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FOREWORD 

Basic to analyzing the performance of the hybrid vehicle was the inlportancc 

of understanding the characteristics of each major component since each 
would be operating in a nonstandard mode required by the hybr id arrange- 
ment. In addition, the potential for improvement had to be understood to 
predict the performance of advanced designs. This report, therefore, con- 
tains two types of information: (a) hybrid system analysis and results; and 
’(b) major component state-of-the-art discussions, characteristics used in 
this study, and advanced technology assessments. Heat engine operating 
characteristics, mechanical parameters, and exhaust emissions are covered 
extensively because of both their primary importance and the difficulty 
involved in collecting a reliable comprehensive set of data; this should relieve 
future investigators making studies of nonconventional propulsion systems of 
the necessity of repeating the burdensome task of assembling a data bank. 

It should be recognized that calculated results are based on data compilc.d in 
this study. The magnitude and trends were established on the basis ~,l ~’, 
comprehensive survey and evaluation of the best data fronn both the open 
literature and cm’rent available unpublished data sources. 3’hese data are 
considered suitable for use in the feasibility study conducted under this c<,n- 

l& 

tract. However, for further detailed design a substantial refinement o1 the 
data base would be necessary. 

he report is organized to give a logical build-up of information starting with 
study specification, analytical techniques, and component characteristics and 
concluding with system performance results and recommendations for develop- 
ment. However, seIective reading of major systems performance results is 
possible and to assist those so interested, the following brief guide is pre- 
sented: 

Section i Summary of study results and recom- 
mentations 

Sections 2, 3, I0, and II Presentation of study objectives, 
design specifications, and results 

Sections 3 and 4 

Sections 6 through 9 

Section IZ 

Section 13 

Description of computational techniques 
and performance requirements 

Review of contemporary and projected 
technology of major components 

Cost estimates for high-volume pro- 
duction of hybrid cars 

Presentation of a technological plan for 

component and system development 

-iii- 
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This report is published in two volumes for convenience; however, separation 
of the material is made with due regard to organization. Volume 1 consists of 
Sections 1 through 13 and presents the essential study information, while 
Volume II consists of Appendices A through F and presents supplementary 
data. 

The period of performance for this study was June 1970 through June 1971. 

-iv- 
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AC KNOW LE DG MEN TS 

The extensive diversity in technological capabilities necessary for a thorough 

evaluation of the hybrid electric vehicle has required the reliance for support 

and expertise on select members of The Aerospace Corporation technical 

staff as well as members of the national technical comn~unity. Recognition 

of this effort is expressed herewith: 

The Aerospace Corporation 

Mr, 

Mr. 
Mr. 

Mr. 

Dan Bernstein 
Lester Forrest 
Gerald Harju 

Mer r ill Hinton 

Electrical System- Control System 

Heat Engines (Internal Combustion) 

Programming for Computations 

Dr. Toru lura 

Vehicle Specifications/Conceptual Des ign 
and Sizing Studies 

Heat Engines (Internal Combustion’) 
Heat Engine Exhaust Emissions 
Vehicle Exhaust Emissions Test Progranl 

Mr. Dennis Kelly 

Mr. Jack Kettler 

Mrs. Roberta Nichols 

Mr. Wolfgang Roessler 

Mr. Raymond Schult 

Dr. Henry Sampson 

Mr. Harry Killian 

Mr. Robert La France 

Electrical Systenn - Motor and (]enerator 

Electrical Systenl - Batteries 

Heat Engines (External Combustion) 

Computational Techniques 
Electrical System - Batteries 

Electrical System - Motor, Generator, 
Control Systems 

Vehicle Exhaust Emission Test Program 

Heat Engine Exhaust Emissions 
Vehicle Exhaust Emission Test Program 

Vehicle Specifications 
Computational Techniques 
Vehicle Power Requirements 

Electrical System - Motor, Generator, 
Control Systems 

University of California, Berkeley 

Dr. Rober t Sawyer Heat Engine Exhaust Emissions 

University of California, Irvine 

Dr. Robert M. Saunders Electrical System - 
Control Systems 

Motor Generator, 

-V- 
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