
l 
l 
~ 
I 
l 

• l 
• 
L 
I 
I 
( 
I 

~ 

L 
I 
l 
i 
I .. 
' 

( 

-:;., •, · · .. ' . . ' 
, . ..,: . •' . . 

Innovations in Design: 
1-993 Ford Hybrid 
Electric Vehicle 

Challenge 

SP-980 

• G&.08Al M0811.11Y 00.TABA.SE 

All SAE pap,,rs, standsrrJ$, and S818Cl8d 
books are ab$ttaC1ed and indexed in the 
Global MobHity Oa/JlbaS8. 

Published by: 
Society of Automotive Engineers, Inc. 

400 Commonwealth Drive 
Warrendale, PA 15096-0001 

USA 
Phone: (412) 776-4841 

• &1M&'R lJN"1rns1lY LtRnAnv Fax: (412) 776-5760 
I.I"\ r\ _ I¥ ir;rt .. , -~' February 1994 

BMW1023 
Page 1 of 11

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


I ,. 
' 

Permission to photocopy for internal or personal use, or the internal or personal use of specific 
clients, is granted by SAE for libraries and other users registered with the Copyright Clearance 
Center (CCC), provided that the base fee of $5.00 per article is paid directly to CCC, 222 Rosewood 
Drive, Danvers, MA 01923. Special requests should be addressed to the SAE Publications Group. 
1-56091-388-6/94$5.00. 

No pa~ of th(s publicatio~ may be reproduced in any form, in an electronic retrieval system or 
otherwise, without the pnor written permission of the publisher. 

ISBN 1-56091-388-6 
SAE/SP-94/980 
Library of Congress Catalog Card Number: 93-84469 
Copyright 1994 Society of Automotive Engineers, Inc. 

Positions and opinions advanced in this pa­
per are those of the author(s) and not neces­
sarily those of SAE. The author is solely 
responsible for the content of the paper. A 
process is available by which discussions will 
be printed with the paper if it is published in 
SAE Transactions. For permission to pub­
lish this paper in full or in part, contact the 
SAE Publications Group. 

Persons wishing to submit papers to be con­
sidered for presentation or publication through 
SAE should send the manuscript or a 300 
word abstract of a proposed manuscript to: 
Secretary, Engineering Meetings Board, SAE. 

Printed in USA 

FORWARD 

The papers in thjs Special Publication were originally developed as submittals for the Technical 
Report event at the 1993 Hybrid Electric Vehicle (REV) Challenge. Held June l through June 6 in 
Dearborn, Michigan, the 1993 HEV Challenge was sponsored by a partnership of the Ford Motor 
Company, the U. S. Department of Energy (DOE), and the Society of Automotive Engineers (SAE). 
This competition was another in a series of Engineering Research Competitions supported by DOE and 
part of the Collegiate Engineering Design Competition Series sponsored by SAE. The papers presented 
here are enhanced and expanded versions of those prepared in advance of the competition by teams of 
participating student engineers. They describe the design elements and construction details of the largest 
field ofHEVs yet assembled from some of the best engineering schools in North America. SpeciaJ thanks 
and recognition are extended to the Ford Motor Company for its outstanding support of this competition. 

Thirty colleges and universities from the U.S. and Canada were selected to participate in this 
HEV competition to explore the potential of this cutting-edge technology through a Request for 
Proposals process initiated in January, 1992. A letter announcing and soliciting interest in the 
competition was sent to all accredited engineering programs and two-year technical schools in both 
countries. It described the nature of the events and the two available classes in the competition: one 
required constructing a HEV from the ground-up and the other required converting a 1992 Ford Escort 
Wagon to hybrid operation. Sixty-seven schools submitted proposals that were evaluated by a team of 
judges from industry and government experts. From these proposals, twelve schools were selected to 
participate in the Ground-Up class and eighteen schools in the Escort Conversion class. Twenty-six of 
these schools were able to pass technical and safety inspections and qualify for the actual competition in 
June, 1993. 

The Challenge consisted of a series of static and dynamic events designed to assess the quality of 
the student's efforts. The dynamic events measured the performance of the vehicles constructed by the 
teams of student engineers and the static events 
evaluated their engineering and communication 
skills. Each event was assigned a portion of the 
1,000 available points in the competition according 
to Table 1. The Technical Report event served both 
as a way to emphasize the importance of 
communicating the content of and rationale for the 
team's design as well as to document the 
specifications of the competing vehicles. The 
Report was due one month before the competition 
to allow time to judge them. Teams of judges were 
assembled from industry and government sources to 
read and score the reports. At least five judges 
evaluated each report; their scores were normalized 
to a 75 point scoring range and then averaged to 
determine a rank order of schools in each class. 
Points were then assigned to the schools according 
to a pre-published schedule that allocated points 
according to the vehicle class and the school's 
overall rank. 

Table 1. Competition Points 

Event Description 

Technical Report 

Engineering Design Event 

Oral Presentation 

Acceleration Event 

Emissions Event 

Commuter Challenge Event 

APU Efficiency Event 

Range Event 

Electric Efficiency Event 

Overall Efficiency Event 

Cost Assessment Event 

Total Points 

Points 

75 

150 

50 

100 

150 

150 

35 

75 

35 

55 

125 

1,000 
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The complete results from the 1993 HEY Challenge, including the scores from the Technical 
Report event, can be found in Table 2 for the Ground-Up Class and Table 3 for the Escort Conversion 
Class. Many technical achievements and peiformance benchmarks for HE.Vs were set during this 
competition; a complete description of the competition's structure and outcomes, as well as an analysis of 
the results, will be published as a separate SAE paper. 

On behalf of all the sponsors of the 1993 HEY Challenge, I thank you for your interest in the 
1993 HEY Challenge. The impressive accomplishments of the teams of student engineers contained in 
this publication speak for themselves. If the reader has any questions concerning the organization of the 
competition or its outcomes, please contact me at 9700 S. Cass Avenue, Building 362-B209, Argonne, 
Illinois, 60440., USA. 

Robert P. Larsen 

Center for Transportation Research 

Argonne National Laboratory 

Table 2. 

Final Scores for the 
1993 Ford/DOE/SAE 

REV Challenge 

Ground-Up Class 

California Polytechnic - Pomona 

California Polytechnic-San Luis Obispo 

Cornell University 

Lawrence Technological University 

Michigan State University 

New York Institute of Technology 

University of California - Davis 

University of California - Santa Barbara 

University ofldaho/Washington State 

University of Tennessee 

University of Texas - Arlington 

University of Tulsa 
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52 9 34 0 

73 20 23 42 

44 41 82 106 

150 24 41 68 

124 34 41 99 

0 5 0 0 

87 l l 79 77 

36 14 31 85 

102 7 84 48 

22 29 63 ll l 

61 17 0 0 

29 50 20 84 
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73 6 18 10 32 83 335 

0 14 14 35 27 55 317 

150 29 62 29 45 125 750 

52 8 26 8 13 66 482 

124 20 51 17 19 60 65 1 

0 0 0 0 0 25 41 

102 24 75 24 37 108 675 

61 12 43 12 16 93 478 

44 10 31 14 55 44 447 

87 17 37 20 22 74 525 

0 0 0 0 0 25 114 

36 35 22 0 IO 49 357 
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California State University - 18 50 28 32 89 35 12 16 24 22 65 391 

Design Reports 

University of Alberta ........................................................................................................ 1 

University of California, Davis ....................................................................................... 13 

University of California, Irvine ....................................................................................... 31 

Northridge University of California, Santa Barbara ........................................................................ 45 
Colorado School of Mines 12 55 16 51 71 68 31 46 11 18 81 460 

Colorado State University 34 84 34 8 74 45 22 38 8 20 50 417 California State University Northridge .......................................................................... 51 

Concordia University 75 103 IO 78 82 76 35 34 9 48 IOI 651 

Jordan College Energy Institute 14 35 18 44 0 55 8 24 22 28 53 301 
California State Polytechnic, Pomona .......................................................................... 61 

Pennsylvania State University 0 25 8 56 67 103 14 42 18 14 61 (327) 81.2 California Polytechnic State University, San Luis Obispo .......................................... 71 
Seattle University 28.5 61 25 48 97 131 20 57 35 25 75 602.5 

Stanford University 51 115 5 24 0 61 0 18 27 12 47 360 
Colorado School of Mines ............................................................................................. 79 

Texas Tech University 24 45 20 0 56 0 II 0 0 0 44 (222) (21.5) Colorado State University .............................................................................................. 87 
United States Naval Academy 38 40 12 32 88 93 27 30 7 16 87 (10) 460 

University of Alberta 46 131 43 88 71 150 24 75 14 38 94 774 
Concordia University ..................................................................................................... 99 

University of California - Irvine 21 0 7 0 0 0 0 0 0 0 25 53 Cornell University ......................................................................................................... 115 

University of Illinois 65 150 31 52 73 40 9 27 12 42 57 558 

University of Wisconsin 57 68 38 68 0 0 0 14 18 0 41 304 
University of Idaho and Washington State University ............................................... 127 

Washington University - 0 0 6 0 0 0 0 0 0 0 0 6 University of Illinois at Urbana-Champaign .............................................................. 141 
St Louis 

Wayne State University 28.5 30 14 46 106 50 16 51 10 34 87 (240) 232.7 Jordan College Energy Institute .................................................................................. 157 

Weber State University 16 93 50 59 131 115 18 65 31 31 125 734 Lawrence Technological University ............................................................................ 163 
West Virginia University 42 76 22 44 48 84 10 21 18 55 70 490 

Michigan State University ........ : .................................................................................. 175 

New York Institute of Technology .............................................................................. 191 

Seattle U niverslty ......................................................................................................... 207 

Stanford University ..................................................................................................... 219 

University of Tennessee .............................................................................................. 229 

University of Texas at Arlington .................................................................................. 243 

Texas Tech University ................................................................................................. 257 

University of Tulsa ....................................................................................................... 265 
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