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PREFACE

The 1990 IECEC continues many trends of the recent past. The
Conference is becoming increasingly international in scope and this
trend is reflected in our appointing Overseas Coordinators for the
second year and in the many overseas papers contained in this year’s
Proceedings. A new organizational level, that of Topical Coordinator for -
major topical areas, was formally designated. With their help, we
involved a larger number of Topical Organizers than in the past and,
thus, maintained a high level of organizing effort by experts in many
separate technical areas. We believe the result has been a more
interesting conference with better attendance.

There has been a greater use of computer programming in
planning the Conference than in the past. For the second year,
Business Assistants of Gaithersburg, Maryland, has carried out this
effort. Their very cooperative efforts have made possible close
communications between the Organizers and the technical committee
in expediting the preparation of abstracts and papers. A data base was
prepared beginning with the receipt of the first abstracts and this data
base was used in the publishing of the Preliminary and Final Programs
and the table of contents and the Indexes of the Proceedings. An
overview of the table of contents is given on the copyright page of each
volume. Also, each volume contains its own detailed table of contents.

The Indexes were prepared by a new method this year. The
data base developed in tracking the paper was employed in organizing
the index. The index headings under which the papers are listed were
revised from the set used in previous years. Also, the references for
both the subject and author indexes are more complete than in the
past, providing the year, the volume number, and the page number on
which the article begins. Unfortunately, with these changes it was
possible to include references only for papers presented in 1989 and
1990. In the future, it is expected that the IECEC Proceedings will
again include references for four years, as in the past.

Editors:
Paul A. Nelson

William W. Schertz
Russell H. Till



CONTENTS

NOTE: Please check Post-deadline Section in Volume 6 for any missing papers.

AEROSPACE POWER SYSTEMS

SPACE POWER REQUIREMENTS AND ISSUES—SESSION 1.1

Space Power Systems Requirements and Issues: The Next Decade
L. D. Massie, Wright Research and Development Ctr., Wright Patterson AFB, OH
W. U. Borger, Department of the Air Force, Wright Patterson AFB, OH

Five Years of SDIO Power Development Progress
R. Verga, D. Buden, Department of Defense, Washington, DC
M. Nikolich, W. J. Schaefer Associates, Arlington, VA

NASA'’s Future Space Power Needs and Requirements
A. D. Schnyer, National Aeronautics and Space Administration, Washington, DC
R. J. Sovie, NASA, Lewis Research Center, Cleveland, OH

Power System Requirements and Definition for Lunar and Mars Outposts
D. Petri, NASA, Houston, TX
R. Cataldo, J. M. Bozek, NASA, Lewis Research Center, Cleveland, OH

SPACE POWER SYSTEMS 1-—SESSION 2.1

Microwave Beam Powered Mars Airplane
K. A. Faymon, NASA, Lewis Research Center, Cleveland, OH

A Comparison of Energy Conversion Systems for Meeting the Power
Requirements of Manned Rover for Mars Missions

M. S. El-Genk, N. Morley, University of New Mexico, Albuquerque, NM
R. Cataldo, H. Bloomfield, NASA, Lewis Research Center, Cleveland, OH

Frogrammatic Status of NASA’s CSTI High Capacity Power Stirling Space Power
Converter Program
JLE Dudenhoefer, NASA, Lewis Research Center, Cleveland, OH

The Small Explorer Power System

G. Dakermanji, U. Carlsson, Fairchild Space Company, Germantown, MD
H. Culver, E. G. Rodriguez, A. Ahmad, J. Jagielski

NASA, Goddard Space Flight Center, Greenbelt, MD

13

18

‘34

40

47



SPACE POWER SYSTEMS 2—SESSION 2.2

Engineering and Operational Characteristics of the Extended Duration Orbiter
N. M. Faget, P. J. Cerna, D. R. Saucier, NASA, Johnson Space Ctr., Houston, TX

Lunar System to Supply Solar Electric Power to Earth
D. R. Criswell, University of California, San Diego, CA
R. D. Waldron, Rockwell International, Downey, CA

Hubble Space Telescope Electrical Power System
T. H. Whitt, J. R. Bush, Jr., NASA, Marshall Space Flight Center, Huntsville, AL

SPACE NUCLEAR POWER REACTORS—SESSION 4.1

Future NASA Mission Applications of Space Nuclear Power
G. L. Bennett, J. Mankins, D. G. McConnell, G. M. Reck
National Aeronautics and Space Administration Headquarters, Washington, DC

Nuclear Technology and the Space Exploration Missions
H. W. Brandhorst, R. J. Sovie, NASA, Lewis Research Center, Cleveland, OH

Nuclear Power Technology Requirements for NASA Exploration Missions
H. S. Bloomfield, NASA, Lewis Research Center, Cleveland, OH

Space Nuclear Reactor Integration Study
D. F. Nichols, Weapons Laboratory, Albuquerque, NM

A Summary Overview of Recent Advances in Space Nuclear Power Systems
Technology

M. S. El-Genk, University of New Mexico, Albuquerque, NM

M. D. Hoover

Lovelace Biomedical and Environmental Research Institute, Albuquerque, NM

SPACE NUCLEAR REACTOR TECHNOLOGY I—SESSION 4.2

Design and Performance Characteristics for Low Power Space Nuclear Systems
N. F. Shepard, Jr., H. Choe, A. S. Kirpich, J. D. Stephen, S. L. Stewart
General Electric Company, Philadelphia, PA

Small Space Nuclear Reactors, Closed Brayton Cycle and Effective Moderators
Z. P. Tilliette, Commissariat a L’Energie Atomique, Cedex, France
F. O. Carre, C.E.N. Saclay, France

A Potassium Rankine Multimegawatt Nuclear Electric Propulsion Concept
J. D. Mills, R. Rovang, E. Baumeister, Rockwell International, Canoga Park, CA
J. Sercel, R. Frisbee, Jet Propulsion Laboratory, Pasadena, CA

Nuclear Reactor Closed Brayton Cycle Power Conversion System Optimization
Trends for Extra-terrestrial Applications

T. L. Ashe, W. G. Baggenstoss, R. Bons

Allied-Signal Aerospace Corporation, Tempe, AZ

55

61

72

77

94

100

109

115

121

125



Star-C Space Nuclear Power Application Studies N
H. J. Snyder Jr., Energy Systems International, Rancho Santa Fe, CA
T. Sgammato, General Atomics, San Diego, CA

SPACE NUCLEAR REACTOR TECHNOLOGY II—SESSION 4.3

An Assessment of Thermoelectric Conversion for the ERATO-20kWe Space Power
System

J. Tournier, M. S. El-Genk, University of New Mexico, Albuquerque, NM

F. Carré, CEA/CEN-Saclay, France

Use of Identification and Technical Diagnostic Methods for the Study of Space
Nuclear Power Systems (NPS)

A. V. Zruirikey, V. Ja. Pupko, V. L. Semenisty

Institute of Physics and Power Engineering, Obinsk, USSR

Static and Dynamic Neutronics Analysis of A Bimodal Gaseous Core Reactor

System for Space Power
M. M. Panicker, E. T. Dugan, University of Florida, Gainesville, FL

Neutronic Analysis of the Uranium Tetra-Fluoride, Ultrahigh Temperature Vapor
Core Reactor System
E. T. Dugan, S. D. Kahook, University of Florida, Gainesville, FL

Safety Status of Space Radioisotope and Reactor Power Sources
G. L. Bennett, National Aeronautics & Space Admin. Headquarters, Washington, DC

Graphic System Code Analysis of the Ulirahigh Temperature Vapor Core
Reactor-MHD Nuclear Space Power System

I. Maya, A. V. Gomez, E. T. Dugan, G. E. Welch, N. J. Diaz

University of Florida, Gainesville, FL

SP-100 REACTOR TECHNOLOGY—SESSION 4.4
SP-100 Generic Flight System Design and Development Progress

A. T. Josloff, D. N. Matteo, H. S. Bailey, General Electric Co., Philadelphia, PA

SP-100 Reactor/Turbine Energy Conversion Systems (TECS)
W. D. Otting, M. Marko, R. B. Harty, Rockwell International, Canoga Park, CA

Development of the SP-100 Control and Safety Rod Drive Systems
G. Brynsvold, A. Dalcher, T. Gleason, General Electric Company, San Jose, CA

SP-100 Converter Multicouple Thermoelectric Cell
R. A. Kull, W. Terrill, General Electric Company, Philadelphia, PA

Neutron Sensors in the SP-100 Reactor Control System
F. Halfen, S. Rhow, J. Savanyo, J. Shelamer, General Electric Co., San Jose, CA

Space Nuclear Reactor Safety
D. Damon, M. Temme, N. Brown, General Electric Company, San Jose, CA

Xi

133

141

147

150

156

162

168

173

181

186

192

198

204



ISOTOPIC FUELED POWER SYSTEMS I—SESSION 4.5

Low Power DIPS for Interplanetary Missions
W. R. Determan, D. Chung, A. Stadnik, R. A. Johnson
Rockwell International, Canoga Park, CA

Compact, Long-Lived Dynamic Isotope Power Systém_s for the Exploration of
Space c ’

R. A. Johnson, A. G. Stadnik, Rockwell International, Canoga Park, CA

R. Williams, Department of Energy, Germantown, MD

Radioisotope Thermionic Converters for Space Application
G. Miskolczy, D. P. Lieb, Thermo Electron Technologies, Waltham, MA

Coupled Thermal and Electrical Analysis of Obstructed RTGs

A. Schock, H. Noravian, C. T. Or, Fairchild Space Company, Germantown, MD

Modular RTG Technology Status
R. F. Hartman, General Electric Company, Philadelphia, PA

ISOTOPIC FUELED POWER SYSTEMS II—SESSION 4.6

Comparative Characteristics of Small-Size Milliwatt-Power RTG Made on
Radionuclides of 238 Pu and 241 Am

A. A. Pustovalov, All Soviet Union Scientific Research, Moscow, USSR

V. P. Shapovalov, A. V. Bovin, V. P. Terentjev, VNIIRT, Moscow, USSR

SPACE POWER AUTOMATION—SESSION 5.1

Fault Analysis of Multichannel Spacecraft Power Systems
N. R. Dugal-Whitehead, L. Lollar, NASA, Marshall Space Flight Center, AL

Battery Test Expert Systems
Y. B. Johnson, National Aeronautics and Space Administration, Huntsville, AL

Design of an Expert System for Diagnosis of a Space Borne Battery Based
Electric Power System
A. Bykat, University of Tennessee, Chattanooga, TN

Triplex Synchronized Controller for Spacecraft Power Subsystems
D. Gudea, P. Hackamack, TRW, Redondo Beach, CA

SPACE POWER AUTOMATION II: SPACE STATION A—SESSION 5.2

Managing Autonomy Levels in the SSM/PMAD Testbed
B. R. Ashworth, Martin Marietta Astronautics Group, Denver, CO

Automated Electric Power Management and Control for Space Station Freedom
J. L. Dolce, J. A. Kish, P. A. Mellor, NASA, Lewis Research Ctr., Cleveland, OH

Implementation of a Virtual Link Between Power System Testbeds at Marshall

Space Flight Center and Lewis Research Center
R. Doreswamy, NASA, Marshall Space Flight Center, AL

4

Xii

210

216

222

227

235

239

243

249

252

257

263

269

275



Autonomous Power Expert System
M. J. Ringer, T. M. Quinn, Sverdrup Technology Inc., Cleveland, OH

SPACE POWER AUTOMATION III: SPACE STATION B—SESSION 5.3

Diagnosing Multiple Faults in SSM/PMAD :
J. Riedesel, Martin Marietta Astronautics Group, Denver, CO

Hybrid Systems for Autonomous Space Power Control
D. F. Janik, E. W. Gholdston, K. A. Newton, D. A. Seagal
Rockwell International, Canoga Park, CA

Automating Security Monitoring and Analysis for Space Station Freedom’s
Electric Power System

J. L. Dolce, NASA, Lewis Research Center, Cleveland, OH

D. J. Sobajic, Y. Pao, Case Western Reserve University, Cleveland, OH

Electric Power Scheduling - A Distributed Problem-Solving Approach
P. Mellor, J. L. Dolce, NASA, Lewis Research Center, Cleveland, OH
J. Krupp, Decision Science Applications, Inc.

SPACE POWER AUTOMATION IV: TERRESTRIAL APPLICATIONS—SESSION 54

Distribution System Short Circuit Analysis
W. H. Kersting, New Mexico State University, Las Cruces, NM
W. H. Phillips, W. H. Power Consultants, Las Cruces, NM

Distribution Automation Analysis and Economic Evaluation Software System
J. C. Thompson, R. P. Broadwater _
Virginia Polytechnic Institute and State University, Blacksburg, VA

Harmonic Analysis of Nonlinear Devices on Spacecraft Power Systems
F. Williamson, G. B. Sheble, Auburn University, AL

Stability Analysis of Spacecraft Power Systems
S. M. Halpin, L. L. Grigsby, G. B. Sheble, R. M. Nelms, Auburn University, AL

An Adaptive Fault Diagnosis Algorithm for Power Distribution Systems
K. McCall, K. Watson, Texas A&M University, College Station, TX

SPACE POWER AUTOMATION V—SESSION 5.5

Control Architecture for Fault Diagnosis and Recovery in a Power Management
and Distribution System of a Hypersonic Vehicle

J. R. Agre, S. Chand, R. Doyle

Rockwell International Science Center Thousand Oaks, CA

I. Chen, Rockwell International, Downey, CA

Systems Approach to the Satellite Operations Problem
T. P. Gathmann, L. Raslavicius, Rockwell International, Seal Beach, CA

Xiii

278

291

296

304

310

316

322

325

331

337

343



A New Environment for Multiple Spacecraft Power Subsystem Mission

Operations
K. A. Bahrami, California Institute of Technology, Pasadena, CA

Knowledge-Based Qualitative Modelling and Adaptive Distribution of Power
S. Chiu, S. Chand, Rockwell International Science Center, Thousand Oaks, CA
I. Chen, Rockwell International, Downey, CA

POWER SYSTEM HARDWARE AND DESIGN SELECTION—SESSION 6.1

Use of Nonlinear Design Optimization Techniques in the Comparison of Battery
Discharger Topologies for the Space Platform

D. M. Sable, B. H. Cho, F. C. Lee

Virginia Polytechnic Institute and State University, Blacksburg, VA

Analysis of Spacecraft Battery Charger
S. J. Kim, B. H. Cho
Virginia Polytechnic Institute and State University, Blacksburg, VA

Design Considerations for a Solar Array Switching Unit
A. R. Patil, B. H. Cho, F. C. Lee
Virginia Polytechnic Institute and State University, Blacksburg, VA

Light Weight, High Power, High Voltage DC/DC Converter Technologies
R. Kraus, W. J. Schafer Associates, Arlington, VA
I. Myers, E. Baumann, NASA, Lewis Research Center, Cleveland, OH

POWER COMPONENTS—SESSION 6.2

Simulation of Capacitor Charging Power Supplies
S. R. Newton, R. M. Nelms, Auburn University, AL

Field Oriented Control of Induction Motors
L. M. Burrows, M. Roth, NASA, Lewis Research Center, Cleveland, OH
D. Zinger, University of Akron, Akron, OH

High Frequency, High Temperature Specific Core Loss and Dynamic B-H
Hysteresis Loop Characteristics of Soft Magnetic Alloys

W. Wieserman, University of Pittsburgh, Johnstown, PA

G. Schwarze, NASA, Lewis Research Center, Cleveland, OH

* J. M. Niedra, Sverdrup Technology, Inc., Cleveland, OH

Space Station Freedom Power Supply Commonality via Modular Design
S. Krauthamer, M. D. Gangal, California Institute of Technology, Pasadena, CA
R. Das, California State University, Long Beach, CA j

PULSE POWER—SESSION 7.1
Ultra-High-Power Plasma Switch INPIS for Pulse Power Systems

J. H. Lee, NASA, Langley Research Center, Hampton, VA
E. H. Choi, D. D. Venable, K. S. Han, Hampton University, Hampton, VA

Xiv

348

353

358

365

373

380

386

391

397

412



Advances in High Voltage Power Switching with GTOs

T. F. Podlesak
US Army Electronic Technology and Devices Laboratory, Fort Monmouth, NJ

J. L. Carter, Consultant, Belmar, NJ
J. A. McMurray, Vitronics, Eatontown, NJ

Electrical Characterization of the Mapham Inverter Using Pulse Testing

Techniques
E. D. Baumann, 1. T. Myers, Lewis Research Center, Cleveland, OH
A. N. Hammoud, Sverdrup Technology, Inc., Cleveland, OH

POWER MANAGEMENT AND DISTRIBUTION—SESSION 8.1

Power Distribution Study for 10-100 kW Baseload Space Power Systems
P. M. Anderson, Martin Marietta Astronautics Group, Denver, CO
R. Thibodeaux, Wright Research & Development Ctr., Wright Patterson AFB, OH

Unconventional Systems for Lunar Base Power Generation and Storage
R. D. Waldron, Rockwell International, Downey, CA

Power Distribution on the Moon
J. S. Goldmeer, Worcester Polytechnic Institute, Worcester, MA

Galileo Spacecraft Power Management and Distribution System
R. C. Detwiler, R. L. Smith, California Institute of Technology, Pasadena, CA

Power System Design for a Small Inexpensive Satellite

A. A. Salim, G. Dakermanji, Fairchild Space Company, Germantown, MD
'~ POWER MANAGEMENT AND DISTRIBUTION: II—SESSION 8.2
State Estimation for Spacecraft Power Systems

S. H. Williamson, G. B. Sheble, Auburn University, AL

Power System State Estimation for a Spacecraft Power System
F. C. Berry, N. L. Benitez, M. D. Cox, Louisiana Tech University, Ruston, LA

Development of an Automated Electrical Power Subsystem Testbed for Large
Spacecraft
D. Hall, L. F. Lollar, NASA, Marshall Space Flight Center, Huntsville, AL

Steady-state and Dynamic Characteristics of a 20-kHz Spacecraft Power System:

Control of Harmonic Resonance

O. Wasynczuk, P. C. Krause, Purdue University, West Lafayette, IN
J. Biess, TRW Space and Technology Group, Redondo Beuch, CA
R. Kapustka, NASA, Marshall Space Flight Center, Huntsville, AL

Digital Methods for the Detection of Incipient Fault Conditions in Spaceborne

Power
B. D. Russell, K. Watson, B. S. Li, Texas A&M University, College Station, TX

An Analysis of Space Power System Masses
B. H. Kenny, Sverdrup Technology, Inc., Brookpark, OH
R. C. Cull, M. D. Kankam, NASA, Lewis Research Center, Cleveland, OH

XV

418

423

428

434

438

452

458

461

467

47

477



POWER MANAGEMENT AND DISTRIBUTION: ITII—SESSION 83

Transmission Line Design for the Lunar Environment
K. L. Gaustad, L. B. Gordon, Aubum University, AL

Functional Requirements for an Intelligent RPC
M. Aucoin, R. P. Heller, MICON Engineering, College Station, TX

A Fiber-Optic Current Sensor for Aerospace Applications

R. L. Patterson, NASA, Lewis Research Center, Cleveland, OH
A. H. Rose, D. Tang, G. W. Day

National Institute of Standards and Technology, Boulder, CO

Advanced Aircraft Secondary Power System Design
E. J. Woods, LS. Mehdi, The Boeing Company, Seattle, WA
C. S. Rubertus, Wright Research and Development Center, OH

SPACE ENERGY CONVERSION: SOLAR DYNAMIC—SESSION 9.1

High Efficiency Solar Dynamic Space Power Generation System
A. Massardo, Universita'di Genova, Genoa, Italy

Radiant Thermal Performance Enhancement of the Base Case Receiver for
Advanced Solar Dynamic Applications
R. A. Crane, Y. M. Tsai, W. Kwok, University of South Florida, Tampa, FL

Experimental and Theoretical Analysis of Heat of Fusion Storage for Solar

Dynamic Space Power Systems
S. Weingartner, J. Blumenberg, Technical University of Munich, Munich, Germany

Optimized Cassegrainian Collector-System for Solar Dynamic Space Power
Generation ,
W. Zormer, G. Stolz, J. Blumenberg, Technical University of Munich, Germany

- Carbon-Fluoride Composite for Advanced Solar Dynamic Receiver
Y. Abe, Y. Takahashi, K. Kanari, K. Tanaka, A. Negishi, M. Kamimoto
Electrotechnical Laboratory, Tsukuba, Japan

SPACE ENERGY CONVERSION: STATIC AND DYNAMIC—SESSION 9.2

Integration of a High Power Density Fuel Cell for Hypersonic Vehicle Application
I. M. Chen, R. A. Moses, Rockwell International, Downey, CA
H. J. DeRonck, International Fuel Cells, South Windsor, CT

Kilowatt-Range Optical System for Driving the Solar Stirling Engine
K. Shishido, S. Kikuchi, Tohoku Gakuin University, Tagajo, Japan

Y. Shibata, Tohoku Gakuin University, Sendai, Japan

N. Isshiki, H. Watanabe, Nihon University, Koriyama, Japan

K. Watanabe, Tohoku Electric Power Co., Ltd., Sendai, Japan

Applications of Solar Reams for Materials Science and Processing in Space
J. R. Pitts, T. Wendelin, J. T. Stanley, Solar Energy Research Inst. Golden, CO

490
496

500

505

511

518
524
530

536

541

547

553



SPACE SOLAR ARRAY TECHNOLOGY—SESSION 10.1

Effects of Off-Axis Radiation on Reflective Concentrating Systems for Space

Power
J. S. Campbell, S. D. Cassel, Harris Corporation, Melbourne, FL

In-Orbit Performance of Hughes HS 376 Solar Arrays—Update
S. W. Gelb, L. J. Goldhammer, Hughes Aircraft Company, Los Angeles, CA

Latest Developments in the Advanced Photovoltaic Solar Array Program
P. Siella, Jet Propulsion Laboratory, Pasadena, CA
R. M. Kurland, TRW Space and Technology Group, Redondo Beach, CA

Rapid Thermal Cycling of New Technology Solar Array Blanket Coupons
D. A. Scheiman, Sverdrup Technology, Inc., Brookpark, OH

B. K. Smith, NASA, Lewis Research Center, Cleveland, OH

R. M. Kurland, H. Mesch, TRW Space and Technology Group, Redondo, CA

ADVANCED SPACE SOLAR CELLS—SESSION 10.2

Monolithic and Mechanical Multijunction Space Solar Cells
R. K. Jain, D. J. Flood, NASA, Lewis Research Center, Cleveland, OH

AlGaAs Top Solar Cell for Mechanical Attachment in a Multi-Junction Tandem

Concentrator Solar Cell Stack

L. C. DiNetta, M. H. Hannon, J. R. Cummings, J. B. McNeely
AstroPower, Inc., Newark, DE

A. M. Barnett, University of Delaware, Newark, DE

New Directions in InP Solar Cell Research
I. Weinberg, C. K. Swartz, D. J. Brinker
NASA, Lewis Research Center, Cleveland, OH

Compohent and Prototypd Panel Testing of the Mini-Dome Fresnel Lens

Photovoltaic Concentrator Array
M. Piszczor, Jr., C. K. Swartz, NASA, Lewis Research Center, Cleveland, OH
M. J. O'Neill, ENTECH, Inc., Dallas-Fort Worth Airport, TX

558

569

575

581

587

593

598



SPACE SYSTEMS REQUIREMENTS AND ISSUES: THE
NEXT DECADE

William U. Borger and Lowell D. Massie

Aerospace Power Division
Aero Propuision and Power Laboratory
Wright Research and Development Center
Wright-Patterson AFB OH 45433-6563

ABSTRACT

This paper describes some of the more important space power
technology issucs, requirements and challenges as we enter the decade of
the 1990’s and provides an assessment of the impact of new component
technology on the overall performance of space power systems. The
peper emphasizes advanced component, subsystem and system
technologies which will "make a difference” for the future in terms of the
performance, reliability and survivability of next gencration bascload and
burst mode spacc power systems. The paper primarily eddresses
technoiogy disciplincs related to power sources (solar/nuciear and
chemical), power conversion, energy storage, power
conditioning/distribution: and control and weste heat acquisition, transport
and rejection. For some of these technology disciplines, performance
trends are developed which can be used as the besis for projecting future,
advanced power system performance. Performance capabilities for
scveral different types of space power systems for both bascload and
burst mode applications are postulated based on evolving technology and
point designs which incorporate projections of advanced component
capabilities.

SPACE POWER REQUIREMENTS

Civil and military space missions during the next decade will require
reliable sources of clectrical power. Figure | shows the projected trends
in spacc power requirements for both baseload (station keeping power)
and for burst mode "special application” losds. Basclosd requirements
must be met with long life power systems which can supply the station
keeping power demands of satellites for poriods ranging from 5 years in
low earth orbit to 15 years in geosynchronous orbit. For the majority of
future missions, typical baseload power requirements will fall in the
range from 5-100 kilowatts. Burst mode power requirements may be
met by short duration power systems which only have to operate for a
few thousand seconds to meet the energy demend of "special application”
loads. These "special application” load power requirements range from
tens to hundreds of megawaits.

POWER SOURCE OPTIONS

As shown in Figure 2, the power source options are Solar (Photovoltaic
Arrays and Solar Dynamic), Nuclear Reactor (Static and Dynamic),
Chemical (Turbogencrator), Electrochemical (Batteries and Fuel Cells)
and Radioisotope (Static and Dynamic). Only solar, nuclear and
radioisotope source options are viable candidates for long duration (5-15
year) space missions. Figure 3 shows a range of mission orbits and
pertinent orbital parameters which must be known for sizing the solar
array and cnergy storage clements of solar array/battery power systems.
Of course, the other important considerations are the natural radiation
environment which will be encountered during the mission lifetime and
any overdesign for system penalties induced by compensation relsted to
a military threat environment. Figure 4 shows the state-of-the-art (SOTA)

and projected performance of baseload (long duration) power systems.
Chemical tu tion and Electrochemical energy sources (high
power density fucl cells and batterics) can provide very high levels of
power on demand but can only be used as ower sources for very short
durstion missions due to their weight. The useful operating time of these
sources for short duration missions deponds on total energy requirements
the product of power and time which may range from 3.0B03 to 1.6B09

kilojoules.
SNAPSHOT OF CURRENT PROGRAM

The cumrent Alv Force space power program includes rescarch and
development efforts covering a wide range of advenced space power
system components, subsystems and systems. Much of the ongoing
work is directed toward innovative solutions which push the
state-of-the-art in virtuslly every technology discipline. The work
addresses both baseload and burst mode power. At the forefromt of the
program are efforts to (a) develop large area (6 cm x 6 cm), 20 percent
cfficient gallium amscnide on germanium solar cells and demonstrate
their produceability (b) muliiple bandgep cells at 30 percent efficiency
(c) sodium-sulfur bateries which can deliver 100 watt hours/kilogram in
the near term (CY 1933) and 200 weait hours per kilogram in the far term
(CY2000) (d) a factor of two or mose reduction (from 10-15 kilograms
per kilowatt to 3-3 kilogrems per kilowait) in power conditioning
distribution and control weight for bascload power (¢) forty pescent
reduction in the weight of survivable radistors from 10 kilograms/sqrare
meter to 6 kilogramsfsquare meter (f) hyperconducting (hydrogea
cooled) sitemetors that weigh cnly 03 kilograms/kilowatt and (f)
advanced diclectrics, capacitors and semiconductor. power switches that
enable .05-.08 kilogram/kilowatt high power invertérs.

PHOTOVCLTAIC TECHNOLOGY

Figures 3, 6 and 7 illusirate three advanced solar array/battery power

. system concepts in current development under the Survivable Power

Subsystem Demonstration (SUPER) program. The SUPER program is a
phased advanced development program which begin in
August/September of 1988 and will culminate in the space flight
qualification and orbital flight test of an advanced solar power system
for Strategic Defense Initiative and Air Force spplications by 1994.

In the meantime efforts are in progress on advanced gallium arsenide
on germanium solar cells, multipic bandgap soler cells and sodivm-sulfur
batteries that will offer significant improvements in system specific
power (watts/kilogram). Thepe projected improvements, which are
based solely on advanced component technologics, are jliustrated in
Figure 8. ’

ENERGY STORAGE TECHNOLOGY

Typically, the heaviest component of a solar lmylbatm'y power
syatem is the encrgy storage element needed for cclipse operation;



