IECEC-97

PROCEEDINGS OF
THE THIRTY SECOND

INTERSOCIETY
ENERGY CONVERSION
ENGINEERING CONFERENCE

VOLUME 1

Aerospace Power Systems
and Technologies

July 27 - August 1, 1997
Honolulu, Hawaii

American Institute of Chemicai Engineers
345 East 47th Street, New York, NY 10017




IECEC-97

PROCEEDINGS OF
THE THIRTY-SECOND

INTERSOCIETY
ENERGY CONVERSION
ENGINEERING CONFERENCE

LR

Aerdspace Powe Syg E
and Technologies

Nuly 27 - August 1, 1997
‘ Honolulu, Hawaii

American Institute of Chemical Engineers
345 East 47th Street, New York, NY 10017




1.0

2.0

3.0

4.0

5.0

33rd Intersociety Energy Conversion Engineering Conference
Topical Areas

Aerospace Power

1.1 Aircraft Power Systems

1.2 Space Solar Power Systems

1.3 Radioisotope Power Systems

1.4 Space Nuclear Power Sysiems

1.5 Environmental Effects

1.6 Space Power Requirements & Issues

1.7 Space Station Power

1.8 Terrestrial Applications of Aerospace Power

Aerospace Power Technologies
2.1 Batteries for Aerospace Power
2.2 Solar Thermal Propulsion

2.3 Electric Propulsion

2.4 Fuel Cells for Aerospace

2.5 High Voltage Systems

2.6 Innovative Concepts

2.7 Power Electronics

2.8 Power Management/Distribution
2.9 Static & Dynamic Space Power Conversion
2.10 Wireless Energy Transfer

Conversion Technologies
3.1 Advanced Cycles

3.2 Stirling Engines

3.3 Co-Generation

3.4 Heat Engines

3.5 Heat Pumps

3.6 Innovative Concepts
3.7 Magnetohydrodynamics
3.8 Thermionics

3.9 Thermoelectrics

3.10 AMTEC

3.11 Application of Super Conductivity

Electrochemical Technologies

4.1 Batteries for Terrestrial Applications
4.2 Innovative Concepts

4.3 Terrestrial Fuel Cell Systems

4.4 Terrestrial Fuel Cell Technology

Environmental Impact

5.1 Alternative Fuel Vehicles

5.2 Clean Energy Options

5.3 Electric Vehicles

5.4 Energy & the Environment

5.5 Global Climate Change

5.6 1SO 14000

5.7 Life Cycle Assessment

5.8 Mercury & the Environment

5.9 Remote Satellite Sensing for Global
5.10 Environmental Data

5.11 Sustainable Energy Development
5.12 Nuclear Waste Management

6.0 Energy Systems

6.1 Alternative Fuels/Biomass

6.2 Nuclear Power Systems

6.3 Electric Power Systems

6.4 Advanced Nuclear Systems

6.5 Fossil Fuels

6.6 Marine & Terrestrial Energy
Systems

6.7 Magnetic, Mechanical & Thermal
Storage

6.8 Simulation & Modeling

7.0 Policy Impact on Energy

7.1 Domestic/International Energy
Policy

7.2 Deregulation of Electric Utilities
7.3 Energy for Developing Countries
7.4 Energy Modeling & Forecasting
7.5 Environmental Problem Strategies
7.6 Regulatory & Policy Issues
7.7 Utility Planning

8.0 Renewable Energy Sources
8.1 Photovoltaics
8.2 Solar Thermal Energy
8.3 Wind Systems
8.4 Energy from Waste & Biomass
8.5 Geothermal
8.6 Heating & Cooling
8.7 Hydrogen Energy Systems

9.0 Thermal Management

9.1 Cooling of High Speed Rotating
Machines

9.2 Cryogenic Heat Transfer

9.3 Electronic Components & Power
Systems

9.4 Heat Pipes

9.5 Environmental Control Systems

9.6 Numerical Analysis & Code
Verification

9.7 Space Thermal Control

9.8 Mass Two-Phase Heat/Mass
Transfer



Aerospace Power Systems
and Technologies:

Conversion Technologies:
Environmental Impact:
Energy Systems:
Electrochemical Technologies:
Policy Impacts:

Renewable Energy Sources:

1996—1997 Steering Committee Members

American Institute of Chemical Engineers
E. J. Cairns, Lawrence Berkeley National Laboratory
F. R. McLarnon, Lawrence Berkeley National Laboratory

American Nuclear Society
S. Anghaie, University of Florida
David Black

Society of Automotive Engineers
J. Beam, Wright Laboratory
M. G. Schneider, Sunstrand Corporation

American Institute of Aeronautics and Astronautics
P. Bankston, Jet Propulsion Laboratory
R. C. Winn, Engineering Systems, Inc.

American Society of Mechanical Engineers
W. D. Turner, Energy Systems Laboratory
S. Somasundaram, Battelle Pacific Northwest Laboratory

Institute of Electrical and Electronics Engineers
P. R. K. Chetty, Kris Engineering, Inc.
W. D. Jackson, HMJ Corporation

Topical Area Coordinators

Thermal Management: J. Beam, Wright Laboratory

Australia Coordinator:
European Coordinators:

American Power Conference
Electrochemical Society

International Coordinators

R. L. Wiley, Booz-Allen & Hamilton, Inc.

C. Anderson, Wright Laboratory

P. Jarvinen, Massachusetts Inst. of Technology
C. Drummond, U. S. Department of Energy
W. D. Turner, Energy Systems Laboratory

K. Kinoshita, Lawrence Berkeley National Lab.
M. Levine, Lawrence Berkeley National Lab.
Y. Goswami, University of Florida

D. Rand, CSIRO Division of Minerals
R. Svensson, University of Géteborg

J. Haines, European Space Agency

India Coordinator: V. Bakthavatsalam,

India Renewable Energy Development Agency
Japanese Coordinator: Y. Ito, Kyoto University
Japan/Pacific Coordinator: N. Isshiki

Cooperating Societies

vi

International Solar Energy Society
Japan Society of Mechanical Engineers



CALL FOR ABSTRACTS

Abstract Deadline

33rd Intersociety Postmarked by
Energy Conversion Monday
EngineeringConference (IECEC) December 15, 1997

August 2-6, 1998 Colorado Springs, Colorado

“Meeting Global Energy and Environmental Needs”

Conference Purpose:
This conference provides a forum to present and discuss engineering aspects of energy conversion, advanced energy
conversion systems and devices, energy utilization and efficiency, environmental issues, and policy impacts on the research,

development and implementation of energy systems. Papers dealing with all engineering aspects of the general topical areas
(page two) are welcome.

Sponsors:

American Nuclear Society, American Institute of Chemical Engineers, Society of Automotive Engineers, American Institute
of Aeronautics and Astronautics, American Society of Mechanical Engineers, and Institute of Electrical and Electronics

Engineers
Honorary Chair General Chair Program Chair
Commissioner Nils J. Diaz David Black Samim Anghaie
United States Nuclear Regulatory Washington, DC University of Florida
Commission 202/547-6854 (telephone/fax) 352/392-1427 (telephone)
DLBlackOne@aol.com 352/392-8656 (fax)
Anghaie®@inspi.ufl.edu

Abstract Submission Guideiines:
Your abstract must be postmarked no later than December 15, 1997, in order to ensure that it is included in the review
process. Your abstract should be written to meet the standards listed in the following section. After review is completed
by the Technical Program Committee, you will be contacted by the ANS regarding the status of abstract acceptance and
requirements for full-paper preparation by the end of January 1998.

Abstract Preparation:
Prospective authors are invited to submit a brief (about 250 words in length and double spaced) abstract for consideration
by the IECEC Program Committee. The abstract, along with three copies, should include the following information:

a descriptive title, one appropriate topical subject area (see list on page two), the name/address/telephone/e-mail/fax of the
corresponding author.

Submitting an Abstract for Review:
Complete the information on the Cover Sheet provided on page three. Attach one copy of the cover sheet to each
copy of your abstract. Be sure to indicate if the paper was invited for a specific session, also include the subject
category number (page two) most appropriate for the paper. Mail all four sets, postmarked by December 15, 1997 1o:
ANS Proceedings Office, IECEC ‘98
555 North Kensington Avenue
La Grange Park, IL. 60526
Telephone Number: 708/579-8253; Fax Number: 708/352-6464

Please visit our home page at www.inspi.ufl.edwlECEC98

{EEE




Table of Contents

Volume 1
Aerospace Power Systems and Technologies

Note: Please check the Post Deadline Papers section of Volume 4 for additional papers.

AEROSPACE BATTERIES AND FUEL CELLS

Lithium Solid Polymer Batteries for Aerospace (97110)
V. L. Teofilo, J.N. Nadell, Lockheed Martin Missiles and Space, Sunnyvale, CA

Plastic Lithium Ion Batteries (97214)
B. Scrosati, University of Rome, Rome Italy

Novel Solid Polymer Electrolytes for Lithium Batteries (97071)
R.S. Morris, M. Bhamidipati, B. G. Dixon, E. Miller, Cape Cod Research, Inc.,
Falmouth, MA; S. P. Vukson, Wright Laboratory, Wright-Patterson AFB, OH

Preparation and Characterization of a Hybrid Solid Polymer Electrolyte
Consisting of Poly (Ethyleneoxide) and Poly (Acrylonitrile) for Polymer-
Battery Application (97422)

M. Nookala, Indian Institute of Science, Bangalore, India; L. G. Scanlon,

R. A. Marsh, Wright Laboratory, Wright-Patterson AFB, OH

Composite Electrolytes for Rechargeable Lithium Batteries (97078)
B. Kumar, University of Dayton Research Institute, Dayton, Ohio;
L. G. Scanlon, Wright Laboratory, Wright-Patterson AFB, OH

Theoretical and Experimental Analysis of a 3-Volt Lithium/Polymer
Rechargeable Battery (97107)

J. P. Fellner, Wright Laboratory, Wright-Patterson AFB, OH; S. S. Sandhu,
University of Dayton, Dayton, OH

Li-Jon Batteries for Space Applications (97140)
M. J. Isaacson, M. E. Daman, R. P. Hollandsworth, Lockheed Martin Missiles &
Space, Sunnyvale, CA

Performance of PolyStor's Lithium-Ion Cells for Aerospace Applications
(97374)

S. Hossain, A. Tipton, S. Mayer, M. Anderman, PolyStor Corporation, Dublin,
CA; S. Surumpudi, Jet Propulsion Laboratory, Pasadena, CA

Survey of Lithium-Ion Battery Performance for Potential Use in NASA

Missions (97280)
D. Perrone, S. Di Stefano, Jet Propulsion Laboratory, Pasadena, CA

vii

13

19

25

31

35

39



Electrode Fabrication for Li-Ion: Processing, Formulations and Defects
During Coating (97176)

K. S. Nanjundaswamy, H. D. Friend, C. O. Kelly, D. J. Standlee, R. L. Higgins,
Eagle-Picher Industries Inc., Joplin, MO

Development of Continuous Coating Technology for Lithium-Ion Electrodes
(97247)

J. C. Flynn, C. Marsh, Yardney Technical Products, Inc., Pawcatuck, CT

Development of Advanced Lithium-Ion Rechargeable Cells With Improved
Low Temperature Performance (97293)

M. C. Smart, C-K. Huang, B.V. Ratnakumar, S. Surampudi, Jet Propulsion
Laboratory, Pasadena, CA

Evaluation of Lithium Ion Cells for Space Applications (97511)
C. Lurie, TRW, Redondo Beach, CA

The Effect of Passivating Films Involving the Lithium Anode In Thionyl
Chloride, Bromine Trifluoride, Molten Nitrates, and Molten Perchlorates
(97375)

M. H. Miles, Naval Air Warfare Center, China Lake, CA

The U. S. Air Force Phillips Laboratory Lithium-Polymer Battery Program
(97297)

D. T. Radzykewycz, Jr., U. S. Air Force Phillips Laboratory, Kirtland AFB, NM;
S. Nagubandi, Binrad Industries, Inc., Congers, NY; I. I. Olsen, SAFT America,

Inc., Cockeysville, MD

Ultra Low Temperature Batteries for Martian Applications (97161)
F. Deligiannis, H. Frank, E. Davies, Jet Propulsion Laboratory, Pasadena, CA;
P. G. Russell, T. B. Reddy, Yardney Technical Products, Inc., Pawcatuck, CT

Microscopic Batteries for Micro ElectroMechanical Systems (MEMS)
(97136)

D. M. Ryan, Wright Laboratory, Wright-Patterson AFB, OH; R. M. LaFollette,

Bipolar Technologies Corp., Provo, UT; L. Saimon, Brigham Young University,
Provo, UT

Electrode Properties and Heat Generation Rate in Ni-Cd, Ni-H, and Ni-MH
Cells (97054)

H. Vaidyanathan, COMSAT Laboratories, Clarksburg, MD; G.M. Roa, NASA-
Goddard Space Flight Center, Greenbelt, MD

A Theoretical Study of a Carbon Lattice System for Lithium Intercalated
Carbon Anodes (97365)

L. G. Scanlon, D. M. Storch, J. H. Newton, Wright Laboratory, Wright-Patterson
AFB, OH; G. Sandi, Argonne National Laboratory, Argonne, IL

viii

42

46

52

58

64

68

72

77

83

87



High Performance Nickel-Metal Hydride and Lithium-Ion Batteries (97238)
U. Koehler, F. J. Kruger, J. Kuempers, M. Maul, E. Niggemann,
H. H. Schoenfelder, VARTA Batterie AG, Kelkheim, Germany

Aerospace Nickel-Cadmium Cell Verification - An Update (97189)
M. A. Manzo, NASA Lewis Research Center, Cleveland, OH; S. W. Hall, Naval
Surface Warfare Center, Crane, IN

Development of Voltage Temperature Curves Specific to Cell Design
(97261)

S. W. Hall, H. M. Brown, Naval Surface Warfare Center, Crane, IN;
M. A. Manzo, NASA Lewis Research Center, Cleveland, OH

Development of Lightweight Nickel Fiber Electrodes for Nickel-Based
Systems (97104)
D. L. Britton, NASA Lewis Research Center, Cleveland, OH

Development of Sintered Fiber Nickel Electrodes for Aerospace Batteries
(97129)

J. Francisco, D. Chiappetti, J. Brill, Eagle-Picher Industries, Joplin, MO

Study of Nickel Electrode Oxidation as a Function of 80% Depth of
Discharge Cycling (97128)

D. F. Pickett, Jr., D. L. Scoles, Z. W. Johnson, J. W. Hayden, R. D. Pennington,
Eagle-Picher Industries, Inc., Colorado Springs, CO

LEO Test Data for 81Ah FNC Cells (97465)
M. Anderman, Total Battery Consulting, Inc., Oregon House, CA; C. Baker,

Acme Aerospace, Tempe, AZ; F. Cohen, Boeing North America, Canoga Park,
CA

Effects of Storage on Total Ozone Mapping Spectrometer-Earth Probe
(TOMS-EP) 9-Ah Super NiCd™ Battery Cells (97363)

D. L. Scoles, J. W. Hayden, Eagle-Picher Industries, Inc., Colorado Springs, CO;
G. M. Rao, NASA Goddard Space Flight Center, Greenbelt, MD; C. Lurie, TRW
Space & Technology Division, Redondo Beach, CA; J. E. Bell, Hughes Space &
Communications Co., Torrance, CA

Nickel-Hydrogen (NiH,) Single Pressure Vessel (SPV) Battery Development
Update (97401)

S. Sterz, B. Parmley, D. Caldwell, J. Bennett, Eagle-Picher Industries, Inc.,
Joplin, MO

New Developments in Nickel-Hydrogen Dependent Pressure Vessel (DPV)
Cell and Battery Design (97400)
D. B. Caldwell, C. L. Fox, Eagle-Picher Industries, Inc., Joplin, MO

ix

93

99

108

114

120

126

131

137

140

144



Life Cycle Testing of Spaceflight Qualified Nickel-Hydrogen Battery Cells
(97455)

J.M. Francisco, C. L. Fox, W. D. Cook, Eagle-Pitcher Industries, Inc., Joplin,
MO

Characterization of Nickel-Hydrogen 2-Cell Common Pressure Vessels for
NASA Missions (97275)

S. Di Stefano, D. Perrone, B. V. Ratnakumar, Jet Propulsion Laboratory,
Pasadena, CA

Voltage Vs. Temperature Characterization of Standard 80 Ah Eagle-Picher
NiH, Cells (97264)

G. M. Rao, NASA Goddard Space Flight Center, Greenbelt, MD;

J. D. Armantrout, D. P. Hafen, Lockheed Martin Missiles & Space, Sunnyvale,
CA; R. A. Brown, Eagle-Picher Industries, Joplin, MD

International Space Station Nickel-Hydrogen Battery Cell Testing at
NAVSURFWARCENDIV Crane (97262)

B. A. Moore, H. M. Brown, Naval Surface Warfare Center, Crane, IN;
T. B. Miller, NASA Lewis Research Center, Cleveland, OH

Nickel-Hydrogen Load Sharing Test for RNH-90-9 and RNH-76-3 Cells
(97265)

D. P. Hafen, J. D. Armantrout, Lockheed Martin Missiles & Space, Sunnyvale,
CA,; D. V. Gordon, R. A. Brown, Eagle Picher Industries, Inc., Joplin, MO

Air Force Nickel-Hydrogen Testing at NAVSURFWARCENDIV Crane
(97263)

B. A. Moore, H. M. Brown, Naval Surface Warfare Center, Crane, IN;
C. A. Hill, The Aerospace Corporation, Albuquerque, NM

Volume-Based Static Model for Nickel Hydrogen Cells (97026)
L. H. Thaller, The Aerospace Corporation, Los Angeles, CA

Reconditioning Mechanism for Nickel-Hydrogen Batteries (97018)
P. Timmerman, R. Bugga, Jet Propulsion Laboratory, Pasadena, CA

Hubble Space Telescope Battery Voltage-Current Modeling (97407)

J. Smid, Morgan State University, Baltimore, MD; P. Volf, UTIA Academy of
Sciences, Prague, Czech Republic; G. Rao, NASA Goddard Space Flight Center,
Greenbelt, MD

Thermal Design & Verification of the EOS-AM1 Nickel Hydrogen Batteries
(97439)

E. W. Grob, Swales Aerospace, Beltsville, MD; D. R. Chalmers, C. W. Bennett,
Lockheed Martin Astro Space, King of Prussia, PA

149

154

159

174

180

186

192

198

201

207



Study of Parameters Causing Second Plateau Effect on Nickel Hydrogen
Cells (97393)

Y. Borthomieu, SAFT, Poitiers, France; N. Sac-Epee, LRCS du CNRS, Amiens,
France; T. Jamin, CNES, Toulouse, France

AXAF-I Electrical Power System Breadboard Simulation Testing (97155)

J. E. Lowery, J. C. Brewer, T. H. Whitt, L. G. Jackson, NASA, Marshall Space
Flight Center, AL

Use of Excess Solar Array Power by Regenerative Fuel Cell Energy Storage
Systems in Low Earth Orbit (97177)
M. A. Hoberecht, R. D. Green, NASA, Cleveland, OH

The NASA Fuel Cell Upgrade Program for the Space Shuttle Orbiter
(97294)

M. Warshay, P. Prokopius, NASA, Cleveland, OH; M. Le, NASA, Houston, TX
G. Voecks, Jet Propulsion Laboratory, Pasadena, CA

Performance Modeling of the Early External Active Thermal Control
System for the International Space Station (97301)
A. Delgado, Jr., Boeing North American, Canoga Park, CA

Development of Oxygen Generation System for a Long Manned Mission—A
Solid Polymer Water Electrolysis System (97034)

S. Terada, K. Higaki, I. Nagashima, H. Ishida, S. Miwa, Kawasaki Heavy
Industries, Ltd., Akashi, Hyogo, Japan

AEROSPACE POWER ELECTRONICS AND ANALYSIS

Extending Simplified Large-Scale Power System Models (97519)
M. E. Liffring, R.J. Spier, Boeing Defense & Space Group, Seattle, WA

Electrical Power System Stability Assurance for the International Space
Station (97437)
T. C. Wang, J. B. Raley, McDonnell Douglas Aerospace, Huntington Beach, CA

Expert System Based Tool for Aerospace Power Analysis (97302)
B. E. Rogers, McDonnell Douglas Aerospace, Huntsville, AL

Realization of Controllers For DC and Vector Controlled Induction Motors
97077)

F. Ismail, O. Mahgoub, H. El Khashab, A. Oshiba, Cairo University, Dokki,
Cairo, Egypt

Power Sizing and Power Performance Simulation Tools For General EPS

Analyses (97543)
P. Bailey, J. Lovgren, Lockheed Martin Missiles & Space, Sunnyvale, CA

xi

213

219

224

228

232

237

241

246

253

256

262



Simulation of a Zonal Electric Distribution System for Shipboard
Applications (97415)

O. Wasynczuk, E. A. Walters, Purdue University, West Lafayette, IN;
H. J. Hegner, NSWC, Annapolis, MD

Power Management and Distribution System for a More-Electric Aircraft
(MADMEL)-Program STATUS (97257)

M. Maldonado, Wright Laboratory, Wright Patterson AFB, OH; N. M. Shah,
K. J. Cleek, P. S. Walia, Northrop/Grumman Corp., Hawthorne, CA; G. Korba,
Lockheed Martin Control Systems, Johnson City, NY

A Solid State Power Controller Module for the International Space Station
Express Rack (97532)

D. Hart, G. B. Prickett, C. R. Schwarz, McDonnell Douglas Aerospace
Company, Huntsville, AL; M. Mohadjer, McDonnell Douglas Aerospace
Engineering Services Company, Seabrook, MD

An Object Oriented Neuro-Controller Design for Motor Drive Technologies
(97331)

A. Rubaai, Howard University, Washington, DC; M. D. Kankam, D. F. Noga,
NASA Lewis Research Center, Cleveland, OH

Discharge Characteristics of High Energy Storage Double Layer Capacitors
(97254)

R. L. Spyker, R. M. Nelms, Auburn University, AL

Characterization of CDL Capacitor Power Sources for Electrical Actuation
Applications (97381)

S. A. Merryman, Auburn University, AL; D. K. Hall, NASA Marshall Space
Flight Center, Huntsville, AL

Simulation of Auxiliary Resonant Commutated Pole (ARCP) Converter
(97516)

E. A. Walters, O. Wasynczuk, Purdue University, West Lafayette, IN;

H. J. Hegner, NSWC, Annapolis, MD

Diamond Switches for High Temperature Electronics (97025)

G. M. Loubriel, F. J. Zutavern, M. H. Ruebush, D. J. Brown, M. W. O'Malley,
W. D. Helgeson, Sandia National Laboratories, Albuquerque, NM; R. R. Prasad,
1. V. Tzonev, S. Gensler, N. Qi, M. Krishnan, Alameda Applied Sciences Corp.,
San Leandro, CA

Static and Dynamic Characteristics Of 4H-SiC P*N and 6H-SiC Schottky
Diodes (97213)

L. Tolkkinen, Wright Laboratory, Wright-Patterson AFB, OH; M. Ramalingam,
C. Tunstall, UES, Inc., Dayton, OH

xii

268

274

280

286

292

297

302

307

312



High Temperature Testing Of A Buck Converter Using Silicon And Silicon
Carbide Diodes (97223)

V. R. Garuda, M. Kazimierczuk, Wright State University, Dayton, OH;

M. Ramalingam, UES, Inc., Dayton, OH; L. Tolkkinen, M. Roth, Wright
Laboratory, Wright Patterson Air Force Base, OH

The Effect of Oxygen on the Barium Titanate Film Capacitor (97320)
B. H. Tsao, R. L. C. Wu, K Systems Corporation, Dayton, OH; S. F. Carr,
J. A. Weimer, Wright-Patterson AFB, OH

High Voltage, High Frequency Conversion Transformer (97220)
C. Kerfoot, M. J. Greif, Northrop Grumman, Baltimore, MD

An Improved Control Strategy for a 50-kHz Auxiliary Resonant
Commutated Pole Converter (97473)

F. R. Salberta, J. S. Mayer, Pennsylvania State University, University Park, PA;
R. Cooley, Naval Surface Warfare Center, Annapolis, MD

Averaged and Cycle by Cycle Switching Models for Buck, Boost, Buck-
Boost and Cuk Converters With Common Average Switch Model (97370)
M. Giesselmann, Texas Tech University, Lubbock, TX

A Comparison of Resonant Converters Operating with a Double-Layer
Capacitor Source (97258)
R. M. Nelms, Auburn University, AL

High-Performance Prediction for Variable-Speed Switched Reluctance
Drives (97322)

F. Ismail, Cairo University, Cairo, Egypt; S. Wahsh, A. Z. Mohamed, Electronics
Research Institute, Dokki, Giza, Egypt

Load Profile Testing of a Permanent Magnet Synchronous Machine EMA
(97125)

T. A. Haskew, D. E. Schinstock, E. M. Waldrep, University of Alabama,
Tuscaloosa, AL

Full Scale Lightning Generation Techniques for Aircraft Susceptibility
Evaluations (97477)

L. C. Walko, D. L. Schweickart, J. M. Gruden, Wright Laboratory, Wright-
Patterson AFB, OH; G. S-Y. Tsai Li, B. Jarupan, S. A. Sebo, Ohio State
University, Columbus, OH

Transient Effects During 120 VDC Spacecraft High Voltage DC Fuse
Clearing (97303)

D. J. Keys, R. Ho, C. Scolese, NASA Goddard Space Flight Center, Greenbelt,
MD; R. B. Wingard, Swales & Associates, Inc., Beltsville, MD; D. Tasca,

M. Bortulin, A. Ferrara, D. Longcoy, Lockheed Martin Missiles & Space, King
of Prussia, PA

xiii

317

323

329

332

337

342

348

353

359

364



Monolithic Magnetic Modules for Aerospace Power Electronics
Applications (97139)

U. Varshney, B. D. Eichelberger, III, J. A. Neal, III, R. J. Churchill, American
Research Corporation of Virginia, Radford, VA; K. D. T. Ngo, University of

Florida, Gainesville, FL; R. J. Thibodeaux, US Air Force, Wright-Patterson
AFB, OH

Modular High-Voltage Power Supplies Design (97245)
I. A. Krichtafovitch, International Power Group, Inc., Woodinville, WA

X2000 Power System Architecture (97227)
G. A. Carr, L.A. Franco, California Institute of Technology, Pasadena, CA

Implementation and Test of a Partial Array Shunt System for Two Small
Explorer Spacecraft (97102)
R.K. Barry, NASA/Goddard Space Flight Center, Greenbelt, MD

SPACE SOLAR, NUCLEAR AND OTHER ENERGY CONVERSION SYSTEMS

Advanced Solar Panel Concentrator Experiment (ASPaCE) (97060)
B. Whalen, AlliedSignal Technical Services Corp., Washington, D.C.

Lessons Learned About Fabrication of Space Solar Arrays from Thermal
Cycle Failures (97282)
1. N. Blake, I1I, Space Systems/Loral, Palo Alto, CA

Multi-Bandgap High Efficiency Converter (RAINBOW) (97228)
C. R. Lewis, W. Phillips, V. Shields, P. Stella, Jet Propulsion Laboratory,
Pasadena, CA; I. Bekey, Bekey Designs, Inc., Annandale, VA

Reflectivity of Silver and Silver-Coated Substrates from 25° C to 800° C
(97197)

D. Jaworske, NASA Lewis Research Center, Cleveland, OH

Solar Cell Calibration and Measurement Techniques (97534)

S. G. Bailey, D. Brinker, H. Curtis, NASA Lewis Research Center, Cleveland,
OH; P. Jenkins, Essential Research, Inc., Cleveland, OH; D. Scheiman, NYMA,
Cleveland, OH

Design of Solar Cell Array Preventing Electrostatic Discharge for Satellite
Use (97389)

Y. Choi, J. Wang, Chungnam National University, Daejeon, Korea

Two-Stage Concentrators for Solar Bimodal Power and Propulsion Systems
(97069)

A.Y. Ender, I. N. Kolyshkin, V. 1. Kuznetsov, loffe Physico-Technical Institute,
St. Petersburg, Russia

Xiv

370

375

381

387

391

395

401

407

412

416

422



Next Generation Solar Bimodal Systems (97070)

V.I. Babanin, A. Y. Ender, [. N. Kolyshkin, V. I. Kuznetsov, V. 1. Sitnov, loffe
Physico-Technical Institute, St. Petersburg, Russia; D. V. Paramonov,
Westinghouse Science and Technology Center, Pittsburgh, PA

A Multi-Foil® Insulation System for a Solar Bimodal Power and Propulsion
System: Design, Fabrication and Testing (97485)

G. Miskolczy, J. Burchfield, Coleman Research Corporation, Waltham, MA;

B. Miller, M. Ales, H. Rochow, NovaTech, Lynchburg, VA

Design and Analysis of the Aperture Shield Assembly for a Space Solar
Receiver (97347)

H. J. Strumpf, T. Trinh, W. Westelaken, C. Krystkowiak, V. Avanessian,
AlliedSignal Aerospace Equipment Systems, Torrance, CA; T.W. Kerslake,
NASA Lewis Research Center, Cleveland, OH

High-Flux, High-Temperature Thermal Vacuum Qualification Testing of a
Solar Receiver Aparture Shield (97237)

T. W. Kerslake, L. S. Mason, NASA Lewis Research Center, Cleveland, OH;
H. J. Strumpf, AlliedSignal Aerospace Equipment Systems, Torrance, CA

Parametric Analysis of Cyclic Phase Change and Energy Storage in Solar
Heat Receivers (97053)

C.A. Hall, I1I, E.K. Glakpe, J. N. Cannon, Howard University, Washington, DC;
T. W. Kerslake, NASA Lewis Research Center, Cleveland, OH

Experimental Data for Two Different Alternator Configurations in a Solar
Brayton Power System (97481)

L. S. Mason, R. K. Shaltens, W. D. Espinosa, NASA Lewis Research Center,
Cleveland, OH

Future Radioisotope Power Needs for Missions to the Solar System (97244)
J. F. Mondt, M. L. Underwood, Jet Propulsion Laboratory, Pasadena, CA;
B. J. Nesmith, Jet Propulsion Laboratory, Germantown, MD

Powerstick Development (97460)

A. Borshchevsky, A. B. Chmielewski, H. Chen-Kuo, Jet Propulsion Laboratory,
Pasadena, CA; J. Bass, Hi-Z Technology, Inc., San Diego, CA; D. Bugby,
Swales & Associates, Inc., Beltsville, MD; A. Pustovalov, V. Gusev, BIAPOS,
Moscow, Russia

Gaisus-1Thermionic Converter for the Integrated Solar Upper Stage
(97510)

L. L. Begg, T. F. Heffernen, M. H. Horner, General Atomics, San Diego, CA

Thermionic Fuel Element With a Gas Removal System in the Form of End
Porous Pellets Within Uranium Dioxide Core (97020)

A. S. Gontar, M. V. Nelidov, Y. V. Nikolaev, V. N. Sotnikov, L. N. Shulepov,
State Research Institute of SIA LUTCH, Podolsk, Moscow, Russia

XV

427

431

434

440

446

454

460

465

469

474



A Logical Controller Design Algorithm for the Simulation of AC-to-AC
Converters (97391)

A. Hozhabri, Honeywell Space Systems, Houston, TX

AMTEC Flight Experiment Progress and Plans (97123)
M. L. Underwood, Jet Propulsion Laboratory, Pasadena, CA; M. Dobbs,
J. Giglio, Advanced Modular Power Systems, Ann Arbor, MI

Design and Performance of Radioisotope Space Power Systems Based on
OSC Multitube AMTEC Converter Designs (97530)

A. Schock, C. T. Or, H. Noravian, Orbital Sciences Corporation, Germantown,
MD

AMTEC Radioisotope Power System Design & Analysis for Pluto Express
Fly-by (97382)

T. J. Hendricks, C. Huang, R. K. Sievers, Advanced Modular Power Systems,
Inc., Ann Arbor, Ml

SPACE STATION POWER

Start-Up Capabilities of Photovoltaic Module for the International Space
Station (97251)

G. Hajela, L. Hague, Boeing North American, Inc., Canoga Park, CA

International Space Station Power Module Thermal Control System
Hydraulic Performance (97305)
V. Goldberg, Boeing North American, Inc., Canoga Park, CA

Design, Verification and Testing of the International Space Station
Photovoltaic Radiator (97052)

M. Fleming, R. Flores, J. Stoyack, Lockheed Martin Vought Systems, Dallas,
TX

Verification of Space Station Secondary Power System Stability Using
Design of Experiment (97356)

K. J. Karimi, A. Booker, A. Mong, The Boeing Company, Seattle, WA;

B. Manners, NASA Lewis Research Center, Cleveland, OH

Design and Testing of a Breadboard Electrical Power Control Unit for the
Fluid Combustion Facility Experiment (97150)

G. L. Kimnach, R. C. Lebron, NASA Lewis Research Center, Cleveland, OH;
D. A. Fox, Sundstrand Aerospace Corporation, Rockford, IL

SPACECRAFT, AIRCRAFT AND INTERNATIONAL SYSTEMS

The Meteosat Second Generation (MSG) Power System (97076)
J. E. Haines, D. Levins, A. Robben, A. Sepers, European Space Agency,
Noordwijk, The Netherlands

xvi

479

484

489

501

509

515

520

526

532

538



The Thermosphere, Ionosphere, Mesosphere Energetics and Dynamics
(TIMED) Spacecraft Power System (97203)

G. Dakermanji, M. Butler, Johns Hopkins University, Laurel, MD; P. Carlsson,
D. Temkin, Orbital Sciences Corporation, Germantown, MD

Performance Testing of 5 kW EOS AM-1 Flexible Solar Array Blanket
(97318)

H. Schurig, M. Kruer, M. Levesque, TRW Space and Electronics Group,
Redondo Beach, CA; E. Gaddy, NASA/Goddard Space Flight Center, Greenbelt,
MD; W. Andiario, Lockheed Martin Missiles & Space, Valley Forge, PA

EOS AM-1 GaAs/Ge Flexible Blanket Solar Array Verification Test
Program Results (97255)

M. J. Herriage, R. M. Kurland, TRW Space and Electronics Group, Redondo
Beach, CA; C. D. Faust, Lockheed Martin Missiles & Space, King of Prussia,
PA; E. M. Gaddy, D. J. Keys, NASA/Goddard Space Flight Center, Greenbelt,
MD

Mechanical Properties of Iron-Cobalt Alloys for Power Applications
(97364)
R. T. Fingers, J. E. Coate, Wright Laboratory, Wright Patterson AFB, OH;

N. E. Dowling, Virginia Polytechnic Institute & State University, Blacksburg,
VA

Two-Dimensional Magnetostatic Analysis of a Switched Reluctance
Machine Using the Boundary Elements Method (97443)
J. A. Buerosse, C. A. Ferreira, Sunstrand Aerospace, Rockford, IL

Performance of a New Commutation Approach for Switched Reluctance
Generators (97442)

W. Heglund, S. R. Jones, Sundstrand Aerospace, Rockford, IL

Simulation of a Switched Reluctance, More Electric Aircraft Power System
Using a Graphical User Interface (97148)

T. L. Skvarenina, S. Pekarek, O. Wasynczuk, P. Krause, Purdue University,
West Lafayette, IN; R. Thibodeaux, J. Weimer, US Air Force Wright
Laboratories, Wright-Patterson AFB, OH

MCT Inverter/Converter for the Integral Starter/Generator (97441)
A.V. Radun, University of Kentucky, Lexington, KY; J. G. Nairus, Wright
Laboratory, Wright Patterson AFB, OH

Advanced Power Converters for More Electric Aircraft Applications
(97039)

W.G. Homeyer, E. E. Bowles, S. P. Lupan, General Atomics, San Diego, CA;
P. S. Walia, Northrop Grumman Corporation, El Segundo, CA;

M. A. Maldonado, Wright Laboratory, Dayton, OH

xvii

544

550

556

563

569

574

580

585

591



Thermal Cycling of Mir Cooperative Solar Array (MCSA) Test Panels
(97144)

D. J. Hoffman, NASA Lewis Research Center, Cleveland, OH; D. A. Scheiman,
Nyma, Inc., Brookpark, OH

Mir Cooperative Solar Array Flight Performance Data and Computational
Analysis (97235)

T. W. Kerslake, D. J. Hoffman, NASA Lewis Research Center, Cleveland, OH

Laser Space Power System for Moon: Ecological Safety and High Efficiency
(97042)

A. P. Smakhtin, Moscow State Aviation Institute, Moscow, Russia;

S. K. Mosesov, SKM "GEISER", Moscow, Russia

Cyclic Method of Centralised Power Supply for Orbital Spacecraft (97040)
M. P. Bourgasov, A.V. Grechnev, B. V. Grabin, L. A. Kvasnikov,

A. P. Smakhtin, R. K. Tchuyan, Moscow State Aviation Institute, Moscow,
Russia; N. V. Tolyarenko, International Space University, Illkirch-
Graffenstaden, France

Pre-Flight Dark Forward Electrical Testing of the Mir Cooperative Solar
Array (97236)

T. W. Kerslake, D. J. Hoffman, NASA Lewis Research Center, Cleveland, OH;
D. A. Scheiman, NYMA Setar Inc., Brookpark, OH

Field Experiment of Laser Energy Transmission and Laser to Electric
Conversion (97047)

H. Yugami, Y. Kanamori, H. Arashi, Tohoku University, Sendai, Japan;

M. Niino, A. Moro, K. Eguchi, National Aerospace Laboratory, Kakuda, Japan;
Y. Okada, A. Endo, Sumitoma Heavy Industries, Ltd., Hiratsuka, Kanagawa,
Japan

TERRESTRIAL AND DUAL USE APPLICATIONS

Fire Investigation: Origin, Cause, and Responsibility (97507)
D. G. Lilley, Lilley & Associates, Stillwater, OK

Global Kinetics of the Thermal Decomposition of Waste Materials (97508)
A. Missoum, A. K. Gupta, J. Chen, University of Maryland, College Park, MD

Low Cost Shadowgraph Technique for Flammable Vapor Visualization
(97199)

R. C. Winn, Engineering Systems, Inc., Colorado Springs, CO; C. R. Morin,
Engineering Systems, Inc., Aurora, IL

Biogas and Energy Production from Cattle Waste (97028)
J. Chakravarthi, Hood College, Frederick, MD

Converting Solar-Photovoltaic Power into Exportable Products (97027)
H. Oman, Seattle, WA

xvili

597

603

609

615

619

625

631

636

642

648

652



