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NOTE TO AUTHORS OF PROSPECTIVE ENTRIES:

The compilation of this bibliography results from a complete search of the STAR and /AA files. Many
times a report or article is not identified because either the title, abstract, or key words did not contain
appropriate words for the search. A number of words are used, but to best insure that your work is
included in the bibliography, use the words Space Station Systems somewhere in your title or abstract,

or include them as a key word.

This supplement is available from the National Technical Information Service (NTIS), Springfield , Virginia
22161 at the price code A16.



INTRODUCTION

This bibliography is designed to be helpful to the researchers, designers, and managers
engaged in the design and development of technology, configurations, and procedures that
enhance efficiencies of current and future versions of a Space Station.

This literature survey lists 1422 reports, articles and other documents announced be-
tween July 1, 1989 and December 31, 1989 in Scientific and Technical Aerospace Reports
(STAR), and International Aerospace Abstracts (IAA).

The coverage includes documents that define major systems and subsystems, servicing
and support requirements, procedures and operations, and missions for the current and fu-
ture Space Station. In addition, analytical and experimental techniques and mathematical
models required to investigate the different systems/subsystems and conduct trade studies
of different configurations, designs, and scenarios are included. A general category com-
pletes the list of subjects addressed by this document.

The selected items are grouped into categories as listed in the Table of Contents with
notes regarding the scope of each category. These categories were especially selected for
this publication and differ from those normally found in STAR and /AA.

Each entry consists of a standard bibliographic citation accompanied by an abstract,
where available, and appears with the original accession numbers from the respective an-
nouncement journais.

Under each of the categories, the entries are presented in one of two groups that appear
in the following order:

(1) IAA entries identified by accession number series A89-10,000 in ascending accession

number order;

(2) STAR entries identified by accession number series N89-10,000 in ascending acces-

sion number order.

After the abstract section there are seven indexes—subject, personal author, corporate
source, foreign technology, contract number, report number, and accession number.

A companion continuing bibliography, “Technology for Large Space Structures,” is avail-
able as NASA SP-7046.

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 —— N89-18007*# McDonnell-Douglas Astronautics Co., Huntington

Beach, CA.
TITLE— SPACE STATION FUNCTIONAL RELATIONSHIPS ANALYSIS*
Final Technical Report o PUBLICATION DATE

AUTHORS ——THOMAS S. TULLIS and BARBRA R. BIED Aug. 1988 112 p
CONTRACT NUMBER —(Contract NAS2-11723)
REPORT NUMBERS — (NASA-CR-177497; NAS 1.26:177497; MDC-H3068) Avail: NTIS +—— AVAILABILITY SOURCE
_ HC AQ6/MF A01, CSCL 05/9

COSATI CODE A systems engineering process is developed to assist Space Sta-
tion designers to understand the underlying operational system of

the facility so that it can be physically arranged and configured to

support crew productivity. The study analyzes the operational system

proposed for the Space Station in terms of mission functions, crew

activities, and functional relationships in order to develop a quantita-

tive model for evaluation of interior layouts, configuration, and traffic

analysis for any Station configuration. Development of the model

involved identification of crew functions, required support equipment,

criteria of assessing functional relationships, and toois for analyzing

functional relationship matrices, as well as analyses of crew transition

frequency, sequential dependencies, support equipment require-

ments, potential for noise interference, need for privacy, and overall

compatability of functions. The model can be used for analyzing crew

functions for the Initial Operating Capability of the Station and for

detecting relationships among these functions. Note: This process

(FRA) was used during Phase B design studies to test optional layouts

of the Space Station habitat module. The process is now being auto-

mated as a computer model for use in layout testing of the Space

Station laboratory modules during Phase C. Author

TYPICAL JOURNAL ARTICLE CITATION AND ABSTRACT

NASA SPONSORED

CORPORATE SOURCE

ACCESSION NUMBER —A89-19321* Coloraz}o Univ., Boulder.
TITLE —— IUE-IRAS STUDIES OF THE INFRARED CIRRUS

AUTHORS —— MICHAEL E. VAN STEENBERG and J. MICHAEL SHULL

(Colorado, University; Joint Institute for Laboratory Astrophysics,«~———AUTHORS’ AFFILIATION
Boulder) Astrophysical Journal, Part 1 (ISSN 0004-637X), vol. 335,

JOURNAL DATE —— Dec. 1, 1988, p. 197-214. refs JOURNAL TITLE
CONTRACT NUMBER —— (Contract NAS5-28731; JPL-957254; NAG5-193)

The 60 and 100 micron cirrus emission around 256 lines of sight
in the IRAS all-sky survey was measured, and the flux averages were
used to study the distribution, variations, and correlations of the IRAS
infrared cirrus fluxes with various interstellar parameters. It was found
that the 60 and 100 micron fluxes correlate with the depletion of Si
and show a trend with the depletion of Fe for 51 lines of sight toward
the Galactic halo. No correlation was found with the abundances of
Si, Mn, Fe, S, or Zn or with abundance ratios for the full sample of
256 stars. An abundance ratio of about 3 x 10 to the 7th by number
relative to H was derived from 60 and 100 micron flux ratios and the
H column along the line of sight; this ratio appears to decrease by a
factor of 10 into the halo. 1.S.

vi
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Includes system requirements for proposed missions, mission
models, overall conceptual configuration and arrangement studies;
systems analyses for future required technology; and identification
and description of technology developments and experiments for
the elements of a complete Space Station system.

A89-35236#
TO FALL FROM SPACE - PARACHUTES AND THE SPACE
PROGRAM
M. J. RAVNITZKY, S. N. PATEL, and R. A. LAWRENCE (Irvin
Industries, inc., Santa Ana, CA) IN: AIAA Aerodynamic Decelerator
Systems Technology Conference, 10th, Cocoa Beach, FL, Apr.
18-20, 1989, Technical Papers. Washington, DC, American Institute
of Aeronautics and Astronautics, 1989, p. 222-232. refs
(AIAA PAPER 89-0926) Copyright

Space-related applications for parachutes and deployable
decelerators are reviewed. Consideration is given to the role of
parachutes in earth orbiting vehicle recovery systems, manned
spacecraft terrestrial landing systems, manned spacecraft
auxiliary/emergency escape systems, planetary spacecraft descent
systems. Other applications include extraterrestrial return
spacecraft landing systems, launch vehicle recovery, spacecraft
ground deceleration, and space station emergency escape and
ferry systems. Specific examples are presented of spacecraft and
systems using these parachute applications. R.B.

A89-45831
A VISUAL APPROACH FOR SPACE SYSTEM DESIGNERS
TOMMIE DANIEL (BDM Corp., Albuquerque, NM) IN: Engineering,
construction, and operations in space; Proceedings of the Space
'88 Conference, Albuquerque, NM, Aug. 29-31, 1988. New York,
American Society of Civil Engineers, 1988, p. 1260-1267. refs
Copyright

This paper discusses computerized tools that may be used by
designers as they approach problem solving related to engineering,
construction and operations in space. Tools for space system
designers, both computer hardware and software, are examined
with an emphasis on the directions for improvements in each of
the major areas. The current state of the art in CAD/CAM, scientific
visualization and image processing is discussed, including a broad
overview of the implications of new developments in information
processing systems related to space systems design. The general
topic of simulation to reduce design prototyping is addressed with
a focus on a major space related application area, Finite Element
Modeling (FEM). Author

A89-45833

POTENTIAL APPLICATION OF SPACE STATION
TECHNOLOGY IN LUNAR BASES AND MANNED MARS
MISSIONS

J. M. GARVEY and M. M. MANKAMYER (McDonnell Douglas
Astronautics Co., Space Station Div., Huntington Beach, CA) IN:
Engineering, construction, and operations in space; Proceedings
of the Space '88 Conference, Albuquerque, NM, Aug. 29-31, 1988.

A Bibliography (Suppl. 10)
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New York, American Society of Civil Engineers, 1988, p.
1308-1319. refs
Copyright

To meet the goals of its Space Station program, NASA is
developing a large set of improved space systems capabilities. In
areas such as power generation and distribution, on-board data
management, and life support, Station technology will represent a
major advance over current systems. Given the substantial
investment required to create these capabilities, it is worthwhile
to consider other potential uses for them. This paper constitutes
an early attempt to assess such follow-on applications, particularly
in manned space exploration initiatives such as a lunar base and/or
manned Mars expedition. Author

AB9-45026*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.

AERODYNAMIC CHARACTERISTICS OF PROPOSED
ASSURED CREW RETURN CAPABILITY (ACRC)
CONFIGURATIONS

GEORGE M. WARE, BERNARD SPENCER, JR., and JOHN R.
MICOL (NASA, Langley Research Center, Hampton, VA) AlAA,
Applied Aerodynamics Conference, 7th, Seattle, WA, July 31-Aug.
2, 1989. 12 p. refs

(AIAA PAPER 89-2172)

The aerodynamic characteristics of seven reentry configurations
suggested as possible candidate vehicles to return crew members
from the U.S. Space Station Freedom to earth has been reviewed.
The shapes varied from those capable of purely ballistic entry to
those capable of gliding entry and fromk parachute landing to
conventional landing. Data were obtained from existing (published
and unpublished) sources and from recent wind tunnel tests. The
lifting concepts are more versatile and satisfy all the mission
requirements. Two of the lifting shapes studied appear promising
- a lifting body and a deployable wing concept. The choice of an
ACRC concept, however, will be made after all factors involving
transportation from earth to orbit and back to earth again have
been weighed. Author

A89-46528" Boeing Aerospace Co., Seattle, WA.
NEAR-TERM NUCLEAR SPACE MISSIONS
DANA G. ANDREWS (Boeing Aerospace, Seattle, WA)  (IAF,
International Conference on Space Power, Cleveland, OH, June
5-7, 1989) Space Power (ISSN 0951-5089), vol. 8, no. 3, 1989, p.
285-306.
(Contract NAS9-18040)
(IAF PAPER ICOSP89-9-4) Copyright

This paper summarizes the current status of proposed NASA
Human Exploration Missions (MEMSs) presenting detail with respect
to schedule and system features. Using the Lunar exploration and
Mars exploration missions as design drivers, new vehicle elements
have been configured and optimized to meet proposed mission
requirements. Both conventional chemical propuision and
alternative vehicle designs incorporating advanced nuclear
propulsion systems are included, and the total mass required in
Low Earth Orbit (LEO) is compared for each propulsion system.

Author

AB89-48158#
RELIABILITY AND MAINTAINABILITY WITHIN THE DYNAMIC
SYSTEMS-ENGINEERING PROCESS
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MICHAEL J. WISKERCHEN (Stanford University, CA) and R.
BRUCE PITTMAN (DYSE Corp., San Jose, CA) AIAA and NASA,
Symposium on the Maintainability of Aerospace Systems, Anaheim,
CA, July 26, 27, 1989. 9 p.
(AIAA PAPER 89-5047) Copyright

A dynamic systems-engineering methodology for the de-
velopment of a long-term, inexpensive, and efficient spage
operations capability is described. The lessons learned from the
application of this methodology to modernize the way that the
Space Shuttle is processed at Kennedy Space Center is addressed,
emphasizing experience gained in reliability and maintainability.
Concepts which are applicable to the upgrading of the U.S. launch
and space flight operations capability are presented. The
methodology is shown to be equally important to the design and
development of the Space Station Freedom. C.D.

AB9-48177#
A LIFE CYCLE COST EFFECTIVENESS COMPARISON OF
SATELLITE REPLACEMENT AND SPACE REPAIR
STRATEGIES
JAMES H. SUTTLE (Tecolote Research, Inc., Manhattan Beach,
CA) AlAA and NASA, Symposium on the Maintainability of
Aerospace Systems, Anaheim, CA, July 26, 27, 1989. 12 p.
(AIAA PAPER 89-5068) Copyright

This paper presents a life cycle cost-effectiveness comparison
for satellites which fail in orbit. Concepts of replacement and space
repair of the failed satellites are treated parametrically. A work
breakdown structure identifies the significant cost elements. Inputs
to the comparison methodology consist of satellite, launch vehicle,
infrastructure, and operational parameters which allow identification
of the preferred replace or repair strategy. Author

A89-48178#
OPTIMIZING DESIGN FACTORS AND SUPPORT CONCEPTS
TO REDUCE SPACE OPERATIONS COSTS
WILLIAM ROBERTSON, JOHN SLINEY, THOMAS MISENCIK
(Dynamics Research Corp., Arlington, VA), and EDWARD
TAVARES (U.S. Army, Strategic Defense Command, Arlington,
VA)  AIAA and NASA, Symposium on the Maintainability of
Aerospace Systems, Anaheim, CA, July 26, 27, 1989. 11 p. refs
(AIAA PAPER 89-5069) Copyright

The design considerations for spacecraft bus and payload
subsystems are addressed, emphasizing enhancement of cost-
effective spacecraft maintainability through optimized reliability
and the application of robotic on-orbit support. Results from
top-level analyses addressing life-cycle cost benefits using an
on-orbit support infrastructure are presented, and the technological
readiness of enabling technologies associated with on-orbit
maintenance and servicing is examined. A challenging yet viable
near-term alternative where international cooperation could provide
significant cost savings from economies of scale is examined.

C.D.

N89-20180" #
Engineering.
L1 LIBRATION POINT MANNED SPACE HABITAT Final Report
MARVIN LUTTGES, STEVE JOHNSON, GARY BANKS, RICHARD
JOHNSON, CHRISTIAN MEYER, SCOTT PEPIN, and ROBERT
MACELROY 1989 83 p
(Contract NGT-21-002-080)
(NASA-CR-184732; NAS 1.26:184732) Avail: NTIS HC A05/MF
A01 CSCL 22B

Second generation stations or Manned Space Habitats (MSHs)
are discussed for an Earth-Moon libration point and in lunar orbit.
The conceptual design of such a station is outlined. Systems and
subsystems described reflect anticipation of moderate technology
growth. The evolution of the L1 environments is discussed, several
selected subsystems are outlined, and how the L1 MSH will
complete some of its activities is described. B.G.

Colorado Univ., Boulder. Dept. of Aerospace

N89-20188# General Accounting Office, Washington, DC.
SPACE STATION: NASA EFFORTS TO ESTABLISH A

2

DESIGN-TO-LIFE-CYCLE COST PROCESS
May 1988 46 p
(GAO/NSIAD-88-147) Avail: NTIS HC A03/MF A01

NASA’s implementation of actions regarding space station
operations cost management is reviewed. Although the definition
phase has been completed, NASA is still developing major portions
of the operations cost management system described in its Dec.
1985 report, including a cost management policy and cost
benchmarks. NASA is currently considering a draft directive to
help establish a management system that would systematically
consider and assess life cycle cost impacts of design proposals.

E.

N89-21021# Systems Science and Software, La Jolla, CA.
CHARGING POTENTIALS FOR TWO SAMPLE SETS OF
SPECTRA FROM DMSP SATELLITES Scientific Report No. 8,
Jan. - Feb. 1988
T. G. BARKER Feb. 1988 17 p
{Contract F19628-86-C-0056)
(AD-A203694; SSS-R-88-9339; W/0-11304; AFGL-TR-88-0057)
Avail: NTIS HC A03/MF A0t CSCL 22/1

The importance has been discussed of accurately inciuding
the emission of secondary and backscattered electrons in the
calculations of flux balances that are used to predict the equilibrium
potential of satellites during intense electron precipitation. This
concept is applied to a sequence of electron and ion flux spectra
observed by DMSP satellites to determine the levels of negative
charging, if any, experienced by the satellites. The net electron
current incident minus backscattered and secondary electrons is
a diagnostic quantity that can be used to determine whether
charging has occurred. Using simple models of the satellite and
ion collection, along with secondary and backscatter yields for
the appropriate covering, one can quickly scan large amounts of
data for charging events and estimate the equilibrium potential.

GRA

N89-21022# Air Force Geophysics Lab., Hanscom AFB, MA.
PRECIPITATING ION AND ELECTRON DETECTORS (SSJ/4)
FOR THE BLOCK 5D/FLIGHT 8 DMSP (DEFENSE
METEOROLOGICAL SATELLITE PROGRAM) SATELLITE
Interim Report
T. L. SCHUMAKER, D. A. HARDY, S. MORAN, A. HUBER, J.
MCGARITY, and J. PANTAZIS 4 Feb. 1988 61 p
(AD-A203999; AFGL-TR-88-0030; AFGL-IP-335) Avail: NTIS HC
A04/MF AO1 CSCL 04/1

The satellites of the Defense Meteorological Satellite Program
are flown operationally to provide data for the specification of
terrestrial weather and near-Earth space environment. In support
of space environment specifications, the satellites, starting with
Flight 6 (F6), carry an improved set of electrostatic analyzers
(SSJ/4). These instruments are designed to measure the flux of
precipitating electrons and ions with energies between 30 eV and
30 KeV. The data from these analyzers are routinely processed
at the Air Force Geophysics Laboratory (AFGL) and are available
to the scientific community. A description of the SSJ/4 electrostatic
analyzers for the DMSP satellite, results of the extensive calibration
of the instruments, and examples of data use are given in this
report. The. report was prepared to facilitate the widespread use
of the SSJ/4 data. Both by itself, and in combination with other
sensors on the satellite, the SSJ/4 detectors provide important
data for the study of auroral processes. GRA

N89-21090# Saarland Univ., Saarbrucken (Germany, F.R.). Inst.
fuer Werkstoffphysik.
MARTENSITIC PHASE TRANSITIONS IN NANOCRYSTALLINE
MATERIALS Interim Report No. 4, 2 Dec. 1987 - 2 Jun. 1989
H. GLEITER 2 Jun. 1988 3 p
(Contract DAJA45-87-C-0008)
(AD-A203636; R/D-5647-MS-01.4) Avail: NTIS HC A01/MF AO1
CSCL 07/2

As indicated in our third interim report, we have carried out
Mossbauer spectroscopy on isolated nanometer-sized crystals
cooled to 4.2 K under ultra-high vacuum conditions in order to



decide whether or not nucleation of martensite is possible in
nanometer-sized, unconstrained crystals. The spectrometer
necessary to carry out those experiments was developed in January
1988. It consists of a quartz tube which has locally a section of
two thin walls which are transparent to the Mossbauer gamma-rays.
The loose powder of isolated small crystals is filled under UHV
conditions into the tube and is subsequently cooled to 4.2 K.
However, when we recorded the Mossbauer spectra, they turned
out not to be conclusive for two reasons: (1) The isolated 5 nm
Fe-Ni crystals are superparamagnetic at 4.2 k. (2) The resolution
of the spectra is not as high as required to distinguish between
bcc and fcc FeNl due to the small amount of material in the
tube. GRA

N89-24705*#  National Aeronautics and Space Administration,
Washington, DC.
TECHNOLOGY REQUIREMENTS FOR ADVANCED NASA
MISSIONS
HENRY B. CURTIS /n NASA, Lewis Research Center, Space
Photovoltaic Research and Technology, 1988. High Efficiency,
Space Environment, and Array Technology p 3-9  Apr. 1989
Avail: NTIS HC A16/MF A03 CSCL 22/1

Two recent reports, one by the National Commission on Space
and the second by the Ride committee, have urged NASA to look
at a variety of future missions. Among these are manned missions
to Mars and permanent bases on the moon and Mars. Addressed
here is a wide variety of technologies needed for such missions
as well as areas where power is required. An estimate of power
ranges and photovoltaic opportunities is also presented.  Author

N89-25266*  National Aeronautics and Space Administration.
Ames Research Center, Moffett Field, CA.
SPACE STATION ARCHITECTURE, MODULE, BERTHING HUB,
SHELL ASSEMBLY, BERTHING MECHANISM AND UTILITY
CONNECTION CHANNEL Patent
MARC M. COHEN, inventor (to NASA) 28 Feb. 1989 15 p
(NASA-CASE-ARC-11505-2; US-PATENT-4,807,834;
US-PATENT-APPL-SN-159072; US-PATENT-CLASS-244-159;
US-PATENT-CLASS-244-161; US-PATENT-CLASS-285-302)
Avail: US Patent and Trademark Office CSCL 22/2

A Space Station includes a plurality of modules, and berthing
hubs, joined by interconnections which are sideways connectable.
The modules and hubs are fastened together in a trianglar
configuration in three dimensions. The interconnections include a
pair of opposed, axially aligned, flanged ports, and a clamp latch
formed from a plurality of sections hinged along their length and
extending circumferentially around the flanged ports. A utilities
connection channel extends between ports. The channel has a
shell with utilities connectors movable between an extended
position to mating connectors in the modules and a withdrawn
position. Assembly sequence and common module shell structure
is detailed.

Official Gazette of the U.S. Patent and Trademark Office

N89-26037* National Aeronautics and Space Administration,
Washington, DC.
TECHNOLOGY FOR LARGE SPACE SYSTEMS: A
BIBLIOGRAPHY WITH INDEXES (SUPPLEMENT 20)
Jun. 1989 183 p
(NASA-SP-7046(20); NAS 1.21:7046(20)) Avail: NTIS HC A09
CSCL 22/2

This bibliography lists 694 reports, articles, and other documents
introduced into the NASA Scientific and Technical Information
System between July, 1988 and December, 1988. Its purpose is
to provide helpful information to the researcher or manager
engaged in the development of technologies related to large space
systems. Subject areas include mission and program definition,
design techniques, structural and thermal analysis, structural
dynamics and control systems, electronics, advanced materials,
assembly concepts, and propulsion. Author

01 SYSTEMS

N89-28547*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
A TORSIONAL SUSPENSION SYSTEM FOR TESTING SPACE
STRUCTURES Patent Application
WILMER H. REED, i, inventor (to NASA) and RONALD R. GOLD,
inventor (to NASA) (Dynamic Engineering, Inc., Newport News,
VA) 26 May 1989 12 p
(NASA-CASE-LAR-14149-1-SB; NAS 1.71:LAR-14149-1-SB;
US-PATENT-APPL-SN-357757) Avail: NTIS HC A03/MF A0t
CSCL 14/2

A low frequency torsional suspension system for testing a space
structure uses a plurality of suspension stations attached to the
space structure along the length thereof in order to suspend the
space structure from an overhead support. Each suspension station
includes a disk pivotally mounted to the overhead support, and
two cables which have upper ends connected to the disk and
lower ends connected to the space structure. The two cables
define a parallelogram with the center of gravity of the space
structure being vertically beneath the pivot axis of the disk. The
vertical distance between the points of attachment of the cables
to the disk and the pivot axis of the disk is adjusted to lower the
frequency of the suspension system to a level which does not
interfere with frequency levels of the space structure, thereby
enabling accurate measurement. NASA

N898-28552*#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
DOCKING MECHANISM FOR SPACECRAFT Patent Application
GREGORY A. LANGE, inventor (to NASA), JOHN P.
MCMANAMEN, inventor (to NASA), and JOHN A. SCHLIESING,
inventor (to NASA) 30 Dec. 1988 24 p
(NASA-CASE-MSC-21386-1; NAS 1.71:MSC-21386-1;
US-PATENT-APPL-SN-292123) Avail: NTIS HC A03/MF AO1
CSCL 22/2

A system is presented for docking a space vehicle to a space
station where a connecting tunnel for in-flight transfer of personnel
is required. Cooperable coupling mechanisms include docking rings
on the space vehicle and space station. The space station is
provided with a tunnel structure, a retraction mechanism, and a
docking ring. The vehicle coupling mechanism is designed to
capture the station coupling mechanism, arrest relative spacecraft
motions while limiting loads to acceptable levels, and then realign
the spacecraft for final docking and tunnel interconnection. The
docking ring of the space vehicle coupling mechanism is supported
by linear attentuator actuator devices, each of which is controlled
by a control system which receives loading information signals
and attenuator stroke information signals from each device and
supplies output signals for controlling its linear actuation to
attenuate impact loading or to realign the spacecraft for final
docking and tunnel interconnection. The retraction mechanism is
used to draw the spacecraft together after initial contact and
coupling. Tunnel trunnions, cooperative with the latches on the
space vehicle constitute the primary structural tie between the
spacecraft in final docked configuration. NASA

N89-28553* National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
SPACE MODULE ASSEMBLY APPARATUS WITH DOCKING
ALIGNMENT FLEXIBILITY AND RESTRAINT Patent
WILLIE D. WHITAKER, inventor (to NASA) (McDonnell-Douglas
Corp., Long Beach, CA.) 7 Mar. 1989 9 p Filed 8 Oct. 1987
(NASA-CASE-MSC-21211-1; US-PATENT-4,809,936;
US-PATENT-APPL-SN-105841; US-PATENT-CLASS-244-161;
US-PATENT-CLASS-244-159; US-PATENT-CLASS-403-51;
US-PATENT-CLASS-285-226) Avail: U.S. Patent and Trademark
Office CSCL 22/2

A berthing mechanism especially for use in berthing and
compliant air-tight securing between manned space vehicle and
modules is disclosed. The interface is provided by a pair of annular
rings, one of which is typically, mechanically attached to the vehicle
and the other to the module to which it is to be docked and
secured. One of the two rings is attached to a base by resilient
bellows. The facing surface of one annular ring is joined to a

3
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base by a cable laced through alternating pulleys attached
circumferentially so that the interface surface of that ring may be
tilted to accommodate angular misalignment as the annular rings
are brought into docking (berthing) contact. Interleaving guide
flanges with chambered sides provide at least some rotational
misalignment correction. A plurality of electromechanical
actuator/attenuator units provide means for extending one annular
ring toward the other in the final stages of docking, for absorbing
the initial docking shock and for drawing the annular rings into
tight interface contact. Locking hooks provide for securing the
interfaces.

Official Gazette of the U.S. Patent and Trademark Office

02

MODELS, ANALYTICAL DESIGN TECHNIQUES,
AND ENVIRONMENTAL DATA

Includes descriptions of computerized interactive systems design
and development techniques, computer codes, internal and external
environmental modeis and data.

A89-36175#
COMPUTER SIMULATION OF A MAGNETIC SHIELD IN A
REALISTIC SPACE ENVIRONMENT
H. KROGER and P. LABELLE (Universite Laval, Quebec,
Canada) ESA Journal (ISSN 0379-2285), vol. 12, no. 4, 1988, p.
491-497.
Copyright

A computer program has been developed to simulate magnetic
shielding of an orbiting space station. The magnetic shield is
produced by an electric current flowing through a circular loop
and is taken into account in the dipole approximation. The
protection offered by the shield has been studied for two different
realistic space environments. A detailed local distribution and the
overall flux of charged particles striking the surface of the space
station have been computed as a function of the strength of the
shielding magnetic field. It is shown that the electric current needed

to offer satisfactory protection is feasible. Author
A89-38209

COMPUTER SIMULATION PROGRAM FOR FLEXIBLE SPACE
STRUCTURES

YOSHIKAZU KODAMA, HIDETOSHI KITABATAKE, and
MASAHIRO KURIHARA (Fujitsu, Ltd., Tokyo, Japan) IN:
International Symposium on Space Technology and Science, 16th,
Sapporo, Japan, May 22-27, 1988, Proceedings. Volume 1. Tokyo,
AGNE Publishing, Inc., 1988, p. 1337-1342. refs
Copyright

Effects of structural flexibilities are important for the analyses
and understanding on dynamic behavior of Large Space Structures
(LSS) in space. A computer simulation program is developed
focusing mainly on attitude control system analyses of three-axis
stabilized satellites. Dynamic simulation methods for LSS and its
algorithms based on an idea of hinge-connected multibody
modelings are studied. A simulation of LSS dynamics is performed,
and the resultant data are arranged. to visualize the LSS motions
by animation film. Author

A89-39837+#

THE SIMULATION OF MULTIBODY SYSTEMS - METHOD,
TECHNOLOGICAL STATUS, AND REQUIREMENTS FOR
ORBITAL SYSTEM DYNAMICS [SIMULATION VON
MEHRKOERPERSYSTEMEN - METHODE, STAND DER
TECHNIK UND ANFORDERUNGEN FUER ORBITALE
SYSTEMDYNAMIK]

K. EBERT (Messerschmitt-Boelkow-Blohm GmbH, Ottobrunn,
Federal Republic of Germany), S. GRAUL (MBB-ERNO
Raumfahritechnik GmbH, Bremen, Federal Republic of Germany),
and R. SCHWERTASSEK (DFVLR, Oberpfaffenhofen, Federal
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Republic of Germany) DGLR, Jahrestagung, Darmstadt, Federal
Republic of Germany, Sept. 20-23, 1988, Paper. 10 p. In German.
refs

(MBB-UK-0014-88-PUB)

The fundamental principles of multibody-system (MBS)
dynamical analysis are reviewed, with a focus on their computer
implementation and application to space structures. Consideration
is given to the governing equations of MBS dynamics, the treatment
of MBSs with rigid and elastic bodies, MBSs with control, and
numerical solution schemes for the MBS equations. The use of
MBS computer codes in the design of components for Columbus
is considered, with particular attention to the problems of launch
vehicles, orbital systems, and operational platforms; control
problems of complex space structures (involving reconfiguration,
large-scale movement, and manipulator systems), and simulation
software. T.K

AB89-40463
DYNAMIC MODELING, CONTROL THEORY AND
STABILIZATION FOR FLEXIBLE STRUCTURES - INDUSTRIAL
APPLICATIONS AT AEROSPATIALE, CANNES
L. PASSERON, C. TRUCHI (Aerospatiale, Division Systemes
Strategiques et Spatiaux, Cannes-la-Bocca, France), and J. P.
ZOLESIO (Montpeliier 1I, Universite, France) IN: Stabilization of
flexible structures; Proceedings of the ComCon Workshop,
Montpellier, France, Dec. 11-15, 1987. Los Angeles, CA,
Optimization Software, inc., 1988, p. 184-216. refs
Copyright

The activities of the Cannes section of Aerospatiale are
reviewed. Dynamic modeling of interconnected flexible structures
and the development of advanced control tools in classical control
theory are addressed. Some of the industrial programs to which
those tools have been applied are discussed, and an application
of Hamiltonian theory to stability of a flexible spinning spacecratft
is described. The most recent work carried out on adaptive opti
is reviewed. C.D.

A89-43132
MODELING SPACECRAFT ATTITUDE DYNAMICS ON A
PERSONAL COMPUTER
JOHN W. HUNT, JR. (Johns Hopkins University, Laurel, MD) IN:
1988 Annual Summer Computer Simulation Conference, 20th,
Seattle, WA, July 25-28, 1988, Proceedings. San Diego, CA, Society
for Computer Simulation International, 1988, p. 227-230. refs
Copyright

A computer simulation of a gravity-gradient stabilized spacecraft
is described. The governing equations of motion are described
along with a variety of torque models. Attention is also given to
the simulation, which was originally developed on a mainframe
computer in a programming language and was transferred to PCs.
Execution speeds are compared for a mainframe computer and a
variety of personal computers. K.K.

A89-43450"* National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
INTERDISCIPLINARY AND MULTILEVEL OPTIMUM DESIGN
JAROSLAW  SOBIESZCZANSKI-SOBIESKI  (NASA, Langley
Research Center, Hampton, VA) and RAPHAEL T. HAFTKA
(Virginia Polytechnic institute and State University, Blacksburg) IN:
Computer aided optimal design: Structural and mechanical systems.
Berlin, Springer-Verlag (NATO ASI Series. Volume F27), 1987, p.
655-701. Previously announced in STAR as N87-15205. refs
Copyright

Interactions among engineering disciplines and subsystems in
engineering system design are surveyed and specific instances of
such interactions are described. Examination of the interactions
that a traditional design process in which the numerical values of
major design variables are decided consecutively is likely to lead
to a suboptimal design. Supporting numerical examples are a glider
and a space antenna. Under an alternative approach introduced,
the design and its sensitivity data from the subsystems and
disciplines are generated concurrently and then made available to
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the system designer enabling him to modify the system design so
as to improve its performance. Examples of a framework structure
and an airliner wing illustrate that approach. Author

A89-45779
ANIMATION/SIMULATION FOR CONSTRUCTION PLANNING
DAVID C. ATKINS (Bechtel Western Power Co., Norwalk, CA)
IN: Engineering, construction, and operations in space; Proceedings
of the Space '88 Conference, Albuquerque, NM, Aug. 29-31, 1988.
New York, American Society of Civil Engineers, 1988, p. 670-678.
Copyright

A software system for efficient scheduling of space construction
has been developed. The system animates the proposed
construction sequence, simulating a time lapse film of activities
as they would be performed in the field. An overview is given of
the construction computer-aided engineering system which is the
central component of the overall software system. The functions
and features of the simulator and its user interface are outlined
and the simulator outputs are described, including the installation
script file and animated videotape. Current applications of the
method to space construction are considered. C.D.

A89-45821
SPACE FACILITIES IN CLASSROOM 'IMAGINEERING’
JAMES A. WISE (Grand Valley State University, Grand Rapids,
Mi) IN: Engineering, construction, and operations in space;
Proceedings of the Space '88 Conference, Albuquerque, NM, Aug.
29-31, 1988. New York, American Society of Civil Engineers, 1988,
p. 11563-1162.
Copyright

Results are presented from two space facility design products
produced by architecture students. The first project is a design
for the 'Space Architecture’ section of an educational exhibition.
The second project is an interior design for the Space Station
Habitation Module. The features of the Habitation Module design
include the enhancement of internal volume using walls that 'pop
out’ into the main circulation space, removable common walls
between cabins to accommodate married couples, and the
placement of the wardroom in the end cap at a 90 degree angle
with respect to the remainder of the module. R.B.

A89-45822
SPACE CONSTRUCTION ANIMATOR - FUNCTIONAL
REQUIREMENTS
WALTER E. RODRIGUEZ-RAMOS and BARNEY JONES (Georgia
Institute of Technology, Atlanta) IN: Engineering, construction,
and operations in space; Proceedings of the Space '88 Conference,
Albuquerque, NM, Aug. 29-31, 1988. New York, American Society
of Civil Engineers, 1988, p. 1163-1174. refs
Copyright

The development of computer graphics integrated tools for
space construction operations is discussed. Issues important for
determining the requirements for space construction animation
systems are examined. The possible applications of computer
animation technology in space construction are outiined.
Recommendations are made for evaluating current research on
the use of animation systems in space construction, developing
future projects related to space computer technologies, and
determining the animation requirements for space-related
activities. R.B.

A89-46141
ALGORITHMS AND COMPUTATIONAL TECHNIQUES IN
STOCHASTIC OPTIMAL CONTROL
HAGOP V. PANOSSIAN (Rockwell International Corp., Rocketdyne
Div., Canoga Park, CA) IN: Control and dynamic systems. Volume
28. Part 1. San Diego, CA, Academic Press, Inc., 1988, p. 1-55.
refs
Copyright

The paper discusses research and theories pertaining to the
optimal control of stochastic.systems with multiplicative and additive
noise that are represented by linear/bilinear models. The algorithms
and numerical techniques that are utilized in solving these problems

are surveyed. It is believed that the advent of supersonic aircraft
with very high performance requirements and of structures such
as the Space Station promise some realistic ground for modeling
and contro! design with multiplicative and additive noise of complex
control systems. K.K.

A89-48155*#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
PLAID AS A MAINTAINABILITY TOOL
BARBARA J. WOOLFORD, LINDA S. ORR, and FRANCES E.
MOUNT (NASA, Johnson Space Center, Houston, TX)  AIAA
and NASA, Symposium on the Maintainability of Aerospace
Systems, Anaheim, CA, July 26, 27, 1989. 11 p.
(AIAA PAPER 89-5044) Copyright

PLAID is a computer-aided design tool for human factors
engineering which has been used successfully in the Space Shuttle
program and for design analysis of Space Station Freedom. PLLAID
capability includes analysis of visual fields of view, of the ability
to reach a specified point, and of spatial conflicts. It enables the
creation of animations which depict whole sequences of motions
of astronauts and equipment. The PLAID graphics capability is
described and its application to man-systems integration is briefly
examined. The use of PLAID for maintainability is addressed, and
future plans for PLAID are discussed. C.D.

AB89-54676

AEROSPACE TESTING SEMINAR, 11TH, MANHATTAN
BEACH, CA, OCT. 11-13, 1988, PROCEEDINGS

Seminar sponsored by the Institute of Environmental Sciences
and Aerospace Corp. Mount Prospect, IL, Institute of Environmental
Sciences, 1988, 293 p. For individual items see A89-54677 to
A89-54699.

The conference presents papers on space vehicle flight
performance and test effectiveness, aerospace test techniques,
national and international test facilities, new mission test
requirements, and Space Station testing issues. Attention is given
to Space Shuttle solid rocket motor testing for return to flight,
integrated ASAT missile verification testing, upgraded environ-
mental testing of Titan T34D components, and system level
acoustic testing. Other topics include knowledge-based systems
for data acquisition/reduction, the use of modal parameters in the
prediction of buckling of externally pressurized shells, thermal
vacuum testing impacts related to high-temperature power systems,
terrestrial satellite storage, and vibration testing of flexible duct
assemblies. K.K.

N89-21014
Blacksburg.
TIME OPTIMAL SLEWING OF FLEXIBLE SPACECRAFT Ph.D.
Thesis
JOSEPH ZALMAN BEN-ASHER 1988 148 p
Avail: Univ. Microfilms Order No. DA8824964

The time optimal slewing problem for flexible spacecraft is
considered. We study single-axis rotational maneuvers for a simple
flexible system, consisting of a rigid hub with an elastic appendage.
The equations of motions are derived by Hamilton’s Principle, and
a discrete nonlinear model is obtained by the assumed modes
method. The problem is first solved in a discrete linearized space
by parameter optimization. Optimality is verified by Pontryagin’s
Maximum Principle. The linear solutions are then used to obtain
the time optimal solutions for the nonlinear problem by a
multiple-shooting algorithm. Although this approach is applicable
to arbitrary boundary - conditions, this work is confined, almost
exclusively, to rest-to-rest maneuvers. These maneuvers are shown
to possess some interesting symmetric and asymptotic properties.
The problem is further analyzed in infinite-dimensional space, and
the convergence of the finite-dimensional approximations is studied.
Finally, a soft version of the time optimal slewing problem is
considered, where the control is bounded only by a penalty term
in the cost functional. A perturbation technique is applied to further
simplify this problem. Dissert. Abstr.

Virginia Polytechnic Inst. and State Univ.,
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N89-23501*#  National Inst. of Standards and Technology,
Gaithersburg, MD. Center for Fire Research.
EXPERT SYSTEMS APPLIED TO SPACECRAFT FIRE SAFETY
Final Report
RICHARD L. SMITH and TAKASHI KASHIWAGI
13 p
(Contract NASA ORDER C-32000-M)
(NASA-CR-182266; E-4812; NAS 1.26:182266) Avail: NTIS HC
AO03/MF AO1 CSCL 22/2

Expert systems are problem-solving programs that combine a
knowledge base and a reasoning mechanism to simulate a human
expert. The development of an expert system to manage fire safety
in spacecraft, in particular the NASA Space Station Freedom, is
difficult but clearly advantageous in the long-term. Some needs in
low-gravity flammability characteristics, ventilating-flow effects, fire
detection, fire extinguishment, and decision models, all necessary
to establish the knowledge base for an expert system, are
discussed. Author

Jun. 1989

N89-24666*# Lockheed Missiles and Space Co., Palo Alto, CA.
COMPUTATIONAL ASPECTS OF MULTIBODY DYNAMICS
K. C. PARK /n NASA, Langley Research Center, Computational
Methods for Structural Mechanics and Dynamics p 527-536 May
1989
Avail: NTIS HC A12/MF A02 GCSCL 20/11

Computational aspects are addressed which impact the
requirements for developing a next generation software system
for flexible multibody dynamics simulation which include: criteria
for selecting candidate formulation, pairing of formulations with
appropriate solution procedures, need for concurrent algorithms
to utilize computer hardware advances, and provisions for allowing
open-ended yet modular analysis modules. Author

N89-25160*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
DEMONSTRATION OF DECOMPOSITION AND OPTIMIZATION
IN THE DESIGN OF EXPERIMENTAL SPACE SYSTEMS
SHARON PADULA, CHRIS A. SANDRIDGE, RAPHAEL T. HAFTKA
(virginia Polytechnic Inst. and State Univ., Blacksburg.), and
JOANNE L. WALSH /n its Recent Advances in Multidisciplinary
Analysis and Optimization, Part 1 p 297-316  Apr. 1989
Avail: NTIS HC A23/MF A03 CSCL 22/2

Effective design strategies for a class of systems which may
be termed Experimental Space Systems (ESS) are needed. These
systems, which include large space antenna and observatories,
space platforms, earth satellites and deep space explorers, have
special characteristics which make them particularly difficult to
design. It is argued here that these same characteristics encourage
the use of advanced computer-aided optimization and planning
techniques. The broad goal of this research is to develop
optimization strategies for the design of ESS. These strategics
would account for the possibly conflicting requirements of mission
life, safety, scientific payoffs, initial system cost, launch limitations
and maintenance costs. The strategies must also preserve the
coupling between disciplines or between subsystems. Here, the
specific purpose is to describe a computer-aided planning and
scheduling technique. This technique provides the designer with a
way to map the flow of data between muiltidisciplinary analyses.
The technique is important because it enables the designer to
decompose the system design problem into a number of smaller
subproblems. The planning and scheduling technique is
demonstrated by its application to a specific preliminary design
problem. Author

N89-25259# Technische Univ., Berlin (Germany, F.R.). Inst. of
Aerospace.
FLIGHT PERFORMANCE MODEL FOR A GEOSTATIONARY
TRANSPORTATION SYSTEM
M. MIELKE 1 Aug. 1988 42 p
(ILR-MITT-206; ETN-89-94561) Avail: NTIS HC A03/MF AO1

A flight performance model for a geostationary transportation
system is described. The model specifies all requirements
concerning orbit and attitude control as well as rendezvous and

docking. Several transportation missions are considered and
analyzed to determine most suitable transfer trajectories and
attitude control strategies for minimizing velocity requirements.
Transfer distances of 5 to 130,000 km lead to flight durations of
0.5 to 70 hr and a velocity requirement of 10 to 1600 m/sec.
ESA

N89-26522*#  National Aeronautics and Space Administration.
Lyndon B. Johnson Space Center, Houston, TX.
A SPACE SYSTEMS PERSPECTIVE OF GRAPHICS
SIMULATION INTEGRATION
R. BROWN, C. GOTT, G. SABIONSKI, and D. BOCHSLER (LinCom
Corp., Houston, TX.) /n Jet Propulsion Lab., California Inst. of
Tech., Proceedings of the Workshop on Space Telerobotics,
Volume 2 p 267-272 1 Jul. 1987
Avail: NTIS HC A18/MF A03 CSCL 09/2

Creation of an interactive display environment can expose
issues in system design and operation not apparent from
nongraphics development approaches. Large amounts of
information can be presented in a short period of time. Processes
can be simulated and observed before committing resources. In
addition, changes in the economics of computing have enabled
broader graphics usage beyond traditional engineering and design
into integrated telerobotics and Artificial. Intelligence (Al)
applications. The highly integrated nature of space operations often
tend to rely upon visually intensive man-machine communication
to ensure success. Graphics simulation activities at the Mission
Planning and Analysis Division (MPAD) of NASA’s Johnson Space
Center are focusing on the evaluation of a wide variety of graphical
analysis within the context of present and future space operations.
Several telerobotics and Al applications studies utilizing graphical
simulation are described. The presentation includes portions of
videotape illustrating technology developments involving: (1)
coordinated manned maneuvering unit and remote manipulator
system operations, (2) a helmet mounted display system, and (3)
an automated rendezous application utilizing expert system and
voice input/output technology. Author

N89-26583*# Mitre Corp., McLean, VA.
A SITUATED REASONING ARCHITECTURE FOR
SPACE-BASED REPAIR AND REPLACE TASKS
BEN BLOOM, DEBRA MCGRATH, and JIM SANBORN /n NASA.
Goddard Space Flight Center, The 1989 Goddard Conference on
Space Applications of Artificial Intelligence p 49-59  Apr. 1989
Avail: NTIS HC A17/MF A03 CSCL 09/2

Space-based robots need low level control for collision
detection and avoidance, short-term load management, fine-grained
motion, and other physical tasks. In addition, higher level control
is required to focus strategic decision making as missions are
assigned and carried out. Reasoning and control must be
responsive to ongoing changes in the environment. Research aimed
at bridging the gap between high level artificial intelligence (Al)
planning techniques and task-level robot programming for
telerobotic systems is described. Situated reasoning is incorporated
into Al and Robotics systems in order to coordinate a robot's
activity within its environment. An integrated system under
development in a component maintenance domain is described. It
is geared towards replacing worn and/or failed Orbital Replacement
Units (ORUs) designed for use aboard NASA’'s Space Station
Freedom based on the collection of components available at a
given time. High level control reasons in component space in
order to maximize the number operational component-cells over
time, while the task-level controls sensors and effectors, detects
collisions, and carries out pick and place tasks in physical space.
Situated reasoning is used throughout the system to cope with
component failures, imperfect information, and unexpected
events. Author

N89-26589*# Ford Aerospace and Communications Corp.,
Seabrook, MD. Space Systems Engineering Operation.

A HEURISTIC APPROACH TO INCREMENTAL AND REACTIVE
SCHEDULING

JIDE B. ODUBIYI and DAVID R. ZOCH /n NASA. Goddard
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Space Flight Center, The 1989 Goddard Conference on Space
Applications of Artificial Intelligence p 127-140  Apr. 1989
Avail: NTIS HC A17/MF A03 CSCL 05/1

An heuristic approach to incremental and reactive scheduling
is described. Incremental scheduling is the process of modifying
an existing schedule if the initial schedule does not meet its stated
initial goals. Reactive scheduling occurs in near real-time in
response to changes in available resources or the occurrence of
targets of opportunity. Only minor changes are made during both
incremental and reactive scheduling because a goal of
re-scheduling procedures is to minimally impact the schedule. The
described heuristic search techniques, which are employed by the
Request Oriented Scheduling Engine (ROSE), a prototype generic
scheduler, efficiently approximate the cost of reaching a goal from
a given state and effective mechanisms for controlling search.

Author

N89-26604*# Maryland Univ., College Park. Dept. of Computer
Science.
A CONNECTIONIST MODEL FOR DYNAMIC CONTROL
KEVIN C. WHITFIELD, SHARON M. GOODALL, and JAMES A.
REGGIA /n NASA. Goddard Space Flight Center, The 1989
Goddard Conference on Space Applications of Artificial Intelligence
p 357-370  Apr. 1989
(Contract NAG1-885; NSF IRI-84-51430)
Avail: NTIS HC A17/MF A03 CSCL 09/2

The application of a connectionist modeling method known as
competition-based spreading activation to a camera tracking task
is described. The potential is explored for automation of control
and planning applications using connectionist technology. The
emphasis is on applications suitable for use in the NASA Space
Station and in related space activities. The results are quite general
and could be applicable to control systems in general. Author

N89-26623*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
INTEGRATED STRUCTURE/CONTROL LAW DESIGN BY
MULTILEVEL OPTIMIZATION
MICHAEL G. GILBERT and DAVID K. SCHMIDT  Jun. 1989
12 p Presented at the AIAA Guidance, Navigation and Control
Conference, Boston, MA, 14-16 Aug. 1989
(NASA-TM-101623; NAS 1.15:101623) Avail: NTIS HC A03/MF
A01 CSCL 09/2

A new approach to integrated structure/control law design
based on multilevel optimization is presented. This new approach
is applicable to aircraft and spacecraft and allows for the
independent design of the structure and control law. Integration
of the designs is achieved through use of an upper level
coordination problem formulation within the multilevel optimization
framework. The method requires the use of structure and control
law design sensitivity information. A general multilevel structure/
control law design problem formulation is given, and the use
of Linear Quadratic Gaussian (LQG) control law design and
design sensitivity methods within the formulation is illustrated.
Results of three simple integrated structure/control law design
examples are presented. These results show the capability of
structure and control law design tradeoffs to improve controlled
system performance within the multilevel approach. Author

N89-27404# Virginia Polytechnic inst. and State Univ., Blacksburg.
Interdisciplinary Center for Applied Mathematics.
MODELING AND COMPUTATIONAL ALGORITHMS FOR
PARAMETER ESTIMATION AND OPTIMAL CONTROL OF
AEROELASTIC SYSTEMS AND LARGE FLEXIBLE
STRUCTURES Final Report, 30 Sep. 1985 - 30 Sep. 1988
JOHN A. BURNS and EUGENE M. CLIFF 15 Feb. 1989 14 p
(Contract AF-AFOSR-0287-85; AF PROJ. 2304)
(AD-A208274; AFOSR-89-0600TR) Avail: NTIS HC A03/MF A01
CSCL 20/4

The basic goal of this project is the study of computational
algorithms for control design of partial functional differential
equations that model structural and fluid dynamic systems. We
investigated several aspects of the development of computational

algorithms for identification and control of distributed parameter
systems. We also spent considerable effort on specific applications
involving elastic, aeroelastic and viscoelastic systems. Progress
was made on many of these problems. However, in this report
we shall concentrate on the major accomplishments. GRA

N89-29775*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
CSM PARALLEL STRUCTURAL METHODS RESEARCH
OLAF O. STORAASLI /n its NASA Workshop on Computational
Structural Mechanics 1987, Part 1 p 25-59 Feb. 1989
Avail: NTIS HC A17/MF A03 CSCL 20/11

Parallel structural methods, research team activities, advanced
architecture computers for parallel computational structural
mechanics (CSM) research, the FLEX/32 multicomputer, a parallel
structural analyses testbed, blade-stiffened aluminum panel with a
circular cutout and the dynamic characteristics of a 60 meter,
54-bay, 3-longeron deployable truss beam are among the topics
discussed. Author

N89-29799*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
NASA WORKSHOP ON COMPUTATIONAL STRUCTURAL
MECHANICS 1987, PART 3
NANCY P. SYKES, ed. (Analytical Services and Materials, Inc.,
Hampton, VA.) Feb. 1989 419 p Workshop held in Hampton,
VA, 18-20 Nov. 1987; sponsored by NASA, Langley Research
Center, Hampton, VA, and NASA, Lewis Research Center,
Cleveland, OH
(NASA-CP-10012-PT-3; NAS 1.55:10012-PT-3) Avail: NTIS HC
A18/MF A03 CSCL 20/11

Computational Structural Mechanics (CSM) topics are explored.
Algorithms and software for nonlinear structural dynamics,
concurrent algorithms for transient finite element analysis,
computational methods and software systems for dynamics and
control of large space structures, and the use of multi-grid for
structural analysis are discussed.

N89-29806*#  National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA,
LARC COMPUTATIONAL DYNAMICS OVERVIEW
J. M. HUSNER /n jits NASA Workshop on Computational Structural
Mechanics 1987, Part 3 p 1013-1041  Feb. 1989
Avail: NTIS HC A18/MF A03 CSCL 20/11

Present research centers on the development of advanced
computational methods for transient simulation analyses. Aircraft,
launch vehicles and space structure components are potential
applications, but primary focus is presently on large space
structures. There are both in-house and out-of-house activities.
The in-house activity centers around the development of a
multibody simulation tool for truss-like structures called LATDYN
for Large Angle Transient DYNamics. Multibody analysis invoives
articulation of structural components as well as robotic maneuvers.
These items are necessary for construction (erection or
deployment) of large space structures in orbit and the carrying
out of certain operations on board the space station. Thus, part
of the in-house activity involves the development of methods which
treat the changing mass, stiffness and constraints associated with
articulating systems. The out-of-house activity involves subcycling,
development of large deformation/motion beam formulation,
constraint stabilization and direct time integration transient
algorithms in parallel computing. Author

N89-29809*# Colorado Univ., Boulder. Coll. of Engineering and
Applied Science.

COMPUTATIONAL METHODS AND SOFTWARE SYSTEMS
FOR DYNAMICS AND CONTROL OF LARGE SPACE
STRUCTURES

K. C. PARK, C. A. FELIPPA, CHARBEL FARHAT, J. D. DOWNER,
J. G. CHIOU, and W. K. BELVIN /n NASA. Langley Research
Center, NASA Workshop on Computational Structural Mechanics
1987, Part 3 p 1105-1132 Feb. 1989

Avail: NTIS HC A18/MF A03 CSCL 20/11
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The deployment, assembly and mission-oriented maneuvering
of space structures in orbit will trigger large motions of flexible,
truss-type structures. |1 addition, the presence of on-board controls
both for attitude stebilization and specified vibration tolerance
requirements may further complicate the dynamic behavior of the
orbiting structures. Biacause of safety and cost considerations,
the dynamic respons2 of the combined structural and control
systems must be predicted reliably. This need can only be met
through the development of reliable and efficient simulation
capabilities, since there is general agreement that on-orbit
experiments should b2 limited because of cost, time and facility
constraints. The long-term objective of this research effort is to
develop a next-generation computer simulator for the dynamics
and control of large space structures. The simulator will be based
on integrating four research thrusts: a new multibody dynamics
formulation methodoiogy, modeling capabilities in long/slender
truss-beam components with realistic joints, efficient computational
procedures that can be implemented either in sequential or
concurrent computers, and prototype simulation modules that can
be easily processed inio a modern large-scale engineering software
system such as the NASA/Computational Structural Mechanics
(CSM) testbed. Author
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Includes analyses and descriptions of different Space Station
structural concepts, arrangements, testing, methods of construction
and/or manufacturing and specific rotary joints, structural nodes,
and columns.

AB9-34257
A NEW APPROXIMATION TO THE SYMBOL ERROR
PROBABILITY FOR CODED MODULATION SCHEMES WITH
MAXIMUM LIKELIHOOD SEQUENCE DETECTION
WILLIAM HARROLD (STC Technology, Ltd., Harlow, England)
|EEE Transactions on Communications (ISSN 0090-6778), vol. 37,
April 1989, p. 340-352. Research supported by Marconi Secure
Radio. refs
(Contract SERC-85305720)
Copyright

The power efficiency of coded modulation schemes in additive
white Gaussian noise depends on the signal-space distribution of
their most common error events. Symbol-error-probability
calculation allowing for the pairwise interaction of these error events
is discussed. Two optimality criteria are considered for detectors.
The first minimimzes the probability of symbol-error for each symbol
decision. This is called the symbol-to-symbol detector. The second
(which is superior) is the maximum-likelihood sequence detector
(MLSD). A lower bound for the symbol-to-symbol detector and an
approximation to the MLSD symbol-error probability are described.
The theoretical performance difference between these two
detectors is given. The results are more accurate than
minimum-squared Euclidean distance predictions, especially at low
and intermediate signal-to-noise ratios. The MLSD symbol-error
probability approximation is obtained for considerably less cost
than computer simulation and gives more insight into the
signal-space structure of the scheme being analyzed. Numerical
results are presented for a continuous phase modulation (CPM)
example. L.E.
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IDENTIFICATION OF LARGE SPACE STRUCTURES -
OVERVIEW

EUGENE DENMAN (Houston, University, TX), JER-NAN JUANG
(NASA, Langley Research Center, Hampton, VA), JOHN JUNKINS
(Texas A & M University, College Station)) MANOHAR KAMAT
(Georgia Institute of Technology, Atlanta), T. K. HASSELMAN et

al. Journal of Aerospace Engineering (ISSN 0893-1321), vol. 1,
April 1988, p. 88-104. Research supported by USAF. refs
Copyright

The system identification process presently discussed for the
case of large space structures uses the observed input to a system
and its observed response, or output, to derive an analytical model
of the system which can then be used to predict its response to
future inputs. Due to their size and complexity, as well as the
intrinsic difficulty of identifying the environment in which they
function, large space structures will require vast amounts of
information, encompassing both experimental and analytical data
for identification. A status evaluation is made of the structural
system identification literature to date. O.C.

AB89-34364
THERMAL EFFECTS ON VERY LARGE SPACE STRUCTURES
RAMESH B. MALLA (Connecticut, University, Storrs), WILLIAM A.
NASH, and THOMAS J. LARDNER (Massachusetts, University,
Amherst) Journal of Aerospace Engineering (ISSN 0893-1321),
vol. 1, July 1988, p. 171-190. refs
(Contract AF-AFOSR-83-0025)
Copyright

The present study of direct solar, earth-albedo, and direct earth
radiation-induced thermal effects on the orbital and attitude motions
and axial deformation of a very large, axially flexible space structure
as it figures a planar-pitch motion gives attention to the influences
of the area/mass ratio of the structure. Radiation thermal effects
are found to be significant in causing structural deformation and
in producing libration in the attitude angle of a large space structure,
although orbital parameter effects are negligible. While the effects
of the earth’s albedo are appreciable in LEO, they too are negligible
in GEO. The area/mass ratio is found to yield drastic changes in
large space structures’ thermal responses. O.C.
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ANIMATION TOOLS FOR EXTRATERRESTRIAL
CONSTRUCTION
WALTER E. RODRIGUEZ-RAMOS and BARNEY JONES (Georgia
Institute of Technology, Atlanta) Journal of Aerospace Engineering
(ISSN 0893-1321), vol. 1, Oct. 1988, p. 238-247. Research
sponsored by NSF. refs
Copyright

The presently proposed development of space construction-
simulating ‘animation tools’ for the evaluation of extraterres-
trial design and construction methods would integrate those en-
gineering operations in space in light of functional requirements
derived from an assessment of technology-development trends.
Computer animation offers a unified approach to the modeling of
the spatial dynamics that are crucial to the planning and control of
construction activities, as well as the evaluation of automation mod-
els. For remotely monitored processes, the timely provision of crit-
ical information in a readily understood format may greatly aid the
anticipation of interference or hazard conditions. O.C.

AB89-34372
SPACE STATION STRUCTURE MODAL SELECTION CRITERIA
ALAN K. CASERIO (McDonnell Douglas Astronautics Co.,
Huntington Beach, CA) and ROBIN SHEPHERD (California,
University, Irvine)  Journal of Aerospace Engineering (ISSN
0893-1321), vol. 2, Jan. 1989, p. 20-40. Research sponsored by
McDonnell Douglas Astronautics Co. refs
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Two of the many criteria that may be used to identify the
natural modes of such structural dynamic analysis problems as
large space structures and establish their order of increasing
importance are examined: (1) the establishment of a ‘'completeness
index' reflecting the model identities satisfied by the natural
frequencies and integrals of the mode shapes, and (2) the
determination of displacements at a point of excitation and a
response point. Both selection methods are implemented on a
simplified model of the Initial Operating Configuration Space Station;



comparative transient-response analyses are made, and it is shown
that mode selection is a function of more than one variable.
0.C.

A89-34939
THE EFFECT OF NON-UNIFORM INTERFACIAL PRESSURES
ON THE THERMAL CONDUCTANCE IN BOLTED AND
RIVETED JOINTS
C. V. MADHUSUDANA (New South Wales, University, Kensington,
Australia), G. P. PETERSON, and L. S. FLETCHER (Texas A & M
University, College Station) IN: Collected papers in heat transfer
1988; Proceedings of the ASME Winter Annual Meeting, Chicago,
IL, Nov. 27-Dec. 2, 1988. Volume 3. New York, American Society
of Mechanical Engineers, 1988, p. 57-67. Research supported by
Texas A & M University. refs
Copyright

A literature review is presented addressing the interfacial
pressure distribution and the size of the contact zone insofar as
they affect the thermal contact resistance in riveted joints. A survey
is also presented of the experimental work on heat transfer in
boited joints. The size of the actual contact zone is identified as
an important parameter affecting both the microscopic and the
macroscopic resistances. It is shown that the exact form of the
stress distribution within the contact zone is immaterial in the
total microscopic conductance computation if the available
theoretical results for local solid spot conductance are used. If
the experimental correlations are used, then the computed
conductances may differ about 5-10 percent depending on the
type of stress distribution chosen. It is also shown that, for a
given load, the total microscopic conductance may be increased
by increasing the loading radius and/or the plate thickness.

S.AV.

A89-35048*# National Aeronautics and Space Administration.
Langley Research Center, Hampton, VA.
PARAMETER IDENTIFICATION FOR VIBRATION CONTROL
OF SCOLE
D. W. SPARKS, JR., R. C. MONTGOMERY, R. C. ELDER, and D.
B. LENOX (NASA, Langley Research Center, Hampton, VA) IN:
Recent advances in control of nonlinear and distributed parameter
systems, robust control, and aerospace control applications;
Proceedings of the Symposium, ASME Winter Annual Mesting,
Chicago, IL, Nov. 27-Dec. 2, 1988. New York, American Society
of Mechanical Engineers, 1988, p. 203-208. refs
Copyright

A least-squares identification method has been used to derive
an empirical model of the vibrational dynamics of the Spacecraft
Control Laboratory Experiment, an apparatus for testing parameter
identification and control schemes for large flexible space
structures. Testing is performed by exciting the structure with torque
wheels. Linear least-squares analysis is employed to obtain the
parameters that best fit the output of an autoregressive model to
the data, and to determine the control effectiveness of the torque
wheels using the excitation portion of the test data. R.R.
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THERMAL POSTBUCKLING BEHAVIOUR OF THIN SIMPLY
SUPPORTED CIRCULAR AND SQUARE PLATES ON ELASTIC
FOUNDATION

K. KANAKA RAJU and G. VENKATESWARA RAO (ISRO, Vikram
Sarabhai Space Centre, Trivandrum, India) Aeronautical Society
of India, Journal (ISSN 0001-9267), vol. 40, Aug. 1988, p.
211-213.

The thermal postbuckling behavior of thin circular and square
plates with simply supported edges was investigated using a
Rayleigh-Ritz method; this formulation considers the effect of elastic
foundation on the postbuckling behavior of plates. Closed form
solutions are presented for the linear critical thermal load parameter
and for the nonlinear thermal load parameter in the postbuckling
region. Numerical results are given for the thermal load parameter
for various central deflections of the plates and for various
foundation moduli. It is shown that the effect of elastic foundation
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is to increase the critical thermal load parameter and to decrease
the effect of nonlinearity in the postbuckling region. LS.

A89-35285
SATURATED MODAL COST ANALYSIS APPLIED TO THE
CONTROL OF A FLEXIBLE STRUCTURE
R. P. G. HEATH and B. A. WHITE (Royal Military College of
Science, Cranfield, England) IN: International Conference on
Control 88, Oxford, England, Apr. 13-15, 1988, Proceedings.
London, Institution of Electrical Engineers, 1988, p. 559-563.
refs
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Saturated Modal Cost Analysis (SMCA) is introduced for the
first time. It is shown that, when a relay-type actuator possessing
a brick-wall type low-pass filter action is implemented, that MCA
number crunching can be significantly reduced for large flexible
space structures. As the torque capabilities of gas jets are generally
higher than those of reaction wheels, the latter play a negligible
part in the SMCA model reduction costing technique and may
thus be neglected, reducing the number crunching still further.

C.D.
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ROBUST STABILIZATION OF A FLEXIBLE SPACE PLATFORM
- AN H(INFINITY) COPRIME FACTOR APPROACH
D. MCFARLANE, K. GLOVER (Cambridge University, England),
and M. NOTON (British Aerospace, PLC, London, England) IN:
International Conference on Control 88, Oxford, England, Apr.
13-15, 1988, Proceedings. London, Institution of Electrical
Engineers, 1988, p. 677-682. refs
Copyright

A new feedback design methodology based on the normalized
left coprime factorization robust stabilization using Hinfinity)
technique