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THE EVOLUTION OF THE

AFFORDABLE CONTROLLER

Frank G. WilleY

In tne earl-y days of the
'i -' I I.r ;vaiiable electr'onicLUr .lllVl L Ig-: f.y

control-lers wdrr heavy and exp',:nsive, wnlle
surplus ai.:craft relays w:re cheap, h;nce
many e1:ctric . ai buffs used step-type
batterv switchi-ng controllers. In L97I,
an u.A.A. tas,< force, known as "Project
Xt' . ',r'as ' co :.irri-s ioned co study and propose
an t'optinu,-." car oesigi-l for our me.:.bership'
;ing p.rts and techn:Iogy avaiiable to the

imater',r "l,ctri; . ar bu1lder. Tho author's
a:sig.,rne,-,t on the coi:.mirtcre pertained to
nctors anci corltrols.

Anong the proposed specifications reached
wr)ro i (1) lro;s weight of ctr about
250,1;., (-) Batcery weight, up io 4C)l ct

sro,S weight, (-") Bactery type, d-cp
Jischarge i:aci-acici (f'or price reaso;rc),
(,r) Car '3;cr;v :i 1ow drag coef f icient, (5)
Lon rcf iL,g :':si-*tance tires, such 'as

slri'oth we-L i-inf'lat:o st:e1 radials , ano ( o )

Electrcnic contrci:'er for ef-icient
oper':itio;; ,t anv required trarf ic sp-'ecr '

In L?7--, the author started -;v.lopment of'

3RII:ONS invacie US, JC of these Bedford/GM
vans wirl be invofved in a 12-month program
with 7 utilities arranged by EVDC. Made in
Luton, Beds., England these Bedford/Lucas
Chlorlcle developed sl;ctrics have undergone

'.xtensive field trials since 7977, CF

eLectrics have completed we]l over 1

million miles in normal service with fleet
operators. Over 1-00 prototypes have been

used for perccl delivery' newspaper
delivery, rnaint€ner c€ work, laundry
service, and paijsenger transportation.

ELECTRICAL
Traction batteri6i: 36x6 Volt tubular plate lead acid batt€ri63,

series wired to give 216V; fitted with
centralized watering system for ragular
bettery'top-up' operation. Batteries
mounted in a steel panniEr, plastic coated
for corrosion prot€ction; mounted via
quick-relaase pins under the cargo floor'

Choke, rystems interface modula, DC/DC
convorter and controller mountad on a

fabricated subframe in the under'bonnet
area.

12V 55Ah battery mounted in the undar.
bonnet area.

CAV MT 305 separate,ly €xcited
216V DC traction motor.

40 kw
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.,- .lectroni., coi:,tro.ler with
c!jectives as foliows:
r-:nde r $8CO (down from over $25C0
oir the market. )

15 Ib. (dowrr from 60 ]b. or

.XOi amper,-.s.
y ;t all sp.reds.
ther the 'bhen aviilab-le
s cr o'ther traction

on 36 to 72 volt systems (later
l.C voit; ) '

Control equipment:

Auxiliary battory:

MOTOR
Typs:

Powsr:

please turn to pg. 2



I'Ji I ley on Control lers CON'T.

(g) Constructable by the hobbyist from a

complete kit of parts and manual-, in the
manner of a Heathkj.t TM, and
(h) Should serve as an inspiration to
other E.A.A. menbers to produce and sell
useful items for efectric car builders.

Over the next five years, the author cuilt
six prototype controllers, thuroughly
testlng out alternative circuits, newly
availabfe components, and p.rckasing
designs. By 1976, the cost ot' Power
transistors was becoming competitive with
SCR's and in 1,977 he of r'ered the
light-weight "ModeI 7" controlLer to the
membership as a complete kit of parts with
66-page instruction manual for $-150 (or
$435 with shunt field controLler included).

Earlier, iil L375, the shunt field
controller had been offered as a separate
product, ?s a kit or assembled' The

tontroli.er was designed as a mating printed
circuit and heat sink on which all parts
were mounted, and an enclosing steel- case'
The kits included a1l parts and hardware
down to the last nut and Lockwasher' The

manual gave complete directions for
assembly, test, and installation.

The Model 8 followed in'198Gr us'fu-
improved transistors. It was 3" shorter
than but externally interchangable with the
Model 7. Preparation and sales of kits and
finished controlLers were now handled by
licensees.

In 1982, the Model 9 raised the maxi"mum

current rating to 450 amperes, shortened
the housing another 3", and introduced
higher-rated, more reliable transistors.
By this time, several hundred controllers
and kits had been so1d, and up to a third
of the entries in the Sunnyvale Electric
Car RalIy were carrying W111ey controllers.
The I.E.E.i. Society on Controls Systems
had recognized the "design and reaLization
of (thls) electric car controlfer" with an
Achievement Award. A11 of te 1'972

objectives have been met and surpassed, and
others ( including former licensees and
customers) have been insPired to
manufacture controlLers and other items
useful to the electric car builder.

The l,lectrlc Auto Association has. proven
its leadership in the development of the
practical electric car by encouraging
these and many other activities, by
sponsorship of rallies, and by promotion to
increase public awareness of electric

)L vehicl"es. It is no coincidence that the
world records for speed (175 mph, Roger
Hedlund I974) and distance-on-one-charge
(215 miles, Saied Motaei 1984) are held by
E.A.A. members.

YOU CAl{ BUILD YOUR
OWl{ EFFICIEI{T SOLID
STATE CONTROLLER

AND SAVEI
THE WILLEY MODEL 9 COMPLETE

CONTROLLER KIT HAS ALL THE PARTS
YOU NEED-even the nuts and screws! And
a big 57-page illustrated, construction, test
and installation manual. The Willey Controller
Model t has been proven highly reliable.

All the engineering, layout, machining,
parts buying and wiring (it's all on a big
printed circuit) has been done for you. Just
assemble, solder and test, following the
detailed instructions.

Find out all about the kit from Al at
BREWER ASSOCIATES, 21511 Deerpath
Lane, Malibu, CA 90265. Or, if your soldering
iron's busted, or your fingers are all thumbs,
write lo: FRANK WILLEY aI9722 Lindgren
Ave., Sun City, AZ 85373 for a FINISHED
AND TESTED CONTFOLLER!

ON THE MOVE:
A TRANSPORTAIION FAIR QL

Thurs. Sept.28, 11 AM-5 PM Marin Civic
Center Outdoor Terrace; A11 Programs and

ADM]SSION FREE. QL

M$ GET MOVINO T0 MARIN CIVIC CENTflR T0 SEr.
THE WORLD, S FASTEST SOLAR-POWERED CAR,
ELECTRIC AND DUAL-FUEL VEHICLES, HIGH-SPEED
RAIL OPTIONS, AN ENERGIZED ROADWAY, FOLDING
BICYCLES, HUMAN-POWERED TRANSPORT,
TRANSPORTATION FOR THE DISABLED, AND OTHER
STATE-OF-THE-ART IDEAS IN INDIVIDUAL AND

MASS TRANSIT. IF YOU.RE GOING ANY WHERE IN
THE NTLXT 20 YEARS, YOU WON-T WANT TO MISS
THESE OPTIONS. QL

In addition to displays and demonstrations
of breakthrough transPortation
technologi-es, there will be a wealth of
transportation information for your use.
Free bike repair and maintenar,cr
instruction will be olfered; CSAA t111\-/
offer en:rgy-efficient car maintenance
tips, the CitP will give safe driving
advice, and RIDES will 11nk interested
commuters with carPools. QL



NOWIII ANYBOIDY IN THE WORLID CAN
WIN A GOLID MEIDAL AT THE EAA INTER-

.--NATIONAL RALLY:

In 1982 we lost one of our most beloved and knowledgeable
members KEITH CROCK, because Keith pioneered much of our
early technology we established this award in his name.

Tt^iO KEITH CROCK AWARDS FOR TECHNICAL ACHIEVEMENT

will BE AV,JARDED.One for a 1985 Rally participating vehicle,
and another a write-in candidate. If you have developed a

special feature for your Electric Vehiclei
" Write it uP-
o Have it documented by two notorized statements from

disinterested parties.
o Must be INSTALLED and OPERATING in an Electric Powered

Vehicle.

Send to Bill Palmer
44 Dior Tem.

POLITICS RICHARD MUNSON

Electric Rebels
Armed with peach pits and windmills, a new group
of entrepreneurs is challenging the electric utilities'
monopoly on power generation-and succeeding.

rr.trnrce's urILmES are on the run.
Since 1973 electricity rates have

tripled. At least 180 ProPosed
power plants-more than the

combined electric generating capacity of
Texas and California-have been cancelled'

A dozen power plants teeter near bank-
ruptcy. Problems promise to accelerate as

consumers face rate shocks when nuclear
power plants join the utility grid.

But America still requires reliable, rea-

sonably priced power. To satisfy this need, a

new generation of electricity entrepreneurs
is emerging, bringing with them innovative
technologies and aggressive marketing
practices that are beginning to provide alter-

natives to the utility monopolies' power.

These entrepreneurs-who use cogen-
erators, burn wastes, and hamess the sun,

wind, fallingwater, and geothermal steam-
are banding together to become one of the
nation's fastest-growing industries. In Cal-
ifornia, where this phenomenon has been
most rapid, independents supplied only 100

megawatts of the state's electricity in Janu-
ary L982, enough to power 50,000 homes.
Three years later they had signed contracts
with utilities to supply more than 6,000MW
of electric power-almost the entire poten-
tial output of California's six nuclear reac-
tors combined. According to utility com-
pany records, by 1988 these electricity

From SiERRA Mar.'1985

entreneurs will double their cap-
acity again to supply 13,800&l--
35 percent of the states elecL,--
ricity denand.

The hottest new item in industrial energy
is cogeneration, an ingenious system that
iimultaneously produces heat and elec-

tricity. The hybrid operation more than dou-
bles the power a business receives for each

dollar invested. A utility plant producing
only electricity is approximately 32-percent
efficient; a cogenerator using the same

amount of fuel can be 8O-percent efficient.
With utility rates soaring, cogeneration is

becoming increasingly popular among pe-
troleum refiners, wood and food processors,
steel and chemical producers, cement mix-
ers, and other companies that need both
heat and electric power. "There is more
business out there than you can possibly
imagine," says one cogeneration promoter.
By late 1984 cogeneration produced more
than 15,000MW of power in the United
States, matching the output of15 large nu-
clear reactors; another 200 projects with a

total capacity of 6,000MW were under con-
struction. Analysts expect cogeneration to
be a $63-billion industry by century's end,
supplying 15 percent of the nation's total
electricitl,', more than is now produced by
nuclearplants.

*



NOTICE: !!! All 100 14ile+ CARS ARE

CALL CLARENCE TO ARRANGE FOR

URGED T0 START @ 7:30 or 8:30.

JUDGE.

COURSE

3:30 EndRun \\ osV i FJ : z

DII[r(rDIUIvr r.- -./ i fffiru-/''r: 5l .--*- $ ti
sHERAToN HorEL Rq-LE-o lqq4 -- Y i

Nulr"' iioi & t-4oirett Park F

START PROGRAI4
Sociai Hour
Rodeo Room
Al^lAl?DS BRUNCH

G

Board of Di rectors Meeti ng
following brunch, ChPt. Pres-
or alternates I'lELC0PlE.

SP EAKE RS

Robert Aronson
Electric Fuel ProPulsion

Joseph Cal Iahan
THERM0 0i I BatterY, Canada

John Anderson
ALCO Batteries

Erwin Ulbrick
21St. CenturY Vehicles

Charity CheikY
EMI Santa Barbara

Bi I I Palmer
TVA BatterY Test RePort

PRIZES

Pl?IZES: In l-land;
Lester 12/96 VoIt CHARGER
Curti s INst. FUEL GAGE
5 12Volt Accs. Batteries
36 HYDRO-CAPS
Subscr i pt i on to AET

PR0I,IISED:
AM/ FM RAD I O

Cordless Drill
MULTIMETER
Get-A-lilay I{eel<end
14isc. B00KS
t4i sc. Parts
EAA Teesh i rts
& Hats
Fire Extinguisher
& MUCH ! [.4UCH ! MORE

Schedule
m21

9:004M
11:45

12:45

t\Y,{ #ryV i ?tjutr!--zz .yu I$ u, si j
/ tc#$RlSYMPOSIUM .\ ,.'

LODGI NG NEEDED AND/OR OFFERED
Call Chuck (408)296-6944
3087 Taper St. Santa C I ara, CA 9505 1

BRUNCH INFO:
RALLY

Patricia Hardage
Clarence Ellers

(408 )734-8385
( 4oB ) 248- 2s88



EV Marketplace

SAFETY
ELECTRIC VEHICLE

CONTROLLER
Model HV-500

FORSALE: J&H
Vester Dick,332
cA. 9506C laOa)

G-23 Generator
High Street,
429-8834

$30c .00
Santa Cruz,

FOR SALE:

******Jt*J(J(*J+

80 Electro
Courier, 9000 miles, $2,750.
Jim Goebel, Box 995, Ross
(H)(415) 45A-0804 , (W) (415)

Van 750/Ford
Call or write

, C4. 94957
824-9484

1981 Datsun pickup. Less than 6500 mi1es,
z2 h.p. Prestollte motor, 108 volt system
with Pulse-o-matic controller, 8-track
stereo, heater, movable Ued. $2,500 FOB Ed

Gray, Phoenix, AZ (602) 278-3878

l(.)f l( .it * if tt * t( Jf J+ tt

1981 Bradley GII Electric 450miles on
odometer. $3,600. CaIl Cfarence El1ers
(408) 248-2588 or 296-8532

SAFETY FEATURES:

$550
ADS must be received with payment by the 10th
of the month, for the following month's issue.
AD rate is min. l to 5 lines $s.OO. I/4 Pg. $15,
FulI Pg. $S0.00, Full Pg, 2 sides $80.00, Wanted
Trade, For Sale, etc. MaiI to EAA 1249 Lane St.
Belmont, CA 94002

SPECIFICATIONS:
. 100-500 AMP
.24-120 VOLT
o 4000 HZ EFFICIENCY
. FULI-Y PROTECTED
. REGULATED COOLING FLOW
.SIZE:4'Dx8"Wx12"L

(101.6mm x 203.2mm x 304.8mm)
. WEIGHT - 14.5 lb. (6.59 kg)
O FULL LINE OF ACCESSORIES

AVAILABLE

. NON-GROUNDED SYSTEM

. ACCELERATOR INTERLOCK

. SOFT.START ACCELERATION

. HIGH-VOLTAGE DISCHARGED
WHEN OFF

. OSHA YELLOW ENCLOSURE

. HIGH VOLTAGE WARNING LABEL

. AXIAL FAN GUARD

MODELS AVAILABLE UP TO

1000 AMPS AilD 3ll0 V0LTS

CALL OR WRITE FOR DETAILS

P.O. Box 3761 TelePhone:
Santa Rosa, CA 95402 (707) 542'4151

BUYERS
WANTED

LIGHTNING ELECTRIC VEHICLES
NEI^J & USED EV'S, PARTS & ACCESSORIES
WILL OPERATE ONE DAY ONLY SEPT. 21St.
AT THE RALLY. BRING ANYTHING YOU HAVE

T0 SELL. CHARGE: $5 PARTS $15 CARS.

MONEY hIILL BE USED FOR ADD IN PAPER.

SEND M0NEY N0W! ! I So we can get
add in paper before RALLY.

Clarence Ellers 2892 Mesquite Dr.
Santa clara, CA 95051

Q*,--4o--lrlrl,-
ELECTRO-MECHANICAL ENGIN EERING



INTERNATIONAL
SUNNYVALE r Sept 21-22

Call: Clarence Ellers (408) 248-2588

Goforit!
* t BRUNCH RESERVATIONS ' t

prease firl and return this 'BRUNCH RESERVATTON FoRt"Io as soon as possible'
In the event you 'cANfT or nwoN'T'. release your money earlyr please mail
iii"-i"trtill"ly, and you ""tt"t"ir 

the money rater- or pay at the door'
By Eraiting the iorm Ulcx ".ifyl-Ini! gives me a chance to urake out the
,NAl"rE TAGS. "itfil insteaa of-ine night before the brunch'

Bnrnch is 113,R5 - this ()o\rers taxr tip and banguet Eoonl plus eguipment

for the vhole daY.

There will be 

-attending. 

First names of persons attendingr

Enclosed is nry check forl

I vould also like to
stand e\reryone Picks

There witt be

join the group for Saturday night dinner' I under
up his own check.

attending.

Patricia Hardage 1085 Tasman Dr' - *732 Sunnyvalee Calif 94089

(408) 734-8385t"vq, t Ja-vJvJ

rarD.oo-orrorlarD.(-..Dorto-o-.---.-a-aa--a-a-o{torai-.-a-orD--a-oo'rro(DorD'rDol 
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I

ED I?O RS: - Walter Laski - John Newell - Bill Palmer - Paul Brasch - COMPILED AND

PUBUSHED By Clarence Ellers. SEND IN YOUR PER.SONAL AIID CLUB NEWS AND COMING
gvgtrliS. ARTICLES COMMENTS etc. all correspondence to address below '

tXuI,itAuh

SEPT. 1985

1249 Larie St.
Belmont, Ca.
94002

NME

ito\t'Plofll
ONGAMIATT'il
u.s FoSrAGt

PA I D
SAr.l JOS[. CAllf.
Ptr$rl ilo. 3ot

EAA BASEBALT CAP
$25 .,RALLY" DONATION
787 Florales Dr.
Palo Alto, cA 943 0

DATED MATERIAL - DO NOT HOLD
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