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CONFERENCE PURPOSE

By 1985 we will not have exhausted the potential for improvements in motor
vehicle performance based on currently known technologies. However, further
improvement beyond that date will be limited if we do not take steps to:

(1) expand our basic knowledge and understanding of the principles behind the
technologies used in motor vehicles; and (2) generate new ideas for the tech-

nology of the next generation of motor vehicles.

The central question to be addressed is: What basic research is needed to
provide a foundation for a successful national policy to reduce the country's
dependence on imported petroleum, consistent with our national goals of improved
highway safety and air quality, and continuing freedom of personal mobility at

reasonable cost?

The purpose of this meeting is to gather ideas on what basic research
questions should be addressed in order to catalyze advances in existing tech-
nologies and the adoption of new technologies to improve the performance char-
acteristics of motor vehicles beyond what is currently contemplated. 1In this
process it will be important to recognize and assess the current, ongoing
research and development programs of the Federal Government, the automobile
industry, and independent research institutions, and, to identify other promis-

ing research directions.

PROGRAM ORGANIZATION AND DEVELOPMENT

The conference on Basic Research Directions for Advanced Automotive
Technology was organized by the Transportation Systems Center (TSC). The
technical staff of the National Highway Safety Administration, under the direc-
tion of Mr. Howard Dugoff, Deputy Administrator and Dr. Carl Nash, Policy
Advisor to the Administrator, worked with the technical staff of TSC under the
direction of Dr. Richard R. John, Chief of the Energy Programs Division, to

develop the technical program.



AGENDA

February 13, 1979

9:00 - 10:15 AM OPENING SESSION, Grand Ballroom, Sheraton-Boston Hotel

9:00 AM

WELCOME
DR. JAMES COSTANTINO, Director
Transportation Systems Center

9:10 AM  INTRODUCTION OF THE SECRETARY OF TRANSPORTATION
DR. JEROME B. WIESNER, President
Massachusetts Institute of Technology
9:20 AM REMARKS
HONORABLE BROCK ADAMS, Secretary of Transportation
9:50 AM REMARKS ON SCOPE OF CONFERENCE - CHAIRPERSON
DR. RAYMOND L. BISPLINGHOFF, Chairman
National Research Council
Committee on Transportation
10:15 AM  BREAK
10:45 - 12:30 PM PANEL SESSIONS CONVENE, Sheraton-Boston Hotel
PANEL A: ENGINES - Commonwealth Room (3rd Floor)
PANEL B: FUELS AND POWERTRAIN SYSTEMS - Independence Room (2nd Floor)
PANEL C: STRUCTURES AND MATERIALS - Fairfax Room (3rd Floor)
12:30 - 2:00 PM LUNCH
2:00 - 5:30 PM PANEL SESSIONS RECONVENE, same location as the morning
sessions in the Sheraton-Boston
Hotel
5:30 PM RECEPTION, Grand Ballroom

February 14, 1979

8:30 AM - 12:30 PM PANEL SESSIONS RECONVENE, Sack-Cheri Theater Complex

(across from the Sheraton-
Boston Hotel)

PANEL A: ENGINES - Cinema 1
PANEL B: FUELS AND POWERTRAIN SYSTEMS - Cinema 2
PANEL C: STRUCTURES AND MATERIALS - Cinema 3

12:30 - 2:30 PM LUNCH
2:30 - 4:00 PM SUMMARY SESSION, Grand Ballroom, Sheraton-Boston Hotel

4:00 PM

PANEL SUMMATIONS
PANEL A: Dr. Richard L. Briceland, Chairperson
PANEL B: Dr. Maxine Savitz, Chairperson
PANEL C: Dr. R. Rhoads Stephenson, Chairperson

GENERAL SUMMATION
DR. RAYMOND L. BISPLINGHOFF, Conference Chairperson

CONFERENCE ADJOURNMENT



PANEL A: ENGINES

CHAIRPERSON: DR. RICHARD H. BRICELAND
Environmental Scientist
Office of Policy Analysis
U.S. Environmental Protection Agency

PANEL FOCUS: This panel will discuss basic research needs for heat engines.
The scope of discussion will include any engine that utilizes combustible fuels
to generate mechanical energy through a thermodynamic cycle, and that is suit-
able for use in an automobile or light truck. Research areas will include:

the nature of the thermodynamic cycle; combustion processes, emissions and
related factors; engine configurations; engine materials and associated manu-
facturing processes; diagnostic and control systems; and any other areas of
research that could have direct implications for the performance of a heat

engine.
PANELISTS:

MR. CHARLES A. AMANN
Department Head, Engine Research

General Motors Research Laboratories

Warren, MI

DR. WILLIAM BANKS

President

Engineering Management and
Development, Inc.

San Diego, CA

MR. JOHN BROGAN

Director,

Division of Highway Systems
Office of Transportation Programs
U.S. Department of Energy
Washington, DC

MR. GEORGE E. BROWN
Executive Director,

Vehicle Emissions and Safety
American Motors Corporation
Detroit, MI

PROF. DAVID E. COLE

Associate Professor of Mechanical
Engineering, and

Director, Center for the Study of
Automotive Transportation

University of Michigan

Ann Arbor, MI

MR. KARL HELLMAN

Chief, Characterization and
Application Branch

U.S. Environmental Protection Agency

Ann Arbor, MI

DR. PETER HOFBAUER

Advanced Automotive Power Systems
Volkswagenwerk AG

Federal Republic of Germany

MR. A. ISHIZUYA
Director

Honda Motor Co., Ltd.
Tokyo, Japan

PROF. JACK L. KERREBROCK

Head, Department of Aeronautics &
Astronautics

Massachusetts Institute of Technology

Cambridge, MA

DR. HOKEN KRISTIANSEN
President

Kristiansen Cycle Engines, Ltd.
Winnipeg, Manitoba

Canada

MR. ARNOLD F. KOSSAR

Vice President, Engineering
Curtiss-Wright Corporation
Woodridge, NJ



PANEL B:

FUELS AND POWERTRAIN SYSTEMS

CHATRPERSON: DR. MAXINE SAVITZ

Deputy Assistant Secretary for
Conservation and Solar Applications

U.S. Department of Energy

PANEL FOCUS: The panel on fuels and powertrain systems will discuss the
research needs relating to the motor vehicle powertrain system and the tailoring
of fuels for it. The most efficient and least environmentally degrading use of
available energy resources is a function of the complex relationship between the
energy source, the refined fuel, and the powertrain. Many research questions
therefore arise regarding how the source and refining of fuels (or generation of
electricity) help to determine the most desirable technology for the vehicle
powertrain. Other research questions for the panel will be concerned with on-
board energy storage (of fuel or electricity), mechanical and electrical energy
conversion (transmissions and motors), regenerative systems, and powertrain

technology.
PANELISTS:

DR. W. DALE COMPTON

Vice President - Research
Ford Motor Company
Dearborn, MI

DR. ROGER CORTESI

Director, Criteria Development

Special Studies Division

U.S. Environmental Protection Agency

Washington, DC

MR. E. EUGENE ECKLUND

Chief, Alternative Fuels
Branch

U.S. Department of Energy

Washington, DC

PROF. DR. HANS J. FOERSTER
Director of Research
Daimler-Benz AG _
Federal Republic of Germany

MR. ROBERT G. JACKSON

Fuels Technology Development
Continental 0il Company
Ponca City, OK

DR. TREVOR JONES

Vice President, Engineering
TRW Automotive Worldwide
Cleveland, OH

DR. JAMES M. LAFFERTY

Manager, Power Electronics Laboratory
Corporate Research & Development
General Electric Company

Schenectady, NY

PROF. ROBERT McALEVY III
Mechanical Engineering Department
Stevens Institute of Technology
Hoboken, NJ

DR. KEITH W. McHENRY

Vice President, Research and Development
Amoco 0il Company

Naperville, IL

MR. JOHN N. NOETTL
Consultant
Washington University
St. Louis, MO

MR. RAYMOND PERRY, JR.

Manager, Fuels Research

Technical Service & Engine Test Section
Mobil Research & Development Corporation
Paulsboro, NJ :

DR. BENO STERNLICHT

Chairman and Technical Director
Mechanical Technology, Inc.
Latham, NY



PANEL C:

STRUCTURES AND MATERIALS

CHAIRPERSON: DR. R. RHOADS STEPHENSON

Associate Administrator for Research & Development
National Highway Traffic Safety Administration
U.S. Department of Transportation

PANEL FOCUS:

This panel will discuss basic research directions affecting all
aspects of motor vehicle technology other than the powertrain.

This will

include the basic layout or configuration of a vehicle (the placement and rela-
tionship of its components), its structure and crash energy absorption
mechanisms, chassis components (wheels, tires, brakes, steering, and so on),
occupant crash protection systems, and the materials used to construct the

vehicle.

The research areas for this panel will include new applications of known
materials, composite materials and other combined material systems, designs for
structural rigidity and for crash energy management, biomechanics and occupant
restraints, friction and adhesion characteristics of materials, corrosion and
fatigue resistance, and the scrappage and recycling potential of vehicle com-

ponents.
PANELISTS:

DR. NILS BOHLIN

Senior Engineer, Auto Safety
AB Volvo

Gothenburg, Sweden

PROFESSOR SAMUEL K. CLARK

Acting Chairman

Department of Applied Mechanics
and Engineering Science

University of Michigan

Ann Arbor, MI

MR. CLARENCE M. DITLOW III
Executive Director

Center for Auto Safety
Washington, DC

DR. DONALD FRIEDMAN
President

Minicars, Inc.
Goleta, GA

DR. WILLTIAM HADDON

President

Insurance Institute for Highway
Safety

Washington, DC

MR. CHARLES M. HEINEN

Director, Research & Materials
Engineering

Engineering Office

Chrysler Corporation

Detroit, MI

MR HERBERT A JAHNLE
Manager, Advanced Materials
The Budd Company

Fort Washington, PA

DR. STEPHEN J. MATAS
Director of Research
Republic Steel Corporation
Independence, OH

MR. ROBERT F. McLEAN

Director, Automotive Research
The John Z. DeLorean Corporation
Bloomfield Hills, MI

MR. WILLIAM F. MILLIKEN, JR.
President

Milliken Research Associates, Inc.
Williamsville, NY

MR. DONALD W. PENNINGTON

Laboratory Director, Resins Research
Texas Research Group

The Dow Chemical Company

Freeport, TX

DR. ALLEN S. RUSSELL

Vice President, Science and Technology
Aluminum Company of America

Pittsburg, PA

DR. 0.C. TRULSON

Director, Carbon Fiber Development
Union Carbide Corporation

Parma, OH



INFORMATION SERVICES

An information desk will be operated each day to receive and post your
calls. Incoming calls should be made to (617)236-2000, noting that you are
attending the Conference on Basic Research Directions for Advanced Automotive

Technology sponsored by the U.S. Department of Transportation.

TRANSPORTATION SERVICES

Assistance in reconfirming or changing your travel arrangements will be
provided upon request at the conference information desk. Convenient local
transportation is available by taxi or via the Green-Line of the Massachusetts
Bay Transportation Authority (MBTA-Prudential Station). Subway maps are
available at the conference literature table. In addition, bus service will
be provided to Logan International Airport following completion of the Summary
Session on Wednesday, 14 February 1979. Bus departure information is available

on separate séhedule, or can be obtained at the conference information desk.
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INTRODUCTION

On December 5, 1978, the Secretary of Transportation, Brock
Adams, issued a challenge to those in the motor vehicle industry
during his talk to The Economic Club of Detroit, Michigan.

The challenge was...'"to create a car that is new from the
inside out -- a car that represents a commitment, not a con-
cession, to a world short on energy and concerned about the
future." 1In short, Secretary Adams called upon the motor
vehicle industry to "re-invent'" the automobile.

Secretary Adams was aware of the dimensions of the challenge
he proposed. In essence, he asked the industry to work with
appropriate government officials and associates in the technical
community to assess the possibilities of developing a cleaner,
safer, and more significantly efficient car.

The response thus far is highlighted by the "Conference on
Basic Research Directions for Advanced Automotive Technology,"
held in Boston, Massachusetts on February 13-14, 1979.

This conference afforded the Secretary of Transportation
the opportunity to invite members of the industry, academia,
the technical community, consumer groups and government to work
together to develop answers for him as to what was economically
and technically feasible.

This "Conference Report" presents the proceedings and
results of the February conference. These results are being used
as the basis for a '"Research Agenda'" which Conference Chairman,
Dr. Raymond L. Bisplinghoff, will present to the Secretary of
Transportation.



The "Research Agenda" will be used to continue the dialog
between the Department of Transportation and all other concerned
groups. The results of the Conference are contained in four

volumes:

Volume I is entitled Conference Report and is divided into

four sections:
o Background
o Opening Plenary Session
o Panel Reports
o Closing Plenary Session.

Volume I summarizes the highlights of the opening and
closing sessions and presents three summary panel reports which
have been reviewed and approved by the Panel chairmen. The

summary panel reports are:

Panel A: Engines
Panel B: Fuels and Powertrain Systems
Panel C: Structures and Materials

Volume II contains the panel deliberations and is divided

into three specific panel sectioms:
o Panel A: Engines
o Panel B: Fuels and Powertrain Systems
o Panel C: Structures and Materials.

This volume also contains reports submitted by the respec-
tive panel members as well as submissions from conference

attendees.

Volume III is entitled Conference Docket Submissions. This

volume contains data and information submitted in response to
requests for comments in the Federal Register 44FR7047, Feb. 5,
1979.



Volume IV contains the conference transcripts. This is
a transcript of the entire conference proceedings taken from
tape and stenographic recordings. (Because of the volume and
detail of the transcripts, only limited duplication is planned.
However, the transcripts will be available for reference at the
Transportation Systems Center.)

5/6






Secretary Adams’ Speech
December 5, 1978






SECRETARY ADAMS' SPEECH
December 5, 1978

U.S. Department of Transportation

NGWSS

Office of Public and Consumer Affairs
Washington, D.C. 20590

REMARKS PREPARED FOR DELIVERY BY SECRETARY OF TRANSPORTATION BROCK ADAMS,
TO THE ECONOMIC CLUB, DETROIT, MICHIGAN, DECEMBER 5, 1978.

I want to deliver a challenge to those in the industry who determine
what we will be driving tomorrow, and what our children will be driving
two decades from now.

I bring you a challenge because I think it is time to create a car
that is new from the inside out -- a car that represents a commitment, not
a concession, to a world short on energy and concerned about the future.

Let's not be deceived about the energy situation. We are skating on
thin ice. The motor vehicle is the prime mover of our society, and our
mobility as well as much of our economy depend on a fragile alliance with
the OPEC countries.

We are using well over 100 billion gallons of motor fuel a year in our
cars and trucks, and both the supply and the price of about half of that
are subject to substantial uncertainties.

Events in Iran and the announcement of rationing by American oil companies
reinforce my belief that the curtain is quickly dropping on the age of the inter-
nal combustion engine as we know it -- and the fact is we have no replacement.

It's time for industry and government to stop butting heads and to start
working together. All of the trench warfare between government and industry
over fuel economy has resulted in a 1979 car that gets about as many miles per
gallon as did the "Model A" of 50 years ago.

We all know our o0il imports have helped fuel the inflation President Carter
is fighting so hard against. The full cost of this dependence shows up in
other ways as well:



1. In a chronically negative balance of trade.
Presidential advisers estimate that the decline of
the dollar on foreign exchange markets adds one percent
to the U.S. inflation rate. Our weakness for oil is weaken-
ing our currency.

2. In foreign acquisitions of U.S. property.
To offset the dollar drain for imported oil, we are
tolerating -- even encouraging -- foreign investments in
U.S. property. There is growing concern, in the Corn Belt,
along Maryland's Eastern Shore and in the financial capitals
of our country as the ownership of land, buildings and
companies passes into foreign hands.

3. In the danger to our defense and the efficacy of our
foreign policy.
Our international relations could be constrained and our
defense posture compromised by our dependency on foreign
oil.

I bring these matters before you, because regardless of what other
directions present and future national energy policies take, motor vehicle
fuel consumption must be reduced.

There are, of course, two ways to do that: by shifting to other forms
of transportation, or by making a quantum jump forward in auto technologies.

I have learned that we can divert people from their cars only to a
limited degree. People do not want to give up their personal mobility.
They may be persuaded to take transit where it is convenient -- and we
are trying to make public transit more attractive and accessible, here
Tn Detroit and elsewhere throughout the country. People will fly to
save time, and they are doing that today in record numbers. Under certain
circumstances people will even travel by train or bus.

But the car is still the people's choice -- far and away the preferred
mode of travel. And little wonder. We have built an impressive network
of roads. We have made the car a virtually indispensable element of
our economy and our culture.

So, except in urban areas where a real alternative is made available, the
American people will not give up their automobiles. We had better accept this
fact.

For the past two years we have been caught up in the problems of how to
preserve the motor vehicle in forms acceptable to the public and still live
within our energy means.



Many of you here are, and have been, involved in that debate. Some of
you are telling me that if the rules set in Washington remain -- that if fuel
economy standards, in particular, are not relaxed -- the cost to some compo-
nents of the industry may be severe; that sales,-and jobs, will be lost. ’

I'm concerned about that. I'm listening to what you're saying. But
I'm also concerned about the alternatives -- cars without gasoline, and trains
and buses, planes and subways that can't handle the demand; which-is why I
believe the only practical course of action is a daring one. I believe we
must do nothing less than re-invent the car -- create a new, superior vehicle
within a decade.

I propose this challenge for two reasons:

1. Despite the fuel economy standards now mandated, con-
sumption is not dropping and shows signs that it will
begin to rise again by 1985; and

2. We are coming close to exhausting the possibilities for
further fuel economies using existing commercial techno-
logies. With the more efficient cars that will be common
in the 1980's, we will have used up much of the potential
for our present technologies. Further incremental improve-
ments will still be possible. But if the next generation
of cars is to meet the conditions of the 1990's we will
have to begin to develop advanced automotive technologies
now so they will be ready for commercialization.

The fuel economy standards now posted, as difficult as they may be to
meet, will not suffice. Beginning in the mid 80's energy demand will spurt
again and I, for one, am not prepared to guarantee the industry or the Ameri-
can public that sufficient supplies of affordable fuel will be available.

I am aware of the school of thought that says energy supplies will be
adequate for as long into the future as we can see. I do not have that confi-
dence. And as Secretary of Transportation I can't take that chance -- nor, in
my opinion, can our society.

What I am saying is that we are engaged now in a holding action. We
are not solving our basic energy problem; we are only deferring it. It is
not how much fuel we save this year, or the next, or in 1985 tﬁat matters in
the Tong run. What concerns me, and must concern you, is what the auto
industry will be able to build and what people can buy in a decade.

Beyond 1985 even a one mile per gallon improvement in fuel economy
per year for new cars will not be sufficient to offset increases in total
demand for motor fuel. Instead we must focus on the necessity to again
double the fleet fuel economy average to something like 50 miles per
gallon, or its equivalent, before the new century. I
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I am not suggesting we set regulatory standards at that level but that
jndustry and government together establish performance goals for ourselves,
as the nation and its aviation industries did in the space program.
fFrankly, I am not at all sure that legislation written in Washington is the
best way to inspire the building of better cars in Detroit. But the only
alternative I see is for the auto industry and government together to take the
leap forward in technology that focuses on long-range goals, not just short-term
objectives.

when we get right down to it, the last major technological break-
throughs of fundamental significance occurred about 60 or 70 years ago. I'm
talking about the development of a practical, lightweight heat engine, the
pneumatic tire and -- perhaps -- the self-starter. Developments since then
have been important but incremental refinements of the basic technologies.

We enjoy finer, more comfortable, better performing, substantially more
durable cars today, but we are still tied to the internal combustion engine.
Moreover, many of the significant technological advancements that have
occurred in recent years were first commercialized in Europe and Japan.

In recent years the American automobile industry, I regret to say,
has acquired a reputation for imitation, not innovation. The companies have
become collaborators rather than competitors. The government, in setting
minimum performance standards, has found that the industry thinks of them as
absolute targets and seems to feel little or no incentive to try to gain an °
edge by exceeding those requirements.

The time, and the opportunity, to change that perceptioh are at hand.
And the potential rewards are substantial. For example:

Never before has the American automobile industry been in a
better position to compete in the world market.

1. U.S. labor costs are now competitive.

2. Motor fuel, which will almost certainly
increase in price in the domestic market,
has already reached the $2 level in most
foreign markets. Technologies that we
don't even consider are already competitive
in that kind of market.

3. The import share of the U.S. market is probably
going to shrink because foreign cars are losing
their price and performance advantages.

Europe and much of the rest of the world will
become a "growth market" for U.S. cars if the
industry is aggressive and our government firm
in its trade policies.
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4. In percentage terms, the growth prospects are greater
abroad over the next 10 years than they are in the
United States. The European market, where 9 million
cars were sold in 1976, is projected to absorb 11 1/2
million vehicles in 1983 and 14 million by 1990. The
demand in Africa will quadruple.

5. The industry's projected $50-$80 billion investment
in the production of more efficient, less polluting
and safer cars will modernize the plant and guarantee
Jobs at home.

If we can pull it off -- if we can build a cleaner, safer, significantly
more efficient car, one the world will love, envy and buy -- the U.S. auto
industry will insure its own prosperity and the continued mobility of millions.

With the right product we can erase the $7 billion motor vehicle trade
advantage Japan holds over us. The United States can become a net exporter
rather than a net importer of cars and light trucks.

I do not for a minute believe that what I am suggesting is easy. It
may not even be possible.

But it is an Everest that faces us -- and must be climbed.

I believe that we have, within the public and private resources of this
country, the means to produce cars free of the social, environmental and energy
sins that trouble us today and cloud the future.

I ask the auto industry today for a commitment to that cause -- the second
genesis of the automobile.

I ask you to join with me, and with every government agency concerned with
our energy, environmental and safety needs, in an intellectual consortium
dedicated to a giant step for mankind's surface transportation needs.

I shall ask the leaders of the automotive industry to meet together
early next year, with the appropriate officials from government, to determine
what we can do together to hasten the development of an energy-stretching,
life-saving, people-pleasing car.

What I am suggesting is a "summit conference" of the best brains in the
auto industry together with the government agencies that support and regulate
this industry. Our first priority must be a propulsion system that combines
acceptable performance with exceptional fuel economy.

[ extend this invitation in the full realization that the kind of

commitment I am talking about exceeds the commercial capabilities of the
industry alone. The Federal government can and must play a key role in
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fostering and, to the extent possible, assisting in such a development program.
substantial sums of tax dollars are already being invested in automotive-
related research and development.

I see no reason why this Federally-supported research and development
program should not be the catalyst for a concerted, cooperative government-
industry effort toward a lofty goal that serves our national, industrial
and personal interests. 1 see no reason why we cannot take a united stand
against the common technical problems that confront us. I see no reason
why we should not dedicate ourselves to the development of a new generation
of automotive technology, not to warming over what we have now. And I
see every reason why we should join together in this venture.

So, I shall expect the participation and the dedication of the private
sector.

We do not begin empty-handed. An assortment of experimental safety
vehicles, with improved crash protection and fuel economy, have been built
and tested.

The industry has carried out, and is presently conducting with the support
of the Department of Energy, a variety of alternative engine programs -- the
stirling, the turbine, electric and hybrids.

New plastics, carbon fibers and exotic metals have been used in prototybe
vehicles. Other advances -- turbo charged gasoline and diesel engines,
lightweight structures and techniques to reduce drag -- are available or soon
will be.

We need other more exciting prospects -- advances that depend on
significant developments in materials, heat transfer technologies and
energy storage systems.

I can't tell you whether the auto of tomorrow will be electric or powered
by some other fuel, but the marketplace is waiting -- not only in America
but worldwide. We must move from the distant and the dreamy to the real
and the reachable; from the implausible to the possible. And we must
do it now.

That's why I'm here today. I realize the dimensions of the challenge
I am proposing. I am aware, too, of the industry's substantial investment
in down-sizing technologies and its capital obligations through the mid-1980's.

But our greater need is to engage in a partnership effort aimed
directly and unmistakenly at the development of new-born, not re-born automo-
tive technology. We cannot build the car of tomorrow unless we first invent
the engine of the future.

The prospect, I believe, can be exciting as well as productive. As

Phil Caldwell of Ford said recently: “How many times do you have the
opportunity to start with a clean sheet of paper?"

12



That's what we must do. Start with a clean slate. Go back to "cut-and-
try" engineering. Revive Henry Ford the First's tactic of pitting one
engineering team against another.

In 75 years the car has gone through a remarkable evolution. In the next
20 it must be the soul and center of a revolution.

I am sounding the call today. This next year let us fire the first
volley.
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DR. JAMES COSTANTINO'S CONFERENCE ANNOUNCEMENT LETTER

DEPARTMENT OF TRANSPORTATION

RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION

TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE, CAMBRIDGE, MA 02142

REPLY TO ATTENTION OF:

On December 5, 1978, Secretary of Transportation Brock Adams delivered a
challenge to the U.S. motor vehicle industry to create new superior
vehicles. He noted that further incremental increases in fuel economy
beyond 1985 may be insufficient to offset increases in consumption in the
1990's, and that holding the use of motor fuels to tolerable levels may
require a virtual redoubling of the fleet fuel economy average before the
turn of the century.

The Secretary has asked the Transportation Systems Center (TSC) to hold
a conference on basic research directions for advanced automotive tech-
nology. The objectives of the TSC conference will be to obtain views
from a variety of knowledgeable interested people from many fields and
institutions on the basic research objectives and priorities that would
address automotive transportation needs for the 1990's and beyond.

The conference agenda will include three panel discussion areas: engines,
fuel and powertrain systems, and vehicle structures and materials. It is

planned to stimulate participant discussion on the basic research require-
ments for developing and expanding automotive technology for the long-term
future. All discussions and meetings will be open to the public.

The meeting will be held at the Sheraton-Boston Hotel on February 13 and ;
14, 1979. Registration will take place on the evening of February 12 and ;
the following morning. You are invited to join us for this important |
meeting. Questions about the meeting may be directed to Miss Susan Swain '
at (617) 494-2392.

Director

5 Enclosures
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CONFERENCE FOLLOW-UP LETTER

DEPARTMENT OF TRANSPORTATION

RESEARCH AND SPECIAL PROGRAMS ADMINISTRATION
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE, CAMBRIDGE. MA 02142

February 3, 1979

REPLY TO ATTENTION OF:

Dear Invitee:

This letter is a follow-up to the invitation you received earlier this
month to attend a conference on Basic Research Directions for Advanced
Automotive Technology at the Sheraton-Boston Hotel on February 13-14,
1979. A discussion paper is enclosed which is intended to stimulate
and focus discussion by the conference panelists and participants.

You are invited to submit written statements of up to five pages in
length and send them to Miss Susan Swain at the Transportation Systems
Center, by Monday, February 12, or at the conference before 9:00 a.m.
on Tuesday, February 13. These comments will be summarized and read
orally at the end of the day in the appropriate panel sessions.
Attachments, regardless of length, to the five-page comments will be
accepted. However, the major points must be made within the five-page
limit. To ensure the accuracy of the summaries of the written state—
ments, commenters are urged to submit an abstract of their statement
of 200 words or less. All of the comments that are received will be
made a part of the proceedings and will be made available.

If you have not already registered for the conference or have questions
about the meetings or about your role in them, please contact Miss
Susan Swain (617) 494-2392,

Sincerely,

James Costantino
Director

Enclosures:

1) Agenda
2) Discussion paper
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CONFERENCE DISCUSSION PAPER
BASIC RESEARCH DIRECTIONS FOR ADVANCED AUTOMOTIVE TECHNOLOGY

Introduction

On December 5, 1978, Secretary of Transportation Brock Adams called for a
major program to develop a new generation of automotive technology to meet the
challenging conditions we will face in the 1990's and beyond. Noting that auto-
mobiles will continue to be the major mode of personal transportation for the
forseeable future, he called for a conference of government and industry leaders,
members of the research community, consumers, and others to discuss what form

this program should take, and how it can be implemented.

As one step toward the conference called for by the Secretary, the
Department of Transportation has organized a technical meeting in Boston,
Massachusetts on February 13 and 14 to discuss basic research directions for
advanced automotive technology. The purpose of the conference is to obtain
views from knowledgeable and interested people from various fields and institu-
tions on the basic research objectives and priorities that would lead to

commercialization of vehicles meeting the automotive transportation needs and

conditions in the 1985-2000 time frame.

Plans of the automobile manufacturers for automobile and light truck design
and technology, and of the Federal Government for automotive regulatory require-
ments are essentially set through model year 1985. Although there will be major

changes in them, the 1985 motor vehicles will not be particularly unfamiliar:

® They will be powered by conventional gasoline or
Diesel engines driving through multi-speed transmissions,

and will use today's fuels;

® Nearly all structural parts of the body and chassis
will still be made of steel, although there will be

increased use of aluminum and plastics for nonstructural

components; and,

® Front-wheel drive vehicles will become more prevalent but

this concept is not unfamiliar at present.

For the purposes of the Boston meeting, the 1985 resized motor vehicle,

with an electronically controlled internal combustion engine, perhaps turbo-
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charged, will be taken to represent the baseline state-of-the-art.

Looking beyond 1985, some obvious general areas where further improvement

in the motor vehicle system may be needed include:

e energy requirements,

e safety to users and others,
e environmental effects,

e reliability and durability,

e the cost of manufacture, ownership, and use.

By 1985 we will not have exhausted the potential for improvements in motor
vehicle performance based on currently known technologies. However, further im-
provement beyond that date will be far more limited than it is today if we do not
take steps to: (1) expand our basic knowledge and understanding of the
principles behind the technologies used in motor vehicles; and (2) generate new

ideas for the technology of the next generation of motor vehicles.

The central question to be addressed at the Boston meeting is: What basic
research is needed to provide a foundation for a successful national policy to
reduce the country's dependence on imported petroleum, consistent with our
national goals of improved highway safety and air quality, and continuing freedom

of personal mobility at reasonable cost?

Beyond defining the vehicle performance characteristics that may be impor-
tant in the 1990's, we must be sensitive to the practical constraints involved
in automotive transportation. Automobiles and light trucks are popular consumer
products, and as such must be low cost, durable units that can be serviced in
the field. Large numbers of automobiles are built each year and they are used

by people of all levels of skill and concern for them.

There are many systems in a motor vehicle and a number of technology choices
for virtually all of them. The Boston meeting is designed to gather ideas on
what research questions must be addressed in order to catalyze advances in exist-
ing technologies and the adoption of new technologies to improve the performance
characteristics of motor vehicles beyond what is currently contemplated. In this
process it will be important to recognize and assess the current, ongoing
research and development programs of the Federal Government, the automobile
industry, and independent research institutions and to identify other promising

research directions.
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When this has been done, more specific research programs can be defined.
Priorities among these programs can then be established on the basis of their
scope, their likelihood of success, the potential contribution of each program
to the success of a technology that would enhance motor vehicle performance,

and the value given such performance by society.

At the Boston meeting, we would like to have participants provide and
discuss their ideas on research projects and priorities. Three panels have
been formed at the meeting, and the remainder of this paper will discuss each

of them.

Panel A: Engines

¢ Scope.

This panel will discuss basic research needs for heat engines. The scope
of discussion will include any engine that utilizes combustible fuels to
generate mechanical energy through a thermodynamic cycle, and that is suitable
for use in an automobile or light truck. Research areas will include: the
nature of the thermodynamic cycle; combustion processes, emissions and related
factors; engine configurations; engine materials and associated manufacturing
processes; diagnostic and control systems; and any other areas of research

that could have direct implications for the performance of a heat engine.
@ Research Goals.

Heat engine technology affects a number of motor vehicle performance
attributes: fuel economy; emissions; driveability; cost of production and main-
tenance; and vehicle size and weight, to name some of the more important ones.
The engine characteristics that affect these vehicle performance characteristics
include thermal efficiency, combustion completeness, susceptibility to after-—
treatment of emissions, internal friction and other parasitic losses, flexibil-

ity and transient responses, external size, and weight.

Research goals to be addressed by this panel are for the conception and

development of practical technologies to improve these characteristics.
e Current Research Directions

In the late 1960's, continuous combustion engines such as the Rankine
(steam engine), Stirling, and gas turbine engines were under active investiga-

tion because of their low exhaust emission potential. In the mid-1970's, the
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goals were changed to emphasize fuel economy and multi-fuel capabilities.
These programs were initiated to provide potential alternatives to the conven-
tional spark ignition and Diesel engines that were then in production. 1In
parallel with this activity, numerous development programs were undertaken on
internal combustion engines that have resulted in substantial improvements in

their fuel economy and exhaust emissions characteristics.

The fuel economy potential of the Stirling and gas turbine engines is
directly dependent on the availability of materials that can withstand prolonged
exposure to high temperature gases. In the case of the Stirling engine,
materials that can contain hydrogen gas while transferring heat rapidly are
needed. Material requirements for some key engine components are quite severe,
and research is currently underway on high temperature super alloys and ceramics

to advance continuous heat engine technology.

The attainable fuel economy and emission limits of vehicles powered by
internal combustion engines are dependent on the state of knowledge and develop-
ment in thermodynamics, engine configuration, gas heat transfer, liquid atomi-
zation, and chemical kinetics. Materials do not limit the efficiency of internal
combustion engines because they are not subject to continuous high heat loads.
During the past ten years, advances in internal combustion engine technology,
including catalytic converters, precision fuel metering, turbocharging,
electronic engine controls, alternative configurations (such as the rotary
engine), and systems to vary the basic engine parameters (such as valve timing,
compression, and even the number of cylinders that are in operation) have been
based on a pre-existing research base. Few resources have been expended on
long-term research. Current research and development on internal combustion
engines is directed toward near-term technological improvements to meet

statutory performance requirements.
e Illustrative Heat Engine Related Research

A number of studies have identified key research needs for the advancement

of automotive propulsion technology including the following:

Combustion Related Research

- To provide a basic understanding and insight into the chemical
and physical processes that control combustion and formation of

pollutants in heat engines.
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Fluid Mechanics

~ To provide a basic understanding of heat, mass and momentum
transfer and their effects on thermodynamic processes within

heat engines.

Materials Research

- To provide a basic understanding and insights into metallurgy,
ceramics and chemistry in order to identify improved materials with
high temperature and other important characteristics needed for heat
engines.

Tribology Research

- To provide a basic understanding of friction mechanisms
under various material, surface and lubrication conditions so as

to be able to reduce engine/drivetrain friction losses.

Panel B: Fuels and Powertrain Systems

e Scope.

The panel on fuels and powertrain systems will discuss the research needs
relating to the motor vehicle powertrain system and the tailoring of fuels for
it. The most efficient and least environmentally degrading use of available
energy resources is a function of the complex relationship between the energy
source, the refined fuel, and the powertrain. Many research questions there-
fore arise regarding how the source and refining of fuels (or generation of
electricity) help to determine the most desirable technology for the vehicle
powertrain. Other research questions for the panel will be concerned with on-
board energy storage (of fuel or electricity), mechanical and electrical energy
conversion (transmissions and motors), regenerative systems, and powertrain

technology.
® Research Goals.

A fuel/powertrain system for a vehicle will obviously affect the fuel or
energy economy of the vehicle. That choice can also have an important effect on

the acquisition or developmental costs for the energy resources and environmental

costs, and can affect trade balances.

Thus, the specific research goals to be addressed by this panel include

improving the matching of energy resource and powertrain technology for greater
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overall efficiency, better tailoring of fuels to engine characteristics, improv-
ing on-board energy storage systems such as batteries and hydrogen storage
mechanisms, raising the efficiency of conversion of mechanical and electrical

energy, and control and other systems for electric and hybrid vehicles.

® Current Research Directions.

During the past several years, major research and development efforts have
been undertaken to tailor lead-free and low-sulfur petroleum derived fuels for
use in internal combustion engines equipped with catalytic converters for
emission control. Additional research and development programs are underway on
wide range and continuously variable transmissions, and electric and hybrid-
electric vehicles. The latter work includes extensive research and development
on batteries, electric motors, and electric motor controls. With the exception
of the work on electric and hybrid vehicles and the continuously variable trans-
mission, the great majority of these programs have been planned for relatively

near-term commercialization.

There have also been many studies of energy sources, refinement, and

conversion for use in transportation.
e Illustrative Fuel/Powertrain Related Research

A number of studies have identified key research needs for advancement

and optimization of the fuel/powertrain system. These include:

Fuel Composition and Combustion Studies

- To develop a fundamental understanding and insight into the
chemical and physical processes that control combustion
behavior over a broad range of operational conditions to
identify problems associated with combustion, fuel com-

position and fuel quality.

Fuel Synthesis

- To provide insight into the fundamental thermodynamic, kinetic

and processing aspects of the conversion paths in the extraction

and refinement of transportation fuel from its source.

Electrochemical Studies

- To develop a basic understanding of the energy loss mechanisms
involved in charge/discharge cycles of appropriate
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electrochemical couples to identify the potential for

optimization of high energy/power density batteries.

Panel C: Vehicle Structures and Materials

e Scope.

This panel will discuss basic research directions affecting all aspects
of motor vehicle technology other than the powertrain. This will include the
basic layout or configuration of a vehicle (the placement and relatiomnship of
its components), its structure and crash energy absorption mechanisms, chassis
components (wheels, tires, brakes, steering, and so on), occupant crash pro-

tection systems, and the materials used to construct the vehicle.

The research areas for this panel will include new applications of known
materials, composite materials and other combined material systems, designs for
structural rigidity and for crash energy management, biomechanics and occupant
restraints, friction and adhesion characteristics of materials, corrosion and
fatigue resistance, and the scrappage and recycling potential of vehicle com-

ponents.
® Research Goals.

The central research challenge in the areas of vehicle structures and
materials is to facilitate further resizing and weight reduction without com-
promising vehicle function, convenience, comfort, durability or reliability

while improving occupant safety and reducing hazards to impacted pedestrians.

To achieve these objectives, the research goals are to find lightweight
materials or material systems that are derived from plentiful resources and
that can be used for rigid and durable structures and for energy absorbing com-
ponents in the vehicle. Research into fastening methods could enhance the

applicability of certain materials to vehicle use.

Other types of basic research on material properties may also be able to
help meet the objectives for vehicle systems. These could include materials
for tire construction to improve strength, traction, and rolling resistance
without sacrificing treadlife. Research may also go into the reduction of

parasitic losses such as from friction and aerodynamic drag.

New materials provide new challenges for manufacturing technologies. Basic

research in this area may help to make commercialization of vehicles utilizing

these materials feasible.




@ Current Research Directions

The current programs of vehicle resizing to meet Federal fuel economy
requirements have resulted in a substantial amount of material development work
in plastics and high strength low alloy steels. There is also some basic
research into composite materials. Composite plastics such as fiberglass have
been used in new prototype and production applications for such things as

wheels, engine supports, and side door beams.

New concepts for energy absorption have also been developed for both low
speed impact damage and high speed crash energy management. One of the most
promising for both is foam filled structures where the material containing the

foam is either a plastic or sheet metal.

There have been several interesting recent developments in tire technology.
The beadless, geodesic tire is probably one of the most advanced tire concepts
available today to achieve high levels of performance with low weight. Other
concepts for run-flat performance and bead retention have been developed, and
new materials for tire cord have been introduced into production in recent

years.

Some other major research and development initiatives at present are in
the area of vehicle design and test methods, and manufacturing techniques for

new materials.
e Illustrative Vehicle Structures and Materials Related Research

A number of studies have identified various multidisciplinary research

needs for advances in structures and materials including the following:

Structural Mechanics Research

- To provide an understanding of the loads sustained by new vehicles,
components, and occupants during normal operation(as well as collisions)

so that greater design efficiency and safety can be achieved.

- To provide an understanding of the consequences imposed by the manu-

facturing process on parts and materials performance.

Materials Science and Engineering

- To provide an understanding of the relationship between composition,

microstructure and engineering properties of materials that may be
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used in vehicles and how these properties vary under loads incurred

during processing and in service.

- To provide improved experimental techniques that would reduce uncer-

tainties in material and system behavior.

Biomechanics Research

— To provide insight into the biomechanical stresses imposed on occupants

of vehicles involved in accidents to establish relationships

among injuries, test specification, vehicle design and the crash

environment.
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CONFERENCE PURPOSE

By 1985 we will not have exhausted the potential for improvements in motor
vehicle performance based on currently known technologies. However, further
improvement beyond that date will be limited if we do not take steps to:

(1) expand our basic knowledge and understanding of the principles behind the
technologies used in motor vehicles; and (2) generate new ideas for the tech-

nology of the next generation of motor vehicles.

The central question to be addressed is: What basic research is needed to
provide a foundation for a successful national policy to reduce the country's
dependence on imported petroleum, consistent with our national goals of improved
highway safety and air quality, and continuing freedom of personal mobility at

reasonable cost?

The purpose of this meeting is to gather ideas on what basic research
questions should be addressed in order to catalyze advances in existing tech-
nologies and the adoption of new technologies to improve the performance char-
acteristics of motor vehicles beyond what is currently contemplated. In this
process it will be important to recognize and assess the current, ongoing
research and development programs of the Federal Government, the automobile
industry, and independent research institutions, and, to identify other promis-

ing research directions.

PROGRAM ORGANIZATION AND DEVELOPMENT

The conference on Basic Research Directions for Advanced Automotive
Technology was organized by the Transportation Systems Center (TSC). The
technical staff of the National Highway Safety Administration, under the direc-
tion of Mr. Howard Dugoff, Deputy Administrator and Dr. Carl Nash, Policy
Advisor to the Administrator, worked with the technical staff of TSC under the
direction of Dr. Richard R. John, Chief of the Energy Programs Division, to

develop the technical program.
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AGENDA

February 13, 1979

9:00 - 10:15 AM OPENING SESSION, Grand Ballroom, Sheraton-Boston Hotel

9:00 AM

WELCOME
DR. JAMES COSTANTINO, Director
Transportation Systems Center

9:10 AM INTRODUCTION OF THE SECRETARY OF TRANSPORTATION
DR. JEROME B. WIESNER, President
Massachusetts Institute of Technology
9:20 AM REMARKS
HONORABLE BROCK ADAMS, Secretary of Transportation
9:50 AM REMARKS ON SCOPE OF CONFERENCE - CHAIRPERSON
DR. RAYMOND L. BISPLINGHOFF, Chairman
National Research Council
Committee on Transportation
10:15 AM  BREAK
10:45 - 12:30 PM PANEL SESSIONS CONVENE, Sheraton-Boston Hotel
PANEL A: ENGINES - Commonwealth Room (3rd Floor)
PANEL B: FUELS AND POWERTRAIN SYSTEMS - Independence Room (2nd Floor)
PANEL C: STRUCTURES AND MATERIALS - Fairfax Room (3rd Floor)
12:30 - 2:00 PM LUNCH
2:00 - 5:30 PM PANEL SESSIONS RECONVENE, same location as the morning
sessions in the Sheraton-Boston
Hotel '
5:30 PM RECEPTION, Grand Ballroom

February 14, 1979

8:30 AM -~

12:30 PM PANEL SESSIONS RECONVENE, Sack-Cheri Theater Complex

(across from the Sheraton-
Boston Hotel)

PANEL A: ENGINES - Cinema 1
PANEL B: FUELS AND POWERTRAIN SYSTEMS - Cinema 2
PANEL C: STRUCTURES AND MATERIALS - Cinema 3

12:30 - 2:30 PM LUNCH
2:30 - 4:00 PM SUMMARY SESSION, Grand Ballroom, Sheraton-Boston Hotel

4:00 PM

PANEL SUMMATIONS
PANEL A: Dr. Richard H. Briceland, Chairperson
PANEL B: Dr. Maxine Savitz, Chairperson
PANEL C: Dr. R. Rhoads Stephenson, Chairperson

GENERAL SUMMATION
DR. RAYMOND L. BISPLINGHOFF, Conference Chairperson

CONFERENCE ADJOURNMENT
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PANEL A: ENGINES
CHAIRPERSON: DR. RICHARD H. BRICELAND
FEnvironmental Scientist
office of Policy Analysis
U.S. Environmental Protection Agency
PANEL FOCUS: This panel will discuss basic research needs for heat engines.

The scope of discussion will include any engine that utilizes combustible fuels
to generate mechanical energy through a thermodynamic cycle, and that is suit-

able for use in an automobile or light truck.
the nature of the thermodynamic cycle;
related factors; engine configurations;

Research areas will include:

combustion processes, emissions and

engine materials and associated manu-

facturing processes; diagnostic and control systems; and any other areas of
research that could have direct implications for the performance of a heat

engine.
PANELISTS:

MR. CHARLES A. AMANN

Department Head, Engine Research
General Motors Research Laboratories
Warren, MI

DR. WILLIAM BANKS

President

Engineering Management and
Development, Inc.

San Diego, CA

MR. JOHN BROGAN

Director,

Division of Highway Systems
Office of Transportation Programs
U.S. Department of Energy
Washington, DC

MR. GEORGE E. BROWN
Executive Director,

Vehicle Emissions and Safety
American Motors Corporation
Detroit, MI

PROF. DAVID E. COLE

Associate Professor of Mechanical
Engineering and

Director, Center for the Study of
Automotive Transportation

University of Michigan

Ann Arbor, MI

MR. KARL HELLMAN

Chief, Characterization and
Application Branch

U.S. Environmental Protection Agency

Ann Arbor, MI

DR. PETER HOFBAUER

Advanced Automotive Power Systems
Volkswagenwerk AG

Federal Republic of Germany

MR. A. ISHIZUYA
Director

Honda Motor Co., Ltd.
Tokyo, Japan

PROF. JACK L. KERREBROCK

Head, Department of Aeronautics &
Astronautics

Massachusetts Institute of Technology

Cambridge, MA

DR. HOKEN KRISTIANSEN
President

Kristiansen Cycle Engines, Ltd.
Winnipeg, Manitoba

Canada

MR. ARNOLD F. KOSSAR

Vice President, Engineering
Curtiss-Wright Corporation
Wood-Ridge, NJ
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CHAIRPERSON:

PANEL B:

FUELS AND POWERTRAIN SYSTEMS

DR. MAXINE SAVITZ
Deputy Assistant Secretary for
Conservation and Solar Applications

U.S. Department of Energy

PANEL FOCUS: The panel on
research needs relating to
of fuels for it. The most
available energy resources
energy source, the refined

electricity) help to determine the most
powertrain.
board energy
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INFORMATION SERVICES

An information desk will be operated each day to receive and post your
calls. Incoming calls should be made to (617)236-2000, noting that you are
attending the Conference on Basic Research Directions for Advanced Automotive

Technology sponsored by the U.S. Department of Transportation.

TRANSPORTATION SERVICES

Assistance in reconfirming or changing your travel arrangements will be
provided upon request at the conference information desk. Convenient local
transportation is available by taxi or via the Green-Line of the Massachusetts
Bay Transportation Authority (MBTA-Prudential Station). Subway maps are
available at the conference literature table. In addition, bus service will
be provided to Logan International Airport following completion of the Summary
Session on Wednesday, 14 February 1979. Bus departure information is available

on separate schedule, or can be obtained at the conference information desk.
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WELCOME

DR. JAMES COSTANTINO
Director, Transportation Systems Center

Gentlemen, I guess we are all lucky to be in Boston today
because most of the other parts of the country are snowed in.
I am Jim Costantino, Director of the Transportation Systems Center,
and I want to welcome you to this conference on Basic Research
Directions for Advanced Automotive Technology. This two-day meet-
ing, sponsored by the Secretary of Transportation, is designed to
obtain views from a variety of knowledgeable people from many
fields and institutions on the basic research and priorities that
would address automotive transportation needs for the late 1980s
and 1990s. The Transportation Systems Center, the Secretary's
multi-modal research arm, is under the executive direction of
Dr. James Palmer, Administrator, Research and Special Programs
Administration. Much of the automotive technology and assessment
work at the Center is sponsored by the National Highway Traffic
Safety Administration, Joan Claybrook, Administrator. The Federal
Interagency Group who brought us together is chaired by Terry
Bracy, Assistant Secretary for Governmental Affairs.

This meeting brings together at one location automotive
technology researchers and energy specialists in engines, fuels,
and power train systems, vehicle structures and materials, from
government, industry, public interest groups, academia. A number
of the attendees are from the international community and also
engineering students from local universities, and we extend a
special welcome to you. The topics under discussion today instill
a sense of urgency underscored by world events. What we will be
dealing with is not merely engine and vehicle research, but the
larger questions of continued mobility of the American public,
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energy conservation, air pollution, and motor vehicle safety.
Therefore, it is appropriate that the highest levels of govern-
ment be here with us today as well as the private sector to carry

on this conversation and discussion.

I would like to bring to your attention the automobiles that
are on display in the adjoining Constitution Room. There are a
six cylinder turbocharged diesel and a four cylinder naturally
aspirated diesel, with an oxidation catalyst. Both of these ve-
hicles are being assessed under technical programs at the Trans-
portation Systems Center. The research safety vehicle and the air-
bag demonstration vehicle are also on exhibit. The research safe-
ty vehicle is an integrated test vehicle which utilizes compli-
mentary technological advancements in safety, fuel economy, and
emissions. In dddition, three cars have been provided by the
Department of Energy which are representative of some advanced
power propulsion systems.

I am most pleased now to introduce our next speaker, who ex-
emplifies perfectly the trite phrase, "He needs no introduction.”
Dr. Jerome B, Wiesner is President of the Massachusetts Institute
of Technology. Dr. Wiesner has had a most distinguished career
in research, academia, and government. In the early 1940s, as a
staff member of the M.I.T. Radiation Laboratory, where many
scientists of note put in their time during the war years,

Dr. Wiesner made significant contributions to the nation's defense
in the area of airborne radar warning systems. In 1946, he began
his academic career at M.I.T. as a professor of Communications
Engineering. Since that time, he has held positions of Dean of
Science, and Provost, and in 1971, was elected president of that
institution. From 1961 to 1964, he served as President Johnson's
and President Kennedy's science advisor. Today, he still serves
on numerous Presidential, Congressional, and scientific advisory
boards and committees. He is a forceful and articulate spokesman
for this nation's research and technological policy directions.
Please join me in welcoming the distinguished president of the
Massachusetts Institute of Technology, Dr. Jerome B. Wiesner.
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INTRODUCTION OF THE SECRETARY OF TRANSPORTATION

DR. JEROME B. WIESNER
President, Massachusetts Institute of Technology

With that introdpction, I should make a long speech, I think.
I am very pleased to have this opportﬁnity to introduce this
country's fifth Secretary of Transportation, Mr. Brock Adams. I
did not know Mr. Adams whén I was asked to introduce him, but have
admired him for a long time. So I gladly accepted this oppor-
tunity to introduce him to you and to me; and we have had a very
pleasant opportunity to talk this morning.

Mr. Adams was chosen by President Carter for his position
following a distinguished sixth term in Congress for the state of
Washington's seventh district. In his 12 years in Congress, he
became an outstanding leader and expert on transportation and
budget issues. He guided through Congress, as chairman of the
House Budget Committee, the first budget resolution which set
national spending priorities, expenditure ceilings, tax revenues,
and debt levels. Though I doubt that he would like to be called
the father of Proposition 13, he played the major role in Inter-
state and Foreign Commerce Committee in developing and having
signed into law legislation that had a significant impact on this
nation's transportation system, namely, the Airport Airways
Development Act, the Rail Passenger Service Act, and the Regional
Rail Reorganization Act. Thus, Brock Adams came to DOT two years
ago with a formidable knowledge of our transportation programs
and needs.

In trying to set our transportation policy, he has given
equal consideration to energy conservation, environmental protec-
tion, safety, improved surface transportation systems, and fiscal
responsibilities--a mighty formidable juggling act for any
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human being to undertake. He has also pledged to create an
economic environment for the industry that will enable all modes

of transportation to compete freely and equitably in the market-
place. And if he pulls that one off, we will really admire him.
Anyone who travels as much as I do by air, can say without equivo-
cation that under Brock Adams' leadership, the Department of Trans-
portation has made considerable progress in the last case--that 1is,
attempting to deregulate. He has secured passage of the historic
Airlines Regulatory Reform Act, which deregulated air industry,

and has provided the public with lower cost air travel and some

of us with crowded airports. He has also successfully pushed
through Congress the Surface Transportation Assistance Act, which
for the first time combines the nation's highway and public tran-
sit programs and allows DOT to place surface transportation fund-
ing where it is most needed. I only wish he had that money to put

where it was most needed.

He had the courage to resolve several controversial and long-
pending issues when he took over--the automobile passive re-
straints issue, the Concorde landing rights, the safety standards
for oil tankers, and many others. I am not certain that everyone
in this room would be in agreement on anyone of these issues, but
it seems to me that it was a matter of importance that these
issues be resolved one way or another; and where we have mis-
takes, the nation can correct them. I have always believed that
the worst crime that people can commit are crimes of omission,
crimes for which they are never punished and, therefore, crimes
that they frequently commit. So I would like to commend the

Secretary on his forceful actions in dealing with these problems.

With all of these accomplishments in aviation, rail, public
transit, and freight transportation, perhaps the most valuable
of his attempts is Brock Adams' efforts to stimulate motor
vehicle energy conservation, fuel efficiency, safety, and exhaust
emission control. Nothing less than our continued personal
mobility and the continued growth of our nation actually, pos-

sibly it is survival as a free nation, may be at stake in these
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issues of automobiles and energy. He is pushing the energy
issue, he is pushing the industry, he is pushing all of us for
more automotive research, which will lessen fuel consumption,
lessen U.S. dependence on foreign o0il, reduce federal deficits,
and slow inflation.

From comments I have heard from many of you, I know that the
steps taken in the past two years relating to oil consumption and
improved safety while trying to maintain passenger comfort and
acceptance, are issues of some controversy, and I suspect they will
continue to be. But I can tell you where we stand now represents

extraordinary progress from the days when I was the science advisor.

I can give you two examples. I was invited by the Association of
Automobile Engineers to talk about research, and I said I had not
seen very much research in automobile laboratories. And I got--
there were two letters as a result of these--one to the President
saying I had come out there and insulted the industry, and a
second from a very good friend of mine who was director of re-
search at one of the companies, who said, "You must have missed
the very exciting work we're doing in our 1aboratory " And I
wrote back saying, "I guess I did; what was it?" And he sent me a
paper on magneto hydrodynamics. And I did not then or now under-
stand how that applied to making better automobiles.

In any event, I also, while I was science advisor, tried
to get, I think it was HEW that was beginning to insist that the
industry put pollution control devices on automobiles, and they
were setting a time scale. And I tried to find out what the time
scale was related to, what scientific knowledge or developments.
And they said, "Oh, we haven't any." And what is more, when I
pushed them, they said, "We're not going to have a program to do
research. We have a different philosophy." And I said, '"What is
1t?" And they said, "It's a hammer and anvil philosophy. We have
a big anvil with the automobile industry put on it, and we slug
them with a hammer and they'll meet those standards. Well, it
is very clear that that is not a way to encourage development.,
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As we look at the automobile industry today, we see that
their research laboratories are very strong and very effective
compared to the laboratories that I saw 16 or 18 years ago. It is
also very clear, speaking of the work of DOT, that they recognize
that it is important to have information and knowledge as part of
your regulatory process. And I am very pleased that we are, in
fact, making progress. I always think that 15 years for great
social change is not very long, and while a lot of people despair
of where we stand, I think the country has made very great

strides.

Mr. Adams is very concerned that the present governmental
regulations for fuel standards and safety and exhaust emissions
for new car fleets will not have adequate impact on total oil
consumption as the number of vehicles and miles traveled also
increase. Therefore, he believes that a quantum jump forward
in the auto technology and a vastly increased amount of auto-
motive research is required to keep pace with our growing trans-
portation needs and to come up with a truly superior motor ve-
hicle. He has also said that whatever research is ultimately
implemented, will require the full participation and dedication
of the private industry. In my view, it requires more than that.
I know that he appreciates--but I want to remind him that one
cannot schedule genius--that technological breakthroughs are very
difficult to find and particularly in the traditional places,
when you look for them. But by means of this conference, Sec-
retary Adams is seeking your advice and guidance on what re-
search directions this nation should take to meet our growing
automotive transportation needs which are threatened now by

foreign, political, and economic instabilities.

I have said before that I believe that this nation is in
danger of losing its scientific and technological leadership and
certain ideas. I know that at least some of you will agree.
There has been a noticeable shift away from long-term basic re-
search to short-term applied research and away from risk-taking

research to safe and predictable research. Given his views, I do
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not need to say to the Secretary that there is a conflict

between creativity and regulation, between limiting of markets
and profits, that inflation, taxes, and regulations lead to
short-term research. He is aware of these things and he is aware
of the reasons why some of these things are also required. Your
views on research directions for engines, fuels, power trains,
and structural materials are vital to this nation's effort to
cope with an impending dangerous period of time when limitations
of 0il supply and exorbitant costs of oil are real possibilities.
Though I must say I do not believe they are necessary scenarios.
I said before that I believe that if we were foresighted and took
adequate steps and preparation with regard to synthetic fuels as
well as the conservation policies that are being advocated, there
need not arise a shortage of liquid fuels for this country,

I commend Mr. Adams for convening this meeting on research
directions for advanced auto technology, and for bringing to-
gether research executives from all major U.S. and foreign auto
manufacturing and oil companies, from steel, aluminum, electronic
firms, from national consumer and environmental organizations,
members of Congress and congressional staffs, the White House
Council of Economic Advisers, the Department of Energy, the
Environmental Protection Agency, and of course, the Department
of Transportation. I know that he will get plenty of advice
from you ladies and gentlemen. I only wish he were in a position
to implement it all because I suspect he would. Thank you. And
I would now like to introduce the Secretary.
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HONORABLE BROCK ADAMS
Secretary of Transportation

Thank you Dr. Wiesner. I particularly appreciate Dr.
Wiesner being here this morning because he not only has had
great experience in this, but he also has indicated, just by his
presence, the difficulty we all face this morning. That dif-
ficulty is that I also entered the government at the time of
President Kennedy. And Dr. Wiesner has created one of the great
social dilemmas of our generation which was, he pursuaded Presi-
dent Kennedy that we should go to the moon. Even since then, we
have always heard that if we can send a man to the moon why can't
we do this, or do that.

That is what we are all about, today, and it is one of the
thousands of things in this society about which I am deeply con-
cerned--that we do not have anymore, "Why Can't We?"

Now when you talk about nuclear reactors, perhaps a hundred
people are intimately involved in that subject. But when you
talk about the automobile, you begin to talk about something that
everybody has in their garage--or maybe two, or maybe three, or
maybe four, and in some cases, depending upon the number of
children, five or six. And it is overwhelming our society, and
we must deal with it.

Now, I am not going to invite a comparison of going to the
moon. But as I look out this morning on that sea of cynical
faces, which I anticipated, maybe I ought to say that we are not
asking for the moon. We are trying to get a safe, clean fuel-
efficient car within the means of the consumer.

In fact, we have had such a car in America. It was a four-
passenger, five-speed model, weighed about two thousand pounds,
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cost about $2500, had a one-year guarantee, was electric-powered,
non-polluting, used no gasoline, and went 95 miles between bat-
tery charges. It even had a great name. I introduce you to the
Broc car. There it is--1912. My, what a long way we have come

since then.

The Broc, I have learned, was only on the market for five
years--1909 to 1914. It could not compete with the gasoline-
powered vehicle, but I brought it this morning, not just because
of my name, which I enjoyed, but because I thought we should have

some comparisons.

In 1979, we have about arrived at the mileage capacity,
through five years of government regulation, of the Model A.
Another way of putting it is that the downsized car we are now
asking everybody to produce, and is coming off the line, has about
the mileage, weight, and carrying capacity of the 1956 Chevy.
Simply to put it in context, we are not asking Dr. Wiesner this
morning to go to the moon, but we sure as hell would like to go

to Boston in it and not use quite as much o1il.

I have also come to this conclusion: 1In over 15 years of
dealing with transportation problems in the United States, the
American people will give up almost anything before their auto-
mobile--wives, children, food, houses--just about anything you
might think of.

That is why we are here this morning. It is because we
found last year that families spend more on their personal
mobility, the automobile, than they do on food. The farmers and
others have tried very hard in the last few weeks to reverse
that trend, but it is still there. And I, therefore, as Secretary
of Transportation, cannot avoid the problem. I cannot avoid the

fact that people are going to do this.

When I asked Detroit to re-invent the car, I was not trying
to dictate, and I was not trying to invoke a miricle, as the
Detroit paper indicated the next morning as I stood in their

caricature with a spark plug in one hand, and a tire over one
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shoulder, and a pair of rather bedraggled wings. The title
across the top was "Annunciation" and underneath was a little
statement, "Don't just stand there, invent something."

I am trying to say that I am not devoid of my senses, but
that I am in this position. We have over a hundred million cars
(and more coming in various stages of repair and disrepair)
throughout the United States.

I am asking for a new commitment from the manufacturers. I
am asking for some innovation. As Dr. Wiesner so well put it,
'""Some innovation, not imitation." And I want a little revolu-
tionary and evolutionary thinking. I want automobile makers of
all kinds to reach beyond their grasp. I want them to go to
technologies that they do not know atout. I want them to think
about things they are not doing now.

Let us put our objectives in front of us. I want to state
as briefly as I can why we are all gathered here and what it is
we are trying to produce; where I fit into it; where you fit
into it; where the American people fit into it.

We have to have an energy-stretching, life-saving and
people-pleasing car. We want to preserve competition and we want
to keep prices within a range consumers can afford. We are not
going to solve all these problems at this meeting, or maybe even
at our conference in April or maybe within the next ten years.
But time is running out for us.

So, I propose a national motor vehicle policy that I can
take to the President next year. And it is not a policy to
impress something on industry, but one that respects our joint
objectives. Our purpose today is to lay a foundation for this
kind of program so that it is not done in a small Toom in Washing-
ton or with someone vanishing into a corner and coming forth with
something dumb.

What it is is to take, in the period after 1985 (because
we are frozen in position up to that time), to expand our basic
knowledge, and generate some new ideas. So you understand these
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things. Let me add that it is not new and startling and I am
not crazy. I will quote from Henery Ford, II, 15 years ago,
not five, not ten, --- 15 years ago):
... when you think of the enormous progress of
science for the last two generations, it's astonishing
there is very little about basic automotive principles
today that would seem strange to the pioneers of our
industry. What we need more than a refinement of old
ideas is the ability to develop new jdeas and put them
to work.
That is why we are here. We are here to generate ideas; to
stimulate thinking; to assess where we are SO we can say this 1is

where we are going.

We must know what is possible. I have a stack of letters
(about that high) in my office now (weighs about 200 1bs.) from
people who have proposed a number of solutions to the automobile
problem which our scientific people say violate all the principles
of physics and are, therefore, perpetual motion machines. But we
have not ignored any of them. We are going through them. We
need from you the possible. Second, we need to know what is
reasonable so we can avoid the unreasonable. And, third, we must

know what has been tried so we can focus on the untried.

While I believe in being practical, I hope there is enough
scientific curiosity that will come from this conference to
inspire a few exerciese in imagination--just a few. I am not
asking for a lot, just a few. I kind of am in a position of the
people in this room, who are my age, who grew up with the science
fiction writers and found that they predicted a great many things

more accurately than our scientists of that time.

And to those of you who are here who are more the dollar and
cents people, I have a little message also. I will again go to
the automobile industry, to the late Charles Kettering, on COm-
ments of what do we do about tomorrow. We remember him for the
self-starter and a multititude of other inventions. Twenty-seven
years ago he said to a Detroit audience, '"Research is good

insurance for an auto company.' He said also, '"We have to be
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thinking five, 10, 15 or 20 years from where we are now or we
won't have anything new.'" The money General Motors spends for
research, he explained, '"is an insurance premium--insuring against
surprise."

Ladies and gentlemen, I can assure that if this is not done,
you will see some surprises. You will see some production models
coming into this country with new types of body materials; new
types of engines; and new types of fuel sources that will mean
that American industry will have to scramble to catch up.

So our job is threefold: 1) To work out a motor vehicle
development policy that the public and private sector can pursue
together which is based upon what I call (for lack of better
words) a socially-responsible automobile; 2) To consider what is
being done now, and can be done, for application after 1985.

We started this once before in the Jet Propulsion Laboratory.
It ran for a couple of years. It really determined that out of
six possible engines, we could discard the steam engine. Then the
0il embargo stopped and everybody went away and forgot it. So
much has been done. We are aware of it. We want to come back to
that. Some of the panelists who are here this morning were in-
volved in that. And, I hope they will say, why did we stop five
years ago?

Three, we have to look beyond the 1980s and into the 1990s
to see where technologies will take us. The distinguished panel
members this morning will focus on basic research in three areas.
First, engines; second, fuel and power train systems; and third,
vehicle structures and materials.

Since each of these systems offers a number of technological
choices, the prospects for further, more clearly defined basic
research projects are encouraged.

Once you can tell us what the avenues are, then we can begin
to allocate our national resources. This comes not simply from
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an idea that somebody had someplace, but from things such as
highway deaths now averaging up to 50,000 a year. With experi-

mental cars such as you can seé here, we can reduce that.

The economic cost of that many deaths, that many accidents,

to this country is staggering.

It has been nearly 40 years since the first smog cloud began
over Los Angeles, and despite efforts to control emissions, the
motor vehicle still is polluting the air. The car of the future
cannot wear the badge of social acceptance unless it passes the

clean air test.

Now, with what has happened in the last month as the most
compelling motive, there is the quest for a better car that
would be able to run on what we can obtain, and obtain at a
reasonable price so that our people have mobility. Because the
stark fact is that we are running out of the ability to control
the quantity and price of the basic fuel on which our transporta-

tion system moves.

No matter how you measure it, and how many years you want
to spend, oil 1is finite. We are now using a 100 billion gal-
lons a year in our 145 million cars and trucks and despite
all of our efforts, consumption is increasing, not leveling off,
not decreasing, even with meeting 27.5 miles per gallon in 1985.
And if we cannot better that 27.5 mpg after 1985, our consumption
ljevel will go on almost an absolute upward curve or there will

be a limitation of mobility of the American people.

I just do not believe that the automobile industry, the
academic people in the United States, those in government are
going to be baffled, intimidated, or frustrated by that kind
of challenge. I cannot believe that we will gamble our mobil-
ity on the shaky assumption that we will always be able to find
and buy fuel someplace and somehow in the quantities that we
have been accustomed to using. I will not believe that with a

coordinated national program, Wwe cannot build a new foundation
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in auto technologies, one that assures a continuing ability of
the industry to produce cars and our freedom to drive them.

When the Civil War was imminent, Lincoln sent a terse
telegram to one of his military commanders which said, '"The

necessity to be prepared increases. Look to it!"

What I suggest is that with the price of gasoline increasing
and contingency plans for dealing with scarcity being formulated,
the energy shortage is a near-term as well as long-range pos-
sibility. The importance of our purpose here grows more urgent,
and as Lincoln said, I'm asking you, "Look to it."

Thank you.
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INTRODUCTION OF CONFERENCE CHAIRMAN

DR. JAMES COSTANTINO
Director, Transportation Systems Center

The Conference Chairman for the next two days is Dr. Raymond
L. Bisplinghoff. Dr. Bisplinghoff is an aeronautical engineer and
a physicist, and I am sure that many of us in this room have
labored over his textbooks. He received his doctorate from the
Swiss Federal Institute of Technology in Zurich. He has held top
level engineering, scientific, and managerial positions in in-
dustry, academia and government. In the early years of the space
program, he was with the National Aeronatuics and Space Administra-
tion as Associate Administrator for Advanced Research and Tech-
nology. He returned to academia as head of the Aeronautics and
Astronautics Department of the Massachusetts Institute of Tech-
nology and later served as Dean of the School of Engineering of
that institution.

In the early 1970s, he served as Deputy Director of the
National Science Foundation, and after that he became chancellor
of the University of Missouri at Rolla. Two years ago he joined
Tyco Laboratories as Vice President for Research and Development
and also as a member of the board of directors of that firm. He
has held numerous government and industry-wide advisory positions.
He is a fellow of the American Academy of Arts and Sciences and
the American Association for the Advancement of Science. He is
the Chairman of the National Research Council Committee on Trans-
portation. Let us welcome our chairman for the next two days,
Dr. Raymond L. Bisplinghoff.
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DR. RAYMOND L. BISPLINGHOFF
Chairman, National Research Council
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Thank you very much, Jim, Secretary Adams, Dr. Wiesner. Now
we are approaching the time when we must go to work. Secretary
Adams has described to you the job that we have to do over the
next two days, and it is up to us to try to carry out his
instructions and ideas. I am delighted to be asked to serve
as chairman of this conference and to work again with Secretary
Adams and with the Transportation Systems Center in Cambridge.
Our association through the Academies of Science and Engineering
and the National Research Council, and the Department of Trans-
portation has been a long one and has provided, I think, over
the years an added dimension to the nation's transportation re-
search. As chairman of the Committee on Transportation for the
National Academy of Engineering, I know well the contributions
that have been made by DOT and by the Center here in Cambridge.

We have just heard Secretary Adams call for a major program
to develop a new generation of automotive technology to meet the
conditions which we all foresee in the 1990s and beyond. The
automobile is at the center of our lives. Ninety percent of our
domestic travel is by automobile. In order to preserve the
mobility of the American public, we need to determine the research
needs and priorities in order to contribute more quickly to the
continued development of what the Secretary has called an energy-
stretching, life-saving, people-pleasing ‘car. As he has noted,
the purpose of this conference is to obtain the views on basic
research directions. And I emphasize that. Basic research direc-
tions, not the design of an automobile, but what we must begin
to do now in basic research to provide the knowledge that we
believe will be needed in the 1990s.
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We are here to identify scientific and technological op-
portunities and areas of missing knowledge to focus on research
paths to significantly improve automotive products. The
Secretary has asked me to help him work with you and listen to
you, the representatives of the automotive and energy research
communities, as you identify what research should be planned now
as insurance for the future. The questions we ask are, where are
we now, where can we hope to be by the year 2000, what are alterna-
tive technological paths to get there, what are the scientific and
technological barriers along the way, and what research must be
initiated now to overcome these barriers. And we have only two
days to do all of this: to assess the current research and
development programs in progress in the automobile industry,
Federal Government and universities, and in independent research
institutions. We hope to do this in a constructive and stimulat-
ing way. Research directions are to be identified on the basis of
these generally accepted findings: (1) the automobile will remain
as the major means of personal transportation and will have to
provide similar capabilities in the future as today's motor
vehicles; (2) petroleum-based fuels will be in increasingly short
supply and increasingly expensive; and (3) the motor vehicle
population will continue to increase with resulting impacts on

environmental quality and highway safety.

It seems to me that these predicted conditions imply several
characteristics for the post 1985 vehicle. First, motor vehicle
fuel economy will have to be much better than at present and
motor vehicles may have to have the capability of operating on
blends of petroleum and synthetic fuels or even on nonpetroleum
derived fuels. Secondly, increase in motor vehicle population
will require continuing and even increased concern with the motor
vehicle safety and the control of currently regulated and un-
regulated exhaust emissions. And thirdly, preservation of the
nation's current level of national mobility requires that motor
vehicle ownership and operating cost remain relatively constant

with respect to personal income. With this perspective, we have
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designed the conference in terms of three panels, and Secretary
Adams has already mentioned these to you. The first is engines,
the second fuels and power train systems, and thirdly, vehicle
structures and materials.

I would 1like to spend, now, just a few moments discussing
very briefly the conference scope for each of these three panel
discussions. Your panel chairman will elaborate more on this
later. Additional details concerning the scope, the particular
research goals, and current research directions in these areas
have been provided you in the discussion paper entitled, Basic
Research Directions for Advanced Automotive Technology. This
discussion paper was sent to most of you earlier; if you do not
have it, you can find it at the registration desk. I suggest
that if you have not read this very illuminating paper, you might
want to pick it up at the registration desk.

Panel A on engines will be chaired by Dr. Richard Briceland.
Dick is here on the platform. Dick is an environmental scientist,
Office of Policy Analysis of the Environmental Protection Agency.
Panel A on engines will consider basic research needs and
priorities for heat engines. The scope of the discussion will
include any engine that employs combustible fuels to generate
mechanical energy through a thermodynamic cycle and that is
suitable for use in an automobile or light truck. Research areas
to be addressed in Panel A are the nature of the thermodynamic
cycle, combustion processes, emissions, and related factors,
engine configurations, engine materials, and associated manu-
facturing processes, diagnostic and control systems, and any
similar areas of research that could have direct implications
for the performance of heat engines.

Panel B, on fuels and power train systems, will be chaired
by Dr. Maxine Savitz, Deputy Assistant Secretary for Conservation
and Solar Applications in the Department of Energy. Maxine is
not here on the podium, but I understand that she is in the
audience having just arrived from Washington. So Maxine will be
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with you as your chairman in Panel B. The most efficient and
least environmentally degrading use of available energy resources
is the function of the relationship between energy source, refined
fuel, and the power train. Many research questions, therefore,
arise regarding how the source and refining of fuels, or genera-
tion of electricity, help determine the most desirable technology
for the vehicle power train. Other research questions for the
panel will be concerned with onboard energy storage of fuel or
electricity, mechanical and electrical energy conversion, trans-
missions and motors, regenerative systems, and power train tech-

nology.

And finally, Panel C, on vehicle structures and materials,
will be chaired by Dr. Rhoads Stephenson, Associate Administrator
for Research and Development of the National Highway Traffic
Safety Administration. Rhoads also just arrived from Washington.
I understand he is in the audience here, but not in front of you.
So Rhoads will be the chairman of Panel C. Panel C is designed
to discuss basic research directions affecting all aspects of
motor vehicle technology other than the power train. This will
include the basic layout or configuration of the vehicle, the
placement and relationship of its components, its structure and
crash energy absorption mechanisms, chassis components, wheels,
tires, brakes, steering, occupant crash protection systems, and
weight reduction potential. Research areas for this panel will
include also new applications of known materials, composite
materials, and other combined material systems, designs for
structural rigidity, and for crash energy management as well

as biomechanics and occupant restraints.

We have a format that we would like to use in running the
panels. It consists first of an opening statement by the panel
chairman to set the tone and scope of the session, which will be
followed by brief remarks by each panel member. These panelist
remarks have been prepared in reference to the discussion paper
that I mentioned previously that was received by all participants
prior to the convening of the meeting. As the agenda indicates,
these prepared comments will take us through this morning. After
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lunch today, our panels will reconvene, and the remainder of the
prepared panelist statements will be presented. Following the
presentations from the panelists, there will be an opportunity for
audience participation. I would like to emphasize that this will
provide an opportunity for each of you to make a contribution to
this meeting. We do suggest that complex questions from the
audience be submitted in writing to the chairman during the
sessions. I would like to encourage all of you to participate.
Make your comments and contribute to the discussion in the panel,
because only in this way will all the varied viewpoints of the
universities, government, industry, public interest groups, con-
sumers, labor, and all other interested parties be heard. Finally,
I would like to mention that following today's activities, we will
have a reception in this room, the Grand Ballroom, at 5:30 p.m.
This evening, there will be no formal conference activities.

That is to say, we do not plan to have any extensions of the
panel meetings. However, I have been told that elves will be
working through the night to prepare, under the general guidance
of each chairman, a review of the panel's activities during the
day. This review will summarize comments by all conference
participants. A preliminary summary of today's activities will
be submitted by the chairman for discussion among the panelists
and conference participants on Wednesday morning. Finally,
Wednesday afternoon at 2:30, we will hold a plenary session at
which the panel chairman will present their respective panel
summaries. And I, as your conference chairman, will, at the
conclusion of that session, summarize the results of the two-day
meeting. I plan later to submit the conference proceedings to
Secretary Adams, and he has informed me that he will make them
available to the public at that time. I would like also to
mention that in order to facilitate the preparation of con-
ference proceedings, all panel and plenary sessions will be
recorded. Ladies and gentlemen, that is the plan that we hope

to follow. I am very pleased that so many of you have come to
take part in this important activity and I wish you the very
best.
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PANEL FOCUS: This panel will discuss basic research needs for
heat engines. The scope of discussion will include any engine
that utilizes combustible fuels to generate mechanical energy
through a thermodynamic cycle, and that is suitable for the use
in an automobile or light truck. Research areas will include:
the nature of the thermodynamic cycle; combustion processes,
emissions and related factors; engine configurations; engine
materials and associated manufacturing processes; diagnostic and
control systems; and any other areas of research that could have
direct implications for the performance of a heat engine.
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T. INTRODUCTION

The objective of the Engines Panel discussion was to identify
research activities which need to be conducted to support commer-
cialization of heat engine technology for automobiles in the 1985-
2000 time period. Discussions were focused on specific technology
areas which reasonably might be expected to contribute to major
fuel savings in the post-1985 period.

The Panel has identified two categories of engines as a
basis for formulating its research recommendations:

o In-use Engines. Three types of in-use engines are

discussed: (1) the conventional spark ignition engine
used in most of our cars today; (2) the diesel engine
which now is available in some autos; and (3) the precham-
ber stratified charge engine available from Honda.

0 Alternate Concept Engines. Various Proposed engine con-

cepts not currently in production are included in this
category; for example: direct injection stratified
charge; gas turbine; Stirling; and combined cycle
engines,

The research programs recommended for these two engine
categories are discussed in Sections II and III. 1In reviewing
these recommendations, it is important to recognize that the
objectives of these research activities are different for the two
cases: research for the in-use engines is directed primarily

toward refinement and incremental system improvements; research
for the alternate concept engines is designed to provide a firm

basis for assessing the technological and economic feasibility
of alternate powerplant systems for automobile applications.

It is anticipated that the automobile fleet for the 1985-
2000 time period of interest will include a vehicle mix com-
Prised of six bassenger cars, others with 3-5 passenger capabil-
ity, and a final group suitable for 1-2 individuals. The Panel
recognizes that a range of engine systems representing various
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fuel economy and performance characteristics will be required for
such vehicles. However, based upon information presented, the
Panel was not able to identify a specific heat engine technology
which could be classified as superior for future light duty
applications, €.8., superior with respect to fuel efficiency,
exhaust emissions, and acceptability for meeting a range of

public needs.

The Panel did not attempt to assess in detail the balance
and priority of ongoing heat engine research work. However, it
was concluded that research emphasis currently given to in-use
engines does not adequately reflect the importance of these

systems.

The information available to the Panel did not permit pro-
jections of the ultimate fuel economy potential of possible
engines and thermodynamic cycles. However, it is clear that
improvements in fuel efficiency can be achieved for the in-use
category of engines, even for mature and widely used engine
systems, and that these improvements can provide very large fuel

conservation benefits to the nation.

Although questions of fuels and fuel technology were not
within the scope of the Engine Panel's discussion, the Panel
nevertheless wishes to emphasize that it is difficult to treat
the research needs of engines and fuels separately. The Panel
recognizes that conventional in-use spark ignition and compres-
sion ignition engines are significantly more sensitive to fuel
type and fuel quality than are certain alternate concept engines
which have been proposed for future automobile applications. The
panel understands that the future availability and cost of auto-
mobile fuels may be related directly to fuel quality; therefore,
the Panel believes it is important to improve the fuel tolerance
characteristics of automotive heat engines and to work toward
multifuel capabilities, including the capability to utilize
synthetic fuels.
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Finally the Panel recognizes the importance of conducting
health effects research on engine emissions for a range of power-
Plant concepts, However, the Panel membership did not include
technical expertise which would permit it to identify and prior-
itize specific health effects research needs. The Panel suggests
this is an area which warrants careful attention.

2. RESEARCH NEEDS FOR IN-USE ENGINES
A. HOMOGENEOUS CHARGE SPARK IGNITION ENGINES

The homogeneous charge spark-ignition engine is presently
the dominant automotive powerplant. 1In this system, a volatile
hydrocarbon fuel (gasoline) is mixed with air, ignited via a
spark plug, and burns in the combustion chamber at nearly con-
stant volume.

This engine has been very successful up to this point in
time and provides the moving baseline for comparison of all
future automotive powerplants. There remains, however, a need to
'expand our knowledge of internal engine processes and to increase
fuel utilization efficiency by improving engine performance.
Recommended areas for research effort are:

o Friction research--research in the area of combustion

chamber seals should be emphasized. The piston ring-
cylinder interface is the most important example.
Emphasis should be on component design and the lubricant
system.

0 Throttling loss--methods to reduce loss on intake and

exhaust strokes should be explored.

o} Accessory losses--reductions in the losses caused by the

cooling fan, the alternator, the power steering pump,
the water pump, the air conditioning compressor and
other parasitic losses should be the subject of research
emphasis.
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Combustion/fuels—-in addition to basic combustion

research, research targeted toward improved octane
tolerance and/or increased compression ratio, reductions
in octane requirement increase (ORI), and reductions

in cyclic variation in combustion should be emphasized.

Transient effects--thermal and speed/load transient

engine performance is an important research area. Ex-
amples of areas that should receive emphasis are fric-
tion reduction and air/fuel mixture preparation during
cold start/warmup modes, catalysts that have good light-
off characteristics and high conversion efficiency at
low operating temperatures, and fuel economy/emission

interrelationships.

Effective displacement extension--varying the effective

displacement (power output) of the engine through turbo-
charging or other means (e.g., variable valve timing) to
achieve increased power only when needed ijs an area for

research emphasis.

Dilute combustion——combustion research should be con-

ducted with emphasis on HC and NOX control, thermal

efficiency and engine power.

Alternative geometries--engine configurations that offer

potential for improved power density (and therefore

lower engine weight and/or volume which translates into
reduced vehicle weight and improved vehicle fuel economy)
should be emphasized. The rotary or Wankel engine is one

example.

Critical materials--research directed toward reducing

the amount of critical, strategic, costly, oOT foreign
source dependent materials in future vehicles should be
emphasized. Nickel and precious metals (Pt, Rh) are

examples.
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B. PRECHAMBER STRATIFIED CHARGE SPARK IGNITION ENGINES

(e.g., HONDA cvcCC)

Research areas for this engine are very similar to those for
the homogeneous charge engine. Some limitations in the options
available to other spark ignition engines may be present because
in current configurations the exhaust gas is oxygen rich, pre-
cluding catalytic aftertreatment for NOx control.

C. COMPRESSION IGNITION OR DIESEL ENGINES

The diesel engine is highly developed in its present form,
is presently the pPremier low fuel consumption engine in mobile
applications, and is receiving increasing attention as an auto-
mobile powerplant. The current prechamber diesel designs used
by VW, GM, Daimler-Benz, Peugeot and others for light duty
applications exhibit excellent fuel economy in comparison to gas-
oline engines (20-25 percent improvement) but are thermally less
efficient than open chamber diesels used in commerical vehicle
applications. The ultimate fuel economy potential of light duty
diesels is high and may approach the best of all competitive heat
engine designs. Of course, the fact that reasonably special
fuels (susceptible to ready autoignition) are required may be an
important factor affecting widespread use of diesel autos.

The ultimate automobile diesel may incorporate an open com-
bustion chamber rather than the divided combustion chamber
designs used currently, be insulated to reduce the energy now
rejected to the cooling media, and be turbocharged possibly with
turbocompounding to take advantage of exhaust energy content.
This engine would have an attractive size and a good power/weight
ratio,

The most fundamental problem the diesel engine faces is not
how to improve even further its already good fuel economy, but
rather how to reduce its NOX and particulate emissions. Therefore,
the major research thrust must be directed toward gaining a better
understanding of these two factors and their impacts. Research

areas include:
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0 Fuel injection dynamics and spray formation

o Spray combustion and interaction with fluid mechanics
) Fuel modification

0 Particulate and NO, formation

o Particulate clean-up in the combustion chamber and

exhaust system.

Beyond emissions, additional research to improve thermal
efficiency is warranted; some of the above research areas are

pertinent in this regard. Additional areas are:

o Open chamber design with good speed range and NOX per-

formance
o Friction--component design and lubricant systems research
o Improved fuel tolerance
o} Turbocharging

o Reduced heat losses--approach adiabatic concept; reé-
quires significant high temperature materials and lubri-

cants improvements

o Turbocharging with turbocompounding--this area represents

combined cycle work.
3. RESEARCH NEEDS FOR ALTERNATE CONCEPT ENGINES

Four alternate concept engines are discussed briefly
direct injection stratified charge; Stirling; gas turbine; and
combined cycles. candidate research areas are jdentified for
each of these four concepts. These research activities represent
efforts which the Panel feels would need to be carried out to
fully evaluate the potential of one or more of these engines.
In discussing these four specific types of engines, the Panel
in no way is suggesting that these particular systems warrant
higher research priority than other alternate concept engines;
nor is the Panel endorsing either the scope OT the distribution

of research effort currently associated with ongoing research
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programs on one or more of these four types of engines. Ques-
tions relating explicitly to establishing research priorities as
a basis for allocating research resources were not considered by
the Panel. These matters more properly should be considered
carefully as part of the process of structuring and organizing
the overall research activity.¥

A. OPEN CHAMBER OR DIRECT INJECTION STRATIFIED CHARGE (DISC) ENGINE

The DISC engine, while not an "in-use'" engine, typically is
derived from a gasoline-fueled homogeneous charge engine. Both
reciprocating and rotary configurations are being explored.
There are substantial variations between different designs and
each has its own special advantages and problems. These engines
theoretically have higher fuel economy potential than the homo-
geneous charge spark ignition engine and could benefit from some
of the same research tasks. However, at the present time, the
more pertinent questions relate to whether the DISC engine can
be manufactured cost-effectively and operated with acceptable
emission levels, performance and fuel economy.

Research areas include:

o} Basic research in the total combustion process is
essential including work on fluid mechanics, combustible
mixture formation and ignition characteristics

o Emission formation - HC, NOX particulate formation
mechanisms

o} Engine and emission control.

*The reader is referred to item "C" (Criteria for Engine Concept
Screening) and item "D" (Current Government Sponsored Automobile
Engine Research) in the Addendum Comments section at the end of
this report.
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B. STIRLING ENGINE

This engine is an external combustion engine that uses a low

molecular weight gas as the working fluid (typically hydrogen or

helium) and is the thermodynamic engine concept that theoretical-

ly has the potential to most closely approach ideal (Carnot) cycle

efficiencies if major technological breakthroughs can be achieved.

Although extensive research effort has been directed toward the

Stirling engine, this system today has not yet demonstrated a

potential to compete with in-use automotive powerplants.

Major research areas include:

(o)

(o)

Improved seals for high pressure hydrogen

Materials with acceptable high temperature properties
and low cost; ceramics should be highlighted, with the
heater head as the single most important area

Reduced parasitic losses of auxiliaries and accessories;
such components may have to be tailored specifically
for the Stirling engine in automobile applications.

Other research areas include:

o)

(o)

(o)

Problems of hydrogen embrittlement and permeability

Control systems, especially those that control power

output
Combustors with acceptable emission characteristics
Improved packaging and power density characteristics

Developing a better understanding of heat transfer
processes in two areas: (a) heat transfer to the work-
ing fluids; and (b) waste heat rejection

Reduced flow losses.

C. GAS TURBINE ENGINE

The gas turbine engine is an internal combustion engine

that employs continuous combustion and turbomachinery for com-

pression and expansion of the working fluid. Gas turbines may
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have long range potential for selected motor vehicle applica-
tions; however, the Panel generally concluded that if future
motor vehicle uses for gas turbines were to develop, they most
likely would be in the heavy duty truck and intercity bus sectors
considerably earlier than in the passenger automobile sector.

Major research areas include:

0 The aerodynamics of small turbomachinery suitable for
passenger cars with power requirements less than 100 hp

o Development of high temperature, low cost materials for
the critical "hot parts" of the engine; ceramic materials
should be emphasized.

o) Manufacturing technology needed to produce all parts of
the engine, especially the small ceramic turbomachinery
described above.

Other research areas include:
) Improved metallurgy and materials with low cycle fatigue
o High speed bearings
o Improved regenerator efficiencies.

D. COMBINED CYCLES

This category, also called compound engines, includes power-
Plants that operate on two or more types of thermodynamic cycles.
A large number of combined cycle concepts could be investigated,
but the Panel did not deal with any specific types in great
detail. There was limited discussion of a combined cycle approach
that essentially utilizes a combination of a turbocharged in-
sulated diesel engine and gas turbine engine, sometimes called
the adiabatic turbocompound diesel engine. Although this
approach thermodynamically is considered to be one of the more
attractive of the combined cycles, no specific research needs
are delineated, since the research needs specified elsewhere in
this paper are applicable to this concept. The Panel did not
address questions of feasibility based on maintenance, reliabil-
ity, durability, etc., associated with combined cycle concepts.
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E. OTHER CYCLES

There are a host of different and/or novel and/or relatively
unexplored concepts and cycles that could have potential applica-
tion to the passenger automobile. Because these other cycles are
somewhat less well-defined than other concepts discussed in this
paper, specific research needs were not identified. It is
speculated, however, that spin off from other research efforts
would provide a technology base that would benefit these con-
cepts.

The Panel points out that the Federal Government has a
mechanism to evaluate concepts for improved fuel efficiency (the
NBS/DOE program) and considers that a research need in this area
is the development of improved methodologies to evaluate the

potential of new concepts.
4. SUMMARY

The Engines Panel has identified two distinct classes of
engines -- "in-use engines" and "alternate concept engines' --

for which research should be pursued.

An intensive research program is needed for in-use engines,
the objective of which should be to develop a detailed under-
standing of the processes which influence fuel combustion,
emissions formation and engine efficiency. This detailed under-
standing will provide the technical basis for design refinements
which can be incorporated into production engines in the post
1985 timeframe. The Panel noted that even small improvements in
in-use engine performance will provide very substantial fuel
savings to the nation. The Panel also concluded that research
emphasis currently given to in-use engines does not adequately

reflect the importance of these systems.

The most important areas of research for in-use spark
ignition engines include combustion research to permit higher
compression ratios and to reduce cyclic variations; research to

reduce friction and improve fuel mixture during cold starts;
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turbocharging and other displacement extending techniques; and
means for HC and NOX control in dilute combustion.

For in-use compression ignition engines, the most important
research areas are related to NOx and particulate formation and
destruction mechanisms and how these mechanisms affect engine
efficiency and pollutant emission characteristics. Other
recommended research areas are fuel injection dynamics and spray
formation; broader fuel tolerance; reduced heat loss; turbo-
chargers and reduced friction.

For the second class of engines--alternate concept engines--
research should be pursued on those engine concepts which real-
istically are judged to have the potential to improve engine
efficiency, emissions, and fuel tolerance beyond what can be
anticipated for in-use engines or for advanced versions of in-use
engines.

The Panel did not attempt to prescribe which alternate con-
cept engines warrant research attention. However, the Panel
examined a number of alternate concept engines which may be pos-
sible candidates for future development and identified for each
the areas of research which would have to be pursued to resolve
recognized major problem areas. For the gas turbine, for ex-
ample, critical areas for research are ceramic materials; aero-
dynamics and manufacturing technology for small turbomachinery;
low cycle fatigue; and hot corrosion. Major scientific advances
will be required in each of these areas if gas turbines are to
become viable engines for automobiles.

For the stratified-charge engine with in-chamber fuel injec-
tion, a detailed understanding of the chemistry and fluid
mechanics of the heterogeneous combustion process is essential to
effective development and evaluation.

For the Stirling engine, sealing of high pressure hydrogen,
hydrogen permeability and embrittlement, engine controls,
materials for the heater head, manufacturability and cost are
critical problems requiring technological breakthroughs for the
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Stirling concept to become competitive with existing conventional

in-use engines.

Other selected engine concepts and cycles should be evalu-
ated systematically and thoroughly. Federal Government efforts
in this area should be expanded.

Finally, the Panel recognizes the need to conduct research
on the health effects of engine emissions, including particulate
emissions, and suggests this is an area which deserves careful

attention
5. ADDENDUM COMMENTS

After the conclusion of the Boston Conference, various
members of the Engine Panel submitted comments on the draft
Engine Panel Report. These comments generally serve to empha-
size or to clarify positions taken at the Conference. In all
cases they provide thoughtful and constructive perspective to the
matter at hand. For completeness and for the convenience of the
reader, a number of additional pertinent issues and findings are

summarized briefly below.
A. DISSEMINATION OF RESEARCH INFORMATION

A1l of the findings and data derived from a cooperative and
integrated national program for basic engine research should
come promptly and fully into the public domain, regardless of
where the research is performed or how it is funded. This 1is
equally true whether the research relates to in-use engines or

to alternate concept engines.
B. INDUSTRY ADVISORY COMMITTEE

It would be unfortunate for the Federal Government to dupli-
cate engine research efforts underway or already completed in
industry. It would be equally inappropriate to focus attention
on those technological advances which can be expected to evolve
through normal product development activities. For these
reasons, it appears that some form of an industry advisory com-
mittee could be constructive in helping the Government structure
an optimum long-range engine research agenda.
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C. CRITERIA FOR ENGINE CONCEPT SCREENING

As the performance characteristics of engine systems accept-
able for 1985-2000 automobile applications become more clearly
defined, it should be possible to establish criteria for select-
ing competitive engine concepts for research attention. Although
the Panel did not specifically develop a list of such criteria,
considerable discussion was directed toward the importance of
factors such as: manufacturability; durability; maintainability;
utilization of scarce resources; engine-vehicle integration;
cost; emissions, and the potential for substantially improved
fuel efficiency.

D. CURRENT GOVERNMENT SPONSORED AUTOMOBILE ENGINE RESEARCH

The Federal Government has spent and is continuing to spend
substantial research dollars on specific automobile heat engine
concepts (currently about 40 million dollars per year). Most
of these expenditures are associated with directed research on
Stirling and gas turbine engines. Some of the panel members
question whether either Stirling or gas turbine engines offer as
much real potential for cars of the future as do other alternate
concept engines, or perhaps even as much real potential as
improved versions of conventional in-use engines. Conversely,
other panel members feel that Stirling and gas turbine engines
indeed do offer considerable promise for the future and are of
the opinion that the current research committment to these
systems should be continued.

The Panel did not address these differences nor did it
attempt to evaluate either the scope or the relevancy of the on-
going and planned work on Stirling and gas turbine engines.
However, the Panel did emphasize that a number of fundamental
technologic breakthroughs would have to be achieved for either
the Stirling or the gas turbine concepts to become competitive
for automobile applications. Because of this finding of the
Panel, a number of panel members have suggested that it would be
appropriate for the Government to reexamine promptly the likely
future potential of Stirling and gas turbine engines for
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automobile applications in light of anticipated 1985-2000 fuel
economy and performance needs in the automobile sector.

E. SAFETY AND HEALTH EFFECTS RESEARCH

Automotive systems of the future may be significantly dif-
ferent from the conventional systems of today. It is very im-
portant, therefore, that much additional basic research be con-
ducted aimed at defining reliably the health effects and the
traffic safety risks to which the Nation would be exposed with
widespread utilization of various new engine and vehicle system

concepts.
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1. INTRODUCTION

Secretary Adams called for a National Motor Vehicle Policy
and asked for a new commitment to expand basic knowledge, to
develop new ideas, and put them to work. He hoped in his address
to "inspire a new exercise in imagination," and he called on us
to develop a research agenda that will help ensure the automotive
transportation sector against future energy shortages and
surprises.

This panel has been charged with formulating an agenda of
research needs on fuels and powertrain systems that will articu-
late and 'put our objectives in front of us" so that we can get
on with developing an automotive transportation system that we
can live with in the future. This effort must involve both the
private and public sectors in a common effort to provide both
automotive and fuel alternatives so that people's travel options
are retained, not reduced. Alternative fuels and improved energy
efficiency are required to reduce or eliminate our dependence on
foreign o0il and to maintain our national security mobility require-
ments as well as those of the civil sector.

Various aspects of alternative fuels, powertrain, and
electric and hybrid systems were presented in a discussion that
had a very wide range. While a number of research topics were
identified and defined in some detail, a number of broader issues
were raised which remain unresolved. These issues, to a consider-
able extent, define the context within which basic research
would take place and research priorities would be established.

This report is divided into three sections: Issues
Identified, Tentative Research Agenda for Alternative Fuels, and
Tentative Research Agenda for Powertrain Systems/Components.
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2. ISSUES IDENTIFIED

There are several alternative energy sources that augment
conventional petroleum supplies. Available information needs to
be critically assessed in order to make rational and prompt
decisions for the fuel and its uses.

o There are several alternate routes including methanol
from coal or biomass, ethanol from biomass, oil shale,
electricity from nuclear energy and coal, etc., as
well as syncrude. We have electric vehicles, advanced
heat engines, advanced Otto engines (including diesels)
and hybrid options.

o How focused should the work in this area be?
How specific can the goals be?

o How can the dependence on foreign oil be eliminated
or reduced by alternative fuels (including heavy oils)
produced in the U.S. considering various factors and
by establishing:

- The research factors/barriers,
- The cost and time required, and
- The impact on consumer.

o What should be the balance between long- and relatively
short-term research? Are the present programs we are
doing the right ones? What scale of effort is needed

in what time frame?

o We have been told that automotive costs for efficiency
improvements in the future may be more costly than
the development of new alternative energy supplies.
How do we establish a balanced program?

o We have been sensitized to the ultimate commercial-
ization needs--the interrelatedness of powertrains and
fuel systems. We need to proceed with efforts to

improve the efficiency of the automobile but, no matter
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how successful these efforts, they will be meaningless
unless there is adequate and dependable fuel supply.
This issue evolves out of a structure which has
generally separated consideration of fuels and power-
train system questions. There is a necessity for
product testing for all the elements in such systems,
and for optimizing both systems in terms of a set of
characteristics including performance, cost, and energy
efficiency as well as safety and environmental factors.

There is a clear and critical absence of a common
base for comparison for both fuels and powertrain
systems. Without such a common base, the comparisons
necessary to make rational choices are absent. The
continuing use of miles per gallon as opposed to miles
per Btu is a case in point.

How do we deal with problems such as balance of payments,
national security, environmental impacts, vehicle

safety, and evolutionary transition to alternative

fuels, whose implications for research are not easily
amenable to economic measures?

3. TENTATIVE RESEARCH AGENDA FOR ALTERNATIVE FUELS

Given the short time available to the Panel and the broad

scope of this subject, the Panel did not feel it was appropriate

to establish priorities among the research needs identified.

A. BASIC PREMISES

(o)

Alternative fuels utilization activity should be
addressed on a fuel/engine system basis. The nature
of the tasks required have been identified.

It is assumed that the market will dictate the fuels
and resources used in various end-use applications.

Technologies and equipment are available for construc-

tion of plants to provide various automotive alternative
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fuels from various indigenous resources:
- Methanol and other liquid fuels from coal

and biomass.

- Syncrude from oil shale, syncrude from coal,

heavy o0il and enhanced recovery,
- Ethanol from agricultural crops, and
- Gasoline from alcohol.

Technology and equipment are available for conversion
of stationary combustors to nonpetroleum resource fikels,
thus increasing the availability of petroleum resoufces,
including residuals, for conversion to higher quality
fuels:

- Gaseous products from various resources, and

- Clean burning, solid-fuel systems.

Alternative fuels are required to reduce imports of
petroleum and guard against supply/demand gaps. Specific
optimal applications and priorities have not been
established. '

It is unlikely that meaningful quantities (more than
0.5 million barrels per day) of alternative fuels will
be produced in the decade immediately following the
decision to start their production even with present

technology and equipment.

Until alternative fuels that are clearly representative
of candidate processes are obtained on a large enough
scale, meaningful engine tests and evaluations cannot be
made, and until engine tests and evaluations are made on

such representative fuels, no commercialization is likely.

Fundamentally, we have all the necessary know-how in
hand to produce and use alternative fuels if we set our
minds to it.
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B.

RESEARCH NEEDS

o}

0

Panel A has discussed heat engine research.

There continues to be a need for greater fundamental

understanding of the combustion process and this must
be extended to potential alternative fuels.

Testing is needed in order to provide comparative data
for the various alternative fuel options. This requires
availability of fuel products representative of applic-
able processing. The level of trade-offs between the
degree of upgrading synthetic crudes and engine adapta-
bility needs to be established.

There is a need to build RED processing plants for coal
liquefaction and oil shale retorting which are of
sufficient size to provide vehicular test fuels and
provide data on processing economics, environmental
effects and other socioeconomic impacts.

Within the necessary alternative fuels R&D, it is essen-
tial to address issues relating to the entire system of
resource/conversion/fuel distribution and storage/vehicle
fuel system/combustion/emissions effects and impacts.

The following specific items were identified as research
needs for the utilization of alternative fuels in auto-
motive systems. It should be pointed out that these
items are basically subsets of the above, but are not
all-inclusive and may or may not represent portions of
programs that are planned or underway. This listing
reflects the offering of R§D ideas.

- Investigate fuel/engine/vehicle systems for trade-
offs, optimums, minimum energy, environmental effects,
conservation of petroleum, etc.

- Investigate fuel properties and compositions to
characterize fuels for engine use and vehicular
application including performance emissions effects.
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- Investigate storage and distribution compatibility

of new fuels with existing systcems.

- Investigate nontransportation sector uscs [or
alternative fuels where pctroleum could be displaced

for usc in transportation.

- Investigate the practical extent to which various
alternative fuels can bc made in this time frame.

-  The above points covecr aspects related to identified
alternative fucls options, namcly fucls from
synthetic crudes, alcohols, and hydrogen. Some of

the specifics noted in the discussion are:

-- Repair and maintenance impact of vchicle systems

operating on alternative fuels, and

-- Efficiency of producing fucls from land-bascd

biomass systems.

- Almost any problem addressed has facets which involve
basic research, applied research and development;
therefore, little discussion was directed to details.
One basic research concept was the usc of solar
energy in stationary facilitics to provide heat or
electricity or alternative fuels.

C. INSTITUTIONAL NEEDS

o Assess options for displacement of petroleum now used for
nontransportation arcas by usc of alternatives which are
of a quality compatible with the requirements.

o Clarify how energy use is to be quantified and compared
and on what basis it is to be used for clean air

certification.

o Lvaluate appropriatc incentives and policy instruments

to encourage the usc of all fuels.

o Assess multiscctor competition for fuel usage, because

there is no guarantce any specific fuel will be used
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only for transportation.

0 Research to assess the environmental, health and safety
effects of new fuels and associated powertrains covering
resource extraction through end-use influences.

4. TENTATIVE RESEARCH FOR POWERTRAIN SYSTEMS/COMPONENTS

The automobile represents a systems problem which encompasses
the supply (fuel) side of the equation and the demand (engine/
transmission/vehicle/fuel storage) side. Both sides are very
important and offer significant opportunities for technological
advances.

The underlying R§D strategy is to bring the technology to a
point of commercialization readiness. Other actions (i.e.,
incentives, demonstrations, etc.) will be required to fully
commercialize these technologies. Decisions to proceed to full
commercialization must be reached with consideration of the full
powertrain-fuel systems interrelationships.

Specific R&D objectives should be stated in terms of appli-
cation period: 1985-2000; post 2000.

Translation of these objectives into petroleum savings
require movement from the "readiness" state to the "implementa=
tion" state. The Panel identified demand-related research needs
in three broad categories:

0 Powertrain systems that allow fuel switching
(i.e., electricity),

o Efficiency improvements, and
0 General systems considerations.

The following listing of R§D needs represent a summary of
the panel comments; however, no conclusions should be drawn
concerning overlaps, particularly in the fuel switching and
efficiency categories. In some cases, there is a broad basis
of support, and in other cases, diverse views were expressed
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concerning the research need. In still other cases, the need

expresssed is that of a single investigator.

A.

FUEL SWITCHING

1.

Electric Vehicles

The highest priority in this area is battery R&D for
higher energy and power density, longer life, lower

life cycle cost, improved reliability, safety, packaging
efficiency, and thermal control. Basic elec;ygghemical
studies and research should be conducted in £lose
coordination with the drive development in order to

optimize the total system. Additional items that need
to be addressed include:

o Air conditioning and heating research to eliminate

need for on-board gasoline heater.

o Define the cycle over which electric vehicles are
to be evaluated and develop appropriate equivalence
factors.

o Develop lower cost and lighter weight electric motors
and controls. This encompasses dc, ac, and permanent
magnet motors as well as the use of small multiple

motors.

o Explore uses of electronic control systems (micro-

processor, SEensors, interface electronics).
o Improve regenerative braking systems.
o Cost-effective vehicle systems optimization.
o Battery chargers/charging techniques/exchange.

o Low-cost production technology.
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Hybrid Vehicles

In addition to the battery research described above, the
following items are unique to the hybrid powertrain system.

0 Investigate utilization of waste heat from internal com-
bustion engines for air conditioning and thermal condi-
tioning.

o Explore microcomputer control for complex hybrid
systems. Examine alternative engine control
strategies.

o Examine integrated heat engine and electric drive
systems (internal combustion engine/permanent magnet

disk motor, free piston/generator, reciprocating
engine/linear motor).

0 Develop an optimum heat engine for hybrid
application.

o Develop reduced-cost motors for hybrid application.

0 Develop a battery system optimized for hybrid
applications (high energy/low power) .

0 Develop low-cost, high-power polyphase dc-ac
inverters to permit use of ac motors.

o Examine potential for other hybrid concepts (e.g.,
fuel cell/flywheel, fuel cell/battery, heat engine/
flywheel, battery/battery).

Dual-Mode Inductively Coupled Highway Systems

0 Analyze and assess value of system with power source
in roadway; can incorporate automatic vehicle
control for safety; can be evolutionary with con-
ventional vehicles using same roadway.
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B.

C.

EFFICIENCY IMPROVEMENTS

1.

2.

Transmission

(o}

Continuously Variable Transmissions (CVTs). Develop

computer-controlled CVT to maximize fuel consumption

reduction potential.

Flywheel Transmissions. Integrate flywheel into

transmission to reduce maximum power demand and

reduce engine size or battery requirements.

Photo-Catalytic Combustion Systems

(o)

Examine photo-catalytic combustion for diesel engines
(soot reduction) and lean-burn gasoline engines for
combustion enhancement and reduction in wall-quench
effects.

GENERAL SYSTEMS CONSIDERATIONS

1.

2.

Control Systems and Modeling (not exclusive to EV/HV)

(o}

Apply control theory and vehicle system modeling
to optimize fuel economy, emission control, perfor-

mance, safety, and driver operational demands.

Research on electronic control systems and their
interfaces. Includes sensors, actuators, connections,

temperature controls, and cost factors.

System Studies (not -exclusive to EV/HV)

(o)

Research on the interaction of driver behavior
and traffic controls to optimize vehicle system
performance as well as traffic patterns to reduce

fuel consumption.

Analysis of systems approach to improving maintenance
and repair infrastructure.

Cross impact studies.
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5. SUMMARY

Much research and development is already under way in
private industry, in the universities, and in government, in the
development of low emission, safe, and fuel-efficient automobiles,
including alternative fuels and new powertrain systems.

Energy is the focal issue. Within the Government, in the
Department of Energy there are RD§D programs dealing with the
development of enhanced petroleum recovery and alternative energy
supplies, ongoing programs to develop advanced heat engines,
electric and hybrid vehicles, and to facilitate the end-use
applications of alternative fuels. The programs are linked with
EPA because it is very clear that energy and environment are
interactive and that issues affecting health and safety cannot
be ignored. They are also linked to the Department of Transpor-
tation's programs on automobile safety and mileage standards.
There are, in addition, similar privately funded research
programs in both the automotive and fuels industries. University
work, funded by the Government and industry, provides both basic
and applied research capability.

While improved conservation can reduce the demand for energy,
it is recognized that a greatly increased availability of
alternate fuels is essential if this nation's dependence upon
foreign petroleum is to be diminished, Thus, the report of this
panel recognizes the importance of both of these key areas,

In order to evaluate properly the overall levels of basic
research that are needed and the particular areas that deserve
support, it will be necessary to undertake a careful analysis
of the national effort that is currently under way and the
potential risk and benefit of any new research activity.
Furthermore, it is essential that a continual assessment of the
research programs be carried on so that we can rapidly move to
the next phase in the RD§D chain to ultimate commercialization,
redirection, or termination.
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Because we are trying to establish a partnership between
government, industry and universities and because we represent
the R§ED community, we would be remiss if we did not recommend
that future regulation be based on adequate and timely R&D.

The panel recognizes that significant contributions by
universities, industries and government can be made to the many

basic research areas identified here.
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1. INTRODUCTION

The purpose of the Conference on Basic Research Directions
for Advanced Automotive Technology was to gather ideas on what
basic research questions should be addressed in order to advance
motor vehicle technology. The fuel economy of a motor vehicle is
dependent on powertrain efficiency, vehicle weight, vehicle road
load and how the vehicle is used. The purpose of Panel c,
Structures and Materials, was to discuss basic research directions
affecting all aspects of motor vehicle technology, other than the
powertrain. The goal was weight reduction at reasonable process
cost with a given or enhanced level of safety and road load
reduction. The scope of the Panel thus included vehicle config-
uration, vehicle structure and crash energy absorption, vehicle
components and occupant crash protection systems, and the materi-
als used to construct the vehicle. During the Panel's proceedings,
the research areas discussed fell into the following categories:
materials, structures, other subsystems, road load, vehicle
systems, hardware test and evaluation, and systems analysis and
program management.

Time did not allow the Panel to define a complete list of
research needs in the subject areas. Also, it was not the
purpose of the Panel to define either funding requirements or who
should perform the research. However, the Panel did recommend
the development of a more detailed research plan.

During the meetings of the Panel, panelists and conference
participants made certain assumptions on the potential improve-
ments of engines and other powertrain components (which were the
purview of Panels A and B, respectively). This was done to
provide a background for defining the research requirements in
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the areas of structures and materials consistent with the overall
goal of the conference. The results of the discussion indicated
that an achievable passenger car fleet fuel economy by the end

of the century fell within the range of 40 to 50 miles per

gallon if the nation is willing to pay the price. The correspon-
ding average inertia weight of the fleet would have to range

from 2500 down to 2000 pounds with an acceptable (near present)
mix of vehicle sizes. The 2000 pound fleet average passenger

car weight with an engine improvement of 20 percent above the
estimated 1985 fleet average engine efficiency was estimated to
yield a 50 miles per gallon fleet. Variations in projected
engine efficiency and inertia weight provide the achievable fuel

economy range.

The Panel was in open session for two days. The first day
opened with the prepared statements by the panelists (Volume IIT,
Panel C Panelists' Opening Remarks) followed by: (1) questions
and comments from the floor; (2) the reading of the written sub-
missions from interest parties in accordance with the requests for
comment in the Federal Register 44FR7047, Feb. 5, ‘1979 (Volume II,
Panel C Submissions); and (3) the solicitation and receipt of

research program summaries from panelists and the audience (Volume
I1, Panel C Research Program Summaries). In the evening of the
first day, the Panel reconvened informally (in open session) to
structure a summary of the research topics. On the second day, the
Panel clarified and expanded on the research topics, and addition-
al questions and comments from the floor were accepted. At the
end of the second day, the Panel Chairperson delivered a summary
of the Panel's activities in the general summation (all panels)

of the Conference (see Volume I, Plenary Session Closing Remarks).

This report is divided into the following sections which
correspond to the structure developed by the Panel for categor-
izing the necessary research programs:

Materials

Structures

Other Subsystems
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Road Load Reduction

Vehicle Systems

Hardware Test and Evaluation

Systems Analyses and Program Management
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2. MATERIALS TECHNOLOGY

It was agreed that the increased use of high strength and/or

low density materials in the automobile is one of the major
tools available for reducing vehicle weight while maintain-
ing packaging and safety attributes required by the con-

sumer.

Several candidate materials proposed by the Panel
are listed in Table 2.1. The estimated weight reduc-
tion potential of these materials compared to current
materials such as steel, cast iron, or glass, as well
as their relative costs based on current technology,
are also given in this table. The values listed in
the table were provided by several members of the Panel

without detailed examination or discussion.

The Panel considered the following to be the most prom-

ising structural materials for appropriate applications:

1. High strength and ultra-high strength steels
with improved formability (elongation)

2. Aluminum alloys

3. TFiber-reinforced plastics, including glass, organic,
and graphite fiber reinforcement

4. Foam for filling large sections of thin gauge
structural members and for padding

5. Scratch resistant plastics for glazing

The Panel agreed that these materials could contri-
bute greatly to the weight reduction required to achieve
the weights discussed in Section 1. However, research
is required to overcome a number of obstacles that
currently exist and 1limit their extensive use in produc-
tion vehicles. The successful completion of the required

research would result in mass producibility
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TABLE 2-1. CANDIDATE ALTERNATIVE AUTOMOTIVE MATERIALS

MATERIAL

WROUGHT METAL

Low Carbon Steel (LCS)

Dent Resistant Steels

High Strength/Low Alloy
Steel

Ultra-high Strength Steel

Aluminum (Al)

METAL CASTINGS

Grey Iron

Al Die Casting

Al Permanent Mold Casting
Zinc Die Casting
Magnesium Die Casting

PLASTICS (Relative to LCS)

Unidirectional Fiherglass
Reinforced Polyester or
Epoxy Resin

Sheet Molding Compound,
Random Fiberglass-Rein-
forced Polyester Resin

Unidirectional Graphite
Fiber Reinforced Epoxy
Resin (Hybrid Reinforce-
ment with Fiberglass,
where Possible)

Continuous Fiberglass
Reinforced Nylon "STX"
Hot Stampable Sheet

TRANSPARENT MATERIALS

Glass
Polycarbonate

RELATIVE MATERIAL

WEIGHT COST PER PART BASED
REDUCTION ON CURRENT
POTENTIAL TECHNOLOGY*

(%)
- 1
10 to 20 0.8 to 1
15 to 30 0.9 to 1.1
40 to 50 0.7 to 0.8
50 to 60 1 to 3
- 1
50 to 60 0.9 to 1.2
50 to 60 1.5 to 1.9
10 to 40 0.7 to 1.1
75 2.5
50 2
35 to 50 1.15
60 to 70 1.5 to 4 (graph-
ite @ $6/1b*ﬂ present
cost $20/1b)
35 1.5-4%%
- 1
40 1.4

*Material cost only, not including direct labor or variable

manufacturing burden.
**Projected values,
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of parts and assemblies at minimum cost. It was pointed

out that the major introduction of the above materials

(and the redesign of the fleet) will entail major capital
investments. Also, a research effort is required to examine
issues other than costs. These include:

1. The effect of alternative materials on crash energy

management
2. In-use reliability and durability

3. Environmental and health effects assessments on
a life cycle basis (from raw material source, to
manufacture, to use, to recycling, and ultimate

disposal)

It was stated that the materials research area

includes:

1. Improved properties of these materials during

manufacture and end use

2. Better knowledge of materials' properties and design
procedures

3. Improved manufacturing technologies and processes
compatible with these materials

4. Improved inspection and quality control

The limited amount of properties and design data avail-
albe for some of these materials and parts made of these
materials was considered a serious drawback, and research in
this area was indicated. It was felt that without the estab-
1ishment of a data base with which an automobile designer
would feel comfortable, and without wide dissemination of this
information to the designers, use of alternate materials
would be greatly hindered. For all materials, it was felt
that a better theoretical understanding of their mechanical
behavior under repeated loads and at high strain rates (as
would occur during manufacturing and in a crash environment)

was required. Research on the mechanical behavior and
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energy management characteristics of alternate materials
under impulse loads, durability, environmental resistance
of materials, and material combinations, as well as the
field maintainability and repairability of novel
structures and components, was recommended.

It was also pointed out that the introduction of new
materials in automotive structures could have numerous
environmental and health effects that would have to be
carefully analyzed on a "womb-to-tomb" basis, i.e., from
the raw materials to the disposal of a junked automobile
which contained any of these materials. Potential health
hazards to workers that would be exposed to any new
materials (including precursors) and recyclability were

deemed to be the two major environmental research areas.

The Panel agreed that there are a number of common
and high priority areas of research that are applicable
to all materials and material systems. These research
areas include:

1. Fastening and joining technology
2. Improved forming and shaping processes
3. Improved mechanical properties

4. Improved knowledge of properties and
theoretical understanding

5. Corrosion and environmental resistance
6. Analysis of environmental and health effects
7. Material production for low cost

Table 2-2 and the following subsections represent
research programs for each of the materials discussed.
The Panel notes that this list should not be considered
as a definitive research plan because of insufficient time
for the development of a comprehensive list of research
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TABLE 2-2. MATERIALS TECHNOLOGY - ILLUSTRATIVE RESEARCH AREAS
(Partial List)

STEEL
Improved Materials Properties

Advanced High Strength Multiphase Ferrous Based Alloys
Improved Materials/Processes for Corrosion Prevention

Improved Manufacturability

Forming Research and Development
Joining

ALUMINUM

Lower Cost of Raw Materials (Including New Refining
Processes)

Improved Materials Properties
Corrosion Resistance

Fatigue Resistance
Stiffness

Improved Manufacturability to Reduce Cost

Formability

Joining

Finishing
Data and Manufacturing Experience to Increase Designer's
Confidence

PLASTICS AND COMPOSITES
Lower Cost Raw Materials

Materials Based on Renewable Feed Stocks
Lower Cost Reinforcing Graphite Fibers

Improved Materials Properties

Develop Materials with Overall Improvement in
_ Properties

Develop High Temperature Resins

Develop Stronger and Stiffer Fibers
Develop/Design Optimized Hybrid Composites
Analyze Resin/Fiber Interface
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TABLE 2-2., MATERIALS TECHNOLOGY - ILLUSTRATIVE RESEARCH AREAS
(Partial List) (Continued)

PLASTICS AND COMPOSITES (Continued)
Improved Manufacturability to Reduce Cost

High-Speed, Short-Cure Cycle Molding Processes
Thermoplastic Preforms

Joining

Fabricate Larger Parts

Finishing

Non-Destructive Testing (NDT)

Increased Designer Confidence

Fatigue Properties

Reliability and Durability of Composite Parts
Crashworthiness

Engineering Properties and Design Criteria
Environmental Impacts

Recycling
Nontoxic Substance Emitting Materials
Health Hazards due to Fibrous Reinforcements

FOAM FILLED AND MULTIMATERIAL COMPOSITES AND OTHER MATERIALS

Foam Core Structural Components

Low Cost Manufacturing Process for Magnesium
Metal Matrix Composites

Optimized Multimaterial Systems

IMPROVED GLAZING

Elimination of Lacerations Upon Impact (Windshields,
Side and Rear Glazing)

Improved Strength for Structural Purposes
and Weight Reduction
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issues; for development of an inventory of on-going
research; and for careful definition of research projects
and their associated funding requirements. The Panel
recommends that this list be used for the purpose of
illustration of the typical research tasks.

2.1 STEEL

Primary research objectives were jdentified in terms of
improved material properties and improved manufacturability.
In the area of improved material properties the Panel's
recommendations included the following research tasks:

1. Research to determine how static strength and
ductility, fatigue strength, toughness, and impact strength
of multiphase steels are affected by microstructure, com-
position, and processing. Material systems of interest
should include multiphase alloys, alloy systems strengthened
through heat treatment after forming, and metal composites.

2. Research to obtain an improved understanding of
the corrosion of coated metals, crevice corrosiom, corrosion
at the joints/juncture of dissimilar materials, the behavior
of surfaces and surface contaminants, and of corrosive

environments of importance to automotive structures.

In the area of improved manufacturability the Panel's
research tasks included:

1. The development of an improved understanding of
metal forming by examining the fundamentals of the plasti-
city of metals, analyzing work hardening of metals under
complex loads, and examining the effects of temperature
over a wide range on the forming process. Specific
research would also include analysis of strain path effects
and material/die interactions leading to the development
of predictive die design methods.
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2. The development of novel metal forming techniques
and manufacturing guides which can result in thinner
and/or more complex automotive stampings. For example,
examine the potential of squeeze forming operations or
other roll forming techniques to achieve metal sheet
structures of controlled variable thicknesses.

3. The development of improved metal joining tech-
niques to increase joint efficiency and reduce manufacturing
costs. Areas of investigation should include improved clean-
ing procedures needed for joining, improved welding processes
and controls, and adhesive bonding. Special attention should
be given to the joining of dissimilar materials.

2.2 ALUMINUM

Long-term and short-term research objectives were
identified in terms of lower cost of raw materials, improved
material properties, improved manufacturability and in-
creased designers' confidence. Research tasks included:

1. Development of a process to manufacture silicon -
aluminum casting alloys by direct thermal reduction of
aluminum ore as one approach to reducing the energy required
and cost to produce aluminum.

2. Development of alloys with improved resistance to
the automotive environment, with minimum sacrifice of
strength, formability, joining, and finishing character-
istics, and alloys with significantly enhanced fatigue
strength. A novel approach would be the production of
aluminum castings by ultra-fast solidification. Aluminum-
lithium alloys have been found to have a significantly
higher modulus than state-of-the-art aluminum alloys.
Further work is required to develop commercially effective
manufacturing processes for these alloys.
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3. A better understanding of the fundamentals of
the relation of alloy composition and thermomechanical
treatment to formability. This could result in lower
cost stampings and reduce the need for secondary

operations.

4. Development of improved methods of joining
aluminum to itself and other automotive materials (that
are economic and commercially acceptable). For spot
welding aluminum, approaches include the development of
a method for forming a stable, low resistance surface, or
alternatively the development of a simple cleaning operation.

5. Obtaining design data for using aluminum alloys
in chassis, suspension, and drivetrain components, such
as frames and frame parts, pivot arms, U-joints, bumpers,
shock absorbers, idler arms, and driveshafts.

2.3 PLASTICS AND COMPOSITES

Research objectives were identified in terms of lower
cost of raw materials, improved materials properties,
improved manufacturability, increased design confidence,
and reduced environmental impacts. As compared to metals
technology, more emphasis was placed on development and
dissemination of a reliable material properties data base
and design data, inspection, and environmental and health
impacts. In addition, the lowering of manufacturing costs
was emphasized. Representative research tasks included the

following:

1. Development of resins and high strength/high
modulus fibers that use renewable resources as feed stocks
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(perhaps derived from agricultural products).

2. Development of materials and methods of producing
high strength, high modulus graphite filaments at a cost
of less than §$10/1b. with a goal of $3/1b.

3. Development of resins and fibers with improved
properties.

4. Development of resins with higher operating
temperatures.

5. Development of stronger and stiffer fibrous
reinforcements.

6. Development of hybrid composites that make optimum
use of mixtures of fibers such as glass, aramid, graphite,
boron, etc.

7. Obtain better understanding of the characteristics
of the fiber-resin interface so as to obtain better
utilization of fiber properties and improved composite shear
strength.

8. Development of high speed molding processes for con-
tinuous, oriented, fiber-reinforced thermoset resin
composites, by developing faster curing resins, and
obtaining a better understanding of resin-fiber-flow in the
mold during cure. In addition, consideration should be
given to improved materials handling before and after curing
and an improved trim cycle.

9. Development of methods of preparing sheets of con-
tinuous, oriented fiber-reinforced thermoplastic resin
composities that would lend themselves to inherently rapid
manufacturing operations such as thermal stamping or vacuum
forming.

10. Development of improved methods of cleaning surfaces
to be joined. Development of improved adhesives that will
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result in efficient joints that cure rapidly under plant
conditions, and in-process quality controls.

11. Development of improved capability to mold signi-
ficantly larger parts than is current practice.

12. Development of reduced cost methods of obtaining
acceptable showroom finishes on visible automotive parts.

13. The establishment of rapid on line methods of
non-destructive testing and evaluation that will allow
for 100% inspection of molded composite parts.

14. To obtain failure/fatigue curves on glass/graphite
fiber reinforced plastics to be able to better understand
the cyclic fatigue characteristics of composites of
various resins and reinforcements.

15. Determination of the effect of long-term environ-
mental exposure on various composite materials in automotive

service.

16. Examination of impact and energy absorbing pro-
perties of fiber filled composites and their applicability
to crashworthy structures.

17. Establishment of a data base and analysis techni-
ques for continuous, oriented fiber composite structures for
use by design engineers. Development of a better understanding
of off-directional properties (away from the principal axis),
under static, fatigue and dynamic load conditions. Establish-
ment of a more comprehensive data base with regards to two
dimensional and three dimensional properties of fibrous
composites.

18. Establishment of economical methods of recycling
major portions of plastics that will be found in future
automobiles.

19. Further work is required to develop resins which
can be molded with or without ventilation, as well as
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adhesives which can be applied without requiring special
precautions. Toxicity levels of these improved materials
have to be examined.

20. Further research to insure that the fibrous
reinforcements being considered for use in composites do
not result in increased health risks to workers in
materials production plants, component fabrication plants,
automotive maintenance and repair, and auto disposal
systems.

21. Improvements in manufacturability of foam core
structural components.

2.4 OTHER MATERIALS

The potential of other materials, such as magnesium,
whisker reinforced metals, and optimized multimaterial
composite systems were also discussed by the Panel in
response to questions from the floor, and further
examination was indicated.

2.5 GLAZING

The Panel recommended examination of the feasibility
of replacing conventional glass with lighter plastics such
as polycarbonates.
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3. STRUCTURES TECHNOLOGY

This area includes the use of materials to form the struc-
ture, and handle the static, dynamic, and crash loads to which
the car may be subjected. It was felt that additional weight
reductions could be attained with comparable or improved crash

energy management by pursuing research in:

1. Improved quantification of loads to which the struc-
ture will be subjected.

2. Improved design and analytical tools.

3. Or<imal use of material properties and structural

shapes.

4. Integrated design approaches whereby heretofore non-
structural parts and components are utilized as load-
bearing members and the parts and components are

optimized for more than one function.

It was suggested that improved quantification of loads
should include projections of anticipated road quality
(which may be lower than at present) in the time period
under consideration; optimal use of material properties in-
clude the design of parts in a way that enhances the favor-
able properties of the material; and the integrated design
approaches include concepts such as utilizing seats and lami-
nated windshields as part of the load bearing structure.

A need for greater safety research was expressed and it
was suggested that the minimum passenger compartment volume
will be controlled not by comfort, but by the minimum survival
space (based on the relevant biomechanical data). It was
estimated that an improved safety capability (40 mph frontal
impact against fixed barrier) would require 150 pounds of

structure and other subsystems.
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During the course of the proceedings the following
structures-related safety research needs were expressed:

1. Research toward reduced occupant injury, including
research for the protection of children and the
elderly during collision.

2. Research for reduction of injuries resulting from
side, rear corner, and rear impact.

3. Research for the reduction of vehicle aggressivity
with respect to vehicles, pedestrians and cyclists.

4, Research on safety trade-off methodology (including
safety and fuel economy design features).

Table 3.1 is a partial listing of the research areas for

structures recommended by the Panel.
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TABLE 3-1. STRUCTURES TECHNOLOGY — RESEARCH AREAS
(Partial List)

Quantification of Load Inputs
Normal Service
Projected Road Environment
Projected Speeds
Collision
Projected Vehicle Size/Weight Distribution and
Distribution of Collisions by Vehicle Clock
Position and Speed

Improved Design and Analytical Tools
Design Optimization
Tools
Materials Data
Vehicle Response During Collision
Tools
Materials Data

Vehicle Component Integration and Optimization

Utilization of Maximum Number of Components for Load

Bearing
Optimization of Components for Multi-Use

Safety Related Data
Biomechanical Data
Improved Dummies for Non-Frontal Crash Modes
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4. OTHER SUBSYSTEMS

The Panel discussed the possible needs for research in
subsystems technology that would yield either fuel economy or
safety benefits. These technologies included tire inflation
indicators, brake systems, speed control systems, improved
suspension components that would facilitate the use of higher
tire pressures, improved analytical techniques for suspension
analyses under conditions of increased differences of loaded
and unloaded vehicle weights, and electronic transmission
controls. It was felt that through suitable speed control
devices and reduced engine power, the car could be designed
to be much more compatible with the 55§ mph national speed
limit with accompanying injury reductions, reduction in emis-
sions, and materials and fuel saving benefits.

Tablé 4.1 is a partial listing of the research areas for
other subsystems recommended by the Panel.
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TABLE 4-1. OTHER SUBSYSTEMS — RESEARCH AREAS
(Partial List)

Weight and Energy Consumption Reduction of Accessories and
Auxiliaries (including possible integration of accessories
such as air conditioning with the powerplant)

Electronic Transmission Control
Tires and Wheels

Tire Inflation Indicators
Lightweight Wheels

Brake Systems

Anti-Lock
Radar Warning (Crash Avoidance)

Driver Displays
Speed Control Systems and Cruise Controls
Suspension

Analytical Tools and Technology
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5. ROAD LOAD REDUCTION

The three major components of road load are tire
resistance, aerodynamic drag, and lubricant and bearing
friction. The areas of tire research identified included
development of tire structures and material combinations
which will result in tires with low rolling loss, which at
the same time are long wearing, high traction, and
resistant to road hazards. It is anticipated that tire
inflation pressures will be significantly increased
(perhaps to 40-45 Psi) in the future to reduce rolling
losses,

The research for long wearing characteristics and
resistance to road hazards will have to be pursued for
tires under high inflation pressures. In addition,
improved test techniques for the measurement of tire
rolling friction and computer design methods for tires

were proposed. Also improved non-destructive testing
methods for production facilities was proposed.

For the reduction of aerodynamic drag, a research
planl recently completed by one of the panelists was
introduced and should be consulted for more detailed
information. The research elements are: (1) assessment
of the prior and continuing art; (2) definition of the
aerodynamic operational environment; (3) aerodynamic
testing methods and facilities including wind tunnel and
road testing, wind tunnel to road correlation, flow
visualization, and moving body testing; (4) aerodynamic

1William Milliken and Martin Zlotnick, "Aerodynamics of
Road Vehicles'". Paper presented at AIAA 15th Annual Meeting
and Technical Display, Washington, D.C., February 6-8, 1979,
(Paper No. 79-0531).
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drag assessment of contemporary vehicles; (5) vehicle
aerodynamic flow fields and generalized design data
including systematically derived generalized vehicle
shape data, flow field research, and internal air flows;
(6) aerodynamic flow-control devices; and (7) interaction
of vehicle aerodynamics and tire/road chassis character-
istics.

The Panel felt that the most fruitful area for

lubricant/bearing research would be to concentrate on low
temperature losses.

Table 5-1 is a partial listing of the research areas
for road load reduction recommended by the Panel.
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TABLE 5-1. ROAD LOAD REDUCTION - RESEARCH AREAS
(Partial List)

Tires

Tire Materials and their Inter-related Composite
Geometry and Properties

Run-Flat Tires of Low Weight and Rolling Loss

Tire Structures and Design

Test Methodologies

Accurate Laboratory Measurement of Tire Rolling Loss
Development of Improved Non-Destructive Test Methods
for Production Quality Control

Aerodynamic Drag
Assessment of the Prior and Continuing State-of-the-Art
Definition of the Aerodynamic Operational
Environment
Aerodynamic Testing Methods and Facilities
Aerodynamic Drag Assessment of Contemporary Vehicles
Vehicle Flow Field and Generalized Design Data
Aerodynamic Flow-Control Devices
Interaction of Aerodynamic and Tire/Road Forces
Lubricants/Bearings

Friction Reduction at Low Temperatures
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6. VEHICLE SYSTEMS

The research topics in the systems area included the de-
sign, layout and configuration of the entire vehicle; the
vehicle level requirements that the vehicle must meet; and
the development of methodologies for making tradeoffs between
conflicting requirements. The development of criteria and
tests both for overall vehicle acceptability and vehicle

safety was proposed.

The enhancement of pedestrian and cyclist protection;
improved maintainability and repairability; lower damage
susceptibility; and the design for compatibility with other
vehicles and stationary devices such as guardrails were pro-
posed. Tradeoffs between these attributes, when in conflict,
were also proposed. The need for a data base of some of the
above attributes was identified. It was also suggested that
training for auto mechanics and the development of optimum
diagnostic systems and external interfaces in the vehicle
for maintenance and repair functions are profitable areas of
activity. The Panel recommended the development of a method -
ology to determine the benefit/cost relationships and the
fuel economy payoff of various technology improvements and
alternatives, and to combine it with the methodology for
safety payoffs. The study of mission and use analyses for
vehicles in the post-1985 time frame was also proposed.

Research was also proposed to determine the payoff of
multi-function microprocessor control electronics for engine,
transmission, collision avoidance and driver aids. The study
of driver behavior from the fuel conservation point of view

was also recommended.
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7. HARDWARE TEST AND EVALUATION

The Panel pointed out the need for hardware evaluation
at both the component and vehicle system levels as part of
the research and development program. The development of
criteria and test procedures for vehicle and component accep-
tability and safety (see also Section 6), testing of new
technology, and the organization and dissemination of the
results were proposed. The following specific recommendations
were made for:

1. The construction of state-of-the-art composite vehi-
cles, establishment of the reliability and durability
of such vehicles, and the investigation of the high
volume producibility potential of such vehicles.

2. The large scale field testing for improved corrosion
and fatigue resistance of some materials which have
already shown promise in the laboratory.

3. Scale model testing for safety research (including
the development of improved methods for scaling the
data).

4. Evaluation of occupant, pedestrian and cyclist pro-
tection subsystems and vehicle aggressivity,

5. The evaluation of production process technology.

In conjunction with the hardware evaluation efforts,
analytical effort in support of the tests was recommended.
Also, it was recommended that fuel economy test procedures
be developed to better simulate real world conditions.
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8. SYSTEMS ANALYSES AND PROGRAM MANAGEMENT FOR
RESEARCH PROGRAM

An additional task proposed by the Panel was Systems
Analyses and Program Management. This task was deemed neces-
sary because of the envisioned complexity and magnitude of
the overall research and the need for a coordination func-
tion. This activity was envisioned as paralleling the above
research activities to perform requirements analyses; set
requirements and targets for various research projects;
develop decision making methodologies on a cost/benefit basis;
and to integrate the decision making between the safety as-
pects, availability of materials and resources, the fuel
economy goals, and vehicle life cycle cost. It was emphasized
that under this task, it would be most appropriate to perform
an inventory of ongoing and completed research, and to main-
tain and communicate research results. There also needs to
be a continuing assessment of needs versus research results
to change priorities and funding levels of specific research

programs and projects.
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9. CONCLUDING REMARKS

There was general agreement that:

1. Major vehicle weight reductions are achievable by
the year 2000 while meeting acceptable injury reduction,
damage susceptibility, repairability, and durability goals.

2. Achievement of this significant weight reduction can
only be accomplished by (a) the near-term acceleration of on-
going research and initiation of new research to develop the
technical capability, and (b) if the nation is willing to pay
the price, to implement the new technical options.

3. If such a program is established an average passenger
fleet fuel economy of 40-50 miles per gallon can be attained
assuming reasonable improvements in powertrain efficiency, and
reduction in aerodynamic drag and other losses.

4. Firm decisions on research priorities must be made
soon after systems analysis and cost effectiveness studies are
completed. The capital cost for translating the anticipated
new technologies into mass production should be estimated and
included in the national priority-setting process.

5. It was suggested that the potential of the ongoing
research at universities be explored. The needs for qualified
manpower should be defined.

6. This report represents a first, top level cut of
research needed to reach the possible goals for the 1990's.
Much more detailed planning needs to be done in each of the
topical areas. It was noted that professional and scientific
societies, trade associations, and other organizations could
be of considerable help in this planning.
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INTRODUCTION OF THE SECRETARY OF TRANSPORTATION

DR. RAYMOND L. BISPLINGHOFF
Chairman, National Research Council
Committee on Transportation

You have seen from your agenda, the purpose of our gathering
this afternoon is to receive reports from the panel chairmen on
the results of their panel meetings. Prior to hearing those re-
ports, I would like to ask Secretary Adams to speak to you. He
has got to return to Washington in the middle of the afternoon
and he has agreed to spend a little time with us before he goes.
So, without any further comments, let me introduce to you Secre-
tary Brock Adams.
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CLOSING REMARKS

HONORABLE BROCK ADAMS
Secretary of Transportation

Thank you, Mr. Chairman. I want to personally thank the
panel chairmen and all of you for your participation. I have
just spent a considerable amount of time meeting with the panel
chairmen and going over the preliminary results of what has
occurred during the last thirty-six hours. I am looking forward
to their final reports and comments which will go to all of you.

There was a specific reason for calling all of us together
here during this very cold time of the year in Boston. I have
to know, as a matter of public policy and as a matter of taking
a position of making recommendations to the President and to the
Congress, whether anything can be done. I cannot tell you how
pleased I am as I move through these panels and as I have re-
ceived the reports, that the results of these panels indicate
clearly that we can achieve a substantial improvement in mileage,
that we really are going to be able to get the kind of funda-
mental breakthrough in the total automobile that will enable us
to have personal mobility in this country in the year 2000.

I did not come here to ask for an instant solution, but to
get a research agenda, and most important of all, to get an
answer whether or not it was realistic to do something about
this vehicle. When we started, I saw a lot of very cynical
people. I do not see that anymore. I went through a lot of
panels and spent a lot of time listening to the comments that
came out, and I saw a lot of old cynics begin to grin a little
bit and say, "Yes, it is achievable.'" We can, technologically,
in this country, get that mileage up in the ranges -- and there
won't be a consensus, I understand that -- of forty to fifty
miles a gallon.
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I did not come here for a target but I came here for
research information: Is it realistic to try and, second, if it
is realistic to try, what are the specific areas in which we
should be directing our basic research so that the dollars
industry-wide and government-wide are spent at the proper places?
Now that is what your panelists have been talking to me about and
will start detailing to you in their reports which you will get

in written form.

We are looking, as the Chairman said to me, for a research
agenda. We do not want to step on one another's feet while we
are doing this and we do not want to do something foolish, but
we do want to know that industry, government, academia, and the
people want to change. I can tell you that they do, It is in-
credible to me that a public policy issue of this size has been
left unaddressed for this long. I guess it is because if you are
comfortable you do not think about it. But the response, not
only from this group but from throughout the whole United States,
has been to say, "Go at it. You really can do it. Let's see
something very new. Let's see the in-use engines." And you will
hear a fascinating report on comparison of in-use and alternative
engines and on in-use and alternative fuels and on total concept
and powertrains that will indicate, I think, to you, as it has
to me, that it can be done.

Now that was the first thing I needed to know. The second
thing is the research agenda. Then we will meet to determine
how we implement a program to move on with what I consider to be
one of the most difficult things this country faces, which is how
to take an economy which is oil-based and therefore, now rests
on a rather fragile structure, and make it accommodate through
the year 2000. Every nation in the world is trying to determine
how to do that, and transportation and the automobile is a very
big part of it in the United States.

There will be disagreements. There will be concerns.
There is risk-taking. I suppose some of the panelists will
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probably say that I should not have mentioned a number at all.
That is a risk that I have to take, that I have to defend. It is
an assessment that I have to make out of what I am hearing from

you, but I think it can happen. I am excited about it. I am
very pleased about it.

I appreciate your efforts and I am going to turn the meeting
back to the Chairman. I will be awaiting the results from the
Chairman and the individual Panel Chairmen as I make my report
and recommendations to the President which will lead to a meeting

in the spring when we will talk about how we will implement and
commercialize it.

Thank you for both your attention and your help. The fact
that you are all still here proves the point that I guess we knew
originally: Everybody in America wants to know what the hell we
are going to do with the automobile.

Thank you.
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PANEL A: ENGINES

DR. RICHARD H. BRICELAND, CHAIRPERSON
Environmental Scientist
Office of Policy Analysis

U.S. Environmental Protection Agency

I am going to summarize for you briefly the results of the
Engine Panel deliberations. I think that in doing this we some- -
times forget that there are eleven panel members that worked very
hard in this activity. We also have some very exceptional support
from the Department of Transportation people, so I acknowledge
that with great appreciation.

I would also comment that there was, during the course of
our deliberations, what I might characterize as "spirited dis-
cussion" at times, and as a result, the draft report which we have
prepared certainly does not represent a universal consensus about
the general thrust of what I am going to report to.you, but I say
to you, in all fairness, that all of the points have certainly
not been agreed to by all the panel participants.

The report consists basically of a twelve page document. I
am going to very quickly read through the introduction. I will
read through the summary and I will summarize as quickly as I can
the basic elements of the recommended research activities.

The objective of the Engine Panel discussions was to identi-
fy and prioritize research activities which need to be conducted
to support commercialization of heat engine technology for light
duty vehicles in the 1985-2000 time period. Discussions were
focused on specific technology areas which reasonably might be
expected to contribute to major fuel savings in the post-1985
period.
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The Panel has identified two categories of engines as a
basis for formulating its research recommendations; first, in-use
engines which are characterized by homogeneous charge spark
jgnition engines such as are used in most of our cars today, and
compression ignition engines, for example, the diesel powerplant.
The second category is alternate concept engines such as are
characterized by gas turbines, Stirling systems and various
proposed new concepts. Although the Panel has recommended
research programs in both of these engine categories, it is
important to recognize that the objectives of these research
activities are different for the two cases. Research for the
conventional in-use engine is directed primarily toward refine-
ment and incremental system improvements, while research for
alternate concepts is designed to provide a firm basis for assess-
ing the technological and economic feasibility of these power-
plant systems.

The Panel recognizes that a range of engine systems repre-
senting various fuel economy and passenger carrying capabilities
will be required during the 1985-2000 time period of interest.
However, based on information presented, the Panel was not able
to identify a specific engine technology which could be classi-
fied as superior for future light duty applications; for example,
superior with respect to fuel efficiency, exhaust emissions and

acceptability for meeting a range of public needs.

The Panel did not attempt to assess in detail the balance
and priority of ongoing Government funded heat engine research
work. However, it was concluded that research emphasis currently
given to in-use engines by Government and by industry does not
adequately reflect the importance of these systems.

The information available to the Panel did not permit pro-
jections of the ultimate fuel economy potential of possible
engines and thermodynamic cycles. However, it is clear that
improvements in fuel efficiency can be achieved for the in-use

category of engines, even for mature and widely used engine
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Systems, and that these improvements can provide very large fuel
conservation benefits to the nation.

Although questions of fuels and fuel technology were not
within the scope of the Engine Panel's discussion, the Panel
nevertheless wishes to emphasize that it is difficult to treat
the research needs of engines and fuels separately. The Panel
recognizes that in-use spark ignition and compression ignition
engines are significantly more sensitive to fuel type and fuel
quality than are engines such as the gas turbine and Stirling.

The Panel believes it is important to decrease the fuel
sensitivity characteristics of automotive heat engines and to
work towards multi-fuel capabilities, including the capability
to utilize synthetic fuels in light duty applications.

Finally, the Panel recognizes the importance of conducting
health effects research on engine emissions for a range of power-
plant concepts. However, the Panel membership did not include
technical expertise which would permit it to identify specific
health effects research needs. The panel suggests this is an
area which warrants careful attention.

That is the end of the introductory statements, and I am
now going to summarize the recommended research activities.

In the report, we have broken them into two areas I have
described for you: the in-use engine category and the alternate
concepts engines. TFirst, let me identify the research efforts
needed or recommended for the in-use engines. The basic objec-
tive here is to develop a detailed understanding of processes
which control fuel consumption and emissions.

In the spark ignition engine research area, there are topics
such as higher compression ratios, combined combustion and fuels
research, reduced cyclic variations, improved cold start per-
formance, research leading to improved size and shape options,
reduced accessory losses, turbocharging, internal NOX control in
dilute combustion systems and so forth.
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In the diesel research area, the research recommendations
are of a somewhat different thrust: improved fuel injection
characteristics, improved fuel tolerance, reduced heat losses,

turbocharger research, and research related to reduced friction.

In the advanced concepts area, the research efforts which
we have recommended to receive attention are the following:
first, the purpose of this research is to investigate a range of
scientific problem areas that are associated essentially with
innovative concepts; we have research relating to improved
ceramic materials, seal and bearing technology, manufacturing
technology, combustion chemistry, hot corrosion and so forth. I
am going through this very quickly because to further identify
specific research topics almost means that we would go into
specific engine categories, highlight the problems, and say these
are the kinds of things that we think have potential for dealing
with the problem. That is covered in the report, and I am just

summarizing some of the areas here.

There was a very strong feeling among the members of the
Engine Panel and also among the members of the audience that we
have very little real understanding of the basic physical phenom-
enon occurring in the heat engine. We should support basic
research activities that would maximize the type of technology

options that are available for future commercialization.

We should support work which has potential payoff in a
spectrum of areas so that as some of these options develop
either in the engineering sense of in other senses, the oppor-
tunity for them to go into commercialization is augmented. I am
speaking specifically of basic technology areas such as friction,
lubrication and wear research; systematic and intensive research
on the internal engine processes such as combustion processes,
combustion chamber configurations, thermodynamics, heat transfer;
basic research on engine controls; materials research -- specific-
ally, materials research related to ceramics and high temperature

materials; and then also basic research on engine emissions.
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It has been suggested that we should organize our recom-
mended research programs along areas of basic research such as
friction and combustion processes and so forth. We have elected
to focus on a variety of engine concepts, identify problems and
then make suggestions about specific areas. But we saw a cross-
current all the way through that said high temperature ceramics,
friction, and lubricants, were basic problems that were occur-
ing across the board in all engine types. Basic problems re-
quire basic research activities.

Finally, let me read to you the very brief summary that is
at the end of our report. The Engine Panel has identified two
distinct classes of engines: in-use engines and alternate con-
cept engines, for which research should be pursued. For engine
types which are in-use at the present time, an intensive research
program is needed, the objective of which should be to develop a
detailed understanding of the processes which influence fuel con-
sumption and emissions. This detailed understanding will provide
the technical basis for design refinements which can be incor-
porated into production engines in the post-1985 time frame.

The critical areas of research for spark ignition engines
include combustion research to permit higher compression ratios
and to reduce cyclic variations; studies of friction and fuel
mixture preparation during cold start; turbocharging; and means
for hydrocarbon and NOx control in dilute combustion. For com-
pression ignition engines, the most important research areas are
related to NOx and particulate formation and destruction mech-
anisms. Other recommended research areas relate to both emis-
sions and improved fuel consumption characteristics: fuel in-
jection dynamics and spray formation; broader fuel tolerance;
reduced heat loss, turbochargers, and reduced friction.

Research also should be pursued on alternative engine types
such as the gas turbine, Stirling and stratified-charge engines
with the objective of developing a technology base which will
support rational future decisions on the development of these
engine types. For the gas turbine, critical areas for research
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are ceramic materials; aerodynamics and manufacturing technology
for small turbomachinery; low cycle fatigue and hot corrosion.
For the stratified charge engine, with in-chamber fuel injection,
a detailed understanding of the chemistry and fluid mechanics of
the heterogeneous combustion process is essential to effective
development and evaluation. For the Stirling engine, sealing of
high pressure hydrogen, hydrogen permeability and embrittlement,
controls, materials for the heater head, manufacturability and

cost are key problems.

Other engine concepts and cycles should be evaluated system-
atically and thoroughly. The future Federal Government efforts

in this area should continue and be emphasized.

Thank you.
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I want to thank the participants on our panel for the hard
work that they have done in the past two days and also for the
audience that participated in both the committee comments earlier
and at the discussion.

We had a very broad agenda on our panel in covering the two
areas of fuels and powertrain systems. We were charged with
formulating the agenda for research needs for fuels and power-
trains, and to articulate and put our objectives in front of us
so that we get on with the development of an automotive trans-
portation system that we could live with in the future. There
must be a common effort by both private and public sectors to
provide automotive and fuel alternatives so that people's travel
options are retained, not reduced. Alternate fuels and improved
energy efficiency are required to reduce or eliminate our
dependence on foreign oil and maintain our national security
position.

We looked at various aspects of alternative fuels, power-
trains, electric and hybrid system, in a wide range of discus-
sions. While a number of research topics were identified and
defined in some detail, a number of broader issues were raised
which remained unresolved. These issues, to a considerable
extent, defined the context within which basic research would
take place and research priorities established.

Our repért is divided into three sections: Issues Identi-
fied; A Tentative Research Agenda for Alternative Fuels; and A
Tentative Research Agenda for Powertrains Systems and Components.
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I will summarize a couple of the issues identified and also talk
about some of the proposed agenda items for research.

There are several alternative energy sources which can
augment conventional petroleum supplies. Available information
however, needs to be critically assessed in order to make rational
and prompt decisions for the fuel and its uses. Some of the
alternative groups are methanol from coal or biomass, ethanol from
biomass, oil shale, electricity from nuclear energy and coal, and
syncrude. We have electric vehicles, advanced heat engines,
advanced Otto engines, diesels and hybrids.

Our panel did not feel that we could identify a specific
goal and we could not say even how specific that goal should or
should not be, and what should be part of that goal, though
there was quite a bit of discussion on that. We all became
quite sensitized to the commercialization needs of getting an
advanced automotive system and having to really consider the
inner relationships of the engine and the fuel system. We need
to proceed with efforts to improve the efficiency of the auto-
mobile, and no matter how successful these efforts they will be
meaningless unless there is some alternative fuel to supply them.
We really must look at both the engine and the fuel system for
that.

We felt that there was a clear and critical absence of a
common base for comparison for both fuels and powertrain systems.
Without such a common base, comparisons necessary to make a
rational choice are absent. The continuing use of miles per
gallon as opposed to considering something like miles per Btu
is a case in point and we need to think about what alternative
fuels we are going to look at. We also need to deal with
problems such as a balance of payment, national security,
environmental impacts, vehicle safety, and the evolutionary
transition to alternative fuels whose implications for research
are not necessarily amenable to economic measures.
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Now we will proceed to a tentative research agenda for
alternative fuels. Given the short time available for the Panel
and the broad scope of the subject, the Panel did not feel that
it was appropriate to establish priorities among the research
needs identified. Our report will not be able to include ones
that many people thought were important, but those are not

priorities.

We felt that technologies and equipment are available for
construction of plants to provide various automotive alternative
fuels from various resources. We do have technology for methanol
and other liquid fuels from coal and biomass, syncrude from oil
shale, ethanol from agriculture products and gasoline from
alcohol. It does not mean these cannot be improved, but they are
things that are available.

The Panel also felt that meaningful quantities, essentially
more than half a million barrels of oil a day, would be available
in the next decade from these alternative fuels. We felt that
we have all the necessary know-how on hand to produce and use
alternative fuels, but we have got to set our minds to do it and
make a commitment to it. We felt engines with multi-fuel capa-
bility will definitely have to be developed, but we did not go
into any discussion of what those engines might be, leaving that
to Panel A.

We felt that there will be a continuous need for greater
fundamental understanding of the combustion process, and this
must be extended to potential alternative fuels. Testing is
needed in order to provide comparative data for various altern-
ative fuel options. This requires availability of fuel products
representative of the processing, and a level of tradeoffs must
be established. But we have to investigate fuel properties and
the compositions that there are to characterize what fuels will
be used for what engines and what type of applications, the
performance parts and the emissions effects.
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We need to investigate the storage and distribution compata-
bility of new fuels with existing systems and see how we can work
them in and look at the cost effectiveness of these. The non-
transportation sector uses for the alternative fuels must be
investigated where petroleum might be displaced in transportation.
We need to look at the competition for the available fuel from all
sectors of the economy.

In addition to technological research, the Panel felt the
need to look at institutional and non-technological needs to
assess the options for displacement of petroleum now used in non-
transportation areas, and to clarify how energy used is to be
quantified and compared when we look at value of one form of
energy versus another and its use both in the automotive and

other forms of transportation in the economy.

We felt that there needs to be research done to assess the
environmental health and safety effects of new fuels and asso-
ciated powertrains covering resource extraction through in-use

influence.

We now come to the tentative research agenda for powertrain
systems/components. Again, we stress that the automobile repre-
sents a systems problem which encompasses the supply (fuel) side
of the equation and the demand (engine/transmission/vehicle/fuel
storage) side. Both sides are important. In a sense our panel
looked at one part of it, and the others looked at other com-
ponents, but we really need a total systems look at the automo-
bile.

The effort underlying R§D strategy for the powertrain sys-
tems components is to bring the technology to a point of com-
mercialization readiness and we may need to look at other action
incentives and the like -- to fully commercialize these tech-
nologies. We must look at our objectives in this area and the
terms of the application period. Are we looking at something
from 1985 to the year 2000, and are we looking for something
beyond the year 20007
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The Panel identified three broad categories in this area:
powertrain systems which would allow for fuel switching, for
example, to electricity; efficiency improvements; and general
systems consideration. I will give a couple of examples of some
of the research items in each of the three.

In the fuel switching, one of the items was the electric
vehicle and this was the one case where the panel did give a
priority. It felt that within the electric vehicle, the highest
priority in that area had to be for battery research and develop-
ment for higher energy and power density, for longer life, lower
life cycle cost, inproved reliability, and supply packaging effi-
ciency. Basic electric chemical studies and research also need
to be conducted. In order to make the electric vehicle happen
we need battery research. Other items that need to be addressed
include better vehicle systems optimization, better electronic
controls, development of lower cost and lighter weight electric
motors and controls, research in air conditioning and heating in
order to eliminate the need for some onboard gasoline heaters.

The hybrid vehicle was another area that was discussed in
the fuel switching area where we want to look at the utilization
of waste heat from the engines for air conditioning and thermal
conditioning; explore microcomputer control for complex systems;
and examine the potential for various hybrid concepts such as
fuel cell/flywheel, heat engine/flywheel, and battery/battery
and wind-boosted systems. The third area was a dual mode coupled
highway system.

In the efficiency improvements area we talked about specific
projects in transmission and in photocatalytic combustion sys-
tems as well as other conversion systems for more efficient
systems such as fuel cells.

Then there was a third area of general systems considera-
tions in control systems and modeling, and research on electronic
control systems and their interfaces. There were also some
systems studies that would be applicable to all kinds of
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automotive transportation -- interaction of driver behavior,
traffic controls, and cross impact studies. Those were basic-

ally the agenda items.

The Panel also said that we really do need to acknowledge
that much research and development is under way in private indus-
try, in the universities, and in government in the development of
clean, safe and fuel efficient automobiles, as well as in the

areas of alternative fuels and new powertrain systems.

While it was not possible to list all the research that is
on-going in universities, in the private sector, and in government
in the time available to the Panel, 3 word can be said about the
work currently being done within the Government. The Department
of Energy has research and development programs dealing with
enhanced petroleum recovery and the development of alternative
energy supplies. There are ongoing programs to develop advanced
heat engines, electric and hybrid vehicles, and to facilitate
use of alternative fuels. All these programs are linked closely
with the EPA because of the importance of energy and the environ-
ment and also with DOT for vehicle safety and mileage.

While improved conservation can reduce the demand for energy,
we must recognize that greatly increased availability of alterna-
tive fuels is essential if the nation's dependence upon foreign
petroleum is to be diminished. The Panel wants to emphasize the
importance of both of those two areas. Also, it was felt that
we need to evaluate properly the overall levels of basic research
that are needed (and particularly in areas that deserve support)
by doing an analysis of what is currently under way and by looking
at the potential risk and benefits of the new research activities
in addition to the existing ones. We continually need to assess
the ongoing programs to see how we could rapidly move them, if
they are in the research and development chain, to ultimate
commercialization, or whether the programs need to be redirected
or whether even some programs just are not fruitful and need to
be terminated.
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Since we are trying to establish a partnership between
government and industry and universities, and since we represent
the research and development community in this action, we would
be remiss if we did not recommend that future regulations be
based on adequate and timely research and development. The Panel
recognizes a significant contribution by universities, industry
and government. These contributions can be made to the many
basic research areas that were identified by the Panel.

Thank you.
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This has been the most interesting two days for me and, I
think, the panel members who contributed to Panel C. We had an
interesting group of experts with a great deal of combined knowl -
edge. The audience participated actively and steadfastly stayed
with us throughout the entire day and a half of proceedings. I
would like to thank all of them for their participation. I would
also like to thank the DOT staff for their help by working into
the wee hours of the morning to put together the material from
yesterday.

We had a very broad scope in Panel C with a free rein to
consider anything other than the powertrain itself. We came up
with a large number of research ideas which have been captured
On one-page summary forms. There are in excess of 50 of these
items. We did not have time to review each one of them in
detail. We expect to include these summaries in an appendix to
the proceedings of this conference.

I would now like to discuss some of the general conclusions
that came out of our work, and then lead you through a categoriz-
ation of the research and give the highlights of the research
that we thought was most important.

Our panel discussed goals which would be achievable. Since
we were not concerned with the powertrain, we had to make some
assumptions. The key one is that the powertrain itself (that is,
the transmission, the engine, and its control system) would be
able to improve another 20 percent beyond a 1985 baseline. I
would guess this assumption is generally consistent with the
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conclusions of the Engine Panel. It was observed that to meet
the 27.5 miles per gallon fleet average in 1985 would result in
about 3000 lbs average inertia weight vehicle fleet.

In order to go further to the 50 miles per gallon range, it
will be necessary to get down to 2000 to 2250 1bs fleet average
weight. Our main conclusion is that there was a fair degree of
optimism among the Panel, that there were many, many approaches
that could be taken, and that such a goal was probably achievable.
There would be some differences of opinion as to exactly when;

I think the concensus was closer to the year 2000 than 1990.
There also was some question as to whether it was sensible to go
that far. It was observed that there is an asymptotic effect:

as you spend more and more money, you get less and less in return
for each incremental dollar. Thus, there may be alternative ways
of spending an equivalent amount of money to solve the problem

of finding an adequate energy source for our personal mobility.
However, I believe there was concensus on the Panel thaﬁ/if the
50 mpg range was determined to be a national goal, and~everyone
set their mind to it and established their priorities, and the
nation and the consumers were willing to pay the bill; that this
kind of a goal would be achievable.

It was also pointed out that the time is short. It was

characterized as somewhat of a crash program--not something we

. are going to do leisurely even if we are shooting for the year

2000. Some decisions have to be made right away. Perhaps this
conference and the follow-up conference can be the sparkplug to

get some of those decisions made.

I would also like to add that these conclusions have been
based on the assumption that we are talking about a fleet of cars
with a size spectrum which is similar to what we are used to now
in terms of four, five and six passenger cars and a few station
wagons. It was observed that if consumer preferences would
change to accept lower performance and/or smaller cars, then it
\would not be necessary to go as far technologically in order to
achieve the same goals.
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Another observation relative to consumer demands is that it
may be possible in this time frame to design a car which is more
compatible with the national 55 mph speed 1limit. That would be
another example of where somewhat reduced performance would have
fuel and safety benefits.

A second general conclusion is that, in the day and a half
here, we merely identified research areas that the group agreed
were important to pursue. In no sense should our report be
viewed as a detailed research program that somebody could go off
and start implementing on Monday morning. Considerable additional
Planning will have to be done well beyond the scope of this con-
ference or even the follow-up conference. However, it was
learned that in a number of areas there have recently been, or
there will be in the near future, detailed research planning
activities carried out by Government funded studies, by profes-
sional societies and by trade associations. It should be possible
to use the committee structures of some of these organizations to
work out much more detailed research pPlans in each of the topical
areas.

Also, there is work going on in almost all of these areas
right now. But the view is that it is necessary to put more
emphasis on it, provide better coordination, and that additional
funding could accelerate the rate at which the various objectives
are met.

We broke down our research into six top-level categories.
In my discussion, I will start with the most detailed and specific
areas and end at the systems level.

The first area is materials. In this area there are a
variety of questions relating to joining and fastening techniques
that apply to many of the alternative and composite materials that
we discussed.

There are also needs for improved formability, and molding
and shaping techniques to go with these materials. There are
questions as to availability and the time scales for availability
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where paper studies would be appropriate. For some of the more
exotic materials, there are overriding cost considerations.
Research needs to be done in the basic refining process in order
to get the kind of cost breakthroughs that are required for large

scale use.

The energy consumption throughout the life cycle of the
material was discussed--everything from mining to the ultimate
disposal. There was concern that the environmental and health
effects of the large scale use of new materials be addressed
early so that there will be no downstream surprises or adverse
consequences. Again, this should start with the source of the
raw materials, the manufacturing processes, the actual use of
the materials on the road, the repair industry, the possible
recycling of the materials, and their ultimate disposal.

There was also a general feeling that for some of the
materials, the physical properties need improvement. This is
basically the purview of the metallurgist and polymer chemist.
For some of the materials, better knowledge and documentation of
the properties are needed so that the design engineer can more

effectively and confidently use them.

The second area into which we divided our research was
nstructures." This is a higher level of aggregation--something
that is made out of materials. Here we talked about both
improved crashworthiness of the structure as well as its weight
reduction potential. The feeling is that you could view safety
as a constraint on the weight reduction potential, but both of
these goals can be achieved simultaneously and become an integral

part of the design process.

The priority areas that we identified include a better
quantification of the dynamic load inputs that the structure is
required to withstand. Because of this uncertainty, there is
now a great deal of overdesign of components. In a similar vein,
the design and analysis tools are in rudimentary shape--again
resulting in conservatism and more weight. Better knowledge of

the response of these structures under dynamic loading conditions
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(both under actual road usage as well as in the crash environ-
ment) is an important advance. Computer graphics design tools
and software are logical extensions here.

Other areas of payoff are improved vehicle configurations
in terms of the placement of parts, the integration and the
optimization of functions, and in some cases, using clever design
principles to have one part serve multiple functions.

The first two areas, structures and materials, have the
primary goals of weight reduction and/or safety improvement.
The third area has the goal of road load reduction and thus re-
ducing the energy required from the powerplant. We broke road
load reduction into three parts: aerodynamic drag, tires, and
friction and lubricants.

The first is the aerodynamic drag of the vehicle. The high-
lights include improved testing methods and facilities for con-
ducting the testing; a better understanding of flow fields; and
better design data and handbooks--perhaps similar to what NACA
did for airplanes a few decades ago. Recognizing that the car
is inherently a blunt body, it will be necessary to develop flow
control devices to help reduce its drag. It was pointed out here
that there is a tradeoff in vehicle configuration between the
more upright "boxy" structure (which would provide more efficient
packaging) and aerodynanmic drag. This is a systems-level trade-
off that has to be examined.

The second area under road load reduction is tires. There
was considerable concern about the test methodology for actually
assessing the road losses of tires, and the comparison between
various laboratory techniques and actual on-the-road, real world
losses. There is a problem of low inflation pressure, and it is
necessary to detect pressure loss and/or maintain the air in
the tires. Another tire research area is the run-flat tire.

The panel felt that problem has not been solved yet and that the
payoff would be there in terms of reduced weight and increased
cargo capacity.
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The third area under road load reduction is '"tribology,"
which is the study of friction, lubricants and bearings. It was
pointed out that the savings in this area are small under normal
temperatures, but they are much more substantial under cold
weather conditions. Thus, the focus of this research should be
on the low temperature problem.

Our fourth area of research we labeled "other subsystems' as
a catchall for everything we haven't discussed up to this point.
We have a shopping list of things here which I'l1l discuss very
quickly. There are research topics in suspension, lightweight
wheels, brake systems--including antilock and radar warning
systems, and a number of things related to accessories. The
latter include windshield wipers, air conditioners, and heating
systems. It should be possible to reduce their weight, as well
as their energy consumption, and possibly integrate some of these

accessories with the powerplant.

There are also a number of operating systems that were
discussed including: electronic speed control tied-in with
cruise control, heads-up displays for drivers, and various kinds
of radar and warning systems. The design of the front end of the
car to protect pedestrians and cyclists was listed under this
particular area and is certainly a design consideration for this
time period. We also included an area of behavioral research
under this topic which has to do with how drivers drive from an
energy consumption point of view. There may be things you can
do to educate the driver, or to provide him with the right kinds
of displays, so that he would drive in a more energy efficient

and, may I add, safe manner.

The fifth research area includes the actual test and evalua-
tion of components and integrated vehicle systems. We high-
lighted the question of scale model testing and the methodology
of scaling-up to full size. Better analytical techniques for
assessing full-scale tests are needed as well as nondestructive

testing methods. In addition, there is a need for better methods
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for collecting data on durability, customer acceptance, and other
items that can only be demonstrated at the integrated vehicle
level.

Finally, our last area is what I would call '"systems
analysis." It would be an ongoing activity which parallels the
other research activities and would perform the needs analysis;
set requirements and targets for various research projects;
develop decision making methodologies on a cost/benefit basis
(and integrate the design decision making between the safety and
the fuel economy goals); and handle such questions as the effects
of changes in the lifetime and durability of the car on the life
cycle cost.

It would also be very valuable under this task to develop an
inventory of ongoing research and communicate the results of this
research to the entire automotive community.

These are the highlights of the six areas we discussed. As
I said, we have had a very interesting time, and we will have a
much more detailed statement in our final written report.

Thank you.
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Ladies and gentlemen, we have heard now from our three panels.
We have heard excellent summaries of their discussions. I
listened to all three panels part of the time and I felt that in
the time that was available they did a tremendous job. Now our
task, the task that I have and the task that the Panel Chairmen
and Dr. Costantino and his staff at TSC have, is to bring this all
together into a series of coherent recommendations to the
Secretary of Transportation within about thirty days. So we will
be working in the meantime to take what you have given us and
bring it together into a report.

I would like to emphasize that in preparing this report, we
are discussing basic research opportunities, I recognize, as all
of you do, that there is no sharp line between basic research and
applied research, and we will not try to establish that line with
any precision, but we will be looking at those research opportun-
ities that are aimed at achieving a better understanding of the
physical and chemical processes that are relevant to automotive
technology, and not looking at the design of vehicles, engines,
et cetera. We have to be clear on this point because it seems to
me that this is the one area where intervention by the Federal
Government is accepted by most of us.

The Federal Government is, by far, the largest contributor
to basic research dollars in the United States, and that contri-
bution and that role seem to be pretty well accepted. Indeed, it
seems to have been accepted for many years. Perhaps the most
notable early acceptance of that role was in the passage of the
Morrill Act in the 1860s which created the agricultural research
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stations at the universities. That seems to have been a success-
ful intervention into basic research on the part of the Government
because our agricultural system has certainly been a most
effective system. We, of course, have had many other examples in
the past of Federal intervention in basic research. The creation
of the NACA in 1915 and its expansion throughout the 1920s and
1930s as an organization which had as its sole aim, basic research
to contribute to aeronautical technology is another successful

example of this Federal intervention.

During World War II, the OECD, which many of you are familiar
with, was later converted by President Roosevelt at the suggestion
of Vannevar Bush into the National Science Foundation. That
organization has gorwn over the years as a supporter of basic
research; indeed, it is the principal supporter of basic research
in many areas such as astronomy and mathematics, in the United
States. Now that is not the kind of basic research intervention
we are talking about here. Indeed Vannevar Bush's idea was
research without thought of practical end. In the running of the
NSF there is a funding of all kinds of research proposals which
show promise of extending the area of knowledge in fields such as
physics, chemistry, math and biology. It seems to me that what
we are talking about here is something that would be modeled more
after the ONR kind of activity, namely, basic research which is
highly relevant to automotive technology.

As I listened to these panel reports (I heard them only just
before you did, and, of course, I heard them in detail just as
you did) it seemed to me that there were some threads that ran
through them. It would not be useful for me to try to repeat
anything that has been said because they have been described very
fully already. One of the threads that ran through the reports
of the three Panel Chairmen is the need to look at automotive
systems, the need to develop methods of analysis of automotive
systems, and the need to formulate our research directions after
looking at the total engine, vehicle, fuel system in a cradle to
grave mode. We must look at the consumption of energy, the pro-
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duction of environmental pollutants, the environmental and health
aspects, and recycling considerations. Clearly, a portion of this
basic research program ought to be devoted to this kind of total
systems look, not only so that we can route our own thinking more
clearly on what we are doing, but also so that we can more ably
judge what is important and what is not in making these kinds of
basic research investments.

Another thread that went through the reports of the three
Panel Chairmen is the necessity of integrating the Federal and
private sector activities in designing a program of basic research
by the Federal Government. This is a special challenge to us
because there is a great deal of work now going on in the private
sector, and the Federal Government should take that into full
account before it commences anything. It is a special challenge
because in many other areas of basic research the Federal Govern-
ment is almost the one hundred percent contributor, and it is
quite easy to design programs on that basis.

Another thread that went through the reports of the Panel
Chairmen is that we need certainly to look at a thermodynamic
assessment of the opportunities for research. We have to look at
what really can be done with powertrains, what really can be done
with reduction of friction, in order to assess where we should
put our monies in a program of basic research. I got the feeling
from the panelists that they felt that the basic research which
is now being conducted in their areas is insufficient in compar-
ison with the opportunities that are available to us as a result
of such research and the importance of the problem.

We all believe that what we have here today is a long way
from a detailed research agenda and that much additional planning
and staff work is needed before a final research program could be
proposed to the Secretary of Transportation and to Congress.

I found rather interesting the suggestions that professional
societies and their committees could be used in aiding the Depart-
ment of Transportation and Dr. Costantino and his staff in
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designing a Federal research program. That seems to me to be a
splendid idea and it is one that came from several of the panels.
Indeed, in thinking about how these professional societies might
be employed to aid in this activity, it was also suggested that
better documentation of basic information and data is required.
That certainly is another place where the societies can contribute
Better communication of research results is another thing that

is needed, and professional societies would also be very helpful

in that respect.

In planning a basic research program, from the reports of
the chairmen, one can identify threads of disciplines--and I am
sure that when Dr. Costantino looks at this he will identify a
lot of what he does in terms of disciplines--such as friction,
combustion, materials, lubrication, heat transfer, fluid mechanics

et cetera.

It was also suggested that we have a way, a very positive
way, of assessing risks and benefits of such a program by frequent
reviews and by identification of areas that may be emerging
through basic research that merit hot pursuit on the part of the

private sector.

Those are a few of the threads that I identified as I went
through all of this. I did get the feeling that all of you felt
that there were significant improvements achievable in systems
that are now in use through a better understanding of the internal
physical processes of those systems, and that understanding can
be gotten by basic research.

You will be hearing from us. At least Secretary Adams will
be hearing from us in about thirty days. He has told me that he
intends to make this report public soon thereafter and all of you
will be receiving copies of it. It is also planned to have
another similar conference in mid-April to deal with the second
part of the question: Once you have a research agenda how should
it be implemented? What process should the Federal Government
use to stimulate that kind of research agenda? There are lots
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of ways it can be done. All of you have ideas, I know, that are
perhaps much more controversial than the research agenda itself.
That is the second step in the process, and although the date

has not been set for this conference, it will be some time around
mid-April.

I would like to compliment the Department of Transportation
on originating and creating this conference and especially,
Secretary Adams, Dr. Palmer and Dr. Costantino who has had the
job of putting it together in a very short length of time. They
have done a splendid job. The kind of interchange that we have
had among industry, universities, and government is, as far as I
can see, unique in terms of basic research in automotive technology.
I believe that is was badly needed and that it has been helpful

to everyone who came.

I would like to thank the panelists and the Panel Chairmen
for a splendid job, and I would like to thank all of you for
coming and taking part, and especially for staying until the
bitter end.

This conference is adjourned.
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CAMBRIDGE, MA 02142
(617) 494-2222

MR. WARREN H, COWLES PANEL
m™ECHNICAL DIRECTOR

HOLLEY CARBURETOR DIVISION

11955 E. NINE MILE ROAD

WARREN, HI 48090
(313) 536-1900

MR. DONALD F. COX PANEL
PROGRAM ANALYST

TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARE

CAMBRIDGE, HA 02142
(617) u494-2717

MR. DONN P. CRENE PANEL
DIRECTOR

OFFICE OF ELEET MANAGEMENT

7.S. POSTAL SERVICE

WASHINGTON, D.C. 20260
(202) 245-5713

DR. JOHN CREIGHTON PANEL
CHEMIST

LAWRENCE LIVERMORE LABS

P.0O. BOX 808

LIVERMORE, CA 94550
(415) 422-4978

MR. DONALD E, CRITES PANEL
mp-G, LTD.

p.0. BOX 85

BRADFORD, RI 02808

(401) 322-0374

DR. ALLEN L. CUDWORTH

VICE PRESIDENT

LIBERTY MUTUAL INSURANCE CO.

175 BERKELEY ST.

BOSTON, MA 02117
(617) 357-9500 X-3630
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MR. A.C. DAHLGREN

SYSTEMS ENGINEER

U.S. DEPARTMENT OF TRANSPORTATION
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARF

CAMBRIDGE, MA

(617) 494-2080

MR. DAVID M, DALEY

PROGPAM ANALYST
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, MA

(617) 494-2717

MR. ED DAUGHERTY

VICE PRESIDENT AUTOMOTIVE
ALCAN ALUMINUM CORP.
17000 W.EIGHT MILE RD.
SOUTHFIELD ,MIY

(313) 569-2626

MR. DANIEL L., DAVID

MANAGER, TECHNICAL SERVICES DEPT.
SAAB-SCANIA OF AMERICA, INC.

P.0O. BOX 697 SAAB DRIVE

ORANGE, CT

(203) 795-5671

MR. CHARLES K., DAVIS

CHIEF ENGINEER ADVANCED PRODUCTS
STANADYNE HARTFORD DIVISION

P O BOX 1440

HARTFORD,CT

(203) 525-0821

MR. PHILIP DAVIS

SPECIAL ASSISTANT FOR ELECTRIC
AND HYBRID VEHICLE SYSTEMS
U.S. DEPARTMENT OF ENERGY

20 MASSACHUSETTS NW
WASHINGTON, D.C.

(202) 376=-4615

MR. MICHAEL DAWSON
PRESIDENT

TRANSPORTATION MANAGEMENT ASSOCIATES

1 BRATTLE CIRCLE
CAMBRIDGE, MA
{617y 661-3732
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MR. THOMAS C. DAWSON

INTERGOVERNMENTAL LIAISON DIV.

U.S. DEPARBMENT OF TRANSPORTATION

400 7TH ST., S-W.

WASHINGTON, DC 20590
(202) 426-1524

MR., OTTO DECKER PANEL
VICE PRESIDENT

MECHANICAL TECHNOLOGY, INC.

968 ALBANY SHAKER ROAD ,
LATHAM,NY 12110
(518) 456-u4142

MR. JOE DEGIOVANNI PANEL
PRODUCT MANARGER

HERCULES INCORPORATED

BOX 210

_  CUMBERLAND, MD. 21502

(304) 726-4500

MR. WARREN H, DELACEY PANEL
GENERAL MANAGER

PRODUCT DEVELOPMENT CO.

1580 PROSPECT AVE.

ELYRIA,OH 44035

MR. ROCCO DELVECCHIO PANEL
MANAGER, PROGRAM DEVELOPMENT

STRATEGIC STUDIES BRANCH

TRANSPORT CANADA

1000 SHERBROOK ST. WEST, P.O. BOX 549
MONTREAL, QUEBEC, CANADA

(514) 283-7761

MR. KURT DENNELER PANEL
ROBERT BOSCH CORPORATION

CENTRAL PARK OFFICE PLAZA

20100 CIVIC CENTER DRIVE, SUITE 316
SOUTHFIELD, MI 48076
(313) 353-0575

MR. ROGER W, DEWEY
SENIOR CONSULTANT
PACIFIC CONSULTANTS
SENIOR CONSULTANTS
575 BOYLSTON ST.
BOSTON, MR 02116
(617) 267-6622
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MR. WILLIAM W. DICKHART, III
ASSISTANT TO TECHNICAL DIRECTOR
THE BUDD COMPANY TECHNICAL CENTER
375 COMMERCE DRIVE

FT. WASHINGTON, PA.

(215) 643-2950

MR.CHARLES DIETRICH
BBN,INC.

50 MOULTON ST.
CAMBRIDGE, MA

(617) 491-1850

MR. WILLIBALD DILGER

CONSUL FOR PRESS AFFAIRS
CONSULATE GENERAL OF THF FEDERAL
PEPUBLIC OF GERMANY

535 BOYLSTGN ST,

BOSTON, MA.

(617) 536-4414

MR. CLAEKENCE DITLOW IIX
EXECUTIVE DIRECTOR
CENTER FOR AUTO SAFETY
1223 DU PONT CIRCLE BLDG.
WASHINGTON, D.C.

(202) 659-1126

MR. ROBERT A, DOLE

NEW PRODUCT AND MARKET DEVELOPMENT
ANDERSON PAWER PRODUCTS INC.

145 NEWTON ST.

BOSTON,MA

(617) 737-5880

MR. PAUL DONAHER
RESEARCH ANALYST
BUSINESS DATA ANALYSTS
1 BOSTON PIACE

BOSTON, MA

MR. BRUCE R. DONNELLY
RESEARCH ENGINEER

CALSPAN CORPORATION
RDVANCED TFECHNOLOGY CENTER
P.0. BOX 400

BUFFALO, NY

(716) 632=-7500 X 256
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MR. PETER F. DONNELLY PANEL
SALES ENGINEER

GARRET CORP,

AIRESEARCH MANUFACTURING CO., OF ARIZONRA
111 S 34TH ST.

PHOENIX,RZ 85010
(602) 267-3935

MR. FREDERICK DOOLEY PANEL
STAFF ATTORNEY

FEDERAL TRADE COMMISSION

BUREAU OF COMPETITION

WASHINGTON, D.C. 20580
(202) 376-2050

MR. DANIEL R, DOUCET PANEL
MANAGER, MANUFACTURING RAND ENGINEERING
TORQUE SYSTEMS INC.

225 CEESCENT ST.

WALTHAM, MR 02154
(617) 891-0230

MRP. WARREN L. DOWLER PANEL
GROUP SUPERVISOR

JET PROPULSION LRBORRTORY

4800 OAK GROVE DR.

PASADENA, CA. 91103
(213) 354-3169

MR. BRIAN DOYLE PANEL
SALES ENGINEER

DYNATECH R/D CO.

99 ERIE ST.

CAMBRIDGE, MA 02139
(617) 868-8050

MR. HOWARD DUGOFF

DEPUTY ADMINISTRATOR

NATIONRL HIGHWAY TRAFFIC SAFETY ADHMIN.
NOA-02 400 SEVENTH ST, S.W.

WASHINGTON, D.C. 20590
(617) 426=-1614

MR. K.J. DULEEP PANEL
ENGINEER

ENERGY & ENVIRONMENTAL ANALYSIS

1111 N 19TH ST.

ARLINGTON, VA 22209
(703) 528-1900
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MR. DONALD DUSENBERRY
SIMPSON GUMPERTZ & HEGER
1696 MASSACHUSETTS AVE
CAMBRIDGE, M2

{617) 491-8300

DR. GLENN L. DYER
DRESIDENT

DYER ENERGY SYSTENMS
4 FOX ROAD RUN
BEDFORD, MA

(617) 275-7622

ME. JOHN FAGLEBURGER

TECHNICAL COORDINATOR

GOODYEAR TIRE & RUBBER COMPANY
1144 EAST MARKET ST.

AKRON,OH

(216) 794-3018

MR. ALBERT R, EBI

DIRECTOR OF PRODUCT PLANNING
A.M. GENERAL

32500 VAN BORN

WAYNE, MI.

(313) 722-4914

MR. E. EUGENE ECKLUND

OFFICE OF THE ASSISTANT SECRETARY
U.S. DEPARTMENT OF ENERGY
CONSERVATION & SOLAR APPLICATION
20 MASSACHUSETTS AVENUE, N.W.
WARSHINGTON, D.C.

MR. GEORGF EIERMAN
MARKETING SPECIALIST
DIAMOND SHAMROCK CORP.
275 INDUSTRIAL PARKWAY
CHARDON, OH

(216) 946~2064

“F. ROBERT D, ERVIN

RESEARCH SCIENTIST

HIGHWAY SAFETY RESEARCH INST.
UNIVERSITY OF MICHIGAN

HURON PKWY. AT BAXTER RD.

ANN RARBOR, MI

(313) 764-2168
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MR. VINCENT J. ESPOSITO PANEL
ACT™ING DIRECTOR, TRANSPORTATION PROGRAMS
U.S. DEPT. OF ENEEGY

20 MASSACHUSETTS RVE. NW

WASHINGTON, D.C. 20545
(202) 376-4524

ME. TOM EVANS PANEL
CHIEFP ENGINEER-APPLIED RESERRCH

ROCKWELL INTERNATIONAL

2135 W. MAPLE RD.

TROY, MI 48084
(313) 435-1416

MR, WILLIAM EVANS PANEL
TECHNICAL SBRVICE MANAGER

GETTY OI1 COMPRNY

GETTY REFINING & MARKETING

P.O. BOX 5038

CHERPY HILL, NJ

(609) 662-6900

MR. LAWRENCE J. FABIAN PANEL
SENIOR PLANNER

MANDALER INTERNATIONAL

FANEUIL HARBL MARKETPLRACE

BOSTON, M2

(617) 367-0955

MR. ROGER 1. FAIF

U.S. DEPARTMENT OF TRANSPORTATION

OFFICE OF PUBLIC & CONSUMER AFFAIRS

400 7TH STREET S.W.

WASHINGTON, D.C. 20590
(202) u426-4333

¥R. COLIN R, FERGUSON PANEL
ASSISTANT PROFESSOR

PURDUE UNIVERSITY

SCHOOL OF MECHANICAL ENGINEERING

WEST LAFAYETTE,IN 47507
(317) 749-2634

MR. G.P. FETTERMAN PANEL
SENIOR PROJECT ENGINEER

EXXON ENTERPRISES, INC.

224 PARK AVENUE

FLORHAM PARK, NJ 07932
(201) 267-4440 X347
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MR. WILLIAM T, FIGART PANEL
VICE PRESIDENT & GENERAL MANAGER
CURTISS=-WRIGHT CORP.,

ROTARY COMBUSTION FACILITY

ONE PASSAIC STREET

WOOD-RIDGE, NJ 07075
(201) 777-2900 Xx3455

He W. COUNT FINCKENSTEIN PANEL
CONSUL GENERAL

CONSULATE, FEDERAL REPUBLIC OF GERMANY
535 BOYLSTON STREET

BOSTON, MA 02116
(617)536-4414

MR. FREDERICK T. FINNIGAN PANEL
MANAGER, PRODUCTS RESEAKCH

UNICN OIL COMPANY OF CALIFORNIA

SCIENCE AND TECHNOLOGY DIVISION

P.0., BOX 76

BREA, CA 92621
(714) 528-7201

MR. FRANKLIN G. FISCHER JR PANEL
MANAGER

PEAT MARWICK MITCHELL & COMPANY

1990 K ST. N.W.

WASHINGTON /DC 20006
(202) 223-9525

MR. TOM FLEMING

DIRECTOR, RESEARCH + DEVELOPMENT

OMNIBUS

BOX 386, WESTSIDE STATION

WORCESTER, MA 01602
(617) 756-8573

MR. GERALD J. FLEMING PANEL
DIRECTOR OF TECHNOIOGY

STACKPOLE FIBERS CO.

FOUNDRY INDUSTRIAL PARK

LOWELL, MA 01852
(617) 454-0400

PROF. DR, HANS J. FOERSTER PANEL
DIRECTOR, RESEARCH

DAIMLER-BENZ A.G.

C/0 ONE MERCEDES DRIVE

MONTVALE, NJ 07645
(201) 573-2220
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COL. JOHN R. FOWLER {(USAF RET.) PANEL
EXECOTIVE SECRETARY

COMMITTEE ON TRANSPORTATION

NATIONAL RESEARCH COUNCIL

2101 CONSTITUTION AVE. NW

WASHINGTON, D.C. 20418
(202) 389-6848

MR. HOMER M, FOX PANEL
MANGER, PETROLEUM PRODUCTS BRANCH
PHILLIPS PETROLEUM COMPRNY

131 RB #5, PHILLIPS RESEARCH CENTER
RARTLESVILLE, OK 74004
(918) 661-3200

MR, GERALD A. FRANCIS PANEL
MANAGER, PROGRAM OFFICE

ENERGY CONSERVATION

BATTELLE COLUMBUS 1ABS.

505 KING AVE.

COLUMBUS, OH

(614) 424-7356

MR. MATHIAS FRANK PANEL
CONSULAR ATTACHE (COMMERCIAL) '
CONSULATE, FEDERAL REPUBLIC OF GERMANY
535 BOYLSTON STREET

BOSTON, MA 02116
{617) 536-4414

MR. J. R, FREELIN PANEL
TECHNICAL STAFF

MITRE CORP.

1820 DOLLEY MADISON BLVD.

MCLEAN, VA 22102
(703) 827-6913

MR. DON FRENCH PANEL
DISTRICT MANAGER

WISCONSIN STEEL CORPORATION

30100 TELEGRAPH, SUITE 483

BIRMINGHANM, MI 48010
(313) 646-5455

MR. NORMAN FRIBERG PANEL
ENGINEER, REGULATORY AFFAIRS

VOLVO OF AMERICA CORP.

ROCKLEIGH, NJ 07647
(201) 768-7300
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MS. GAIL FRIEDMAN
BOSTON UNIVERSITY PRESS
12 FOLLEN ST. #3
BOSTON, M2

(617) 247-3476

MR. KENNETH M., FRIEDMAN
POLICY ANATYST
DEPARTMENT OF ENERGY

20 MASSACHUSETTS AVENUE N.

WASHINGTON, D.C.
(202) 376-4606

ME. DONALD FRIEDMAN
PRESIDENT

MINICARS, INC.

55 DEPOT EKQAD
GOL®=TA, CR.

(805)

964-6271

MR. GERALD FRIG

RSV PROGRANM MANAGER
CHRYSLER CORP.

PO BOX 1118
DETROIT,MI

MR. ROGER FPYE
SYSTEMS ANALYST

BOLT,BERANEK AND NEWMAN

484 CONCORD RD.
WESTON, MA

(617)

894-9154

MR. NANCY GARDELL2

STAFF

ENGINEER

ARTHUR D. LITTLE, INC.
20 ACORN PARK
CAMBRIDGE, MA

(617)

864-~5770 X422

MR. FRANK J., GAROFALO

STAFF

ARTHUR D. IITTLE, INC.
20 ACORN PARK
CAMBRIDGE, MA

(617)

864-5770 X492
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MR. WILLIAMN T. GARTLAND
PHOTOGRAPHER

BOSTON HERALD AMERICAN
300 HARRISON AVE
BOSTON,MA

(617) u426=-2000

MR. GARY GASSDOKRF

ASSOCIATE RESEARCH ENGINEER

CHRYSLER CCRP.

DETROIT,MI 48288
(313) 956-1795

MR. GEORGE J. GAUDAEN PANEL
MANAGER, ENGINEERING ACTIVITIES

AND MEETINGS

SOCIETY OF RUTOMOTIVE ENGINEERS,.INC.

400 CCMMONWEALTH DRIVE

WAPRENDALE, PRA 15096
(412) 776-4841

MS. CONSTANCE GEORGE PANEL
ASSOCIATE PLANNING ANALYST

FEATCN CORPCRATION

100 ERIEVIEW PLAZA

CLEVELAND, OH 44114
(216) 523-5095

MK. NORMAN GERIL PANEL
PRINCIPAL

TECHNOLOGY ASSOCIATES

5 BAPOM PARK LANE

BURLINGTON ,MA 01803
(617) 272-3467

MR. H®INZ W. GERTH PANEL
VICE PRESIDENT, ENGINEERING AND SERVICE
MERCEDES-BENZ OF NORTH AMERICA, INC.

ONE MERCEDES DRIVE

MONTVALE, NJ 07645
(201 573-2220

MS. JUDITH GERTLER PANEL
OPERATIONS RESEARCH ANALYST
TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARE

CAMBRIDGE, MA 02142
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MR. R.V. GIANGRANDE

CHIEF, TECHNOLOGY SHARING
TRANSPORTATION SYSTEMS CENTER
U.S. DEPT. OF TRANSPORTATION
DTS=151 KENDALL SQUARE

CAMBRIDGE, MA 02142
(617y 494
MR. ROBERT GIBBONS PANEL
PRESIDENT

DIESEL AUTQMOBILE ASSOCIATION

801 WEST 181ST STREET

NEW YORK, NY 10033
(212) 781-2947

MR. ED GIESELMAN PANEL
TECHNICAL MANAGER

ALCOA

PITTSBURG, PA

(412) 339-6€651

MS. JACQUELINE S. GILLAN
CONGRESSIONAL RELATIONS OFFICER

U.S. DEPARTMENT OF TRANSPORTATION

400 7TH ST., S.W.

WASHINGTON, D.C. 20590
(202) 426-9121

MR. LARRY GIVENS PANEL
EDITOR, RUTOMOTIVE ENGINEERING MAGAZINE
SOCIETY OF AUTOMOTIVE ENGINEERS, INC.

400 COMMONWEALTH DRIVE

WARRENDALE, P2 15096
(412) 776-4841

MR. MARK S. GLEESON PANEL
MANAGER, GOVERNMENT MARKETING SERVICE

PPG INDUSTRIES, INC.

ONE GATEWAY CENTER

PITTSBURGH, PA 15222
(412) 434-2977

PROF. THOMAS GOLDSMITH PANEL
PHYSICIST '

FORMAN UNIVERSITY

R.E #2 BOX 312

TRAVELERS REST,SC 29800
(803) 834-3964
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MR. RENE GCNZALEZ PANEL
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
28294 PIERCE

SOOTHFIELD ,MI

(313) 537-5339

MR. F. EMGENE GOODSON PANEL
DIRECTOR, INSTITUTE FOR

INTERDISCIPLINARY ENGINEERING STUDIES
PURDUE UNIVERSITY

A.A. POTTER ENGINEERING CENTER

WEST LAFAYETTE, IN 47907
(317) 494-6151

MR. NEIL GORE PANEL
DIRECTOR, STRATEGIC STUDIES BRANCH
TRANSPORT CANADA

1000 SHERBROOKE ST. WEST, P.O. BOX 549
MONTREAL, QUEBEC, CANEDA

(514) 283-7761

MR. PHILIP GOTT PANEL
SENIOR STAFF ENGINEER

ARTHUR D. LITTLE INC.

20 ACORN PARK

CAMBRIDGE, MA

(617) 864-5770

MR, ERIC E. GOUGH PANEL
STAFF ASSISTANT (TECHNICRL)

LUCAS INDUSTRIES INC.

5500 NEW KING STREET

TROY, MI 48098
(313) 879-1920 X282

MR. HERBERT H., GOOULD PANEL
MECHANICAL ENGINEER

TRANSPORTATPION SYSTEMS CENTER

U.S. DEPARTMENT OF TRANSPORTATION

KENDALL SQUARE

CAMBRIDGE, MA. 02142
4954-2679
MR, JOHN GOWER PANEL
PRESIDENT

GOWER CORP.

141 CITY VIEW DRIVE
REXDALE (TGQRONTO), ONTARIO
(416) 245-7065

232



MR. JOHN A. GRANATH

DIRECTOR, ELECTRONICS RESEARCH
TIT RESEARCH INSTITUTE

10 W. 35TH ST.

CHICAGO, Il.

(312) 567-4450

MR. LAWRENCE P, GREENF

CHIEF OF ADVANCED SYSTEMS
TRANSPORTATIONS SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, MA

(617) 494-2714

AR. DAVID L. GREENE

RESEARCH STAFF

OAK RIDGE NATIONAL LABORATORY
P.0. BOX X

OAKRIDGE, TN

FTS 624-5968

MR. PHILIP M. GRILL
MINORITY CQUNSEL

SENATE COMMERCE COMMITTEE
DIRKSEN SENATE OFFICE BLDG.
WASHINGTON, D.C.

(202) 224-1251

MR. CHICK GRUBER
GENERAL ELECTRIC CORP.
SCHENECTADY,NY

MR. PATRICK GUET
INGENIEUR RECHERCHE
PENAOLT

67 RUE DES BONS RAISINS
RUEIL-MALMAISON, FRANCE
749-8327

MS. BETTY GUFFEY
ADMINISTRATIVE ASSISTANT
AMECTRAN CCRP.

900 TWIN TOWERS SOUTH
DALLAS, TX

(214) 638-863 1
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ME. JOHN F. HABERL
SENIOR CONSULTANT
CANADIAN MARCONI CO.
2442 TRENTON AVE
MONTREAL, QUEBEC, CANADA
(514) 341-7630

DR, WILLIAH HADDON
PRESIDENT

PANEL

INSURANCE INSTITUTE FOR HIGHWAY SAFETY

600 WATERGATE OFFICE BLDG.
2600 VIRGINIA AVE.
WASHINGTON, D.C.

MR. GENE HADGE

ENGINEER

TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, MA

(617) 494=2169

MR. PRUL T. HALUZR
EDITOR/PUBLISHER

WASHINGTON MOTOR VEHICLE REPORTS

PO BOX 269
LORTON, VA
(703) 339-7200

MR, E. HAMPARIAN

SUPERVISOR, MECHANICAL ENGINEERING

C. PROP SYS DIVISION
TARADCOM

WARREN, MY

(313) 573-2411

MR. DENNIS HANIFY
MANAGER

IIT RESEARCH INSTITUTE
10 W. 35 TH STREET
CHICAGO, II.

(312) 567-4751

MR. RICHARD E., HARMON
MANAGER, GOVERNMENT PRODUCTS
PPG INDUSTRIES INC.
PIBER GLASS DIVISION
300 N. LEE STREET - SUITE 302
ALEXANDERYA, VA.
(703) 5Su8-8280
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BS. TONI A. HARRINGTON
DEPUTY WASHINGTON REPRESENTATIVE
AMERICAN HONDA MOTOR CO., INC.

955 L'ENFANT PLAZA NOKRTH, SW, SUITE

WASHINGTON, D.C.
(202) 554-1650

MR. CHRISTQPHER A. HART

DEPUTY ASSISTANT GENERAL COUNSEL
U.S. DEPARTMENT OF TRANSPORTATION
400 7TH STREET S.W.

WASHINGTON, D.C.

(202) 426-4710

MR. ALEX HASAPIS

AVCO SPECIALTY MATERIALS DIVISION
2 INDUSTRIAL AVE.

LOWELL, MA

(617) 452-8961

MR. W KENT HASLAM
ENGINEER

LAWRENCE LIVERMORE 1AB
PO BOX 808

LIVERMORE, CA

(415) 422-1994

MR. YUKIYOSHI HATORI

STAFF ENGINEER DESIGN
NISSAN MOTOR CO. LTD.
(ENGINEERING OFFICE OF N.A.)
560 SYLVAN AVENUE P.O. 1606
ENGLEWOOD CLIFFS, NJ

(201) 871=3555

MR. ROBERT E, HAYES
ADMINISTRATOR - PLANNING
CHEVROLET MOTOR DIVISION

CHEV. PRODUCT PLNG., G83-5 COWA
30007 VAN DYKE

WARREN, MI

(313) 575-4547

MR. RONALD C, HEPT
SENIOR ENGINEER

JET PROPULSION LAB
4800 ORK GROVE DRIVE
PASEDENA,CA

(213) 577-9175
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DR. HARVEY E. HEIGES
PROGRAM ADVISOR

U.S. DEPARTMENT OF TRANSPORTATION

400 7TH ST S.W.
WASHINGTON,DC
(202) 426-0190

MR. CHRARLES M4, HEINEN

DIRECTOR, RESFARCH + MATERIALS ENG.

CHRYSLER CORPOEATION
P.0. BOX 1118
DETROIT, HI

(313) 956-3933

MR. KARL HELLMAN

CHIEF, CHARACTERIZATION 2AND

APPLICATION BRANCH

U.S. ENVIRONMENTAL PROTECTION AGENCY

2565 PLYMOUTH ROAD
ANN AKBOR, MI.
(313) 668-42u6

MS.JUDITH HELM
PRTHUR D LITTLE INC.
1735 EYE ST. N.W.
WASHINGTON,DC

MR. F. E. HELNS
CHIEF PROJECT ENGINEER

DETROIT DIESEL ALLISON DIV.

GENFRAL MOTORS CORP.
PO BOX 894
INDIANAPOLIS,IN
(317) 243-5354

MR. K. HENDERSHOT

HEAD, TRANSPORTATION RES.

CALSPAN CORP.
4455 GENESEE ST.
BUFFALO,NY

(716) 632-7500

PROF. N. A. HENEIN
WAYNE STRATE UNIVERSITY
ENGINEERING BLDG
DETROIT, MI

{313) 577-3887
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MR. KARL HERGENROTHER PANEL
ENGINEER

TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARE

CAMBRIDGE, MA 02142
{(617) 494-2696

MR. JOHN W, HERPICK PANEL
MANAGER OF STRUCTURARL COMPOSITES

FIBER MATERIALS INC.

BIDDEFORD INDUSTRIAL PARK

BIDDEFORD, ME 04005
(207)y 282-5911

MR. PHILLIP A. HERZOG PANEL
MP-G LTD.

130 OLIVER RD

WABAN M2

(617) 332-2463

MR. ROBERT L, HESS PANEL
DIRECTOR

HIGHWAY SAFETY RESEARCH INSTITUTE

THE UNIVERSITY OF MICHIGAN

2901 BAXTER ROAD

ANN ARBOR, MI 48109
(313) 784=-6504

PROF. JOHN B, HEYWOOD PANEL
DEPT. OF MECHANICAL ENGINEERING
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
ROOM 3-340

CAMBRIDGE, M2 02139
(617) 253-2243

MR. MICHAEL HILLS PANEL
DEVELOPMENT ENGINEER

VOLVO OF ANERICA

1 VOLVO DRIVE BLDG. D

ROCKLEIGH, N.J. 07647
(201) 768-7300 X7239

HR. ELLIOTT HIMELFARB

BROADCAST SERVICES

U.S. DEPARTMENT OF TRERNSPORTATION

OFFICE OF PUBLIC & CONSUMER AFFAIRS

400 7TH ST., S.HW.

WASHINGTON, D.C. 20590
(202) 426-4333
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MR. MEBYLL G. HINTON PANEL
PRINCIPAL DIRECTOR MOBILE SYSTEMS
REROSPACE CORP.

EASTERN TECHNICAL DIVISION

2350 E. EL SEGUNDO BLVD.

EL SEGUNDO, CA 90245
(213) 648-5550

MR. EMMETT B, HIXON PANEL
HERCULES INC.
SOUTHFIELD, M1 48075

{313) 358-1500

DR. RALPH HOEFS PANEL
SENIOR CONSULTING ENGINEER

1.0, SMITH CORPORATION

3533 N. 27TH STREET

MILWAUKEE, WI 53216
(418) 447-4311

DR. PETER HOFBAUEK PANEL
ADVANCED AUTOMOTIVE POWER SYSTENS
VOLKSWAGENWERK A.G.

3180 WOLFSBURG

FEDEPAL REPUBLIC OF GERMANY

(5361) 22-5955

DR. PAUL R, HOFFMAN DANEL
VICE PRESIDENT

GENERAL MANAGER

AVCO SPECIALTY MATERIALS DIV.

2 INDUSTRIAL AVE.

LOWELL HMA

{617) 452-8961

MR. ROBERT A, HOLLAND

OFFICE OF PUBLIC £ CONSUMER AFFAIRS

f.S. DEPARTMENT OF TRANSPORTATION

400 7TH ST., S.We.

WASHINGTON, D.C. 20590
(202) 426-0434

MR. DANIEL M., HONIGMAN PANEL
CHAIRMAN OF THE BOARD

O CORPORATION + VAN DRESSER CORP.

SUITE 1610-755 W. BIG BEAVER RD.

TROY MI 48084
(313) 642-4966
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PROF. DAVID HOULT
MECHANICAL ENGINEERING DEPARTMENT™

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

CAMBRIDGE, MA

MR. GREGORY B. HOVENDON
ATTORNEY

U.S. DEPARTMENT OF JUSTICE
ANTI-TRUST DIVISION
WASHINGTON, D.C.

(202) 633-2495

MR. H. HSIa

MECHANICAL ENGINEEK
TRANSPORTATTION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGYZ, NA

(617) 494-2487

MS. RUTH A, HONTER

GENERAL ENGINEER

DEPARTMENT OF TRANSPORTATION
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, MA

{617) 494-2286

MR. JAMES D, HURLEY

PROJECT DEVELOPMENT MANAGER
GENERAL ELECTRIC CoO.

CORPORATE RESFARCH AND DEVELOPMENT
1 RIVER ROAD, BLDG. S, RM. 425
SCHENECTADY, NY

(518) 385-7873

MR. R. W. HURN

RESEARCH SUPERVISOR

U.S. DEPARTMENT OF ENERGY
BARTLESVILLE,OK

MR. DONALD A. HURTER
SENIOR STAFF

ARTHUR D. LITTLE, INC.
20 RCORN PARK
CAMBRIDGE, MA

(617) B64=5770 X-861
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MR. ROBERT HUSTED PANEL
GENERAL ENGINEER

DEPARTMENT OF TRANSPORTATION

PESEARCH + SPECIAL PROGRAMS ADMIN.

400 7TH STREET SW

WASHINGTON, DC 20590
(202) 426-2022

ME. A.P. STANLEY HYDE

GENERAL MOTORS ENVIRONMENTAL

ACTIVITIES STRFF

G.M. TECHNICAL CENTER

9ARREN, MI. 48090

MP. ROBERT IRVING

DIRECTOR PRACTICAL ARTS

NEEDHRM PUBLIC SCHOOLS

609 WEBSTER ST

NEEDHAM, MA 02194
(617) u49-4100

MR. ALLAN ISHAHM PANEL
OWENS - CORNING FIBERGLAS CORP.

GRANVILLE, OH 43023
MR. A. ISHIZUYA PANEL

MANAGING DIRECTOR
HONDA MOTOR COMPANY, LTD.
TOKYO, JAPAN

MR. ERIC ISPHORDING PANEL
ATTACHE FOR TRANSPORTATION

EMBASSY OF FRANCE

1050 17TH ST. N.W.

WASHINGTON, D.C. 20006
(202) 331-1261

MS. MADELYN C. ISSACS PANEL
STAFF MEMBER

CORPORATE TECH PLANNING,INC.

275 WYMAN STREET

WALTHAM, MA

(617) 890-2600
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MR. TORU IURA PANEL
ASSOCIATE GENERAL MANAGER FOR

PROGRAMS AND PLANS

THE AEROSPACE CORPORATION

EASTERN TECHNICAL DIVISION

20030 CENTURY BOULEVARD

GERMANTOWN, MD 20767
(301) 428-2754

MR. JOHN S, IVEY PANEL
DIRECTOR, PRODUCT PLANNING

BOEG-WARNER CORPORATIGCN

3001 W. BIG BEAVER ROAD

TROY, NI 48084
(313) 649-2111

MBE. NESTOR TIWANKIW PANEL
MRANAGER, STRUCTURAL ANALYSIS

IIT RESEARCH INSTITUTE

1C WEST 357TH ST.

CHICAGO, IL 60616
(312) 567-4799

MR. BOBE®RT G, JACKSON PANEL
FUELS TECHNOLOGY DEVELOPMENT '
CONTINENTAL OIL CO.

P.0. BOX 1267

PONCA CITY, 0K 74601
(405) 762-3456 X-4363

MR. DAN JACOBSON PANEL
MANAGER,RESEARCH & DEVELOPMENT SALES
DETROIT DIESEL ALLISON DIVISION

GENERAL MOTORS CORPORATION

PO BOX 894

INDIANAPOLIS, IN

(317) 243-5646

ME. DANIEL L. JAFFE PANEL
CONSUMER CQUNSEL

COMMITTEE GN COMMERCE, SCIENCE,

AND TRANSPORTATION

5202 DIRKSEN SENATE OFFICE BUILDING
WASHINGTON, D.C. 20510
(202) 224-9345
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MR. HERBERT A. JAHNLE
MANAGER, ADVANCED MATERIRLS
THE BUDD CQMPANY

375 COMMERCE DRIVE

FORT WASHINGTON, PA.

(215) 643-2950

MR. MICHAEL A, JANOVICZ

PROJECT ENGINEER

DETROIT DIESEL ALLISON DIVISION
GENERAL MOTORS CORPORATION

PO BOX 894

INDIANAPOLIS,IN

MR. PHILIP JAYNES
BECONOMIST

FEDERAL TRADE COMMISSION
WASHINGTON, D.Ce.

(202) 632-5088

MR. KENNEFTH L. JEFFERY
G.S.E. IRC.

780 BOYLSTON ST
BOSTON,MA

(617) 262-6578

MR. WALTER C. JEROMNE
SIR VIVAL SAFETY CAR
BAYSHORE DRIVE
PLYMOUTH, MA.

{617) 746-u869

MR. JAMES R, JEROMSON

VICE PRESIDENT, PRODUCT PLANNING
DANA CORPORATION

4500 DORR ST.

TOLEDO, OH.

(419) 535-4583

DR. RICHARD JOHN

CHIEF, ENERGY PROGEAMS DIVISION
TRANSPORTATION SYSTEMS CENTER
U.S. DEPT QF TRANSPORTATION
DTS- 32 KENDALL SQUARE
CAMBRIDGE, MA

(617) 49u4=2754
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MR. JAMES E.A. JOHN

PROFESSOR AND CHAIRMAN

DEPT. OF MECHANICAL ENGINEERING
THE OHIO STATE UNIVERSITY

206 WEST 18TH AVENUE

COLUMBUS, O©OH

(614) 422-5782

MR. BASIL D. JOHNSON

VICE PRESIDENT-TECHNICAL
ALLIED CHEMICAL CORPORATION
353 CASS AVENUE

AT. CLEMENS, MI

{313) 469-2900

MR. SHERIDAN C, JOHNSTON
STAFF MEMBER

SANDIAX LABCRATORIES
LIVERMORE, CA

(515) 422-2138

MR. CHARLES JONES

DIRECTOR OF ENGINEERING
CUORTISS~WRIGHT COEP.,
ROTARY COMBUSTION FACILITY
ONE PASSAIC STREET
WOOD-RIDGE, NJ

(201) 777-2900 x2125

MR. EDGAR D. JONES
SENIOR VICE PRESIDENT

PANEL

43210

PANEL

48043

PANEL

PANEL

07075

PANEL

PIONEER ENGINEERING + MANUFACTURING Co.

2500 E. NINE MILE KOAD
WARREN, MI
(313) 755-4400

MR. LARRY J. JONES
AREA MANAGER

SUN ELECTRIC CORP.
ENVIRONMENTAL SYSTENS GROUP
32853 EDWARD AVE.

MADISON HEIGHTS, MI.

(313) 588-2790

MR. TREVOR O. JONES

VICE PRESIDENT ENGINEERING
TRW AUTOMOTIVE WORLDWIDE
23555 EUCLID AVENUE
CLEVELAND, OH

(216) 383-3644
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MR. F.

MP=-G,

N. JOSEPH
VICE PRESIDENT

LTD.

P.0. BOX 85
BRADFORD,RI

MR. ROBERT JUENGEL

MANAGER,

CABOT CORP
CONCORD ROAD
BILLERICA,MA

(617

MR. JOSEPH R. JURINCIC

PLANT
KAR-KR
10611

272-3500

MANAGER
AFT, INC.
HAGGERTY

DEARBORN, MI
(313)581-2400

MS. SANDY KAHN
RESEARCHER
BAIN AND COMPANY
3 PANUEIL HALL
BOSTON, MA.

(617)

367-3700

PRODUCT APPLICATIONS DEV.

MR. ROBERT KAISER
PRESIDENT

ARGOS ASSOCIATES INC.

12 GLENGERRY
WINCHESTER, MA

(617)

729-5345

MR. RUDY KALAFUS
RESEARCH ANALYST

TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARE
CAMBRIDGE, M2

(617)

494-2169

R. KARLDOBSKY
AUTOMOTIVE INDUSTRY ANALYST
TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARE
CRMBRIDGE, MA

(617)

4oy-2768
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ME. KENNETH KAMMAN PANEL
STAFF ENGINEER

CATERPILLAR TRACTOR CO.

ENGINE DIVISION

100 N.E. ADAMS

PEORIA, TIL. 61629
(309) 578-3419

MR. ROY KAMNMO PANEL
DIRECTOR = ADVANCED ENGINE AND SYSTEMS
CUMNINS ENGINE COMPANY

COLUMBUS, 1IN 47201
(812) 379-5591

MR. R. V. KARSICK PANEL
PRINCIPAL PHYSICIST

CALSPAN CORPORATION

PO BOX 400

BUFFALO,NY 14221
(716) 632=7500

MR. KENNETH KASSCHAU PANEL
PROGRAM ANALYST

U. S. DEPARTMENT OF ENERGY

20 MASSACHUSETTS RVE.

WASHINGTON,DC 20545
(202) 252-5483

PROF. ISRAEL KATZ PANEL
ENGINEERING DEPARTMENT

NORTHEASTERN UNIVERSITY

360 HUNTINGTON AVE. - RM. 219 HA

BOSTON, MA 02115
(617) u437-2510

DR. R. NATHAN KATZ PANEL
CHIEF, CERAMICS RESEARCH DIV.

ARMY MATERIALS # MECHANICS

RESEARCH CENTER

WATERTOWN, MA 02172
(617) 923-3415

MR. EDWARD L, KAUFMAN PANEL
PRESIDENT

LINDSEY - KAUFMAN CO.

53 HAMILTON PLACE

TENAFLY, NJ 07670
(201) 567-6 158

245



MR. JIRO KAWANO PANEL
GENERAL MANAGER

TOYOTA MOTGR SALES, U.S.A., INC.

FACTORY REPRESENTATIVE OFFICE

ONE HARMON PLAZA

SECAUCUS, NJ 07094
(201) 865-5656

MR. DENNIS M. KEDZIOR

ASSISTANT TO THE SECRETARY

U.S. DEPARTMENT OF TRANSPORTATION

400 7TH ST., S.W.

WASHINGTON, D.C. 20590
(202) 426-1111

MR. GERALD H. KELLER PANEL
MANAGER, FUELS R +# D TECHNICAL SERVICE
ATLANTIC RICHFIELD CO.

400 BE. SIBLEY BLVD.

HARVEY, IL

(312) 333-3000

MR. GERALD KEMPER PANEL
VICE PRESIDENT

VADETEC CORP.

2681 INDUSTRIAL ROW

TROY, MI 48084
MR. YVES KEMPER PANEL
CHAIRHAN

VADETEC CORP.

2681 INDUSTRIAL ROW

TROY, NI 48084
{313) 549-5730

MR. JOSEPH W, KENNEBECK PANEL
CENTRAL REGULATORY STAFF

DATMLER BENZ AG

STUTTGART, WEST GEPMANY

MR. CHRISTQPHER M. KENNEDY

MGR., ARUTONOTIVE SAFETY RELATIONS
CHRYSLER CORPORATION

P.O. BOX 1919 (CIMS 416-15-26)

DETROIT, M1 48288
(313) 956-3953
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MR. GEORGE KENNEY PANEL
RESEARRCH ASSOCIATE

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
CAMBRIDGE, HMA 02139
(617) 253-3244

DR. FRED KERN

SENIOR ENGINEERING SCIENTIST

BOLT BERANFK & NEWMAN,INC.

50 MOULTON STREET

CAMBRIDGE, MA 02138
(617) 491-1850 x3457

PROF. JACK L. KERREBPOCK PANEL
HEAD, DEPARTMENT OF AERONAUTICS

AND ASTRONAUTICS

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
ROON 33-207

CAMBRIDGE, MA. 02139
(617) 253-2486

MR, PADOL KERWIN PANEL
PROJECT MANAGER

NASA LEWIS RESEARCH CENTER
TRANSPORTATION PROPULSION DIV,

21000 BROOKPARK ROAD

CLEVELAND, OH 44135
(216) 433-4000 x-770

MR. ROBERT R. KIDD PANEL
DIFECTOR MATERIALS DEVELOPMENT

ARMSTRONG RUBBER COMPANY

500 SARGENT DRIVE.

NEW HAVEN, CT

(203) 562-1161

MR. DAE SIK KIM PANEL
PRESIDENT

KIMAT, INC.

1178 WALNUT STREET

NEWTON,MA

(617) 965-5599

MR. JOHN KIMBERLY PANEL
DIRECTOR, SPECIAL PROJECTS

AMERICAN BCSCH

3664 MAIN ST.

SPRINGFIELD, MA 01107
(413) 781-2200
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PROF., CHRRLES W. KING PANEL
PURDUE UNIVERSITY

KRANNERT GRADUATE SCHOOL

WEST LAFAYETTE, IN 47906
(317) u493-1465

MR. MARTIN KLEIN PANEL
VICE PRESIDENT

ENERGY EESEARCH CORPORATION

3 GREAT PASTURE RCAD

DANBURY, CT 06810
(203) 792-1460

MR. HUGH E, KNIPMEYER PANEL
PROGRAM MANAGER

CORPORATE AUTOMOTIVE MARKET DEVELOPMENT
E. I DU PONT DE NEMOURS

1007 MARKET STREET, ROOM D-6166
WILMINGTON, DE 19898
(302) 77u=-9732

MR. BOB KNCLL PANEL
CHI®F, AUTO TEST DIVISION

CONSUMER UNION

367 BOSTON POST RD.

ORANGE, CT. 06477
(203) 795-3508

MR. TADO KOBAYASHI

STAFF ENGINEER

HCONDR MOTOER CO. LTD.

8-1 HON=-CHC

WAKO-SHI, SAITAMA, JAPAN

DR, CHARLEsS KOLB

AERODYNE RESEARCH

CROSBY DRIVE

BEDFORD, MA 02130
(617) 275-9400

NR, JAMES KOLB PANEL
DIRECTCR TECHNICRL PLANNING

DIAMOND SHAMROCK CORP.

™ _R. EVANS RESEARCH CTR., P.O. BOX 348
PAINESVILLE, OH 44077
(216) 352-9311
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MR. MICHAEL N. KOPlLOW
THERMOELECTRON

45 FIRST AVE.
WALTHAM, MA.

(617) 890-8700 X-238

MR, ARNOLD F. KOSSAR

VICE PRESIDENT OF ENGINEERING
CURTISS-WRIGHT CORPORATION
ONE PASSAIC STREET
WOOD~-RIDGE, NJ

(201) 777-2900 X2803

MB. HORST K. KOSSEL
ENGINEER

ST. PIERCE MANUFACTURING
22 WHIPPOORWIL1L DRIVE
SHREWNSBURY ,MA

MR. M. KOTYK
DIVISION CHIEF

U.S. STEEL RESEARCH
MONROEVILLE, PA
(412) 372-1212

MR. GEORGE KOVATCH

CHIEF, TEANSPORTATION INDUSTRY
ANALYSIS BRANCH

TRANSPORTATION SYSTEMS CENTER
U.S. DEPARTMENT OF TRANSPORTATION
KENDALL SQUARE

CAMBRIDGE, MA

(617) U94-2756

MR. LARRY KRAMER
REPORTER
WASHINGTON POST
1150 15TH ST. N.W.
WASHINGTON, D.C.
(202) 334-7600

MR. MORTON H, KRASNER

CHIEF, TRANSP. PROPULSION DIiV.
NASA - LEWIS RESEARCH CENTER
21000 BROOKPARK ROAD
CLEVELAND, OH

(216) 433-4000 X-6911
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MR. JRVIN KRAUSE

MANAGER, MANUFACTURING ENGINEFERING
ARTHUR D. LITTLE, INC.

20 ACORN PARK

CAMBRIDGE, MA

(617) 864=5770

MR. C.,R. KRISHNA

ENGINEER

BROOKHAVEN NATIONAL LABORATORY
BUILDING 120

OPTON, NY

(516) 345-4025

DR. HOKEN KRISTIANSEN

PRESIDENT

KRISTIANSEN CYCLE ENGINES, LTD.
966 WAVERLY STREET

WINNIPEG, MANITOBR, CANADA

MR. JAY KRUZA
EDITOR
INFO-QUEST INC.
PO BOX 2627
FRAMINGHAM,MA
(617) 879-0383

MR. DONALD K., KUEHL

PRESIDENT

COMPOSITE TECHNOLOGY, INCORPORATED
6 MILL STREET

BROAD BROOK, CT

{203) 623-2611

HR. HIROMITSU KUSANO
TECHNICAL MANAGER

MMC SERVICES, INC.

3000 TOWN CENTER - SUITE 1960
SOUOTHFIFLD, MI

(313) 353-5444

MR. JOHN KUSHNERICK
VICE PRESIDENT
CHILTON COMPANY
CHILTON WAY

RADNOR, PA.

(215) 687-8200
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DR. JAMES M. LAFFEPTY

PANEL

MANAGER, POWER ELECTRONICS LABORATORY

GENERAL ELECTRIC COMPANY
CORPORATE RESEAPCH & DEVELOPMENT
SCHENECTADY, NY

(518) 385-8367

MR, FRANK H., IAGENFELD
COMMERCIAL DEVELOPMENT MANAGER
MONSANTO INDUSTRIAL CHEMICALS CO.
800 N. LINDBERGH BOULEVARD

ST. LOUIS, MO

(314) 694-2523

DR, ALFRED LANDMAN

ENGINEER

U.S. DEPRARTMENT OF TRANSPORTATION
TRANSPORTRTION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, MA

(617) 494-2387

MR. RON LANDRY

NATIONAL PETROLEUM NEWS
MCGRAW HILL

1221 AVENUE OF THE AMERICAS
NEW YORK, NY.

{212) 997-2605

ME. THOMAS S. LANE
RESEARCH ENGINEER
CATERPILLAR TERACTOR CO.
TECH., CENTER -~ BIDG F
100 N.E. ADAMS ST.
PEORIA, Il.

(309) 578-6702

MR. JOHN LANNING

MANAGER ADVANCED CERAMIC COMPONENTS

CORNING GLASS WORKS
ERWIN PLANT
CORNING, NY

(607) 974-1218

MR, FRANK M. LRRERNCE
WASHINGTON REPRESENTATIVE
ALUMINUM CCMPANY OF AMFRICA
1200 18TH STREET, NW
WASHINGTON, D.C.
(202) 331-2080
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MR. WALTER LASTEF PANEL
ASSOCIATE DIRECTOPR

BORG WARNER RESEARCH CENTER

WOLF & ALGONQUIN

DES PLAIN,IL 60018

MR, FRANK LAKXAR PANEL
ASSISTANT TO MANAGER, PRODUCT RESEARCH
BETHLEHEM STEEL CORP.

HOMER RESEAFCH LABS

BETHLEHEM, PA 18016
(215) 694-6954

MR. JAMES LEACH PANEL
ENGINEER

U.S5. CONGRESSIONAL STAFF

OFFICF OF TECHNOLOGY ASSESSHENT

600 PENNSYLVANIA AVE. SE

WASHINGTON, D.C. 20510
(202) 225-7731

MR, WILLIAM Z. LERVITT PANEL
CHIEF, ENVIRONMENTAL & TEST PROGRAMS DIV
UJ.S. DEPARTMENT OF TRANSPORTATION
TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARE

CAMBRIDGE, MA. 02142
(617) u49u-2416/2417

MR. ROD LEMENSE PANEL
MANAGER, LONG RANGE PLANNING

R.O0. SMITH CORP.

3533 N. 27TH ST.

MILWAUKEE, WI. 53216
(414) 447-4407

MR, MICHREL LENARD PANEL
TECHNICAL STAFF

THE MITRE CORP. METREK DIVISION

WESTGATE RESEARCH PARK

MCLEAN, VA 22102

MS. TERRY LEVINSON PANEL
TECHNICAL INFORMATION ANALYST

U.S. DEPARTMENT OF ENEERGY

TRANSPORTATION SYSTEMS

20 MASSACHUSETTS 2VE., N.W.

WASHINGTON, D.C. 20545
(202) 376-u4712 252
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MS. FRANCES 1. LEWINE

ASSISTANT DIRECTOR FOR

PUBLIC INFORMATION

U.S. DEPARTMENT OF TPANSPORTATION

OFFICE OF PUBLIC & CONSUMER AFFAIRS

400 7TH ST., S.W.

WASHINGTON, D.C. 20590
(202) 426-4531

MR. J. W. LINCOLN
19 AUBURN RD
WELLESLEY, MA

MR, LAWRENCE LINDEN PANEL
SENIOR POLICY ANALYST

OFFICE OF SCIENCE AND TECHNOLOGY POLICY
EXEC. OFFICE OF THE PRESIDENT WASH,DC
WASHINGTON,DC 20500
(202) 395-3827

MR. LEROY H. LINDGREN PANEL
DIRECTOR-RESEARCH + PRODUCT DEVELOPMENT
RATH & STRONG INC.

21 WORTHEN ROAD

LEXINGTON, MA 02173
(617) 861-1700

MR. PHILIP N, LIVINGSTONE PANEL
MANAGER, TRANSPORTATION & SPACE PROGRAN
BATTELLE MEMORIAL INSTITUTE

2030 M STREET, N.W.

WASHINGTON, D.C. 20036
(202) 785-8400 X207

MR. LARRY LOEFFLER PANEL
MANAGER MARKETING

NORTH AMERICAN PHILLIPS CORP.

100 E 42ND ST

NEW YORK, NY 10017
(212) 697-3600

MR. PAUL V., LOMBARDI PANEL
CHIEF, VEHICLE SYSTEMS

0.5. DEPT. OF ENERGY

OFFICE OF ENERGY PROGRANMS

WASHINGTON, D.C. 20545
(202) 376-5773
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MR. WILLIAHM D. LONG PANEL
MARKETING MANAGER

HIGH PERFORMANCE SILICCN CARBIDE DIV.
CARBORUNDUM COMPANY

PO BOX 832

NIAGARA FRLLS,NY 14302
(716) 278-2273

PROF. JOHN P. LONGWLL PANEL
CHEMICRL ENGINNERING DEPARTMENT
MASSRCHUSETTS INSTITUTE IF TECHNOLOGY
CAMBRIDGE, MA 02129
(617) 253-4534

MR. R. ROBERT LOVE PANEL
CHIEF ENGINEER, FUEL ECONOMY PLANNING
CHRYSLER CQRPORATION

BOX 1118

DETROIT, MI. 48231
(313) 956-4259

MR. SAMUEL LUCAS

VICE PRESICENT

ORCHARD CAPITAL MANAGEMENT CO.
7 EAST REDWOOD STREET
BALTIMORE, MD

MR. RICHARL H. LUCKI PANEL
LIASON ENGINEER

PEUGEOT MOTORS OF AMERICA

LINDHURST, NJ.

(201) 935-8400

MR, NORMAN F. LUDTKE PANEL
MANAGER, RESEARCH + DEVELOPMENT

PTONEER ENGINEERING ¢+ MPG. CO.

2500 E. NINE MILE ROAD

WARREN, MI 48091
(313) 755-4400

MR. DUANE LUNDAHL PANEL
MARKETING HMANAGER

ROCKET RESEARCH COMPANY

YORK CENTER

REDMOND, WA 98052
(301) 656-5722
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MR. E. LUSTENADER PANEL
MANAGER, TRANSPORTATION SYSTEMS

GENERAL ELFCTRIC COMPANY

CORPORATE RESEARCH DEVELOPMENT

1 RIVER RD.

SCHENECTADY, NY

(518) 385-3084

MR. TIMOTHY MACCARTHY PANEL
MANAGER,

ENERGY & ENVIRONMENTAL AFFAIRS

MOTOE VEHICLE MANUFACTORES ASSOC.

1909 K ST NW SUITE 300

WASHINGTON, D.C. 2006
(202) 862-3936

MR. HAROLD C., MACDONALD PANEL
VICE PRESIDENT, ENGINEERING & RESEARCH
FORD MOTOR COMPANY

THE AMERICAN ROAD

DEARBORN, MI 48121
(313) 323-1095

MR. J. MACNEE

FORD MOTOR COMPANY

THE AMERICAN ROAD

DEARBORN,MI 48121

MS. CAROL J. MADSEN PANEL
ENERGY PLANNER

APPLIED RESOURCES INTEGRATION LTD.

137 NEWBURY ST

BOSTON, N2 02116
(617) 266-8320

ME. BILL MAGRO PANEL
ASSOCIATE

BOOZ,ALLEN & HAMILTON

4330 EAST WEST HIGHWAY

BETHESDA,MD. 20014
(301)951-2426

MR. JOHN T. MALARKY PANEL
MANAGER, MARKETING & BUSINESS DEVELOP.
PPG INDUSTRIF®S, INC,

ONE GATEWAY CENTER

PITTSBURGH, PA. 15222
(412) 434-2977
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MR. GENE G. MANNELIA PANEL A B

VICE PRESIDENT

IGT

3424 S. STATE STREET
CHICAGO, IL

(312) 567-5751

MR. DONALD MARION

OFFICE OF PUBLIC AFFAIRS

U.S. DEPARTMENT OF TRANSPORTATION

400 7TH STREET, S.¥W.

WASHINGTON, D.C. 20590
(202) 426-4333

MR. PAUL MARRINE® PANEL B
HEAD, ENERGY + EMISSTON SECTION

TEANSPORT CANADA

RORD + MOTOR VEHICLE SAFETY BRANCH

TOWEF C PLACE DE VILLE

OTTAWA, ONTARIO, CANADA KIAONS
(613) 992-0077

MR, WILIYAM D, MARSCHER PANEL C
ENGINEER

CREARE INC.

BoX 71

HANOVER, NH 03755

MR. ERNEST F. MARSHALL PANEL A
CONSULTANT

COORDINATING RESERRCH COUNCIL

30 ROCKEFELLER PLAZA

NEW YORK, NY 10020
(215) 399-0180

MR. JACK E. MARTENS PANEL A
AUTO ENGINEERING DIRECTOR

ALLSTATE INSURANCE COMPANY

NORTHBROOK ,IL

(312) 291-6020

MR. RAY MARTIN PANEL B
ADMINISTRATIVE ASSISTANT

TO THE PRESIDENT

MP-G, LTD.

P.0. BOX 85,

BRADFORD, RI. 02802
(401) 322-0374
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MR. ROBERT L. MASON
TRANSPORTATION SYSTENS CENTER
KENDALL SQUARE

CAMBRIDGE, NA

(617) 494-2443

DR. STEPHEN J., MATAS
DIRECTOR OF RESEARCH
REPNUBLIC STEEL CORP
6801 BRECKSVILLE RD.
INDEPENDENCE, OH
(216) 524-3242

MR. JAMES A. MATEYKA
PRINCIPAL

BOOZ,ALLEN & HAMILTON
4330 EAST WEST HIGHWAY
BETHESDA,MD

(301) 951-2410

MR. HARRY W. MATHEWS, JB.
SENIOR CONSULTING ENGINEER
AURTHUR D LITTLE INC.

20 ACORN PARK

CAMBRIDGE, MA

(617) 864-5770

MR. SADAO MATSUMURA
VICE PRESIDENT

C. ITOH & COMPANY (AMERICA) INC.

270 PARK AVE.
NEW YORK, N.Y.
(212) 953-5150

MR. G. MAURI

PROJECT MANAGER

EXXON ENTERPRISES INC.
224 PARK AVE.

FLORHAM PARK, NJ

(201) 267-4440 X-345

MR. BRUCE MAYNARD
ENGINEERING TECHNICIAN
MTI, INC.

968 ALBANY — SHAKER KD.
LATHAM, NY

(518) 456-4142 x=-272
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PROF, ROBERT MCALEVY

MECHANICAL ENGINEERING DEPARTMENT
STEVENS INSTITUTE OF TECHNOLOGY
HOBOKEN, NJ

ME. THOMAS E. MCALLISTER
MARKETING MANAGER RUTOMOTIVE
ALUMINUM COMPANY OF AMERICR
1501 ALCOA BLDG.

DITTSBURGH, PA

{412) 553-3976

MR. J. D, MCCAIN

HEAD, ENVIRONMENTAL PHYSICS SECTION

SOUTHERN RESEARCH INSTITUTE
2000 9TH AVE. SO.
BIRMINGHAM, AL

(205) 323-6592

MR. DANIEL F, MCCOSH
MANAGING EDITOR

WARD'S COMMUNICATIONS, INC.
28 WEST ADAMS

DETROIT, MI

(313) 962-4433

MR. GARVIN MCCURDY
PRESIDERNT

FALLS ENTERPRISES
4117 ROBERTSON BLVD.
ALEXANDRIA, VA

(703) 780-8284

MR, DONRLD MCEWAN
CHIEF, MOTCR VEHICLE DIVISION

PANEL

07030

PANEL

14219

PANEL

35205

PANEL

- 48226

PANEL

22309

DEPARTMENT™ OF INDUSTRY, TRADE, COMMERCE

TRANSPORTATION INDUSTRIES BRANCH
235 QUEEN STREET
OTTAWA, ONTARIO, CANADA

MR. JOHN P. MCGARRY
VICE=-PRESIDENT

MP-G LTD.

P.0O. BOX 85
BRADFORD, R1

258

KIAOHS

1

B

PANEL A B



MR. KEVIN J. MCGAPFRY PANEL
PUBLIC RELATIONS STAFF .
MP=-G LTD.

P.0. BOX 85

BRADFORD,RI

DR. KEITH W. MCHENERY PANEL
VICE PRESIDENT, RESEARCH AND DEVELCPMENT

AMOCO OIL COMPANY

P.0O. BOX 400

NAPERVILLE, IL. 60540
(312) 420-4901

MB. ROBERT F. MCLEAN PANEL
SENIOR STAFF ENGINEER

THE DE LORFAN MOTOR COMPANY

RESEARCH & ENGINEERING DIVISION

P.0O. BOX 427

BLOOMFIELD HILLS, MI 48013
(313) 589-0370

MR. WESLEY J. MCLEAN PANEL
DIRECTOR, AUTOMOTIVE DEVELOPMENT DEPT.
REYNOLDS METALS CO. ‘

1519 SUMMIT AVE.

RICHMOND, VA 23261
(804) 788-7521

MR. THOMAS MCNAMARA PANEL
SENIOR STAFF ANALYST '
ORI TRANSPORTATION SYSTEMS DIVISION

1400 SPRING STREET

SILVER SPRING, MD 20910
(301) 588-6180

ME. J. BRUCE MCWILLIAMS PANEL
VICE PRESIDENT, PRODUCT PLANNING

AND 1EGISLATIVE AFFAIKS

BRITISH LEYLAND MOTORS INC.

600 WILLOW TREE RD.

LEONIA, NJ 07605
(201) 461-7300

DR. R. J. HMEIJER PANEL
SCIENTIFIC ADVISOR

NV PHILLIPS (NETHERLANDS)

439 HUNTINGTON PLACE

ANN ARBOR, MI

(313) 663-7015
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MR. JOHN MEKJIAN PANEL
OWNER

UNIVERSAL AUTO SERVICE

94 W. FOURTH ST.

S.BOSTON,NA 02142
(617) 268-3734

MR. R. B. MENEN PANEL
INDUSTRIAL DESIGNER

SREEVATSOM, THIRUMACAI, THRIVANDRUM

INDIA 695 006

PROF. MICHAEL MEYER PANEL
TRANSPORTATION RESEARCH BOARD
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
ROOM 1-179

CAMBRIDGE, MA 02139
(617) 253-3536

MR. MICHAEL MICHAELIS
SENIOR CONSULTANT
ARTHUR D LITTLE INC
ACORN PABRK
CRAMBRIDGE, NA

MR. JARVIS D. MICHIE PANEL
DIRECTOR

SOUTHWEST RESEARCH INSTITUTE

P.0. DRAWER 28510

SAN ANTONIQ, TX.

(512) 684-5111 X2414

ME. ROBERT P, MIGRA PANEL
MANAGER, VEHICLE SYSTEMS PROJECT

NASA - LEWIS RESEARCH CENTER

21000 BROOKPARK ROAD

CLEVELAND, OH 44135
{216) 433-4000 X-6126

MR. B. P. MILLER PANEL
VICE PRESTIDENT

FCON, INC

900 STATE STREET

PRINCETON, NJ

(609) 924-6778
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MR. PATRICK M. MILLER PANEL
PRESIDENT

MGAR RESEARCH CORPORATION

4245 UNION ROAD

BUFFALO, NY 14225
(716) 634-6950

MR, EDWARD A. MILLER PANEL
MANAGER

FOSTER - MILLER ASSOC.

350 SECOND AVE.

WALTHAM, MRA 02154
(617) 890~-3200

MR. HAROLD L. MILLER

CHIEF, ENERGY TECHNOLOGY BRANCH
TRANSPORTATION SYSTEMS CENTER

U.S. DEPARTMENT OF TRANSPOKTATION

DTS- 323 KENDALL SQUARE

CAMBRIDGE, MA 02142
(617) 49u4-2449

#R. VANCE MILLER

CONSULTANT

140 COQUITO WAY

PORTOLA VALLEY, CA 94025
(415) 854-5478

MR, RALPH T, MILLET PANEL
CHAIRHMAN

AUTOMOBILE IMPORTERS OF AMERICA, INC.

900 17TH STREET, N.W., SUITE 1100
WASHINGTON, D.C. 20006
(202) 296=7272

MR, WILLIAM P, MILLIKEN, JER. PANEL
PRESIDENT

MILLIKEN RESEARCH ASSOC., INC.

245 BROMPTCN ROAD

WILLIAMSVILLE, NY 14220
(716) 632-6710 '

PROF, JOHN G. MINGLE PANEL
OREGON STATE UNIVERSITY

DEPARTMENT OF MECHANICAL ENGINEERING
CORVALLIS, OR 97331
(503) 754-3441
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ME. HERBER® 1., MISCH PANEL A
VICE PRESIDENT

FCRD MOTOR CO.

ENVIRONM®ENTAL AND SAFETY ENGINEERING

THE AMERICAN ROAD

DERRBORN, NI 48121
{313) 322-3597

MR. D. V. MISSIO PANEL A B
CONSULTANT

MISSIO DICESON ASSOCIATES

9 MAIN ST

CONCORD, MA

(617) 369-7990

MR. JOHN P. MISTLER

INDUSTRIAL EDUCATION INSTRUCTOR

NEEDHAM HIGH SCHOOL

609 WEBSTER ST

NEEDHAHM, MA 02192
(617) 44L-4100 X=129

MR, BILL MITCHELL

REPORTER

DETROIT FREE PRESS

1195 NATIONAL PRESS BUILDING
DETRIOT,MI

HR. THOMAS W. MIX PANEL B
PRESIDENT

MERIX CORPORATION

P.0. BOX 67

BABSON PARK, MA 02157
{617) 235-6630 :

MR. VITTORIO MONTANARI PANEL 1A
FIAT S P A

STRADA DEL DROSSO 145

TORINO,ITALY

346658

MR. J. G. HMORGANW PANEL A B
INVESTHENT BANKER

A E ANES & CO LINMITED

320 BAY ST

TORONTO, ONTARIO, CANADA

(416) 867-4367
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MR. ALAN MQRVEY PANEL
RESEARCH STAFF

MP-G, LTD.

PO BOX 85

CHARLESTOWN,RI

(401 322-0374

MR. WILLIAM J. MOST PANEL
STAPF ENGINEER

EXXON RESEARCH AND ENGINEERING CO.

P.0. BOX 51

LINDEN NEW JERSEY 07036
(20 1) 474-3623

MR. EDWARD MUDROWSKY PANEL
TRANSPORTATION SAFETY SPECIALIST

NATIONAL TRANSPORTATION SAFETY BOARD

800 INDEPENDENCE AVE. S.W.

WASHINGTON, D.C. 20594
(202) 872-6192

MR. ROBERT MUELER PANEL
CHIEF ENGINEER

EATON CORP

26201 NORTHWESTERN BOX 766

SOUTHFIELD,MI 48037

MR. JOHN J. MULLINS
NEWSMAN

ASSOCIATED PRESS
260 SUMMER ST
BOSTON, MR

(617) 357-8100

MS. IRENE MURPHY

SPECIAL ASSISTANT

TRANSPORTATION SYSTEMS CENTER

U.S. DEPT. OF TRANSPORTATION

DTS=-2 KENDALL SQUARE

CAMBRIDGE, HA 02142
(617) 494-2335

MR. JOHN P, MURPHY PANEL
LADENBURG, THALMANN & CO

540 MADISIGN AVE

NEW YORK,NY 10022
{212) 940-0615
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MR. DAVID M. MYERS PANEL
MANAGER, PERFORMANCE RANALYSIS
CURTISS-WRIGHT CORP.,

ROTARY COMBUSTION PACILITY

ONE PASSAIC STREET

WOON—-RIDGE, NJ 07075
(201) 777-2900 X=-2794

MR. YUKINOFI NAKAHMURA PANEL
STAFF ENGINEER, DESIGN

NISSAN MOTOR CO., LTD.

ENGINEERING OFFICE OF N.A.

560 SYLVAN AVENUE, P.O. BOX 1606
ENGLEWOOD CLIFFS, NJ 07632
(201) 871-3555

DR. CARL NASH

SPECIAL ASSISTANT

NATIONAL HIGHWAY TRAFFIC SAFETY ADMIN.
400 7TH STREET S.N.

WASHINGTON, D.C. 20590
(202) 426=1590

MR. ALBERTQO NEGRO PANEL
DIRECTOR RESEARCH & DEVELOPMENT '

FIAT INC.

UJ.S.A. BRANCH

1 PARKLANE BLVD

DEARBORN,MI 48126
(313) 336-2400

MR. LARRY NELSON

U. S. DEPARTMENT OF TRANSPORTATION

30 RIDGE DRIVE

EAST BERKELEY HILLS,NJ 07922
(201) 665-0645

MR. KARL HEINZ NEUMANN PANEL
MANAGER, ENGINE DEVELOPMENT AND EMISSION
VOLKSWAGENWERK AG

WOLPSBURG, GERMANY

MR. GEORGE C. NIELD PANEL
PRESIDENT

AUTOMOBILE IMPORTERS OF AMERICA, INC.
1735 JEFF DAVIS HIGHWAY

ARLINGTON, VA 22202
(202) 296-7272
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MR. THOMAS I, NIEMEIER PANEL
REGIONAL MANAGER

SUN ELECTRIC CORP.

59 MANLEY ST.

BROCKTON, MA. 02401
(617) 58u4-0990

ME. KENGO NISHIKATA PANEL
TECHNICAL REPRESENTATIVE

TOYO KOGYA CO., LTD.

23777 GREENFIELD ROAD, SUITE U462
SOUTHFIELD MI 48075
{(313) 559-5040

MR. JOHN N. NOETTL PANEL
CONSULTANT

AFFILATED WITH WASHINGTON UNIVERSITY
CAMPUS BOX 1141

ST. LODIS, MO. 63130
{314) 889-5351

MR. R. TOM NORTHRUP PANEL
STAFF ENGINEER

SOCIETY OF AUTOMOTIVE ENGINEERS, INC.
2100 WEST BIG BEAVER ROAD, SUITE 206
TROY, MI 48084
(313) 649-0422

MR. ROBERT NOSTEANT PANEL
SENIOR RESEARCH ENGINEER

CHAMPION SPARK PLUG CO.

P.0. BOX 910

TOLEDO, OHIO 43661
(419) 535-2156

MR. JAMES L. NYE PANEL
MANAGER ADVANCE SYSTEMS MARKETING

GENERAL ELECTRIC COMPANY

1000 WESTERN AVE.

LYNN, MA 01910
(617) 594-5319

MR. THOMAS C, OAT PANEL
EXECOTIVE EDITOR

THE BULLETIN COMPANY

66 FRANKLIN ST

NORWICH,CT 06300
(203) 887-9211

265



MR. HERMANN OETTING PANEL
VOLKSWAGEN A G
318 WOLFSBURG, WEST GERMANY

MR. MASATOSHI OGATA PANEL
TECHNICAL REPRESENTATIVE

TOYO0 KOGYO CO., LTD.

23777 GREENFIELD RD.; SUITE 462
SOUTHFIELD, MI 48075
(313) 559-5040

MR. KEIICHY OKABAYASHI PANEL
STAFF ENGINEER

TOYOTA MOTORS SALES, U.S.A, INC.

ONE HARMON PLAZA

SECAUCUS, NJ 07094
(617) 865-5656

MR. BRUCE S. OLD PANEL
PRESIDENT

BRUCE S. OLD ASSOCIATES, INC.

597 LOWELL RD ,
CONCORD, NA 01742
(617) 369-0260

AS. LAURA L., OMOHUNDEO PANEL
VICE PRESIDENT

KINERGY RESEARCH & DEVELOPMENT

P.O. BOX 1128

WAKE FOREST, NC 27587
{919) 876-4963

MR. KENNETH ORSKI
VICE PRESIDENT

THE MARSHALL FUND

11 DUPONT CIRCLE N W
WASHINGTON ,DC

MR. NORB OSBORN PANEL
VICE PRESIDENT

WRR INDUSTRIES

151 REGAL ROAD - SUITE 120

DALLAS, TX 75247
(214) 688-1100
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MR. D. P. OSTERHOUT PANEL
MANAGER, FUELS, ENERGY & AVIATION

MOBIL OIL CORPORATION

150 E. 42ND ST., RM. 633-27

NEW YORK, NY 10017
(212) 883-2508

DR. ALDEN J. PAHNKE PANEL
DIRECTOR, RESEARCH & DEVELOPMENT LAB
PETROLEUN CHEMICRLS DIVISION

E. I. DU PONT DE NEMOURS & CO.

PETROLEUM LABORATORY

WILMINGTON, DE 19898
(609) 299-5000 X3300

DR. JAMES D. PALMER

ADMINISTRATOR

RESEARCH AND SPECIAL PROGRAMS ADMIN,

U.S. DEPT. OF TRANSPORTATION

DPP=-1 400 SEVENTH ST. S.W.

WASHINGTON, D.C. 20590
(202) 426-4461

MR. ROBERT PARKER  PANEL
PROJECT MANAGER ~ ADVANCE FUEL SYSTEMS
JOHN DEERE, INC.

P.0. BOX 270

WATERLOO, IA 50704
(319) 235-4814

MS. DEBORAH PARKER PANEL
PROGRAM ANALYSTS OFFICER

NATIONAL HIGHWAY TRAFFIC SAFETY ADMIN.
400 7TH ST. SW

WASHINGTON, D.C.

(202) 426=1570

MR. RAY PARKER PANEL
DIRECTOR OP OENM

ASSOCIATION OF DIESEL SPECIALISTS

1258 NORTH STREET

SUFFIELD, CT. 06078
(203) 668-7019

MR. P. S. PATEL PANEL
ASSISTANT GENERAL MANAGER

RESEARCH AND LCEVELOPMENT

THERNO ELECTRON CORPORATION

45 FPIRST AVE

WALTHAM, MA 02154
{617) 890-8700 267



MR. DONALD E. PAUL PANEL
PRESIDENT

MANAGEMENT RESOURCES & TECHNOLOGY, INC.

8 ARLINGTON ST.

BOSTON, MA 062116
(617y 536-0142

MR. BRUOCE H. PAULY PANEL
VICE PRESIDENT-ENGINEERING & RESEARCH
EATON CORPORATION

100 ERIEVIEW PLAZA

CLEVELAND, OH 44114
(212) 523-7814

MER. DONALD W. PENNINGTON PANEL
LABORATORY DIRECTOR

RESINS RESEARCH

THE DOW CHEMICAL CO.

BLDG. B 1215

FREEPORT, TX 77541
(713) 238~2571

MR. W. H, PERCIVAL PANEL
CONSULTANT

UNITED STIRLING (SWEDEN)

1629 K ST. NW, SUITE 801

WASHINGTON, D.C. 20006
(202) 466-7286

MR. JOHN K. PERRY PANEL
CONTROLLER

MP-G, LTD.

P.0. BOX 85

BRADFORD,PI

MR. RAYMOND PERRY, JR. PANEL
MANAGEP, FUELS RESERRCH

MOBI1L RESEARCH AND DEVELOPMENT CORP.
PAULSBORO, NJ

(609) 423-1040

MR. BOY R. PETERSON PANEL
TECHNICAL STAFF

THE MITRE CORPORATION

WESTGATE RESEARCH PARK

MCLEAN,VA

(703) 827-6515
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MNR. JOSEPH F. PETRIE
MANAGEMENT ANALSYT
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, MA

(617) 4°4-2033

MR. CHARLES PHILLIPS
OPERATIONS RESEARCH ANALYST
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, MA

(617) 494=-2036

MR. J. R. PHIPPS
EXECUTIVE CONSULTANT
BENDIX DIESEL CONTROLS
21040 GREENFIELD

OAK PARK,MI

(313) 967-2512

MR. JOSEPH PICARDI

GENERAL ENGINEER
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, MA

MR. RICHARD F. PIERMAN

PROGRAM DEVELOPMENT COORDINATOR

EATON CORPQRATION
26201 NORTHWESTERN HIGHWAY
SOUTHFIELD, MI
(313) 354-7271

MR. JOHN PIGOTT
CONSULTANT

ROLLS ROYCE MOTORS INC.
P.0. 189, CENTURY KD.
PARAMUS, NJ

(212) 688-7112

MR. A. S. PLOTKIN
AUTOMOTIVE WRITER
THE BOSTON GLOBE
135 MORRISEY BLVD
BOSTON,MA

(617) 929-3000
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PROF. C POLK

CHAIRMAN ELECTRICAL ENGINEERING

UNIVERSITY OF RHODE ISLAND
KINGSTON,RI
(401) 792-2505

MR. JOHY K. PCLLARD
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, MA

(617) 494-2036

MR. RALPH POOLE
INFORMATION MANAGER
BUSINESS DATA ANALYSTS

1 BOSTON PLACE, SUITE 1450
BOSTON, MA

(617) 722-7248

MR. FRANK POPOVICH

DIRECTOR, AUTOMOTIVE SERVICES
DATA RESOURCES INC.

29 HARTWELL AVF.

LEXINGTON, HMA

(617) 861-0 165

MR. DONALD POSTMA
PUBLIC RELATIONS STAFF
GENERAL MOTORS CORPORATION
GENERAL MOTORS BUILDING
DETROIT,MI

(312) 556=-2030

DR. DAVID S, POTTER

EXECUTIVE VICE PRESIDENT
GENERAL MOTORS CENTRAL OPFICE
3044 WEST GRAND BLVD.
DETROIT, MI.

MR. SAMUEL F. POWEL IIX

ACTING CHIEF, TECH. RSSESSMENT DIV

PANEL

02881

PRNEL

02142

PANEL

02106

PANEFL

02173

PANEL

48010

48202

PANEL

NATIONAL HIGHWAY TRARFIC SAFETY ADMIN.

2100 2ND ST S.W.
WASHINGTON, D.C.
(202) 426-2957
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MR. DAVID S. PRERAU
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, MNA

(617) 494-2300

MR. JOHN PRTOPR
PESEARCH ASSOCIATE
HARBRIDGE HOUSE, INC.
11 ARLINGTON STREET
BOSTON, MA

(617) 267-6410

DR, NATHANIEL H., PULLING
PROJECT DIRECTOR

RUTOMOTIVE SAFETY

LIBERTY MUTUAL INSURANCE CO.
71 FRANKLAND ROAD
HOPKINTON, MA

(617) 435~3452

MS. CARRLANE QUACKENBUSH
MEMBER, TECHNICAL STAFF
G T E LABS

40 SYLVAN RD

WALTHAM, NA

(617) 890-8460

MR. QUINTON

RENAULT

67 RUE DES BONS RAISINS 92500
RUEIL-MALMAISON, FRANCE
749-86-83

MR. EDMOND RAMIREZ
PRESIDENT

AMECTRAN CORP.

8585 STFMMONS FREEWAY
DALLAS, TX

{214) 638-8631

MR. DONALD A, RANDALL
WASHINGTON COUNSEL
AUTOMOTIVE SERVICE COURNCILS,
SUITE 1205, 1625 K STREET
WASHINGTON, D.C.

(202) 833-8698

271

INC.

02142

PANEL

02116

PANEL

01748

PANEL

PANEL

PANEL

75247

PANEL

20006




MR. J. RAUDSEPS

ELECTRONIC ENGINEER

TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARE

CAMBRIDGE, N2 02142
(617) 494=2031

MR. PRANK L. RAPOSR PANEL
CHIEF, ELECTRICAL POWER

PROPULSION EBRANCH

J.S. DEPARTMENT OF TRANSPORTATION
TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARE

CMABRIDGE, MASS. 02142
(617) 494-2031

ME. CARL RAPPAPORT PANEL
OFFICE OF ASST. SECRETARY FOR POLICY

MND INTERNATIONAL AFFAIRS

U.S. DEPARTMENT OF TRANSPORTATION

400 7TH STREET, S.HN.

WASHINGTON, D.C. 20590
(202) 426-4168

MR. ROBERT RAYMOND - PANEL
MANAGER HEAT ENGINES

ADVANCED MECHANICAL TECHNOLOGY

141 CALIFORNIA ST

NEWTON,MA

(617) 965-3660

MR. ART RAYNARD PANEL
SENIOR PROJECT ENGINEER

GARRETT - AIRSEARCH

2525 W 190 TH ST

TORRANCE,CA 9050¢°
(213) 323-9500

MR. ROBERT H, RECK PANEL
TRANSPORTATION SYSTEMS CENTER

KENDRLL SQUARE

CAMBRIDGE, NA 02142
(617) 494-2491

MR. EDWARD RECKA PANEL
FINANCIAL ANALYST
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE
CAMBRIDGE, MA 02142
(617) 494-2483
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MR. STUAPT L. REICHERT PANEL
MARKETING REPRESENTATIVE

ADVANCED MANUFACTURING TECHNOLOGIES
VOUGHT CORPORATION

P.0. BOX 225907

DALLAS, TX 75265
(214) 266=-13727

MR. RBOBERT C. RICCI PANEL
CHIEF, ENERGY DEMAND ANAL. BRANCH

U.S. DEPT. OF TRANSPORTATION
TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARE

CAMBRIDGE, MA 02142
(617) 494-22343

MR. ROY S, RICE PANEL
PRINCIPAL ENGINEER

CRLSPAN CORPORATION

ADVANCED TECHNOLOGY CENTER

P.0. BOX 400

BUFFALO, NY 14225
{716) 632-7500 x-321

MAJ. GEN, J. A. RICHARDSCN IIXI (RET
CONSULTANT

4551 LASALLE AVENUE

ALEXANDRIA, VA. 22304
(703) 370-9598

PROF. J. M., RIFE PANEL
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
ROOM 31-167

CAMBRIDGE, NA 02139
(617) 253-3350

MR. JOHN P, RIGGS PANEL
TECHNICAL DIRECTOR

CELANESE COQRPOPATION

86 MORRIS AVE

SUMMIT,NJ 07901

MR. MICHAEL J. RILEY PANEL
MANAGER, AUTO TESTING

ASHLAND OIL, INC.

228D ¢+ FRONT ST.

ASHLAND KY 41101
(606) 329-5103
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MR. WILLIAM R. RILEY PANEL A
PRESIDENT

WRR INDUSTRIES

151 REGAL ROAD - SUITE 120

DALLAS, TX 75247
(214) 688-1100

MR. SALVATORE H, KIZZO PANEL A B
VICE PPESIDENT

MpP-G, LTD.

BOX 85

BRADFORD,RI

(401) 322-0374

MR. LOUIS ROBEKTS

DIRECTOR, QFFICE OF ENERGY

AND ENVIRONMENT

TRANSPORTATION SYSTEMS CENTER

U.S. DEPT. OF TRANSPORTATION

DTS-30 KENDALL SQUARE

CAMBRIDGE, MA 02142
(617) 494-2028

MR. GEORGE H. ROBINSON

GENERAL MOTORS RESEARCH LABORATORIES

GM TECHNICAL CENTER

WARREN, MI 48090

MR. HUGH ROBINSON

GENERAL MANAGER

CHILTON DATALOG

RADNOR,PA 19089
(215) 687-8200

MR. WILLIAM R. EODGER PANEL A
VICE PRESIDENT ADVANCED SYSTEMS

ROCKWELL INTERNATIONAL

2135 WEST MAPLE RD.

TROY, MI 48084
{313) 435-1478

MR. WOLFGANG U. ROESSLER PANEL &
SYSTEMS DIRECTOR, ENERGY
CONSERVATIGN DIRECTORATE
THE AREOSPACE COEPORATION
EASTERN TECHNICAL DIVISION
2350 EAST EL SEGUNDO BOULEVARD
EL SEGUNDO, CA 90245
(213) 648-5550
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MR. MARTIN PROOS

MECHANICAL DESIGN ENGINEER

ACTION FOAM ENGINEERING

38 MOUNTAIN ROAD

BURLINGTON, MA
(617) 272-9225

MP. AXEL B. ROSE

FESEARCH STAFF

OAK RIDGE NATIONRL LABORATORY

P.O. BOX X
OAK RIDGE, TN
(FTS) 624-5962

MR. NORMAN ROSENBERG
ENERGY TECHNOLOGY BRANCH

TRANSPORTATION SYSTEMS CENTER
U.S. DEPT. OF TRANSPQRTATION

DTS-323 KENDALL SQUARE

CAMBRIDGE, MR
(617) U494-2337

MR. MATTHEW J. ROSSO
DEVELOPMENT ENGINEER
BROCKHAVEN NATIONAL 1 ABARATORY

UPTON, NY
(516) 345-u4506

MB. ARNOLD ROUBIN

PRESIDENT

NEW YORK, NEW ENGLAND INDEPENDENT
AUTO DEALERS ASSOCIATION

MILLERS FALLS RD.
TURNERS FALLS, HMA

((413) 863~-9555

DR. BRUCE RUBINGER
RESEARCH ANALYST

DEPARTMENT OF TRANSPORTATION
TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARF
CAMBRIDGE, MA
(617) 494-2531

DR. ALLEN S. RUSSELL
SCIENCE ¢ TECH.

VICE PRESIDENT,

ALUMINUM CQMPANY OF AMERICA

1501 ALCOA BUILDING, RM.

PITTSBURGH PA
(412) 553-2492
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PROF. HERBERT K. SACHS
TRANSPORTATION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, MA

MR. GRESH P. SACKETT
AUTOMOTIVE INDUSTRY DIRECTOR
REYNOLDS METALS COMPANY

6601 WEST BROAD ST.
BICHMOND, VA

(804) 281-4730

ME. DAN SALZGEBER
ASSISTANT CHIEF ENGINEER
STANADYNE

HARTFORD,CT

(203) 525-0821

DR. MAXINE SAVITZ

DEPUTY ASSISTANT SECRETARY FOR
CONSERVATION & SOLAR APPLICATION
U.S. DEPARTMENT OF ENERGY

20 MASSACHUSETTS AVE., N.W.
WASHINGTON, D.C.

(202) 376-4646

MR. TERRY SCANNELL
LEG. AIDE TO CONGRESSMAN DUNCAN
U.S. CONGRESSIONAL STAFF

2447 RAYBURN HOUSE BLDG.
WASHINGTON, D.C.

(202) 225-4811

MR. FORREST SCHAEKEL
CHEMIST

MERADCOM - DEPT OF ARMY
DRB-ME~GL

FORT BELVOIR, VA

{703) 664-3576

MR. HOWARD R. SCHMIDT
PROGRAM MANAGER

U.S. DEPARTMENT OF TRANSPORTATION
400 7TH STREET, S.W.

WASHINGTON, D.C.

(202) 426~4514
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MR. RUEDIGER SCHMIDT PANEL
DEPARTMENT MANAGER

VOLKSWAGENWERK AG

3180 WOLFPSBURG, GERMANY

MR. JOHN SCHOLEFIELD PANEL
VICE - CONSUL

BRITISH CONSULATE GENERAL

SUITE 4740, PRUDENTIAL TOWER

BOSTON, MA 02199
(617) 261-3060

MB. MICHAEL R. SEAL PANEL
DIRECTOR, VEHICLE RESEARCH INSTITUTE
WESTERN WASHINGTON UNIVERSITY

HIGH ST

BELLINGHAM, WA 98225
676=-3045

MR, THOMAS M. SEBESTYEN PANEL
CONSULTANT

ULTRA ELECTRONICS INC.
3286 GOLFSIDE
YPSILANTI, MI ‘48197
(313) 434-93u4

MR. CHARLES SEGAL PANEL
DIRECTQOR OF MARKETING

GRAFTEK INDUSTRIAL PRODUCTS

DIVISION OF EXXON ENTERPRISES INC.

2917 HIGHWOODS BLVD., P.0O. BOX 95006
RALEIGH, N.C. 27625
(919) 876-0050

DR. ULRICH SEIFFERT PANEL
RESEARCH DIRECTOR

VOLKSWAGENWERK AG

318 WOLFSBURG

FEDERAL REPUBLIC OF GERMANY

DR. H. N. SEIGER PANEL
YARDNEY ELECTRIC CORP.

82 MECHANIC ST.

DAWCATUK, CT

(203) 599-1100
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DR. I. S. SERVI PANEL
DIRECTOR, NEW VENTURE TECHNOLOGY
KENNECOTT COPPER CORPOFATION

128 SPRING ST.

LEXINGTON, MR 02173
(617) 862-3268

MR. RICHARD H., SHACKSON PANEL
DIRECTOR-TRANSPORTATION

CARNEGIE-MFLLON INSTITUTE OF RESEARCH
1925 N. LYNN

ARLINGTON, VA 22209
(703) 522-0073

MR. SCOTT SHADLE PANEL
SAFETY STANDARRDS ENGINEER

NATIONAL HIGHWAY TRAFFIC SAFETY ADMIN.
400 7TH STREET SW

WASHINGTON DC 20590
{202) 426-2153

MR. WILLIAM SHAPIRO PANEL
MANAGEF,REGULATORY AFFAIRS

VOLVO OF AMERICA .
ROCKLEIGH, NJ 07094
(201) 768-7300

MR. CHRRLES R. SHARP

GENERAL MOTORS LEGAL STAFF

3044 WEST GKAND BLVD.

DETROIT, MI. 48202

MR. FREDERIC E. SHAW
VICE PRESIDENT

QUEEN CITY TOYOTA
915 GOLD ST
MANCHESTER ,NH

(603) 625-8573

MR, JEFFERY SHELER PANEL
REPORTER

ONITED PRESS INTERNATIONAL

DETROIT, NI
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MR. THOMAS B. C. SHEN
TRANSPORTAPION SYSTEMS CENTER
KENDALL SQUARE

CAMBRIDGE, N2

(617) 494-2390

PROF. KOICHI SHIMOKAWA

HARVARD BUSINESS SCHOOL
(VISITING EROM HOSEI UONIVERSITY)
18 SACRAMENTO PLACE

CAMBRIDGE, MA

(617) 547-8507

MR. ROBERT SHOWALTER
AUTOMOTIVE ENGINE ASSOCIATES
301 SOUTH BLOUNT

MADISON, WI

MR. ROBERT R. SHUCK
MANAGER, RESEARCH PLANNING
REPUBLIC STEEL CORPORATION
RESEARCH CENTER

6801 BRECKSVILLE ROAD
INDEPENDENCE, OH

(216) 524=5100

MR. HAROLD 4. SIEGEL
PRESIDENT

SOUTH COAST TECHNOLOGY
P.0. BOX 3265

SANTA BARBARA, CA
(805) 964~-4749

MR. SHEPHERD SIKES

DIRECTOR CONSTRUCTIVE OPERATION
PPG INDUSTRIES INC.

20755 GREENFIELD RD.
SOUTHFIELD, MI

(313) 275-5550

MR, OSWALD SILVERMAN

POLICY ADVISOR

INDUSTRY BRANCH

MINISTRY OF STATE FOR
SCIENCE + TECHNOLOGY

MARTEL BLDG., 270 ALBERT ST.
OTTAWA, ONTARIO, CANADA
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MR, WILLIAM B, SILVESTRI PANEL
PROGRAM DIRECTOR

CORTISS-W#RIGHT CORPORATION

ROTARY COMBUSTION FACILITY

ONE PASSAIC STREET

WOOD=-RIDGE, NJ 07075
(201) 777-2900 x-2232

MR. MICHREL SIRIANNI

OFFICE OF ENERGY AND ENVIRONMENT
TRANSPORTATION SYSTEMS CENTER

KENDRLL SQUARE

CAMBRIDGE, MA 02142
(617) 494-2374

DR. A. EDWARD SMNICK

PROFESSIONAL STAFF MEMBER

SENATE COMMITTEE ON COMMERCE

SCIENCE + TRANSPORTATION

5202 DSOB

WASHINGTON, D.C. 20510
(202) 224-9351

MS. RHONDA SMITH

DIRECTOR, MARKETING SERVICES

OMNIBUS

BOX 386, WESTSIDE STATION

WORCESTER, MA 01602
(617) 756-8573

DR. GENE E. SMITH PANEL
UNIVERSITY OF MICHIGAN

MECHANICAL ENGINEERING DEPT.

ANN ARBOR, MI 48109
(313) 764-6546

MR, STEVE SODERBERG PANEL
ASSISTANT VICE PRESIDENT

PUTNAM MANAGEMENT CO.

265 FRANKLIN ST.

BOSTON, HA 02110
(617) 423-4960 X-214

DR. JOSEPH SOMMERS PANEL
U.S5S. ENVIRQNMENTAL PROTECTION AGENCY

2565 PLYMOUTH ROAD

ANN ARBOR, NI 48105
(313) 668-4321
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MR. JEROME N. SONOSKY PANEL
ATTORNFPY=-AT-LANW

MERCEDES-BENZ OF NORTH AMERICA, INC.

ONE MERCEDES DRIVE

MONTVALE, NJ 07645
(201) 573-2220

MR. ORNUOLV SONSTEBY PANEL
TRANSPORTATION ENGINEER

HIGHWAY USERS FEDERATION

1776 MASSACHUSETTS AVE., N.W.

WASHINGTON, D.C. 20036
(202) 857-1233

MS. MARJORY S. SPODICK PANEL
RESEARCH ASSOCIATE

KENNEDY SCHQOL OF GOV ERNMENT

HARVARD UNIVERSITY

CAMBRIDGE, NA 02138

MS. NANETTE ST.PIERRE PANEL
ST PIERRE MANUFACTURING CORPORATION

317 EAST MOUNTAIN STREET

HORCESTER, MA

(617) 853-8010

MR. HENRY ST, PTERRE PANEL
PRESIDENT

ST. PIERRE MFG CORPORATION

317 EAST MQUNTAIN ST

WORCESTER, MR 01006
(617) 853-8010

MR. RICHARD ST.PIEERRE PANEL
187 GOODALE ST ’

W. BOYLSTON, HA

(617) 835-3176

MR. JEFFREY L. STALEY

CONSULTANT

ARTHOR D. LITTLE, INC.

20 ACORN PARK

CRMBRIDGE, M2 02140
(617)864-5770 X~-440Q
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MR. W. E. STEBER PANEL
PRESIDENT

W.C. STEBER ASSOCIATES

717 N. OVERLOOK DRIVE

ALEXANDRIA, VA 22305
(703) 683-6281

MR. GEORGE F. STECHER

SUPERVISOR, RESEARCH

CHRYSLER CORP.

CHRYSLER CENTER

DETROIT, MI 48288
(313) 956-3711

MR. PATRICK J., STEEN PANEL
VICE PRESIDENT

ORT - TRANSPORTATION SYSTEMS DIV.

1400 SPRING STREET

SILVER SPRING, MD 20910
(301) 588-6180

DR. R. RHOADS STEPHENSON PANEL
ASSOCIATE ADMINISTRATOR FOR R & D
NATIONAL HIGHWAY TRAFFIC SAFETY ADMIN.
U.S. DEPARTMENT OF TRANSPORTATION

2100 SECOND STREET, S.W.

WASHINGTON, D.C. 20590
(202) 426=1537

MR. STAN STEPHENSON PRNEL
EDITOR IN - CHIEF

CHILTON'S MOTOR/AGE

RADNOR, P2 19089
(215) 687-8200

DR. BENO STERNLICHT PANEL
CHAIRMAN AND TECHNICAL DIRECTOR
MECHANICAL TECHNOLOGY, INC.

968 RLBANY SHAKER ROAD

LATHAM, NY 12110
(518) 785-2211 X335

MR. PETER A, STEVENSON PANEL
ECONOMIST

ECON, INC.

900 STATE ROAD

PRINCETON, NJ 08540

(609) 924-8778
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MR. GERALD S, STOFFLET
GENERAL MOTORS ENVIRONMENT STAFF
GM TECHNICAL CENTER

WARREN, MI 480990
MR. ROBERT K. STONE PANEL
CHEVRON RESEARCH COMPANY

RICHMOND, CA 94802

(415) 237-4411 X-4788

MR. RICHARD L. STROMBOTNE PANEL
DIRECTOR, QFFICE OF AUTOMOTIVE

FUEL ECONOMY STANDARDS

0.S. DEPT. OF TRANSPORTATION

NATIONAL HIGHWAY TRAFFIC SAFETY ADMIN.
400 SEVENTH ST., S.W., NRN=20 - RM 4102
WASHINGTON, D.C. 20590
202 426-0846

MR. REGINALD STUART PANEL
NEW YORK TIMES

229 W. U43RD STREET

NEW YORK, NY

MR. JACK STOART PANEL
VICE=-PRESIDENT

ARTHUR D. 1ITTLE, INC.

RCORN PRARK

CAMBRIDGE, MA

(617) 86uU4-=5770

MR. GRANT E. STUEBEE PANEL
MANAGER, ENGINEERING TECHNOLOGY

B. F. GOODRICH CO.

9921 BRECKSVILLE RD.

BRECKSVILLE, OH 44141
(216) 526-4311

MR. JOSEPH STURM

ENFRGY DEMAND ANALYSIS BRANCH
TRANSPORTATION SYSTEMS CENTER

U.S. DEPT OF TRANSPORTATION

DTS- 321 KENDALL SQUARE

CAMBRIDGE, MA 02142
(617) 494-2138

283



PROF. C. T. SON PANEL
DEPT. OF AERONAUTICS AND ASTRONAUTICS
PURDUE UNIVERSITY

GRISSON HALL

WEST LAFAYETTE, IN 49707
(317) 749-2527

PROF. LARRY M., SWEET PANEL
ASSOCIATE LIRECTOR

TRANSPORTATION PROGRAM

PRINCETON UNIVERSITY

PRINCETON, NJ 08544
(607)y 452-5305

MR, ANTONI TABAK PANEL
SENIOR APPLICATIONS ENGINEER
INTERNATIONAL COPPER RESEARCH ASSOC.

708 THIRD AVE

NEW YORK, NY 10017
(212) 697-9355

MR. FRED TAUSCH PAKEL
ENGINEER

P.0. BOX 386 _
LEXINGTON, MA 02173
MR. C. FAYETTE TAYLOR PANEL

PROGESSOR OF AUTOMOTIVE
ENGINEERING, EMERITUS

MASS. INSTITUTE OF TECHNOLOGY
24 MONMOUTH COURT

BROOKLINE, MA

(617) 566~4812

MR. EDWARD s, TAYLOR PANEL
TABOR HILL ROAD
ZLINCOLN, MA 01773

(617) 259-8440

MR. HARRY W. TAYLOR PANEL
HIGHWAY ENGINEER

FEDERAL HIGHWAY ADMINISTRATION

OFFICE OF HIGHWAY SAPETY

400 7TH ST. S.W. RM. 3413

WASHINGTON, D.C. 20590
(202) 426=2131
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MR. THEODORE TAYLOR, JR. PANEL
DIRECTOR, TRANSPORTATION AND

ENERGY STUDIES

CORPORATE-TECH PLANNING INC.

275 WYMAN STREET

WALTHAM, M2 02154
{617)890-2600

MR. M.E. TELLEY PANEL
CHIEF ENGINEER, BODY

INTERNATIONAL HARVESTER

2911 MEYER ROAD

FORT WAYNE, IN 46803
(219) 461-6383

MR. C. TOM TERRY

GENERAL MOTORS ENVIRONMENTAL

ACTIVITIES STAFF

GeM. TECHNICAL CENTEK

WARREN, MI 48090

MR. GEORGE M. THUR PANEL
CHIEF, HEAT ENGINE SYSTEMS BRANCH

U.S. DEPARTMENT OF ENERGY

DIV. OF TRANS. ENERGY CONSERVATION

20 MASSACHUSETS AVE., NW

WASHINGTON, D.C. 20545
(202) 376=-u4675

MR. THOMAS J. TIMBARIO PANEL
PROJECT MANAGER

MUELLER ASSOCIATES, INC.

1900 SULPHUR SPRINGS RD.

BALTIMORE, MD. 21227
(301) 247-5666

HR. MILTON W. TOAZ PANEL
MANAGER, METALLURGY

GOULD LABORATORIES MATERIALS RESEARCH

540 E. 105TH STREET

CLEVELAND, OH 44108
(216) 851=5500

DR. PIN TONG PANEL
TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARE

CAMBRIDGE, MA 02112
(617) 494=2539
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MR. WILLIAM J. TOTH PANEL
RESERRCH MANAGER

SOCIETY OF AUTOMOTIVE ENGINEERS, INC.

400 COMMONWEALTH DR.

WARRENDALE, PR 15096
(412) 776-4841

MR. H. 2. TOULMIN, JR. PANEL
MANAGER, DETROIT AR + D

SONTECH - DIVISION OF SUN CO.

725 S. ADAMS RD.

BIRMINGHAM, MI 48011
(313) 645-1488

MR. STANLEY TOZLO®RSKI PANEL
MATERIALS ENGINEER

UJ.S. ARMY MATERIALS

MECHANICS RESEARCH CENTER

WATERTOWN, MA 02172

MR. EDWARD TRACHMAN PANEL
HEAD, ANRLYSIS DEPT.

VADETEC COBRP.

2681 INDUSTIRIAL ROW

TROY, MI 48084
({313) 549-5730

MR. TOM TRELLA PANEL
ENERGY TECHNOLOGY BRANCH

TRANSPORTATION SYSTEMS CENTER

KENDALL SECUARE

CAMBRIDGE, #MA 02142
(617) 494-2390

MR. GENE TREMBLAY

VICE PRESIDENT

WELLINGTON MANAGEMENT CO.

28 STATE STREET

BOSTON, MR 02109
(617) 358-4923

MR. HARRY V. TRUITT

RESFARCH ASSOCIATE

THE FUTORES GROUP

124 HEBRON AVENUE

GLASTONBURY, CT 06033
(203) 633-3501
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MR. 0. C. TRULSON PANEL
DIRECTOE, CARON FIBER DEVELOPMENT

UNION CARBIDE CORP.

CAKBON PRODUCTS DIVISION

12900 SNOW RD.

PARMA, OH 44130
{216) 433-8600

MR, ANTHONY TURANO PANEL
TOSCO CORPQRATION

10100 SANTAR MONICA BLVD.

LOS ANGELES, CA 90020

MR. DAVID J. UMANSKY

DIRECTOR OF PUBLIC AFFAIRS

NATIONAL HIGHWAY TRAFFIC SAFETY
ADMINISTRATION

400 7TH STREET, SW

WASHINGTON, DC 20590
(202) 426-9550

MR. RICHARD L. VAN AUKEN PANEL
DIVISION MANAGER

GRAFTEK INDUSTRIAL PRODUCTS

DIVISION OF EXXON ENTERPRISES

2917 HIGHWOODS BLVD., P.0. 95006
CRALEIGH, NC 27625
(919) 876-0050

MB. CHRISTOPHER VAN SCHAYK PANEL
MANAGER, FEDERAL STUDIES DEPARTMENT

MOTOR VEHICLE MANUFACTURERS ASSOCIATION
300 NEW CENTER BUILDING

DETROIT, MI 48202
(313)872-4311

MR. LAWRENCE VANCE

TRANSPORTATION SYSTEMS CENTER

KENDALL SQUARE

CAMBRIDGE, MA 02142
(617) 494-2716

MR. EARL VANLANDINGHAM PANEL
PROGRAM MANAGER

NASA ENERGY SYSTEMS DIVISION

600 INDEPENDENCE AVE.,

WASHINGTON, D.C. 20546
(202) 755-8557
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MR. FRANK A. VARKER

SENIOR PLANNING ENGINEER

ARI LIMITED

137 NEWBURY STREET

BOSTON, MA 02116
(617) 266-8320

MR, OWEN J, VIERGOTZ PANEL
SENIOR RESEARCH ENGINEER

ITIT RESEARCH INSTITUTE

10 W. 35TH ST.

CHICAGO, I 60616
(312) 567-4813

DR. JAMES VOSsS PANEL
DIRECTOR RESFEARCH

AMERICAN BQGSCH

3664 MAIN ST.

SPRINGFIELD, HMA 01107
(413) 781-2200

MR. JOHN B, WACHTHAN, JR. PANEL
DIRECTOR, CENTER FOR MATERIALS SCIENCE
NATIONAL BUREAU OF STANDARDS

ROOM B308, BUILDING 223

WASHINGTON, D.C. 20234
(301) 921-2891

MR. JAMES F. WAGNEK PANEL
SENIOR RESEARCH ASSOCIATE

GULF RESEARCH AND DEVELOPHMENT CO

P.O. DRAWER 2038

PITTSBURG, PA. 15230
(412) 363-1600 x-2284

MR. JOSEPH WALSH
WALSH/MARTIN COMMUNICATIONS, INC.
FALMOUTH, HA

MR. ROBERT A. WALTER PANEL
GENERATL ENGINEER

U.S. DEPARTMENT OF TRANSPORTATION
TRANSPOPRTATION SYSTEMS CENTER

KENDALL SQUARE

CAMBRIDGE, HA 02142
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MR. WILLIAM WARD PANEL
U.S. SCIENTIFIC INSTITUTE, INC.

61N. BERCON STREET

BOSTON, MA 02134
(617y 787-2411

MR. DAVID B. WARREN PANEL
TREASURER + DIEECTOR

WARREN/BRAYTON ENGINE CO.

1361 MYRON STREET

SCHENECT™ADY, NY

(614) 468-3529

MR. ED WASZKY
DIRECTOR

M P-G

P.0O. BOX 85
BEADFORD, RI

MR. FRED H. WATSON PANEL
SALES MANAGER
GARRETT CORP.

BOX 717

BERKELEY, IL 60187
(312) 5S47-8100

MR. PAUL G, WEADY PANEL
REPRESENTATIVE

SUN ELECTRIC CORP.
WAREHOUSE PT., CT

MS. PATRICIA J. WEBER

SPECIAL PRCJECTS CO-ORDINATOR

U.S. DEPARTMENT OF TRANSPORTATION

OFFICE OF PUBLIC + CONSUMER AFFAIRS

400 7TH ST. SW

WASHINGTON, D.C. 20590
(202) 426-4570

MR. RON WEINER

PRESIDENT

AUTOMOTIVE INFORMATION CCUNCIL

28333 TELEGRAPH RD.

SOUTHFIELD, MI 48034
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MR. MALCOLM A, WEISS PANEL
DEPUTY DIRECTOR

ENERGY LABCRATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
E40-143

CAMBRIDGE, N2 02139
{617y 253-3441

MR. JONATHAN WEISS

ASSISTANT TO THE ASSOCIATE ADMIN.
NATIONAL HIGHWAY TRAFFIC SAFETY ADN.

400 7TH STREET, SW

WASHINGTON, DC 20590

MR. GUENTER WEISSE PANEL
VICE PRESIDENT

PRODUCT PLANNING + ENGINFEERING

ROBERT BOSCH CORPORATION

2800 SO. 25TH AVE.

BROADVIEW, IL 60153
{312) 865-5326

MEF, ERIC WELBOURBNE PANEL
HEAD, VEHICLE RESEARCH SECTION '
TRANSPORT CANADA

ROAD & MOTOR VEHICLE SAFETY BRANCH

TOWER C PLACE DE VILLE

OTTAWA, ONTARIO, CANADR K1RONS
(613) 992-0077

MEk. PETER A. WELLER PANEL
DIRECTOR=-PRODUCT ENGINEERING

DAVIDSON RUBBER CO

DIVISION OF EXCELLO CORP.

INDUSTRIAL PARK

DOVER, NH 03820
(603) 742-0720

PROF. GUENTHER WERNER PANEL
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
CAMBRIDGE, MA 02135

(617) 253-2730

MR, HENRY WESSELLS PANEL
MANAGER SALES ENGINEERING
THE BUDD CO.
3155 W. BIG BEAVER RD.
TROY, MI. 48084
{313) 643-3761
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MR. ROBERT WETHERHOLD PANEL C
RESEARCH ASSOCIATE

UNIVERSITY OF DELAWARE

CENTER FOR COMPOSITE MATERIALS

NEWAPK, DE 19711
(302) 738-2659

MR. R. W, WHEELER PANEL A
RICHARDO (CONSULTING ENGINEERS)

BRIDGE WORKS,SHOREHERM~-BY-SEA

SUSSEX, ENGLAND

MR. H. JRCK WHITE

GENERAL MOTBORS

INDUSTRY-GQVERNNENT PELATIONS STAFF

3044 WEST GRAND BLVD.

DETROIT, HMI 48202

MR. RONALD H. WHITESIDE PANEL A
GROUP CONSULTANT

ROLLS ROYCE MOTORS LTD.

453 SOUTHWOOD DRIVE )
KINGSTON, QNTARIO, CANADA K7M5P8
{(613) 389-8700

DR. PROBERT WHITFORD PANEL B
VISITING PROFESSOR,

INSTITUTE FOR INTERDISCIPLINARY STUDIES
PURDUE UNIVERSITY

A. A. POTTER ENGINEERING CENTER

4EST LAFAYETTE, IN 473907
(317) 494-6 151

MR, HOWARD WHITMAN PANEL A
ADVANCE PLRNNING

C.S. DRAPER LABS., INC.

355 TECHNOLOGY SQURRE

CAMBRIDGE, MA 02139
(617) 258-3574

DR. JEROME B, WIESNER

PRESIDENT

MASSACHUSETTS INSTITUTE OF TECHNOLOGY
ROOM 3 - 208

CAMBRIDGE, MA 02139
(617) 253-4665
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MR. DAVID WILCOX PANEL
DIRECTOR OF INDUSTERIRL MARKETING

DATA RESOUERCES INC.

29 HARTYELT AVE.

LEXINGTON MASS. 02173
(617) 861-0165

MP. MARK A, WILKINS DPANEL
FPIPST SECRETARY - TECHNOLOGY
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