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AN ELECTRIC AUTOMOBILE POWER PLANT SURVEY 

This survey paper dea ls  w i t h  mater ia l  recent ly  published a s  
a r e s u l t  of considerable government, corporate and publ ic  
i n t e r e s t  i n  electric cars, Much of t h i s  i n t e r e s t  s t e m s  from 
a concern over a i r  pol lut ion.  However, a comprehensive study 
recent ly  completed by the Commerce Department's 'Panel on E l e c -  
t r i c a l l y  Powered Vehicles (Ref, 1) poin ts  ou t  t h a t  the tech- 
nology for  e lectr ic  vehicles  i s  not  now adequate t o  permit 
production of  an economically feasible electric car .  

This survey paper discusses some of the incent ives  claimed fo r  
electric power t r a i n  development, the competitive requirements 
and the  s t a tus  of current  technology, the direction of research 
and development efforts: and it leads t o  a conclusion regarding 
the likelihood of success based on current  published trends.  

. 

FIGURE 9 PRESENT AND FUTURE AUTOMOBILE EMISSION CONTROL LEVELS 

. .  . .  
.. . .. . . . _ _ .  , . .  

mmn 
1.0% 
so'oaco 

PPm 

FrOm -- The Automobile and Air Pollution: A Program for Progress, Octobar 1967. 
Report of the Panel on Electrically Powered Vehicles. 
0. S. Department of Commerce. 
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Some incentives which a re  claimed t o  warrant'con- 
s iderable  research and development on e l e c t r i c  
power t r a i n s ,  and which could ul t imately lead t o  
the i r  production f o r  small cars  are:  

The a b i l i t y  t o  en te r  and operate i n  environ- 
mentally conditioned space with no emissions: 

Potent ia l ly  lower maintenance and higher 
r e l i a b i l i t y :  

Lower  and diminishing e l e c t r i c  energy cos ts  
i n  the  face of l e v e l  o r  possibly r i s i n g  
gasoline f u e l  costs:  

Nearly competitive i n i t i a l  and lower opera- 
t i n g  costs. 

/ 

c - 

SLIDE 2 

Some of the incentives claimed (Ref .  2 )  fo r  electric vehicles 
a r e  shown on t h i s  slide. 

The first of these may seem strangely worded, b u t  as  shown on 
t h i s  sl ide,  subs t an t i a l  reduction i n  conventional engine 
emissions a r e  commercially feas ib le  i n  t i m e .  Whether these 
projected l eve l s  a re  ac tua l ly  achievable is less important 
than the trend which i s  unmistakably toward lower emissions 
from the  ICE, so much so t h a t  it r e a l l y  becomes the 100% 
emission-free character of the  e l e c t r i c  system which i s  i m -  
portant.  
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For instance, the effect of emission controls  i n  LQS Angeles 
i s  shown on this s l i d e .  A s  you can see, by 1980, the e m i s -  
s i ons  a r e ' l i k e l y  to  be back to where they w e r e  i n  the  OS, 
i n  s p i t e  of a 4 % p e r  year increase i n  the number of vehicles. 
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The a b i l i t y  t o  en te r  and operate i n  an environmentally con- 
dit ioned space with no emissions i s  thought by many c i t y  planners 
( R e f .  3 )  t o  be a prerequis i te  t o  the construction of c e r t a i n  
types of bu i ld ings  and f a c i l i t i e s  i n  the downtown business dis-  
tr ict .  Cost benefit analyses have not y e t  j u s t i f i e d  the added 
cos t  of emission-free power t r a i n s  compared t o  the  cos t  of venti-  
l a t i n g  the f a c i l i t i e s ;  nevertheless, construction based on no 
ven t i l a t ion  i s  being planned, a s  shown i n  t h i s  sl ide.  

This shows Phi ladelphia 's  Market East p ro jec t  ( R e f .  4 ) ,  where 
concourses a r e  avai lable  which a re  environmentally controlled,  
and which could be used f o r  vehicles  i f  these vehicles  had no 
emissions. 

SLIDE 4 
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An incentive based on po ten t i a l ly  lower maintenance and higher 
r e l i a b i l i t y  is much more d i f f i c u l t  t o  document, since electric 
automobiles of performance and u t i l i t y  comparable t o  conventional 
automobiles are not available,  

Claims of reduced maintenance and high r e l i a b i l i . t y  f o r  e l e c t r i c  
power t r a i n s  a re  therefore  generally based on s tud ie s  of com- 
parable gasoline and electric i n d u s t r i a l  t rucks ( R e f  . 5 ) .  Let's 
spend a few moments looking i n t o  t h i s  comparison f o r  the ins ight  
it might give. 

This slide from -!'Industrial Trucks", Lead Indus t r ies  Assoc. # 

shows what I mean. 

SO, TOTALING UP -- f o r  a 4000 lb, Truck Rating 
4 

Typical Example 
Gas Electric c 

Cost t o  own, $/year 840 560 

Cost t o  operate, $/year 1285 1163 

Cost t o  maintain, $/year 4835 1938 
TOTAL, $/year 6960 3661 

3661 
SAVING, $/year 3299 i n  favor of 

electric truck 
..................................................... 
From: " Indus t r ia l  Trucks", Lead Indus t r ies  Assoc, 

SLIDE 5 

F i r s t ,  it should be understood t h a t  electric t rucks a re  claimed 
t o  l a s t  t w i c e  as  long a s  gasoline trucks. Therefore, i n  s p i t e  
of the  30-5076 higher i n i t i a l  c o s t  of the e l e c t r i c  exclusive of 
b a t t e r i e s ,  the cos t  t o  own per year i s  somewhat less than gaso- 
l i n e  , 

The cos t  t o  operate i s  strongly based on the number of hours 
used per year, which f o r  such applications,  i s  i n  the order of 
4000 hours per  year, 
cause depreciation on the b a t t e r i e s  i s  the most s ign i f i can t  por- 
t i o n  of the  e l e c t r i c ' s  operating cost ,  

This i s  an extremely important point, be- 
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But the  key t o  these claims i s  the cos t  t o  maintain the gas and 
the  e l e c t r i c ,  Apparently, according t o  these figures,  most of 
the  savings claimed r e s u l t  from reduced maintenance, averaged 
over the  l i f e .  F i r s t  year  maintenance c o s t s  (4000 hours of 
operation) for  both types of power t r a i n s  a r e  much lower than 
the  average and qui te  comparable t o  each o ther ,  It i s  i n  the 
la te r  years t h a t  the e l e c t r i c  shows an advantage. 

Relating th i s  t o  the incent ives  for  electric power t r a i n s  f o r  
automotive applications,  we must recognize t h a t  i n  the course 
of i t s  e n t i r e  l i fe ,  an automotive power t r a i n  operates fo r  about 
100,000 miles o r  approximately 4000 hours, and t h i s  is  comparable 
t o  the first year of operation of an i n d u s t r i a l  truck. - 

COST OF OPERATING A N  AUTOMOBILE 
CENTS PER MILE 

P A R T S  & T I R E S  TAXES) 

TOTAL COST 

1lC per mile 
An analysis of automobile operating costs by the Bureau of Public Rocds of the Federal Highway Administration, 
U.S. Department.of Transportation. 

US. DEPARTMENT OF TRANSPORTATION - - -- 
FEDERAL HIGHWAY ADMINISTRATION 

WMHINGTON. OS.. ZOoIll 
RW. J+uary 1968 

SLIDE 6 

The Department of Transportation (Ref. 6), on the other  hand, re- 
cent ly  published "Cost of Operating A n  Automobile, '' Their data  
ind ica t e s  t h a t  the individual ly  handled r e p a i r s  and maintenance 
for  individually owned autos are much less s ign i f i can t  than those 
of  the fleet-serviced i n d u s t r i a l  trucks, I n  f ac t ,  a most s i g n i f i -  
can t  point  i s  t h a t  depreciation i s  25% of  the  t o t a l  cost. 
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To be a l i t t l e  more prec ise ,  l e t ' s  look a t  a p l o t  of the data 
contained i n  t h i s  Department of Transportation publication, a s  
shown i n ' t h i s  slide. A s  you can see, r epa i r ,  maintenance, 
tires, etc . ,  per year f o r  the average $3000 vehicle increases 
r a t h e r  slowlv over the f irst  f ive  years of  l i f e  before leve l ing  
out,  and 
warranty 

- 

t h i s  was based on data p r io r  t o  5-year, 50,000-mile 
automotive service.  

0 1 2 3 4 5 6 7 8 9 10 

VEHICLE AGE IN YEARS 

SLIDE 7 

I t  would appear then  t h a t  the gains i n  reduced cos t  of mainte- 
nance, which i s  an important incentive i n  the choice of power 
t r a i n s  fo r  an i n d u s t r i a l  truck are  not l i k e l y  t o  be a s  s i g n i f i -  
can t  i n  the automotive application. 
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Lower and diminishing electric energy costs based on the average cost 
of r e s i d e n t i a l  electricity i n  the U.S.  are shown i n  th is  s l i d e  ( R e f .  7 ) .  

1910 1920 1930 1940 1950 l%O 1 9  ' ' ' ' I * ' ' ' I ' ' " I ' ' / *  I ' ' " I I '  ' ' I  * * " 
1900 

Gasoline f u e l  costs, however, can  be considered level or possibly r i s i n g ,  
a s  shown on this s l i d e .  

A 
\\ ~ / without t m a  

lot 
t 

1920 1930 1940 19so 1960 1 
" ' ' 1  ' *  " ( " * '  ~ ' " ' ~ ' '  ' ' 1 1 '  " I * ' * '  

1900 1910 

s u m  9 

70 . 
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This slid'e from another comparison of Indus t r i a l  Trucks by 
the  E lec t r i c  Storage Battery Company (Ref. 8 )  ind ica tes  t h a t  
f o r  f o r k l i f t  truck type duty cycles, 1.6 kwh of consumed ba t t e ry  
power i s  required t o  do the  same amount of  work as 1.0 gallon 
of  gasoline. 
indicated on the previous s l i d e ,  the electric shows a c l e a r  
advantage for  t h i s  type of stop-and-go operation. However, 
much of the s ignif icance of this energy cos t  saving advantage 
is l o s t  i n  the duty cycle of the  average automobile running a t  
f a i r l y  constant -speeds. 

Even a t  50% electric eff ic iency,  and a t  the rates 

c c 

POWER CONSUMED IN K.W.H. PER HOUR 

- -  

SLIDE 10 
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A fur ther  point i s  t h a t  the more rapid depreciation of t he  
ba t te ry ,  'compared t o  the  rest of the  vehicle ,  must somehow be 
factored in to  the operating costs.  
dependent on the b a t t e r y  u'sage per day. 
ample of the gasol ine vs e l e c t r i c  i n d u s t r i a l  truck on two 
s h i f t s ,  the t o t a l  c o s t s h r  are  close,  a s  shown on t h i s  sl ide.  
On one s h i f t ,  they a re  almost ident ica l .  I f  an appropriate 
p l o t  were made of 1 hr/day operation, the  e l e c t r i c  would ex- 
ceed the gasoline costs ,  and t h i s  i s  prec ise ly  the duty cycle 
t y p i c a l  of an automobile. 

These costs  are  s t rongly  
I n  the previous ex- 

I 
! 

0 

c 
4 F 

" -0.30 

w -  *:E- /-=- 
/- f -  

8 -  
8 ,  

0 -  z - 0.25 

ti 2 SETS, NO SPARES 0 
0.35 8 -0.20 

- 
- 
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ELECTRIC 
TRUCK 

28.5 (/hr 
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A s  was indicated i n  t he  Department of Transportation analysis  
of the  cost  of operating an automobile, depreciation i s  25% 
of the  t o t a l  cost .  It  follows then t h a t  the public s a l e  of 
cars w i t 3  e l e c t r i c  power t r a i n s  depends i n  large measure on 
the a b i l i t y  t o  produce them a t  competitive i n i t i a l  costs .  

TRUCK PRICE IN THOUSANDS OF DOLLARS 

SLIDE 12 

AS shown on th i s  slide, again from Electric Storage Battery Co., 
the cos t  of electric i n d u s t r i a l  t rucks (without ba t te ry)  i s  
about 30% higher than the gasoline equivalent, so t h a t  much de- 
velopment a t t en t ion  must go toward reducing the cos t  of the elec- 
t r i c  drive components. 

I n  summary, ze l a t ive  t o  incentives: --Electric power t r a i n s  have 
spec ia l  advantages, and may be competitive i n  many applications,  
pa r t i cu la r ly  those involving high usage per  day. 
successful appl icat ions are  a t  low peak power and low energy drain 
rates i n  stop-and-go operation fo r  8 -  24 hours per day. 

-__ - 

The cur ren t ly  
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L e t  m e  g e t  on now t o  a discussion of the  technical  and economic 
competition between an i n t e r n a l  combustion engine-automatic 
transmiss'ion (ICE-AT) and an e l e c t r i c  power t r a i n  for  automobiles. 
This s l ide shows the band of weights per  peak hp as  a function of 
hp for  a var ie ty  of production engines w i t h  automatic transmissions. 
Most o f  the more rugged power t r a i n s  f a l l  near the upper l i m i t s  of 
the band. 

1 3 - _  

PEAK HP 

SLIDE 13 

The t y p i c a l  ICE-AT f o r  small foreign c a r s  weighs about 7 t o  10 
lbs/peak hp a t  40 hp. 
the ICE-AT weighs 3 t o  4 lb/peak hp. 

For ful l -s ize  conventional cars  a t  200 hp, 
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This  sl ide lists these weights of automotive power t r a i n s  w i t h  
automatic transmissions for small foreign cars, and their list 
p r i c e  based on avai lable  data  reduced by 25% to correct  f o r  
cur ren t  l imited production. The r e s u l t  i s  a list pr ice  of  $12 
t o  $15/hp a t  a 40 hp ra t ing .  Full-size conventional cars a t  
200 hp i n  current  large production have a l i s t  pr ice  of $4 t o  
$5/hp. 
t r a i n  fo r  fu l l - s ize  conventional ca r s  i s  therefore  of the order 
of 1/3 t h a t  of s m a l l  cars. The high i n i t i a l  cos t  ant ic ipated 
f o r  electric power t r a i n s  i s  more i n  l i n e  w i t h  the  power t r a i n  
costs of small ca r s  than of fu l l - s ize  ca r s ,  and represents  an 
important fac tor  i n  choosing an i n i t i a l  passenger car  applica- 
t i o n  for  electric power t r a ins .  Much cu r ren t  work and th i s  
paper are therefore focused on power t r a i n s  f o r  small cars, 

The r e l a t i v e  l i s t  price per  peak horsepower of the p o w e r  

Ful l -s ize  car 
200 hp ICE-AT 

3 -  5 4 -  5 

*ICE-AT - i n t e r n a l  combustion engine-automatic t rans-  
mission. 

#For comparison purposes, the published l ist  pr ice  i s  
shown reduced by 25% t o  compensate for current  l i m i t e d  
production. 

SLIDE 14 
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Published Published 
Published Data on. Weight i n  " L i s t  Price 
Alternate Power Trains I;bs/peak hp S h P  

Small foreign c a r  
40 hp ICE-AT* 

7 -. 10 1 2  - 15 

Full-size c a r  
200 hp I--AT 

3 - 5  4 - 5  

**A hypothetical  electric power t r a i n  

DC electric motor 3.5 - 4 4.5 - 6 

DC cont ro ls  07 - 1.3 4.5 - 7.5 
a 4.2 - 4.8 Lead-acid ba t t e ry  8 - 10 

/ 

c 

"ICE-AT - i n t e r n a l  combustion engine-automatic transmission. 

**Based only on peak p o w e r  capabi l i ty  of t he  Pb-acid ba t te ry .  
Battery range 5-15 m i l e s  and 200-400 cycles l i f e  a t  room 
temperature. 

SLIDE 15 
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Published Data on 
Alternate Power Trains 

I *ICE-AT - i n t e r n a l  combustion engine-automatic transmission. 

Small foreign ca r  
40 hp ICE-AT* 

***Based on published, predicted, cha rac t e r i s t i c s  of  po ten t ia l ly  
~ avai lable  components now i n  research and development. Battery 

range of 50-150 m i l e s ,  and thousands of cycles. 1 

Published Pub1 i shed 
Weight i n  L i s t  Price 

Cbs/peak hp S h P  

7 - 10 1 2  - 15  

Full-size c a r  
200 hp ICE-AT 3 - 5  4 - 5  

**A hypothetical  e l e c t r i c  power t r a i n  

DC electric motor 3.5 - 4 4.5 - 6 

DC cont ro ls  .7 - 1.3 4.5 - 7.5 

Electric motor 

Controls 

1 - 4  1.5 - 6 

07 - 1.5 4.5 - 10.5 

**Based only on peak power capab i l i t y  of the Pb-acid battery.  
Battery range 5-15 m i l e s  and 200-400 cycles l i f e  a t  room 
temperature . 

SLIDE 16 
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Let's next discuss why we  must an t i c ipa t e  higher i n i t i a l  cos t s  
f o r  e l e c t r i c  power t r a i n s .  A hypothet ical  near term DC elec-  
t r i c  power t r a i n  i n  the 20-50 hp s i ze ,  such as  might be appropri- 
a t e  for  small cars ,  ind ica tes  a motor weight of 3 t o  4 lb/hp, 
and a l i s t  pr ice  of about $4 t o  $6/hp, a s  shown on these additions 
t o  the previous sl ide.  
have a l i s t  p r i ce  i n  quant i ty  production of $4 t o  $8/hp (Ref, 9 ) .  

Controls weigh about 1 lb/hp, and would 

For the purposes of i l l u s t r a t i o n ,  l e t ' s  consider an u n r e a l i s t i c  
b a t t e r y  system based so le ly  on the peak power c a p a b i l i t i e s  of 
lead-acid b a t t e r i e s ,  This b a t t e r y  would have a l i s t  p r i c e  of $4 
t o  $5/hp, and weigh 8 t o  10 lb/'hp for  5 t o  10-second discharge 
in t e rva l s  (corresponding t o  accelerat ion in t e rva l s )  a t  room t e m -  
perature  (600 t o  800F). 
DC system is  then 1 2  t o  15 lb/hp w i t h  a combined list p r i c e  of 
$13 t o  $19/hp. 
th is  hypothetical  system were dgsigned f o r  any reasonable range 
o r  performance i n  the ac tua l  environment. 
of lead-acid batteries, which i s  something i n  the  order  of one 
hundredth t o  two hundredths of a horsepower per pound, ccxlld be 
subs tan t ia l ly  improved, th i s  type of system could be reasonably 
competitive. 
vehicle and the cycle l i f e  of the ba t t e ry ,  
temperatures, the  weight/hp of Pb-acid b a t t e r i e s  i s  almost doubled. 

The combined weight of th i s  hypothetical  

These r e s u l t s  would be much less favorable i f  

I f  t he  energy density 

This low energy density l i m i t s  the range of  the 
I n  addition, a t  lower 

For po ten t i a l  electric power t r a i n s  shown here, the AC motor and 
inve r t e r  controls  promise reduced weight compared t o  the DC 
system. It i s  an t ic ipa ted  t h a t  eventually the AC motor can be 
b u i l t  a t  about 1 lb/hp, bu t  the inve r t e r  controls  -- the more . 
expensive p a r t  of the system -- a re  l i k e l y  t o  be i n  the order of 
1% lb/hp (Ref. 10) .  
a DC machine and i t s  controls ,  the AC system seems unl ikely t o  re- 
duce cos ts  i n  the  low horsepower s i z e s  f o r  small ca r s ,  

A t  r e l a t i v e  values per  pound comparable t o  

A s  has been reported i n  the  l i t e r a t u r e  recent ly  ( R e f ,  ll), Na-S, 
L i - C l 2 ,  and probably a hos t  of other  b a t t e r i e s  ufider study, a r e  
projected t o  provide an energy density of a t  l e a s t  one-tenth 
horsepower per pound and provide a reasonable range f o r  vehicles 
using them, w h i l e  simultaneously achieving a power density a t  
l e a s t  as high o r  higher than lead-acid b a t t e r i e s .  Papers de- 
scr ibing t h i s  research, however, ind ica te  many t echnica l  problems 
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t o  be solved before they can be considered i n  a production s t a tus .  
Estimates. range from a f e w  years t o  10-15 years  before they can 
be considered operational,  I n  addition, proponents of these ad- 
vanced research b a t t e r i e s  readi ly  admit t h a t  they cost  too much. 
These energy sources a re  projected t o  contain mater ia ls  and/or re- 
qui re  manufacturing techniques which may, according t o  their  pro- 
ponents, r e s u l t  i n  the quant i ty  production p r i c e s  shown. 

It i s  obvious, then, t h a t  the new ba t t e ry  systems a t  best a re  
j u s t  competitive and possibly may r e s u l t  i n  much higher cos ts  
than the already marginal lead-acid b a t t e r y  system. This is  an 
extremely important point ,  and one which I would l i k e  t o  leave 
with YOU, because there  i s  a strong tendency t o  drive toward 
meeting performance requirements without adequate consideration 
of the economics of commercial production, 

Further, l e t  m e  remind you a g a i w t h a t  even i f  we  can meet the 
competitive requirements for small cars ,  it w i l l  be necessary 
t o  reduce these cos ts  by a - f a c t o r  of 3 i n  order t o  consider 
competing w i t h  the i n t e r n a l  combustion engine-automatic t rans-  
mission fo r  fu l l - s ize  passenger cars. 

Another tack being taken t o  augment the p o t e n t i a l  power l e v e l  
def ic ienc ies  of some of these . b a t t e r i e s  a re  a l l - e l e c t r i c  hy- 
brids. 
o r  f u e l  cells with high-power density b a t t e r i e s  combined t o  take 
advantage of the  bes t  features of each. Such combinations which 
a re  being studied include lead-acid and zinc-air ,  Li-NiF2 and 
Bipolar Ni-Cd,  Ni -Zn and zinc-air ,  and others.  In  these cases, 
the  lead-acid, Ni-Zn o r  Bipolar Ni-Cd b a t t e r i e s  provide peak 

. 

p o w e r  requirements, w h i l e  zinc-air  and Li-NiF2 b a t t e r i e s  provide 
the energies for  recharging the peak power b a t t e r i e s ,  as  w e l l  a s  

--- - power f o r  cruising. I n  the main, as  cur ren t ly  envisioned, these 
s t i l l  do not circumvent the high cost  associated w i t h  the indi-  
vidual  ba t te ry ,  and therefore  may not be competitive fo r  ca r s  
except f o r  special  applications.  

Heat engines a re  a l so  being s tudied  i n  combination w i t h  b a t t e r i e s  
t o  overcome energy l e v e l  deficiencies by recharging the b a t t e r i e s  
and/or providing some addi t iona l  power t o  the wheels i n  the 
manner of t h i s ,  the  Woods Dual Power Car ( R e f ,  1 2 )  . 

These a re  combinations of high-energy density b a t t e r i e s  
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This  veh ic l e ,  b u i l t  i n  1917 i n  l i m i t e d  q u a n t i t i e s ,  e x h i b i t s  
many of t h e  c h a r a c t e r i s t i c s  considered d e s i r a b l e  i n  today ' s  
hybr id  engine s t u d i e s .  Because of t h e  product ion ava i l a -  
b i l i t y  of small  i n t e r n a l  combustion engines ,  t h e  h e a t  engine- 
electric hybr id  may be a b l e  t o  achieve adequate performance 
a t  reasonable  c o s t  i n  t h e  near  term f o r  small  c a r s .  However, 
i t s  advantage over  convent ional  power t r a i n s  i s  s t rong ly  de- 
pendent on t h e  requirement for some emission-free range, and 
the i n i t i a l  p r i c e  pena l ty  we  a r e  prepared t o  pay for t h i s  
c a p a b i l i t y .  . 

One system a t  t h e  40 peak horsepower l e v e l  analyzed f o r  t h e  
Department of Housing and Urban Development's "Minicar" re- 
s u l t e d  i n  a weight of about 18 lb/peak hp (Ref. 13 ) .  This 
is s u b s t a n t i a l l y  heav ie r ,  and was more expensive than  what 
could  be accomplished with t h e  s t r a i g h t  i n t e r n a l  combustion 
engine and automatic t ransmiss ion .  

S L I D E  18 
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. .. , .  

One of the requirements fo r  the  power t r a i n  i n  t h i s  study i s  
t o  allow the vehicle t o  operate i n  mixed t r a f f i c  on streets 
and urban expressways t o  5 5  mph without impeding t r a f f i c  flow. 
As shown on t h i s  sl ide,  t h i s  requirement may be expressed i n  
t e r m s  of in te rsec t ion  flow ( R e f .  14) .  This curve r e l a t e s  the 
accelerat ion capabi l i ty  t o  the t r a f f i c  flow through an i n t e r -  
sect ion.  As you can see, i n  order t o  reach the knee of the 
curve for  reasonable green l i g h t  t i m e ,  an accelerat ion average 
of  3 t o  4 mph/sec i s  required. A vehicle accelerat ing a t  
4 mph/sec would reach 40 mph from a standing s t a r t  i n  about 
10 seconds. 
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An average accelerat ion of 4 mph/sec t o  40 mph for a 2500 lb. 
vehic le  results i n  a m i n i m u m  accelerat ion power requirement as  
shown i n  Curve A of t h i s  s l i d e  ( R e f .  15 ) .  This i s  i n  addi t ion 
t o  the aerodynamic and road load power shown as  Curve B. The 
combined power required a t  the wheels f o r  operation on a l e v e l  
surface i s  then  Curves A + B. If the vehic le  must acce le ra te  
up a 3% grade, the required power i s  shown on Curves A+B+C. 

By assigning a percent of the gross vehic le  weight t o  the 
power t r a i n ,  i t s  weight pe r  u n i t  hp requirement may be deter- 
mined. For instance,  as shown on the sca l e  a t  the r igh t  of the  
s l ide for  a power t r a i n  1/3 the weight of the vehicle,  t he  per- 
formance cha rac t e r i s t i c  (A + B) es tab l i shes  a requirement of 
17 lb/hp. 
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Recent ly ,  t h e  U n i v e r s i t y  of Pennsylvania (U. of P.) a lso estab- 
l i s h e d  o t h e r  requirements for  an urban  vehicle p o w e r  t r a i n ,  
shown on . t h i s  s l i d e ,  along w i t h  a p r e l i m i n a r y  and q u a l i t a t i v e  
e v a l u a t i o n  of a v a r i e t y  of a l t e r n a t e  power t r a i n s  a t  the 40-hp 
level.  I n  a d d i t i o n  t o  t h e  a c c e l e r a t i o n  requirement j u s t  men- 
t i o n e d ,  the range of the vehicle w a s  se t  a t  between 50 and 
p r e f e r a b l y  100 m i l e s ,  which allowed home-to-work. t r a v e l ,  a s  
w e 1 1  as i n t r a - C e n t r a l  Business D i s t r i c t  opera t ion .  
a lso i n d i c a t e d  t h a t  i n  o r d e r  t o  reduce costs and make the ve- 
hicle most competitive, it was preferable t o  cons ide r  power 
t r a i n s  which w e r e  a v a i l a b l e  i n  mass product ion ,  and t h a t  any 
power t r a i n  t o  be cons ide red  had t o  be capable  of b e i n g  modi f ied  
t o  the lowest-levels of emissions which might l i k e l y  be e s t a b -  
lished. T h i s  was t e n t a t i v e l y  set  a t  about 10% of the 1965 f u l l -  
s ize  passenger car emission . 

The U.of P. 

. 

' Very Low 
Emission Some Prov i s ion  Acce lera- c .. 

t i o n  Range . Mass Modifi- Emission- For  
POWER 0-40 mph 50-100 Produced cations Free H e a t  & A i r  - PLANT 10 sec M i l e s  'Components P o s s i b l e  Range Conditioning 
POWER 0-40 mph 50-100 Produced cations Free H e a t  & A i r  - PLANT 10 sec M i l e s  'Components P o s s i b l e  Range Conditioning 

ICE P.S. P.S.  P.S. P.S. P.U. P.S. 

D i e s e l  P.S. P.S. P.S. P.S. P.U. P.S. 

S t i r l i n g  P.S. P.S. P.U. P.S. Q P.S. 

Rotary P.S. P.S. P.S. P.S. P.U. P.S. 

Steam P.S. P.S. P.U. P.S. Q P.S.. 

Turb ine  P.S. P.S. P.U. P.S. P.U. P.S. 
A l l -  

P.S. P.U. Electric P.S. P.S. P.S. P.U. 

Hybrid 

Electric 
ICE- P.S. P.S. P.S. P.S. Po$. P.S .  

P.S. = Probably S a t i s f a c t o r y  
P.U. = Probably U n s a t i s f a c t o r y  

Q = Questionable 

SLIDE 2 1  
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I n  addition, the representat ive of the Planning Commission 
of the City of Philadelphia, who exercised a s t rong inf luence 
on the study, i n s i s t e d  t h a t  emission-free range might be re- 
quired. Provision for  hea t  and a i r  conditioning was a l so  es- 
tab l i shed  as  a requirement. Estimates w e r e  made of the weight 
of a l t e rna te  power t r a i n s  and the i r  r e l a t i v e  pr ices  i n  large 
scale  production. When you consider t h a t  Green on th i s  char t  
stands f o r  "Probably Sa t i s fac tory" ,  Yellow, "Questionable", 
and Red, "Probably Unsatisfactory", it becomes c l e a r  t h a t  the 
hybrid electr ic-power t r a i n  has a minimum number of negative 
fea tures  associated with it, the prime one being t h a t  it costs  
more than the in t e rna l  combustion engine-automatic transmission 
a l te rna t ive .  On the o ther  hand, the only drawback t o  the ICE 
is the  requirement fo r  some emission-free range. 

This is a tabulat ion of  recent ly  announced electric vehicle 
cha rac t e r i s t i c s  a s  publiskied by the  respect ive developers 

/ 

( R e f  . 16-21) . 
As you can see, the  f i r s t  four of these vehic les  are  small 
i n  s i z e  and l i g h t  i n  weight. 
of b a t t e r i e s  t o  achieve i t s  very respectable performance 
and range. 
t o  show t h a t  performance comparable t o  some conventional cars  
is t echnica l ly  feasible ,  even though it i s  economically i m -  
p rac t ica l .  

The Mars I1 contains 1900 lb. 

The Electrovair  u t i l i z e s  s i lver -z inc  b a t t e r i e s  
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In  summary, l e t  m e  emphasize again t h a t  research and develop- 
ment must be or ien ted  toward improved performance w i t h  cheaper 
than current st3te-of-the-art components, and t h a t  improved 
performance w i l l  not by i t s e l f ,  provide the competitive edge 
over the i n t e r n a l  combustion engine-automatic transmission. 
This is reinforced by the increasing l ikelihood t h a t  t he  
emission characteristics of the i n t e r n a l  combustion engine can 
be improved t o  m e e t  na t iona l  stapdards f o r  a heal thy environ- 
ment a t  reasonable cost ,  
may ult imately lead to  production of electric power t r a i n s  for 
automobiles, no electric p o w e r  t r a i n  has been described i n  the  
l i t e r a t u r e  which i s  projected t o  be competitive i n  a l l  respects  
w i t h  the ICE, except for spec ia l  purpose appl icat ions and re- 
quirements, 

I n  spite of the  many incentives,  which 
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AN ELECTRIC AUTOMOBILE POWER PIJUT SURVEY 

REFERENCES 

1. The Automobile and A i r  Pollution: A Program f o r  Progress. 
Part  I. Report of the Panel on E lec t r i ca l ly  Powered Ve- 
h i c l e s ,  U.S. Dept. of Commerce. For s a l e  b y . t h e  Superin- 
tendent  of  Documents, U.S.Govt. Pr int ing Office, Washington, 
D.C. P r i c e  60$. 

2. Ardman, Harvey, "Whatever Became of the  Electric Car?", The 
Magazine. 0-€ Wall Street, September 30, 1967. 

3. Childs, R. Damon, "The Effect  on Urban Design of Emissionless 
Vehicles, 'I City of Philadelphia Planning Commission. 

4. Philadelphia Market East Project. Pamphlet published by 
the  City Planning Commission, City of Philadelphia, 1964. 

5. " Indus t r i a l  Trucks: What do they cost--to own?--to operate? 
c .. 

--to maintain?", Battery. Desk, Lead Indus t r ies  Association, 
New York, New York, 10017, A p r i l  1965. 

6 ,  "Cost of Operating an Automobile", U.S. Department of  Trans- 
portat ion,  Federal Highway Administration, Washington, D.C., 
20591, Rev. January 1968, 

7 ,  H e l t e m e s ,  C.F. and Vansant, C.A., "Promise and Potent ia l  of  
Electric Automobiles", Proceedings of the  In te rsoc ie ty  Energy 
Conversion Engineering Conference, August 1967. 

8. " Indus t r i a l  Truck Costs", The 'Electric Storage Battery Coo, 
Philadelphia 20, Pa., Form 6262. 

9. King, C.W., "A Battery-DC E lec t r i ca l  Drive System", Delco- 
Remy, October 30, 1967 & November 3 , .  1967. 

10. The Automobile and A i r  Pollution: A Program f o r  Progress. 
Par t  11, Report of the Panel on E lec t r i ca l ly  Powered Ve- 
h i c l e s ,  U.S. Dept. of Commerce. For s a l e  by the  Superin- 
tendent of Documents, U.S.Govt. Pr int ing Office, Washington, 
D.C. Price $1.00. 

11. "Power Systems for  E lec t r i c  Vehicles", A symposium sponsored 
by the U. S. Department of Health, Education and Welfare, 
April  6-8, 1967. 



1 2  . 
13 . 
14 . 

15. 

16. 

17 . 
18 . 
19. 

20. 

21. 

"Woods Dual Power Vehicle", Automotive History Collection, 
Detroit public Library, 1917. 

University of Pennsylvania-Department of  Housing and Urban 
Development Progress Report, INDEC-HUD-1, December 1967 . 
" C a r s  f o r  C i t i e s " ,  B r i t i sh  Ministry of Transport, London: 
H e r  Majesty's Stat ionery Office, 1967. 

Friedman, D . , "Engineering Requirements for Electric Vehicle 
Power Trains" ,  GMR-690, January 1967. 

- 
GE E l e c t r ' i c - C a r .  Press  Release, October 18, 1967. 

Ford "Comuta". News Wlease,  June 8, 1967. 

Westinghouse "Markettel'. Data Sheet, A p r i l  1967. 

American Motors "Amitron" . Newspaper art icles,  Chicago Sun- 
Times, November 30, 196-7, New York Times ,  December 13, 1967. 

Electric Fuel Propulsion' "Mars 11" . 
June 1967. 

c 

Specif icat ions Sheet, 

Rishavy, E. A., W. D. Bond, and T. A. Zechin, "Electrovair  - A  
Battery Electric Car ."  
motive Engineering congress, Detroit, January 1967. 

Paper 670175 presented a t  SAE Auto- 




