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COMPUTER PROGRAM FOR ‘CALCULATING

Do you wish you could
predict the performance of your
electric car before you build
it or before you actually make

s you may be p ? I
did. I wanted to change the
differential ratio and the num-
ber of batteries in my Vega. I

to increase motor speed
in each to increase torque
multiplication through the

s and decrease motor cur-
rent. So, I put the car data
and performance formulas into a
spreadsheet program on my com-
puter. The printout on the
next page shows the Vega perfo—
rmance after the changes. The
values before the change show
slower motor speeds, less acce-
leration and more current. The
shaded areas require motor
higher than the maximum,
8o the car will not operate on
its own power at those speeds
in those gears. Negative acce~-
lerations on grades mean the
car speed will decrease under
those conditions.

The input data are listed
in the upper left corner. The
values on the rest of the sheet
are calculated bg using the
input data in the formulas
shown for each set of calcula-
tions. So, calculating the
effects on performance of any
changes in a car that change
the basic data can be done
extremely easily and quickly -
once you know all the necessary
data. All you need to do is
change one or more input data
values and the program automa-
tically recalculates all of the
resultant values.

Most of the data values
are easily determined such as
weight, Irontal area, wheel
diameter, gear ratios and maxi~-
mum battery voltage. The rest
of the data values may require
some research or work or both.
Maximum motor armature current
probably is limited by the
s controller. The rolling
resistance factor (KRR) can be
measured by towing the car at
low speed in both directions
(to cancel out wind and grade
effects) on as smooth and level
a road as you can find. With a
spring scale in the tow line,
measure the force necessary to
keep the car moving at a con-
stant speed. Then divide the
average force by the car's
weight.

The aer ic drag fac-
tor (KAD) can determined by
towing the car in a similar
manner but at various speeds.
Subtract the rolling resistance
force from the total force

ELECTRIC CAR PERFORMANCE

measured at each speed and
divide the remainder by the
frontal area times the speed
squared to get the aerodynamic
drag factor.

Motor torque per ampere
(TA) and speed per volt (SV)jcan
be determined from the
speed/torque / voltage/current
curves for your motor, such as
the one shown below. They are
available from the motor manu-
facturer. Pick a few to and
speed val\iles b;m} divide each
respectively ts correspon=
ding current and voltage value.
Use the averages for the values
of TA and SV. Note that the
values vary slightly with speed
and load. ’

If you can't get curves
for your motor you can make the
measurements yourself. To mea-
sure torque clamp the motor to
a bench, so it cannot move, and
clamp an arm a little more than
a foot long radially to the
shaft. Couple a spring scale,
rated at least 50 lbs, at a
right angle to the arm exactly
12 inches from the shaft center
and anchor the other end of the
scale. Measure torque at se-
veral values of armature cur-
rent up to the maximum your
car's electrical system can
supply. Divide each torque
reading by the corresponding
current value and average the
results to get a pound~-foot per
ampere rating for your motor.
For shunt motors, be sure all
measurements are made with
:f:i\tféi current flowing in the

eld.

by Bill Palmer

You can measure motor

' speed vs. voltage (SV) by ap-

%ﬁing various voltages up to
1 battuz voltage and measu-
ring speed at each voltage.
Again, shunt-field current
should be at rated. Be sure a
series motor is loaded. If
don't have a tachometer, drive
the car at various sSpeeds and
carefully record the voltage
and gear at each speed. Calcu-
late motor shaft speed from
speedometer readings using

‘wheel size and gear ratios.

Divide each os‘?eed by the vol-
tage that produced it and ave-
rage the results for a represe-
ntative RPM per volt (SV) ra-
ting for your motor.

If any of you are interes-
ted in the same kind of calcu-
lations for your car, I will:
run them for the first ten

le who send me the data on
their cars. If any of you have
computers with "Supercalc" and
want to run the program your-
self, I will send a program
listing to the first ten who
request it. Please send a
long, stamped, self addressed
envelope. If you would like
the %‘aogram on a diskette, tell
me what computer and operatin
system you have and I wil
format a disk for your system
(if it's one of the 25 or so
that "MediaMaster" covers),
copy the program to it and
it to you for $10.00. My
address is 44 Dior Terrace, los
Altos, CA 94022.
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ELECTRIC VEHICLE PERFORMANCE

: DATA- RETARDING PORCES:
Vehicle owner: PALMER ROLLING RESISTANCE: RR=WT X KRR= 49.20 pounds
Vehicle make: VEGA~-2 AERODYNAMIC DRAG at several speeds:
Weight,pounds (WT) : 3280 AD = FA x SPD"2 x KAD pounds
Frontal area,sq.ft.(FA): 20 MPH: 20.00 30.00 40.00 50.00 60.00
Wheel diam.,ft. (WD): 1.854 AD pounds 12.00 27.00 48.00 75.00 108.00
Differential ratio (DR): 4.1111
Gear ratios (GR1): 3.4167 PERFORMANCE:
(GR2) : 2.0167 WHEEL RPM per MPH: WS=5280/WD*3.1416/60= 15.11
(GR3) : 1.3333 MAXIMUM MOTOR RPM (powered): MS = VM X SV = 5760.00
(GR4) : 1 MOTOR RPM vs CAR SPEED in each gear:
(GRS) : 0 MS = DR x GR X WS x MPH = MOTOR RPM
Rolling Res. Fctr. (KRR): .015  MPH: 20.00 30.00 40.00 50.00 60.00
Aero.Drag Fctr. (KAD): .0015 1 4244.41 pégpfgjx:/BABéyarjr 17. 743,
Max.Motor Current (IM): * 400 2 2505.25 3757.88 5010.50 Sk
Max. Voltage (VM): 96 GEAR: 3 1656.30 2484.44 3312.59 4140.74 4968.89
Motor lb.ft./amp. (TA): .1 4 1242.25 1863.38 2484.51 3105.63 3726.76
Motor rpm/volt (SV): 60 5 .00 .00 .00 .00 .00

MAXIMUM CAR SPEED IN EACH GEAR:

SM = VM x SV / DR / GR / WS MPH

GEAR: 1 2 3 4 5
MPH: 27.14 45.98 69.55 92.73 .00

ACCELERATING CAPABILITY, on level road, in each gear and speed at
maximum current:
A=1IM X TA x DR x GR X WD/2 - RR - AD / WT x 32.2 MPH per SEC.

MPH: 20.00  30.00  40.00 50.00 60.00 ==
1 4.51 2232}*‘ "2%6’3x,f3.89 ST 3.8
2 2.42 E??;27 “2:44. 671 1.80 1.471
GEAR: 3 1.39 1.25 1.04 L“‘?ﬂr‘““‘“t45
4 .90 .75 .54 .28 -.05
5 .00 .00 .00 .00 .00

HILL CLIMBING ABILITY: acceleration in each gear and speed
for several grades: AG = A - % GRADE x 32.2 MPH PER SEC.

GRADE= 5%
MPH: 20.00  30.00 40.00 so 00 60.00

1 2.90 .;; 26 >/;,967

2 .81 tf%?%ééiléijk v ,/ ‘19 =14t
GEAR: 3 -.22 -.36 -.57 -.83 7 -1.16 .

4 -.71 -.86 -1.07 -1.33 -1.66

5 .00 .00 .00 .00 .00
GRADE= 10%

1 1.29 [ 4 .6 /.35

2 -.80 = =T. 1 /=¥.18
GEAR: 3 -1.83 -1.97 -2.18 =2. 44 =2.77

4 -2.32 -2.47 -2.68 -2.94 -3.27

5 .00 .00 .00 .00 .00

CRUISING CURRENT (level): I=(RR+AD)/TA X DR X GR X WD/2 AMPERES
MPH: 20.00 30.00 40.00 50.00 60.00

47.00 (5852 / gggs_’ s 120
79.63 99.15 Y- Mg .20
120.44 149.96 191.29 .
160.59 199.95 255.05 325.90 412.49

.00 .00 .00 .00 .00

.5

GEAR

(1]
N b WwNn =



CARS

CAR BODY SHOPS

Finding One that Will Do
The JOB RIGHT at the RIGHT PRICE

1. Get recommendations
Talk to friends and rela-
tives and any mechanic you
trust. Also contact state, lo-
cal, or national automotive
trade associations. Members
of such associations as Auto-
motive Service Councils,
Inc, and the Independent
Automotive Service Associa-

Your chances of heing involved in a car ac-
cident this year are one in four. Even if you
beat those odds, sooner or later your car
may need body work to eliminate rust dam-
age and help assure a longer life. Here’s how
to find the best body shop around for quality
work at a fair price.

not just grinding, to elimi-
nate rust effectively. The
best treatment for bare met-
al uses metal conditioners to
prevent moisture and air
from causing premature
rust. Areas to be painted
should be sanded first and
covered with a primer or
sealer so that the paint will

tion are expected to main-
tain high standards. Then

Painf stripes Doors closé easily

adhere properly.

i I d Is fr . .
check customer complaint e i every and secur 3?33.332% waves | | 4, Get a detailed estimate
records with the Better Busi- New and oid R —— There’s a lot of guesswork
ness Bureau. wolors match on chrameets || involved in trying to restore

2. Watch the shop in action

®]s the lot fenced in to pre-
vent theft? Do signs indicate
membership in a reputable
association and employment

damaged areas to the origi-
nal contours of your car. To
be on the safe side, and to
help in comparison shop-
ping, ask for a written esti-
mate itemizing parts and

of certified mechanics? Look
at the type and extent of damage on
cars waiting for work——a clue to the
kind of work the shop can handle.

® [s the shop relatively clean and orga-
nized? Are precautions taken such as
having the painting booth well re-
moved from the sanding area to pre-
vent paint contamination? '

® Ask the manager about what equip-
ment is used. If your car needs major
collision work, the shop should either
do or sublet frame straightening, front-
end alignment, and glass installation.
Such full-service capacity saves time
and money and allows the shop to con-
trol every phase of repairs.

3. What techniques assure that
you'll get quality work?

A good shop won’t use body putty for
major dents; they’ll either pound out
the dent or replace the part. As a rule
for dings, hammer and dolly marks,
and other minor damage, body fillers
should not exceed % inch.

The shop should use sandblasting,

HOW TO CHECK OUT
A FINISHED JOB

The best indication of quality
work is the finished product. If you
don’t have the opportunity to look
over repairs on other cars before you
leave your car for the job, at least
know what to check on your car be-
fore paying the bill. Some clues:

®The chrome should show no
signs of paint. If it does, the car
wasn’t properly masked.

®New and old colors should
match when an automobile has had
a partial repainting job.

® Surfaces should feel smooth
and hide sanding or grinding marks.

® Doors that have been repaired
should close easily and securely.

®Paint stripes and moldings
should line up evenly. Also check
gaps between doors and panels to
see that they’re relatively equal.

®Body panels should be free of
bumps and waves in the metal.

labor costs and clearly iden-
tifying used parts. Make sure the shop
will notify you before continuing work
if costs look as though they’ll exceed
the estimate.

Written warranties aren’t common
for body work, but there’s no harm in
asking. A 90-day written warranty on
paint is a reasonable request. For re-
placement parts like shocks and ball
Jjoints, ask for an itemized listing of
manufacturers’ warranties, too.

5. Talk with the manager

The shop’s job is to put your car back
into preaccident condition. If you ex-
pect more, you'll either have to pay
more or go to an automobile restorer.

When you’re not happy with the re-
pair job, talk to the shop manager. A
good body shop will do everything with-
in reason to make you a satisfied cus-
tomer. If they don’t cooperate, follow
through with the Better Business Bu-
reau or other consumer agencies.
—By Walter Watt

Editor: Margaret Daly
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ELECTRICITY
FROM THE SUN

NE SENSES THAT maybe, just maybe, a so-
lar revolution is brewing. The photovoltaic,
orsolarelectric, cell could turn out to be the joker
in the global energy deck, the breakthrough that
could help disperse the gloom from our energy
horizon. One must be cautious. It is easy to be
overenthusiastic about these safe, nonpelluting
energy producers. But in solar circles optimism
runs high thatwe will be creatingelectricity from
the sun sooner rather than later.

Solar cells work. They were developed to help
power the United States’ space program and
have performed impressively. Last year in Cali-
fornia they powered the maiden flight of the
“Gossamer Penguin” (facing page), the world’s
first piloted solar airplane. But they have been
exorbitantly expensive, and while costs have
dropped sharply, the price of producing electric-
ity with photovoltaics is stillmore than ten times
as high as average utility rates. Many industrial
and utility officials doubt it can be made cheaply
enough to have much impact in this decade.

On the other hand, high-priced oil is chang-
ing the economics of energy production dramati-
cally. In the United States, Europe, and Japan
solar firms are pressing hard on photovoltaics,
using technology similar to the kind that made
the mini-computer available to everyman. The
Department of Energy’s photovoltaic program
director, Paul D. Maycock, believes the cost of
photovoltaic electricity could drop enough to
make solar cells competitive with conventional

sources of electrical power by the mid-1980s.

Federal regulations require public utilities to
buy electricity from qualified independent pro-
ducers at a price roughly equal to the cost the
utilities would have incurred in producing it.

By 1985, predicts Solar Lobby chairman
Bruce Anderson, homeowners will begin putting
panels of solar cells on south-facing roofs and
walls. “The solar energy striking a home,” says
Anderson, “can generate more electricity than
the owners need, even for charging an electric
car. Therestcanbe sold fora profit to the utility.”

Phoenix builder John F. Long has produced
such a house. A major Japanese electric firm has
built three model solar homes. The company says
the homes are far more efficient than conven-
tional houses and use less than a third as much
power. More testing is needed, but such homes
may be available in Japan within a decade.

Major American photovoltaic firms have been
bought by oil companies, a further indication
that photovoltaics could indeed become an
important energy source.

Affordable photovoltaics could significantly
alter the current energy distribution network,
particularly as cheaper batteries become avail-
able that can store the excess electricity gener-
ated on sunny days. These batteries, charged by
solar cells or by wind, could make each home its
own electrical generator and filling station.

How does a solar cell work? When photons,
which are energized particles of light, strike cer-
tain specially prepared layers of semiconductor
materials, their energy knocks electrons loose.
The electrons then begin to flow into connecting
wires, becoming a current of electricity.

Today’s thin, brittle photovoltaic cells are
made from silicon, the second most abundant

element on earth after oxygen. Individual cells
are mounted on a panel, wired together and cov-
ered with a protective layer, usually glass. Since
atypical three-inch cell yields at most about half
awatt, itwould take at least 6,000 cells to supply
the average American homewith electrical needs
exclusive of heating and cooling.

Currently most solar cells are made from crys-
tals of high-purity silicon, grown through a time-
consuming process. Diamond-edged saws then

slice the crystals into wafers, wasting at least
half the material. The expected price break-
through will come when the crystals no longer
have to be grown and cut so laboriously. Tech-
niques are already being perfected that cast poly-
crystalline silicon from molds, draw silicon into
thin ribbons, and grow thin films from a variety
of materials. These ribbons, films, and cast ma-
terials require less time and promise to be more
economical.



ELECTRONIC

ocean-going vessels, u
and offshore oil rigs ag

* Re‘\);)lutiohary electronic system uses
your car’s battery to fight corrosion 24
hours a day...super low current draw

* Retards the formation of corrosion and |
ruston NEW and OLD cars -

* Protects the ENTIRE body, outside and in-
side—helps stop rust-in and rust-out -
* More effective than spray-on rustproofing
systems ‘ .
% The ONLY corrosion Inhibitor that can be
transferred from one vehicle to another
* Easy to install—no spray guns...no
mess...no need to crawl under your
car...no periodic touch-ups ) o
* More than zars for itself—saves on costly °
repairs... helps reduce expensive paint
jobs...assures higher resale value at
_trade-in time - - '
* Dramatically improves corrosion protec-
tion on vehicles treated with spray rust-
proofers C e e

THE NEED FOR CORROSION AND RUST PROTECTION HAS

A NEVER BEEN GREATER! Corrosion-causing agents are every-
here! In road saits, industrial poitutants and acid rain. in'mud; sea spray
-d even in the ordinary tap water you use to wash and preserve your
Zar's tinish. Poilutants have increased while, over the years, the thick.
nass of sheat metai used in the- manufacture of car bodies has steadily -
decraased. Consequently, your car has by i ingly vull 3
That's why today, more than ever befors, it needs the best possible rust
protection! . . . ’
WE BELIEVE THIS AMAZING ELECTRONIC SYSTEM IS THE
BEST RUST INSURANCE YOU CAN BUY! The principle of
“cathodic” rust protection Is not new. it's been used for yRars to protect
underground pipelines, ocean-going vessels, reinforcement bars on
bridges, water-towers, ait types of high-cost equipment in the shipping,
petroleum and construction industries. It's even been used to extend
the service iife of vehicles and equipment used in the sait-mining ,
industry! At iast, after years of development, the same kind of remark-

ably eff and ongoing can be yours}

HOW ELECTRONIC RUST CONTROL WORKS

Salt and other pol< Anode
lutants can com-. D
bine with wa-
ter/humidity to
create a kind of di-
lute “battery acid”,
When this * acid"*
comes in contact
with the metais in
your car, an elec-

et
Q‘L
tricat imbalance oc-

curs, and your car

CL)
becomes 2 “mini- Anode
ature dry cell”. This imbalance forces electrons to migrate from the
“anode” portions of your car's metal parts to the "“cathode" por-
tions. Positive ions {alectrically charged atoms) of metal are left be-
hind. These positive ions of metai unite with negative oxygen ions
to produce corrosion and rust. The pracess will continue untii there
are no more positive ions (metal parts) teft. By that time, your once-
beautiful car wiil have been transformed into an uglz hulk (similar to
a dead, corroded flashlight batterx), Elactronic Rust Control re-
stores the electrical balance. With this amazing new system,
your car's battery~—not your car's metal parts—suppliies the
electrons needed to prevent the separation of metais into
positively charged ions and negatively charged lons. The met-
al's electrical charge remains neutrat. There are no free metal ions
to oxidize. And-. ... your car remains virtually rust and corrosion freet

-3 C Witney 8.C -

v

is now availabie for your car, RV or pickup! -

o

UST CONTROL

The same technology that today protects

nderground pipelines
ainst corrosion/rust

Mounts under dash
(or under hood)

A SMALL PRICE TO PAY FOR THE COMPLETE PROT! ECTION
YOU GET! This Electronic Rust Control protects your car (concealed
underbody and frame panels as well as painted outer surfaces) against
corrosion:; It protects against the obvious forms of corrosion that can turn

small stone chips into ugly, cavernous holes, make edges around mould-

‘Chicago Tribune, Sunday, February 23, 1986

Discoveries

New battery could’
lead to electric cars’

Development of a new kind of
glass at Argonne National Labora--
tory southwest of Chicago may
lead to batteries that could store

. energy much more efficiently than
| existing technology. Such batteries
should encourage preduction of au-
tomobiles that run on electricity.
The key lies in a new glass electro-
lyte that conducts a current of
sodium ions 10 times better than
any other advanced glass electro-

‘lyte previously used. o

. Jon Van

ings, tfim and bright parts ook old before their time and cause pai

finishes on restored vehicles to blister and bubble. it aiso fights hidden
corrosion—the kind that forms in underbody fender wells where mud,
-foad sait and moisture collect, in metal parts subjected to stress, move-
ment or vibration, in highly welds and joints, in panels that are
bent, nicked or scratched by pabbles, rocks, slight bumps, etc. It even
combats the rust that can result from. the structural composition of steel
itselt. The benefits of this Electronic Rust Control are endlesst New vehi-
cles stay new looking longer. Years of life will be added to older models.
R ‘vehici i their look longer. Electronic Rust

" Controt could extend the lite of your car's body by up to 75%! That

means the average body life of 8 years could be isngthened to an In-
credible 14 years! There are other advantages to this system. The cost
of swning your vehicle will be kept down. (i’s estimated.that by 1988 a
professional repaint job will exceed $1500 even on smailer cars.) Plus,
your vehicle, old or new, will bring in more money at resale or trade-in
time. You can’t afford not having an Electronic Rust Control in-
stailed In your vehicle today!

BETTER THAN SPRAY RUSTPROOFING! This revolutionary
electronic breakthrough is far superior to even the most sophisticated
spray rustproofers. Designed with state-of-the-art integrated circuits and
silicen chips, it monitors and fesponds to the most subtie changes in hu-
midity plus all the other factors that can lead to the formation of corrosion
and rust. No spray-on coating can do thisl (How this amazing Electronic

" Rust Controf'works is described at left.) Spray-on rustproofers also can

be difficult to apply, leaving many i areas unt d. The
Electronic Rust Control instails oasily (see beiow) and leaves no spot in
your vehicle unprotected! Corrosion, after a time, car begin to form
under spray-on protective ings to cause d g d ge. This is
an impossibility with Electronic Rust Control. Rustproofings need peri:
odic touch-ups to maintain their effactivenaess Using your vehicle’s bat-
tery, Electronic Rust Controf provides totat protection year after year. Fi-
nalfy, and best of all, this Electronic Rust System can be easily trans-
ferred from one vehicle to another. it's the only PORTABLE rust inhibitor
you can buy! (Note: The Electronic Rust Controi is compatible with
al spray-on coatings and can be used as the foolproof back-up for
any other rustproofing method.)

EASY TO INSTALL. Compact command and interface modules mount
easily under dash Install anodes in front and rear of vehicie and wire to
command modute. Hook up one wire from moduie to 12-volt power source
(fuse box terminal or other power source); ground the tast wire. Conr-
mand module features Operate/Off/Check switch plus LEDs to indicate
system/power status. Some drilling required to install. Low current draw:
driving your car 100 miles of more per week will allow battery to recharge.
Electronic Rust Control System for cars. Includes command and inter-
face modulies, 2 anodes, mounting hardware, electrical connectors,
mounting-fluid and instructions

12-6201U— L 1«1 $149.95
Heavy-duty Electronic Rust Control System for pickups, RVs or any

« vehicle subjected to extremely severe corrosion-causing condi-

except includes 4 anodes for

1kt $179.95

tions. Sams components as kit above,
greater current dispersion

1262408
PO. Box 8410 Chicago, IL 60680°

ELEL

ledil-4 T =

SMALL L IGHT-WETGHT BOFT T
FOR A 12

TRITC ]
THABLE. 0

lat T00 147 RUMEUAT,

TROLLTHG MOTOR.
' IHH EFDE 2




’ EL.ECTRIC VEHICLE USER TASK FGRCE

T

dezonlzer ‘

ial-g rade,; mlxed bed res
‘metallic ‘ions. in tap water
and hydrogen 1ons, whlchv

ALCO ZZGQ
Prestal a-

1ar12at10n w1th the system S operatlon:f:
sultlng Aan progre551ve1y shorter .

i1l tlme periods.: For a pack 5}
200 Batterles Jet 1

g water level
he f111 line" and only 2t
36 sec/6V bat) when the startlng s
f““fa' 3/4 inch 1ow.‘@, o

7 fg APS estlmates
e reductlon

penetratlon‘de

vEEE f . S ser
NEwg s b o [ g S
| BoeEs. | gl L A=
= e T = L : - c
X £§85% zw [ Zw v e BE
i © e B € o €D o [~ o S XN :
* 2288 [BSSL |ESS T L -
x goss ‘za@| 1238 . F oI ol R
e gt LOOR || oo Pet =S~ <R & ;
* '3 L83 Le=8 ] | o638 w o Mm -
Celsrne O X ow TR TR L > U7 :
® g2 g2 $t3 ‘2222 e =z E :
N . 4 - e i 8 R * f .
*x 5 &% Bofegs. 22228 % S 8= 2
= ® fadl et T g Ay TN N S =
*x B £ e lwe e g f N O v
8 g . 85 325" (-oi—iey e B O < O
* = 3§ 39 88ty ii + a =<
*x 8 o © &G E-38 b |1 -4 | 1| —9 S . oo oo g
S5 ¢ £E5°¢ Seg = un o DD =
* (?5 Y é’,;v,m.-‘ 25§ <>r 3 <>f <>r [¥e) g T L 3
« L 28 fg 28y (SR KRR | L > =
«» % EF Y~ &E8% ~ g a2 w = ;
< » = _ i 1
x 32 88 £%5 E503 : 5 B = =2 i
0 @ O 0L |y
« 20 o5 3% °S0op e — D o =< L
® @ 52 58 Fo8 "4 <2Zw 5
x £ » 25 £35 Qeocel PaITIX) [
DD<Q0>§:23'88 gg::m
* “ad e & KS8E55 853
5151 ‘




