 sixth Annual Applied Power

 Electronics Conference
~ and Exposition



v

APEC '91

Sixth Annual

Applied Power

Electronics

Conference and

Exposition

N

X 2

&l
/

~ Sponsored by the

{EEE Power

Electronics Society,

industry Applications

Society and the

Power Sources Manufacturers Association

Conference

Proceedings

1991

March 10-15, 1991

Hyatt Regency

Dallas, Texas

- 91CH2992-6

—




1991 IEEE 6th Applied Power Electronics Conference

Abstracting is permitted with credit to the source. Libraries are permitted to photocopy beyond the. limits of U.S. copyright law
for private use of patrons those articles in this volume that carry a code at the bottom of the first page, provided the per-copy fee
indicated in the code is paid through the Copyright Clearance Center, 29 Congress Street, Salem, MA 01970. Instructors are
permiited to photocopy isolated articles for noncommercial classroom use without fee. For other copying, reprint, or republication
permission, write to the Staff Director of Publishing Services at the IEEE, 345 East 47th Street, New York, NY 10017-2394. All
rights reserved. Copyright © 1991 by The Institute of Electrical and Electronics Engineers, Inc.

Library of Congress Number 90-643607

IEEE Catalog Number 91CH2992-6
ISBN Number 0-7803-0024-6 Softbound Edition
ISBN Number 0-7803-0025-4 Casebound Edition
ISBN Number 0-7803-0026-2 Microfiche Edition

Additional copies of this Conference Record are available from

IEEE Service Center
445 Hoes Lane
Piscataway, NJ 08854-4150
1-800-678-IEEE



FOREWORD

, _ :

Howdy y'alll

On behalf of the APEC '81 Conference Committee, |
would like to weicome you to the Sixth Annual Applied
Power Electronics Conference and Exposition. This
year's APEC continues the tradition of being the pre-
mier conference for the practicing power electronics
professional. In Texas we do things bigger and better
and this year's conference is no exception.

This year an important new direction is taken. For the
first time, the Power Sources Manufacturers Associa-
tion joins the Power Electronics and Industry Applica-
tions Societies of the IEEE in sponsoring APEC. The
continues are efforts begun last year with the addition
of IAS as a spgnsor to broaden the range of topics
covered while maintaining our focus on the practicing
power professional. As real workd competition puts new
demands on professionals to broaden their scope, we
at APEC endeavor to match these demands with
broader program coverage. This is shown this year
with sessions on manufacturing technology and mar-
keting acknowledging the interdependence of these
functions with our engineering base.

The APEC Committee is proud of the conference pro-
gram we bring you this year. Nearly 100 papers are
scheduled for fifteen Technical Sessions and Bill War-
wick, President of AT&T Microelectronics, will deliver a
keynote address focusing on competing in today’s en-
vironment. Nine Professional Education Seminars offer
current information on topics of interest to today's
power professionals. The Rap Sessions offer a chance
to exchange experience and opinions on current issues
in the power electronics industry.

The Exposition is bigger and better than ever, allowing
more opportunities to visit with leading power elec-
tronic industry vendors. It will open Monday night with

a reception and Wednesday afternoon will be devoted
to the vendors. In addition to the exhibits being open

‘Wednesday afternoon, several Exhibitors will be offer-

ing seminars to update users on their latest products
and the traditional Micromouse Contest-will be heid.
Additionally, a tour of the AT&T Power Systems fagcility
in nearby Mesquite will be offered. This facility is one
of the largest in the world devoted exclusively to power
electronic design and manufacture.

The oid adage cautions against “all work and no play” -
and the social program is an integral part of the con-
ference. You can't visit Texas and not have barbeque
and we have arranged for the conference banguet to
be heid Wednesday night at the Circle R Ranch, a
short bus ride from the hotel. There we will have a
traditional Texas barbeque and listen to the music of a
live country band. The conference siting in downtown
Dallas offers numerous opportunities for unscheduled
time. The West End, a renovated warehouse district

" with lots of shops and clubs and frequent outdoor en-

tertainment is only a short walk from the hotel. The
Dallas Arts District and numerous fine restaurants are
only a short cab ride away.

The APEC Committee is all volunteers who work long
and hard to bring you the best technical, educational
and social program of any conference in power elec-
tronics. Your comments and suggestions are important
to us. The feedback sheets are all read and tabulated
and we strongly encourage you to fill them out for us.
| would also ask that during the week, you seek out
the committee members listed on the next page and
let them know what you liked and what could be im-
proved to better meet your needs. We'll do our best to
incorporate your suggestions into next year's confer-
ence.

Welcome to APEC '91—better than ever.

Chuck Harm
General Chair
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Switching Converters
W. Moussa, /IBM Corporation, Endicott, NY, J.
Morris, SUNY-Binghamton, Binghamton, NY

12.3 Computer-Aided Small-Signal Modeling of
Switching Power Converters
P Maranesi and G. Naummi, Politecrico di Milan,
Milan, taly R
124 Generaiized In-Place Circuit Averaging
J. Noworolski and S. Sanders, University of
California, Berkeley, CA

12,5 Improvement of Stability in Current-
Programmed SEPIC DC/DC Converters
M. Johnson, IBM Corporation, Lexington, KY

12.6 Current-Mode Control: A Unified Model for
Open-Loop Instability
A. Kislovski, Ascom Energy Systems, Berne,
Switzerland

12.7 High-Frequency Extension Of The Smail-
Signal Model Of The Constant-Frequency
Current-Mode Controlled Converter
R. Redl, ELF! S.A., Onnens, Switzerland

SESSION 13: UPS & Battery Systems

Thursday, March 14
Cascade B
2:00 p.m.-5:30 p.m.

131 A Microcomputer-Based UPS Battery
Mamagement System
Z. Noworolski, J. Noworolski and C.A. Bennett,
Polytronics Engineering, Ltd., Mlss:ssauga
Ontario, Canada

13.2 Comparing Battery Backup Units
R.A. Priegnitz, Sola Electric, Elk Grove Village, il
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443
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475

13.3 Stand Alone Transformeriess Sinusoidal
Power Inverter for PV Systems
R. Fiorello, Powercube Corporation, Billerica, MA,
Z. Salameh, University of Lowell, Lowell, MA

13.4 Selecting Batteries For Uninterruptible Power
Supply Systems
B. Essig and G. Braun, Gates Energy Products,
Inc., Gameswlla FL

13.5 The Use Of Equalizing Converters For Serial
Charging Of Long Battery Strings
D. Hopkins, C. Mosling, and S. Hung, Auburn
University, Auburn, Al (invited)

13.6 Microcontrolier Based Arbitrary Waveform
inverter
B. Leibovich, U. Hardon, and S. Ben-Yaakov, Ben-
Gurion University of the Negev, Beer Sheva, Israel

13.7 Improved GTR’'s Quasi-Resonant DC Link
Inverter
W. Feng, Hangzhou Institute of Commerce,
Hangzhou, People’s Republic of China

SESSION 14A: Power Semiconductors &
Packaging

Thursday, March 14
Reunion F
2:00 p.m.-3:30 p.m.

14A1 2.5 Miliion Cell/inch? Low-Voitage DMOS FET
Technology
H. Yilmaz, |. Hshieh, M. Chang, and J. Van Der
Linde, Siliconix, Inc., Santa Clara, CA

14A.2 Electrical and Thermal Performance Of A
Hybrid High-Power Density inverter Phase
Switch
T. Latos and T. Sutrina, Sundstrand Corporation,
Rockford, IL

14A.3 Autonomous Control Technique For Higl-
Performance Switches .
P. Krein, University of Illinois, Urbana, IL, R. Bass,
Georgia Institute of Technology, Atlanta, GA

SESSION 14B: Magnetic Components

Thursday, March 14
Reunion F
3:30 p.m.-5:30 p.m.

14B.1 Electrical and Thermal Performance of PWB
Transformers
M. Sayani, G. Skutt, and P Venkatraman, Digita/
Equipment Corporation, Maynard, MA

14B.2 Fabrication Method for a Winding Assembly
With A Large Number of Planar Layers
K. Ngo, University of Florida, Gainesville, FL, R.
Aliey and A. Yerman, GeneraIElocMcConpany,
Schenectady, NY

14B.3 High Frequency Pianar Power Transformers
For Resonant Converters
M. Morrill, V. Caliskan, and C. Lee, University of
Minois, Chicago, IL

14B.4 Controfied Transformer
M. Knights and K.L. Erickson, Zytec Corporation,
Eden Prairie, MN
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499

513

518



SESSION 15: Converter Analysis

Thursday, March 14
Reunion H
2:00 p.m.-5:30 p.m.

151

15.2

6.3

Coupled inductor Boost Converter with input 567
and Output Ripple Canceliation

R. Martinelli, Analytic Artistry, Torrance, CA, C.

Ashley, Hughes Aircraft Company, El Segundo, CA

A Lossless Commutation Pulse-Width- 573
Modulated Converter By Using A Resonant
Disconnecting Circuit

L. Freitas, E. Coelho, H. Hey, V. Farias and J.

Viera, Jr., Universidade Federal de Uberlandia,

Uberlandia, MG, Brazil

Steady State Analysis of DC To DC Resonant 580
Converter

O. Mandhana and R. Hoft, University of Missouri,

Conlumbia, MO

154

15.5

15.6

15.7

P

Constant Frequency Controlled Full-Bridge
LCC-Type Parallel Resonant Converter

C. Lee, S. Sooksatra, and R. Liu, University of
illinois at Chicago, Chicago, IL

Anaiysis And Design Of A Modified Series
Resonant Converter

A. Bhat, University of Victoria, Victoria, B.C.,
Canada

High-Voltage Light-Weight DC/DC Converter
G. Karady and M. Muralidhar, Arizona State
University, Tempe, AZ

Steady-State Analysis Of Dual Converters
With Circulating Current Used In Four-
Quadrant DC Magnet Power Supplies

S. Dewan, University of Toronto, Toronto, Ontario,
Canada; J. Kim, University of Victoria, Victoria,
B.C., Canada
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PLENARY SESSION

Monday, March 11, 1991
Reunion FH

1:30 p.m.-5:00 p.m.

Chairman:
T. M. Jahns
GE Corporate R&D
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11 A Novel Zero Voltage Switching PWM DC/DC Converter for Medium Power Applications
L. Salazar and P. Ziogas

Concordia University
Montreal, Quebec, Canada
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