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PREFACE

This eleventh annual report on the implementation of the Electric and
Hybrid Vehicle Research, Development and Demonstration Act of 1976
(Public Law 94-413, as amended by Public Law 95-238, and Public Law
96-185), referred to as the Act, complies with the reporting requirements
established in Section 14 of the Act. In addition to informing Congress of
the progress and plans of the Department of Energy’s Electric and Hybrid
Vehicles Program, this report is intended to serve as a communication link
between the Department and all of the public and private interests involved
in making the program a success.

During FY 1987, significant progress was made toward fulfilling the
intent ofthe Congress in the Act. There has been continuing interest shown
by both the automobile manufacturing and supply sectors of our economy
in electric and hybrid vehicles. The three major domestic automobile man-
ufacturers are all devoting some effort towards electric vehicles. Their
participation includes cost-shared contracts with the Department of Energy
and the Electric Power Research Institute as well as independently funded
activities. Research and development efforts in batteries and propulsion
components continue to achieve significant progress in providing industry
with technology options that will result in vehicles that will be more eco-
nomically competitive and more acceptable to the public.






1. INTRODUCTION

In March 1987 the Secretary of Energy sub-
mitted a Report to the President of the United
States, ““Energy Security,” which was a review
of our energy-related national security interests.
This Report stated: ““Energy-efficiency improve-
ments and the use of alternative fuels for trans-
portation offer great potential for stemming the
trend towards increasing dependence on inse-
cure supplies of petroleum. In particular, the po-
tential should be carefully explored for alterna-
tive fuel systems-including such possibilities as
methanol, compressed natural gas, electricity,
ethanol, gasoline-alcohol mixtures, synthetic oil
products, and hydrogen.” The Department’s

Percant

TRANSPORTATION OIL USE IN RELATION

TO U.S. OIL PRODUCTION

TRANSPORTATION SHARE OF U.S.
PETROLEUM USE

Electric an Hybrid Vehicles Program is con-
ducting research, development, testing and eval-
uation activities to assess the use of electricity
as an alternative fuel system for transportation.

The transportation sector consumed about
14% more oil than the total domestic oil pro-
duction in 1987. Transportation’s share of pe-
troleum consumption has increased dramat-
ically, as other industry sectors have found al-
ternatives, from 51% in 1973 to almost 63% in
1987 (see Figure 1). However, the production of
electricity over this same period has been rela-
tively constant, but the fraction of electricity
generated from petroleum has dropped from 17%

Percent

PETROLEUM SHARE
OF ENERGY INPUT
TO ELECTRIC
UTILITIES

Figure 1. Transportation and Petroleum Use



in 1973 to 4.7% in 1987. Therefore, electric and
hybrid vehicles present a link between low pe-
troleum electricity generation and the large
transportation sector user of petroleum. Depend-
ence on petroleum in transportation could be
reduced by shifting to other energy sources
through electricity and electric and hybrid ve-
hicles.

Cognizant of the fuel flexibility inherent in
electric vehicles and having just gone through
the energy crisis of 1973, Congress passed Public
Law 94-413, the Electric and Hybrid Vehicle
Research, Development and Demonstration Act
of 1976. The Act was to °“. . . encourage and
support accelerated research into, and devel-
opment of, electric and hybrid vehicle technol-

ogies. ...” The Congress and the Administra-
tion continued to support this effort with the FY
1987 appropriation for the Electric and Hybrid
Vehicles Program (EHV) of $13,275 million; the
FY 1986 appropriation was $8,709 million and
an additional $2.5 million was authorized to be
made available from the electric vehicle loan
program and other unobligated EV research funds
for ETX-II.

The Act requires that an organizational en-
tity be established to manage the Electric and
Hybrid Vehicles Program. The Electric and
Hybrid Propulsion Division was established within
the DOE Office of Transportation Systems to
conduct the assigned management responsibili-
ties. Some supporting battery research has been
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Table 1
Major Participants in the Electric and Hybrid Vehicles Program

Automotive Companies
Ford Motor Company

Cost Share of Contract*
5%

Component and Propulsion System Companies

Booz-Allen & Hamilton
Eaton Corporation

Energy Research Corporation
General Electric

Battery Companies
Chloride Silent Power
Eagle-Picher Industries
Johnson Controls, Inc.
Westinghouse

Universities
Georgetown University

13%
5%
27%
5%

19%
25%
25%

8%

14%

Massachusetts Institute of Technology

University of Alabama
Virginia Polytechnic Institute
University of Florida

Fleet Testing Site Operators:

GTE

Long Island Lighting Co.
Detroit Edison

Northrop Corporation
Philadelphia Electric Co.
Arizona Public Service
University of Hawaii

City of Alexandria, Virginia
City of Huntsville, Alabama
United States Navy

73%
60%
60%
34%
49%
42%
38%
50%
57%
80%

‘The variance in the cost-share percentage by site operators is due to the different activities and
contractual arrangements with the site operators. The United States Navy is using its own operation
and maintenance funds to operate the electric vehicles transferred at no cost by the Department of
Energy from completed site operator contracts. Therefore, the cost share from the Navy is relatively

high (80%).
*All contracted efforts are with fee waiver.

conducted by the Office of Energy Storage and
Distribution. The current program structure and
principal responsibilities of the organizational
units are shown in Figure 2.

The major participants in the Electric and
Hybrid Vehicles Program are listed in Table 1.
They include major automotive companies, bat-
tery, component, and propulsion system com-
panies, universities and electric vehicle users from
private firms, utilities, the U.S. Navy and State

and local government agencies. On Table | the
cost sharing commitment of the participants is
also given. Figure 3 is a milestone chart of major
programmatic efforts completed and planned un-
der each of the program elements.

The thrust of the Electric and Hybrid
Vehicles Program in FY 1987 continued to be on
battery and propulsion subsystems development
up to the level of the testing and evaluation of
proof-of-concept vehicles. The progress being
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made in developing electric and hybrid vehicle
technologies will be described beginning with
highlights of recent accomplishments in FY 1987.
Detailed descriptions of the program activities
during FY 1987 will be given on battery and pro-
pulsion systems development and the testing and
evaluation of new technology in fleet site oper-

ations and laboratory testing. In accordance with
the reporting requirements of the Act, the
Annual Report contains a status report on in-
centives and use of foreign components and con-
cludes with a List of Publications resulting from
the DOE program.



2. FY 1987 ACCOMPLISHMENTS

Significant progress occurred in each of the Electric and Hybrid Vehicles (EHV) Program-areas
during FY 1987. The following are highlights of those achievements.

RESEARCH AND DEVELOPMENT

e Johnson Controls, Inc. (JCI) completed lished and alternative conceptual designs

the design and development of the equip-
ment and processes necessary for the
fabrication of full-size cell components
specifically tailored for the flow through
lead-acid battery concept. This prototype
tooling now permits flow-through lead-acid
cells to be fabricated in significant quan-
tities and in a much more reliable and
reproducible manner.

Idaho National Engineering Laboratory
(INEL) awarded a multi-year contract to
Westinghouse Electric Corporation for the
development of iron-air batteries for elec-
tric vehicle (EV) propulsion. This con-
tract incorporates air-electrode research
and development (R&D) to improve its
power and life characteristics and hard-
ware scale-up to demonstrate full-size EV
battery capabilities. During FY 1987 the
peak power of full-size EV prototype cells
containing two 400 cm? air electrodes on
either side of a double-faced center iron
anode was increased threefold through
compositional, structural, and processing
refinements in the production of air elec-
trodes. Cells with this type of power
capability, projected power density of
>100 W/kg for a weight-optimized cell,
are scheduled for independent evaluation
in early FY 1988.

Sodium-sulfur advanced battery devel-
opment for electric vehicle applications
continues to make progress at Chloride
Silent Power, Ltd. During FY 1987, cell
and module design criteria were estab-
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were proposed. The contract final deliv-
erable was redefined to be a battery spe-
cifically designed for road testing in the
ETX-II experimental vehicle. The con-
tract statement-of-work was modified to
reflect this change. The battery goals, de-
rived from the vehicle and sub-system
requirements, are a specific energy of
90 Wh/kg and a specific peak power of
90 W/kg.

e Sandia National Laboratories (SNL)
awarded a contract to JCI for the multi-
year engineering development of zinc-
bromine electric vehicle technology. The
contract amount is $2.4M over three years.
Under this contract, JCI has begun con-
ducting core technology R&D that sup-
ports the develppment of the contract de-
liverable, which is a proof-of-concept
electric vehicle battery.

e The JCI, zinc-bromine technical effort
achieved progress on component devel-
opment directed at improving materials
durability, such as dimentionally stable
electrodes and flow frames. A new cell
stack using high density polyethylene was
designed and will be evaluated early next
year. Progress was made in stack sealing
techniques and improving control sys-
tems. An 8-cell stack was delivered to
SNL for evaluation. It is currently meet-
ing design goals.

e A 36-V lithium/metal sulfide battery was
constructed by Argonne National Labo-






ratory (ANL) and Gould. Inc. and tested
at ANL under simulated electric van op-
eration conditions. The Li-alloy/FeS bat-
tery delivered twice the normal range of
the van with a battery one-halfthe weight
of'lead-acid, it is designed to replace. The
improved, low-cost, high-temperature
vacuum insulation developed for the bat-
tery operated successfully in this 7.5 kWh
test, with a heat loss of less than 200 W
expected from a full-size battery.

In Phase I of the Fuel Cell/Battery Pow-
ered Bus Systems Program, two-year, cost-
shared contracts were awarded for the
system design and integration of phos-
phoric acid fuel cell/battery hybrid pro-
pulsion systems. Energy Research Cor-
poration will examine an air-cooled
phosphoric acid fuel ceil system, while a
R&D team consisting of Booz-Allen &
Hamilton, Chrysler, and Engelhard will
examine a liquid-cooled phosphoric acid
fuel cell system. In Phase I each contrac-
tor will demonstrate the proof-of-feasi-
bility by assembling and evaluating a
30 kW brassboard propulsion system.

In support of the EV battery R&D activ-
ities, laboratory tests were conducted at
ANL to evaluate the ability of advanced
battery systems to perform the mission
requirements of electric vehicles. Simu-
lated vehicle operations including the
Federal Urban Driving Schedule and other
driving profiles were conducted on full-
size nickel-iron, zinc-bromine, sodium-
sulfur, and lithium/iron-suifide battery
systems. Developmental hardware from
flow-through lead-acid, nickel-iron, and
nickel-cadmium battery R&D programs
were also evaluated. The evaluation re-
sults provided a measure of the success
of the battery development efforts and
provided insights into the direction the
research programs should take.

The DOE Task Force completed its re-
view of EV battery R&D goals and fin-
alized the Battery R&D Goals Report.
Comments received from the EV and bat-
tery industry were incorporated into the

final version of the report. The new set
of goals, which are based more on real-
world conditions than previous goals, will
provide better bases for industry to make
quality decisions for future technologies.

The development effort on the first test-
bed vehicle (TB-1) for the Dual-Shaft Ad-
vanced A.C. Propulsion System Program
(DSEP), including the integration of nickel-
iron batteries, was completed and testing
was initiated.

All designs and fabrication of the major
subsystems of the Single-Shaft Advanced
A.C. Propulsion Technology Program
(ETX-II) were completed. This advanced
propulsion system utilizes new materials
in an interior permanent magnet motor.
Putting the propulsion system in an un-
sprung rear-axle environment for the first
time contributes to its producibility and
reduction in costs.

A peer group panel composed ofindustry,
laboratory and government personnel re-
viewed the EHV propulsion technology
research and development effort. The
mission of the panel was twofold: (1) to
conduct an objective, independent as-
sessment of the DSEP and ETX-II pro-
grams; and (2) to assess the contribution
of'these two programs to the overall Elec-
tric and Hybrid Vehicles Program. Basic
conclusions were positive towards the
program effort and recommendations (as
described on page 33) were made for pro-
gram improvement.

INEL awarded an 18-month contract to
Sheladia Associates, Inc., to assist in the
development of a multi-year EV power
source R&D program plan. Sheladia’s
team of ten power source and EV con-
sultants are working, together with rep-
resentatives from six National Labora-
tories, to conduct a mission-directed power
source assessment for the IDSEP van.
Results from the assessment will be used
to develop a five-year R&D program plan
for DOE’s sponsorship of'selective power
source technologies.



TEST AND EVALUATION

e Johnson Controls Inc., under contract to
INEL, developed flame attenuation hard-
ware capable of inhibiting or mitigating
the force of a hydrogen ignition in either
nickel-iron or lead-acid batteries. Inde-
pendent testing of this capability was
started at INEL.

A commercially developed sealed lead-
acid battery from the Concorde Battery
Corporation successfully completed the
standard battery capacity test cycles in
the INEL battery laboratory. A complete
battery pack delivered 119 ampere-hours
at the 3-hour discharge rate with a specific
energy of 25 Wh/kg.

The University of Alabama completed the
development of a uniform module charg-
ing algorithm and installed it in a vehicle
to determine how well it adapts to battery
needs as the battery ages and what effect
it has on vehicle range-reliability with bat-
tery age. This testing is being done in a
vehicle that incorporates Phase IV Gel/
Cell lead-acid batteries.

The government-industry cost-shared Gel/
Cell battery program was completed. It
resulted in a family of semi-industrial bat-
tery models that have been modified to
accommodate traction applications: a 6V-
200 (6 volt 200 ampere hour), a 12V-100
(12 volt 100 ampere hour), and a 2V-600
(2 volt 600 ampere hour), model. The 6V-
200 and 12V-100 models are inventoried
as commercial products by the Industrial
Products Unit of Johnson Controls, Mil-
waukee, Wisconsin; but the 2V-600 is a
special order item. The program stimu-
lated a joint venture between Exide and
Sonnenschein to build an industrial tu-
bular gelled battery for railroad signal ap-
plications.

Phase III Gel/Cell batteries were field
tested in sedans and pickups at 10 sites
across the country. Most of the test pro-
grams have been completed and the over-
all conclusion by the sites has been that,
in general, the Phase III Gel/Cell reduced

the cost of operation and improved cold
weather performance over the conven-
tional, flooded, lead-acid battery. How-
ever, there has been a slight sacrifice in
vehicle acceleration, range and battery life.

Testing of Johnson Controls, Inc., Phase
IV and Concorde Gel/Cell batteries com-
menced at Detroit Edison Company
(DECO) and U.S. Navy sites, respec-
tively. These batteries provide improve-
ments in stored energy and reduced cost
of manufacturing over previous Gel/Cell
versions. However, cycle life is still to be
determined.

= A microprocessor controlled ‘‘smart”

charger that provides temperature com-
pensation has been used in conjunction
with the Phase III Gel/Cells at various
sites. DECO reported that during the six-
teen month test period, the chargers
warned operators immediately of abnor-
mal conditions, such as unequalized
charging and inability to achieve the pre-
scribed voltage limit in a given time pe-
riod. Through these warnings it is be-
lieved that the charger prevented serious
damage to the traction battery.

Six General Motors Griffon vans have been
tested in commercial fleet service by
DECO. During the test period, which
started in December 1984 and ended in
March 1987, over 90,000 km were driven
and approximately 1900 charge cycles were
accumulated on the Lucas Chloride tu-
bular lead-acid batteries.

The Alber Battery Capacity Tester has
proven effective at DECO, Navy sites and
GTE in isolating weak or bad modules
and bad interconnections in battery sys-
tems.

» Eagle-Picher introduced National Stan-

dard’s Fibrex® nickel material into the
nickel electrode of their nickel-iron bat-
tery technology with improved perform-
ance and with a high potential for a 15%
cost reduction in material. The develop-
ment of a thicker sintered-powder nickel
electrode has increased the available ca-



pacity by 30% over a battery module of
the same size and weight in 1986.

Arizona Public Service Company (APSC)
tested improved battery interconnectors
and thermal measuring devices which re-
duce the chances of a battery explosion.
The improved battery interconnectors
have completed one year’s operation
without major operating problems. The
thermal measuring devices are standard
infrared sensing equipment, which detect
excessive battery compartment temper-
atures, and permits thermal mapping which
can help to identify defective ceils.

New dc/dc converters by Eaton and So-
leq were tested at DECO and LILCO.
These converters with higher 12V current
outputs alleviate the winter load problem.
At DECO, three Eaton prototype dc/dc
converters and three production Soleq
converters were installed in VW Rabbits,
whereas LILCO evaluated four Soleq dc¢/
dc converters in Eagle-Picher Escorts.
Minor problems have been encountered
with the Eaton converters but the Soleq
converters have been operating without
problems since November 1986.

Evaluation of two South Coast Technol-
ogy (SCT) Rabbits with improved nickel-
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zinc battery systems was completed at
DECO. The system demonstrated good
driving performance, good operation in
cold weather, low water consumption and
good energy efficiency. However, the short
cycle life of current technology nickel-
zinc batteries is considered a major bar-
rier to its widespread use in transporta-
tion applications.

Transistorized controllers have been suc-
cessfully substituted for the older SCR
controllers in vehicles operated by GTE
and LILCO. The operation and reliability
of these new controllers has proven so
effective that the fleet managers want to
replace all the controllers in the fleet with
the transistorized version.

An analysis of the effects of field vari-
ables, such as vehicle use patterns, driv-
ing conditions and driver techniques on
the life expectancy of commercial, lead-
acid batteries, was completed. It was found
that manufacturing batch variation is a
major cause of differences in field service
life expectancy. It was further noted that
a trip length, which resulted in discharg-
ing the battery pack to half its rated ca-
pacity, was found to maximize battery life.



3. RESEARCH AND DEVELOPMENT

Research and Development activities (R&D) are assigned to two areas: Electric Vehicle Tech-
nology (including Battery Technology and Propulsion System Technology) and Advanced Technology
(including Hybrid Vehicle Evaluation, Component Development, and Fuel Cell/Battery Powered Bus
System Development). The activities conducted in FY 1987 within each of these R&D elements are

described below.

ELECTRIC VEHICLE TECHNOLOGY

Battery Technology

The objective of the Battery Technology
Research and Development Activity is to ad-
vance promising battery technologies to levels
of maturity that will allow industry to make qual-
ity decisions regarding their potential viability as
foundation technologies for commercial product
development. To this end the DOE conducted
research and development on flow thru lead-acid,
lithium aluminum-iron sulfide, iron-air, sodium-
sulfur, and zinc-bromine battery technologies
during FY 1987. Major R&D contracts have been
awarded to industrial developers of these bat-
teries for electric propulsion. Each of these con-
tracts will culminate with the fabrication and de-
livery of full-size battery systems for evaluation
and testing in electric vans. The chart in Figure
4 provides the current status of these electric
vehicle battery technologies. Figure 5 shows a
photograph of each of the various battery can-
didates currently under development for the
Electric and Hybrid Vehicles Program.

Flow Thru Lead-Acid Battery

R&D activity for the flow thru lead-acid bat-
tery is managed for DOE by Argonne National
Laboratory (ANL). This activity includes bat-
tery technology R&D, experimental evaluation
of development hardware, and battery applica-
tion studies and assessments.

Johnsons Controls, Inc., (JCI) continued the
development of an advanced lead-acid battery
under a four-year $3.3 million contract which

1

was initiated in December 1985. JCI, the world’s
largest manufacturer of automotive batteries, also
provides a 25% cost-share of the contract costs.
The objective of the R&D effort is to improve
the performance and life of lead-acid batteries
to meet the mission requirements ofelectric vans.
The work is based on an innovative concept
whereby the forced flow of electrolyte through
the porous lead and lead dioxide electrodes is
employed to achieve a dramatic increase (85%)
in the utilization of these materials. During FY
1987, JCI completed the design of equipment and
techniques for the fabrication of full-size cell
components specifically tailored for the flow-
through concept, including redesigned grids and
the development of processes for molding pol-
ypropylene frames around each electrode. This
prototype tooling has permitted developmental
cells to be fabricated in significant quantities in
a more reproducible and reliable manner. In ad-
dition, progress was also attained in extending
the cell lifetimes by 100%. The hand-fabricated
cell constructed during FY 1986 had a life of only
about 20-50 cycles; the new cells constructed
with prototype tooling during FY 1987 routinely
achieved 80-100 deep discharge cycles in tests
conducted at JCI and at ANL.

Lithium Aluminum-Iron Sulfide Battery

ANL continued its leadership role in the
development of the lithium/metal-sulfide battery
under programs co-sponsored by the DOE, the
Electric Power Research Institute, and the Ten-



Electric Vehicle Battery R&D Technology Status

Battery Developer Designation Status™
Row-Thru Lead-Acid JCI C
(Pb/AI BG
Zinc/Bromine JCI 730 B
1Zn/Bfj) BG
Lithium Aluminum/ ANL/Gould 9 Calls M
Iron Sulfide 12V
IU Al/FeSI BG
Sodium/Sulfur CSPL PB c
INa/S) (10.0 Ahl BG
Iron/Air Waitinghouse C
(Fa/Alrl BG

'Status: C, Cells; M, Modules; B, Battery
"Depth of Discharge.

Specific Cycle Cost/

Specific Peak Power Projected Life Cycle/
Energy at 50% DoO OEM Cost (Cycles to kWh
(Wh/kg) (W/kg) (1987 $/kWh) 30% DoD)## (1987 9)

47 104 > 80

56 79 72 450 0.18

55 88 >  35%"

75 79 75 600 0.12

100 920 > 150

100 106 91 500 0.15

166 210 >1000

100 106 91 600 0.15

70 50 > 120

100 106 91 600 0.15

"'Current R&D Core Program is Aimed at Improving Cycle Life While Maintaining Specific Energy & Power.
BG: Mission Directed Goals for EV Battery R&D Based on IDSEP Van and Tested Under Simplified Federal Urban Driving Schedule ISFUDS).

9/29/87

Figure 4. EV Battery R&D Technology Status

nessee Valley Authority. During FY 1987, a 36-
V, 7.5-kWh Li-alloy/FeS battery was con-
structed, which successfully met the energy and
power requirements needed in an electric van
simulation in a test at ANL. The test showed
that the Li-alloy/FeS battery could more than
double the normal range ofthe van with a battery
that weighed one-half as much as the lead-acid
battery it is designed to replace. In addition, an
improved low-cost, high-temperature, vacuum-
insulation enclosure was developed for the bat-
tery which minimized the heat loss expected for
a full-size battery to less than 200 W.

Iron-Air Battery

Idaho National Engineering Laboratory
(INEL) manages and administers the engineer-
ing development of iron-air batteries at West-
inghouse Electric Corporation. A multi-year, $5.5
million cost-shared (8%) contract was awarded
to Westinghouse in January 1987. It emphasizes
air-electrode development and hardware scale-
up to a full-size battery for evaluation in an elec-
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tric van. With the increases being sought in air-
electrode power and cycle life, iron-air cells could
achieve the desired performance and operating
characteristics for an EV power source. During
FY 1987 the compositional, structural, and pro-
cessing refinements achieved in the fabrication
of 400 cm? bifunctional air electrodes led to a
threefold increase in the peak power deliverable
from full-size EV cells > 100 W/kg projected power
density for a weight-optimized cell. Experimen-
tal ceils of this type are being built for indepen-
dent evaluation.

Sodium-Sulfur Battery

In September of 1986, Sandia National Lab-
oratories (SNL) initiated a 19% cost-shared con-
tract with Chloride Silent Power, Ltd., (CSPL)
to conduct the core technology R&D and engi-
neering development of the sodium-sulfur tech-
nology. SNL is responsible for material re-
search, component evaluation, and environmental
testing, including technical direction of the de-
velopment contract. The three-year, S1.5M ef-



Figure 5. EV Battery Candidates

Flew Thru Lead-Acid

Lithium Aluminum Iron-Sulfide
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fort is aimed at the development and evaluation
of low-cost, long-life cells and proof-of-concept
batteries that demonstrate high specific energy
and high specific power for electric vehicle ap-
plications. During FY 1987, CSPL established
cell and module design criteria, proposed alter-
native conceptual designs, adopted the ETX-II
application for establishing the contract deliv-
erable battery goals, and performed preliminary
systems development of thermal controls and
cell interconnection strategies.

Zinc-Bromine Battery

Sandia initiated a contract with Johnson
Controls, Inc., (JCI) in December 1986, to con-
duct the core technology R&D and engineering
development of the zinc-bromine technology.
SNL is responsible for material research, com-
ponent evaluation, and environmental testing,
including technical direction of the development
contract. The three-year, $2.3M cost-shared (25%)
effort is aimed at the design, fabrication, and
evaluation of an improved zinc-bromine battery
system suitable for electric vehicle propulsion.
During FY 1987, JCI initiated the evaluation of
alternative types of cathode activation layers used
on the bromine electrode; achieved progress on
improving materials durability, including dimen-
tionally stable electrodes and flow frames; fab-
ricated a new cell stack using high density poly-
ethylene; and fabricated an 8-cell stack for
evaluation at Sandia.

Propulsion System Technology

The objective of the Propulsion System
Technology Development Activity is to concur-
rently advance battery and powertrain technol-
ogies in a mission-oriented, integrated fashion
within the context of a total propulsion system
perspective. These technologies are to be ad-
vanced to levels of maturity that will allow in-
dustry to make quality decisions regarding their
potential viability as foundation technologies for
the development of commercial products suita-
ble for electric vehicle applications. In order to
enhance the transfer of these technologies to po-
tential manufacturers of derivative commercial
products, contracts for development of the tech-
nologies have been placed with industrial teams
that not only have the necessary development
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expertise but also have the capability to manu-
facture related products should it become in their
business interests to do so.

The implementation strategy for the Pro-
pulsion System Technology Development Activ-
ity involves a two-pronged approach that pro-
vides a balanced blend oftechnology advancement
versus risk. The two prongs are the Dual-Shaft
Electric Propulsion System Technology Devel-
opment Program (DSEP) and the first and second
generation Single-Shaft Electric Propulsion Sys-
tem Technology Development Programs (ETX-I,
ETX-II). The DSEP Program is scheduled to be
completed in December 1988; the ETX-I R&D
Program was completed in October 1986; and
the ETX-II Program is currently scheduled to be
completed in March 1989. The DSEP Program
involves more mature base technologies and,
consequently, has a somewhat higher probability
of success and more near-term potential. The
nickel-iron battery technology and the dual-shaft
powertrain technology in the DSEP Program are
upgraded generations of technologies that have
been under development in the Department’s
program over the past several years. The tech-
nologies of the DSEP Program are therefore more
mature and closer to commercialization than the
more advanced technologies of the sodium-sul-
fur batteries and powertrain of the ETX Pro-
grams. The more advanced battery and single-
shaft propulsion system technologies will require
several more years of development to resolve
reliability and cost issues before they can be
commercialized. Currently expected test bed ve-
hicle performance from the two development ef-
forts is tabled below, although some of the
ETX-II quantities are estimates dependent upon
the final selections of technology, particularly
the battery.

Dual-Shaft Electric Propulsion System Program
(DSEP)

The Dual-Shaft Electric Propulsion (DSEP)
System Technology Development Program is
aimed at advancing electric propulsion technol-
ogy through the integrated development of a
nickel-iron battery, an AC motor and controls,
and a two-speed automatic transaxle within a
light weight van suitable for use in an urban/
suburban environment (the motor and transaxle
are arranged on two parallel axes, hence the term



Table 2

Range on FUDS
Acceleration (0-80 km/h)
Gradability Percent Grade
Speed at Grade
Gradability Limit

Top Speed

Payload

Drivability

Energy Consumption

““dual-shaft’”). The 54 month program is sched-
uled for completion in December 1988.

The DSEP program industrial research team
includes Eaton Corporate Research and Devel-
opment, Detroit Center (Southfield, Mi), the prime
contractor, with responsibilities for powertrain
technologies and propulsion system integration;
Eagle-Picher Industries (Joplin, MO) responsi-
ble for battery technology; and ASC, Inc.,
(Southgate, MI) responsible for test vehicle
modification and integration. This team is shar-
ing 5% of the research post.

There were several major accomplishments
during the third full fiscal year of the program:

Dynamometer testing of the entire inte-
grated powertrain system intended for the
proof-of-concept test bed vehicle (TB-1) was
completed. The tests proved successful sys-
tem operation at steady state, dynamic, and
extreme temperatures, and assured subsys-
tem compatibility as well as readiness for
vehicle installation.

The first test bed vehicle, an extended ver-
sion of the Chrysler T-1I5 mini-van, was
made operational. Vehicle conversion for
the DSEP powertrain installation was per-
formed by ASC, Inc. The third complete
nickel-iron battery pack was furnished by
Eagle-Picher Industries and incorporated
improvements deemed desirable from tests
of the first two battery packs. Installation
of the entire powertrain system was com-
pleted at Eaton Corporate Research and De-
velopment, Detroit Center. Initial shake-
down and basic driveability tests were

DSEP ETX-II

80 km >160 km

20 sec <20 sec to 60% SOC

3% 7%

88 km/h 48 km/h

30% 30%

96 km/h 96 km/h
545 kg 227-454 kg

Industry Acceptable

280 Wh/km 250 Wh/km
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completed at the same location, with sat-
isfactory results.

Extensive vehicle performance tests were
conducted at Chrysler Corporation's Chel-
sea Proving Grounds, reaching or exceeding
most original performance goals. (The TB-1
vehicle undergoing test, is presented in Fig-
ure 6.) The peak power was observed to fall
short of the established program goal, re-
sulting in somewhat reduced vehicle accel-
eration. Consequently, the power limiting
system element, the inverter, was rede-
signed for higher power, and was fabricated
for use in the second vehicle that will be
built for the DSEP program—the NVH
(noise, vibration, harshness) test vehicle. All
other subsystems ofthe NVH vehicle, a sig-
nificantly improved powertrain incorporat-
ing many innovations resulting from the
TB-I test and development work, were de-
signed and fabricated. Tests of the NVH
vehicle are scheduled to start in February
1988.

A major advance in electric vehicle drive-
train technology was achieved with the de-
velopment of a control feature that elec-
tronically eliminates the effect of driveline
torsional resonances by sensing the rate of
change of traction motor and transaxle out-
put speeds and then correspondingly mod-
ulating the traction motor torque to obtain
a smooth transaxle output torque delivery.
This feature has effected smooth full-load
vehicle starts and transaxle shifts without
any mechanical or hydraulic torque modu-
lation necessary for either function, and



Figure 6. DSEP Vehicle Under Developmental Testing
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without the need for any torsional dampers
in the driveline. This feature is fully oper-
ational in the TB-1 vehicle powertrain.

The DSEP battery subsystem underwent
extensive developmental and life cycle tests
at Argonne National Laboratories, Eaton and
Eagle-Picher. The subsystem appears ca-
pable of meeting all program goals which
are among the most ambitious ever imposed
on a vehicle battery. The testing of the
30 kWh DSEP nickel-iron battery on re-
peated cycling, which simulates a 50 mile
daily operation in a fleet electric van on the
Federal Urban Driving Schedule (FUDS),
has accrued over 500 cycles (>25,000 miles)
in an ongoing evaluation. A detailed anal-
ysis has indicated that the power capability
of'the battery is affected by the temperature
variations which exist in the battery pack,
with the coolest modules limiting the per-
formance ofthe overall battery. This finding
accentuates the need for careful thermal
management of the battery, and modifica-
tions were implemented to solve this prob-
lem. The battery continues to exceed the 50
mile range requirement, while meeting the
52 kW power level required for acceleration
from 0-50 mph in 20 seconds. However, an
area of concern is the subsystem’s ability to
provide full vehicle acceleration power near
the end of each simulated FUDS discharge
cycle. An intensive effort is underway to
fully diagnose and have the problem cor-
rected in FY 1988.

2nd Generation Single-Shaft Electric Propulsion
System Program (ETX-II)

The ETX-II Program is advancing overall
propulsion system technology through the inte-
grated advancement of sodium-sulfur battery
subsystem technology and single-shaft alternat-
ing-current powertrain technology. This pro-
gram is addressing several new, innovative tech-
nological advances over the state of the art
reflected in the ETX-I Program. As in the
ETX-I Program, the Ford Motor Company is the
prime contractor and General Electric is a major
subcontractor. General Electric is responsible
for the electric subsystem, which includes the
motor, its controls, and the inverter, including
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the power modules. Another subcontractor will
be selected in FY 1988 for the sodium-sulfur bat-
tery. The program was carried at normal pace
during FY 1987 after the slowed pace in FY 1986
due to the funding difficulties (i.e., lack of mon-
ies returned from the loan guarantee program);
the program was extended to March 1989.

Many major technological advances will re-
sult from the ETX-II research program. Included
among these are:

A new interior permanent magnet (IPM)
motor for the transaxle assembly, which will
be integrated into the rear axle of the test
bed van;

Development of the control algorithms re-
quired for control of the interior permanent
magnet motor;

Further development of the unique power
modules;

Improvements to the inverter to reduce its
size and weight; and

Integration of the vehicle controls and the
electric subsystem controls to provide a sys-
tem controller that is in command of the
entire propulsion system.

In addition, specification and integration of an
advanced sodium-sulfur battery is included in
the program to assure that this important portion
of the propulsion system is included in all of the
system design trade-offs. Discussions have been
held with Powerplex Technologies and Chloride
Silent Power Limited on supply of traction bat-
tery subsystems for use in the ETX-II Program.

There were several major accomplishments
and advances made during FY 1987 on the pro-
gram:

All of the design work was completed and
builds of all major subsystems were com-
pleted or near completion. The new interior
permanent magnet motor was operated sat-
isfactorily on the dynamometer. Prelimi-
nary results from this testing indicate that
the ETX-II motor is 90% to 97% efficient in
the normal operating ranges. This is an im-
provement of about 5% over the induction
motor used in the ETX-I Program. The



ETX-II integrated interior permanent mag-
net motor and transaxle are pictured in Fig-
ure 7. The phase leg power modules were
completed and tested; the inverter was built
and preliminary testing accomplished; the
inverter/motor controls were tested and most
of the final circuitry completed; the trans-
axle design was completed, including the
valve body, and fabrication of the parts in-
itiated; and the system controller was built
and preliminary integration tests done.

Design efforts on packaging the subsystems
in the test bed vehicle were completed. All
major components, with the exception of
the traction battery, have been packaged in
a location compatible with production con-
siderations.

Considerable work was also done to im-
prove the simulation programs that are used
to evaluate the effects of design changes and

to help design the subsystem control algo-
rithms. These simulations have been ex-
panded to include new features and have
been used extensively to establish design
criteria for transmission shifting as well as
keeping track of subsystem design status.
Operation of the simulation program indi-
cates that the present component designs
allow the system operation to be consistent
with the program goals. In particular, the
two important parameters of energy con-
sumption and acceleration performance are
within the targets set for the program.

This program, which is approximately two-
thirds complete, will result in a propulsion sys-
tem suitable for a light commercial van. This
propulsion system will be the most advanced
system built to date, and one whose features will
enhance the probability of such a propulsion sys-
tem being a viable commercial product.

Figure 7. ETX-II Integrated Interior Permanent Magnet AC Motor and Automatic Transaxle
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ADVANCED TECHNOLOGY

Hybrid Vehicle Evaluation

Although the hybrid vehicle program has
not been funded since FY 1985, DOE is contin-
uing a small in-house activity to keep abreast of
current developments both foreign and domes-
tic. In addition, a low level effort is underway
to examine the performance and cost trade-offs
with various battery options utilizing available
computer models, such as MARVEL and HY-
VEC. DOE is also coordinating with the Electric
Power Research Institute (EPRI) in their plan to
develop and test a gasoline/electric range-exten-
der hybrid vehicle concept.

Component Development

A variable-reluctance motor (VRM) has been
constructed offering the potential to significantly
reduce the parts count in the inverter with a
comparable production induction motor while
maintaining high efficiency and power density.
The previous theoretical work by Massachusetts
Institute of Technology has now been confirmed
through testing of'a 60 kW proof of concept mo-
tor. The 65 kg (168 1b.), 60 kW (80 h.p.) motor
is 20 cm in diameter and 30 cm in length. It was
high power tested at the General Electric Lab-
oratories during the last quarter of FY 1987. It
exceeded computer torque projections and
reached efficiencies as high as 95%. Unique fea-
tures of the VRM inverter include allowance of
a high battery voltage (240V) and relatively low
currents. The inverter drive utilizes high voltage
GTO fast switching thyristors with only one high
power switch per phase. Even though the motor
has a high power to weight ratio, it runs at mod-
erate speeds up to 12,500 rpm. Smaller versions
of the VRM have already found applications in
the robotics industry and are being tested in com-
petition with permanent magnet motors for air
conditioning compressors.

The VRM program has also generated a
method of determining the motor-rotor position
without a mechanical shaft encoder. The micro-
processor method of observation and control has
been tested by a permanent magnet motor man-
ufacturer and found to work equally well in that
application.
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The VRM program will continue into
FY 1988 with the objectives of completing Phase
I with delivery of a final report for that Phase,
improving the low speed motor-controller effi-
ciency, integrating the observer position indi-
cator software into the control algorithm and
documenting and verifying the motor design loss
model.

Fuel Cell/Battery Powered Bus System
Development

During FY 1987, DOE initiated a Congres-
sionaily mandated program to conduct research,
development, and demonstration of a Fuel Cell/
Battery Powered Bus System Program.

The Departments of Energy (DOE) and
Transportation (DOT) initiated a cooperative
multiyear program in FY 1987 for the research,
development, and demonstration of a fuel cell/
battery powered bus system for urban passenger
transport. Argonne National Laboratory pro-
vides the technical management for these activ-
ities, and Georgetown University provides ad-
ditional support under a cost-sharing (14%)
contract with DOE.

Fuel cells potentially can provide the range
advantages of'an internal combustion engine, but
with clean and quiet operation using non-petro-
leum based fuels. The objectives of this program
are to develop, evaluate, and show the feasibility
of a methanol-fueled phosphoric acid fuel cell/
battery technology aimed at proof-of-concept via
a small urban test bed bus; to advance the fuel
cell/battery and control technologies in an inte-
grated fashion for urban bus applications; to show
the technology viability/maturity for urban bus
applications; and to advance the technology
towards providing an alternative for diesel-pow-
ered buses.

The fuel cell/battery hybrid propulsion tech-
nology being developed in this program must
satisfy the requirements of the urban bus appli-
cation, many of which are unique and new for
fuel cell power sources. Evaluation of the state-
of-development of the various fuel cell types led
to the selection of the phosphoric acid fuel cell
as being the only viable candidate for the bus
application in the next few years. Furthermore,
the continuous start-stop operating mode of an
urban bus imposes wide power demand swings



(peak to average power ratios of'3 to | or more)
on the power source, along with rapid transient
response requirements. For maximum energy ef-
ficiency the recovery of the bus kinetic energy
through use of efficient regenerative braking is
desirable. These performance considerations led
to the selection of'a fuel cell/battery hybrid power
source as being the most compact, efficient and
cost effective. The fuel cell can be sized to pro-
vide the average power requirement with the ad-
ditional power required during acceleration sup-
plied by the battery, which can also readily accept
the regenerative braking energy. This also elim-
inates the need to develop a fuel reformer with
a rapid transient response. The battery must be
capable of efficiently supplying the high accel-
eration power and accepting the high regenera-
tive braking power while having an acceptable
cost and life. Other technical considerations in-
clude a requirement for the use of methanol fuel,
achievement of acceptable startup times, mini-
mum power source size and weight, and meeting
all safety and emission standards.

The first phase of the planned four-phase
program is directed at showing the proof-of-fea-
sibility of'a phosphoric acid fuel cell/battery sys-
tem as the prime source of power for an urban
bus. Phase I is a system design and integration
effort that encompasses systems definitions, trade-
off analyses, and laboratory evaluation of a fuel
cell/battery brassboard propulsion system. An
RFP for the Phase I work was issued in FY 1987,
and on the basis of this competetive procure-
ment, it was determined technically that an eval-
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uation of both air-cooled phosphoric acid fuel
cells as well as liquid-cooled systems would pro-
vide the greatest probability of success in ap-
plying fuel cell technology to transportation needs.
As a result of the competetive procurement pro-
cess, a $2.5 million cost-shared (27%) contract
was awarded to the R&D team of Energy Re-
search Corporation, Bus Manufacturing USA,
Inc., (BMI), and Los Alamos National Labo-
ratory to develop an air-cooled phosphoric acid
fuel cell/battery brassboard system; and a $2.1
million cost-shared (13%) contract was awarded
to the R&D team of Booz-Allen & Hamilton,
Chrysler, and Engelhard to develop a liquid-
cooled phosphoric acid fuel cell/battery brass-
board system. This approach will permit a full
evaluation of each technology in a total systems
environment. After completion of the brass-
board evaluations in Phase I, a decision will be
made to select one technology for the Phase II
effort. Phase Il encompasses the development
of the proof-of-concept fuel cell/battery power
source and the powertrain components, and the
integration of these into a small test bed bus.
Track testing and field evaluation of this test-bed
bus with the proof-of-concept fuel cell/battery
power source will be accomplished in Phase III.
Phases | through III will provide the technology
development and demonstration needed to pro-
ceed to Phase 1V, which encompasses field test-
ing of small fleets of prototype buses in various
urban applications. The results of Phase IV will
provide the data and experience needed by in-
dustry to make commercialization decisions.



4. TEST AND EVALUATION

Test and Evaluation (T&E) activities are performed on newly developed and existing technologies to
characterize their performance potential in laboratory and field environments. The functions are carried
out in three separate elements: Site Operations, Technology Engineering and Engineering Evaluation Testing.

The activities conducted in FY 1987 within each of these T&E elements are described below.

Site Operations

During FY 1987, the emphasis of EV site
operation activities was placed on continuing site
operations, improving vehicle utilization through
more careful performance and mission correla-
tion and in analyzing field test data to obtain a
more thorough understanding of the technical
and economic issues associated with the current
and projected EV technologies.

The number of site operators was reduced
from 11 at the end of FY 1986 to the current 10
sites in 26 locations as inefficient vehicles were
retired or phased out of the program. Included
among the remaining sites are five private sector
site operators and five public sector site opera-
tors including the U.S. Navy, which is now the
largest user of EVs. The U.S. Navy with 14 ac-
tive site locations and approximately 270 vehi-
cles, receives most of'its vehicles from other site
operators that have completed their contractual
obligations. Table 3 shows the sites that are cur-
rently in the program.

Significant strides were made in the field test
and evaluation of product improvement tech-
nologies during the past year in the areas of ad-
vanced batteries, new vehicles, maintenance, and
test and monitoring devices. A brief description
of the test and evaluation programs that were
conducted during FY 1987 is given below.

The major barrier confronting the accept-
ance of EVs is the development of a battery
system with performance characteristics and an
overall cost that are not clearly disadvantaged
relative to internal combustion engine vehicles.
Since the battery system is the critical technol-
ogy, recent emphasis has been placed on the field
testing of newly developed battery systems in-
cluding:
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Johnson Controls Inc.,

Gel/Cell
Improved State of the Art (ISOA)
Delco nickel-zinc
Eagle-Picher nickel-iron

The Johnson Controls Inc., Phase III Gel/
Cell batteries are being tested at ten different
site locations including GTE, LILCO, APSC,
DECO, the University of Alabama at Huntsville,
the University of Hawaii, Sandia National Lab-
oratories and the U.S. Navy. The major advan-
tage of the battery is in its virtually maintenance
free operation. No watering of the battery is re-
quired, which greatly reduces the operation cost.
DECO estimated the savings at one hour oflabor
per 1600 km for each vehicle operated. Further-
more, because the battery is sealed and recom-
bines the hydrogen and oxygen gases that are
evolved during charging, hydrogen gas buildup
outside of the battery is eliminated and there is
little probability of a hydrogen detonation. No
stirring of the electrolyte is required; therefore,
the amount of overcharge is reduced and the
energy consumption is lowered. The energy ef-
ficiency of the Gel/Cell was 28 and 35 percent
better as measured by DECO and GTE, respec-
tively, when compared to the conventional
flooded, lead-acid battery.

The Johnson Controls, Inc., ISOA (EV-2300)
battery system is an approach for combining ma-
jor battery subsystems for electrolyte destrati-
fication, single point watering, thermal manage-
ment and charging into a single integrated unit.
At DECO, the ISOA battery powered SCT Rab-
bits proved superior in many respects to the con-
ventional, lead-acid battery vehicle including



Table 3

Electric and Hybrid Vehicle Program Site Operators

Private Site Operators

GTE Service Company
Honolulu, Hawaii
Pomona, California
Tampa, Florida
GTE Laboratories Waltham,
Massachusetts

Long Island Lighting Company (LILCO)
Northrop Corporation

Philadelphia Electric Company (PECO)*

Arizona Public Service Company (APSC)
Detroit Edison Company (DECO)

Public Site Operators

Alexandria, Virginia
Huntsville, Alabama

Sandia National Laboratories
University of Hawaii

U.S. Navy

Naval Weapons Station
Concord, California

Naval Air Station
Moffett Field, California

Pacific Missile Test Center
Point Mugu, California

Naval Facilities Engineering Command
Pearl Harbor, Hawaii

Mare Island Naval Shipyard
Vallejo, California

Naval Weapons Center,
China Lake, California*

Navy Public Works Center
Norfolk, Virginia

Naval Ordnance Station
Louisville, Kentucky

‘Operations completed or terminated in FY 1987.

range (16% better), acceleration (roughly 8%
better), energy consumption (10% better), water
consumption (54% better) and improved low
temperature performance. However, further en-
gineering of the subsystem integration is needed
to improve the reliability and remove some of
the deficiencies of the battery.

The Delco Design 5 nickel-zinc battery sys-
tem was tested in two SCT VW Rabbits at DECO.
The vehicles powered with nickel-zinc batteries
had an average 25% better acceleration over the
life of the battery compared to conventional lead-
acid battery driven vehicles. In addition, energy
consumption was 28% lower, which is attribut-
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Naval Weapons Support Center
Crane, Indiana

Naval Air Station
Bermuda

Naval Underwater Systems Center
Autec, Bahamas

Naval Supply Center
Pearl Harbor, Hawaii

Naval Academy
Annapolis, Maryland

Puget Sound Naval Shipyard
Bremerton, Washingon

Naval Construction Battalion
Port Hueneme, California

able to the reduced amount of overcharge re-
quired for the nickel-zinc battery. Finally, the
battery is much less temperature sensitive than
the lead-acid battery. At — 18°C the capacity of
the nickel-zinc battery is only reduced to 80%
of rated capacity compared to 50% for lead-acid
batteries. The rapid drop-off in capacity with
cycle life is the most serious problem confronting
the introduction of the nickel-zinc battery. The
shorter cycle life (less than 200 cycles to 60%
rated capacity as measured by DECO) is attrib-
utable primarily to the electrode degradation, but
also to the higher sensitivity of the nickel-zinc
battery to uneven charging and discharging.



Eagie-Picher nickel-iron batteries were in-
stalled in 12 electric vehicles in 1982 and tested
at Northrop and GTE. The principal advantages
of'the nickel-iron battery are in its excellent mg-
gedness, good cycle life and vehicle range. Over
40,000 test miles have been driven with nickel-
iron powered vehicles. Both Northrop and GTE
report little or no unscheduled maintenance and
a range that is on average 20% greater than ve-
hicles driven by lead-acid batteries. However,
the nickel-iron battery exhibits high energy and
water consumption as well as excessive gassing
due to the high overcharge that is required to
fully charge the battery. The major disadvantage
though, still remains the high initial cost of the
battery. In other activities, the reliability and
long life of nickel-iron batteries in EY applica-
tions continued to be demonstrated in actual EV
operation with over 44,000 miles achieved to date
in an electric van being operated at the Tennes-
see Valley Authority’s EV Test Facility.

The second area of new products in which
testing continued during FY 1987 is in new ve-
hicles. The GM Griffon van entered its fifth year
of on the road testing at DECO. The results of
the tests at DECO show that the GM Griffon van
is a sturdy, dependable vehicle with adequate
accessories and performance characteristics for
the short haul service for which it was designed.
Furthermore, the van demonstrated that an EV
is possible at a price that is competitive with that
of an internal combustion engine driven vehicle
and yielding performance characteristics that are
acceptable for certain applications. Several of
the important results that were determined dur-
ing the DECO test program include a maximum
range of 200 km at a constant 32 kph; energy
consumption of between 0.2 and 0.6 kWh/km
and a maximum speed of 85 kph. Testing of the
Grumman Kubvan continued at LILCO. The
Kubvans are excellent on-site security vehicles
as well as being well suited for light duty delivery
applications.

The last area of new product technology that
was tested during the year is maintenance, test
and monitoring devices. Included among these
products are:

Aachen range prediction device

Propel on-board battery monitor

Propel and Alber off-board battery capacity
tester
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Turbo-Electric battery cell watering unit
Lester ““smart” chargers
Eaton and Soleq dc/dc converters

The Aachen range prediction device (RPD),
which was developed under an Electric Power
Research Institute (EPRI) contract, was in-
stalled in two SCT VW Rabbits and a GM
Griffon van and tested at GTE, PECO and DECO.
Testing at these sites determined that the Aachen
RPD has overcome some of the accuracy prob-
lems that have been associated with RPD sys-
tems. However, in order for the RPD to be prac-
tical as a standard EV component, more
development work is needed. In particular, work
is required to improve the reliability, user frien-
dliness, and to reduce the cost of the unit.

PECO and LILCO evaluated the Propel on-
board battery monitors in seven vehicles, in-
cluding the Electrica Escort and SCT VW
Rabbits, to identify and diagnose vehicle oper-
ating problems. The monitor provides an indi-
cation of the relative state of discharge of each
traction battery module. Testing at the sites de-
termined that the device in spite of numerous
modifications and repairs failed to meet the spec-
ifications over the two year period that the de-
vice was tested.

Off-board battery capacity measurement
systems continued to be tested during the cur-
rent year. APSC, which is testing and evaluating
a Propel offboard battery capacity tester, reports
that improvements to operating efficiency have
been realized due to the units faster and more
accurate troubleshooting of problems. The Alber
battery capacity tester, which has been routinely
used by DECO since 1983, was also evaluated
by GTE during FY 1987. GTE claims that the
Alber system performs well and is highly effec-
tive in isolating weak or bad modules and bad
interconnections in battery systems. DECO is
the most reliable EV operation of all monitored
sites because ofits policy of regularly scheduled
battery capacity checks with the Alber tester.
Battery pack life has been extended by over 1000
miles by properly matching the age and capacity
of the modules within a pack.

The Turbo-Electric battery cell watering unit,
which is composed of an electric watering wand,
a sonic alarm that indicates a full battery cell and
a deionizer filter and pressure regulator, was tested
at various sites during the year including the Navy,



GTE, DECO, PECO, APSC and LILCO. The
overall conclusion from all test sites is that the
watering unit is very effective in terms of cost
savings, reliability and performance. The water-
ing unit reduced the labor time for watering con-
ventional lead-acid batteries by up to 50%. Fur-
thermore, the unit assures that the cells are filled
to a correct level and prevents overfilling since
the probe of the wand contains a sensor set to
the proper cell fill level.

Advanced  microprocessor  controlled
““smart” chargers have been developed by Les-
ter Manufacturing. The improved chargers that
have been used primarily with Gel/Cell batteries
provide a programmable temperature compen-
sated charging profile and a system of internal
diagnostics for problem identification. The charger
is well accepted by sites and has been found to
minimize overcharging as well as contribute to
improved energy efficiency. The charger tech-
nology can also be adapted to any future EV
battery.

Work is continuing in the development and
testing of improved auxiliary power systems. New
dc/dc converters are available which offer larger
power limits and better reliability than previous
converters. Two such converters by Eaton and
Soleq were tested at DECO and LILCO. These
converters with higher 12V current outputs
alleviate the winter load problem. At DECO,
three Eaton prototype dc/dc converters and three
production Soleq converters were installed in
VW Rabbits; whereas, LILCO evaluated four
Soleq dc/dc converters in Eagle-Picher Escorts
that were used primarily for commuting. Minor
problems were encountered and corrected with
the Eaton converters. The Soleq converters have
been operating without problems since Novem-
ber 1986.

Additional Booz, Allen & Hamilton activi-
ties that occurred in FY 1987 include:

1. Development of a life cycle cost model
that compares EV life cycle costs to com-
petitive alternative fuel technologies, such
as gasoline, methanol and CNG.

2. Expanding the technology trend analysis
to compare EV and ICE fleet performance,
the results of which will serve as inputs to
EV performance goals and to assess what
technology improvements will be needed to
achieve these goals.
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3. Completion and distribution of the EV
Maintenance Report, the highlights of which
included:

a. Description ofthe DOE EV data base.

b. Overview of'the four sites selected for
detailed analysis.

c. Discussion of preventive mainte-
nance, corrective maintenance labor,
component maintenance times and
parts replacement.

4. Preparation of a data base for the EV
Technology Information System which
documents current experience on var-
ious EVs and components that have been
tested or are under development that could
be field tested by User Task Force mem-
bers.

5. Updating the EV data base management
system which contains critical performance
parameters and mission characteristics for
effectively defining the EV duty cycle.

6. Analysis of the Versatile Data Acquisi-
tion System (VDAS) data. A GM Griffon
van at DECO and a VW pickup at Northrop
equipped with VDAS have completed their
special drive cycles and runs. The purpose
of the data collection was to define mission
and performance requirements of several EV
operations including service runs, delivery
operation and commuter duty cycles to aid
in the understanding of field related influ-
ences on EV performance and battery life.

Technology Engineering

Technology Engineering activities under-
take the evaluation of improved-technology
components that are likely to enhance the ca-
pabilities of early state of the art EVs in site-
operated fleets. These components are evaluated
in laboratories; on test tracks in vehicles; and in
sheltered (outdoor laboratory) on-the-road ve-
hicles to verify their suitability for incorporation
in site-operated EVs. Factors, such as temper-
ature, road shock, moisture, electromagnetic in-
terferences, durability and safety, are evaluated
along with the actual performance measure-
ments for the component under test. Battery
technology improvements discovered through
integrated independent testing of new process
components offer the greatest opportunity for



enhancing EV performance. The chart in Figure
8 provides the current status of electric vehicle
battery technologies under this activity with bat-
tery goals shown for those batteries still under
development. Improved controllers, battery
chargers, battery monitoring instrumentation and
EV safety issues also are evaluated when en-
hanced EV capabilities may result from incor-
poration of these technologies. Battery evalua-
tion was conducted at the University of Alabama
in Huntsville, Soleq Corporation in Chicago,
Illinois, and Sandia National Laboratories,
Albuquerque, New Mexico.

The University of Alabama, continued to
characterize gelled electrolyte lead-acid batter-
ies over a wide temperature range resulting in a
temperature independent charge algorithm for
gelled electrolyte batteries. The algorithm, re-
quires a small microprocessor but charges all
modules in a battery pack uniformly. Here-to-
fore some modules would overcharge while some
would remain undercharged. The new algorithm
also requires less overcharge for a complete re-
charge; therefore, it is expected that this will
extend battery life. The algorithm is currently
being used in a vehicle to determine how well it
adapts to battery needs as the battery ages and
what effect it has on vehicle range-reliability with

battery age. This testing is being done in a ve-
hicle that incorporates Phase IV Gel/Cell lead-
acid batteries.

Soleq Corporation continued on-the-road
evaluation of Gel/Cell technology and was re-
sponsible for the retrofit design and fabrication
of vehicle battery compartments for two pas-
senger vehicle types to accommodate the Phase
IV Gel/Cell battery. Regenerative braking on the
brake pedal only became standard on Soleq pow-
ertrains and the DC/DC converters were modi-
fied to protect auxiliary batteries from over-
charging.

Sandia National Laboratories continued
outdoor laboratory testing of several battery types
including Gel/Cell batteries. The Laboratory was
also reponsible for retrofiting the battery com-
partment of one passenger vehicle type and a
small size pickup truck to accommodate the new
Phase IV Gel/Cell battery.

The Gel/Cell battery technology adaptation
to a traction battery type of sufficient size to
power a commercially useful electric vehicle was
completed in FY 1987. Phase IV of the govem-
ment/industry cost-shared program has resulted
in a family of battery models: a 6V-200, a 12V-
100 and and a 2V-600. The 6V-200 and 12V-100
models are inventoried by the Industrial Prod-

ELECTRIC VEHICLE BATTERY TECHNOLOGY ENGINEERING STATUS

Specific
Battery Company Type/Model Status Specific Pk Pw @ Projected Cycle Life Cost/Cycle
S Volt Module Energy 50% (DoO) OEM Cost (Cycles to /kWh
(Wh/kg) (W/kg) (1987S/kWh) 80% DoO) (1987 $)
Gel/Cell JCI, Globe GC-6V-200 M 22 80 124 500 0.32
Lead Acid Battery Traction
Nickel/lron Eagle-Picher NIF 225 ivl 53 110 500
(EPI) BG 56 79 125 1125 0.13
Nickel/ Energy Research EV 180 M 44 110 243
Cadium (ERC) BG 53 79 125 500 0.12
OEM = Original Equipment Manufacturer
DoO = Depth of Discharge
SG = Battery Goals
M s Battery Modules

Figure 8. EV Battery
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acts Unit of Johnson Controls, Milwaukee,
Wisconsin, but the 2V-600 is a special order item.
The success of this maintenance free technology
in large size has caused Exide Battery and
Sonnenschein Battery to form a joint venture
and build a tubular type gelled electrolyte battery
for railroad signal blocks. The Veterans Admin-
istration of California funded Concorde Battery
of California to develop a golf car size immo-
bolized electrolyte (sealed) battery for wheel chair
and handicap applications. Fortunately, the
Concorde battery with its golf car size case re-
trofits well into passenger car type electric ve-
hicles. DOE Site Operators now have two sealed
maintenance free batteries to choose from to re-
place flooded lead-acid batteries in their electric
vehicles. The tubular type Exide-Sonnenschein
battery is a full industrial design; while the John-
son Controls Gel/Cell family is a semi-industrial
and the Concorde battery is more of a light duty
commercial type. Therefore, the applications
spectrum is nicely covered by the new mainte-
nance free products.

Technology engineering and research pro-
grams to develop the nickel-iron (Ni/Fe) and
nickel-cadmium (Ni/Cd) battery types to a higher
state of the art were restructured to include an
independent analysis and test program. Ceils and
modules incorporating new processes and/or ma-
terials are being delivered to Argonne National
Laboratories and the University of Alabama, re-
spectively for Ni/Fe and Ni/Cd. Eagle-Picher
Ni/Fe modules incorporating National Standard
Fibrex® nickel material in the nickel electrode
have been very encouraging in performance and
in potential for cost reduction. A comparative
evaluation of the data is in progress to determine
iffurther research on the old sintered technology
should be dropped in favor of a concentrated
effort using the Fibrex® material. Energy
Research Corporation delivered Ni/Cd modules
to the University of Alabama wherein it was found
that high rate discharge substantially affected
module storage capacity. It was also learned that
the capacity could be restored by increasing the
overcharge factor. Pierced nickel foil is used as
the electrode conductor in this technology at
present and there is speculation that the active
nickel electrode material is developing a high
resistance interface at the conductor when op-
erated at high rate due to temperature effects. It
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is therefore planned to evaluate the possible ben-
efits of switching to nickel Fibrex® for a con-
ductor and structural member.

Eagle-Picher’s R&D effort is focussed on
the development of thick nickel electrodes hav-
ing the desired porosity and strength required
for good performance and long life. During
FY 1987, an advanced NIF-225 design was de-
veloped using thick sintered-powder technology,
which provided 30% greater energy in the same
size and weight than the NIF-170 nickel/iron bat-
tery developed for the DSEP Program. A parallel
technology development effort successfully fab-
ricated and evaluated nickel-iron battery mod-
ules constructed with fiber-type nickel cathodes.
The fiber-plate technology has reduced the nickel
requirements by 15% compared to conventional
sintered-powder electrode technology. Because
nickel metal is the major cost driver in the man-
ufacture of nickel-iron batteries, the fiber-plate
technology provides a reduction in the initial cost
of the battery.

In support of the EV Battery R&D Activi-
ties, laboratory evaluations of developmental EV
batteries were conducted at Argonne National
Laboratory to assess the functional capability of
these batteries to perform the mission require-
ments of electric vehicles. Battery performance
and life characteristics were evaluated under
uniform test conditions that simulate driving cycle
load profiles. Tests were conducted on full-size
nickel-iron, zinc-bromine, sodium-sulfur, and
lithium/metal-sulfide batteries. Developmental
hardware from flow-through lead-acid, nickel-
iron, and nickel-cadmium battery R&D pro-
grams were also evaluated. The evaluation re-
sults provided a measure of the success of the
battery development efforts and provided in-
sights into the direction the research programs
should take.

Testing of the 30 kWh DSEP nickel-iron bat-
tery on repeated cycling, which simulates a 50-
mile daily operation in a fleet electric van on the
Federal Urban Driving Schedule, has accrued
over 500 cycles (>25,000 miles) in an ongoing
evaluation. A detailed analysis has indicated that
the power capability of the battery is affected by
the temperature variations, which exist in the
battery pack, with the coolest modules limiting
the performance ofthe overall battery. This find-
ing accentuates the need for careful thermal



management of the battery, and modifications
were implemented to solve this problem. The
battery continues to exceed the 50-mile range
requirement, while meeting the 52 kW power
level required for acceleration from 0-50 mph in
20 seconds.

Engineering Evaluation Testing

Under the Engineering Evaluation Testing
Activity dynamometer and laboratory tests are
conducted to evaluate technology outputs in cir-
cumstances that duplicate or simulate actual EV
operation and environments under repeatable and
well defined conditions. For this reason, test and
evaluation programs are in process that (1) sub-
ject batteries to the actual electrical loads of high-
technology EVs on a dynamometer and in test
bed vehicles; (2) integrate advanced EV drive
systems in vehicles and test them on the track,
road and dynamometer; (3) test and characterize
auxiliary systems, such as battery chargers, state-
of-charge indicators, and battery monitoring and
thermal management systems in a realistic EV
environment; and (4) test advanced batteries by
electrically loading them with complex driving
cycle power profiles in a controlled laboratory
environment.

DOE selected the Idaho National Engi-
neering Laboratory (INEL) in FY 1984 to per-
form these testing activities, and dynamometer
and battery test laboratories were established for
this purpose. The present laboratory facilities
permit the testing of vehicles and complete bat-
tery subsystems under simulated load conditions
which closely approximate the demands of EV
operation, including the performance ofthe Fed-
eral Urban Driving Schedule (FUDS). Battery
laboratory capabilities were enhanced during FY
1987 to permit the testing of battery packs over
a range of operating temperatures from -20°C
to +80°C.

INEL dynamometer testing during FY 1987
focused on performance testing of electric pro-
pulsion systems developed under previous DOE-
sponsored programs. A limited series of dyna-
mometer and road tests were performed on a DC
powertrain packaged in a test bed vehicle by the
Eaton Corporation. This powertrain was found
to have higher energy consumption (about
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240 Wh/km on the SAE Schedule D cycle) than
either the previously tested Eaton AC-3 (182
Wh/km) powertrain or the reference General
Electric ETV-1 (155 Wh/km) vehicle, due to a
combination of lower efficiencies and higher tire
rolling resistance. An extensive series of dyna-
mometer tests was initiated by INEL on the ETX-
I AC powertrain packaged in a test bed vehicle
developed by the Ford Motor Company. These
tests will be completed in FY 1988, along with
additional track and road testing. Figure 9 is a
photograph showing the ETX-I/Mercury LN7
vehicle on the INEL dynamometer in the fore-
ground with the ETV-1 General Electric Corp./
Chrysler Corp. reference vehicle in the back-
ground.

As part of'a systematic effort to identify and
quantify the causes of differences between lab-
oratory testing and actual field operation results,
INEL conducted a series of dynamometer, road
and track tests using a single electric vehicle
instrumented with two types of on-board data
acquisition systems. Comparison of the results
of these tests, which were matched against the
best currently available vehicle simulation models,
showed that controlled track and road tests can
match laboratory results within 5% to 7% for
basic parameters, such as energy consumption.
This study will continue in FY 1988 to identify
the causes of the significant differences between
laboratory testing and uncontrolled road use,
which are expected to include driver behavior,
road surfaces, and a number of environmental
factors.

Dynamometer testing was also performed
on an improved nickel-cadmium battery system
incorporating roll-bonded electrodes, a thermal
management system, and a ‘‘fuel gauge” in-
tended to control recharge automatically. This
testing was conducted to provide baseline per-
formance for an ongoing multi-year development
program at the Energy Research Corporation
(ERC). The measured peak power capability of
this battery was above 100 W/kg at 50% depth-
of-discharge. The battery provided about 28%
more range than the Phase III Gel/Cells for the
ETV-1 reference vehicle (161 vs 125 km) at a
steady speed of 72 km/hr, but the ranges ob-
tained for the stop-and-go cycles (Schedule D
and FUDS) were about the same for the two
batteries. Acceleration performance of the test



Figure 9. Dynamometer Testing of ETX-I
(ETV-1 in Background)

vehicle was improved 15% to 20% for a fully
charged nickel-cadmium battery (compared to
the Phase III Gel/Cells), but it degraded severely
at low states of charge. The capacity of the bat-
tery declined about 10% during the first 100 cycles
of life. The ongoing battery development pro-
gram at ERC is intended to improve the baseline
performance of this battery significantly.

Basic performance tests were performed on
two sealed, lead-acid batteries which are now
commercially available. The Phase IV Gel/Cell
is a gelled electrolyte battery developed by John-
son Controls, Inc., (JCI) under DOE sponsor-
ship, while the Concorde GP 6180 is an absorbed
electrolyte battery produced independently by
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the Concorde Battery Company. Both batteries
were found to have low internal resistance and
similar energy storage capability (about 25 Wh/kg
at a 3 hour discharge rate for the Concorde bat-
tery), with the Concorde having the advantage
of a standard golf cart package.

DOE and the Electric Power Research
Institute (EPRI) agreed to continue their joint
sponsorship of the design and fabrication of a
half-ton van, intended to produce two opera-
tional prototype vehicles. EPRI contracted with
Acustar Inc., (a Chrysler subsidiary) to build the
vehicles, and DOE arranged through INEL for
the FY 1988 purchase of nickel-iron batteries to
power the vehicles.



During FY 1987, JCI completed the devel-
opment of flame attenuation devices intended to
inhibit or mitigate the severity of a hydrogen
ignition in nickel-iron and lead-acid batteries.
Prototype hardware was successfully fabricated
by JCI and independent functional and safety
testing was started at INEL. This testing will
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culminate in FY 1988 with operational testing in
a full-size battery system under actual electric
vehicle use conditions.

Field performance data continued to be col-
lected with the Versatile Data Acquisition Sys-
tem (VDAS) installed in vehicles at cost-shared
private sector site operations.



5. INCENTIVES

The major incentives-related activities included the Corporate Average Fuel Economy (CAFE) and

Loan Guarantee activities.

CAFE Regulations

Section 18 of the Chrysler Corporation Loan
Guarantee Act of 1979 (Public Law 96-185) di-
rected the Department of Energy (DOE)

... to conduct a 7 year evaluation pro-
gram of the inclusion of EVs in the cal-
culation of average fuel economy... to
determine the value and implications of
such inclusion as an incentive engi-
neering development and initial com-
mercialization of'electric vehicles in the
United States.

This 7 year evaulation program was con-
ducted by DOE and a final assessment report on
this activity was completed in February 1987.

The key concern of this mandated report
was to determine ifthe EV CAFE provision pro-
vided an ““incentive for the early initiation of
industrial engineering development™ and/or pro-
vided an incentive for ““initial commercialization
of electric vehicles in the United States.”

In order to determine a response to the first
issue DOE had to obtain information from the
automobile manufacturers. The extent of “‘in-
dustrial development™ is difficult for observers
outside the industry to determine. Letters were
sent to the auto manufacturers requesting infor-
mation on whether industrial engineering devel-
opment on electric vehicle technologies had been
stimulated by the EV CAFE provision. Accord-
ing to the responses received from the auto-
mobile manufacturers, the provision has not pro-
vided an incentive for the early initiation of
industrial engineering development for electric
vehicles.

Answer to the second issue was settled from
considering offerings in the marketplace. No
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electric vehicles are offered for sale by the au-
tomobile manufacturers which are subject to the
CAFE legislation. Therefore, it must be con-
cluded that the EV CAFE provision has not yet
provided the desired incentive to assist in the
commercialization of electric vehicles.

Although the EV CAFE provision (Federal
Regulations 10 CFR Part 474) has not had its
intended effect, the consensus by both DOE and
the auto industry was that the EV CAFE credit
regulations should be retained since there is a
possibility that the petroleum price will increase
and import dependence of the past that stimu-
lated this provision in the first place could return
again in the future. There are no administrative
costs to the Government or to industry to keep
this provision in force. The import share of U.S.
oil supply is on the way up again after several
years of decline. Therefore, the concern for re-
liance on imported oil that was influential in
causing Congress to enact this legislation is likely
to remain a concern.

DOE’s final recommendation was that the
EV CAFE provision be continued, to the extent
that the CAFE regulation remains intact, in the
average fuel economy calculations under the
Motor Vehicle Information and Cost Savings Act.

Planning Grants

There was no activity in this incentive pro-
gram during FY 1987.

Loan Guarantees

During FY 1987, no new authority was sought
by, or provided to, DOE for the provision of
loan guarantees for the development of electric
and hybrid vehicle technology. (The time for
making principal and interest assistance con-
tracts under the Electric and Hybrid Vehicle Loan






Guaranty Program expired on September 17, 1983,
as provided for by the notice of final rulemaking
published in the Federal Register on May 31,
1979 (44 FR 31510)).

Since inception of this program in FY 1979,
ten formal applications were provided to DOE
and two loan guarantees were issued, both of
which were terminated due to default. The assets
of one company were liquidated in 1982 recover-
ing approximately $83,000, which resulted in a
loss of $2,363,000. A workout agreement was
negotiated in January 1983 with the second com-
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pany providing for full payment of'the $2,170,000
principal outstanding pending liquidation of real
estate and other assets.

During FY 1987, DOE agreed to convey title
to the land that was obtained under the terms of
the workout agreement back to Jet Industries
Inc., upon full payment of the outstanding prin-
cipal and interest. If the land is not sold and the
debt paid in full by September 1, 1990, DOE will
turn the property over to the General Services
Administration for liquidation.



6. OTHER ACTIVITIES
STUDIES AND ASSESSMENTS

Impact Studies

Public Law 94-413, Section 13, requires a continuing assessment of material demand and pollution
effects from electric and hybrid vehicles (EHVs). No new studies of material demand were conducted in
FY 1987 because earlier studies indicated that the availability and production of materials for EHV produc-
tion could be readily increased to meet any plausible level of EHV production during this century.

Section 13 ofthe Act also requires a statement of activities related to research on incentives to promote

broader consumer acceptance of EHVs. No new activities were initiated in this area during FY 1987.

Program Reviews

The DOE’s multi-year planning process re-
quires that formal program reviews be con-
ducted periodically to relate major programs to
their stated objectives and to ensure that the
objectives are still valid. The process recognizes
that while many major programs are Congres-
sionally mandated, it is incumbent upon DOE to
report on program progress and to recommend
the extent and appropriateness of future Gov-
ernment involvement. Every year the Assistant
Secretary for Conservation and Renewable
Energy and the Deputy Assistant Secretary for
Conservation select major programs for this in-
dependent review process. The overall Electric
and Hybrid Vehicles (EHV) Program was se-
lected for review. Also, the EV propulsion sys-
tem R&D part ofthe overall EHV Program, which
includes the advanced Dual-Shaft Electric Pro-
pulsion System Technology Development Pro-
gram (DSEP) and the advanced Single-Shaft
Electric Propulsion System Technology Devel-
opment Program (ETX-II), was one of the pro-
grams selected for review in FY 1987.

Electric and Hybrid Vehicles Program Review

During FY 1987, a two-day review on
November 19-20, 1986, of the overall Transpor-
tation Energy Conservation Program was held
at Oak Ridge National Laboratory and was at-
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tended by a cross section of over 50 industrial
executives, academia, and National laboratory
personnel. The Electric and Hybrid Vehicles
Program constituted only a small portion of that
overall review.

The electric vehicle review panel concluded
that there is a potential for reducing the usage
of liquid fuel, including imported oil, with the
introduction of electric vehicles in the market-
place. The panel also felt that there was defi-
nitely a role for the Government in electric ve-
hicle technology development since the market
is unclear and this is clearly a high-risk R&D
activity. It was determined that battery devel-
opment was still the critical, key element to mak-
ing electric vehicles a viable alternative. There-
fore, it was recommended that DOE concentrate
its resources on fewer battery types with the
leading candidates being determined by an in-
dependent assessment performed by -electro-
chemical and end user experts. This recommen-
dation is being addressed by a Battery Assessment
Study underway at INEL with assistance from
outside experts in the field, as described under
the Battery R&D Program Plan activity.

EV Propulsion System R&D Review

A distinguished panel of independent elec-
tric vehicle experts met on December 9-10,1986,
to conduct a critical review of the Electric and



Hybrid Vehicles Propulsion System R&D
Program. The six person panel represented a
cross-section of industry, government and aca-
demic expertise with prior experience in the de-
velopment of electric and hybrid vehicle tech-
nology. The mission of the panel was twofold:
(1) to conduct an objective, independent assess-
ment of the DSEP and ETX-II programs; and (2)
to assess the contribution ofthese two programs
to the overall Electric and Hybrid Vehicles Pro-
gram.

The Panel found the DSEP and the ETX-II
programs to be of value and DOE’s involvement
in electric vehicle R&D appropriate. Without
DOE involvement the advances in EV technol-
ogy would be severely limited. EV technology
development is clearly in the national interest in
the long term. Both the DSEP and ETX-II pro-
grams are sound and justified since they are ad-
dressing different technologies with different time
scales.

The Panel found the the DSEP program is
well managed, on schedule and major milestones
are well defined and attainable. Eaton is con-
ducting production cost projections which are
essential to EV commercialization. Eaton’s in-
volvement is very beneficial because they are a
major supplier to the automotive industry.

The Panel strongly endorsed the involve-
ment of Ford as a major automotive manufac-
turer in the ETX-II program. This involvement
helps to address problems from the industry’s
viewpoint. For the ETX-II battery subsystem,
the Panel recommended that Ford be given total
responsibility for battery selection, development
and integration into the vehicle. The ETX-II pro-
gram must include the development of meaning-
ful production cost estimates. The Panel em-
phasized that to move a technology from research
and development to production in the auto in-
dustry, stringent criteria are used. In this indus-
try, proposed hardware is installed by the po-
tential supplier in one or more concept vehicles
to enable management decisionmakers to inspect
and drive the vehicle. This vehicle must be a
reliable, drivable, finished vehicle. Otherwise,
the decision to commercialize will not material-
ize. Therefore, DOE’s standard technology
readiness criteria must be modified for the au-
tomotive industry toward the goals ofreliability,
durability and safety, rather than just the per-
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formance goals of the DSEP and ETX-II pro-
pulsion systems.

The Panel strongly recommended that the
two programs be oriented toward the propulsion
systems integration for roadworthy concept ve-
hicles. The Panel also recommended that DOE
EHYV program resources be concentrated on fewer
battery types as did the overall program review
panel. The Panel felt that DOE should develop
in-house capabilities for computer modeling. The
Panel also recommended that communication of
program achievements be improved with wider
dissemination of technical reports, press con-
ferences and announcements by the contractors,
and by the entry of first class concept vehicles
in trade shows.

Eighth International Electric Vehicle
Symposium

The United States was the host to the VIII
International Electric Vehicle Symposium held
in Washington, D.C. on October 20-23, 1986.
Twenty-one different countries were repre-
sented in the symposium for the exchange of
technical information on the development of
electric vehicle technologies throughout the world.
The Department of Energy participated in the
conference by serving on the Executive and Sci-
entific Committees, and in presentation of tech-
nical papers on the technology developments in
the Department’s program.

Battery R&D Program Plan

A project to develop a technology-based five-
year program plan for guiding DOE’s develop-
ment of EV power source technologies was in-
itiated at DOE’s Idaho National Engineering
Laboratory (INEL). This project is intended to
assist DOE in exercising technology-based de-
cisions in the development of competitive power
source technologies to levels of maturity which
will allow industry to make quality decisions re-
garding commercial product development. This
will be accomplished by the identification and
prioritization of the most promising technologies
for meeting the fleet-van mission as part of an
advanced-technology propulsion system, e.g.,
the Eaton Corporation’s Improved Dual-Shaft
Electric Propulsion (IDSEP) van.



This project is building on prior DOE-spon-
sored EV battery and fuel-cell assessments in
order to conduct an IDSEP-van mission-directed
power source assessment, pursuant to the rec-
ommendations of DOE’s 1986 Task Force on
refined EV battery goals. Prior assessments have
been reviewed with regard to the relative ca-
pabilities of competing power sources to satisfy
the requirements ofthis urban fleet-van mission.
Additional  mission-specific  fully-integrated
hardware design information is being obtained
for the purpose of conducting more comprehen-
sive analyses of the practical limitations of each
technology in this mission. Technical data on
each power source will be assembled in a com-
mon format and evaluated using a consistent and
objective assessment methodology to arrive at a
prioritization of competing technologies. These
results will be employed in the development of
a five-year R&D program plan for DOE spon-
sorship of selective EV power sources.

In May 1987, INEL awarded an 18-month
subcontract to Sheladia Associates, Inc., of
Rockville, Maryland, to provide management,
coordination, and technical support for this
project. Sheladia’s team often power source and
EV experts are working in cooperation with rep-
resentatives from six National Laboratories

\NL, INEL, LANL, LBL, PNL, and SNL) to
onduct the power source assessment. The tech-
lical assessment is scheduled for completion in
mid-FY 1988, while the power source R&D pro-
gram plan is scheduled to be undergoing inde-
pendent review at the end of FY 1988.

Battery Goals Task Force

The DOE Task Force completed its review
of EV battery research and development goals
and finalized the Battery R&D Goals Report.
This report recommended R&D goals for ten
candidate EV battery technologies, based on
meeting specific vehicle mission requirements
throughout battery life. Eaton Corporation’s
Improved Dual-Shaft Electric Propulsion
(IDSEP) van, with mission ranges of 50, 75, and
100 miles under the modified FUDS, was used
as the basis for developing the battery goals.
Comments on the preliminary report received
from the EV and battery industry and govern-
ment reviewers were incorporated into the final
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report. The new set of goals, which are based
more on real-world conditions than previous goals,
will provide better bases for industry to make
quality decisions for future technologies.

Battery Test Working Task Force

The EHP Battery Test Working Task Force
was formed in 1983 to coordinate the battery
evaluation work at several DOE-funded labo-
ratories. Present member laboratories are ANL,
INEL, SNL, and TVA. The group has met twice
each year since then to discuss testing proce-
dures, results, reporting methods, and special
techniques. Several new evaluation procedures
have been developed, tested and implemented.
The Task Force has recommended improve-
ments in testing procedures used at each rep-
resented laboratory, and most have been ac-
cepted.

During FY 1987, a key accomplishment of
the Task Force was the development and adop-
tion of'test termination criteria for the simplified
Federal Urban Driving Schedule test procedure.
This procedure was developed by the group in
prior years to provide a realistic EV battery test
regime. Final laboratory tests of the new ter-
mination criteria and preparation ofa final report
for the test procedure were in progress at year’s
end.

In other areas, a glossary of battery testing
terms developed by the Task Force was re-
viewed by experts in industry and DOE. It pro-
vides a set of carefully written definitions for use
by all who need to understand and interpret bat-
tery test results. A final revised edition of the
glossary will be distributed early next year.

A standard test procedure for measuring
battery capacity, issued by the Task Force last
year, was revised to improve its clarity and ap-
plicability. These revisions were based on ex-
periences within the group and comments from
other organizations.

Finally, the Task Force considered several
possible concepts for developing a computerized
data base for battery test results. Various op-
tions for a data base design were reviewed. Sev-
eral possible scenarios were presented to DOE
for comment.

Future activities include developing addi-
tional standard testing procedures and further



work on a testing data base. Also, the group will
continue its important task of coordinating the
diverse battery testing activities of member lab-
oratories to insure accurate results and avoid
duplication of effort.

Battery Computer Modeling

In support of the DOE Electric and Hybrid
Propulsion = Program,  Argonne  National
Laboratory (ANL) developed computer-based
systems for technical analysis and modeling of
electric and hybrid vehicles. During FY 1987,
the capabilties of a software package named
MARVEL were extended to increase its effec-
tiveness as an analytical tool. MARVEL enables
the design and least-cost optimization of the
characteristics of an EV battery for a specified
electric or hybrid vehicle and for a specified mis-
sion. Datasets were developed for 18 different
battery systems, various vehicle types (urban
vans, passenger cars), and several driving mis-
sions (Federal Urban Driving Schedule, SAE
driving profiles). MARVEL is a user-friendly
system available for the IBM-PC and other mi-
crocomputers.

Simulation Modeling

During FY 1987, DOE focused responsibil-
ity for electric and hybrid vehicle simulation
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modeling at INEL. Previously developed per-
formance modeling codes including ELVEC,
HYVEC and HEAVY were transferred from
various inactive sites to INEL and made oper-
ational on a common computer system, and a
number of test calculations were performed for
subsequent verification against actual vehicle test
results. Work was started on identification of
tools for support of future DOE needs for tech-
nology forecasting, impact assessment and other
analytical activities.

Use of Foreign Components

Section 14 (2) of Public Law 94-413 requires
the Department to examine “‘the extent to which
imported automobile chassis or components are
being used, or are desirable, for the production
of vehicles under Section 7.0, and of the extent
to which restrictions imposed by law or regu-
lation upon the importation or use of such chas-
sis or components are impeding the achievement
of the purpose of the Act.”

No further vehicle purchases are being made
under the provisions of Section 7.0 of the Act.
Activities following the development progress of
foreign made batteries, drivetrain components
and vehicle systems are continuing.



7. RECOMMENDATIONS FOR
INITIATIVES

The Department of Energy is not considering any new legislative initiatives to further the purpose
of the Act. The current legislation is sufficient to stimulate the advancement of EHV technologies
to the point where the private sector can determine their viability as transportation options and
continue their development into marketable products.
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