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HO},l DO I CHARGE IVIY BATTERIES WFIEN
I'IVl TOOLING IN THE TOOLIIS

You are seldom far from some kind of power,
farmhouse, country store, service station,
& etc. If you carry a variac,50 or 100 Amp

@ 220 Volts. Four diodes, 100 Amp. @ 300
Volts, formed into a diode bridge with heat
sinks. You can charge almost any battery
system, from any ac power source (110 to
240 Volts ) .

IPIPORTANT NOTICE

EXPO '86

TV MARKETPLACE

AND CALI- NOl,l ! !

CAUTION! DANGER HIGH VOLTAGE! !

A Vorioc is o vorioble
outotronsformer llhich meons chorging
leods ore directlv connected to the
Dower line. N0- IS0LATI0N. You'should isolote vour botteries from
the bodv of vehilte ond ground bodY
before Connecting chorger.

"THE ROLE OF ELECTRIC VEHICLIS
IN THT NATION'S ENERGY FUTURE"

A recent government publication, written by
J.G.Asbury, J.G.Seay and W.J.Walsh, all of
Argonne National Laboratories (ANL). The
28-page booklet is designated ANL/SPG-26.
The report examines the transportation fuel
outlook, the nation's dependence on foreign
oi I and the future cost of domestic
substitutes for petroleum, including oii
from shale and methanol from coal. Then an
economic comparison of the EV with the
internal combustion engine vehicle (tCfV)
is presented. Battery break-even cost and
performance requirements are establ ished,
along with prospects for meeting them
through candidate battery technologies. The
fol Iowing quotes from the conclusions:
"Vehicles range was found to be the most
important design consideration affecting
the cost and performance requirements of
the electric battery. Present battery
technology is adequate to achieve
cost-competitive EVrs with a 50-mile range.
Moreover, battery technology appears to be
on the threshold of enabl ing economical
vechicles with a 100-150 mile range.
Continued development of sodium/sulphur,
I ithium-metal/sulfide , zinc-bromine,
zinc/chlorine, iron/air and serveral other
battery technologies may enable
cost-competitive EV's with a 100-150 mile
range during the 1990's. 0n the other hand,
a major breakthrough in battery technology
is required for EV's with a 250-mile range.
In particular, substantial reductions in
battery cost ($/rwH) are required,
regardless of the improvement in specific
energy. The EV represents an impontant
long-run transportation alternative for the
U.S. Compared with the enormous
investments in nev'r conversion faci I ities
required for synthetic fuels, the effects
of EV's on .the nationrs electrical supply
system wi I I be modest. Nevertheless, the
market and technical risk associated with
their development cal I for continued
government support." Amen.

Fnam Ed We'LLt t AET NUN'bftun



Cctnt'd 6,rfin Feh.

BOBBIN WOUND COIL DESIGN DATA .SW2

T_
1.105

sQ.l_

Winding
Primary
Catch
s1

s2

53

s4
ss
Total P., :

COIL FORM PERIMETER:
2.30 tN.

COIL MEAN TURN:
3.05 lN.

sQ. l{/rRE wEIGHT:
SOLID= .088 # STD'D =.063t

AWG
MAX
DIA

ctRc.
MILS

TURNS NO.
LAYERS

TOTAL
TURNS DCR

LAYER

30H
29H
28H
27H
26H

.o119

.0133

.or47

.o164

.0182

100
r28
159
202
253

60
53
48
43
38

l8
l6
14
13
11

1080
848
672
559
418

28.3
17.4
11.0
7.25
4.27

25H
245
23S
225
2ls

.0203

.o2L7

.o243

.o270

.o303

320
404
511
640
8L2

34
32
28
25
22

10
9
8
7
7

340
288
224
L75
154

2.75
r.83
T.L2
.697
.497

20s
19S
185
l7s
l6s

.0339

.0379

.o424

.o475

.0531

LO?4
1289
t624
2052
2581

20
l8
16
14
12

6
5
5
4
4

r20
90
80
56
48

.JU4

.r78

.L29

.o70

.049

5x 30
7x30

10x30
l5x3O

.o29

.o342

.0408

.o498

500
700

1000
1500

24
20
l6
13

7

6
5
4

168
L20
80
52

.871

.445

.208

.089

2 Parallel wires used for secondary i to minimize wrre
s ize
3. Secondaries are bif ilar lvound where t)ractical for
good intersecondary corrpling

Design Verification
Best practice is to estimate the transformer temper-

ature rise and then test in the application. To estimate
temperature rise, determine the total transformer losses,

then use the equation in steP 14
'l S Core loss was set in step 4, therefore copper losses must
be estimated at this point P,,, : Il.2R41'

lr
Amps

1.100
0 345
6.740
o 670
2.020
2 020
0.404

RMS currents f rom step 11

DC resistance estimated f rom Figure 5
AC resistance estimated using curves adapted trom
reference 1 .

14 Estimate temperature rise:

1 : 143.7(Ppri P.u)* 76.31 PCJA.O 882

:1437 (093/1 .67) + 7631fi 6715.730882:36"

P., f rom step 13, P6p and A5 f rom Figure 3.
NOTE: ln step 5, more than minimum turns were used;

therefore. the actual core loss will be less than 0.93 watts
Finally the transtormer is tested in the application to

complete the verif ication step The temperature rise of

Roc Rnc l,.2RnC
Ohms Ohms Watts

0 240 0.520 0 63

o 470 0 630 0.06
0.004 0.012 0.55
0 008 0.024 0 01

0 016 0.048 0.020
0 016 0.048 0.200
0 0e8 a132 

?2)
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+

Figure 7. Regulalor Block Diagram
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this design measured 34oC Output voltages are shown
in Figure 6

Circuit Design
The goal of most low power flyback designs is for

reduced parts count (or size) and reduced cost. This 60W
100kHz switcher is no exception. At 1OOkHz, the trans-
former size and cost design are reduced by about 30%
over a 2OkHz design and it still performs very well as

shown in the previous discussion. Also at 100kHz, a FET

can be driven directly f rom logic circuits (1 O0 to 200mA)
and still switch very eff iciently This eliminates the need
for drive interface circuits The output caps used here
are about 50% smaller and they cost less as well. Finally,
the relatively new three chip control system is used here.
It replaces an expensive and performance limited drive
transf ormer with a lower cost opto coupler. The
functional block diagram of this design is shown in
Figure 7 The FET is the control element for the flyback
transformer and is directlv driven f rom the 494 linear lC

circuit. A rather standard off line starter circuit is used to
initially power the control circuit and this is also lower
in cost than the filament transformer supply which is

t Please turn to Page lO)
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Figure 6. Conlinuous Mode Flyback Translormer - 1fi)kHz
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A 100kHz FET Switcher
(continued from page 29J

often used to power a single chip system. The design
procedure followed here was:

. r. Design and test the power stage.
2. Add and stabilize the control loop.
3. Change from DC to AC power.

A schematic of the regulator is shown in Figure 8 The
original transformer design is shown here as a point of
reference. lt used a slightly larger EC core but had an
ineffective clamp winding. To contain the switching tran-
sient from this transformer, both snubber circuits shown
in Figure 9 were tried. The first worked but dissipated
about 5W. The loss-less snubber slowed turn off and
lowered the ringing frequency but did not reduce the
peak transients Even with higher values of L and C this
snubber was not able to contarn the switching transients
to less than 400V. However, when the Pulse Engineering
transformer was substituted, clamping was so effective
that the zeners and snubber were removed and replaced
by a small RC network which dissipates about 1 watt and
is used only to reduce ringing The FET waveforms
obtained with thrs final configuration are shown in Figure
10. The exceptional switching speed of the FET can be
verrf ied here (less than 50ns) and ringing on the current

STANDARD RC AND ZENER

waveform is due to the layout which includes a current
sense loop and noise pickup on the scope probe.

The input cap does not reduce in size like the outputs
because it is needed for energy storage which still
occurs at 60H2. Noise f ilters used here include a toroid
from PE and the economical 41 CS series of tantalum
caps f rom M/8. The 12V output rectif iers were
Motorola's new MR2400F fast recovery button rectifiers
which are housed in a TA220 package They were
ideally suited to this relatively high current (1G15A peak)
application because the correct amount of heat sinking
was easily attained by simply bolting a fin to the tab.

Figure 8. 1d)kHz FET RegulatorThermalloy
Heal Srnts
ol 61768
D36lllB
D5 6r064
D6 61068

T I Pulse Engrneenng
rPE63 I 33

L1 PE5r59O 12 gH.5 A
12.13 .- PE5r591 20 yA.2 A

Oulpul Caps
all 720 & 1000 !F
M, E 3428 Senes
all 10 !F Tanlelum
M/E 41GS Seies

Atternate Tl
Ferroxcur €C_41
Ga9 30 mlls 1 3 mH
Pilm 70T .24 (2 layers)
Clamg 70T t28 {1 layer)
r 12 V 8T .20 I'tylar
+ 5 v 4T .2O Ouadtylar
l2 V Aux 8T r2O

D1 MOA
202

I 20VAC 1

Cri
)

2uFrc3
ticl723 cP
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output. The 1723 drives the second chip, a 4N27 opto
coupler. The coupler maintains isolation between the
primary and secondary windings and couples the DC

control signal to the input of the third chip, aTL494. The -494 pqrforms a fixed f requency pulse with width modul-
ator (PWM) f unction and is used to directly drive the FET

power switch which is connected to the primary or
energy storage winding

Figure 11 . Three Chip Conlrol System

The 494 is a relatively new control chip and
probably deserves some additional comments lt is

currently available from both Tl and Motorola. The
key regulating blocs are the 0.0 to 3V sawtooth
oscillator and the feedback comparator. As the FB

signal is raised from 0 to 3V, it gradually narrows
the on time of output pulse coming f rom the
comparator. During start up, the FB is missing
and resistor divider network controls the second
or dead time comparator to insure that on time
cannot exceed 457o. This and the soft start capacitor

' {Please turn to Page ?21
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50Vi cm

And Motorola's new MBR1035 fO22O Schottky is the
best choice for rectifying the 5V output lt is about half
the cost of the equivalent DO-4 version, a 1N609.5 The
overall eff iciency of this regulator (including the con-
trol circuits) is 75%o As usual, most of the losses are
associated with the power handling components as

noted in Table 1.

The control loop contains three chips as noted earlier.
The functional diagram of this arrangement is shown in

Figure 11. The first chip is an MC1723 linear regulator'
It is used here to provide a 5V reference and an error
amplifier. lt is powered from the +12V output winding
and receives feedback or control signal from the *5V

1. lnpul Power
Vn ltr.t

160VDC 6A
12OVAC 1 4A

TABTE 1

Efficiency Data

Ppnms Pa
96 96

170 95*

-50
100
51
26

PT

IOOVo
56o/o

*Note using Clark-Hess wattmeter

2. Output Power
Winding 15 0
Load (ohms) 1.0

Voltage 5.1

Power 2.5

3. Efficiency
Eff . = Pol P,n:72W l95W = 75o/o

4. fstimated Losses
FET 4W
Schottky 4W
Transformer 2W

Fast Recovery(both) 8W
lviisc. 5W

+12.O -12 0
80 8.0

132 133
2't 5 220



5
A 100kHz FET Switcher
{continued from page lll

prevents transformer saturation problems during start
up. The 494 also features parallelable uncommitted
output transistors which sourc_e about 500mA to the
FET gate. Pull down of the gate voltage is accomplished
as shown in Figu re 1 1 with the addition of a

low cost TO-92 PNP transistor. ln this design, the 494
is started off line with the addition of a 200V transistor
and 12V zener as shown in Figure 8. lt ultimately (at
normal line voltage) runs off the 12V auxillary winding
which back biases this transistor Because it and the FET
gate draw so little current from the line, about 20mA,
undervoltage inhibiting common to bypolar designs was
not required here and this circuit becomes functional
and runs safely when the input reaches 40V A.C.

Cost and Performance
The parts cost of this design is essentially the same as

a similar bipolar design.. This switcher totaled $3663
(versus $36.99) but does not include a relatively high
priced ($6.63) FET switch. lt is anticipated that within
one or possibly two years, the FET price will be about half
its present value and at that point in time, FET designs
in general will be at least 10oZ lower in cost than the
lower frequency bipolar designs. Prices of the individual
components used in this design are shown in Table ll.
The high frequency (100kHz) FET designs like this one
offer system savings over 20kHz bipolar designs in three
jr.re-aj:

TABTE II
10OkHz FtT Switcher

Parts list(1K Quantity, Apdl 1981)
Semiconductors (Motoroh)

1. Transformer size shrinks by about 30%
2. Output capacitors shrink by about 5070 (input caps
remain the same size and cost)
3. lnterface circuits are reduced or eliminated because
the FET is easier to drive.

And they turn out to be a little easier to design
because of item 3 above. However, there are still the
normal amount of precautions required in designing
snubbers and clamps and in stabilizing the loop. And
as most designers realize, the production cost of this
design should and could easily be in the $25 to $30
range rather than $37 There was an attempt to keep the
number of parts and cost down in this design But
further reductions are always possible such as a lower
cost noise f ilter and control circuit.
* Ref erence "A 60 Watt Switcher", E lectronics, Feb 80

The performance of this 100KHz switcher is similar to
most others. lt is relatively easy to keep output ripple,
both 60 and 1OOkHz, below 100mV on all outputs. (See

Table lll). Line regulation here was terrific (less than
O.1o/o) but load reg {2%o) could have been better.
Normally tight layouts and higher loop gain can get this
down to 01 to 0.5% as well. Efficiency (75o/o) and cross
regulation (+10"/") were discussed earlier and are also
similar to other multiple output switcher designs. To
facilitate construction of this or a similar design, the
parts layout and foil side of the PC board are shown in
Figures 12 and 13.

TABtt il
Output Data

1. Ripple Voltages (1 20VAC, Full Load)
Winding +5 -5 +12 -12

$ 6 6] 100K Ripple(PP) 60mV lOOmV 70mV 50mV
60Hz Ripple (PP) 20mV 50mV 70mV 60mV.+)

1 44 Norse Spikes {PP) 2V 2V 2V 2V

1.80 2 +5VRegulation
BO Line 1OOVAC 1OOVAC 13OVAC 130VAC
50 Load Full Half. Full Hali

2 00 Voltage 5 1() 5 21 5 10 5 21

:l -Note +5Vloadincreasecl to2ohmsancl -1 2Vloacl removecl
-' 'o Load Reg : AV,; V,1 : {) l''l 5 I = ? )o/o
$14 l{) LrneReg.av,rVo={)0(}5 5 1 = 1o/o

T rans istors

Rectif iers

tc's

5ubtotal

Magnetics (Pulse Ingineering)

MTP565 4OOV, 5A
Misc.
MBR1035 10A,35V
MR24OOF(2) 24A, 50V
MDA2O2 1A, 2OOV
Misc
T1.194 SM Control
.1N27 Coupler
1,,1C.172J Regulator

Subtota I

Capacitors (Mepco/tlectra)

PE631 33
PE51 590
PE5159'l(2)

1050 Series

1428 Serres(2)
3428 Series
41CS Series(6)

Transf ormer
Filter
Filter

lnput

Output

60w
12pH.5A
2OyH,'2A

110g,200V

72Op.2OY
1000pr.10V
10p,20V

$6 00
100
200

$9 00

$1 51

262.l 
]1

142
$B 86

$ 151
o)

212

Summary
This design shows it is practical to work up to 100kHz

without exotic transformers and output caps. lt also
shows that the continuous mode flyback circuit is the
most practical high frequency circuit for a low power
(50 to 100W) multiple output switcher lt requires the
iewest number of output f ilter elements and usr-rally
does not require post regulators on the auxillary wind-
ings. Motorola has just introduced a single channel version
of the 494 control lC. This part, the MC34060, will
undoubtedly replace the 494 in most singleended
switcher applications becuase it offers the same per-
formance features, but is more economical.

The FET switch was used experimentally here to show
that speed and power handling are excellent and that
drive circuits are relatively simple. ln this 100kHz
design, a good (fast) bipolar like Motorola's Mf 16010

SU BTOTAL

Miscellaneous

- 
Heat Sinks (Thermallov)
Res i stors
Capacitors

Subtota I

Total Parts

32 POWERCONVERSION INTERNATIONAL

54 47

$36.63



6
Figure 12. Motorols FET Regulator, Top Side
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Figure 13. Motorola FET Regulator, Under Side
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Switchmode lll series could have also been used How-

ever, in higher frequency designs the FET will be the

designers .hoi." simply to.maintain .good switching

"ilicr"on.v 
And it's obvious that designbrs will want to

prrh operating frequencies even higher (200 to 500k) to

froduce further gains in size and cost The FET has

already proven it can handle this The challenge now is

for the iransformet and capacitor designer to become

adept at handling these f requencies'

4
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EV Marketplace

b********

iu. ,n,rE KING fi?5nlflt tt vort system,
Wi I ley Control 1er, Baldor 72 Volt Motor,
Saisburry Vary-Speed Transmission, Datsun
510 Rear end, 13 ALC0 2200 Batteries.
Also; Red FREEWAY 3 wheel, 5 ALCO 12 Volt
Batteries, Comet V.S. Transmission, Skokan
72 Volt Controller, PM Motor (needs

brushes) or 48 Volt Prestolite. Sunnyvale
CA.
CALL: Ed Schanz Day (408)746-8219 Eve.
( 408) 245- 6322.

++++++++++
FOR SALE

l{ILLEY Model 9 Controller: 72-84 Volt (400
Amperes). Includes separate Field Control.
Over 8,000 miles. Beautiful condition! !

ONLY $235 ! ! (408) 867-1030 evenings and
weekends.

++++++++++
FOR SALE

CONVERTED 1970 NSU/AUDI TO ELECTRIC IN 1975"
Mi 1 age 39752 with 1 1 102 as electric, Motor
G32-1 1 Aircraft Gen. ,Bui 1t in 600 Watt
charger. All for $950

_LL: Paul Mauch (415)968-1268.

**********
FOR SALE: Huge Gould EV Motor from postal
Jeep rated 2900 RPM @ 54 volts, Built in
Reverse, blower housing, thermal switch,
tach/speed fitting, mounting brackets. 17"
lons. $350 (805)489-1421.

**********

FOR SALE

EIGHT CARS ARE TOO I,IANY FOR I.IE TO DRIVE.

THEREFORE I OFFER TO SELL THE FOLLOI{ING:

(I)THE NO.z PRODUCTION JET OO7 ELECTRICA
t20 voLT5,400 AilPs cE IiOTOR
NEARLY NEhl ALCO 2200 BATTERIES
REINFORCED FRAI{E/ORIGINAL INVOICE
Ar,r/Fu RAoto, sPoRT AccESSoRtEs
ROTARY DC-OC CONV. FOR AUX.BATTERY
TRAILER HITCH & HYBRIO I{IRING
STREET LEGAL - I }ICT39O -
PRrCE - $2400

(2)LESTER CHARGER FOR ABOVE

30Ae t20v I rsAe rzvouTPUT
208 / 240 VAC TNPUT
PRICE - $1OO

(3)HYBRIO ENGINE-GENERATOR FOR ABOVE

ONAN NHC INDUSTRIAL ENGII{E -20 HP
RELIANCE DYNA}IO - 80 A E I2O V

SEPARATE 12 V AUXILIARY CHARGER
5 GALLON GAs TANK AND FILTER
PRICE - f2000

I{ILL FINANCE 801 OF ALL OR PART O.A.C.
FREE OELIVERY TO 5.0 AREA OR BAY AREA
ALL PARTS I{ARRANTEEO FOR 90 DAYS

ERV ULBRICH - 2t3-695-4886 - HOI{E

A(D(PO86 Expo 86 ALTERNATE FUEr- wEEK AUGUST e - i6
\I., VANCOUVER EAA INTERNATIONAL RALLY AUGUST 9

EXTRA

Geroge McCreo EVAC Voncouver B.C. is orronging for hospitolity bed ond breok-
fost for EAA members. He requests you phone nornr (604) 663-3347.

The Conodoins hove offered t0 help cover the cost of o tronsporter for the
EV's. Tronsport to stort from centr0I locotion(,s). Arrongements must be
mode NOW! It is to late for ietters! Phone Clorence Eilers (408) 248-2588

_lnurit. 
uP to L1.:00P.m. PT.

To co-ordinote I
length of stoy.

need t0 know who is going, tnlho is toking 0 cor, ond your
Agoin pleose phone me.
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HUSTON, TX:

LIA/7I Annuol

BOCA RATON, FL

Internotionol
Botteries lvlor.

meeting Mor. 19-20 & 21St.

Seminer on Rechorgeoble
5-4&5Th . ( 305 ) 305-3099

EAST BAY & CONTRA COSTA CHAPTERS

PG&E Service Center Mor. BTh

Dave Burke will speak on the latest D.0.E.
programs and costs. AIso, two maintenance
people from Concord Navel Weapons Station
wi I I speak on their Electric vehicle
maintenance program.

EAA C}IAPTERS
Call tnc oontrsc perean for netlng
tioe6 ard places.
ARIZOIOI: Ptroenlx Ctupter

creg tftitncy 502 978-3380
ARKAI{SAS: IJttle rcck Ctugtar

B.S. Ecrykln 5Ol 562-0252
CAIJNSIIIA:

Batcersfleld Gragter
Jams Pet€rs 805 393-1749

Cqrcord: Contra CGtl Cnapter
Hax &eenst€ln 415 22y3{59

Loe Angeles: hrrbank ChapE€r
II. Heiss 213 84F7632

Oajcland: r'aFt Bay Chapter
JLo Fahqf 415 B4S-1-458

Sacrarento Chapger
tdeldon ttartelr 9L6 72ffi257

San Bnno: Peninsula Chapt€r
$ae Bensdr 415 992-5453

San fanclsco Anpter
BIU Harquardt 415 58ffi987

San Jose engt€r
Roy Paulacr 408 269-7937

San Rafael: tlorth Bay Chafter
cordon Sclueffer 415 456-9653

Sant! Clara Chalter
Lee ll€ostre€t 415 493-5892

DISIRIC! CF @ItrGIA:
tlashintton: EuA,z'DC Chapter

Cturleg D@r8 3Ol 4391365
l{AffIAiD: Baltt-rcre Ctnpter

D. l,tlchalskl 3C1 28F7896
NH{ JERSgf: lbceatfln Ctag,ter

Sid Kreitsberg 609 8292445
OKIAI0IA: Trrlsa Chapter

w. E. wataqr 918 7{3-9317
OREN:

Albarry: Ilnn Bentdr Ctu1rter
I(€i-t]. strerry 5O3 745-3@7

t€dford: REIE River Ctuoter
ceorge Holbrock 5O3 772{855

Saleo: tlilLctte ChapEer
rce arundi@ 5O3 39G-3871

TEI(AS: tldstst Ctupter
Robert Ntxsr 713 668-{214

I{ASHIIGIEN: Seattl.e ChaDt€r
Ster,en tangh 206 323-2600

t{IS@tlSIN: Mllnukee Atapter
_ Davld Parez 4,14 481-9655

sqm*
ALTERNATE FUEL WEEK.--AUG. 9.16
EAA INTERNATIONAL RALLY AUG 9
PACIFIC BO!{L RALLY SURREY-VANCOUVER

AUG. T4-15
EV DAYS AT EXPO AUG. 15-i6

FREE TRANSPORT TO VANCOUVER FOR

EV"S SEE EV-IVIARKETPI]ACE

CALL NOv'l! (408)248-2588
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ED ITO RS: - Walter Laski - Iohn Newell - Bill Palmer - Paul Brasch - COMPILID AND
PUBUSHED By Clarence Ellers. SEND IN YOUR PER"SONAL AltD CLUB NEWS AIVD COMING
EI/ENTS. ARTICLES COMMENTS etc. all correspondence to address below.
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March 1986

1249 Larie St.
Beliircnt, Ca.
s4002
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EAA BASEBATL CAP
$25 .,RALLY'' DONATION

rtME DATED MATERIAL - DO NOT HOLD
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