a cooperative program to design, fabricate,
and test composite trusses, tubes, and flat panels with embedded
optical fibers for testing and developing prototype smart structures.
It is shown that fiber-optic sensor technology can be combined
with advanced material and structure concepts to produce a new
class of materials with internal sensors for health mgnitoring of
structures. R.E.P.

A91-21212
MODELING OF A SHAPE MEMORY INTEGRATED ACTUATOR
FOR VIBRATION CONTROL OF LARGE SPACE STRUCTURES
B. J. MACLEAN, G. J. PATTERSON, and M. S. MISRA (Martin
Marietta Space Systems, Denver, CO) IN: U.S.-Japan Workshop
on Smart/Intelligent Materials and Systems, Honolulu, Hi, Mar.
19-23, 1990, Proceedings. Lancaster, PA, Technomic Publishing
Co., Inc., 1990, p. 124-144; Discussion, p. 145. refs
(Contract F04611-88-C-0063)
Copyright

A shape memory material actuator to provide active vibration
and shape control for large, adaptive space structures is being
developed. One aspect of this work is the development of analytic
modeling capabilities for shape memory material behavior. In this
project, Cory and McNichol’s theory of nonequilibrium thermostatics
was altered to account for the multiple quadrant (tension and
compression) hysteretic behavior of shape memory alloys. This
analytic development will provide critical insight into the design
and analysis of smart, adaptive shape memory space truss tubes
and actuators for vibration and shape control, as well as the vehicle
by which future shape memory actuator control algorithms and
methodologies can be assessed. R.E.P.

A91-24586#

CONTACT DYNAMICS OF A SPHERICAL JOINT AND A
JOINTED TRUSS-CELL SYSTEM

H. 8. TZOU and Y. RONG (Kentucky, University, Lexington) AIAA
Journal (ISSN 0001-1452), vol. 29, Jan. 1991, p. 81-88. Research
supported by the University of Kentucky. Previously cited in issue
11, p. 1702, Accession no. A90-29416. refs

Copyright

A91-26808° Ohio Univ., Athens.

PRACTICAL MODEL REDUCTION FOR FLEXIBLE
STRUCTURES

JERREL R. MITCHELL, R. DENNIS IRWIN, and GENEVIEVE A.
HUSTON (Ohio University, Athens) IN: Guidance and control
1990; Proceedings of the Annual Rocky Mountain Guidance and
Control Conference, Keystone, CO, Feb. 3-7, 1990. San Diego,
CA, Univelt, Inc., 1990, p. 121-142. refs
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{Contract NGT-50525)
(AAS PAPER 90-016) Copyright

The most accepted methods for developing models of flexible
structures for the analysis, design and simulation of control systems
are finite element methods and extraction from experimental data.
Using either of these methods, models are often produced with
modes that do not significantly add to the fidelity of the model.
This paper presents techniques for eliminating these modes.
Particular attention is paid to multiple-input, multiple-output systems.
First, control system models developed for flexible structures, using
finite element methods and experimental data, are briefly discussed.
the shortcomings of using models with unnecessary and/or residual
modes are delineated. Then, two techniques for reducing the order
of models are presented; the first is applicable to single-input,
single-output systems and the second for multiple-input,
multiple-output systems. Finally, both are illustrated using model
data from the proposed NASA Shuttle-C. Author

A91-27659
SPACE DEBRIS - A DESIGN CONSIDERATION
L. R. UTREJA (BDM International, Inc., Huntsville, AL) IN:
Engineering, construction, and operations in space ll; Proceedings
of Space 90, the Second International Conference, Albuquerque,
NM, Apr. 22-26, 1990. Vol. 2. New York, American Society of
Civil Engineers, 1990, p. 852-862. refs
Copyright

With the increased use of space by manned or unmanned
missions, it has become necessary to include yet another parameter
in the design of spacecraft, namely, the effect of a probable impact
by the man-made space debris. Information about the number
and size of small debris at the Space Station altitude is extremely
limited and is mostly predicted by models. Protection of the Space
Station against space debris is vital for its safe operation. The
paper presents a review and discussion of the current space debris
environment at the Space Station altitude, Space Station protection
design analysis methods, and hypervelocity impact testing and
analysis approaches. Author

A91-27685
DYNAMICS OF COMPOSITE TUBES
S. K. DATTA, T. KOHL (Cooperative Institute for Research in
Environmental Sciences, Boulder, CO), A. H. SHAH, and R.
RATTANAWANGCHAROEN (Manitoba, University, Winnipeg,
Canada) IN: Engineering, construction, and operations in space
II; Proceedings of Space 90, the Second International Conference,
Albuguerque, NM, Apr. 22-26, 1990. Vol. 2. New York, American
Society of Civil Engineers, 1990, p. 1122-1131. refs
Copyright

A displacement-based stiffness method is used to study the
characteristics of dispersive wave propagation in laminate
composite cylindrical tubes. It is assumed that the tube is composed
of several bonded, uniaxial, or angle-ply composite laminates. The
objective is to model modes of propagation in composite tubular
struts that are to be used for truss elements or space structures.
Numerical results are presented showing the dependence of
dispersion characteristics on the fiber orientations in the laminae.

Author

A91-27687
EFFECT OF GRAVITY ON DYNAMIC BEHAVIOR OF BEAMS
RALPH J. DORNSIFE (U.S. Army, Construction Engineering
Research Laboratory, Champaign, IL) IN:  Engineering,
construction, and operations in space Il; Proceedings of Space
90, the Second International Conference, Albuquerque, NM, Apr.
22-26, 1990. Vol. 2. New York, American Society of Civil Engineers,
1990, p. 1142-1148.
Copyright

Large space structures will be needed to provide structural
framework for maintaining relative positions of individual
components of systems in low earth orbit. Particularly because of
the high cost of transporting payload into low earth orbit, large
space structures must first be dynamically analyzed and tested
on earth. The resulting ground based test behavior must be
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correlated to behavior in a microgravity environment. Past
laboratory testing has, largely, examined dynamic behavior only in
directions perpendicular to the gravity vector. This study examines
the correlation between earth based natural frequencies in vibration
directions parallel to the gravity vector and the theoretical natural
frequencies encountered in a microgravity environment. The
structure considered is a prismatic beam. Author

A91-29716#
TESTING THE SPACE STATION FREEDOM
METEOROID/DEBRIS SHIELDING
ROY L. RICH and MICHAEL D. BJORKMAN (Boeing Co., Seattle,
WA) IN: Aerospace Testing Seminar, 12th, Manhattan Beach,
CA, Mar. 13-15, 1990, Proceedings. Mount Prospect, IL, Institute
of Environmental Sciences, 1990, p. 197-200. refs

The Space Station Freedom habitable modules are being
designed to protect the crew from impact by meteoroids and
man-made orbital debris. Due to the increasing amount of
man-made debris in earth orbit, Space Station Freedom is the
first spacecraft whose shielding design is driven by the man-made
environment and not the natural environment. Since the
characteristics of the orbital debris environment differ from the
meteoroid, the test philosophy must differ from that used on prior
missions such as Skylab. The points at which the impact testing
for Space Station Freedom differ from prior manned spacecraft
impact testing are discussed, followed by a brief discussion of the
test techniques which are used to perform the tests. Author

A91-30128* Cincinnati Univ., OH.
PRACTICAL EXPERIENCE WITH MULTIVARIABLE POSITIVITY
CONTROLLERS
GARY L. SLATER, A. BOSSE, and Q. ZHANG (Cincinnati,
University, OH) IN: 1990 American Control Conference, 9th, San
Diego, CA, May 23-25, 1990, Proceedings. Vol. 2. Piscataway,
NJ, Institute of Electrical and Electronics Engineers, 1990, p.
1445-1448. NASA-supported research. refs
Copyright

Experience with -the application of positivity designed
multivariable controllers for the NASA ACES flexible beam
experiment is discussed. Multivariable controllers were designed
using sets of rotational sensors/actuators (rate gyros/torque
actuators) and linear sensors/actuators (accelerometers/LMEDs).
Experience with this set of controllers demonstrated the difficulty
of designing controllers with significant modal uncertainty and
significant phase uncertainty. With the aid of multivariable scaling
techniques these designs were ultimately able to achieve a high
level of closed-loop damping. I.E.

A91-30141
ENERGY EQUIVALENT EXPANSION
NARESH PATEL (General Electric Co., Astro-Space Div., Valley
Forge, PA) and AJMAL YOUSUFF (Drexel University, Philadelphia,
PA) IN: 1980 American Control Conference, 9th, San Diego, CA,
May 23-25, 1990, Proceedings. Vol. 2. Piscataway, NJ, Institute of
Electrical and Electronics Engineers, 1990, p. 1596-1598. refs
Copyright

The authors deal with the overlapping decomposition and
expansion of a mechanical system, such as a flexible space
structure, to simplify decentralized control design. The approach
suggested is to develop an expanded model which preserves the
kinetic and potential energy of the original system. The resulting
expanded system also maintains the symmetry in the model. Such
an expanded system being nonunique, a constructive procedure
is provided to produce an expanded system to yield subsystems
with least interaction by means of a 2-norm minimization problem.
Hence, the local control designs based upon the subsystems would
be more justifiable. I.E.

A91-30169* National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

DISSIPATIVE COMPENSATORS FOR FLEXIBLE SPACECRAFT
CONTROL

S. M. JOSHI and P. G. MAGHAMI (NASA, Langley Research




Center, Hampton, VA) IN: 1980 American Contro! Conference,
9th, San Diego, CA, May 23-25, 1990, Proceedings. Vol. 2.
Piscataway, NJ, Institute of Electrical and Electronics Engineers,
1990, p. 1955-1961. refs
Copyright

The problem of controller design for flexible spacecraft is
addressed. Model-based compensators, which rely on the
knowledge of the system parameters to tune the state estimator,
are considered. The instability mechanisms resulting from high
sensitivity to parameter uncertainties are investigated. Dissipative
controllers, which use collocated actuators and sensors, are also
considered, and the robustness properties of constant-gain
dissipative controllers in the presence of unmodeled elastic-mode
dynamics, sensor/actuator nonlinearities, and actuator dynamics
are summarized. In order to improve the performance without
sacrificing robustness, a class of dissipative dynamic compensators
is proposed and is shown to retain robust stability in the presence
of second-order actuator dynamics if acceleration feedback is
employed. A class of dissipative dynamic controllers is proposed
which consists of a low-authority, constant-gain controller and a
high-authority dynamic compensator. A procedure for designing
an optimal dissipative dynamic compensator is given which
minimizes a quadratic performance criterion. Such compensators
ofter the promise of better performance while still retaining robust
stability. IL.E.

A91-30231
ACTIVE AND PASSIVE JOINTS FOR DAMPING
AUGMENTATION OF LARGE SPACE STRUCTURES
ALDO A. FERRI and BONNIE S. HECK (Georgia Institute of
Technology, Atianta) IN: 1990 American Control Conference,
9th, San Diego, CA, May 23-25, 1990, Proceedings. Vol. 3.
Piscataway, NJ, Institute of Electrical and Electronics Engineers,
19880, p. 2978-2983. refs
{Contract NSF MSM-87-07846)
Copyright

The development and analysis of improved joints for large space
structures (LSSs) are discussed. The joints are designed so that
the normal force to a frictional interface is varied, yielding a
connecting joint with increased damping performance without
significantly increasing the structure’s weight or complexity. A
single-degree-of-freedom joint and a system consisting of two
elastic beams connected by a single active/passive joint are
considered. It is shown that these joint designs are able to enhance
the energy dissipation from an LSS in a relatively simple and
robust way. Numerical simulation results are presented and
discussed. I.E.

A91-30414
AN IMPROVED MULTILEVEL OPTIMIZATION APPROACH
Y. DING (Nanjing Aeronautical Institute, People's Republic of China)
and B. J. D. ESPING (Royal Institute of Technology, Stockholm,
Sweden) Computers and Structures (ISSN 0045-79489), vol. 38,
no. 5-6, 1991, p. 557-567. refs
Copyright

An improved multilevel optimization approach is proposed. It is
also used in the multilevel optimization of frames with beams
including buckling constraints. Two types of the improved multilevel
approach are treated at the component level. Hybrid approximation
technique is adapted at two levels, however, the method of moving
asymptotes is used at the component level. A new relationship
between system variables and component variables is derived.
Four numerical examples show that the improved multilevel
approach has generalized applicability and availability. Author

A91-31846*# General Motors Corp., Saginaw, M.

DESIGN OF A SHAPE MEMORY ALLOY DEPLOYMENT HINGE
FOR REFLECTOR FACETS

W. S. ANDERS (General Motors Corp., Saginaw, Ml) and C. A.
ROGERS (Virginia Polytechnic Institute and State University,
Blacksburg)  IN: AIAA/ASME/ASCE/AHS/ASC Structures,
Structural Dynamics, and Materials Conference, 32nd, Baltimore,
MD, Apr. 8-10, 1991, Technical Papers. Pt. 1. Washington, DC,
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American Institute of Aeronautics and Astronautics, 1991, p.
148-158. refs
(Contract NAS1-18471)
(AIAA PAPER 91-1162) Copyright

A design concept for a Shape Memory Alloy (SMA) actuated
hinge mechanism for deploying segmented facet-type reflector
surfaces on antenna truss structures is presented. The mechanism
uses nitinol, a nickel-titanium shape memory alloy, as a
displacement-force micro-actuator. An electrical current is used to
resistively heat a ’plastically’ elongated SMA actuator wire, causing
it to contract in response to a thermally-induced phase
transformation. The resulting tension creates a moment, imparting
rotary motion between two adjacent panels. Mechanical stops are
designed into the device to limit its range of motion and to establish
positioning accuracy at the termination of deployment. The concept
and its operation are discussed in detail, and an analytical dynamic
simulation model is presented. The model has been used to perform
nondimensionalized parametric design studies. Author

A91-31893#
A KNOWLEDGE-BASED APPROACH TO THE STRUCTURAL
ANALYSIS OF LARGE SPACE STRUCTURES
SHOICHI NAKAI, NOBUO FUKUWA, KEICHI HIROSE, HIROSHI
KATUKURA, and MANABU EBIHARA (Shimizu Corp., Tokyo,
Japan) IN: AIAA/ASME/ASCE/AHS/ASC Structures, Structural
Dynamics, and Materials Conference, 32nd, Baltimore, MD, Apr.
8-10, 1991, Technical Papers. Pt. 1. Washington, DC, American
Institute of Aeronautics and Astronautics, 1991, p. 627-635. refs
(AIAA PAPER 91-1209) Copyright

An attempt is made to implement a knowledge-based approach
to structural analysis based on the idea that numerical analysis
programming can be thought of as a particular type of engineering
design. A system is proposed which first accepts the user's
description of a problem, then generates a program, along with
input data, and finally gives results to the user. In order to test
this approach, a problem-solving model is introduced and
implemented based on the object-oriented program development.

Author

A91-31964#
Pasadena.
A MICRODYNAMIC VERSION OF THE TENSILE TEST
MACHINE
R.J. GLASER (JPL, Pasadena, CA) IN: AIAA/ASME/ASCE/AHS/ASC
Structures, Structural Dynamics, and Materials Conference, 32nd,
Baltimore, MD, Apr. 8-10, 1991, Technical Papers. Pt. 2. Washington,
DC, American Institute ofAeronautlcs and Astronautics, 1991, p. 1305-
1313. NASA-sponsored research.
(AIAA PAPER 91-1082) Copyright

Very large space structures require structural reactions to
controi forces associated with nanometer-level displacements; JPL
has accordingly built a tensile test machine capable of mN-level
force measurements and nm-level displacement measurements,
with a view to the study of structural linear joining technology at
the lower limit of its resolution. The tester is composed of a moving
table that is supported by six flexured legs and a test specimen
cantilevered off the table to ground. Three vertical legs contain
piezoactuators allowing changes in length up to 200 microns while
generating axial load and bending moments. Displacements
between ground and table are measured by means of three
laser-interferometric channels. O.C.

Jet Propulsion Lab., California Inst. of Tech.,

A91-31992* #
Pasadena.
DESIGN CONSIDERATIONS OF PSR MODERATE
FOCUS-MISSION STRUCTURE

CHOON-FOO SHIH and MICHAEL C. LOU (JPL, Pasadena, CA)
IN: AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics,
and Materials Conference, 32nd, Baltimore, MD, Apr. 8-10, 1991,
Technical Papers. Pt. 2. Washington, DC, American Institute of
Aeronautics and Astronautics, 1991, p. 1578-1585. refs

(AIAA PAPER 91-1192)

Jet Propulsion Lab., California Inst. of Tech.,
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A supporting space-frame has been designed for the segmented
panels, secondary reflector, control system, and interface hardware
of a near-term Precision Segmented Reflector (PSR) telescope.
In addition to meeting areal mass density, vibration frequency,
thermal expansion, positioning accuracy, and interface attachment
design goals, the PSR structure must withstand Atlas launch loads.
Analyses have been conducted of the optical pointing-related
structural performance of the Moderate Focus Mission Structure
{(MFMS), with a view to both mechanical and therma! disturbance
analyses; the results indicate that the dynamic responses of the
MFMS optical mirrors, due to the chopping disturbance of the
secondary reflector about its center-of-mass, are within
maintenance sensor requirements. O.C.

A91-31993*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
GENERATION AND ANALYSIS OF REDUCED-PART-COUNT
TRUSS GEOMETRIES FOR SPACE-BASED APPLICATIONS
TIMOTHY J. COLLINS (NASA, Langley Research Center, Hampton,
VA) and HARESH LALVANI (Pratt Institute, Brooklyn, NY) IN:
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics,
and Materials Conference, 32nd, Baltimore, MD, Apr. 8-10, 1991,
Technical Papers. Pt. 2. Washington, DC, American Institute of
Aeronautics and Astronautics, 1991, p. 1586-1596. refs
(AIAA PAPER 91-1193) Copyright

A technique for deriving truss structures with reduced part count
from the octahedral-tetrahedral (octet) truss by removal of struts
and nodes is described. The technique is based on an
understanding of the geometry and symmetry of the octet truss.
Six example reduced-part-count structures are analyzed and
compared with the parent octet truss with regard to part count,
redundancy, mass, and free-free fundamental frequency. Part count
reductions of 12 to 37 percent, mass reductions of 7 to 33 percent,
and fundamental frequency reductions of 18 to 30 percent are
demonstrated. Increases in strut cross-sectional area and truss
depth are considered for the purpose of increasing the stiffness
of the reduced structures. Author

A91-32087*# SDRC, inc., San Diego, CA.
SIMULATION OF THE SPACE STATION STRUT-OUT
CONDITION
PAUL A. BLELLOCH, NADINE M. MACK (SDRC, Inc., Engineering
Services Div., San Diego, CA), and KELLY S. CARNEY (NASA,
Lewis Research Center, Cleveland, OH) IN:
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics,
and Materials Conference, 32nd, Baltimore, MD, Apr. 8-10, 1991,
Technical Papers. Pt. 4. Washington, DC, American Institute of
Aeronautics and Astronautics, 1991, p. 2570-2575.
(AIAA PAPER 91-1248) Copyright

A method is presented for reanalyzing a truss structure when
one of the truss elements (struts) has failed. The method uses a
modal model of the nominal structure coupled with a residual
flexibility term to predict the effect of the failed strut without
resolving the finite element model. By implementing the method
as part of the transient simulation, it is feasible to consider a
large number of potentia! strut failures with a minimum amount of
extra effort. Preliminary application of the method to the Space
Station indicates excellent agreement with results based on
modifying and resolving the finite element model. Author

A91-32108"# Jet Propulsion Lab., California Inst. of Tech.,
Pasadena. -
TESTING AND APPLICATION OF A VISCOUS PASSIVE
DAMPER FOR USE IN PRECISION TRUSS STRUCTURES
M. TRUBERT, J. FANSON (JPL, Pasadena, CA), P. DAVIS
(Honeywell, Inc., Minneapolis, MN), and E. ANDERSON IN:
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics,
and Materials Conference, 32nd, Baltimore, MD, Apr. 8-10, 1991,
Technical Papers. Pt. 4. Washington, DC, American Institute of
Aeronautics and Astronautics, 1991, p. 2796-2808. refs
(AIAA PAPER 91-0996) Copyright

A passive damping device intended to replace individual struts
in precision truss structures for space applications is described.
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The theory of operation of the D-Strut device is detailed, and
simple five- and three-parameter models are derived. Results from
tests conducted to characterize the D-Strut at submicron
displacement levels are reporeted. The incorporation of a strut in
a precision truss testbed is described. Parameters determined from
the component-level tests are used in a finite element model of
the truss, and damping augmentation is predicted. Using the simple
three-parameter model, a damper is selected for multiple placement
in a separate optical interferometer truss testbed. The effect of
the addition of the damper struts is illustrated analytically in a
model of the structure. Finally, an improved Arched Flexure D-Strut
that is expected to provide higher loss factors, and is cumrently
under development, is described. Author

A91-32116#
STRAIN RATE SENSING FOR VIBRATION CONTROL OF
FLEXIBLE STRUCTURES
JOHN M. JUSTON and DAVID P. BAUER (IAP Research, Inc.,
Dayton, OH) IN: AIAA/ASME/ASCE/AHS/ASC Structures,
Structural Dynamics, and Materials Conference, 32nd, Baltimore,
MD, Apr. 8-10, 1991, Technical Papers. Pt. 4. Washington, DC,
American Institute of Aeronautics and Astronautics, 1991, p.
2888-2899. SDIO-supported research. refs
(Contract DACA88-90-C-0009)
(AIAA PAPER 91-1118) Copyright

Low mass, high performance strain rate sensing technology
for the active control of vibrating structures is presented. The
sensor is based on electromagnetic technology and has an output
directly proportional to strain rate. Sensor physics are discussed
and the sensitivity equation is derived, and strain rate sensing
performance requirements are given. Proof-of-principle experiments
demonstrate favorable strain rate resolution while measuring 80
microstrain, 0.1 Hz structural oscillations. Superior resolution is
demonstrated while measuring larger strain rate magnitudes
occurring during 16 microstrain, 20 Hz oscillations. Sizing estimates
indicate that sensor mass can be made very small. Author

A91-32197#
DEVELOPMENT AND USE OF INFLATABLE PAYLOAD
RECOVERY VEHICLES
ROBERT T. KENDALL, JR., R. T. KENDALL, SR. (Aerospace
Recovery Systems, Inc., Grants Pass, OR), and ARTHUR M.
MADDOX (Northrop University, Los Angeles, CA) IN: AIAA
Aerodynamic Decelerator Systems Technology Conference, 11th,
San Diego, CA, Apr. 9-11, 1991, Technical Papers. Washington,
DC, American Institute of Aeronautics and Astronautics, 1991, p.
421-435. refs
(AIAA PAPER 91-0888) Copyright

This paper presents concepts, development and application
of uniquely designed positively pressurized, stowable, coni-
cally shaped coated tubular fabric structures for various manned
and unmanned payload recovery systems for space and atmo-
spheric usage. How the inflatable structure is inflated to
envelop and protect the payload, then stabilize, decelerate and
safely impact the vehicle on water or land without injury or damage
to the personne! or payload is decribed. Also presented are delivery
and recovery of manned and unmanned payloads in lower
atmosphere applications for civil and/or military usage, disaster
relief, and fire fighting efforts. Consideration is also given to various
payload types including satellites, microgravity experiments, space
debris or Space Station waste, individual/multiple Space Station
or transport personnel emergency escape and return vehicles.

R.E.P.

N91-11041*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA. .
THERMAL-DISTORTION ANALYSIS OF A SPACECRAFT BOX
TRUSS IN GEOSTATIONARY ORBIT

PATRICK A. COSGROVE (Lockheed Engineering and Sciences
Co., Hampton, VA.), JEFFERY T. FARMER, and LAWRENCE F.
ROWELL Washington Nov. 1980 26 p

(NASA-TP-3054; L-16828; NAS 1.60:3054) Avail: NTIS HC/MF
AO3 CSCL 22B



The Mission to Planet Earth enlists the use of a geostationary
platform to support Earth science monitoring instruments. The
strongback for a proposed geostationary platform is a deployable
box truss that supports two large diameter passive microwave
radiometer (PMR) and several other science instruments. A study
was performed to estimate the north-south and east-west pointing
errors at the mounting locations of the two PMRs due to on-orbit
thermal distortions of the main truss. The baseline configuration
indicated that the east-west pointing error greatly exceeded the
required limits. Primary origins of the pointing errors were identified,
and methods for their reduction were discussed. Thermal
performance enhancements to the truss structure were modeled
and analyzed, including state-of-the-art surface coatings and
insulation techniques. Comparisons of the thermal enhancements
to the baseline were performed. Results demonstrated that using
a thermal enclosure insulating technique reduced external heat
fluxes, and distributed those heat fluxes more evenly throughout
the structure, sufficiently reducing the pointing error to satisfy
pointing accuracy requirements for the PMR's. Author

N91-11819# Contraves Corp., Zurich (Switzerland). Space Div.
OPTICAL INTERFEROMETER SYSTEMS IN SPACE:
CONFIGURATION AND STRUCTURE CONCEPTS USING
SPACE RIGIDIZED ELEMENTS
M. C. BERNASCONI, S. KOESE, and W. J. RITS (European Space
Agency. European Space Research and Technology Center,
ESTEC, Noordwijk, Netherlands ) /n ESA, Space Applications of
Advanced Structural Materials p 47-56  Jun. 1990  Previously
announced in |IAA as A90-13554
(Contract ESA-6975/86/NL/PH)
Copyright  Avail: NTIS HC/MF A19

The use of inflatable space-rigidized structures for use in orbital
optical interferometry systems is discussed. Their ability to provide
100 m long supporting elements for such interferometers is
analyzed. It is found that such systems can be built and packaged
for launch to geostationary orbit by Ariane 5 with specific masses
of 0.8 to 1.8 kg/m. They can be stiff enough to be controllable,
and provide interfaces for observing telescopes sutticiently free of
vibration for sensor scanning frequencies. The use of such optical
interferometric methods is discussed. ESA

N91-11829#
{England).
SLIP COEFFICIENTS FOR SHEAR JOINTS: THE EFFECTS OF
DYNAMIC LOADING AND SURFACE TREATMENT
R. J. BAYUIS /n ESA, Space Applications of Advanced Structural
Materials p 117-122  Jun. 1990
Copyright  Avail: NTIS HC/MF A19

An experimental program of work undertaken to generate data
for slip coefficients for shear joints is described. The data is
intended for inclusion in the guidelines for threaded fasteners with
particular application to space structures. The effects of dynamic
loading and surface treatments on aluminum and plastic composites
in the shear joint are investigated. Statistical analysis is carried
out to provide data for the initial design of shear loaded bolted
joints typical of those used in space structures. Alochromed and
anodized aluminum show better slip resistance than untreated
aluminum. ESA

British Aerospace Dynamics Group, Bristol

N91-11843#  Sumey Univ., Guildford (England). Dept. of Civil
Engineering.
HIGH-TECHNOLOGY CARBON-FIBRE/POLYETHERSULPHONE
COMPOSITE FOR SPACE APPLICATIONS
A. THORNE and L. HOLLAWAY /n ESA, Space Applications of
Advanced Structural Materials p 207-211  Jun. 1980
Copyright  Avail: NTIS HC/MF A19

A large skeletal structure to be used in making antenna
reflectors for land mobile communications systems is described.
The structure could also be used in making space platforms up
to 300 m in diameter. The land based antenna reflectors would
be limited to 50 m in diameter. The skeletal system in the form of
a tetrahedral truss is described. Results of solar simulation tests
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in which polyethersulphone composite samples were tested
between minus 150 and 40 C under high vacuum are described.
ESA

N91-11861# European Space Agency. European Space
Research and Technology Center, ESTEC, Noordwijk
(Netherlands).
SHIELDING AGAINST ORBITAL DEBRIS: A CHALLENGING
PROBLEM
MICHEL LAMBERT In its Space Applications of Advanced
Structural Materials p 319-328  Jun. 1990
Copyright  Avail: NTIS HC/MF A19

The physics of hypervelocity impacts is reviewed with special
application to impact of space debris on orbiting spacecraft. The
potential effects on different spacecraft structures are described.
The status of experimental and theoretical work for the Columbus
Space Station is reported in detail. A strategy for continued
investigation of shielding performance is outlined. Ways in which
the weight of shielding elements can be decreased are investigated.
The use of composite materials for shielding is discussed.  ESA

N91-11868# Fokker B.V., Amsterdam (Netherlands).
THE INFLUENCE OF MATERIAL PROPERTIES ON DESIGN
VALIDITY AND MARGINS
M. P. NIEUWENHUIZEN /n ESA, Space Applications of Advanced
Structural Materials p 381-391  Jun. 1890
Copyright Avail: NTIS HC/MF A19

Ways to optimize design validity are outlined. Uncoupling of
research on materials technology and product design activities
are called for. The advantages of having handbooks applicable to
standardized materials made readily available to users is stressed.
Applied safety factors for a project are based on experience and
the ratio of ultimate versus yield stress of the material. The factors
influencing the safety of ductile and brittle materials are discussed.
The importance of improving the knowledge of such safety behavior
in nonhomogeneous polymer materials is stressed. ESA

N91-11870#
(England).
COST OPTIMISATION OF LOAD CARRYING STRUCTURES
B. A. REID and A. PRADIER (European Space Agency. European
Space Research and Technology Center, ESTEC, Noordwijk,
Netherlands ) /n ESA, Space Applications of Advanced Structural
Materials p 397-402  Jun. 1990
Copyright  Avail: NTIS HC/MF A19

Research on identifying cost drivers and establishing guidelines
for optimizing the cost of satellite structures is described.
Specifications envelope, qualification philosophy, and stan-
dardization and methodology are identified as critical cost
drivers. To assess the impact of material selection on achievement
of the mass budget, alternative minimum mass and minimum cost
design philosophies are applied to a range of materials. It is found
that applying minimum mass philosophy to each material, up its
performance limit is the most cost eftective. ESA

British Aerospace Public Ltd. Co., Stevenage

N91-12114"#  National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.
PROBABILISTIC STRUCTURAL ANALYSIS OF A TRUSS
TYPICAL FOR SPACE STATION
SHANTARAM S. PAl Sep. 1990 11 p Presented at the 3rd
Air Force/NASA Symposium on Recent Advances in
Multidisciplinary Analysis and Optimization, San Francisco, CA,
24-26 Sep. 1990 :
(NASA-TM-103277; E-5725; NAS 1.15:103277) Avail: NTIS
HC/MF A0O3 CSCL 20/11

A three-bay, space, cantilever truss is probabilistically evaluated
using the computer code NESSUS (Numerical Evaluation of
Stochastic Structures Under Stress) to identify and quantify the
uncertainties and respective sensitivities associated with
corresponding uncertainties in the primitive variables (structural,
material, and loads parameters) that defines the truss. The
distribution of each of these primitive variables is described in
terms of one of several available distributions such as the Weibull,
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exponential, normal, log-normal, etc. The cumulative distribution
function (CDF's) for the response functions considered and
sensitivities associated with the primitive variables for given
response are investigated. These sensitivities help in determining
the dominating primitive variables for that response. Author

N91-12770# Messerschmitt-Boelkow-Blohm G.m.b.H., Munich
(Germany, F.R.). Military Aircraft Div.
MBB-LAGRANGE: STRUCTURAL OPTIMIZATION SYSTEM
FOR SPACE AND AIRCRAFT STRUCTURES
GUENTER KNEPPE 28 Jun. 1990 22 p Presented at COMMETT
Seminar on Computer Aided Optimal Design, Bayreuth, Fed.
Republic of Germany, 1990
(MBB/FW522/S/PUB/406; ETN-90-98156) Copyright Avail:
NTIS HC/MF A03

The structural optimization system MBB-LAGRANGE allows the
optimization of homogeneous isotropic, orthotropic or anisotropic
structures as well as fiber reinforced materials with respect to
weight, static, dynamic, aeroelastic, and manufacturing
requirements. Design variables are sizing and geometric
dimensions. The highlights are the treatment of large scale
problems and especially the simultaneous optimization of different
disciplines. Development is focused on three main topics:
optimization models, structural analysis with sensitivity analysis,
and optimization algorithms. Integration into the computer aided
engineering environment is important for practical applications.

ESA

N91-13473*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
ANALYTICAL AND PHOTOGRAMMETRIC
CHARACTERIZATION OF A PLANAR TETRAHEDRAL TRUSS
K. CHAUNCEY WU, RICHARD R. ADAMS, and MARVIN D.
RHODES Washington Dec. 1990 30 p
(NASA-TM-4231; L-16758; NAS 1.15:4231) Avail: NTIS HC/MF
A03 CSCL 22/2

Future space science missions are likely to require near-optical
quality reflectors which are supported by a stiff truss structure.
This support truss should conform closely with its intended shape
to minimize its contribution to the overall surface error of the
reflector. The current investigation was conducted to evaluate the
planar surface accuracy of a regular tetrahedral truss structure by
comparing the results of predicted and measured node locations.
The truss is a 2-ring hexagonal structure composed of 102
equal-length truss members. Each truss member is nominally 2
meters in length between node centers and is comprised of a
graphite/epoxy tube with aluminum nodes and joints. The axial
stiffness and the length variation of the truss components were
determined experimentally and incorporated into a static finite
element analysis of the truss. From this analysis, the root mean
square (RMS) surface error of the truss was predicted to be 0.11
mm (0004 in). Photogrammetry tests were performed on the
assembled truss to measure the normal displacements of the upper
surface nodes and to determine if the truss would maintain its
intended shape when subjected to repeated assembly. Considering
the variation in the truss component lengths, the measures rms
error of 0.14 mm (0.006 in) in the assembled truss is relatively
small. The test results also indicate that a repeatable truss surface
is achievable. Several potential sources of error were identified
and discussed. Author

N91-14251*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
SINGLE LAUNCH LUNAR HABITAT DERIVED FROM AN NSTS
EXTERNAL TANK
CHARLES B. KING, ANSEL J. BUTTERFIELD, WARREN D. HYPES
(Bionetics Corp., Hampton, VA.), JOHN E. NEALY, and LISA C.
SIMONSEN Washington Dec. 1990 34 p
(NASA-TM-4212; L-16764; NAS 1.15:4212) Avail: NTIS HC/MF
A03 CSCL 06/11

A concept for using the spent external tank from a National
Space Transportation System (NSTS) to derive a lunar habitat is
described. The external tank is carried into low Earth orbit where
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the oxygen tank-intertank subassembly is separated from the
hydrogen tank, berthed to Space Station Freedom and the
subassembly outfitted as a 12-person lunar habitat using
extravehicular activity (EVA) and intravehicular - activity (IVA). A
single launch of the NSTS orbiter can place the external tank in
LEO, provide orbiter astronauts for disassembly of the external
tank, and transport the required subsystem hardware for outfitting
the lunar habitat. An estimate of the astronauts’ EVA and IVA is
provided. The liquid oxygen intertank modifications utilize existing
structures and openings for man access without compromising
the structural integrity of the tank. The modifications include
installation of living quarters, instrumentation, and an airlock.
Feasibility studies of the following additional systems include
micrometeoroid and radiation protection, thermal control,
environmental control and life support, and propulsion. The
converted lunar habitat is designed for unmanned transport and
autonomous soft landing on the lunar surface without need for
site preparation. Lunar regolith is used to fill the micrometeoroid
shield volume for radiation protection using a conveyer. The lunar
habitat concept is considered to be feasible by the year 2000
with the concurrent development of a space transfer vehicle and
a lunar lander for crew changeover and resupply. Author

N91-14374" National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
SMART TUNNEL: DOCKING MECHANISM Patent
JOHN A. SCHLIESING, inventor (to NASA) and KEVIN L.
EDENBOROUGH, inventor {to NASA) 29 Aug. 1989 9 p Filed
30 Dec. 1988
(NASA-CASE-MSC-21360-1; US-PATENT-4,860,975;
US-PATENT-APPL-SN-292131; US-PATENT-CLASS-244-161;
US-PATENT-CLASS-405-188; US-PATENT-CLASS-14-71.5;
US-PATENT-CLASS-244-137.2; INT-PATENT-CLASS-B64G-1/64)
Avail: US Patent and Trademark Office CSCL 22/2

A docking mechanism is presented for the docking of a space
vehicle to a space station comprising a flexible tunnel frame
structure which is deployable from the space station. The tunnel
structure comprises a plurality of series connected frame sections,
one end section of which is attached to the space station and
the other end attached to a docking module of a configuration
adapted for docking in the payload bay of the space vehicle. The
docking module is provided with trunnions, adapted for latching
engagement with latches installed in the vehicle payload bay and
with hatch means connectable to a hatch of the crew cabin of
the space vehicle. Each frame section comprises a pair of spaced
ring members, interconnected by actuator-attenuator devices which
are individually controllable by an automatic control means to impart
relative movement of one ring member to the other in six degrees
of freedom of motion. The control means includes computer logic
responsive to sensor signals of range and attitude information,
capture latch condition, structural loads, and actuator stroke for
generating commands to the onboard flight control system and
the individual actuator-attenuators to deploy the tunnel to effect a
coupling with the space vehicle and space station after coupling.
A tubular fluid-impervious liner, preferably fabric, is disposed
through the frame sections of a size sufficient to accommodate
the passage of personnel and cargo.

Official Gazette of the U.S. Patent and Trademark Office

N91-14614" National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

MECHANICAL END JOINT SYSTEM FOR CONNECTING
STRUCTURAL COLUMN ELEMENTS Patent

HAROLD G. BUSH, inventor (to NASA), MARTIN M. MIKULAS,
JR., inventor (to NASA), and RICHARD E. WALLSOM, inventor
(to NASA) 16 Oct. 1990 12 p Filed 30 Mar. 1990
Continuation-in-part of abandoned US-Patent-Appl-SN-388264, filed
1 Aug. 1989 which is a continuation-in-part of abandoned
US-Patent-Appl-SN-223122, filed 22 Jul. 1988
(NASA-CASE-LAR-14465-1; US-PATENT-4,963,052;
US-PATENT-APPL-SN-501910; US-PATENT-APPL-SN-388264;
US-PATENT-APPL-SN-223122; US-PATENT-CLASS-403-322;




US-PATENT-CLASS-403-327; US-PATENT-CLASS-403-331;
US-PATENT-CLASS-403-171; INT-PATENT-CLASS-B25G-3/18)
Avail: US Patent and Trademark Office CSCL 13/9

A mechanical end joint system is presented that eliminates
the possibility of free movements between the joint halves during
loading or vibration. Both node joint body (NJB) and column end
joint body (CEJB) have cylindrical engaging ends. Each of these
ends has an integral semicircular tongue and groove. The two
joint halves are engaged transversely - the tongue of the NJB
mating with the groove of the CEJB and vice versa. The joint
system employs a spring loaded internal latch mechanism housed
in the CEJB. During mating, this mechanism is pushed away from
the NJB and enters the NJB when mating is completed. In order
to lock the joint and add a preload across the tongue and groove
faces, an operating ring collar is rotated through 45 deg causing
an internal mechanism to compress a Belleville washer preload
mechanism. This causes an equal and opposite force to be exerted
on the latch boit and the latch plunger. This force presses the
two joint halves tightly together. In order to prevent inadvertent
disassembly, a secondary lock is also engaged when the joint is
closed. Plungers are carried in the operating ring collar. When the
joint is closed, the plungers fall into tracks on the CEJB, which
allows the joint to be opened only when the operating ring collar
and plungers are pushed directly away from the joining end. One
application of this invention is the rapid assembly and disassembly
of diverse skeletal framework structures which is exiremely
important in many projects involving the exploration of space.

Official Gazette of the U.S. Patent and Trademark Office

N91-15300*# Astro Aerospace Corp., Carpinteria, CA.
CONCEPTS AND ANALYSIS FOR PRECISION SEGMENTED
REFLECTOR AND FEED SUPPORT STRUCTURES Final
Report
RICHARD K. MILLER, MARK W. THOMSON, and JOHN M.
HEDGEPETH Dec. 1990 90 p
(Contract NAS1-18567)
(NASA-CR-182064; NAS 1.26:182064; AAC-TN-1157) Avail:
NTIS HC/MF A05 CSCL 22/2

Several issues surrounding the design of a large (20-meter
diameter) Precision Segmented Reflector are investigated. The
concerns include development of a reflector support truss geometry
that will permit deployment into the required doubly-curved shape
without significant member strains. For deployable and erectable
reflector support trusses, the reduction of structural redundancy
was analyzed to achieve reduced weight and complexity for the
designs. The stiffness and accuracy of such reduced member
trusses, however, were found to be affected to a degree that is
unexpected. The Precision Segmented Reflector designs were
developed with performance requirements that represent the
Reflector application. A nove! deployable sunshade concept was
developed, and a detailed parametric study of various feed support
structural concepts was performed. The results of the detailed
study reveal what may be the most desirable feed support structure
geometry for Precision Segmented Reflector/Large Deployable
Reflector applications. Author

N91-15544" National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
CLEVIS JOINT FOR DEPLOYABLE SPACE STRUCTURES
Patent
MARVIN D. RHODES, inventor (to NASA) 12 Jun. 1990 6 p
Filed 28 Jul. 1988
(NASA-CASE-LAR-13898-1; US-PATENT-4,932,807;
US-PATENT-APPL-SN-225427; US-PATENT-CLASS-403-147;
US-PATENT-CLASS-403-146; US-PATENT-CLASS-403-156;
US-PATENT-CLASS-403-334; INT-PATENT-CLASS-F16C-11/00)
Avail: US Patent and Trademark Office CSCL 13/9

This invention relates generally to pin clevis joints, and more
particularly, to zero play pin clevis joints for connecting structural
members of a deployable space structure. A joint includes a pin,
a tang, and a shackle. The pin is tapered at the same angle as
the bores extending through the projections of the shackle and
the tang. A spring washer biases the tang onto the tapered sidewall
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of the pin. The invention solves the free play problem associated
with deployable space structures by using a tapered pin which is
held in tapered holes by the spring washers.

Official Gazette of the U.S. Patent and Trademark Office

N91-18456°#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
A VELOCITY COMMAND STEPPER MOTOR FOR CS!
APPLICATION
JEFFREY L. SULLA (Lockheed Engineering and Sciences Co.,
Hampton, VA.), JER-NAN JUANG, and LUCAS G. HORTA Jan.
1991 19 p Presented at the 4th NASA/DOD CSI Conference,
Orlando, FL, 5-7 Nov. 1990
(NASA-TM-102765; NAS 1.15:102765) Avail: NTIS HC/MF A03
CSCL 20/11

The application of linear force actuators for vibration
suppression of flexible structures has received much attention in
recent years. A linear force actuator consists of a movable mass
that is restrained such that its motion is linear. By application of a
force to the mass, an equal and opposite reaction force can be
applied to a structure. The use of an industrial linear stepper
motor as a reaction mass actuator is described. With the linear
stepper motor mounted on a simple test beam and the NASA
Mini-Mast, output feedback of acceleration or displacement are
used to augment the structural damping of the test articles.
Significant increases in damping were obtained for both the test
beam and the Mini-Mast. Author

N91-18988°#
Engineering.
THEORETICAL HYPERVELOCITY BALLISTIC LIMIT FOR
SINGLE OR DOUBLE PLATES USING NONLINEAR MODAL
ANALYSIS
DAVID HUI /In Alabama Univ., Research Reports: 1990
NASA/ASEE Summer Faculty Fellowship Program 5 p Oct.
1990
(Contract NGT-01-002-099)
Avail: NTIS HC/MF A16 CSCL 20/11

The original research on the use on nonlinear vibration
technique to solve for the hypervelocity ballistic limit for double
plates is examined. Such structure is commonly found in typical
Space Station design where the incoming space or man-made
debris would be fragmented upon hitting the outer plate (shield)
and the subsequent impact on the main wall would result in a
much reduced damge of the space station or spacecraft. The
existing few theoretical impact equations do not agree well with
each other. The existing computer code bumper used at
NASA-Johnson Space Center appears to predict an unconservative
ballistic limit when compared with experimental data where the
velocity ranges from 3 km/s to 8 km/s. Such unconservative
prediction is unacceptable from a practical safe design point of
view. The bumper code is based on Wilkinson's (1968) paper and
his equations have not been improved nor modified even though
they are viewed with suspicion due to lack of agreement with
experiments. To make matters worse, there is not another theory
which is better than Wilkinson's equation and the designers are
forced to use purely empirical Nysmith (1969) or semiempirical
equations developed by Cour-Palais in 1969. The Cour-Palais
equations were later modified empirically in 1989. The purpose of
the present invastigation is to examine the many assumptions of
the Wilkinson equation. An attempt is made to present design
charts based on the modified-Wilkinson equation so that the
designer can get a feel of the ranges of the parameters which
are of interest and discard a huge range of parameters, thus,
significantly reducing the number of test shots required. The
analysis is based on a solution of the governing nonlinear
differential equations for a plate, assuming axisymmetric behavior
using polar coordinates. Author

New Orleans Univ.,, LA. Dept. of Mechanical
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N91-18007*# Alabama Univ., Tuscaloosa. Dept. of Engineering
Mechanics.
CHARACTERIZATION OF SPACE STATION MULTILAYER
INSULATION DAMAGE DUE TO HYPERVELOCITY SPACE
DEBRIS IMPACT
WILLIAM KEITH RULE In its Research Reports: 1990
NASA/ASEE Summer Faculty Fellowship Program 4 p Oct.
1990
(Contract NGT-01-002-099)
Avail: NTIS HC/MF A16 CSCL 22/2

Four main tasks were accomplished. The first three tasks were
related to the goal of measuring the degradation of the insulating
capabilities of Space Station multilayer insufation (MLI) due to
simulated space debris impacts at hypervelocities. The last task
was associated with critically reviewing a Boeing document on
the fracture characteristics of the Space Station pressure wall
when subjected to a simulated hypervelocity space debris impact.
In Task 1, a thermal test procedure for impact damaged MLI
specimens was written. In Task 2, damaged MLI specimens were
prepared. in Task 3, a computer program was written to simulate
MLI thermal tests. In Task 4, the author reviewed a Boeing
document describing hypervelocity impact testing on biaxially
stressed plates. Author

N91-19157*# Instituto de Pesquisas Espaciais, Sao Jose dos
Campos (Brazil).
EXPERIMENTAL DETERMINATION OF SATELLITE BOLTED
JOINTS THERMAL RESISTANCE
MARCIA BARBOSA HENRI MANTELLI and JOSE EDSON
BASTO /n NASA, Goddard Space Flight Center, 16th Space
Simulation Conference Confirming Spaceworthiness Into the Next
Millennium p 397-414  Nov. 1990
Avail: NTIS HC/MF A20 CSCL 22/2

The thermal resistance was experimentally determined of the
bolted joints of the first Brazilian satellite (SCD 01). These joints,
used to connect the satellite structural panels, are reproduced in
an experimental apparatus, keeping, as much as possible, the
actual dimensions and materials. A controlled amount of heat is
forced to pass through the joint and the difference of temperature
between the panels is measured. The tests are conducted in a
vacuum chamber with liquid nitrogen cooled walls, that simulates
the space environment. Experimental procedures are used to avoid
much heat losses, which are carefully calculated. Important
observations about the behavior of the joint thermal resistance
with the variation of the mean temperature are made. Author

N91-20184*#  National Aeronautics and Space Administration.
Lewis Research Center, Cleveland, OH.
DESIGNS FOR THE ATDRSS TRI-BAND REFLECTOR
ANTENNA
SHUNG-WU LEE, MARTIN L. ZIMMERMAN (lllinois Univ., Urbana.),
GENE FUJIKAWA, and G. RICHARD SHARP 1991 7p
Proposed for presentation at the 1991 IEEE AP-S International
Symposium and URSI Radio Science Meeting, London, Ontario,
24-28 Jun. 1991
(NASA-TM-103754; E-6008; NAS 1.15:103754) Avail: NTIS
HC/MF A02 CSCL 20/14

Two approaches to design a tri-band reflector antenna for the
Advanced TDRSS are examined. Two reflector antenna
configurations utilizing frequency selective surfaces for operation
in three frequency bands, S, Ku, and Ka, are proposed. Far-field
patterns and the antenna feed losses were computed for each
configuration. An offset-fed single reflector antenna configuration
was adapted for conceptual spacecraft design. CADAM drawings
were completed and a 1/13th scale model of the spacecraft was
constructed. Author

N91-20194#  Air Force Inst. of Tech., Wright-Patterson AFB,
OH.

INVESTIGATION OF DIRECT AND INDIRECT OPTIMIZATION
ALGORITHMS FOR AEROSPACE STRUCTURES M.S. Thesls
HARRY HOPKINS Dec. 1990 93 p
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(AD-A230549; AFIT/GA/ENY/90D-7) Avail: NTIS HC/MF A05
CSCL 22/1

This thesis investigated the performance of two direct and two
indirect methods of structural optimization. A gradient calculator
and overall design system was created with the finite element
code FRAME. Three of the methods were employed using this
system with the fourth being a commercial available code. The
algorithms were applied to two different sized trusses using static
constraints and were measured for accuracy, reliability, and
efficiency. Results for the problems tested showed the Direct
methods were sensitive to starting designs and their performance
depended on the proper selection of internal parameters. They
were also shown to have a high degree of accuracy and the
flexibility to handle different problems. The indirect methods showed
that they were very effective when applied to specific problems
and were simpler to implement and manage than direct methods,
but lacked the flexibility to handle a variety of problems. GRA

N91-20862°# New Mexico Univ., Albuquerque. Dept. of
Mechanical Engineering. -
DEPLOYABLE ROBOTIC WOVEN WIRE STRUCTURES AND
JOINTS FOR SPACE APPLICATIONS
MO SHAHINPOOR and BRADFORD SMITH (Woven Wire Corp.,
Santa Fe, NM.) /n NASA, Lyndon B. Johnson Space Center,
Fourth Annual Workshop on Space Operations Applications and
Research (SOAR 80) p 159-166 Jan. 1991
Avail: NTIS HC/MF A21 CSCL 13/9

Deployable robotic structures are basically expandable and
contractable structures that may be transported or launched to
space in a compact form. These structures may then be intelligently
deployed by suitable actuators. The deployment may also be done
by means of either airbag or spring-loaded typed mechanisms.
The actuators may be pneumatic, hydraulic, ball-screw type, or
electromagnetic. The means to trigger actuation may be on-board
EPROMS, programmable logic controllers (PLCs) that trigger
actuation based on some input caused by the placement of the
structure in the space environment. The actuation may also be
performed remotely by suitable remote triggering devices. Several
deployable woven wire structures are examined. These woven
wire structures possess a unique form of joint, the woven wire
joint, which is capable of moving and changing its position and
orientation with respect to the structure itself. Due to the highly
dynamic and articulate nature of these joints the 3-D structures
built using them are uniquely and highly expandable, deployable,
and dynamic. The 3-D structure naturally gives rise to a new
generation of deployable three-dimensional spatial structures.

Author
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Design and analysis of structural dynamics. Includes descriptions
of analytical techniques and computer codes, trade studies,
requirements and descriptions of orbit maintenance systems, rigid
and flexible body attitudesensing systems and controls.

A91-11475
OPTIMAL DESIGN AND CONTROL OF A CROSS-PLY
LAMINATE FOR MAXIMUM FREQUENCY AND MINIMUM
DYNAMIC RESPONSE
J. C. BRUCH, JR., S. ADALI, J. M. SLOSS (California, University,
Santa Barbara), and I. S. SADEK (North Carolina, University,
Wilmington) Computers and Structures (ISSN 0045-7949), vol.
37, no. 1, 1990, p. 87-94. Research supported by the University
of North Carolina. refs
Copyright

Optimal thickness design and optimal closed-loop and
open-loop distributed control functions are determined for a
symmetric, cross-ply laminate. The design/control problem is




formulated as a multiobjective optimization problem by taking a
performance index which comprises a weighted sum of the design
and control objectives and a penalty functional of the control force.
The design objective is the maximization of the fundamental
frequency. The control objective is the minimization of the dynamic
response of the plate, which is expressed in terms of the energy
of the structure. The design/control problem is solved using two
different approaches, namely closed-loop (feedback) control and
the open-loop control. In the former approach, displacement and
velocity feedback controls are employed. In the latter approach,
the open-loop control involves an unknown contro! function which
is determined optimally using a maximum principle. The design
variables are determined by direct minimization of the design and
control objectives. Numerical results are presented for a rectangular
laminate made of an advanced composite material. Comparisons
are given for controlled and uncontrolled laminates as well as for
optimally designed and non-optimal laminates. Author

A91-11592
VARIABLE-STRUCTURE CONTROL APPROACH OF
DECENTRALISED MODEL-REFERENCE ADAPTIVE SYSTEMS
XIAOHAO XU (Nanjing Aeronautical Institute, People's Republic
of China), YAOHUA WU, and WENHU HUANG (Harbin Institute
of Technology, People’s Republic of China) |EE Proceedings,
Part D - Control Theory and Applications (ISSN 0143-7054), vol.
137, pt. D, no. 5, Sept. 1990, p. 302-306. Research supported by
the National Natural Science Foundation of the People’s Republic
of China. refs
Copyright

In the paper, the problem of decentralized model-reference
adaptive control, for linear time-varying large-scale systems, is
investigated by using a variable-structure control approach. The
global reaching condition of the sliding mode of a composite system
is derived and a new scheme of decentralized control is proposed.
This scheme can guarantee the stability of a sliding manifold of
the composite system. Furthermore, a modified scheme is given
which makes the weighted sum of the sliding manifold motions
converge to the prospective speed. Finally, a numerical example
is calculated. Author

A91-11783#

MODAL FORMULATIONS FOR THE DYNAMICS OF FLEXIBLE
MANIPULATORS AND LARGE SPACE STRUCTURES

E. WEHRLI (ONERA, Chatillon, France) and P. COIFFET (Paris
VI, Universite, France) (International Workshop on Advances in
Robot Kinematics, 2nd, Linz, Austria, Sept. 10-12, 1990) ONERA,
TP no. 1990-120, 1990, 12 p. refs

(ONERA, TP NO. 1990-120)

The dynamic response of a serial link manipulator with flexibility
in both its links and joints is presently calculated by a Lagrangian
formulation of the equations of motion that is based on the modal
decomposition of the link deformations. The robotic applications
of this method encompass vibration control, cycle time reduction,
and compliance control for assembly operations. Numerical results
are presented for a one-link structure in order to deepen insight
into the control problems and vibration damping of the arm’s tip
at the end of its trajectory. O.C.

A91-12339
ANALYSIS OF ORBITAL MANOEUVRES OF A LARGE SPACE
STRUCTURE TO AVOID COLLISIONS WITH SPACE DEBRIS
J. BENDISCH and D. REX (Braunschweig, Technische Universitaet,
Brunswick, Federal Republic of Germany) IN: Space dynamics;
Proceedings of the International Symposium, Toulouse, France,
Nov. 6-10, 1989. Toulouse, France, Cepadues-Editions, 1990, p.
981-991. Research supported by BMFT.
Copyright

Means of identification and tracking of dangerous space debris
and subsequent collision-avoiding maneuvers necessary to protect
large space structures are discussed. It is estimated that, besides
the active and spent satellites, there are more than 60,000 objects
larger than 1 cm on low earth orbits between 200 and 2500 km,
although only 10 percent of these objects can presently be tracked
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and cataloged. The operational aspects of avoiding maneuvers
are outlined. It is pointed out that aspects which determine the
efficiency and frequency of avoiding maneuvers such as the range
of the buffer zone due to uncertainties during detection, the number
of close encounters within this buffer zone, and the number of
maneuvers necessary all directly influence scheduled Space Station
operations by affecting fuel consumption, the microgravity level of
the structure, and operation costs. Methods of identification of
risk objects prior to a collision are discussed and a detailed analysis
is given of an on-board detection system. Uncertainties in orbit
prediction for the risk object and specific possible avoiding
maneuvers are presented. L.K.S.

A91-12623
CONTROL OF LONGITUDINAL WAVES IN A ROD WITH
VOIGT DAMPING
ANDREAS U. KUEHNLE and JAMES H. WILLIAMS, JR. (MIT,
Cambridge, MA) Mechanics of Structures and Machines (ISSN
0890-5452), vol. 18, Sept. 1990, p. 335-351. refs
(Contract F49620-88-C-0036)
Copyright

The control of longitudinal waves in a rod constructed from
material damping governed by the Voigt model is considered.
Wave-mode coordinate methods are used to derive a relation
between the force at a general point in the rod and the force
applied to one end of the rod. The force relation includes the
eftects of a SISO controller that prevents the incoming waves
from reaching the other end of the rod. Two methods, least-squares
transfer function matching and direct-force reduction, are used for
controller design. The force relation is used to assess
wave-isolating effects of the controller. Wave isolations greater
than 99 percent are obtained with low-order finite-dimensional
controllers. Author

A91-12845
RATES OF CHANGE OF CLOSED-LOOP EIGENVALUES AND
EIGENVECTORS OF ACTIVELY CONTROLLED STRUCTURES
T. S. PAN, S. S. RAO (Purdue University, West Lafayette, IN),
and V. B. VENKAYYA (USAF, Wright Aeronautical Laboratories,
Wright-Patterson AFB, OH) International Journal for Numerical
Methods in Engineering (ISSN 0029-5981), vol. 30, Oct. 5, 1990,
p. 1013-1028. refs
Copyright

The sensitivity of the closed-loop eigenvalues and eigenvectors
of actively controlled flexible structures with distinct eigenvalues
is considered. The sensitivity information is essential in the
optimization of large space structures with stability/performance
robustness, closed-loop eigenvalues or damping ratios treated as
objective or constraint functions. The efficiency of the analytical
expressions derived for the rates of change of the closed-loop
eigenvalues with respect to structural design variables is
demonstrated through two numerial examples. The utility of the
sensitivity of the closed-loop eigenvalues and eigenvectors in
evaluating the derivatives of the stabilty and performance
robustness indices is also indicated and illustrated through
numerical examples. Author

A91-12848° McDonnell-Douglas Space Systems Co., Houston,
TX.
COMPUTATIONAL ENHANCEMENT OF AN UNSYMMETRIC
BLOCK LANCZOS ALGORITHM
HYOUNG M. KIM (McDonnell Douglas Space Systems Co.,
Houston, TX) and ROY R. CRAIG, JR. (Texas, University, Austin)
International Journal for Numerical Methods in Engineering (ISSN
0029-5981), vol. 30, Oct. 5, 1990, p. 1083-1089. refs
(Contract NAS9-17254)
Copyright

An unsymmetric block Lanczos algorithm has been employed
for the dynamic analysis of a large system which has arbitrary
damping and/or repeated (or closely spaced) eigenvalues. In the
algorithm development, the right and left Lanczos vectors are all
theoretically biorthogonal to each other. However, these vectors
may lose the biorthogonality owing to cancellation and roundoff
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errors. For the unsymmetric case there can be a breakdown, even
without numerical errors. This paper describes computational
techniques which have led to a robust unsymmetric block Lanczos
algorithm. Author

A91-13933#
NUMERICAL RESULTS OF SIMPLIFIED DYNAMIC ANALYSES
ON LARGE IMPERFECT SPACE STRUCTURES
HUBA OERY, ANDREAS RITTWEGER (Aachen, Rheinisch-
Westfaelische Technische Hochschule, Federal Republic of Ger-
many), ERNST HORNUNG, and HERBERT LUDWIG (MBB-ERNO,
Bremen, Federal Republic of Germany) IAF, International Astronaut-
ical Congress, 41st, Dresden, Federal Republic of Germany, Oct.
6-12, 1990. 39 p.
(IAF PAPER 90-289) Copyright

The calculated dynamic response of large space structures
whose eigenfrequencies are of the order of 0.001-0.0001 Hz can
substantially deviate from the predictions of linear analyses. The
overall eigenfrequency of a trusslike structure can decrease by
orders of magnitude, due to innevitable strut-component
imperfections; for larger vibration amplitudes, a strong nonlinearity
occurs. In addition, increasing strut lengths and slenderness ratios
will exacerbate imperfection sensitivity while increasing strut
eigenfrequency. It is noted, however, that if the strut eigenfrequency
is much lower than that of the overall structural fundamental
frequency, the deleterious influence of imperfections virtually
disappears. O.C.

A91-13934*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

THE NASA CONTROLS-STRUCTURES INTERACTION
TECHNOLOGY PROGRAM

JERRY R. NEWSOM (NASA, Langley Research Center, Hampton,
VA), W. E. LAYMAN (JPL, Pasadena, CA), H. B. WAITES (NASA,
Marshall Space Flight Center, Huntsville, AL), and R. J. HAYDUK
(NASA, Washington, DC) IAF, International Astronautical
Congress, 41st, Dresden, Federal Republic of Germany, Oct. 6-12,
1990. 18 p. refs

(IAF PAPER 90-290) Copyright .

The interaction between a flexible spacecraft structure and its
control system is commonly referred to as controls-structures
interaction (CSl). The CSI technology program is developing the
capability and confidence to integrate the structure and control
system, so as to avoid interactions that cause problems and to
exploit interactions to increase spacecraft capability. A NASA
program has been initiated to advance CSI technology to a point
where it can be used in spacecraft design for future missions.
The CSI technology program is a multicenter program utilizing the
resources of the NASA Langley Research Center, the NASA
Marshall Space Flight Center, and the NASA Jet Propulsion
Laboratory. The purpose of this paper is to describe the current
activities, results to date, and future activities of the NASA CSi
technology program. Author

A91-13935#
THE INFLUENCE OF SAMPLING PERIOD IN DIGITAL
CONTROL ON THE SPILLOVER IN VIBRATION SUPPRESSION
OF FLEXIBLE STRUCTURES
SHIGEO KOBAYASHI (Tokyo Metropolitan Institute of Technology,
Hino, Japan) and HIROSHI SASAKI (NASDA, Tsukuba, Japan)
IAF, International Astronautical Congress, 41st, Dresden, Federal
Republic of Germany, Oct. 6-12, 1990. 13 p. refs
(IAF PAPER 90-291) Copyright

The influence of sampling period in the digital control on the
occurrence of the spillover instability was investigated by numerical
simulations, theoretical analysis and experimental studies. Formulas
of the spillover instability boundary are derived by approximate
theoretical analysis and are confirmed by numerical simulations. It
is concluded that the upper boundary of the sampling period under
which stable control is achieved for vibration suppression is
obtained for a single-degree-of-freedom system. In addition,
formulas for the range of the sampling period in which the system
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becomes unstable are derived by an approximate theoretical
analysis. R.E.P.

A91-13936"# Massachusetts Inst. of Tech., Cambridge.
DYNAMICS AND CONTROL OF MULTIPAYLOAD PLATFORMS
- THE MIDDECK ACTIVE CONTROL EXPERIMENT (MACE)
DAVID W. MILLER, EDWARD F. CRAWLEY (MIT, Cambridge, MA),
and JAVIER DE LUIS (Payload Systems, Inc., Cambridge, MA)
IAF, International Astronautical Congress, 41st, Dresden, Federal
Republic of Germany, Oct. 6-12, 1990. 12 p. Research supported
by NASA. refs )
(IAF PAPER 90-292) Copyright

A flight experiment entitted the Middeck Active Control
Experiment (MACE) proposed by the Space Engineering Research
Center (SERC) at the Massachusetts Institute of Technology is
described. The objective of this program is to investigate and
validate the modeling of the dynamics of an actively controlled
flexible, articulating, multibody platform free floating in zero gravity.
A rationale and experimental approach for the program are
presented. The rationale shows that on-orbit testing, coupled with
ground testing and a strong analytical program, is necessary in
order to fully understand both how flexibility of the platform affects
the pointing problem, as well as how gravity perturbs this structural
flexibility causing deviations between 1-and 0-gravity behavior. The
experimental approach captures the essential physics of muitibody
platforms, by identifying the appropriate attributes, tests, and
performance metrics of the test article, and defines the tests
required to successfully validate the analytical framework.

Author

A91-13937#
SIMULATION OF ON-ORBIT MODAL IDENTIFICATION
AXEL SCHENK (DLR, Institut fuer Aeroelastik, Goettingen, Federal
Republic of Germany) |AF, International Astronautical Congress,
41st, Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 13
p. refs
(IAF PAPER 90-293) Copyright

Modularly designed large orbital systems cannot be tested as
a total structure on earth. Size, zero-g design, and the existing
atmosphere conflict with traditional structural dynamic qualification.
In order to avoid the associated problems with terrestrial testing
some form of on-orbit testing is likely to be used. This paper
focuses on two objectives: (1) a brief discussion of hardware
concerns, particularly under space conditions, and (2) the
demonstration of one specific software tool for on-orbit modeling.
Results extracted with the l|brahim (1983) time-domain method
from noisy responses of an analytical structure are presented.
With an analytical structure, exact modal parameters can be used
as a data base in order to illustrate the accuracy of identification.
With a tew exceptions, all results are within predefined 'assessment
margins’ of 2 percent for frequencies and 10 percent for damping
and mode shapes. Author

A91-13982#
THE OPTIMAL LQR DIGITAL CONTROL OF A FREE-FREE
ORBITING PLATFORM
APRILLE J. ERICSSON, PETER M. BAINUM, and GUANGQIAN
XING (Howard University, Washington, DC)  IAF, International
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 13 p. refs
(Contract F33615-88-C-3208; F33615-89-C-3225)
(IAF PAPER 90-318) Copyright

Large, flexible space systems, approximated as thin square
plates, are discussed in terms of their optimal LQR digital shape
and orientation control. For a completely observable square plate,
the inputs are assumed to be sampled data. Control of the attitude
and shape of the plate is provided by six jet actuators, located
perpendicularly to the main surface and to the edge of the plate.
Mathematical models for the actuators are developed. Two sets
of actuator locations were compared to find the optimal positioning.
The design of the controller involves taking into account the
influence of the sampling period and the state/contro! penalty




matrices on the system'’s closed-loop eigenvalues and its transient
performance. B.P.

A91-13983#
DYNAMIC ANALYSIS OF FLEXIBLE SPACECRAFT
GUANGJ! QU (China Center for Advanced Science and
Technology, Beijing, People’s Republic of China) I|AF, International
Astronautical Congress, 41st, Dresden, Federal Republic of
Germany, Oct. 6-12, 1990. 8 p. refs
(IAF PAPER 90-321) Copyright

Dynamic analyses of spacecraft with flexible appendages
(DASFA) is discussed with a view to the developing needs of
three-axis-stabilized communication broadcast satellites, earth
observation satellites, and other large spacecraft in China. This
paper first gives the modeling principles and methods, then
establishes models for dynamic analysis of flexible spacecraft
suitable for engineering, and discusses problems of system
reduction and modal truncation. The main functions and
characteristics of DASFA program are introduced. Finally, an

example is given. Author
A91-13984#

OPTIMAL DIGITAL SERVO-CONTROLLER FOR SEPS CLASS
OF SATELLITES

A. G. SREENATHA, M. SEETHARAMA BHAT, and S. K.
SHRIVASTAVA (Indian Institute of Science, Bangalore, India) |AF,
International Astronautical Congress, 41st, Dresden, Federal
Republic of Germany, Oct. 6-12, 1990. 9 p. refs
(IAF PAPER 90-325) Copyright

The design of a fixed, low-order dynamic output feedback
controller along with a feedforward compensator for tracking
command/reference input is presented. Design of the controller is
performed for a flexible satellite of the Solar Electric Propulsion
Spacecraft (SEPS) type. Controller performance is verified by
designing and analyzing a third-order dynamic controller for an
18th-order system representing the SEPS. It is shown that first-order
feedback and one integrator in the feedforward for each channel
are sufficient. The concept of block-shift is employed for improving
the performance. The improvement in the system response with
block-shift is shown through numerical simulations. The simulation
results show that perfect tracking can be achieved when the noise
is absent. When consideration is given to the noise the mean
trajectory followed by the desired output tracks the command
input. R.E.P.

A91-13987#
NONLINEAR CONTROL STRATEGIES OF FLEXIBLE
SPACECRAFT SLEWING MANEUVERS
LIANG JIN (Muenchen, Universitaet der Bundeswehr, Neubiberg,
Federal Republic of Germany) |AF, International Astronautical
Congress, 41st, Dresden, Federal Republic of Germany, Oct. 6-12,
1990. 10 . p. Research supported by the Alexander von
Humboldt-Stiftung. refs
(IAF PAPER 90-332) Copyright

A nonlinear open-loop control approach is developed for the
slewing maneuvers of a spacecraft with flexible appendages. The
dynamics is modeled as the nonlinear hybrid coordinate equations
and the reduced quaternion equations. The nonlinear system
equations are transformed into the equivalent system equations
which contain the three decoupled double integrators by using
the partial linearizing coordinate transformations. It is thereby shown
that the nonlinear control law determination for slewing maneuvers
of the spacecraft can be carried out in the equivalent system by
using the linear regulator technique together with a simple numerical
integration for the modal coordinates. The simulation results of
proposed approach are presented and discussed. Author

A91-13988#

AN APPROACH TO SYSTEM MODES AND DYNAMICS OF THE
EVOLVING SPACE STATION FREEDOM

V. J. MODI, A. NG, and A. SULEMAN (British Columbia, University,
Vancouver, Canada) |AF, International Astronautical Congress,
41st, Dresden, Federal Republic of Germany, Oct. 6-12, 1990. 12
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p. refs
{Contract NSERC-STR-32682)
(IAF PAPER 80-319) Copyright

The value of flexibility with reference to large evolving space
structures is discussed. General formulas applicable to a wide
class of systems are considered, and it is noted that, while models
vary significantly, the underlying objective is to obtain dynamic
equations of motion for a system of arbitrarily connected flexible
members in a branched or closed loop topological form. A relatively
general formulation for studying the dynamics of an arbitrary
spacecraft with interconnected fiexible bodies is developed
accounting for transient systems inertias and geometric
nonlinearities. Computer implementation is carried out through
symbolic manipulation of the equations of motion. The versatility
of the formulation is illustrated through simulation of the dynamics
of one of the evolving Space Station configurations. System
response of the First Element Launch to initial liberational
disturbance with respect to pitch, roll, and yaw disturbances are
presented and discussed. L.K.S.

A91-13989# )
HYBRID ADAPTIVE CONTROL OF SPACE STATION
P. A. BAO, Z. J. ZHANG, Z. J: JIN (Shanghai Jiao Tong University,
People’'s Republic of China), and X. H. CHEN (Northwestern
Polytechnical University, Xian, People’'s Republic of China) IAF,
International Astronautical Congress, 41st, Dresden, Federal
Republic of Germany, Oct. 6-12, 1990. 9 p. refs
(IAF PAPER 90-333) Copyright

From the equations of motion in modal coordinates, the left
matrix fraction representation, which is of reduced order, for a
two-panel Space Station has been established in this paper. Based
on this representation, a new hybrid adaptive control scheme for
continuous-time plant with recursive adaptive algorithm is
developed and applied to the Space Station. Computer simulation
results show the robustness and effectiveness of this scheme.

Author

A91-16038* Texas A&M Univ., College Station.
DYNAMIC EFFECTS IN THERMOVISCOPLASTIC
STRUCTURES
TED G. BYROM, DAVID H. ALLEN (Texas A & M University,
College Station), EARL A. THORNTON, and J. D. KOLENSKI
{Virginia, University, Charlottesville) IN: Thermal Structures
Conference, 1st, Charlottesville, VA, Nov. 13-15 1990,
Proceedings. Charlottesville, VA, University of Virginia Light Thermal
Structures Center, 1990, p. 259-269. Research supported by
NASA. refs
Copyright

An algorithm for three-dimensional thermoviscoplasticity with
inertial effects is presented. The algorithm utilizes a unified
thermoviscoplastic constitutive model with directional hardening
(Bodner-Partom). An example problem is shown in which thermally
induced vibrations lead to material yielding at elevated
temperatures. Significant dampening caused by inelastic strain is
shown to take place in the structure. Author

A91-16065"# Massachusetts Inst. of Tech., Cambridge.
APPROXIMATE FREQUENCY DOMAIN ANALYSIS FOR
LINEAR DAMPED SPACE STRUCTURES

NESBITT W. HAGOOD and EDWARD F. CRAWLEY (MIT,
Cambridge, MA)  AIAA Journal (ISSN 0001-1452), vol. 28, Nov.
1990, p. 1953-1961. Previously cited in issue 12, p. 1859, Accession
no. A89-30854. refs

(Contract NAGW-21)

Copyright

A91-17004

EFFECT OF AN ONBOARD COMPUTER ON THE DYNAMICS
OF A SPACECRAFT CONTROLLED BY TWO PAIRS OF
POWERED GYROSCOPES [VLHANIE BTSVM NA DINAMIKU
NOSITELIA, UPRAVLIAEMOGO DVUMIA SPARKAMI
SILOVYKH GIROSKOPOV] i

N. I. KIRINA IN: Dynamics of control systems. Leningrad,
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lzdatel'stvo Leningradskogo Universiteta, 1989, p. 41-45. In
Russian. refs
Copyright

A particular problem of the stabilization of the principal central
axes of a spacecraft in the direction of the axes of the orbital
coordinate system is considered. The stabilization is effected via
two powered-gyro complexes and an onboard computer in the
control loop. Conditions on the signal quantization step which
provide for the required spacecraft-stabilization accuracy are
defined. B.J.

A91-17026
A PARTICULAR CASE OF THE MOTION OF A DYNAMICALLY
SYMMETRICAL VISCOELASTIC BODY IN A CENTRAL
NEWTONIAN GRAVITATIONAL FIELD [OB ODNOM
CHASTNOM SLUCHAE DVIZHENIIA DINAMICHESKI
SIMMETRICHNOGO UPRUGOVIAZKOGO TELA V
TSENTRAL'NOM N’IUTONOVSKOM GRAVITATSIONNOM
POLE]
A. P. MARKEEV Kosmicheskie Issledovaniia (ISSN 0023-4206),
vol. 28, Sept.-Oct. 1990, p. 643-654. In Russian. refs
Copyright

The motion of a large space structure in a Keplerian orbit in a
central Newtonian gravitational field is examined. A viscoelastic
body which is dynamically symmetrical when not in a state of
strain is used as a mechanical model of the structure. Deformations
of the body consist in longitudinal vibrations along the axis of
symmetry and flexural vibrations of the axis of symmetry itself.
Differential equations describing the deformation of the body and
its motion relative to the center of mass are obtained. The existence
of a motion in the case of which the axis of symmetry is
perpendicular to the orbit of the center of mass is demonstrated.

B.J.

A91-17027
DYNAMICS OF A SYSTEM COMPRISING A RIGID BODY AND
FLEXIBLE EXTENDED RINGS MOVING IN A GRAVITATIONAL
FIELD [DINAMIKA SISTEMY TVERDOGO TELA | GIBKIKH
PROTIAZHENNYKH KOLETS, DVIZHUSHCHIKHSIA V POLE
TIAGOTENIIA) ’
V. I. GULIAEV, A. G. CHERNIAVSKII, 1U. D. KRAVCHENKO, V.
V. GAIDAICHUK, V. L. KOSHKIN et al. Kosmicheskie Issledovaniia
(ISSN 0023-4206), vol. 28, Sept.-Oct. 1990, p. 655-663. In
Russian. refs
Copyright

The problem of the unsteady rotational and accelerated
translational motion of a system consisting of a massive rigid
body symmetrically connected to two extended flexible elastic rings.
The motion of the system in circular orbit is examined. It is assumed
that the rigid body can rotate in a specified manner around one
of the three principal central axes of inertia of the system. Nonlinear
relative vibrations of the rings induced by these motions are
considered. B.J.

A91-17030
EXPERIMENTAL DETERMINATION OF THE COEFFICIENTS OF
THE EQUATIONS OF THE PERTURBED MOTION OF A
SPACECRAFT WITH ELASTIC ELEMENTS [OB
EKSPERIMENTAL’'NOM OPREDELENII KOEFFITSIENTOV
URAVNENII VOZMUSHCHENNOGO DVIZHENIIA
KOSMICHESKOGO APPARATA S UPRUGIMI ELEMENTAMI]
V. R. AMINOV  Kosmicheskie Issledovaniia (ISSN 0023-4206),
vol. 28, Sept.-Oct. 1990, p. 685-691. In Russian.
Copyright

Attention is given to experimental methods for determining the
inertial-coupling coefficients and dissipative coefficients of
equations describing the perturbed motion of a spacecraft
consisting of a rigid body and elastic elements. These elements
can be solar panels or instrumentation booms. B.J.
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A91-17033
A NUMERICAL AND EXPERIMENTAL APPROACH FOR THE
ANALYSIS OF THE DYNAMIC ACCURACY OF THE
STABILIZATION OF FLEXIBLE SPACECRAFT UNDER THE
EFFECT OF INTERNAL DISTURBANCES
[RASCHETNO-EKSPERIMENTAL'NYI SPOSOB ANALIZA
DINAMICHESKOI TOCHNOSTI STABILIZATSII GIBKIKH KA
PRI DEISTVII VNUTRENNIKH ISTOCHNIKOV
VOZMUSHCHENHA]
N. N. SHEREMET'EVSKII, E. E. MALAKHOVSKII, E. L. POZNIAK,
and A. A. EVMENOV Kosmicheskie Issledovaniia (ISSN
0023-4206), vol. 28, Sept.-Oct. 1990, p. 706-714. In Russian.
refs
Copyright

The simulation of the motion of an uncontrolled geostationary
satellite with flexible solar arrays in the case of disturbances from
drive devices is examined. The approach used is based on
finite-element modal analysis of the spacecraft structure and
experimental data on the forces and moments from actual drive
devices. B.J.

A91-17386
FREE-VIBRATION AND DAMPING CHARACTERIZATION OF
COMPOSITES
PEARL CHU and OZDEN O. OCHOA (Texas A & M University,
College Station) IN: Composite structures 5; Proceedings of the
Fifth International Conference, Paisley, Scotland, July 24-26, 1989.
London, England and New York, Elsevier Applied Science, 1989,
p. 289-298. refs
Copyright

Many different applications have increased the demand for
materials which can reduce fundamental frequencies and obtain
high material damping. At present, composite materials offer the
widest choice for designing lightweight space structures that can
be effectively controlled. This study presents analytical/experimental
results for natural frequencies of composite beams and plates. Finite
element predictions for the fundamental frequency are checked
against the experimental modal analysis results for all specimens.
Optimum design parameters are sought for composites in terms of
stacking sequence, fiber orientation, aspect ratio and boundary con-
ditions. Effects of damage on damping and vibration is illustrated with
the beam specimens. Author

A91-17401 ‘
VIBRATIONAL ANALYSIS OF LARGE ANTENNAE FOR SPACE
APPLICATIONS
L. HOLLAWAY, M. O'NEILL, and M. GUNN (Surrey, University,
Guildford, England) IN: Composite structures 5; Proceedings of
the Fifth International Conference, Paisley, Scotland, July 24-26,
1989. London, England and New York, Elsevier Applied Science,
1989, p. 561-578. Research supported by SERC and Ministry of
Defence.
Copyright

A large space structure with dishes modeled as continuum
systems in order to reduce the storage requirements and running
time during the modal analysis of a platform with mounted reflectors
in position is considered. The experimental and analytical
techniques used in obtaining the modal analysis of units of the
structural system are discussed. A slab-analogy technique for the
modal analyses of large reflector dishes is utilized, and its results
are compared with those of the skeletal system it replaces. Focus
is placed on a computer package used in obtaining the various
resonant frequencies and corresponding modes for the structural
system in a free/free condition. It is demonstrated that for structures
based on the unit tetrahedral shape, satisfactory agreement exists
between the two techniques. V.T.

A91-17629

ACTIVE VIBRATION DAMPING IN LARGE FLEXIBLE
STRUCTURES

PETER HAGEDORN (Darmstadt, Technische Hochschule, Federal
Republic of Germany) IN: Theoretical and applied mechanics;




Proceedings of the Seventeenth International Congress,
Saint-Martin-d’'Heres, France, Aug. 21-27, 1988. Amsterdam,
Elsevier Science Publishers, 1989, p. 83-100. Research supported
by the Stiftung Volkswagenwerk. refs
Copyright
A technique is proposed in which the structure is not discretized
but split up into structural elements, such as beams and cables,
each of these elements being a simple continuous system. The
motion of the individual structural elements described by hyperbolic
equations are represented by traveling waves and the controls
are designed with the intent of absorbing locally as much as
possible of the energy of these traveling waves. It is shown by
numerical experiments that the decentralized character of the
control makes it extremely robust. Also, this robustness holds for
changes in the system's parameters, such as mass and stiffness.
R.E.P.

A91-19013*# Arizona State Univ., Tempe.
PERIODIC-DISTURBANCE ACCOMMODATING CONTROL OF
THE SPACE STATION FOR ASYMPTOTIC MOMENTUM
MANAGEMENT

WAYNE WARREN, BONG WIE (Arizona State University, Tempe),
and DAVID GELLER (NASA, Johnson Space Center, Houston,
TX) Journal of Guidance, Control, and Dynamics (ISSN
0731-5090), vol. 13, Nov.-Dec. 1990, p. 984-992. Previously cited
in issue 23, p. 3629, Accession no. A89-52570. refs

Copyright

A91-18014#

MULTIBODY INTERACTION EFFECTS ON SPACE STATION
ATTITUDE CONTROL AND MOMENTUM MANAGEMENT

BONG WIE (Arizona State University, Tempe), ANREN HU, and
RAMENDRA SINGH (Dynacs Engineering Co., Inc., Clearwater,
FL) Journal of Guidance, Control, and Dynamics (ISSN
0731-5090), vol. 13, Nov.-Dec. 1990, p. 993-999. Previously cited
in issue 23, p. 3630, Accession no. AB9-52606. refs

Copyright

A91-18015" #
Blacksburg.
SPILLOVER STABILIZATION OF LARGE SPACE
STRUCTURES

EVA A. CZAJKOWSKI, RAPHAEL T. HAFTKA (Virginia Polytechnic
Institute and State University, Blacksburg), and ANDRE
PREUMONT (Brussel, Vrije Universiteit, Brussels, Belgium)
Journal of Guidance, Control, and Dynamics (ISSN 0731-5090),
vol. 13, Nov.-Dec. 1990, p. 1000-1007. Previously cited in issue
12, p. 1934, Accession no. A88-31393. refs

(Contract NAG1-603)
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Virginia Polytechnic Inst. and State Univ,,

A91-19017*# Texas Univ., Austin.

PULSE-MODULATED CONTROL SYNTHESIS FOR A FLEXIBLE
SPACECRAFT

TOBIN C. ANTHONY, BONG WIE (Texas, University, Austin), and
STANLEY CARROLL (NASA, Marshall Space Flight Center,
Huntsville, AL) Journal of Guidance, Control, and Dynamics
(ISSN 0731-5090), vol. 13, Nov.-Dec. 1990, p. 1014-1022.
Previously cited in issue 23, p. 3628, Accession no. AB9-52533.
refs

{Contract NAS8-36224)
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A91-18018*# Massachusetts Inst. of Tech., Cambridge.
HYBRID SCALED STRUCTURAL DYNAMIC MODELS AND
THEIR USE IN DAMPING PREDICTION

EDWARD F. CRAWLEY, JONATHAN L. SIGLER, MARTHINUS C.
VAN SCHOOR (MIT, Cambridge, MA), and MARC J. GRONET
(Lockheed Missiles and Space Co., Inc., Sunnyvale, CA) Journal
of Guidance, Control, and Dynamics (ISSN 0731-5090), vol. 13,
Nov.-Dec. 1990, p. 1023-1032. Research supported by McDonnell
Douglas Corp. and NASA. refs

Copyright
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Analytical and experimental techniques for the prediction and
ground verification of the damped structural dynamics of space
structures are developed. The options available for similarity-scaled
model testing, including replica and multiple scale approaches,
are reviewed. For the case when the distortion of potentially
dissipative or nonlinear joints, which would be required in
multiple-scale modeling, is impractical, a new type of modeling is
introduced, which uses a hybrid of joints at replica scale and
connecting elements at a modified multiple scale. The model design
requirements for replica, multiple-scale, and hybrid models are
developed, and the expected scaling of nonlinear dissipation in
joints is derived. A damping prediction scheme is developed that
relies on a finite element model of the undamped structure and
measurements of the individual joint properties to predict the modal
damping of the truss attributable to the joints. A hybrid-scaled
model of a segment of the Space Station was built and dynamically
tested. The predicted and measured truss damping compared
favorably. Author

A91-18019*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

EFFICIENT EIGENVALUE ASSIGNMENT FOR LARGE SPACE
STRUCTURES

PEIMAN G. MAGHAMI and JER-NAN JUANG (NASA, Langley
Research Center, Hampton, VA)  Journal of Guidance, Control,
and Dynamics (ISSN 0731-5090), vol. 13, Nov.-Dec. 1990, p.
1033-1039. Previously cited in issue 12, p. 1860, Accession no.
A89-30866. refs

Copyright

A91-19020#

FINITE ELEMENT MODELING OF FREQUENCY-DEPENDENT
MATERIAL DAMPING USING AUGMENTING
THERMODYNAMIC FIELDS

GEORGE A. LESIEUTRE (Sparta, Inc., Laguna Hills, CA) and D.
LEWIS MINGORI (California, University, Los Angeles) Journal
of Guidance, Control, and Dynamics (ISSN 0731-5090), vol. 13,
Nov.-Dec. 1990, p. 1040-1050. Previously cited in issue 12, p.
1859, Accession no. A89-30853. refs
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A91-19295°#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
ON-ORBIT STRUCTURAL DYNAMIC PERFORMANCE OF A
LOW-FREQUENCY MICROWAVE RADIOMETER FOR MISSION
TO PLANET EARTH APPLICATIONS
DEBORAH M. WAHLS and JEFFERY T. FARMER (NASA, Langley
Research Center, Hampton, VA) AlAA, Aerospace Sciences
Meeting, 29th, Reno, NV, Jan. 7-10, 1991. 11 p. refs
(AIAA PAPER 91-0428) Copyright

The present paper addresses the on-orbit dynamic performance
of a low-frequency microwave radiometer for earth science
applications. The radiometer is one of the earth-observing
instruments aboard a geostationary platform proposed as part of
the Mission to Planet Earth. The paper includes establishing the
structural requirements of the antenna, developing the structural
and disturbance models, performing modal and forced response
analyses, and evaluating the resulting distortions in terms of the
antenna’s ability to meet stringent structural performance
requirements. Two antenna configurations are discussed: free-flying
and platform-mounted. These configurations are analyzed for a
representative disturbance function which simulates rotation of the
subreflector in order to perform a raster-type scan of the earth
disk. Results show that the scanning maneuver modeled did not
induce antenna performance errors which were outside their
estimated limits. Author
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DYNAMICS DURING SLEWING AND TRANSLATIONAL
MANEUVERS OF THE SPACE STATION BASED MRMS

H. W. MAH, V. J. MODI (British Columbia, University, Vancouver,
Canada), Y. MORITA, and H. YOKOTA (Institute of Space and
Astronautical Science, Tokyo, Japan) Journal of the Astronautical
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Sciences (ISSN 0021-9142), vol. 38, Oct.-Dec. 1990, p. 557-579.
Research supported by the Network of Centers of Excellence.
refs
(Contract NSERC-G-1547)
Copyright

The paper presents a relatively general formulation for studying
librational dynamics of a flexible platform supporting a mobile base
connected to a series of slewing, flexible appendages. It is
applicable to missions requiring slew maneuvers of antennas,
telescopes, scientific instruments, and in particular, the U.S.
proposed Space Station’s Mobile Remote Manipulator System
(MRMS). Application of the formulation is illustrated through two
simple examples: (1) a satellite consisting of a rigid platform with
a slewing, rigid appendage; (2) a flexible beam-type platform
representing the Space Station with a mobile, flexible, slewing
arm. The analysis provides a useful insight into interactions between
inertia parameters, orbit geometry, translational and slewing time
histories, flexibility and initial conditions. Results suggest that under
critical combinations of the parameters the system may become
unstable. Application of the infinite time linear regulator is
demonstrated to regain stability. Author

A91-19708
SENSOR/EFFECTOR INTERFACING AND CONTROL FOR THE
SPACE STATION
ROBERT E. DAVIS (Honeywell, Inc., Satellite Systems Div.,
Glendale, AZ) IN: International Instrumentation Symposium, 35th,
Orlando, FL, May 1-4, 1989, Proceedings. Research Triangle Park,
NC, Instrument Society of America, 1989, p. 793-798.
Copyright

The Space Station multiplexer-demultiplexer (MDM), a flexible,
cost-effective interface between sensors/effectors and digital
processing/communications equipment is being developed for the
International Space Station Freedom. This spaceborne system
makes the transition from the classical time division multiplex
telemetry system to a full packetized random access, computer
compatible data system. Data management architecture, MDM
input/output features, instrumentation and control, and physical
configurations are studied in detail. Y.P.Q.

A91-19983
ACTIVE CONTROL OF LARGE SPACE STRUCTURES
EDUARDO MARIO NEBOT, THOMAS A. BRUBAKER (Colorado
State University, Fort Collins), and GORDON K. F. LEE (North
Carolina State University, Raleigh) Control and Computers (ISSN
0315-8934), vol. 17, no. 2, 1989, p. 42-47. refs
Copyright

A decouple pole-placement algorithm for adaptive control of
large space structures is presented in order to facilitate the
controller design. The algorithm, based on a block diagonal form
of a flexible model, deals with mode vibration suppression. If one
mode at a time is assigned, the algorithm is exact; if more than
one mode is assigned, the algorithm is good enough if the location
of the eigenvalues is properly selected. The algorithm is tested
on the model, and the expected small displacement of the
eigenvalues with respect to the ideal position is determined. Mode
suppression is achieved with particular eigenvalue selection. The
model can be updated based on physical parameters such as
resonant frequencies and damping coefficients. B.P.

A91-21210"
Pasadena.
ADAPTIVE STRUCTURES IN SPACE
B. K. WADA, J. L. FANSON, G. S. CHEN, and C.-P. KUO (JPL,
Pasadena, CA) IN: U.S.-Japan Workshop on Smart/Intelligent
Materials and Systems, Honolulu, Hi, Mar. 19-23, 1990,
Proceedings. Lancaster, PA, Technomic Publishing Co., Inc., 1990,
p. 59-81. refs
Copyright

Future NASA missions will need large (20 to 100m) structural
systems with precision position (few microns to submicron)
requirements. Data are presented which indicate the technology
deficiencies of previous programs and analyses in current

Jet Propulsion Lab., California Inst. of Tech.,
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state-of-the-art structural design approaches, analytical prediction
capabilities, control of structure capabilities, and ground test
technologies to meet the performance requirements of future large
precision structural systems. Test results on laboratory truss
structures that demonstrate static displacement control, active
damping, and on-orbit system identification are described. It is
shown that for large precision structures, adaptive structures
provide not only a means to achieve the precision and
characteristics required in space, but can also significantly alleviate
the ground test requirements for flight-validating the hardware.
R.E.P.

A91-21211* National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
ADAPTIVE TRUSS STRUCTURE
C. G. HORNER (NASA, Langley Research Center, Hampton, VA)
IN: U.S.-Japan Workshop on Smart/Intelligent Materials and
Systems, Honolulu, HI, Mar. 19-23, 1990, Proceedings. Lancaster,
PA, Technomic Publishing Co., Inc., 1990, p. 104-118.
Copyright

This paper discusses the research in adaptive structures
conducted at NASA Langley Research Center. The objective in
the research program on adaptive truss structures is to develop
an integrated approach for the design, test, and evaluation of
adaptive trusses. An adaptive structure must include sensors for
measuring some of the states of the mechanism, a controller that
processes the sensor information and generates command signals,
and a device that will cause the struts in the mechanism to change
length. Based on the results of the research program, it is
concluded that alternative designs for future space applications
are offered, and adaptive truss has been demonstrated to be
effective for vibration suppression. R.E.P.

A91-21510#
MODELING AND ANALYSIS OF LINEARLY COUPLED
ACOUSTIC AND STRUCTURAL SYSTEMS WITH THE
GREEN’'S ELEMENT METHOD (GEM)
JAMES P. WOOLLEY (Lockheed Missiles and Space Co., inc.,
Sunnyvale, CA) AIAA, Aerospace Sciences Meeting, 29th, Reno,
NV, Jan. 7-10, 1991. 9 p.
(AIAA PAPER 91-0495) Copyright

A new approach for assembly of analytical models for the
dynamic behavior of linear compound systems is utilized to couple
an acoustic fluid and an elastic wall enclosing it. The concept
employs the Green’s Function for simple elements which are
coupled together to form a compound system, hence the name,
the Green’s Element Method (GEM). The approach is applied to
the coupling of a two-dimensional acoustic cavity, enclosed on
one wall by a membrane. Exact natural frequencies of the combined
system are obtained. System modal frequencies are obtained for
both air and water as the acoustic fluid. Both volume displacing
and non-volume displacing modal frequencies are calculated. The
entire analysis, calculations, and graphics were carried out on a
desk-top computer. It is anticipated that general algorithms will be
developed to enable the method to be used as a production
analysis tool for engineering systems, much as Finite Element
methods are presently used. Author

A91-22113
MODELING OF UNCERTAIN DYNAMICS FOR ROBUST
CONTROLLER DESIGN IN STATE SPACE
ALTUG IFTAR (Toronto, University, Canada) and UMIT OZGUNER
(Ohio State University, Columbus) Automatica (ISSN 0005-1098),
vol. 27, Jan. 1991, p. 141-146. refs
Copyright

Structured modeling of uncertain dynamics for robust controlier
design in state space is discussed. It is shown that, under mild
conditions, it is possible to obtain a rational transfer function matrix
(TFM), possibly dependent on a parameter vector which varies
over a subset of a finite dimensional real vector space, to represent
uncertain dynamics. Furthermore, in many practical cases, uncertain
dynamics can be represented by a relatively low order TFM, even
it the actual dynamics are of very high order. The procedure of




determining such a TFM is discussed. It is shown that a controller
which stabilizes the nominal system, including such a representation
of uncertain dynamics, also stabilizes the actual system.
Furthermore, desired performance or relative stability can also be
guaranteed. The presented approach gives a unified framework
for the solution to the robust controller design problem for systems
with both parameter uncertainties and uncertain dynamics. An
application to a robust controller design problem for a large flexible
structure is also presented. Author

A91-22940#

LIBRATIONAL INSTABILITY OF RIGID SPACE STATION DUE
TO TRANSLATION OF INTERNAL MASS

C. H. SPENNY and T. E. WILLIAMS (USAF, Institute of Technology
Wright-Patterson AFB, OH)  Journal of Guidance, Control, and
Dynamics (ISSN 0731-5090), vol. 14, Jan.-Feb. 1991, p. 31-35.
Previously cited in issue 23, p. 3630, Accession no. A89-52607.
refs

A91-22941*# Colorado Univ., Boulder.

PASSIVE ATTITUDE DAMPING OF ALTERNATIVE ASSEMBLY
CONFIGURATIONS OF SPACE STATION FREEDOM

JAMES W. WADE (Colorado, University, Boulder) Journal of
Guidance, Control, and Dynamics (ISSN 0731-5090), vol. 14,
Jan.-Feb. 1991, p. 36-43. Previously cited in issue 23, p. 3628,
Accession no. A89-52535. refs

(Contract NAS9-17900)
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GIBBS PHENOMENON IN STRUCTURAL CONTROL .

H. BARUH and S. S. K. TADIKONDA (Rutgers University, New
Brunswick, NJ) Journal of Guidance, Control, and Dynamics
(ISSN 0731-5090), vol. 14, Jan.-Feb. 1991, p. 51-58. Previously
cited in issue 23, p. 3703, Accession no. AB9-52578. refs
Copyright
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Pasadena.
MODEL REDUCTION FOR FLEXIBLE SPACE STRUCTURES
WODEK GAWRONSKI (JPL, Pasadena, CA) and TREVOR
WILLIAMS (Cincinnati, University, OH) Journal of Guidance,
Control, and Dynamics (ISSN 0731-5090), vol. 14, Jan.-Feb. 1991,
. 68-76. Previously cited in issue 12, p. 1797, Accession no.
AB9-30814. refs

Copyright

Jet Propulsion Lab., California Inst. of Tech.,

A91-22946*# DYNACS Engineering Co., Inc., Palm Harbor, FL.
SPECIAL CLASS OF NONLINEAR DAMPING MODELS IN
FLEXIBLE SPACE STRUCTURES
ANREN HU, RAMENDRA P. SINGH (Dynacs Engineering Corp.,
Palm Harbor, FL), and LAWRENCE W. TAYLOR (NASA, Langley
Research Center, Hampton, VA) Journal of Guidance, Control,
and Dynamics (ISSN 0731-5090), vol. 14, Jan.-Feb. 1991, p.
77-83. refs
Copyright

A special class of nonlinear damping models is investigated in
which the damping force is proportional to the product of positive
integer or the fractional power of the absolute values of
displacement and velocity. For a one-degree-of-freedom system,
the classical Krylov-Bogoliubov 'averaging’ method is used,
whereas for a distributed system, both an ad hoc perturbation
technique and the finite difference method are employed to study
the effects of nonlinear damping. The results are compared with
linear viscous damping models. The amplitude decrement of free
vibration for a single mode system with nonlinear models depends
not only on the damping ratio but also on the initial amplitude,
the time to measure the response, the frequency of the system,
and the powers of displacement and velocity. For the distributed
system, the action of nonlinear damping is found to reduce the
energy of the system and to pass energy to lower modes.

Author
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A91-22047"#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA,

NONLINEAR BEHAVIOR OF A PASSIVE ZERO-SPRING-RATE
SUSPENSION SYSTEM

STANLEY E. WOODARD and JERROLD M. HOUSNER (NASA,
Langley Research Center, Hampton, VA)  (Structures, Structural
Dynamics and Materials Conference, 29th, Williamsburg, VA, Apr.
18-20, 1988, Technical Papers. Part 2, p. 884-889) Journal of
Guidance, Control, and Dynamics (ISSN 0731-5090), vol. 14,
Jan.-Feb. 1991, p. 84-89. Previously cited in issue 12, p. 1906,
Accession no. A88-32264.
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A91-22976* Tellabs Research Lab., Mishawaka, IN.
PARAMETER LEARNING FOR PERFORMANCE ADAPTATION
MARK D. PEEK (Tellabs Research Center, Mishawaka, IN) and
PANOS J. ANTSAKLIS (Notre Dame, University, IN) 1EEE Control
Systems Magazine (ISSN 0272-1708), vol. 10, Dec. 1990, p. 3-11.
refs
(Contract JPL-957856)
Copyright

A parameter learning method is introduced and used to broaden
the region of operability of the adaptive control system of a flexible
space antenna. The learning system guides the selection of control
parameters in a process leading to optimal system performance.
A grid search procedure is used to estimate an initial set of
parameter values. The optimization search procedure uses a
variation of the Hooke and Jeeves multidimensional search
algorithm. The method is applicable to any system where
performance depends on a number of adjustable parameters. A
mathematical model is not necessary, as the learning system can
be used whenever the performance can be measured via simulation
or experiment. The results of two experiments, the transient
regulation and the command following experiment, are presented.

LE.

A91-23420
NON-LINEAR JOINT DYNAMICS AND CONTROLS OF
JOINTED FLEXIBLE STRUCTURES WITH ACTIVE AND
VISCOELASTIC JOINT ACTUATORS
H. 8. TZOU (Kentucky, University, Lexington) Journal of Sound
and Vibration (ISSN 0022-460X), vol. 143, Dec. 22, 1990, p.
407-422. Research supported by the University of Kentucky.
refs
Copyright

Studies on joint dominated flexible space structures have
attracted much interest recently due to the rapid developments in
large deployable space systems. This paper describes a study of
the nonlinear structural dynamics of jointed flexible structures with
initial joint clearance and subjected to external excitations. Methods
of using viscoelastic and active vibration control technologies, joint
actuators, to reduce dynamic contact force and to stabilize the
systems are proposed and evaluated. System dynamic equations
of a discretized multi-degree-of-freedom flexible system with initial
joint clearances and joint actuators (active and viscoelastic passive)
are derived. Dynamic contacts in an elastic joint are simulated by
a nonlinear joint model comprised of a nonlinear spring and damper.
A pseudoforce approximation method is used in numerical
time-domain integration. Dynamic responses of a jointed flexible
structure .with and without viscoelastic and active joint actuators
are presented and compared. Effectiveness of active/passive joint
actuators is demonstrated. Author
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MASS-LOADED BEAMS
M. J. CROCKER (Auburn University, AL) and D. N.
MANIKANAHALLY ASME, Transactions, Journal of Vibration and
Acoustics (ISSN 0739-3717), vol. 113, Jan. 1991, p. 116-122,
Research supported by Auburn University and SDIO. refs
(Contract DNA001-85-C-0183)
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A procedure is developed for designing dynamlc vibration
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absarbers for a general mass-loaded beam system of variable
cross-sectional area, subjected to an arbitrarity distributed harmonic
force excitation. Equations of motion are derived for such a beam

system, making it possible to optimize the number of absorbers -

depending on the number of significant modes to be suppressed.
As an example, the analysis is used to synthesize two dynamic
vibration absorbers to attenuate the response of a simplified
mass-loaded uniform beam mode! of a space structure in the first
two modes. 1.S.

A91-23728

DYNAMICS AND CONTROL OF LARGE STRUCTURES;
PROCEEDINGS OF THE SEVENTH VPI&SU SYMPOSIUM,
BLACKSBURG, VA, MAY 8-10, 1989

L. MEIROVITCH, ED. (virginia Polytechnic Institute and State
University, Blacksburg)  Blacksburg, VA, Virginia Polytechnic
Institute and State University, 1989, 738 p. For individual items
see A91-23727 to A91-23766.

Topics presented include the automated frequency domain
system identification of a large space structure, a learning control
for slewing of a flexible panel, the active boundary control of
simple span bridges, and an algorithm for attitude identification
for the spacecraft control laboratory experiment (SCOLE) using
two IR cameras. Also presented are some methods for combined
control-structure optimization, a disturbance rejection in large space
structure control via eigenvalue realization, an integrated aeroelastic
control optimization, and dynamical aspects in flexible rotating
machinery. Also discussed are some efficient dynamic models for
flexible robots, a formulation for studying dynamics of an orbiting
flexible mobile manipulator, an independent modal space control
with positive position feedback, and the on-off decentralized control
of flexible structures. R.E.P.
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Pasadena.
AUTOMATED FREQUENCY DOMAIN SYSTEM
IDENTIFICATION OF A LARGE SPACE STRUCTURE
Y. YAM, D. S. BAYARD, F. Y. HADAEGH, E. METTLER, M. H.
MILMAN (JPL, Pasadena, CA) et al. IN: Dynamics and control
of large structures; Proceedings of the Seventh VPI&SU
Symposium, Blacksburg, VA, May 8-10, 1989. Blacksburg, VA,
Virginia Polytechnic Institute and State University, 1989, p. 1-19.
refs

This paper presents the development and experimental results
of an automated on-orbit system identification method for large
flexible spacecraft that yields estimated quantities to support on-line
design and tuning of robust high performance control systems.
The procedure consists of applying an input to the plant, obtaining
an output, and then conducting nonparametric identification to yield
the spectral estimate of the system transfer function. A parametric
model is determined by curve fitting the spectral estimate to a
rational transfer function. The identification method has been
demonstrated experimentally on the Large Spacecraft Control
Laboratory in JPL. R.E.P.

Jet Propulsion Lab., California Inst. of Tech.,
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LEARNING CONTROL FOR SLEWING OF A FLEXIBLE PANEL
M. PHAN, R. W. LONGMAN (Columbia University, New York), Y.
WEI! (Old Dominion University, Norfolk, VA), L. G. HORTA, and
J.-N. JUANG (NASA, Langley Research Center, Hampton, VA)
IN: Dynamics and contro! of large structures; Proceedings of the
Seventh VPI&SU Symposium, Blacksburg, VA, May 8-10, 1989.
Blacksburg, VA, Virginia Polytechnic Institute and State University,
1989, p. 39-52. refs

(Contract NAG1-649)

This paper studies the applicability of a discrete-time learning
control method to the slewing control of a large flexible panel.
Among the issues discussed are feasibility of the desired
trajectories and their specification schemes, learning control by
linear feedback, limitation of the actuator device output, and
robustness to parameter changes or modeling errors associated
with the chosen learning control design. To demonstrate the
effectiveness of learning control, the system is designed with a
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proportional controller of the base angle only. Then application of
the learning control is shown to make the system learn quickly to
achieve the desired slewing without residual vibration at the end
of the maneuver. Simulation results are reported and discussed.
Author
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A STATE-SPACE EIGENVALUE REALIZATION METHOD FOR
MODAL PARAMETER IDENTIFICATION OF PERTURBED
LARGE SPACE STRUCTURE MODELS
J. MARCZYK (Tecnomare S.p.A., Milan, italy) IN: Dynamics and
control of large structures; Proceedings of the Seventh VPI&SU
Symposium, Blacksburg, VA, May 8-10, 1989. Blacksburg, VA,
Virginia Polytechnic Institute and State University, 1988, p. 53-66.
refs

A realization algorithm is suggested for on-line identification of
open-closed loop eigenvalues of dynamic matrices of perturbed
LSS models. A linear time-invariant (LTl) model, subject to a
generally nonlinear disturbance, is transformed, via a generalized
similarity transformation, into an equivalent undisturbed
linear-time-varying (LTV) model. The resulting linear process is
simulated as a sequence of identifiable events. Successively, time
dependent eigenvalue determination supports  controller
performance and stability evaluation. A minimum-order model is
determined via singular value analysis of the realized dynamic
matrices. Author
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LINEAR DYNAMIC BEHAVIOR OF SEMI-INFINITE TRUSSES
M. ETTOUNEY, J. WRIGHT (Waeidlinger Associates, New York),
and H. BENAROYA (Rutgers University, Piscataway, NJ) IN:
Dynamics and control of large structures; Proceedings of the
Seventh VPI&SU Symposium, Blacksburg, VA, May 8-10, 1989,
Blacksburg, VA, Virginia Polytechnic Institute and State University,
1989, p. 67-81. refs

A simple method is presented for analyzing large, semiinfinite
large space structures which are built from a set of repeated
panels. The methodology reduces the structural equations to a
quadratic eigenvalue problem where the eigensolutions represent
the wave numbers and the wave mode shapes. The dynamic
stiffness matrix of the system may then be established. This
approach offers a major savings in calculational efforts as well as
a more accurate representation of the systems under consideration,
particularly when compared to the continuum approach. The
analytical method presented couples both structural acoustic and
structural dynamic techniques, which resuit in an efficient, simple
and accurate analysis tool for this type of engineering problem.

R.E.P.

A91-23731*#  National Aeronautics and Space Administration.
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APPLICATION OF OPTICAL DISTRIBUTED SENSING AND
COMPUTATION TO CONTROL OF A LARGE FLEXIBLE
SPACECRAFT
R. C. MONTGOMERY and S. S. WELCH (NASA, Langley Research
Center, Hampton, VA) IN: Dynamics and control of large
structures; Proceedings of the Seventh VPI&SU Symposium,
Blacksburg, VA, May 8-10, 1988. Blacksburg, VA, Virginia
Potytechnic Institute and State University, 1989, p. 129-136. refs
Advances in real-time holography make possible the
development of new distributed optical sensors and processors
that may have application to the control of flexible structures.
This paper presents the analytic evaluation of control system
concepts utilizing this new technology on realistic spacecraft. The
design of a distributed estimator based on this new optical sensing
technique is targeted to vibration control of a complex spacecraft
with multiple optical sensors, each of which views a portion of
the spacecraft. A simulation of a complex truss structure that was
flown in the Solar Array Flight Experiment is utilized to evaluate
the performance of the estimator. It is shown that good performance
can be obtained from a distributed estimator even in the presence
of significant sensor noise. R.E.P.




A91-23733*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA,

OPTICAL DISTRIBUTED SENSING AND COMPUTATION FOR
A PROPOSED FLEXIBLE BEAM EXPERIMENT

S. S. WELCH (NASA, Langley Research Center, Hampton, VA)
IN: Dynamics and control of large structures; Proceedings of the
Seventh VPI&SU Symposium, Blacksburg, VA, May 8-10, 1989.
Blacksburg, VA, Virginia Polytechnic Institute and State University,
1989, p. 153-164. refs )

A new technology is being developed that supports distributed
sensing and computation wherein crystal mediums are used with
real-time holography to gather images that contain vibration and
instantaneous geometry data for a spacecraft. Optical computation
techniques are employed to process the image data and to compute
commands to actuators located on the spacecraft. This paper
presents an integrated sensor/processor design for an experiment
to demonstrate this technology. A performance estimate for the
design is presented in terms of the optical spatial bandwidth of
the imaging system, as opposed to the temporal bandwidth. The
advantages of an integrated optical sensor/processor relative to
control of large spacecraft are addressed. Author

A91-23734*# Planning Research Corp., Hampton, VA.

LINEAR ESTIMATION AND CONTROL STUDIES OF
VIBRATION SUPPRESSION OF SCOLE FLEXIBLE MAST

D. GHOSH (Planning Research Corp., Hampton, VA), R. C.
MONTGOMERY (NASA, Langley Research Center, Hampton, VA),
M. A. NORRIS, and L. MEIROVITCH (Virginia Polytechnic Institute
and State University, Blacksburg) IN: Dynamics and control of
large structures; Proceedings of the Seventh VPI&SU Symposium,
Blacksburg, VA, May 8-10, 1989. Blacksburg, VA, Virginia
Polytechnic Institute and State University, 1989, p. 165-177.

A Kalman filter and a controller are presented for vibration
suppression of the Spacecraft Control Laboratory Experiment
flexible mast mounted in the cantilevered configuration. Mode
shapes and frequencies of the structure obtained from a finite
element analysis are used to compute the controller and filter
gains. The paper presents results and discussion from simulation
and experimental studies. Comparison of experimental results with
those obtained by simulation show close agreement. Author

A91-23735*# State Univ. of New York, Buffalo.

DISTRIBUTED STRUCTURAL CONTROL USING
MULTILAYERED PIEZOELECTRIC ACTUATORS. | - ANALYSIS
H. H. CUDNEY, D. J. INMAN (New York, State University, Buffalo),
and Y. OSHMAN (Technion - Israel Institute of Technology, Haifa)
IN: Dynamics and control of large structures; Proceedings of the
Seventh VPI&SU Symposium, Blacksburg, VA, May 8-10, 1989.
Blacksburg, VA, Virginia Polytechnic Institute and State University,
1989, p. 179-190. refs

(Contract NGT-33-183-802; F49620-86-C-0111)

Timoshenko beam theory is applied to beams with multiple
layers of piezoelectric material attached. The model is developed
using a Hamiltonian approach, and includes a model of the external
electrical circuits to which the piezoelectric layers are attached,
as well as a complete set of boundary conditions. The resulting
model is then formulated in state space, and compared to a state

space model of the standard Timoshenko beam. Author
A91-23736" # Jet Propulsion Lab., California Inst. of Tech,,
Pasadena.

METHODS FOR COMBINED CONTROL-STRUCTURE
OPTIMIZATION

M. MILMAN, R. E. SCHEID, M. SALAMA, and R. BRUNO (JPL,
Pasadena, CA) IN: Dynamics and control of large structures;
Proceedings of the Seventh VPI&SU Symposium, Blacksburg, VA,
May 8-10, 1989. Blacksburg, VA, Virginia Polytechnic Institute and
State University, 1989, p. 191-206. refs

This paper outlines the development of methods for the
combined control-structure optimization of physical systems
encountered in the technology of large space structures. The
objective of the approach taken in this paper is not to produce
the 'best’ optimized design, but rather to efficiently produce a
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family of design options so as to asist in early trade studies,
typically before hard design constraints are imposed. The
philosophy is that these are candidate designs to be passed on
for further consideration, and their function is more to guide the
development of the system design rather than to represent the
ultimate product. A homotopy approach involving multi-objective
functions is developed for this purpose, and a numerical example
is presented. Author

A91-23739*# Columbia Univ., New York, NY.
ACTUATOR PLACEMENT BY DEGREE OF CONTROLLABILITY
INCLUDING THE EFFECT OF ACTUATOR MASS
R. W. LONGMAN (Columbia University, New York) and L. G.
HORTA (NASA, Langley Research Center, Hampton, VA) IN:
Dynamics and control of large structures; Proceedings of the
Seventh VPI&SU Symposium, Blacksburg, VA, May 8-10, 1989,
Blacksburg, VA, Virginia Polytechnic Institute and State University,
1989, p. 245-260. refs

Various concepts of the degree of controllability (DOC) have
been previously developed for the purpose of choosing actuator
locations in the controt of large flexible spacecraft. A perturbation
technique is presented to efficiently account for the actuator mass
in the computation of the fuel-optimal, time-optimal, and
energy-optimal DOC definitions. Methods are developed for
computing each of the three DOCs, when the mass of the actuator
is nonnegligible. The energy-optimal DOC is employed to find
optimal actuator locations for a large spacecraft under study by
the NASA Langley Research Center. The mass of the actuator is
seen to have a significant effect on the optimal actuator locations
and is shown to spread the actuator locations more evenly for
large mass actuators. Results indicate that when the actuator mass
is large when compared to the structural mass it should be included
in selecting actuator locations. R.E.P.

A91-23741#
DISTURBANCE REJECTION IN LARGE SPACE STRUCTURE
CONTROL VIA EIGENVALUE REALIZATION
J. MARCZYK and M. FOSSON (Tecnomare S.p.A., Milan, ltaly)
IN: Dynamics and control of large structures; Proceedings of the
Seventh VPI&SU Symposium, Blacksburg, VA, May 8-10, 1989.
Blacksburg, VA, Virginia Polytechnic Institute and State University,
1989, p. 283-296. refs

The intention of this research effort is to adopt, for large space
structure (LSS) control purposes, eigenvalue realization techniques.
In particular, the problem of effective disturbance rejection is
approached. A linear time-invariant plant, subject to a generally
nonlinear disturbance, is transformed into an equivalent undisturbed
time-dipendent plant. In this manner the external disturbance is
‘merged’ into the plant yielding time-dependent dynamics. Such a
plant contains information on the disturbance acting upon it as
part of its own dynamics. Control synthesis based on this plant
requires continuous updating of its model. This is accomplished
via eigenvalue realization which yields the closed-loop eigenvalues.
These in turn drive the generation of the control synthesis
reduced-order model. Subsequently, an LQG continuous regulator
is obtained via the Riccati equation. Performance of this controller
is compared with that of a classical asymptotic regulator via
computer simulations. Author

A91-23745#

FLEXURAL-FLEXURAL-TORSIONAL PARAMETRIC
VIBRATIONS OF A CANTILEVER BEAM

P. F. PAl and A. H. NAYFEH (Virginia Polytechnic Institute and
State University, Blacksburg) IN: Dynamics and control of large
structures; Proceedings of the Seventh VPI&SU Symposium,
Blacksburg, VA, May 8-10, 1989. Blacksburg, VA, Virginia
Polytechnic Institute and State University, 1989, p. 395-409. refs
(Contract AF-AFOSR-86-0090; F49620-87-C-0088)

Three nonlinear integrodifferential equations that describe the
motion of an inextensional beam are utilized to study the planar
and nonplanar responses of a fixed-free beam to a principal
parametric excitation. The method of multiple scales is employed
to construct a first-order uniform expansion for the interaction of

67
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three resonant modes, giving six first-order nonlinear
ordinary-differential equations governing the phases and amplitudes
of the modes of vibration. Results indicate that the nonlinear inertia
terms produce a softening effect and play a significant role in the
planar responses of high-frequency modes. For some range of
parameters, the response comprises chaotically or periodically
modulated motions. The dynamic behavior of a slender, long beam
is of interest in connection with manipulator arms, spacecraft
antennas, helicopter rotor blades, flexible satellites, and other
systems that perform complex and/or large motions. R.E.P.

A91-23746#
COMPUTATION OF FREQUENCY DOMAIN APPROXIMATION
BOUNDS FOR LARGE SPACE STRUCTURES
Y. CHAIT (Massachusetts, University, Amherst) IN: Dynamics
and control of large structures; Proceedings of the Seventh VPI&SU
Symposium, Blacksburg, VA, May 8-10, 1989. Blacksburg, VA,
Virginia Polytechnic Institute and State University, 1989, p.
411-421. refs

In this paper, formula for the computation of useful
approximation error bounds were developed for models of large
space structures. The advantages of these bounds over the ones
currently employed are: the assumption of uniform modal damping
is relaxed to allow for arbitrary variations within a specified range,
the vibration model can include uncertainties in both the natural
frequencies and in the location of the actuators and sensors, and
the bounds can be computed along any vertical axis in the closed
left half complex plane. These bounds can be employed to obtain
safe estimates of closed-loop responses corresponding to plants
which have either infinite degrees of freedom or a high-order
(finite-element) model. Author

A91-23752#

A FORMULATION FOR STUDYING DYNAMICS OF AN
ORBITING FLEXIBLE MOBILE MANIPULATOR

J. K. CHAN and V. J. MODI (British Columbia, University,
Vancouver, Canada) IN: Dynamics and control of large structures;
Proceedings of the Seventh VPI&SU Symposium, Blacksburg, VA,
May 8-10, 1989. Blacksburg, VA, Virginia Polytechnic Institute and
State University, 1989, p. 491-506. Research supported by
NSERC.

This paper presents a Lagrangian formulation for studying
dynamics of the proposed Space Station based Mobile Servicing
System (MSS) for a particular case of pitch libration and inplane
maneuvers. The simplified case is purposely considered to help
focus on the effects of structural and joint flexibility parameters of
the MSS on the complex interactions between the station and
manipulator dynamics during slewing and translational maneuvers.
The response results suggest that under critical combinations of
parameters, the system can become unstable. The information is
useful in planning of an appropriate control strategy. Author

A91-23756*# Catholic Univ. of America, Washington, DC.
INDEPENDENT MODAL SPACE CONTROL WITH POSITIVE
POSITION FEEDBACK

A. BAZ, S. POH (Catholic University of America, Washington, DC),
and J. FEDOR (NASA, Goddard Space Flight Center, Greenbelt,
MD) IN: Dynamics and control of large structures; Proceedings
of the Seventh VPI&SU Symposium, Blacksburg, VA, May 8-10,
1989. Blacksburg, VA, Virginia Polytechnic Institute and State
University, 1989, p. 553-567. refs

(Contract NAG5-749)

An independent modal space control (IMSC) algorithm is
presented, whose modal control forces are generated from a
positive position feedback (PPF) strategy. The proposed algorithm
combines the attributes of both the IMSC and the PPF, and
maintains the simplicity of the IMSC as it designs the controller of
a complex structure at the uncoupled modal level. The
effectiveness of the algorithm in damping out the vibration of flexible
structures is validated experimentally. A simple cantilevered beam
is employed as an example of a flexible structure whose multimodes
of vibration are controlled by a single actuator. Performance of
the active control system is determined in the frequency and the

time domains. The experimental results indicate the potential of
the proposed methodology as a viable method for controlling the
vibration of large flexible structures. R.E.P.

A91-23758° #
Blacksburg.
LQG AND DIRECT RATE FEEDBACK CONTROL WITH MODEL
REDUCTION ON A FLEXIBLE LABORATORY GRID
STRUCTURE
G. C. SCHAMEL, It and R. T. HAFTKA (Virginia Polytechnic Institute
and State University, Blacksburg) IN: Dynamics and control of
large structures; Proceedings of the Seventh VPI&SU Symposium,
Blacksburg, VA, May 8-10, 1989. Blacksburg, VA, Virginia
Polytechnic Institute and State University, 1989, p. 585-605. refs
(Contract NAG1-224)

This paper presents experimental and theoretical comparisons
of three control laws applied to a complex laboratory structure. A
reduced finite element model was generated for designing the
control systems and then corrected based on measured mode
shapes and frequencies. A standard time-invariant linear quadratic
regulator with state estimation was investigated first. Two simple
direct rate feedback control laws both guaranteeing stability were
also designed using the reduced model. One minimizes the
maximum control force and the other minimizes the same quadratic
performance index as the linear quadratic regulator. The three
control laws have comparable performance indices with the direct
rate feedback designs having better spillover properties.
Experimental results for all designs were obtained with digital
implementation. It was shown that the performance of the contro!
system designed on the basis of the corrected finite element model
agreed better with experimental results than the performance of
the control system designed on the basis of the uncorrected
model. Author

virginia Polytechnic Inst. and State Univ.,

A91-23759+#

RECENT DEVELOPMENTS IN THE OSU FLEXIBLE
STRUCTURE CONTROL LABORATORY

S. YURKOVICH and U. OZGUNER (Ohio State University,
Columbus)  IN: Dynamics and control of large structures;
Proceedings of the Seventh VPI&SU Symposium, Blacksburg, VA,
May 8-10, 1989. Blacksburg, VA, Virginia Polytechnic Institute and
State University, 1989, p. 607-622. Research supported by the
Ohio State University and Digital Equipment Corp. refs

{Contract NSF DMC-85-06143)

The present status of the Flexible Structures Facility, is
examined, with attention given to an entirely new set of experiments
and new computing tools. Various experimental configurations have
been developed that address generic problems in large flexible
space structures and flexible robotic manipulators. The principal
objectives of the experiments are that they be fairly simple to
implement and instrument; that they tie in directly to current
research in adaptive and decentralized control, modeling, and
identification; and that they serve as building blocks to provide
expertise for more complex configurations. R.E.P.

A91-23762#

LARGE ANGLE MANEUVERS WITH VIBRATION
SUPPRESSION - ANALYTICAL AND EXPERIMENTAL
RESULTS

Z. RAHMAN, J. JUNKINS, T. POLLOCK, and H. BANG (Texas A
& M University, College Station) IN: Dynamics and control of
large structures; Proceedings of the Seventh VPI&SU Symposium,
Blacksburg, VA, May 8-10, 1989. Blacksburg, VA, Virginia
Polytechnic Institute and State University, 1989, p. 653-668.
Research supported by the Texas Advanced Technology
Program. refs

(Contract F49620-87-C-0078)

The implementation of control laws to perform large angle
maneuvers with vibration suppression for a flexible space vehicle
is described. A ground experiment is discussed with a
hub-appendage configuration. Two control laws are considered,
the first being a globally stable constant gain output law. The




second law is a novel tracking law for near-minimum time
maneuvers. For the case of large angle maneuvers, many
advantages of the second law are demonstrated. Author

A91-23763+#
DISCRETE-TIME MANEUVERING OF A FLEXIBLE
SPACECRAFT
L. MEIROVITCH and M. E. B. FRANCE (Virginia Polytechnic
Institute and State University, Biacksburg) IN: Dynamics and
control of large structures; Proceedings of the Seventh VPI&SU
Symposium, Blacksburg, VA, May 8-10, 1989. Blacksburg, VA,
Virginia Polytechnic Institute and State University, 1989, p.
669-690. refs

This paper considers the control of a spacecraft consisting of
a rigid platform with retargetable flexible antennas. Each antenna
undergoes an independent minimum-time maneuver causing it to
align itself with a predetermined line of sight, while the platform is
stabilized in an inertial space. During the same time, the elastic
vibration of the antennas is suppressed. The system, which includes
discrete, noisy actuators and sensors, is modeled by a set of
linearized, time-varying equations of motion. A pseudo-
decentralized control technique is then proposed, basing the
control input on estimated state information obtained from a
step-varying Kalman filter. A discrete-time approach permits
consideration of the time-varying nature of the system in designing
the digital control law. Both linear and nonlinear contro! laws were
investigated and results from numerical examples involving a
spacecraft with a maneuvering flexible antenna are presented.

Author

A91-23765#
ON-OFF DECENTRALIZED CONTROL OF FLEXIBLE
STRUCTURES
L. A. FOSTER and L. M. SILVERBERG (North Carolina State
University, Raleigh) IN: Dynamics and control of large structures;
Proceedings of the Seventh VPI&SU Symposium, Blacksburg, VA,
May 8-10, 1989. Blacksburg, VA, Virginia Polytechnic Institute and
State University, 1889, p. 705-720. refs

A new minimum fuel method for on-off decentralized control
of flexible structures is introduced. Fue! minimization is achieved
by turning on actuators when local kinetic energy is in the
neighborhood of a maximum and when local potential energy is
in the neighborhood of a minimum. Maximum kinetic energy and
minimum potential energy neighborhoods at each actuator location
are determined by recursively computing standard deviations and
averages of displacements and velocities over running intervals of
time. The fuel consumed by the on-off control is shown to be 20
percent lower than by the linear optimal control for the same
reductions in energy over the same periods of time. On-off control
of a uniform beam illustrates the results. Author

A81-24590#

PROBE WAVEFORMS AND THE RECONSTRUCTION OF
STRUCTURAL DYNAMIC GREEN'S FUNCTIONS

ALFRED S. CARASSO (NIST, Gaithersburg, MD)  AIAA Journal
(ISSN 0001-1452), vol. 29, Jan. 1991, p. 114-118. Research
sponsored by USAF. refs

(Contract NO0014-89-F-0013)

Experimental identification of dynamic behavior in linear
structural systems can be achieved by exciting the structure with
a specifically synthesized pulse, and reconstructing the relevant
dynamic Green’s function by deconvolution of the measured
response. The reconstruction procedure invoives the solution of
an ill-posed integral equation in the presence of noise. This paper
underlines the rich variety of infinitely divisible pulse shapes that
may be used while still retaining a tractable deconvolution problem.
Flexibility in pulse shape is necessary to allow for possible
perturbations caused by interfacing devices that convert electrical
voltages into mechanical forces. A numerical experiment, using
synthetic noisy data, shows that the reconstruction procedure
remains effective even when the probe waveform deviates strongly
from the preferred unimodal shape. A dispersive structural network
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that may be representative of a large space structure is used as
an illustrative example. Author

A91-24591#

SECANT-METHOD ADJUSTMENT FOR STRUCTURAL
MODELS

SUZANNE WEAVER SMITH and CHRISTOPHER A. BEATTIE
(virginia Polytechnic Institute and State University, Blacksburg)
AlAA Journal (ISSN 0001-1452), vol. 29, Jan. 1991, p. 119-126.
Previously cited in issue 12, p. 1854, Accession no. A89-30761.
refs

(Contract NSF DMS-88-07483)

Copyright :

A91-25080
UNIFORM ENERGY DECAY RATES FOR EULER-BERNOULL)
EQUATIONS WITH FEEDBACK OPERATORS IN THE
DIRICHLET/NEUMANN BOUNDARY CONDITIONS
J. BARTOLOMEO (Florida, University, Gainesville) and R.
TRIGGIANI (Virginia, University, Charlottesville) SIAM Journal on
Mathematical Analysis (ISSN 0036-1410), vol. 22, Jan. 1991, p.
46-71. refs
(Contract NSF DMS-87-96320; NSF DMS-89-02811;
AF-AFOSR-87-0321)
Copyright

The boundary-feedback uniform-stabilization problem for the
Euler-Bernoulli  equations with Dirichlet/Neumann boundary
conditions is investigated analytically, with a focus on explicit
feedback operators. Proofs for several theorems and propositions
are given in detail, and the resuits are shown to be fully consistent
with the corresponding exact controllability results (Lasiecka and
Triggiani, 1988 and 1889). The importance of the Euler-Bernoulli
equations for studies of the dynamics, feasibility, and
implementation of large flexible space structures is indicated.

T.K.

A91-25235
A STUDY OF THE DYNAMICS OF ANNULAR FRAME
STRUCTURES ON THE PROGRESS-40 CARGO SPACECRAFT
[DOSLIDZHENNIA DINAMIKI KIL'TSEVIKH RAMKOVIKH
KONSTRUKTSII NA VANTAZHNOMU KOSMICHNOMU
KORABLI 'PROGRES-40']
B. E. PATON, IU. P. SEMENOV, P. M. BILOUSOV, V. D. BLAGOV,
E. IU. BURMENKO (Kiivs'kii Inzhnerno-Budivnichnii Institut, Kiev,
Ukrainian SSR) et al. Akademiia Nauk Ukrains’kci RSR, Dopovidi,
Seriia A - Fiziko-Matematichni ta Tekhnichni Nauki (ISSN
0002-3531), Nov. 1990, p. 35-41. In Ukrainian. refs
Copyright

A method is proposed for solving the problem of the dynamics
of the relative motions and free vibrations of annular frame
structures of the type 'carrier body-rings’. The results based on
the method proposed here are found to be in good agreement
with experimental data obtained during the maneuvers of the
Progress-40 cargo spacecraft. The results of the study can be
useful in the development of methods for the optimal control of
the dynamics of large structures. V.L.

A91-26606
AUTOMATIC CONTROL IN AEROSPACE; IFAC SYMPOSIUM,
TSUKUBA, JAPAN, JULY 17-21, 1989, SELECTED PAPERS
T. NISHIMURA, ED. (Institute of Space and Astronautical Science,
Sagamihara, Japan) Symposium sponsored by IFAC, Japan
Society for Aeronautical and Space Sciences, Society of Instrument
and Control Engineers of Japan, et al. Oxford, England and New
York, Pergamon Press (IFAC Symposia Series, No. 6), 1990, 296
p. For individual items see A91-26607 to A91-26644.
Copyright

The present conference discusses topics in the fields of
aerospace navigation, attitude-determination, and pointing systems,
as well as satellite orbital control automation, space robotics and
manipulators, spacecraft instrumentation and avionics, launch
vehicles and interplanetary vehicles, and future highly automated
space vehicles. Attention is given to the NASA telerobotics research



07 VIBRATION & DYNAMIC CONTROLS

program, Kalman filter-based range estimation for autonomous
navigation using imaging sensors, the attitude and orbit control
subsystem for ERS-1, a star pattern-recognition algorithm for
autonomous attitude determination, and the simulation and control
of space manipulators bearing complex payloads. Also discussed
are spillover suppression in large space structures by a
frequency-shaped optimal regulator, the Cassini Titan probe’s
adaptive descent control, guidance and control of miniature
satellites, a continuous proportional low-thrust propulsion system,
and the design of the Hermes orbital flight controller. o.C.

A91-26609
DYNAMIC EVALUATION FOR THE DRTS USER
SPACECRAFT'S ANTENNA POINTING SYSTEM
H. HASHIMOTO (NASDA, Tokyo, Japan), S. MOTOHASHI, O.
KAWAMOTO, and Y. SHIMAMOTO (Toshiba Corp., Komukai
Works, Kawasaki, Japan) [N: Automatic control in aerospace;
IFAC Symposium, Tsukuba, Japan, July 17-21, 19889, Selected
Papers. Oxford, England and New York, Pergamon Press, 1990,
p. 27-32.
Copyright

Spacecraft with antenna systems for tracking the Data Relay
Tracking Satellite (DRTS) require antenna-pointing systems (APSs)
with performance of the order of 0.055 deg accuracy, wide visual
field, and high speed, as well as the ability to maintain fine
jitter-stabilization levels. Attention is presently given to results
obtained for such DRTS-using spacecraft APSs, with emphasis
on the critical factors of the antenna pointing mechanism's
dynamics and the interaction between the pointing mechanism
and flexible spacecraft appendages. O.C.

A91-26628
ROBUST CONTROL FOR LARGE SPACE STRUCTURES -
SPILLOVER SUPPRESSION BY FREQUENCY-SHAPED
OPTIMAL REGULATOR
T. KIDA (National Aerospace Laboratory, Chofu, Japan) and M.
IKEDA (Kobe University, Japan) IN: Automatic control in
aerospace; IFAC Symposium, Tsukuba, Japan, July 17-21, 1989,
Selected Papers. Oxford, England and New York, Pergamon Press,
1990, p. 165-170.
Copyright

This paper proposes to give the low-pass property to the LQ
regulator in order to enhance the stability robustness against the
high-frequency uncertainties. The controller design is formulated
as a frequency-shaped regulator problem. Its algorithm and
characteristics are studied. The controller is applied to a flexible
spacecraft attitude control problem to demonstrate its capability
to suppress the spillover instability. Some experimenta! results are
shown. Author

A91-26629
ACTIVE STABILIZATION OF A LARGE FLEXIBLE ANTENNA
FEED SUPPORT STRUCTURE
M. S. ELBUNI and M. HIGASHIGUCHI (Tokyo, University, Japan)
IN: Automatic control in aerospace; IFAC Symposium, Tsukuba,
Japan, July 17-21, 1989, Selected Papers. Oxford, England and
New York, Pergamon Press, 1990, p. 171-176.
Copyright

The paper extends a design procedure that uses pole placement
in a vertical strip and degenerate control. The contro! logic was
synthesized using colocated actuators and sensors to obtain an
output feedback gain matrix which results in a stable closed-loop
system with desired performance qualities. Active stabilization to
hold a feed at the focus of a large antenna dish is considered.
Using the symmetry of the structure the model is decomposed
into two subsystems and the algorithm is applied to both the
coupled and decoupled systems. The controller performance given
as a time history of a line of sight error is investigated for both
systems. The effect of gradually shifting the vertical strip in the
s-plane is investigated. In addition, the relation between the amount
of damping introduced and the location of the vertical strip is
studied. Author
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A91-26690#

THE INFLUENCE OF SAMPLING PERIOD IN DIGITAL
CONTROL ON THE SPILLOVER IN VIBRATION SUPPRESSION
OF FLEXIBLE STRUCTURES. | - APPROXIMATE
THEORETICAL ANALYSIS AND NUMERICAL SIMULATION 1.
11 - NUMERICAL SIMULATION 2 AND EXPERIMENT

SHIGEO KOBAYASHI and HIROSHI SASAKI Japan Society for
Aeronautical and Space Sciences, Journal (ISSN 0021-4663), vol.
38, no. 443, 1990, p. 637-654. In Japanese, with abstract in
English. refs

A91-27418#

AN INNOVATIVE APPROACH FOR VALIDATION OF LARGE
SPACE STRUCTURE CONTROLS-STRUCTURES
INTERACTION TECHNOLOGIES (CSI-SAT)

ROBERT R. STRUNCE, JR. (Star Technologies Corp., Great Falls,
VA) IN: Annual AIAA/Utah State University Conference on Small
Satellites, 4th, Logan, UT, Aug. 27-30, 1990, Proceedings. Vol. 2.
Logan, UT, Utah State University, 1990, 14 p.

This paper describes an innovative approach for space flight
experiments to demonstrate and validate control-structures
interaction (CS!) technologies and methodologies based on
emerging small satellite initiatives. The current trends in
DOD/NASA missions, the existing CSI ground experiments, and
the planned space experiments are presented. A concept is
identified for a CS! satellite and compatible launching platform
necessary for performing affordable on-orbit testing of CSI
technologies which cannot be accommodated in ground tests.
Selected technologies and technology suites for space testing are
identified. Author

A91-27535
APPLICATION OF FORMEX ALGEBRA TO BANDWIDTH
MINIMIZATION
C. M. ANEKWE (Port Harcourt, University, Nigeria) Computers
and Structures (ISSN 0045-7949), vol. 38, no. 3, 1991, p.
283-288. refs
Copyright

Formex algebra is a mathematical system which is used for
the efficient processing and organization of a collection of entities
or configurations. The system, which can be applied universally to
generate data for structural analysis, is especially suited for space
structures. Band solvers require data to be presented in a form
which produces a small bandwidth, leading to reduced number of
arithmetical operations needed for problem solution. The use of
formex algebra to produce efficient node numbering and
renumbering schemes for certain classes of space structures is
presented. It is shown how the principle can be applied to minimize
the bandwidth of the stiffness matrix of such structures.  Author

A91-27679
MOTION CONTROL OF SPACE STRUCTURES
LARRY SILVERBERG and WILLIAM DUNN (North Carolina State
University, Raleigh) IN: Engineering, construction, and operations
in space Il; Proceedings of Space 90, the Second International
Conference, Albuquerque, NM, Apr. 22-26, 1990. Vol. 2. New York,
American Society of Civil Engineers, 1990, p. 1065-1074. refs
Copyright

A new area of civil engineering is emerging as the U.S. begins
to establish a permanent presence in space. The new area of
civil engineering is the motion control of space structures. This
paper describes why the motion control of space structures problem
is fundamentally a civil engineering problem. Author

A91-27680

EFFECTS OF INITIAL CONDITIONS ON LARGE SPACE
STRUCTURES )

RAMESH B. MALLA (Connecticut, University, Storrs) IN:
Engineering, construction, and operations in space II; Proceedings
of Space 90, the Second International Conference, Albuguerque,
NM, Apr. 22-26, 1990. Vol. 2. New York, American Society of
Civil Engineers, 1990, p. 1075-1084. Research supported by




University of Massachusetts. refs
(Contract AF-AFOSR-83-0025)
Copyright

Effects of initial conditions of axial deformation (length) and
attitude (pitch) angle have been investigated on the subsequent
orbital motion, attitude (librational) motion, and axial deformation
(length) of a large space structure under the action of the earth’s
gravitational force. The space structure is assumed to be axially
flexible and is considered to be executing a planar motion around
the earth. It is observed that the initial values of the parameters
can have appreciable effects on the structure’s axial deformation
and its attitude motion, whereas they have negligible effects on
the structure’s orbital motion (orbital radius and angular velocity).
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ACTIVELY CONTROLLED OPTIMUM STRUCTURAL DESIGN
N. S. KHOT, D. E. VELEY (USAF, Flight Dynamics Laboratory,
Wright-Patterson AFB, OH), and R. V. GRANDHI (Wright State
University, Dayton, OH)  IN: Engineering, construction, and
operations in space Il; Proceedings of Space 90, the Second
International Conference, Albuquerque, NM, Apr. 22-26, 1990. Vol.
2. New York, American Society of Civil Engineers, 1990, p.
1085-1093. refs
Copyright

This paper deals with the investigation of the number and
location of actuators and sensors on the optimum structure and
control design of space structures. The optimization problem is
posed with the objective of minimizing the weight of the structure
and satisfying the constraints on the closed-loop eigenvalue
distribution and damping parameters. The allocation of the
actuators for a specific disturbance is based on the work done by
the individual actuators. Author
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WAVE PROPAGATION IN HYPER-STRUCTURES
M. ETTOUNEY, J. WRIGHT (Weidlinger Associates, New York),
and H. BENAROYA (Rutgers University, Piscataway, NJ) IN:
Engineering, construction, and operations in space Il; Proceedings
of Space 90, the Second International Conference, Albuquerque,
NM, Apr. 22-26, 1990. Vol. 2. New York, American Society of
Civil Engineers, 1990, p. 1094-1103. refs
Copyright

The concept of hyperelement was introduced by Kausel and
Roesset (1977) in connection with the derivation of the dynamic
stiffness matrix for layered continuum probiems involving two widely
separated boundaries. Their approach is extended here and the
term hyperstructure is used in an analogous way for structural
systems with a large number of periodically spaced, identical
structures. For these structures, it is shown that the steady state
responses can be calculated more accurately and with fewer
operations when compared to more general methods. In order to
demonstrate the method, two planar systems are analyzed.
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SPACE CONSTRUCTION - A CSI PERSPECTIVE
JOHN R. SESAK and J. MEL WALDMAN (Lockheed Missiles and
Space Co., Inc,, Sunnyvale, CA) IN: Engineering, construction,
and operations in space II; Proceedings of Space 90, the Second
International Conference, Albuquerque, NM, Apr. 22-26, 1990. Vol.
2. New York, American Society of Civil Engineers, 1990, p.
1104-1111.
Copyright

Space construction control-structure interaction (CSl) problems
are discussed in view of the configuration and capabilities of the
Control Astrophysics and Structures Experiment in Space (CASES),
which is to be conducted by the Space Shuttle Orbiter; CASES
offers a unique opportunity to integrate slewing, pointing, vibration,
and shape control in a single control subsystem. The CASES
baseline design encompassed five modules, respectively concerned
with astrophysics, propulsion, the boom structure, astrophysics
electronics, and control and data-handiing electronics. o.C.
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A91-27684" North Carolina Agricultural and Technical State Univ.,
Greensboro.
THE TRUSS-BEAM AND SPACE TECHNOLOGY
ELIAS G. ABU-SABA, WILLIAM M. MCGINLEY (North Carolina
Agricultural and Technical State University, Greensboro), and
RAYMOND C. MONTGOMERY (NASA, Langley Research Center,
Hampton, VA) IN: Engineering, construction, and operations in
space |Il; Proceedings of Space 90, the Second International
Conference, Albuquerque, NM, Apr. 22-26, 1990. Vol. 2. New York,
American Society of Civil Engineers, 1990, p. 1112-1121. refs
Copyright

A method is presented herein to determine the dynamic
characteristics of truss-beam systems for both planar and space
structures. Results from this approach are compared with those
of the finite element method and test results. The truss-beam
model is based on the assumptions of negligible web contribution,
i.e., very large flexible structures. Future experimental evaluation
of the plane truss-system is planned at North Carolina Agricultural
and Technical State University and this experimental program is
described. Author
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ADAPTIVE MODAL PARAMETERS IDENTIFICATION FOR
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C. J. GOH (Western Australia, University, Nedlands, Australia) and
T. H. LEE (National University of Singapore, Singapore)
International Journal of Control (ISSN 0020-7179), vol. 53, March
1991, p. 597-617. refs
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The concept of position feedback previously introduced in the
vibration suppression of large space structures is reviewed and
extended. New results detailing more effective damping
specifications are presented. Since effective vibration control
depends on the accuracy of the modal parameters used, the
problem of accurate identification of the modal frequencies,
damping and mode shapes of the control modes is investigated.
An adaptive estimation procedure to identify the parameters
required in the position feedback control is proposed which caters
for both full and partial modal state estimation. Simulation results
for a multiple-degree-of-freedom vibration system are presented
to illustrate the applicability of the proposed technique. Author

A91-28612* Cleveland State Univ., OH.
DYNAMIC ANALYSIS OF SPACE-RELATED LINEAR AND
NON-LINEAR STRUCTURES
PAUL A. BOSELA (Cleveland State University, OH), FRANCIS J.
SHAKER (NASA, Lewis Research Center, Cleveland, OH), and
DEMETER G. FERTIS (Akron, University, OH) IN: Developments
in theoretical and applied mechanics. Vol. 15 - Proceedings of
the 15th Southeastern Conference on Theoretical and Applied
Mechanics, Atlanta, GA, Mar. 22, 23, 1990. Atlanta, GA, Georgia
Institute of Technology, 1990, p. 590-597. Previously announced
in STAR as N90-25174. refs
(Contract NAG3-1008)
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In order to be cost effective, space structures must be extremely
light weight, and subsequently, very flexible structures. The power
system for Space Station Freedom is such a structure. Each array
consists of a deployable truss mast and a split blanket of
photo-voltaic solar collectors. The solar arrays are deployed in
orbit, and the blanket is stretched into position as the mast is
extended. Geometric stiffness due to the preload make this an
interesting non-linear problem. The space station will be subjected
to various dynamic loads, during shuttle docking, solar tracking,
attitude adjustment, etc. Accurate prediction of the natural
frequencies and mode shapes of the space station components,
including the solar arrays, is critical for determining the structural
adequacy of the components, and for designing a dynamic control
system. The process used in developing and verifying the finite
element dynamic model of the photo-voltaic arrays is documented.
Various problems were identified, such as grounding effects due
to geometric stiffness, large displacement effects, and
pseudo-stiffness (grounding) due to lack of required rigid body
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modes. Analysis techniques, such as development of rigorous
solutions using continuum mechanics, finite element solution
sequence altering, equivalent systems using a curvature basis,
Craig-Bampton superelement approach, and modal ordering
schemes were utilized. The grounding problems associated with
the geometric stiffness are emphasized. Author
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ACTIVE CONTROL OF STRUCTURAL VIBRATION USING A
MULTI-FREQUENCY SPECTRAL OPTIMIZATION STRATEGY -
WITH APPLICATIONS TO ROTATING MACHINERY
MAAMAR MAGHRAOUI and MAURICE L. ADAMS (Case Western
Reserve University, Cleveland, OH) IN: Developments in
theoretical and applied mechanics. Vol. 15 - Proceedings of the
15th Southeastern Conference on Theoretical and Applied
Mechanics, Atlanta, GA, Mar. 22, 23, 1990. Atlanta, GA, Georgia
Institute of Technology, 1990, p. 598-605. refs
Copyright

A new approach for actively minimizing structural vibration has
been developed and tested using computer simulations on a
rotor-bearing system. This new approach is based on the use of
optimization techniques to determine the combination of applied
actuator forces that minimize an objective function that contains
multifrequency orbital vibration levels at selected stations on the
rotor system. Simulations show the basic approach to be quite
effective and robust in handling system uncertainties and
nonlinearities. In fact, one main advantage of this approach is
that it does not rely upon any ‘'modeling knowledge’ of the system.
The other main advantage is that the approach, being essentially
an active open-loop technique, does not create the potential for
any additional instabilities in the rotor dynamical system, that is,
the inherent eigenvalues of the uncontrolled system are unaltered
by this control methodology. Author

A91-28624" State Univ. of New York, Buffalo.
AN OPTIMAL ESTIMATION APPROACH FOR ENHANCED
IDENTIFICATION OF LARGE SPACE STRUCTURES
D. JOSEPH MOOK (New York, State University, Buffalo) IN:
Developments in theoretical and applied mechanics. Vol. 15 -
Proceedings of the 15th Southeastern Conference on Theoretical
and -Applied Mechanics, Atlanta, GA, Mar. 22, 23, 1990. Atlanta,
GA, Georgia Institute of Technology, 1990, p. 749-756. Research
supported by USAF and NASA. refs
Copyright

A very robust technique for the realization/identification of
structural dynamic systems is presented. This methodology
combines the eigensystem realization algorithm (ERA) and
minimum model error (MME) techniques to develop an extremely
robust algorithm able to distinguish modes whose amplitudes are
small fractions of the noise amplitude. As the amplitude of the
noise grows, the enhanced robustness of the combined ERA/MME
algorithm becomes more significant. This is a result of the MME
being able to produce simulated measurements of much greater
accuracy than the original measurements, for input to the ERA.
The new method was able to determine correct model order at
noise levels many times higher than the original ERA for the
realization problem in which the model order must be derived.

R.E.P.

A91-28632"° Jet Propulsion Lab., California Inst. of Tech.,
Pasadena.
CONTINUATION METHODS IN MULTIOBJECTIVE
OPTIMIZATION FOR COMBINED STRUCTURE CONTROL
DESIGN
M. MILMAN, M. SALAMA, R. SCHEID, R. BRUNO (JPL, Pasadena,
CA), and J. S. GIBSON (California, University, Los Angeles) IN:
Developments in theoretical and applied mechanics. Vol. 15 -
Proceedings of the 15th Southeastern Conference on Theoretical
and Applied Mechanics, Atlanta, GA, Mar. 22, 23, 1990. Atlanta,
GA, Georgia Institute of Technology, 1990, p. 830-837. refs
Copyright

A homotopy approach involving multiobjective functions is
developed to outline the methods that have evolved for the
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combined control-structure optimization of physical systems
encountered in the technology of large space structures. A method
to effect a timely consideration of the control performance prior
to the finalization of the structural design involves integrating the
control and structural design processes into a unified design
methodology that combines the two optimization problems into a
single formulation. This study uses the combined optimization
problem as a family of weighted structural and control costs.
Connections with vector optimizations are described; an analysis
of the zero-set of required conditions is made, and a numerical
example is given. R.E.P.

A91-28633"*
Pasadena. .
EXPERIMENTS IN ON-ORBIT IDENTIFICATION FOR
CONTROL OF SPACE STRUCTURES
Y. YAM, F. Y. HADAEGH, and D. S. BAYARD (JPL, Pasadena,
CA) IN: Developments in theoretical and applied mechanics.
Vol. 15 - Proceedings of the 15th Southeastern Conference on
Theoretical and Applied Mechanics, Atlanta, GA, Mar. 22, 23, 1990.
Atlanta, GA, Georgia Institute of Technology, 1990, p. 838-845.
refs
Copyright

Two extensions to an earlier work on system identification for
large flexible structures are presented. The first extension applies
an integrated frequency-domain ID approach to experiments
utilizing rib root actuators for full system excitation of both
'boom-dish’ and 'dish’ modes of the structure; while the second
extension employs a time-domain identification, utilizing
frequency-domain results obtained for initialization of the parameter
estimates. For the first extension, the results show that in the
presence of closely packed modes, the curve-fit algorithm
employed can distinguish modes with frequency separation as small
as 0.04 Hz. The maximum likelihood estimation used in the second
extension produce estimates close to the parametric modal values
of frequencies and damping. V.T.

Jet Propulsion Lab., California Inst. of Tech.,
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ON THE MANEUVERING OF FLEXIBLE MULTI-BODY
SYSTEMS
LEONARD MEIROVITCH and MOON K. KWAK (Virginia
Polytechnic Institute and State University, Blacksburg) IN:
Developments in theoretical and applied mechanics. Vol. 15 -
Proceedings of the 15th Southeastern Conference on Theoretical
and Applied Mechanics, Atlanta, GA, Mar. 22, 23, 1990. Atlanta,
GA, Georgia Institute of Technology, 1990, p. 846-853. refs
(Contract F49620-89-C-0049)
Copyright

This paper is concerned with the dynamics and control of fiexible
multi-body systems. The mathematical model consists of a central
substructure and a given number of retargeting substructures. The
control design represents a substructure decentralized control
scheme, whereby the control gains are designed independently
for each substructure. Assuming that the time-varying terms are
relatively small, the controls are first computed in closed form by
means of a perturbation technique and then implemented in
discrete time. The actuator forces designed by substructure
decentralized control are applied to the fully interacting structure.
A numerical example demonstrates the approach. Author

A91-29704" #
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MOTION AND FORCE CONTROLLED VIBRATION TESTING
TERRY D. SCHARTON, DAVID J. BOATMAN, and DENNIS L.
KERN (JPL, Pasadena, CA) IN: Aerospace Testing Seminar,
12th, Manhattan Beach, CA, Mar. 13-15, 1990, Proceedings. Mount
Prospect, IL, Institute of Environmental Sciences, 1990, p. 77-85.
USAF-sponsored research. refs

A technique for controlling both the input acceleration and force
in vibration tests is proposed to alleviate the overtesting risks and
the problems associated with response limiting in conventional
vibration tests of aerospace hardware. Previous research on
impedance and force controlled vibration tests is reviewed and a

Jet Propulsion Lab., California Inst. of Tech.,




simple equation governing the dual control of acceleration and
force is derived. A practical method for implementing the dual
control technique in random vibration tests has been demonstrated
in JPL's environmental test facility using a conventional digital
controller operating in the extremal mode. The dual control
technique provides appropriate real-time notching of the input
acceleration and a corresponding reduction of the test item
response at resonances. Issues concerning the need for force
and acceleration phase information, the adequacy of specifying
the blocked force, and the derivation of the total force for multipoint
supports are discussed. Author
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OPTIMAL PROJECTION CONTROL OF AN EXPERIMENTAL
TRUSS STRUCTURE

LEE D. PETERSON (Purdue University, West Lafayette, IN)
Journal of Guidance, Control, and Dynamics (ISSN 0731-5090),
vol. 14, Mar.-Apr. 1991, p. 241-250. Previously cited in issue 23,
p. 3628, Accession no. A89-52534. refs

(Contract DE-AC04-76DP-00789)
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SENSOR PLACEMENT FOR ON-ORBIT MODAL
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DANIEL C. KAMMER (Wisconsin, University, Madison) Journal
of Guidance, Control, and Dynamics (ISSN 0731-5090), vol. 14,
Mar.-Apr. 1991, p. 251-259. Structural Dynamics Research
Corp.-supported research. refs
Copyright

A method is presented for the selection of a set of sensor
locations from a larger candidate set for the purpose of on-orbit
identification and correlation of large space structures. The method
ranks the candidate sensor locations according to their contribution
to the linear independence of the target modal partitions. In an
iterative manner, locations that do not contribute significantly are
removed. The final sensor configuration tends to maximize the
trace and determinant and minimize the condition number of the
Fisher information matrix corresponding to the target modal
partitions. This leads to better estimates and improved correlation.
Advantages of the method include its computationally nonintensive
nature compared with exhaustive search techniques found in the
literature and the benefit of physical insight into the ranking and
ultimate selection of sensor locations. The method is successfully
applied to the selection of sensor locations for identification and
correlation of a set of target modes for the structural
characterization of a proposed large space structure. The final
sensor configuration provides superor Fisher information matrix
trace, determinant, and condition number values compared to other
methods of sensor selection. Author
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MODEL REDUCTION AND CONTROL OF FLEXIBLE
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Austin) Journal of Guidance, Control, and Dynamics (ISSN
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in issue 12, p. 1897, Accession no. A89-30722. refs
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Polytechnic Institute and State University, Blacksburg) Journal
of Guidance, Control, and Dynamics (ISSN 0731-5090), vol. 14,
Mar.-Apr. 1991, p. 268-277. Previously cited in issue 21, p. 3512,
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This paper answers the question: which set of m