AEROSPACE REPORT NO
TOR-0059(€769-01)-2. VOL. |

Final Report
Hybrid Heat Engine / Electric Systems Study

Volume I: Sections | through 13

71 JUN f

Prepared for DIVISION OF ADVANCED AUTOMOTIVE

POWER SYSTEMS DEVELOPMENT
U. S. ENVIRONMENTAL PROTECTION AGENCY
Ann Arbor, Michigan

Contract No. F04701-70-C-0059 @

Office of Corporate Planning

THE AEROSPACE CORPORATION
El Segundo, California

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com



https://www.docketalarm.com/

Report No,
TOR-0059(6769-01)-2,
Vol. 1

FINAL REPORT
HYBRID HEAT ENGINE/ELECTRIC SYSTEMS STUDY

Volume 1: Sections 1 through 13

71 JUN @1

Office of Corporate Planning
THE AEROSPACE CORPORATION
El Segundo, California

Prepared for

Division of Advanced Automotive Power Systems Development
U.S. ENVIRONMENTAL PROTECTION AGENCY
Ann Arbor, Michigan

Contract No, F04701-70-C-0059

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

FOREWORD

Basic to analyzing the performance of the hybrid vehicle was the importance
of understanding the characteristics of each major component since cach
would be operating in a nonstandard mode required by the hybrid 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 compiled in
this study. The magnitude and trends were established on the basis ol «
comprehensive survey and evaluation of the best data from both the open
literature and current available unpublished data sources. These data are
considered suitable for use in the feasibility study conducted under this conz
tract. However, for further detailed design a substantial refinement of 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, selective reading of major systems performance results is
possible and to assist those so interested, the following brief guide is pre-
sented:

Section 1 Summary of study results and recom-
mentations
Sections 2, 3, 10, and 11 Presentation of study objectives,

design specifications, and results

Sections 3 and 4 Description of computational techniques
and per formance requirements

Sections 6 through 9 Review of contemporary and projected
technology of major components

Section 12 Cost estimates for high-volume pro-
duction of hybrid cars

Section 13 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 I 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,

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

ACKNOWLEDGMENTS

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 community.

of this effort is expressed herewith:

The Aerospace Corporation

Mr.
Mr.

o
.

55§ F 5%

o)
I

Mr.

University of California,

Dan Bernstein
Lester Forrest
Gerald Harju
Merrill Hinton
Toru Iura
Dennis Kelly
Jack Kettler

Harry Killian

Robert LLa France

. Roberta Nichols

Wolfgang Roessler

Henry Sampson

Raymond Schult

Berkeley

Dr.

University of California, Irvine

Robert Sawyer

Dr.

DOC KET

_ ARM

Robert M. Saunders

Recognition

Electrical System-Control System
Heat Engines (Internal Combustion)
Programming for Computations

Vehicle Specifications /Conceptual Design
and Sizing Studies

Heat Engines (lriternal Combustion’)
Heat Engine Exhaust Emissions
Vehicle Exhaust Emissions Test Program

Electrical System - Motor and Generator

Electrical System - 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

Heat Engine Exhaust Emissions

Electrical System - Motor Generator,
Control Systems

—xr

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




