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ELECTRIC AND I{YBRID VEHICLES PROGRAM
RESEARCH AND DEVELOPMENT

The first experimental proof-of-concept powertrain was completed by the Ford
Motor Company and the General Electric Company on the Advanced
Single-Shaft-E1ectric Propulsion System Technology Development Program (ETX).
Additionally, ce1is, modules and partial subsystems have been completed in that
portion of the program aimed at the development of advanced experimental
proof-of-concept tubularplate lead-acid, sodium-sulfur, and zine-bromine
battery subsyste.ms to be integrated with the powertrain to form complete
propulsion systems for laboratory and in-vehicle evaluation. The Ford
subcontractors for battery subsystems development are tucas-Chloride EV systems
(tubular lead-acid), Ford Aerospace and Communications Company (sodium-sulfur)
and Exxon Corporation (zinc-bromine).

1-24-ceII, 15-KWh zinc-bromine submodule was built and tested by Exxon Research
and Engineering Company. The results provided verification of the high voltage
single stack design. Using the above results, a 3O-KWh laboratory battery has
been built in the configuration that is amenable to EV incorporation.

Sandia National Laboratories (SNt) awarded a contract to Ford Aerospace to
investigate the reliability and thermal management of sodium-suffur battery
systems for electric vehicle application.

The Eaton A.C. Powertrain Base Technology Program was completed and a complete
proof-of-concept powertrain, integrated into a test vehicle, was delivered to
DOE for comprehensive test and evaluation.

A multi-year, cost-shared contract was awarded to the Eaton Corporation to
conduct an Advanced Dual-Shaft Electric Propulsion System Technology Development
Program aimed at advancing the state-of-the-art of dual-shaft a.c. propulsion
system technology. In additional to serving as prime contractor, Eaton will
develop the powertrain technology. Major subcontractors include Eagle-Picher
Industries, responsible for nickel-iron battery subsystem technolog5l, and ASC,
Inc., responsible for test bed vehicle development.

A 20-kW, state-of-the-art phosphoric acid electrolyte fuel qsll power system
was delivered to Los Afamos National Laboratory (LANL) for evaluation of fuel
cell and reformer response under simulated vehicle-driving profiles.

Vehicle Technologies Evaluation study was completed by JPL that
neconmendations for development of the next generation of hybrid
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,',I*p"ot"d nickel-iron battery modules have
achieved greater than l-000 cycles in
st-going life test at the Argonne National
Laboratory (ANL). A 20% improvement in
specific .energy over previous d'esigns was
demonstrated, and progress was also made in
reducing battery cost.

Advanced lead-acid battery cells delivered
to ANt have demonstrated a l-5% increase in
specific energy over previous designs and a
total specific energy increase of 57% ovet
Lead-acid batteries available when the DOE

program began.

The lnitial evaluation of battery watering
wands under the EV Product Improvement
Progran has resulted ln reduction in
routine battery maintenance time by as much

as 75?6.

Dynamometer tdsting of the Hybrid Test
Venicte (HTV-1) illustrated a potential
annual fuel savings of 31% over a similar
eize l-985, model 'Internal Combustion Engine
(ICE)powered vehicle.

Seven electric vehicles with nickel/iron
batteries from GTE Services Operation and

Northrop Corporation were successfully used

to film- the Men-s and Women's Marathon
Races in Los Angeles for the L984 Olympics
Comnittee.

BATTERY TECFINOTOGY

The goal of the battery program is
conduct research and develoPment
promising battery technolog5l candidates
advance the technology py
1to a state of readiness capable of being
used by original equipment manufacturers to
produce electric and hybrid vehicles which
can be competitive with internal combusti-on
engine vehicles. To this end the
Department of Energy is conducting research
and development on aqueous (Pb/acid, and
Ni/Fe) batteries as well as advanced
battery technology (Na/S, Zn/Br, LilFeS)
during Fy 1984. Also, the feasibility of a
fuel cel1 as a power source for electric
vehicles is being studied. 

,

As shown in Table 2, significant progreEs
in battery technology has been achieved by
this program. Substantial improvements in
specific energy and cycle life were
achieved in lead-acid batteries while
retaining low costs: however, additional
reductions in battery weight are needed.
To achieve the project goals for lead*acid
battery tectlrolgy" technical issues need to
be addressed including methods for
increasing the active material utilization
and electrolyte and thermal management

Improved nickel/iron batteries havs*-
achieved good performance and long cycle
1ife, but further reductions in battery
cost and weight are needed to achieve the
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Tabl.e 2. Performance ObJectives and Accomplishments
EV Aqueous BatterY TechnologY

Pre-Proiect FY r.984
Lead/acid

(1977) Accomplishments*

FY r-984 Project
Lead-acid

0bJectives Status
Nickel/Iron Goal
Accomplishments*

Specific Energy
(Wh/*g;**

Specific Peak
Power (W/*g;***

Cycle Life
(Cycles) ****

4t 48

r_03

1068

LO4 to4

800576

* Accomplishments are based on verified results demonstrated at
the Nationil Battery Test Laboratory for multi-ce1l pmodules'

** At the 3-h dlscharge rate. Advanced lead-acid cells delivered
in late FY l-984 d-emonstrated 47 wH/ke: life tests are in process'

*** Peak power (3o-second average at 50 percent state-of-charge')

**** cycling at 80 percent depth of discharge: life to 75 percent

retained capacity.
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project goals for nickel/iron battery
technology. Technical issues need to be
addressed including optimization of the

- thickness of nickel electrodes,electrolyte
and gas management systems. The results
of ANL National Battery Test Laboratory
(NBTL) has been increased by over 55 to 85
percent, respectively, for those improved
lead-acid and nickel/iron batteries. In
addition, the combination of improved
specific energy and cycle life indicates
that the expected battery life (in terms of
vehicle-miIes) in the vehicle has been
increased by a factor of three for the
improved lead-acid and six for the improved
nickel/iron batteries as compared to
previously available batteries.
During FY 1984, full-size

ihrougfr the porous electrodes. Experimental
cefls of this type achieved very high
levels of active material utilization (gSg
greater that that available in commerical
lead-acid EV batteries): this dramatic
increase in utilization provides an
opportunity for a major increase in the
specific energy of lead-acid batteries.
Globe al-so conducted a design and cost
study of an advanced ge11ed-electrolyte
lead-acid EV battery which could reduce
the amount of battery mai;.itenance neecJed.

Eagle-Picher Industries(EPI) continued R&D
on improved nickel/iron batteries. Research
was focused on the development of nickel
,:Lectrodes up to twice as thick as prior
technolcgy and having the desired porosity
and strength. CeI1 deiiigns based upon thick
electrode technology are projected to
significantly reduce battery costs while
simultaneously improving battery specific
energy. Changes in cell case material
and cel1 construction were dev;loped to
eliminate problems of electrolyte leakage
that were sncountered in previous field
eval-uations. A full-size battery system of
this type is now performing with no
el ectrolyttr 1e.:.kage probl em in vehicle
tests at TVA. A full-size, 140-ce11, EpI
nickel/iron battery system has excL)eded
897 deep discharge cycles to date at ANL
in simulated van driving equivalent to
47,OOC miles of operation.

3

EV-2300
improved lead-acid battery systems,
previously developed by the Globe Battery
Division of Johnson Controls, Inc.,
countinued to perform welf in field
evaluations at the JPL, the Tennessee
Va11ey Authority (TVA) and Detroit Edison.
In addition, Globe continued R&D on
advanced lead-acid battery concepts.
Experimental advanced ce1ls incorporating
composite lead/plastic grids demonstrated
specific energies of a7 Vlh/ke Q5 percent

-'greater than prior technology) in tests at
ANL's National Battery Test Laboratory
(NBTL). Globe also investigated a novel
concept using forced flow of electrolyte
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SPECIAL THANKS TO OUR MAN IN
WASHINGTON DAVE GOLDSTEIN
FOR TIAND DELIVERY OF DOE INFO

! ! NEWS FLASH ! !

ivlr. Saied Uiotaei has been nominated by
EAA for the 1985 Soichirc Honda Medel of
Honcr, aw::rdei anr,ually by the Amer.ican
Society of Enginvers for a srgnificant
improvement in personal transportalion. His
severaL improvements in his --LECTRIC CAR
performance may wefi earn him this
prestigious award. 0f course you al.l
remb';iber his outstanding 2l-5 miles of cj-ty
dnd freeway driving at our last Raily, on a
single charge.
By John Neweil

MEASURING HIGH CURRENTS WITH DIGITAL
METERS

Now a 100 year old discovery may be the
solution to the problem of high currents and
digital meters.The IIALL EFFECT, the voltage
around a wire while conductlng, can now be
measdred.with a Micro switcti glss12-2
LOHET (linear output hall effect transducer)
and a simple op-amp your motor current can
be measured with no direct connection. see
fuly " 84 " Radio -Electronics Magazlne . This
may solve the problem of parallel ground
currents, witch A/D converters connot toller-
ate.

'THE HALL.EFFECT SEilSOR 
''OMilicrd Switch, tha LOHEr (lirur orilput ,rrll

Efiod fr.nrduccrl

'J: Does the Lestronic charger have a auto
level, like 5 Amps for 3 to 6 hours.?
A: No, however I have found that if you
restart after autornatic shutoff the charger
will run for approx. an hour at around 5
Arnps. you can keep restarting until you
have the desired level time.

Q: What happened to Citicar.?
A: Citicar was soLd to GeneraL Er:gines Co.
Inc. a few years &Eo, they are stilr
building the renamed Comuta-car irr Sebring
FA. they also build eltctric Mopeds, bikes,
trikes, and Pedalpower electric system that
fits any bj.ke or trike.

Q: Is it OK to add acid to
does not come up after
charge. ?
A: No, the BCI Manual says
after a battery has been in
usuali-y caused by physical
internal components, more
accellerate the process,

weak cel1 if i-t
normar leveling

never add acld
use. Failure is

deterioration ;f
acid can only

Q: Which is best batteries in series for
higher voltage or batLeries in parallel
with lower voltage?
A: Since power drives the vehicle and power
is amps X volts it follows the higher the
voltage the lower the current. High
currents not only limit your range but also
can shorten battery life. If you drive
conservatively, keep the cument low high
voltage is better. If you have a lead foot
like me (My OO7, 12OV goes to 400 amps a
lot ), I think I like parallei.

With lower voltage regeneration is
simplified, easy to control, and holds up
at lower speeds. With low voltage you can
use a simple speed controller. With my
Aztec hybrid runnlng 48 volts I have better
control of charging current when ru;ining on
the IC engine. When I accelerate, climp a
hi1l, and anytime the amps go hlgh lt's
good to know the batteries are in parallel.

sHoRT i-- -r
CIRCUIT



EV Marketplace

SAFETY
ELECTRIC VEHICLE

CONTROLLER
Model HV-500

r 100-500 AMP
o 24-120 VOLT
o 4000 HZ EFFICTENCY
. FULLY PROTECTED
. REGULATED COOLING FLOW
oSIZE-4'Dx8"Wx12"L

(101 .6mm x 203.2mm x 304.8mm)
r WEIGHT - 14.5 lb.
. FULL LINE OF ACCESSORIES

AVAILABLE

ELECTFIIC EXPRESEi - --roR-s-e,-ue-o-igza o ToYorA PIcKUP
O ENGINEERED,/ CONSTFUCTED BY BIC BARL-IN-E-:SES,/PMC-5ao'tiMTtifst-NEElleEEaEurvo-upcoNVEBSloNUSINGAll

IIIEW PARTS
ob-n-'edr-cieiiF Moron w/cUSToM ADAffoR To srocK

4-SPEED & BUNNING GEAR
rloE v:b[rTrii rrti.w [tco iaoo a voLT q-EEP cYCLE BATTERIES]
isEssoo AMprnANstsron coNTFQ Lrqt -----oNB-oARD, Dtnedt Ac-oc coNVERTER cHAF.G-FF- 

M A-sT Eii -r 
t'ir - Cne c't n c-u tr-a n EA K ER AN D qo UP!Er E G A u G ES

-'i'EAW-'DUiy bu s p eN 5 io ttl wq H cQ l-L-s!-Al N G ov EB Lo ADS
iritr-up-canco BED FoB BATTERY AcqEqq .--.
o rrrEW-iAt'ti izedTsiocr rovorA DARK slLVEBl wlrH

MnrcHtrue srEEL'sPoKER' RIMS
oNrw srnnrroN srEEL FIADIALS 318q - , -- -iirrrtiuii6,'bb-n, CoIMP lso atvlp HEAD)-q.sg-tr, eo AMP (1s
-hifi F"n"e-a-'oie-irb-o-n'osi'sLdMArrtualscoMplrreHlsroBY
TH]S LFTLETBUCK lS On|vEil OA|LY AilO OPEnATE9!-I4!U-I-ESSIY' rS BA|IIGE

i6'i6f ti[ES'irli'ii-crw-lrib-tirtt-tcntitsrcom4lqrqa-ryarFnEEwAY
i-piEoi. i-n-[cii i-dr-:Eiric-s-uLl utrr snowil lElEsr-qo-AlJromorlvEt
ilioiiAb-daoa. iiveii ib,soo trvEstco, aLL BEASoIUAELE oFFERS
cotsloEnED

6.r,00(' . FFIEEI FCIFITUNE .l4o,et723'12oe

FOR SAIE
1969 Toyota PMC Controller, Baldor Motor,
On Board Charger, 16 Trojan Batteries.
Built by EE J. Anderson, at a cost of
$5OOO. Will sell for $1000 FIRM. J. Benson
(415) 992-s453.

*********+
WANTED

QUrCK CHANGE ADAPToR FoR CM77

CALL Clarence (408) 244-2588 daY
**'**lt***atJt

FOR SAIE.63, 
RENUALT, RUNNING, W/J&H

!vi11ey 8 Contro-:1er, L2 G00D

$1200/offer. Mike (408) 377-5225

PLEASE! ! PLEASE! ! SEND ARbICALS,
O U ES ? WITH or WITHOUT ANS.

THANKS CI,ARENCE

ADS must bd received with payment by the 1Oth
of the month, for the following month's issue.
AD rate is min. 1to 5lines $5.00. L/4 Pg. S15,
Full Pg. $s0.00, Full Pg, 2 sides $80.00, Wanted
Trade, For Sale, etc. MaiI to EAA 1249 Lane St.
Belmont, CA 94002

SPECIFICATIONS:

P.O. Box 3761
Santa Rosa, CA 95402

GE}|ERATOR.

or night.

Q29, 72V,
Batteries.

CALL OR
WRITE FOR

DETAILS

Telephone:
(707) 542-4151

RUSSCO*---0-rrrr-
ELECTRO.MECHANICAL ENGINEERING

SAFETY FEATURES:
. NON-GROUNDED SYSTEM
O ACCELERATOR INTERLOCK
O SOFT-START ACCELERATION
O HIGH-VOLTAGE DISCHARGED

WHEN OFF
o OSHA YELLOW ENCLOSURE
. HIGH VOLTAGE WARNING LABEL
. MIAL FAN GUARD

$550



rc&E
P G & E is sponsoring an ENERGy SHOW

at SERRAMONTE SH0PPING CENTER, Daly City,
April 11 thru l_4, 1985. The EAA wilt be
showing A1 Hardage's "AqUAILA" car. L.L.L.
is showing an ELECTRfC car. Ms. Char.ity

, Cheekee is showing her CLass "8" Bonneville
Salt Flats record setter. Along with all
the P.G.& E. material, this will be a very
interesting Energy Show. please plan to
attend.
Ted & Mae BENSEN

I I rr r r r r r rr ttul lrrrrr
l:- WANTED

I , .,Marathon C-360 Van with captive fI lilSllil;..";":::i'l ",llo ,:iil", lij,,"'?,; -
I gotd =t"uctural and mechanicat- condj-tion t
I for a hybrid project. Do not care about I
I electric 19tor, transmission, or controller I
!. il::i": ";i' ::n::l:'"i#5 

**il;nu".", 
Rd. -

I L Rnnupolis, vtD 21407 (301i isi-oobo - = I
IT TII IIT I I I TIITI TI T I I

PUBLISHED By Clarence Ellers. SEND
EI/ENTS. ARTICLES COMMENTS etc.

YOUR PER.SONAL AI-TD CLUB NEWS AND COMING
coFespondence to ad&ess below.

EAA CHASTERS
Callthecontact person for meeting
times and places-.
ARIZOUA: Pttoenix Chagter

Greg l{ritney 602 849-L872
ARKAIiIS,AS: LittLe Rock Chapter

B.S. Boykin 501 562-0252
C,ALITOR{IA:

Balcersfield Ctnpter
ilares Peters 805 393-1749

Cqrcord: @ntra Co6ta Chapter
llax Rosenstein 415 229-3469

Los Anqeles: hrrbank ChapterIt. *eiss 2L3 849-7632-
OaJ<lard: East Bav Chaoter

Jin Fahey 415 e48-1-469
Sacrarento Chader

'"Fil["",!*ii*€il5L#FJaor'Uae Bensdl 415 992-545-3
San llancisco Chapter

BiU uarqualdt 415 58ffi987
San Jose Chapter

Roy Paulson 4Og 269-7937
San Rafael: lforttr Bav Chaoter

Gordon Sctraeffer 415 456-9653
Santa Clara Chapter

I€e Hemstteet 415 493-5892
DISTRTET OF @U[AIA:

Peninsul,a
PENII'';SULA CHAPTER; Meeting for April

6, 1985. 10:00 A.M. at San Bruno Library
Auditorium. An i.nteresting talk by Mr. Gene
Foi',rler about "Selecting the Right Motor".
Refreshments will be served. See you there.

Da-a-ot-orto(ta(lla(-a-.-a-a-'--.a-arDoi-.-at-a-o-.|-a-O-o-o-atDarDo(tDa(D1]-orDo(I
ED ITO RS: - Walter Laski - Iohn Newell - Bitl Palmer - Paul Brasch - COMPILED AND

wa$ingtm: E\[7'DC Ctaptershlngton: Et A/DC enpter
Ctrarles Darreis 3Ol 439-1365

j uewrem: aaltimr-g chaPrer
D. Mlchalskl 301 2{9-7e96
JERST!: t{corestorfii Chapte!NEI{

t
Nbany: Liffi Benton Chaprter

lGittr Shernr 503 745-5607
l€dfotd: Roqua Rlver Ctrapter

cedge Holbroc* 5o3 772-6856
Sa1eo: lllllarett€ Ctuprter

Iee arurdirfge 5o3 390-3e71
lEl(AS: th:stqt Chapter

Reert Nturql 773 6r,e-42L4
nA$ilfGKhl: Seattle Ctupter

S-tenen Idxgh 26 323-26F/0r sEtBVEll L€ugft ZlJb J25-2d)
r tlltffiEilN: l{Llmdee Chanrter
r llavid Parez 414 481-9555

IN
all

sld rceitsberg 609 829=2445
OKLEIICIIA: Itrlea C$apter

W. E. Watson 918 743-9317
OREffid:

n0r.Ptoftt
(nGAxuAltot
u.s FoStAc[

PA I D
5Ar\l J05t, C l,tr
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APRIL T985

1249 Larie St.
Belmont, Ca.
94002
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