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PREFACE

This bibliography summarizes the published research accom-
plished for the Department of Transportation's Transportation
Energy Efficiency Project and its predecessor, the Automotive
Energy Efficiency Project. The report is separated into three
sections., The first section contains abstracts of reports which
are or will soon be available from the National Technical Inform-
ation Service, Springfield, Virginia 22161. The reports which are
not yet available are indicated by the suffix "U" after the report
number. The second section includes abstracts of working papers
and preliminary memoranda; these documants are available only with
the approval of the author or program manager. The final section
contains abstracts of reports which were requested by the Congress.
These reports were accomplished by the Transportation Systems Cen-
ter in cooperation with other government agencies, and are not
solely the work of the Center.

The report abstracts are indexed by corporate author, per-
sonal author, report number, and subject.
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FINAL AND INTERIM REPORTS

Reports suffixed by the letter "U" are unpublished
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They will be published during 1977.

All other reports are now available to the public
through the National Technical Information Service,
Springfield, Virginia, 22161.
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Research was performed to assess the current federal procedure
for estimating the average fuel economy of each automobile manufac-
turer's new car fleet. Test vehicle selection and fuel economy
estimation methods were characterized statistically and sources of
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to manufacturers under the Energy Policy and Conservation Act
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the estimates were identified, and their potential impact on accuracy
was quantified. Results confirm that the accuracy of the estimates
could be significantly improved with no increase in sample size.
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Lithium/metal sulfide batteries are potentially attractive for use in auto-
mobiles because the electrode materials have a low equivalent weight and form cells
of high specific energy. These batteries employ a molten salt electrolyte (LiCl-
KC1l eutectic; mp, 352° C) and operate at 400-450°C. Because of the high ionic con-
ductivity of this electrolyte, the batteries are capable of very high discharge rates
and thus can provide the high power needed for automobiles. The use of negative
electrodes of solid lithium-aluminum alloy, which exhibits a lower lithium activity
than molten lithium, has minimized reaction with ceramic separators and insulators in
contact with the electrodes. With such electrodes, separators of boron nitride
fabric have performed without failure for more than 3000 hr. The use of solid iron
sulfide, rather than molten sulfur, has improved the capacity and life of the cells,
The search for low-cost component materials continues in order to meet the cost goals
for mass-amrket applications. The maintenance of high operating battery temperatures
requires the development of an inexpensive, compact and high efficiency insulating
jacket. Materials have been identified and designs have been proposed to satisfy
these requirements, but prototype units have not yet been tested.
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16. Abstract

Fuel economy measurement procedures being developed by the Transportation
Systems Center of the Department of Transportation require flowmeters to measure
the gasolins consumed by the engine of an automobile either on the road or on a
dynamometer. The contribution of the National Bureau of Standards to this work
was to ascertain the environment in which the flowmeters will probably be used,
to develop procedures for measuring their performance in a laboratory simulation
of that environment, and to carry out illustrative measurements on a number of
flowmeters.

This report discusses: (1) the environment of the flowmeter in an automobile,
i.e., flowmeter temperature; fuel temperature, pressure, density, viscosity, color,
opacity, flow pulsations, back flow, and swirl due to elbows; line voltage fluctua-
tions; electromagnetic radiation from ignition; vehicle attitude with respect to
the vertical; and vibration, (2) the test set-up and procedure used for evaluating
and calibrating these meters in the laboratory under conditions simulating the
automotive environment, (3) possible sources and magnitudes of errors in the
calibration, and (4) results of illustrative tests on seven flowmeters.
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6. Abstract

lhis report in four volumes presents analyses and assessments of both heat engine/
>attery, and heat engine/flywheel powered hybrid vehicles to determine if they
could contribute to near-term (1980-1990) reductions in transportation energy
consumption under several sets of operational conditions: urban driving;
nighway driving; and stop-start, low-speed delivery service conditions. 1In
addition, the impact of such hybrid vehicle usage on vehicle-related exhaust
emissions was determined, and the ability to accommodate a different energy
resource base in the longer term was evaluated; i.e., by permitting a portion
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flywheel) to be provided by wall-plug electric power fram the utility industry
nstead of from the on-board heat engine. Alternative paths for power trans-
nission from the heat engine to the vehicle drive wheels were considered along
ith the potential of regenerative braking to reduce vehicle energy consumption.
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This report in four volumes presents analyses and assessments of both heat engine/
battery, and heat engine/flywheel powered hybrid vehicles to determine if they
could contribute to near-term (1980-1990) reductions in transportation energy
consumption under several sets of operational conditions: urban driving;

highway driving; and stop-start, low speed delivery service conditions. In
addition, the impact of such hybrid vehicle usage on vehicle-related exhaust
emissions was determined, and the ability to accommodate a different energy
resource base in the longer term was evaluated: i.e., by permitting a portion
of the recharge energy for the on-board energy storage device (battery or
flywheel) to be provided by wall-plug electric power from the utility industry
instead of from the on-board heat engine. Alternative paths for power trans-
mission from the heat engine to the vehicle drive wheels were considered along
with the potential of regenerative braking to reduce vehicle energy consumption.
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16. Abstract

This report in four volumes presents analyses and assessments of both heat engine/
battery, and heat engine/flywheel powered hybrid vehicles to determine if they
could contribute to near-term (1980-1990) reductions in transportation energy
consumption under several sets of operational conditions: urban driving;

highway driving; and stop-start, low speed delivery service conditions. 1In
addition, the impact of such hybrid vehicle usage on vehicle-related exhaust
emissions was determined, and the ability to accommodate a different energy
resource base in the longer term was evaluated: i.e., by permitting a portion
of the recharge energy for the on-board energy storage device (battery or
flywheel) to be provided by wall-plug electric power from the utility industry
instead of from the on-board heat engine. Alternative paths for power trans-
mission from the heat engine to the vehicle drive wheels were considered along
with the potential of regenerative braking to reduce vehicle energy consumption.
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16. Abstract

This report in four volumes presents analyses and assessments of both heat engine/
battery, and heat engine/flywheel powered hybrid vehicles to determine if they
could contribute to near-term (1980-1990) reductions in transportation energy
consumption under several sets of operational conditions: urban driving;
highway driving; and stop-start, low-speed delivery service conditions. In
addition, the impact of such hybrid vehicle usage on vehicle-related exhaust
emissions was determined, and the ability to accommodate a different energy
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of the recharge energy for the on-board energy storage device (battery or
flywheel) to be provided by wall-plug electric power frem the utility industry
instead of from the on-board heat engine. Alternative paths for power trans-
mission from the heat engine to the vehicle drive wheels were considered along
with the potential of regenerative braking to reduce vehicle energy consumption.

17. Key Words 18, Distribution Statement
hybrid automotive vehicles, transporta- | rpig document is scheduled for pub-

tion energy consumption, automotive lication in 1977, after which it
vehicle exhaust emissions, batteries, will be available through the Nat-

flywheels, motors, generators, heat jonal Technical Information Service,

gggi&gg, transmissions, regenerative springfield, VA 22151.

19. Security Classif. (of this report) 20. Security Classif. (of this page) 21. No. of Pages 22. Price

Form DOT F 1700.7 (8-72)

Reproduction of completed page authorized

72



Technical Report Documentation Page

. Report No. - 2. Government Accession No. 3. Recipient’s Catalog No.

)OT-TSC-0ST-77-24 U

. Title and Subtitle 5. Report Dote
‘he potential for automobile weight reduction

6. Performing Organization Code

8. Performing Organization Report No.

. Author’s)

‘rederick J. Hooven, Francis E. Kennedy

. Performing Organization Name and Addres 10. Work Unit No. (TRAIS
‘hayer School of Engineeriné* 05714/£750% )
)artmouth COllege 11. Contract or Grant No.
lanover, NH 03755 DOT-TSC-99

13. Type of Report and Period Covered

2. Sponsoring Agency Name and Address
.S. Department of Transportation Final report

ffice of the Secretary
Efice of the Asst. Sec. for Syst. Dev. and Tech.

ffice of Systems Engineering 14. Sponsoring Agency Code

ashington DC 20590

5. Supplementary Notes

U.S. Department of Transportation
kunder contract to: Transportation Systems Center
Cambridge, MA 02142

6. Abstract

A study has been carried out to evaluate the potental for weight reduction
f automobiles. It is concluded that automobiles of lighter weight than those
current (1976 models) is the domestic market may be built in each of three size
classes, 4, 5, and 6 passenger, and that this can be done within the limits of
presently prevailing designs and materials. Detailed weight breakdowns are
presented for a 4-passenger vehicle of 1987 1bs. curb weight, for a 5-passenger
vehicle having a curb weight of 2551 1bs. and a 6-passenger vehicle of 3271 1bs.
curb weight.

Since weight reduction is without significance unless product characteristics
are well defined, detailed package dimensions are presented for each of the three
size classes, and an improved roominess factor is proposed for the evaluation of
ffective roominess in cars. Other vehicle characteristics are discussed in detail
and defined.

Detailed weight comparisons are presented between present and past designs
of vehicles in each of the three size classes mentioned above.

The design process is outlined and illustrated by the making of design
decisions for a new design of a 5-passenger vehicle. Finally, the potential for
jeight reduction by material substitution is examined.
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16. Abstract

Vehicle miles of travel (VMT) by passenger automobiles is an important
determinant of gasoline consumption, ambient air quality, highway safety, and
personal and corporate financial conditions in the U.S. Changing patterns and
trends in VMT therefore have profound implications for energy conservation,

environmental quality, and economic stability. Forecasts of likely future
levels of VMT have become a central input to transportation policy analysis.

This report was an effort to assess the state of the art of VMT forecasting
and map out strategies for extending it. The work included an inventory of
data sources and a review of existing VMI models. Recommendations for both
long- and short-range future research are included, along with estimates of
effort and costs required for carrying out each possible research strategy.
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16. Abstract
This paper examines some of the dynamic properties of the automobile fleet.

The focus is not on new car demand, but rather on the overall behavior of the
system. Relationships derived from previous studies have been incorporated and
integrated in a single model. This lends empirical credence to the model, as well
as allowinga test of internal consistency for a group of parametric relationships
estimated independently. An additional objective of the work was to test the
utility of the Systems Dynamics modeling approach and the DYNAMO software package

for dynamic automotive fleet model.
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16. Abstroct

The work involved in developing a methodology for assessing lean burn engine
concepts is discussed. An executive summary is given in Volume I and the detailed
results of the first year's work are given is Volumes II through VI. Substantial
progress has been made on the development and use of the combustion model. Through
use of the combustion model, it is shown that cyclic variations in cylinder pres-
sure are due to variations in the turbulent flow field on non-uniformities in the
microscale that effect the ignition process. The laminar flame speed facility has
been developed after an extensive review of existing data. Also, turbulent flame
propagation experiments have been performed which give information on the turbulent
entrainment speed and characteristic reaction times. This data is being used to
improve the turbulent combustion model.

In addition to the experimental work, a cycle simulation program has been
developed which can predict nitric oxide emissions and performance simultaneously.
This cycle simulation can be used with the advanced combustion model to predict
the effect cyclic variations have on engine performance and is an integral part of
formulating a methodology for assessing lean burn concepts.
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16. Abstract
A model describing turbulent combustion in a spark-ignition engine is

presented. The model is based on an entrainment theory and features as parameters
the entrainment theory and features as parameters the entrainment speed and
characteristic reaction time. The model is used in a parametric study on the
effects of mixture and flow non-uniformities. It was found that fluctuations
which affect only the distribution of heat release in a given cycle yield

families of pressure time diagrams with common expansion curves. Whereas
fluctuations in the total heat release per cycle yielded familities of

pressure-time diagrams with different expansion curves.
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in several different configurations to produce estimates of potential automobile
fuel savings possible by 1980.

The authors conclude that the domestic automobile manufacturers could
increase their sales weighted automobile fuel economy by more than 30% by 1980.
The manufacturers of foreign imports which are more fuel efficient than domestic

iutggggiles could meet a 20% improvement but could not meet a 302 improvement goal
Yy .
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FLOWMETERS
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FLYWHEELS
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FREIGHT TRANSPORTATION
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FUEL ECONOMY TESTING
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GAS TURBINE ENGINES
2, 3, 66

GASOLINE
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GOVERNMENT REGULATIONS--MOTOR VEHICLES
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LEAN BURN ENGINES
20, 21, 22, 30, 31, 76, 77, 78, 79, 80, 81, 92

LUBRICATING OILS
96

MANUFACTURING- -MOTOR VEHICLES
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RANKINE ENGINES
66

SAFETY--MOTOR VEHICLES
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SCRAPPAGE--MOTOR VEHICLES
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SPEED LIMITS
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STIRLING ENGINE
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STRATIFIED CHARGE ENGINES
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TECHNOLOGICAL INNOVATION
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