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BASELINE TESTS OF THE ZAGATO ELCAR 

ELECTRIC PASSENGER VEHICLE 

Noel B. S a r g e n t ,  Ralph S l a v i k ,  Edward A. Maslowski ,  
and  Richard  F. So l t i s  

Lewis R e s a r c h  C e n t e r  

SUMMARY 

The E l c a r ,  a n  e lectr ic  v e h i c l e  manufac tu red  i n  I t a l y  by 
Zagato ,  was t e s t e d  a t  t h e  Dynamic S c i e n c e  T e s t  T r a c k  i n  Phoenix,  
Arizona,  between A p r i l  1 3  and A p r i l  27,  1977. The tests  are p a r t  
o f  a n  Energy Research and Development A d m i n i s t r a t i o n  (ERDA) 
p r o j e c t  t o  c h a r a c t e r i z e  t h e  s t a t e - o f - t h e - a r t  o f  e l e c t r i c  
v e h i c l e s .  T h i s  r e p o r t  p r e s e n t s  t h e  per formance  t e s t  r e s u l t s  on 
t h e  E l c a r  v e h i c l e .  

The E l c a r  Model 2000 is a two-passenger  v e h i c l e  w i t h  a 
r e i n f o r c e d  f i b e r g l a s s  body, powered by  e i g h t  1 2 - v o l t  batteries. 
The b a t t e r i e s  a r e  connec ted  t o  t h e  motor t h rough  an  a r rangement  
o f  c o n t a c t o r s  o p e r a t e d  froin a f o o t  p e d a l  i n  c o n j u n c t i o n  w i t h  a 
hand-operated s w i t c h .  These  c o n t a c t o r s  change t h e  v o l t a g e  
a p p l i e d  t o  t h e  2 - k i l o w a t t  motor.  No r e g e n e r a t i v e  b r a k i n g  was 
p rov ided  o n  t h i s  v e h i c l e .  

A1 . l  tests were run  a t  t h e  g r o s s  v e h i c l e  we igh t  o f  653 
Kilograms (1440 lbm) .  The r e s u l t s  o f  t h e  tests are a s  f o l l o w s :  

The E l c a r  was a b l e  t o  a c c e l e r a t e  from 0 t o  32 k i l o m e t e r s  p e r  hour  
(0 t o  2 0  mph) i n  8 seconds .  

- 
nest s i l c c ~ i  uur 
aria:lny c y c l e  

40 rtm/S, ( 2 5  n t h !  

c h e d u r c  13 

INTRODUCTION 

The v e h i c l e  tests and t h e  d a t a  p r e s e n t e d  i n  t h i s  r e p o r t  a r e  
i n  s u p p o r t  of P u b l i c  Law 94-413 e n a c t e d  by Congress  on  September 
1 7 ,  1976.  The law r e q u i r e s  t h e  Energy Research  and Development 
A d m i n i s t r a t  ion  ( E R D A )  t o  d e v e l o p  d a t a  c h . ~ r a c t e r  i z  ing  t h e  
s t a t e - o f - t h e - a r t  o f  e l e c t r i c  and h y b r i d  v e h i c l e s .  The d a t a  s o  
developed  a r e  t o  s e r v e  a s  a b a s e l i n e  (1) t o  compare improvements 
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i n  e l e c t r i c  and h y b r i d  v e h i c l e  t e c h n o l o g i e s ,  ( 2 )  t o  a s s i s t  i n  
e s t a b l i s h i n g  per formance  s t a n d a r d s  f o r  e lectr ic  and  h y b r i d  
v e h i c l e s ,  and ( 3 )  t o  h e l p  g u i d e  f u t u r e  r e s e a r c h  and development  
a c t i v i t i e s .  

The N a t i o n a l  Aeronaut  ~ C S  and Space  A d m i n i s t r a t  i o n  ( N A S A )  
under  t h e  d i r e c t i o n  o f  t h e  Electric and  Hybrid Resea rch ,  
Development, and Demons t r a t ion  O f f i c e  o f  t h e  D i v i s i o n  o f  
T r a n s p o r t a t i o n  Energy C o n s e r v a t i o n  o f  ERDA h a s  conduc ted  t r a c k  
t e s t s  of  e l e c t r i c  v e h i c l e s  t o  measure t h e i r  per formance  
c h a r a c t e r i s t i c s  and v e h i c l e  component e f f i c i e n c i e s .  The tests 
were conducted a c c o r d i n g  t o  ERDA E l e c t r i c  and Hybr id  V e h i c l e  T e s t  
and E v a l u a t i o n  P rocedure ,  d e s c r i b e d  i n  appendix  E o f  r e f e r e n c e  1. 
T h i s  p rocedure  i n c l u d e s  t h e  S o c i e t y  of Automotive E n g i n e e r s  ( S A E )  
J227a  p rocedure  ( r e f .  2 ) .  Seven teen  e l e c t r i c  v e h i c l e s  have  been  
t e s t e d  under  t h i s  p h a s e  o f  t h e  program, 1 2  by NASA, 4 by MERADCOM, 
and 1 by t h e  Canadian government .  

T h e  a s s i s t a n c e  and c o o p e r a t i o n  o f  t h e  Elcar C o r p o r a t i o n ,  t h e  
v e h i c l e  r e p r e s e n t a t i v e  i n  t h e  Un i t ed  S t a t e s ,  is g r e a t l y  
a p p r e c i a t e d .  The Energy Research  and Development A d m i n i s t r a t i o n  
p rov ided  fund ing  s u p p o r t  and g u i d a n c e  d u r i n g  t h i s  p r o j e c t .  

u.S. cus tomary  u n i t s  w?re used i n  t h e  c o l l e c t i o n  and 
r e d u c t i o n  o f  d a t a .  The u n i t s  were c o n v e r t e d  t o  t h e  I n t e r n a t i o n a l  
System o f  U n i t s  f o r  p r e s e n t a t i o n  i n  t h i s  r e p o r t .  U.S. cus tomary  
u n i t s  a r e  p r e s e n t e d  i n  p a r e n t h e s e s .  The p a r a m e t e r s ,  symbols ,  
u n i t s ,  and u n i t  a b b r e v i a t i o n s  used i n  t h i s  r e p o r t  are l i s t e d  h e r e  
For t h e  conven ience  o f  t h e  r e a d e r .  
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OBJECTIVES 

The c h a r a c t e r i s t i c s  o f  i n t e r e s t  f o r  t h e  Z a g a t o  Elcar are  
v e h i c l e  s p e e d ,  r a n g e  a t  c o n s t a n t  s p e e d ,  r a n g e  o v e r  s top-and-go  
d r i v i n g  s c h e d u l e s ,  maximum a c c e l e r a t i o n ,  g r a d e a b i l  i t y  , r o a d  
e n e r g y  consu inp t ion ,  road power ,  i n d i c a t e d  e n e r g y  c o n s u m p t i o n ,  and  
b a t t e r y  c h a r a c t e r i s t i c s .  

TEST VEHICLE DESCRIPTION 

The  Elcar Hodel  2000 is a t w o - p a s s e n g e r  elemtric v e h i c l e  
m a n u f a c t u r e d  i n  I t a l y  b y  Z a g a t o .  The  v e h i c l e  is powered by e i g h t  
1 2 - v o l t  b a t t e r i e s  t h a t  a r e  l o c a t e d  u n d e r  t h e  f l o o r  i n  a  s l i d e o u t  
t r a y .  The b a t t e r i e s  are c o n n e c t e d  t o  t h e  m o t o r  t h r o u g h  
c o n t a c t o r s  o p e r a t e d  f rom a f o o t  p e d a l  i n  c o n j u n c t i o n  w i t h  a 
h a n d - o p e r a t e d  s w i t c h .  The 2 - k i l o w a t t  m o t o r  is d i r e c t l y  c o n n e c t e d  
t o  t h e  r e a r  a x l e .  The v e h i c l e  is shown i n  f i g u r a  1 and  d e s c r i b e d  
i n  d e t a i l  i n  a p p e n d i x  A .  A 1 2 0 - v o l t  o f f - b o a r d  b a t t e r y  c h a r g e r  is 
u s e d  t o  c h a r g e  t h e  t r a c t i o n  ba t te r ies .  No r e g e n e r a t i v e  b r a k i n g  
was p r o v i d e d  on  t h i s  v e h i c l e .  

O p e r a t i n g  C h a r a c t e r i s t i c s  

A hand  s w i t c h  is u s e d  t o  select t h r e e  v o l t a g e  l e v e l s  t o  t h e  
motdr i n  s t e p s  o f  1 2 , '  2 4 ,  and  48 v 3 l t s .  A f t e r  t h e  f i r s t  s t e p  ( 1 2  
V) is s e l e c t e d ,  t h e  f o o t  p e d a l  is d e p r e s s e d  t o  t h e  f i r s t  
p o s i t i o n .  T h i s  c o n n e c t s  t h e  b a t t e r i e s  t h r o u g h  t h e  hand  s w i t c h  t o  
t h e  motor  t h r o u g h  a c u r r e n t - 1  i m i t  i n g  r e s i s t o r .  D e p r e s s i o n  o f  t h e  
f o o t  p e d a l  t o  t h e  s e c o n d  p o s i t i o n  e n e r g i z e s  a  c o n t a c t o r  t o  b y p a s s  
t h e  res is tor .  To i n c r e a s e  s p e e d ,  t h e  f o o t  p e d a l  s h o u l d  be 
r e l e a s e d  ( n o  c u r r e n t  Elowing t o  t h e  m o t o r )  and  t h e  hand  s w i t c h  
s t e p p e d  t o  t h e  n e x t  p o s i t i o n  b e f o r e  a g a i n  d e p r e s s i n g  t h e  f o o t  
p e d a l  .. Naximu~n s p e e d  is a t t a i n e d  w i t h  t h e  hand s w i t c h  i n  t h e  
t h i r d  s t e p  and t h e  f o o t  p e d a l  i n  t h e  s e c o n d  p o s i t i o n .  Two 
a d d i t i o n a l  s t e p s  a r e  p r o v i d e d  o n  t h e  hand s w i t c h  f o r  r e v e r s e  and  
f o r  c h a r y  ing; 

INSTRUMENTATION 

The Z a g a t o  E l c a r  v e h i c l e  was i n s t r u m e n t e d  t o  m e a s u r e  v e k i c l e  
s p e e d  and r a n g e ,  ampere -hours  f r o m  and t o  t h e  t r a c t i o n  b a t t e r y ,  
and  t h e  b a t t e r y  c h a r g e r  power .  The i n s t r u m e n t a t i o n  p a c k a g e  was 
l o c a t e d  e n t i r e l y  on  b o a r d  t h e  v e h i c l e .  

A s c h e m a t i c  d i a g r a m  o f  t h e  e l e c t r i c  p r o p u l s i o n  s y s t e m  w i t h  
t h e  i n s t r u m e n t a t i o n  s e n s o r s  is shown i n  f i g u r e  2 .  A N u c l e u s  
C o r p o r a t i o n  Model NC-7 p r e c i s i o n  s p e e d o m e t e r  ( f i f t h  w h e e l )  was 
u s e d  t o  measure  v e h i c l e  v e l o c i t y  and d i s t a n c e  t r a v e l e d .  
A u x i l i a r y  e q u i p m e n t  used  w i t h  t h e  f i f t h  wheel  i n c l u d e d  a  Model 
EKP-X1 e l e c t r o n i c  p u l s e r  f o r  d i s t a n c e  measurement ,  a  Model NC-P'IE 
p u l s e  t o t a l i z e r ,  a Model ESS/E e x p a n d e d - w a l e  s p e e d o m e t e r ,  and  a  



proyratnmable d i g i t a l  a t t e n u a t o r .  T h e  f i f t h  whee l  was c a l i b r a t e d  
b e f o r e  e a c h  test  by r o t a t i n g  t h e  whee l  o n  a c o n s t a n t - s p e e d  
f i f t h - w h e e l  c a l i b r a t o r  drum mounted o n  t h e  s h a f t  o f  a  s y n c h r o n o u s  
a l t e r n a t i n g  c u r r e n t  (AC) motor .  The a c c u r a c y  o f  t h e  d i s t a n c e  and  
v e l o c i t y  r e a d i n g s  were w i t h i n  0 .5  p e r c e n t  o f  r e a d i n g .  D i s t a n c e  
and  v e l o c i t y  were r e c o r d e d  o n  a s t r i p - c h a r t  r e c o r d e r  o n  b o a r d  t h e  
vehicle!. 

The i n t e g r a t e d  b a t t e r y  c u r r e n t  was measured  f o r  t h e  b a t t e r y  
pack  w i t h  a c u r r e n t  s h u n t  a n d  a n  on-board  c u r r e n t  i n t e g r a t o r  a n d  
was r e c o r d e d  m a n u a l l y  a f t e r  e a c h  t e s t .  T h i s  v a l u e  r e p r e s e n t s  t h e  
ampere -hours  d e l i v e r e d  b y  o n e - h a l f  o f  t h e  b a t t e r y  p a c k .  The  
c u r r e n t  i n t e g r a t o r  is a C u r t i s  SHR-C3 c u r r e n t  i n t e g r a t o r .  The  
i n t e g r a t o r  was c a l i b r a t e d  p e r i o d i c a l l y  t o  w i t h i n  + 1  p e r c e n t  o f  
r e a d i n g .  I n  a d d i t i o n ,  b a t t e r y  e l e c t r o l y t e  t e m p e r a t u r e s  and  
s p e c i f i c  g r a v i t i e s  were measured  m a n u a l l y  b e f o r e  and  a f t e r  t h e  
tests. 

Power f o r  t h e  f i f t h  wheel  and  c u r r e n t  i n t e g r a t o r  was 
p r o v i d e d  f rom a  1 2 - v o l t  s t a r t i n g ,  1 - i g h t  i n g  , a n d  i g n i t i o n  ( S L I )  
i n s t r u i n e n t a t i o n  b a t t e r y .  A T r i p p  L i t e  500-wat t  DC/AC i n v e r t e r  
p r o v i d e d  t h e  AC power .  

A l l  i n s t r u m e n t s  were  c a l i b r a t e d  p e r i c d i c a l l y .  The 
i n t e g r a t o r  and  s t r i p - c h a r t  r e c o r d e r  were  c a l i b r a t e d  w i t h  a  
H e w l e t t - P a c k a r d  Model 6920 B meter c a l i b r a t o r ,  which h a s  a  
0 . 2 - p e r c e n t - o f - r e a d i n g  a c c u r a c y  and  a u s a b l e  r a n g e  o f  be tween  
0 . 0 1  and 1300 v o l t s .  

The c u r r e n t  and v o l t a g e  i n t o  t h e  b a t t e r y  and t h e  e n e r g y  i n t o  
t h e  b a t t e r y  c h a r g e r  w e r e  measured  w h i l e  t h e  b a t t e r y  was b e i n g  
r e c h a r g e d  a f t e r  e a c h  t e s t .  The c u r r e n t  and v o l t a g e  t o  t h e  
b a t t e r y  w e r e  r e c o r d e d  o n  a  Honeywell  1 9 5  E l e c t r o n i k  t w o - c h a n n e l ,  
s t r i p - c h a r t  r e c o r d e r .  The e n e r g y  d e l i v e r e d  to t h e  c h a r g e r  was 
measured w i t h  a  G e n e r a l  Elect r ic  Type 1-50A s i n g l e - p h a s e ,  
r e s i d e n t i a l ,  w a t t - h o u r  m e t e r .  

TEST PROCEDURES 

The tests  d e s c r i b e d  i n  t h i s  r e p o r t  were  p e r f o r m e d  a t  t h e  
~ y n a m i c  S c i e n c e  T e s t  T r a c k ,  a  t w o - l a n e ,  3 . 2 2 - k i l o m e t e r  ( 2 - m i l e )  
a s p h a l t  t r a c k  l o c a t e d  i n  P h o e n i x ,  A r i z o n a .  A c o m p l e t e  
d e s c r i p t i o n  o f  t h e  t r a c k  is g i v e n  i n  a p p e n d i x  8. When t h e  
v e h i c l e  was d e l i v e r e d  t o  t h e  t e s t  t r a c k ,  t h e  p r e t e s t  c h e c k s  
d e s c r i b e d  i n  a p p e - l d i x  C were c o n d u c t e d .  The f i r s t  t e s t  was  a  
f o r m a l  shakedown t o  f a m i l i a r i z e  t h e  d r i v e r  w i t h  t h e  o p e r a t i n g  
c h a r a c t e r i s t i c s  o f  t h e  v e h i c l e ,  t o  c h e c k  o u t  a l l  i n s t r u m e n t a t i o n  
s y s t e m s ,  and t o  d e t e r m i n e  t h e  v e h i c l e ' s  maximum s p e e d  ( a p p e n d i x  
C ) .  A l l  t es ts  were  r u n  i n  a c c o r d a n c e  w i t h  ERDA ~ l e c t r i c  and  
Hybr id  V e h i c l e  T e s t  And E v a l u a t i o n  P r o c e d u r e  ERDA-EHV-TEP, 
a p p e r ~ d i x  E o f  r e f e r e n c e  1 ,  a t  t h e  g r o s s  w e i g h t  o f  t h e  v e h i c l e ,  



553 k i l o g r a m s  ( 1 4 4 0  l b m ) .  No b r a k i n g  tests or t r a c t i v e  f o r c e  
t e s t s  were p e r f o r m e d  o n  t h e  E l c a r .  The p r o c e d u r e  a l s o  i n c l u d e s  
tests f o r  h a n d l i n g ,  b u t  a t  ERDAts d i r e c t i o n  t h e y  were n o t  
c o n d u c t e d .  

Range T e s t s  a t  C o n s t a n t  Speed  

The v e h i c l e  s p e e d  f o r  t h e  h i g h e s t  c o n s t a n t - s p e e d  r a n g e  test  
&as d e t e r m i n e d  d u r i n g  c h e c k o u t  t e s t s  o f  t h e  v e h i c l e .  I t  was 
s p e c i f f e d  as 9 5  p e r c e n t  o f  t h e  minimum s p e e d  t h e  v e h i c l e  c o u l d  
m a i n t a i n  o n  t h e  t e s t  t r a c k  when it was t r a v e l i n g  a t  f u l l  power.  
T h i s  s p e e d  was 40 k i l o m e t e r s  p e r  h o u r  ( 2 5  mph) f o r  t h e  E l c a r .  

Range t e s t s  a t  c o n s t a n t  s p e e d s  were r u n  a t  40 k i l o m e t e r s  p e r  
h o u r  ( 2 5  mph) .  The s p e e d  was h e l d  c o n s t a n t  w i t h i n  +1.6 
k i l o m e t e r s  p e r  h o u r  (1 m p h ) ,  and t h e  t e s t  was t e r m i n a t e d  when t h e  
v e h i c l e  c o u l d  no l o n g e r  m a i n t a i n  9 5  p e r c e n t  o f  t h e  tes t  s p e e d .  
The r a n g e  t e s t s  were  r u n  a t  leas t  twice. 

Range T e s t s  u n d e r  D r i v i n g  S c h e d u l e s  

The 3 2 - k i l o m e t e r - p e r - h o u r  (20-mph) ,  s c h e d u l e  B,  s top-and-go  
d r i v i n g  c y c l e ,  shown i n  f i g u r e  3 ,  was r u n  w i t h  t h i s  v e h i c l e .  A 
c o m p l e t e  d e s c r i p t i o n  o f  c y c l e  t e s t s  is g i v e n  i n  a p p e n d i x  E o f  
r e f e r e n c e  1. A s p e c i a l  i n s t r u m e n t ,  c a l l e d  a  c y c l e  timer, was 
d e v e l o p e d  a t  t h e  Lewis  R e s e a r c h  C e n t e r  t o  a s s i s t  i n  a c c u r a t e l y  
r u n n i n g  t h e s e  t e s t s .  D e t a i l s  o f  t h e  c y c l e  timer a r e  g i v e n  i n  
a p p e n d i x  C .  The c y c l e  tests  were  t e r m i n a t e d  when t h e  t e s t  s p e e d  
c o u l d  n o t  b e  a t t a i n e d  i n  t h e  time r e q u i r e d  u n d e r  maximum 
a c c e l e r a t i o n .  

A c c e l e r , t i o n  and Coast-Down T e s t s  

The maximum a c c e l e r a t i o n  o f  t h e  v e h i c l e  was measured  o n  a  
l e v e l  r o a d  w i t h  t h e  b a t t e r y  f u l l y  c h a r g e d  and 40 and 80  p e r c e n t  
d i s c h a r g e d .  Four  r u n s ,  two  i n  e a c h  d i r e c t i o n ,  were  c o n d u c t e d  a t  
e a c h  o f  t h e s e  t h r e e  s t a t e s  o f  c h a r g e .  Depth o f  d i s c h a r g e  was 
d e t e r m i n e d  f rom t h e  number o f  ampere -hours  regnoved f rom t h e  
b a t t e r i e s .  A c c e l e r a t i o n  r u n s  were  made on t h e  s o u t h e r n  s t r a i g h t  
s e c t i o n  o f  t h e  t r a c k ,  and  c o a s t - d o w n s  o n  t h e  n o r t h e r n  s t r a i g h t  
s e c t i o n  ( a p p e n d i x  B ,  f i g .  I3-1). Ccast-down d a t a  were  t a k e n  
i m m e d i a t e l y  a f t e r  t h e  a c c e l e r a t i o n  t e s t  w i t h  f u l l y  c h a r g e d  
b a t t e r i e s  i n  o r d e r  t o  s t a r t  t h e  coast -down r u n  f rom maximum 
a t t a i n a b l e  v e h i c l e  s p e e d .  

Range 

The d a t a  c o l l e c t e d  f rom a l l  t h e  r a n q e  t e s t s  a r e  summarized 
i n  t a b l e  I .  Shown i n  t h e  t a b l e  a r e  t h e  t e s t  d a t e ,  t h e  t y p e  o f  



t e s t ,  t h e  e n v i r o n m e n t a l  c o n d i t i o n s ,  t h e  r a n g e  test  r e s u l t s ,  t h e  
ampere -hours  i n t o  and  o u t  o f  t h e  b a t t e r y ,  and  t h e  e n e r g y  i n t o  t h e  

- c h a r g e r . .  T h e s e  d a t a  were used t o  d e t e r m i n e  v e h i c l e  r a n g e ,  
b a t t ~ r y  e f f i c i e n c y ,  and  e n e r g y  c o n s u m p t i o n ,  

Dur ing  mast o f  t h e  test  p e r i o d ,  t h e  winds  were  v a r i a b l e  and  
g u s t y .  Even t h o u g h  t h e  wind was less t h a n  1 6  k i l o m e t e r s  p e r  h o u r  
( 1 0  m p h ) ,  on  s e v e r a l  o c c a s i o n s  t h e  wind was b l c w i n g  i n  d i f f e r e n t  
d i r e c t i o n s  and  a t  d i f f e r e n t  v e l o c i t i e s  a t  two p o s i t i o n s  o n  t h e  
t r a c k .  T h e r e  was no i n d i c a t i o n  t h a t  t h i s  v a r i a t i o n  i n  wind 
v e l o c i t y  s i g n i f i c a n t l y  a f f e c t e d  t h e  r a n g e  o r  o t h e r  t e s t  r e s u l t s  
a s  l o n g  as t h e  measured  winds  were  l e s s  t h a n  a b o u t  1 6  k i l o m e t e r s  
p r  h o u r .  

The maximu~n s p e e d  o f  t h e  v e h i c l e  was measured  d u r i n g  t h e  
c h e c k o u t  tests.  I t  i s  d e f i n e d  as  t h e  a v e r a g e  s p e e d  t h a t  c o u l d  b e  
m a i n t a i n e d  on  t h e  t r a c k  u n d e r  f u l l  power. The measured  maximum 
s p e e d  was 4 8  k i l o m e t e r s  p e r  h o u r  ( 3 0  mph) f o r  t h i s  v e h i c l e .  T h i s  
d i f f e r s  Erom t h e  r,~aximurn s p e e d  u s e d  i n  t h e  r a n g e  tes t s .  

Two CO-ki lomete r -per -hour  (25-mph) and  two s c h e d u l e  B r a n g e  
t e s t s  were r u n .  A l l  t h e  t e s t  r e s u l t s  a r e  shown i n  t a b l e  I .  

Maximum A c c e l e r a t i o n  

T n e  n,axiriurn a c c e l e r a t i o n  o f  t h e  v e h i c l e  was d e t e r m i n e d  w i t h  
tne b a t t e r i e s  f u l l y  c h a r g e d  and  40 and  80  p e r c e n t  d i s c h a r g e d .  
V e h i c l e  s p e e d  a s  a f u n c t i o n  o f  time is shown i n  f i g u r e  4  and  
t a b l e  11. The a v e r a g e  a c c e l e r a t i o n  an was c a l c u l a t e d  f o r  t h e  
time p e r i o d  tn-1 t o  t n ,  where  t h e  v e h i c l e  s p e e d  i n c r e a s e d  f rom 
vn-1 t o  V n r  f r o m  t h e  e q u a t i o n  

- 
and t h e  a v e r a g e  s 2 e e d  o f  t h e  v e h i c l e  V Erom t h e  e q u a t i o n  

Maximum a c c e l e r a t i o n  a s  a f u n c t i o n  o f  s p e e d  is shown i n  f i g u r e  5 
and t a b l e  11. 

G r a d e a b i l  i t y  

The lnaxinlu~n s p e c i E i c  g r a d e ,  i n  p e r c e n t ,  t h a t  a  v e h i c l e  c a n  
c l i m b  a t  an a v e r a g e  v e h i c i e  s p e e d  V was d e t e r m i n e d  f rom maximum 
a c c e l e r a t i o n  tests  by u s i n g  t h e  e q u a t i o n s  
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where  a n  is a v e r a g e  a c c e l e r a t i o n  i n  meters p e r  s e c o n d  s q u a r e d  
( ~ n p h / s e c ) .  The maximum g r a d e s  t h e  Elcar c a n  n e g o t i a t e  as a 
f u n c t i o n  o f  s p e e d  are shown i n  f i g u r e  6 and  t a b l e  11. 

Road Energy  Consumpt i o n  

Road e n e r g y  is a  m e a s u r e  o f  t h e  e n e r g y  consumed p e r  u n i t  
d i s t a n c e  i n  o v e r c o m i n g  t h e  v e h i c l e ' s  a e r o d y n a m i c  and  r o l l i n g  
r e s i s t a n c e  p l u s  t h e  e n e r g y  consumed i n  t h e  d i f f e r e n t i a l  d r i v e  
s h a f t  and  t h e  r o t a t i n g  m o t o r .  I t  was o b t a i n e d  d u r i n g  coast -down 
tests,  when t h e  d i f f e r e n t i a l  was b e i n g  d r i v e n  by t h e  w h e e l s ,  and 
t h u s  may be d i f f e r e n t  t h a n  t h e  e n e r g y  consumed when t h e  
d i E f e r e n t i a 1  is b e i n g  d r i v e n  by t h e  m o t o r .  I n  t h e  c a s e  of t h e  
E l c a r ,  t h e r e  is no  t r a n s m i s s i o n ;  t h e  m o t o r  is c o n n e c t e d  d i r e c t l y  
t o  t h e  d i f f e r e n t i a l  by a  c h a i n  d r i v e .  

Road e n e r g y  c o n s u m p t i o n  E n  was c a l c u l a t e d  f rom t h e  
f o l l o w i n g  e q u a t  i o n s :  



i where  _ 

'. ' 

W v e h i c l e  mass, kg ( l b m )  

V v e h i c l e  s p e e d ,  km/h (mph) 
, . . - 

t time, s 

The r e s u l t s  o f  t h e  r o a d  e n e r g y  c a l c u l a t i o n s  a r e  shown i n  f i g u r e  7 
and  t a b l e  111. 

Road Power R e q u i r e m e n t s  

The r o a d  power is a n a l o g o u s  to  t h e  r o a d  e n e r g y .  I t  is a 
n e a s u r e  o f  v e h i c l e  a e r o d y n a m i c  and  r o l l i n g  r e s i s t a n c e  p l u s  t h e  
power l o s s e s  i n  t h e  d i f f e r e n t i a l ,  t h e  d r i v e  s h a f t ,  and  t h e  n o t o r .  
The r o a d  power Pn  r e q u i r e d  t o  p r o p e l  a v e h i c l e  a t  v a r i o u s  
s p e e d s  is a l s o  d e t e r m i n e d  f rom t h e  coast -down tes t s .  The 
f o l l o w i n g  e q u a t i o n s  a r e  used:  

The r e s u l t s  o f  r o a d  power c a l c u l a t i o n s  a r e  shown i n  f i g u r e  8 and  
t a b l e  111. 

I 

I n d i c a t e d  Energy  Consumpt ion  

The v e h i c l e  i n d i c a t e d  e n e r g y  cornsumption is d e f i n e d  a s  t h e  
e n e r g y  r e q u i r e d  t o  r e c h a r g e  t h e  b a t t e r y  a f t e r  a  t e s t  d i v i d e d  by 
t h e  v e h i c l e  r a n g e  a c h i e v e d  d u r i n g  t h e  t e s t ,  w h e r e  t h e  e n e r g y  is 
t h e  i n p u t  to  t h e  b a t t e r y  c h a r g e r .  

The e n e r g y  i n p u t  t o  t h e  b a t t e r y  c h a r g e r  was measured  w i t h  a 
r e s i d e n t i a l  k i l o w a t t - h o u r  m e t e r  f o l l o w i n g  e a c h  r a n g e  t e s t .  Some 
o v e r c h a r g e  o f  t h e  b a t t e r i e s  was u s u a l l y  r e q u i r e d  i n  o r d e r  t o  
a s s u r e  t h a t  a l l  c e l l s  o f  t h e  b a t t e r y  were  f u l l y  c h a r g e d  and t h e  
p a c k  was e q u a l i z e d .  The r e p o r t e d  e n e r g y  u s a g e  may b e  h i g h e r  t h a n  
would be e x p e r i e n c e d  w i t h  normal  v e h i c l e  f i e l d  o p e r a t i c a .  
I n d i c a t e d  e n e r g y  c o n s u m p t i o n s  f o r  t h e s e  r a n q e  t . e s t s  a r e  t a b u l a t e d  
i n  t a b l e  I .  



BATTERY CHARACTERISTICS 

M a n u f a c t u r e r '  s D a t a  

The b a t t e r i e s  s u p p l i e d  w i t h  t h e  E l c a r  were Masco 1 2 - v o l t  
modules .  ' Because  o f  t h e i r  d e t e r i o r . 2 -  ed c o n d i t i o n ,  t h e y  were ! 

r e p l a c e d  a t  NASA w i t h  P o w e r s t a r  h e a v y - d u t y  b a t t e r i e s  m a n u f a c t u r e d  
by A s t r o n .  T h e s e  b a t t e r i e s  a r e  n o t  i n t e n d e d  f o r  d e e p - d i s c h a r g e  
s e r v i c e  s i n c e  t h e y  a r e  m o d i f i e d  SLI  b a t t e r i e s  d e s i g n e d  f o r  u s e  i n  
r e c r e a t i o n a l  v e h i c l e s .  They were  u s e d  i n  o r d e r  t o  e x p e d i t e  t h e  
t e s t i n g  o f  t h e  v e h i c l e  s i n c e  t h e  Masco b a t t e r i e s  were n o t  
a v a i l a b l e .  

The E l c a r  a s  m a n u f a c t u r e d  and a s  t e s t e d  c o n t a i n e d  1 2 - v o l t  
P o w e r s t a r  heavy-du ty  b a t t e r i e s .  The c h a r a c t e r i s t i c s  o f  t h e s e  
b a t t e r i e s ,  a s  s u p p l i e d  by t h e  b a t t e r y  m a n u f a c t u r e r ,  are shown in > ,  

t a b l e  I V .  The P o w e r s t a r  h e a v y - d u t y  b a t t e r y  h a s  two p r i m a r y  J 

r a t i n g s :  , r e s e r v e  c a p a c i t y  and c r a n k i n g  power.  The  r e s e r v e  
c a p a c i t y  r a t i n g  is 25 a m p e r e s  f o r  1 5 0  m i n u t e s  t o  a v o l t a g e  o f  
1 . 7 5  v o l t s  p e r  c z l l  (VPC). The  c r a n k i n g  power r a t i n g  i s  480 
amperes  f o r  30 s e c o n d s  a t  0 0  F t o  1 . 2  VPC. The b a t t e r y  a l s o  h a s  
a 20-hour r a t i n g  o f  83  ampere- ' lours.  

i 
E B a t t e r y  A c c e p t a n c e  
22 
p 
1. P r i o r  t o  t h e  r o a d  t e s t s ,  t h e  b a t t e r i e s  i n  t h e  v e h i c l e  were 
t t e s t e d  t o  a s s u r e  t h a t  t h e  b a t t e r y  c a p a c i t y  met t h e  m a n u f a c t u r e r ' s  
4 s p e c i f i c a t i o n s .  A c a p a c i t y  c h e c k  was p e r f o r m e d  o n  t h e  b a t t e r i e s  

u s i n g  a  c o n s t a n t - c u r r e n t  l o a d  bank .  The b a t t e r i e s  were 
d i s c h a r g e d  i n  two 4 8 - v o l t  p a r a l l e l  p a c k s  a t  a  r s t e  o f  2 5  a m p e r e s  
p e r  c c .  u n t i l  t h e  b a t t e r y  v o l t a g e  d r o p p e d  to  1 . 7 5  VPC. The 
c a p a c i t y  ( i n  Ah) removed p e r  c e l l  a s  a  f u n c t i o n  o f  v o l t a g e  is 

!- ' s h o w n  i n  f i g u r e  9 .  The b a t t e r i e s  were  a b l e  t o  d e l i v e r  58.7 
ampere -hours  p e r  cel l  a t  25 a m p e r e s  p e r  c e l l ,  which is 94 p e r c e n t  
o f  t h e  m a n u f a c t u r e r ' s  r a t e d  c a p a c i t y .  T h e r e f o r e ,  t h e  b a t t e r i e s  

i were  d e e a e d  a c c e p t a b l e .  

I n  l i e u  o f  t h e  5-minute  t e r m i n a l  i n t e g r i t y  t e s t ,  a l l  
t e r m i n a l s  and t e r m i n a l  c o n n e c t i o n s  were c l e a n e d  and  i n s p e c t e d .  

V E H I C L E  RELIABILITY 
8 

Only  o n e  t e s t  was t e r m i n a t e d  p r i o r  t o  c o m p l e t i o n ,  a 
4 0 - k i l o m e t e r - p e r - h o u r  (25-mph) r a n g e  t e s t .  A f t e r  1.5 k i l o m e t e r s  a  
t h e r m a l  o v e r l o a d  c i r c u i t  b r e a k e r  t r i p p e d .  Tne d r ive - :  was a b l e  t o  
reset t h e  b r e a k e r  a f t e r  5 r ~ l i n u t e s ;  h e  t h e n  c o n t i n u e J  t h e  t e s t  f o r  
a n  a d d i t i o n a l  2 k i l o m e t e r s  a t  which time t h e  o v e r l o a d  r e o c c u r r e d  
t e r m i n a t i n g  t h e  t e s t .  The  a m b i e n t  t e m p e r a t u r e  d u r i n g  t h e  t e s t  
was 2913 t o  31° C ( 8 5 0  t o  8 3 0  F ) .  T h i s  i s  b e l i e v e d  t o  b e  t h e  
c a u s e  o f  t h e  f a i l u r e  s i n c e  t b  t es t  was s u c c e s s f u l l y  r e p e a t e d  
t w i c e  a t  a  l o w e r  a m b i e n t  t e m p e r a t u r e  ( t a b l e  I ) ,  



VEHICLE SUhlMARY DATA SHEET 

1 .0  Vehicle manufacturer Zagato -... 
Milail, I t a l y  

2 . 0  Vehicle Elcar Model 2000 

3.  U Price and availability 

4 . 0  Vehicle weight and load 

4 . 1  Curb weight, kg (lbm) 553 (1220) 

4.2 Gross vehicle weight, kg (lbm) 653 (1440) 

4 . 3  Cargo weight, k g  (lbm) 

4.4 Number of passengers 2 places 

4 . 5  Payloaci, kg (lbm) 100 (220) 

5 . 0  Vehicle size 

5 . 1  Wheelbase, m (in.) 1.30 (51) 

5.2 Length, m ( i n . )  1 . 9 6  (77) 
5 .3  Width, m ( in. )  1.32 (52) 

5.4 Height, m (in.) 
5 . 5  Head room, m (in.) 
5 . 6  Legroom, m ( i n . )  
5.7 Frontal area, m2 (ft2) 1.95 (21) 

5 .8  Road clearance, m ( in.)  
5 . 9  Number of seats 2 

6.0 Auxiliaries and options 

6 . 1  Lights (number, type, and function) 2 head,  2 tail, 4 park, 

4 side, 2 brake, low battery 



Windshield wipers 2 on f r o n t  windshield  

Windshield washers 1 on f r o n t  windshield  
Defroster no 
Heater no 
Radio no 

Fuel gage l i g h t  
Amperemeter no 
Tachometer no 
Speedometer ye s ,  i n  km/h 
Odometer yes ,  i n  km/h 
Right or left-hand drive l e f t  
Transmission no 
Regenerative brakin_ no 
Mirrors  rearview 
Fower steering no 
Power brakes no 

6.18 Other 

7.0 Batteries 
7.1 Propulsion batteries 

7.1.1 Type and manufacturer lead-acid ,  heavy-duty 

Powerstar RV-827; Astron Manufacturinq Co. 
7.3.. 2 Number of modules - 1 t r a y  of  8 b a t t e r i e s  
7.1.3 Number of cells 4 8 
7.1.4 Operating voltage, V 12, 24, and 48 ( swi tchable )  
7.1.5 Capacity, Ah 83 (20-h r a t e )  
7.1.6 Size of each battery, m (in. ) h e i q h t ,  0.23 ( 9 . 0 )  ; 

width,  0,30 (11.75);  l e n s t h ,  0.17 (6.75) 

7.1.7 Weight, kg (lbm) 187 ( 4 1 2 )  
7.1.8 History (age, number of cycles, etc.) new 

7.2 Auxiliary battery 
7.2.1 Type and manufacturer none 

7.2.2 Number of cells 



7 . 2 . 3  Operating voltage, 1' 

7.2.4 C:tpacity, Atr 

7.2.5 bize. m (in.) 

8 . 0  Controller 

8.1 Type m d  manufncturcr c o n t a c t o r s  and  hand s w i t c h  

6.2 Voltage rating, V 
8.3 Current rating, A 

8 .4  Size, m (in.) 

- -- - 

8 . 5  Weight, kg (lbm) 

9.0 Propulsion motor 

9.1 Tjlpe and manufacturer DC scries; S c a g l i a  - 
- 

9.2 lnsulntion class 

9 .3  Voltage rating, V 2 4 

9.4 C u r r e n t  rating, A 
9.5 Horsepower (rated), kW (hp) 2  (2 .6 )  
9.6 Size. m ( i n . )  d i a m e t e r ,  0 .18 ( 7 . 0 ) ;  0.29 (11.5) 

9 7 Weight, kg (lbm) 

9.8 Speed (rated), rpm 2 10  0 (max . unknown) 

10.0 Battery charger 

10.1 Type and manufacturer f u l l  wage 8613; Lester Equipment 
Manufac tur ing  C O . ,  I n c .  

10 .2  On- o r  off-board type o f f  b o a r d  
10.3  Input voltage required, V 120  AC 

1 0 . 4  Peak current demand, A 15  

10.5 Recharge time, h 10 



10.6 Size, m (in.) h e i s h t ,  0.28 (11): w i d t h .  0.23 191: 
l e n g t h ,  0.30 (121 

I@.  7 Weight, kg Obm) 13.6 (30)  
10.8 Automatic turnoff 5 a ture  y e s ,  t i m e r  

11.0 Body 

11.1 Manufacturer and type 

11.2 Materials  f i b e r c r l a s s  
11.3 Kumber of doors and type 2  s i d e  
11.4 Number of windows and type 1 f r o n t ,  1 rear,  2  s i d e ;  g l a s s  

11.5 Number of s ea t s  and type 1 bench ( d i v i d e d )  

11.6 Cargo space volume, m3 (ft3) 

11.7 Cargo space dimensions, m (ft) 0 . 4 1 ~ 1 . 1 4 ~ 1 . 1 2  ( 1 6 x 4 5 ~ 4 4 )  

12.0 Chassis  

12.1 F r a m e  
12.1.1 Type and manufacturer welded  c o n s t r u c t i o n  

12.1.2 Materials s tee1 
12.1.3 Modifications none 

12.2 Springs and shocks 

12 .2 .1  Type and manufacturer rear, c o i l ;  f r o n t ,  c o i l  

12.2.2 Modifications 

12 .3  Axlcs 

12 .3 .2  12ront 

12 .3 .3  Rcnr 

12.4 Transmission 

12.4.1 Typc and m,mufactul-cr 



. ! , 12.4.2 Gear ratios 

12.4.3 Driveline ratio 
, A';. 5 Steering 

, 12.5.1 Type and manufacturer rack and pinion 
I : ,  
8 ,  

, , 
I 12.5.2 Turning ratio 

I 
, , 

' ,  I , , f , ' 12.5.3 Turning diameter, m (ft) 
. , 

: 12 6 Brakes 
12.6.1 Front hydraulic 

, , 

12.6.2 Rear i~ydraulic 
, , 12.6.3 Parking mechanical, on rear wheels 

12.6.4 Regenerative no 
12.7 T i res  

12.7.1 Manufacturer and type Michelin radial 

, 12.7.2 Size 145SRlOZX 

12.7.3 Pressure,  kPa (psi): 
Front 193 ( 3 2 )  
Zear 193 ( 3 2 )  

12.7.4 ~ ~ o l l i n g  radius, m (in. ) 
12.7.5 Wheel weight, kg (lbm): 

Without drum 
With drum 

12.7.6 Wheel track, m (in.): 
Front 
sear 

1 3 . 0  Perform. .... :e 
13.1 -ilanufacturcr-specified nlaximum speed (wideopen throttle), km/h (mph) 

4 8  (30) 
13.2 Manufacturer- recommended maximum cruise speed (wideopen throttle), 

13.3 Tested at cruise speed, km/h (mph) 40 .2  ( 2 5 )  



DESCRlPTION OF V E H I C L E  TEST TRACK 

The tes t  t r a c k  u s e d  t o  c o n d u c t  t h e  tests d e s c r i b e d  i n  
t h i s  r e p o r t  is l o c a t e d  i n  P h o e n i x ,  A r i z o n a .  The t r a c k  is 
owned and  o p e r a t e d  by Dynamic S c i e n c e ,  a s u b s i d i a r y  o f  
T a l l e y  I n d u s t r i e s .  

The t e s t  t r a c k  is a  p a v e d ,  c o n t i n u o u s  t w o - l a n e ,  
3 . 2 - k i l o m e t e r -  (2 -mi le - )  l o n g  o v a l  w i t h  a n  a d j a c e n t  
40 000-square -mete r  ( 1 0 - a c r e )  s k i d  pad.  The i n n e r  l a n e  o f  
t h e  t r a c k  is n o t  banked and  was u s e d  f o r  a l l  c y c l e  tests and  
a l l  c o n s t a n t - s p e e d  tests  o f  56 k i l o m e t e r s  p e r  h o u r  ( 3 5  mph) 
or u n d e r .  The o u t e r  l a n e  h a s  z e r o  l a t e r a l  a c c e l e r a t i o n  a t  
80  k i l o m e t e r s  p e r  h o u r  ( 5 0  mph) and  was u s e d  f o r  tests o v e r  
56 k i l o m e t e r s  p e r  h o u r  ( 3 5  mph).  An e l e v a t i o n  s u r v e y  o f  t h e  
t r a c k  is shown i n  f i g u r e  B-1. Average  g r a d e  is 0.66 p e r c e n t  
o n  t h e  n o r t h e r n  s t r a i g h t  s e c t i o n  and  0 .76 p e r c e n t  o n  h e  
s o u t h e r n  s t r a i g h t  s e c t i o n .  The  s u r f a c e  o f  t h e  t r a c k  and  
s k i d  pad  is a s p h a l t i c  c o n c r e t e  w i t h  a d r y  locked-whee l  s k i d  
number o f  8 2  and a wet locked-whee l  s k i d  number o f  71.  

Wet and  d r y  b r a k i n g - i n - t u r n  tests  were c o n d u c t e d  o n  t h e  
s ~ i d  pad .  Wet r e c o v e r y  tests were c o n d u c t e d  on  t h e  t e s t  
t r a c k  aEter d r i v i n g  t h r o u g h  t h e  w e t - b r a k e  w a t e r  t r o u g h  
l o c a t e d  n e a r  t h e  n o r t h e r n  s t r a i g h t  s e c t i o n  o f  t h e  t r a c k s .  
Both 20- a n 3  3 0 - p e r c e n t  g r a d e s  a r e  a v a i l a b l e  f o r  p a r k i n g  
b r a k e  tests.  



APPENDIX C 

VEHICLE PREPARATION AND TEST PROCEDURE 

V e h i c l e  P r e p a r a t i o n  

When a v e h i c l e  was r e c e i v e d  a t  t h e  test t r a c k ,  a  number 
o f  c h e c k s  were made t o  a s s u r e  t h a t  it was r e a d y  f o r  
p e r f o r m a n c e  tes t s .  T h e s e  c h e c k s  were r e c o r d e d  o n  a v e h i c l e  
p r e p a r a t i o n  c h e c k  s h e e t ,  s u c h  a s  t h e  o n e  shown i n  f i g u r e  
C-1.  The v e h i c l e  was examined f o r  p h y s i c a l  damage when it 
was removed f r o m  t h e  t r a n s p o r t  t r u c k  and  b e f o r e  it was 
a c c e p t e d  f r o m  t h e  s h i p p e r .  B e f o r e  t h e  v e h i c l e  was o p e r a t e d ,  
a com?lete v i s u a l  c h e c k  was made o f  t h e  e n t i r e  v e h i c l e  
i n c l u d i n g  w i r i n g ,  b a t t e r i e s ,  m o t o r ,  a n d  c o n t r o l l e r .  The 
v e h i c l e  was weighed and  compared w i t h  t h e  m a n u f a c t u r e r ' s  
s p e c i f i e d  c u r b  w e i g h t .  The g r o s s  v e h i c l e  w e i g h t  (GVW) was 
d e t e r i n i n e d  f rom t h e  v e h i c l e  s t i c k e r  GVW. I f  t h e  
m a n u f a c t u r e r  d i d  n o t  recomaend a  GVW, it was d e t e r m i n e d  by 
a d d i n g  6 8  k i l o g r a m s  ( 1 5 0  lhm)  p e r  p a s s e n g e r  p l u s  a n y  p a y l o a d  
w e i g h t  t o  t h e  v e h i c l e  c u r b  w e i g h t .  

'Phe wheel  a l i g n m e n t  was c h e c k e d ,  compared ,  and  
c o r r e c t e d  t o  t h e  m a n u f a c t u r e r ' s  recoininended a l i g n m e n t  
v a l u e s .  The b a t t e r y  was c h a r g e d  and  s p e c i f i c  g r a v i t i e s  
t a k e n  t o  d e t e r m i n e  i f  t h e  b a t t e r i e s  were e q u a l i z e d .  I f  n o t ,  
a n  e q u a l i z i n g  c h a r g e  was a p p l i e d  t o  t h e  b a t t e r i e s .  The 
i n t e g r i t y  o f  t h e  i n t e r n a l  i n t e r c o n n e c t i o n s  and  t h e  b a t t e r y  
t e r i n i n a l s  was c h e c k e d  by d r a w i n g  e i t h e r  300 a m p e r e s  or t h e  
v e h i c l s  m a n u f a c t u r e r ' s  maximum a l l o w e d  c u r r e n t  l o a d  f rom t h e  
o a t t e r y  t h r o u g h  a l o a d  bank f o r  5 m i n u t e s .  I f  t h e  
t e m p e r a t u r e  o f  t h e  b a t t e r y  t e r m i n a l s  o r  i n t e r c o n n e c t i o n s  
r o s e  more t h a n  60 d e g r e e s  C e l s i u s  above  a m b i e n t ,  t h e  t e s t  
was t e r m i n a t e d  and  t h e  t e r m i n a l  was c l e a n e d  or t h e  b a t t e r y  
r e p l a c e d .  The b a t t e r i e s  were t h e n  r e c h a r g e d  and a b a t t e r y  
c a p a c i t y  c h e c k  was made. The b a t t e r y  was d i s c h a r g e d  i n  
a c c o r d a n c e  w i t h  t h e  b a t t e r y  m a n u f a c t u r e r ' s  r ecommenda t ions .  
To p a s s  t h i s  t e s t ,  t h e  c a p a c i t y  mus t  b e  w i t h i n  20 p e r c e n t  o f  
t h e  m a n u f a c t u r e r '  s p u b l  i s h e d  c a p a c i t y  a t  t h e  p u b l  i s h e d  r a t e .  

The v e h i c l e  m a n u f a c t u r e r  was c o n t a c t e d  f o r  h i s  
reco~nrnendat  i o n s  c o n c e r n i r ~ g  t h e  maximum s p e e d  o f  t h e  v e h i c l e ,  
t i r e  p r e s s u r e s ,  and  p r o c e d u r e s  f o r  d r i v i n g  t h e  v e h i c l e .  The 
v e h i c l e  was p h o t o g r a p h e d  head-on w i t h  a  2 7 0 - m i l l i m e t e r  
t e l e p h o t o  l e n s  f rom a  d i s t a n c e  o f  a b o u t  30 .5  m ~ t e r s  ( 1 0 0  f t )  
i n  o r d e r  t o  d e t e r m i n e  t h e  f r o n t a l  a r e a .  

T e s t  P r o c e d u r e  

Each d a y ,  b e f o r e  a  t e s t ,  a  test  c h e c k 1  ist was u s e d .  
Two s a m p l e s  o f  t h e s e  c h e c k l i s t s  a r e  shown i n  f i g u r e  C-2. 



& 
k- The f i r s t  item u n d e r  d r i " e r  i n s t r u c t i o n s  o n  t h e  t e s t  

c h e c k l i s t  is to  c o m p l e t e  t h e  p r e t e s t  c h e c k l i s t  ( f i g .  C - 3 ) .  

D a t a  t a k e n  ' b e f o r e ,  d u r i n g ,  and  a f t e r  e a c h  test  were 
e n t e r e d  o n  the v e h i c l e  d a t a  s h e e t  ( f i g .  C - 4 ) .  T h e s e  d a t a  
i n c l u d e  

- .- 
(1) A v e r a g e  s p e c i f i c  g r a v i t y  o f  t h e  b a t t e r y  

( 2 )  T i r e  p r e s s u r e s  

( 3 )  F i f t h - x h e e l  t i r e  p r e s s u r e  

( 4 )  T e s t  w e i g h t  o f  t h e  v e h i c l e  

( 5 )  W e a t h e r  i n f o r m a t  i o n  

( 5 )  B a t t e r y  t e m p e r a t u r e s  

(7) Time t h e  t e s t  was s t a r t e d  

( 8 )  T i n e  t h e  t e s t  was s t o p p e d  - 
( 9 )  Ampere-hours  o u t  o f  t h e  b a t t e r y  

i 

( 1 0 )  F i f t h - w h e e l  d i s t a n c e  c o u n t  

(11) Odometer  r e a d i n g s  b e f o r e  and  a f t e r  t h e  tests 

The b a t t e r y  c h a r g e  d a t a  t a k e n  d u r i n g  t h e  c h a r g e  c y c l e  were 
a l s o  r e c o r d e d  on  t h i s  d a t a  s h e e t .  T h e s e  d a t a  i n c l u d e  t h e  
a v e r a g e  s p e c i f i c  g r a v i t y  o f  t h e  b a t t e r y  a f t e r  t h e  t e s t ,  t h e  
k i l o w a t t - h o u r s  and a n p e r e - h o u r s  p u t  i n t o  t h e  b a t t e r y  d u r i n g  
t h e  c h a r g e ,  and  t h e  t o t a l  time o f  t h e  c h a r g e .  

To p r e p a r e  f o r  a  t e s t ,  t h e  s p e c i f i c  g r a v i t i e s  were 
I F i r s t  measured f o r  e a c h  c e l l  and  r e c o r d e d .  The t i r e  
! p r e s s u r e s  were measured  and t h e  v e h i c l e  was weighed .  The 

w e i g h t  was b r o u g h t  up  t o  t h e  GVN by a d d i n g  s a n d b a g s .  The  
L i n s t r u m e n t a t i o n  was c o n n e c t e d ,  and  power f rom t h e  

i n s t r u m e n t a t i o n  b a t t e r y  was a p p l i e d .  A l l  i n s t r u m e n t s  were  
t u r n e d  o n  and warmed up. The v e h i c l e  was towed t o  t h e  
s t a r t i n g  p o i n t  o n  t h e  t r a c k .  I f  t h e  d a t a  were b e i n g  
t e l e m e t e r e d ,  p r e c a l  i b r a t  i o n s  were a p p l i e d  t o  b o t h  t h e  

..- m a g n e t i c  t a p e  and  t h e  o s c i l l o g r a p h .  The f i f t h - w h e e l  
- -  d i s t a n c e  c o u n t e r  and ampere-hour  i n t e g r a t o r  c o u n t e r  were 

r e s e t  t o  z e r o ,  and t h e r m o c o u p l e  r e f e r e n c e  j u n c t i o n s  were 
t u r n e d ' o n .  The t e s t  was s t a r t e d  and was c a r r i e d  o u t  i n  
a c c o r d a n c e  w i t h  t h e  t e s t  c h a c k l i s t .  When t h e  t e s t  was 
t e r m i n a t e d ,  t h e  v e h i c l e  was b r o u g h t  t o  a  s t o p  and t h e  
p o s t - t e s t  c h e c k s  were made i n  a c c o r d a n c e  w i t h  t h e  p o s t - t e s t  



c h e c k l i s t  ( f i g .  C - 5 ) .  The  d r i v e r  r e c o r d e d  o n  t h e  v e h i c l e  
d a t a  s h e e t  t h e  time, t h e  o d o m e t e r  r e a d i n g ,  t h e  ampere  h o u r  
i n t e g r a t o r  r e a d i n g ,  and t h e  f i f t h - w h e e l  d i s t a n c e  r e a d i n g .  
The p o s t - c a l i b r a t i o n  s t e p s  were t h e n  a p p l i e d  t o  t h e  m a g n e t i c  
t a p e  and t h e  o s c i l l o g r a p h .  A t  t h e  end  o f  t h e  t e s t ,  w e a t h e r  
d a t a  were r e c o r d e d  o n  t h e  v e h i c l e  d a t a  s h e e t .  A l l  
i n s t r u m e n t a t i o n  power was t u r n e d  o f f ,  t h e  i n s t r u m e n t a t i o n  
b a t t e r y  was d i s c o n n e c t e d ,  and  t h e  f i f t h  whee l  was r a i s e d .  
The v e h i c l e  was t h e n  towed b a c k  t o  t h e  g a r a g e ,  t h e  p o s t - t e s t  
s p e c i f i c  g r a v i t i e s  were m e a s u r e d  f o r  a l l  ce l l s  a n d  t h e  
v e h i c l e  was p l a c e d  o n  c h a r g e .  

A f t e r  t h e  tes t ,  t h e  e n g i n e e r  c o n d u c t i n g  t h e  tes t  
c o m p l e t e d  a test  summary s h e e t  ( f i g .  C - 6 ) .  T h i s  d a t a  s h e e t  
p r o v i d e s  a  b r i e f  summary o f  t h e  p e r t i n e n t  i n f o r m a t i o n  
r e c e i v e d  f rom t h e  tes t .  A n o t h e r  d a t a  s h e e t ,  t h e  e n g i n e e r ' s  
d a t a  s h e e t  ( f i g .  C - 7 ) ,  was a l s o  f i l l e d  o u t .  T h i s  d a t a  s h e e t  
summar izes  t h e  e n g i n e e r ' s  e v a l u a t i o n  of t h e  t e s t  and  
p r o v i d e s  a  r e c o r d  o f  p r o b l e m s ,  n a l f u n c t i o n s ,  c h a n g e s  t o  
i n s t r u m e n t a t i o n ,  e tc . ,  t h a t  o c c u r r e d  d u r i n g  t h e  t e s t .  

Weather  d a t a .  - Wind v e l o c i t y  and  d i r e c t i o n  a n d  a m b i e n t  
t e m p e r a t u r e  were measured  a t  t h e  b e g i n n i n g  and a t  t h e  e n d  of 
e a c h  t e s t  and  e v e r y  h o u r  d u r i n g  t h e  tes t .  The  wind 
anemometer  was l o c a t e d  a b u t  1 . 8  m e t e r s  ( 6  f t )  f r o m  t h e  
g r o u n d  n e a r  t h e  s o u t h e r n  s t r a i g h t  s e c t i o n  o f  t h e  t r a c k .  The 
a m b i e n t  t e m p e r a t u r e  r e a d i n g s  were t a k e n  a t  t h e  
i n s t r u m e n t a t i o n  t r a i l e r  n e a r  t h e  west c u r v e  o f  t h e  t r a c k .  
D u r i n g  most o f  t h e  test  p e r i o d  t h e  w i n d s  were v a r i a b l e  and  
g u s t y .  

D e t e r m i n a t i o n  o f  maximum s p e e d .  - The maximum s p e e d  o f  
t h e  v e h i c l e  was d e t - e r m i n e d  i n  t h e  f o l l o w i n s  manner .  The  
v e h i c l e  was f u l l y  c h a r g e d  and l o a d e d  t o  gross v e h i c l e  
w e i g h t .  A f t e r  o n e  warmup l a p ,  t h e  v e h i c l e  was  d r i v e n  a t  
wide-open t h r o t t l e  f o r  t h r e e  l a p s  a r o u n d  t h e  t r a c k .  The 
minimum s p e e d  f o r  e a c h  l a p  was r a c o r d e d  a n d  t h e  a v e r a g e  was  
c a l c u l a t e d .  T h i s  a v e r a g e  w s s  c a l l e d  t h e  v e h i c l e  maximum 
s p e e d .  T h i s  s p e e d  t a k e s  i n t o  a c c o u n t  t r a c k  v a r i a b i l i t y  and  
maximum v e h i c l e  l o a d i n g .  T h i s  q u a n t i t y  was t h e n  r e d u c e d  by 
5 p e r c e n t  and  c a l l e d  t h e  recommended maximum c r u i s e  t e s t  
s p e e d .  

C y c l e  timer. - The c y c l e  t i m e r  ( f i g .  C-8) was d e s i g n e d  
t o  a s s i s t  t h e  v e h i c l e  d r i v e r  i n  a c c u r a t e l y  d r i v i n g  SAE 
s c h e d u l e s  B,  C ,  and D. The  r e q u i r e d  t e s t  p r o f i l e  is 
p e r m a n e n t l y  s t o r e d  o n  a  p rogrammable  r e a d - o n l y  memory 
( P R O M ) ,  which is t h e  h e a r t  o f  t h e  i n s t r u m e n t .  T h i s  2 r o f i l e  
is c o n t i n u o u s l y  r e p r o d u c e d  o n  o n e  n e e d l e  o f  a  dual-movement 
a n a l o g  meter shown i n  t h e  f i g u r e .  The  s e c o n d  n e e d l e  is 
c o n n e c t e d  t o  t h e  o u t p u t  o f  t h e  f i f t h  whee l  a n d  t h e  d r i v e r  
" m a t c h e s  n e e d l e s "  t o  a c c u r a t e l y  d r i v e  t h e  r e q u i r e d  s c h e d u l e .  



One second before each speed t r ans  it ion ( e  .g  . , 
accelerat ion t o  cru ise  or  c ru ise  t o  c o a s t ) ,  an audio s ignal  
sounds t o  forewarn the dr iver  of a change. A longer 
duration audio s ignal  sounds a f t e r  the  id le  period t o  
emphasize the s t a r t  of a new cycle. The t o t a l  number of 
t e s t  cycles driven i s  s tored i n  a counter and can be  
displayed a t  any time w i t h  a pushbutton ( t o  conserve power). 
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TABLE 11. - ACCELERATION AND GRADEABILITY FOR ZAGATO ELCAR 
(a) At full battery charge 

(b) At 40-percent battery discharge 

(c) A t  80-percent battery discharge 

Gradeability, 
percent 

0 
18.0 
19.7 
19.0 
16.3 
12.2 
11.0 
12.1 
11.3 
10.5 
10.0 
10.2 
9.5 
9.7 
10.7 
9.2 
6.5 
5.5 
5.4 
4.3 
3.2 
2.1 
1.3 

Time to reach 
designated 

vehicle speed, 
s 

0 
.3 
.6 
. 9  

1.3 
1.7 
2.2 
2.7 
3.2 
3.7 
4.3 
4.9 
5.4 
6.1 
6.6 
7.2 
7.9 
9.0 

10.0 
11.2 
12.6 
15.0 
18.1 

Vehicle 

m/s2 

0 
1.73 
1.88 
1.82 
1.57 
1.18 
1.07 
1. i7 
1.10 
1.02 
.97 
.99 
.93 
.94 

1.08 
.89 
.63 
.54 
.52 
.42 
.32 
.21 
.1 J 

Vehicle 

km/h 

- 
0 
2.0 
4.0 
6.0 
8.0 
10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 
42.0 
44.0 

acceleration 

mph/s 

0 
3.87 
4.21 
4.06 
3.51 
2.64 
2.39 
2.62 
2.46 
2.28 
2.18 
2.22 
2.07 
2.11 
2.31 
1.99 
1.42 
1.21 
1.17 
.94 
.71 
.46 
.29 

speed 

mph 

0 
1.2 
2.5 
3.7 
5.0 
6.2 
7.5 
8.7 
9.9 

11.2 
12.4 
13.7 
14.9 
16.2 
17.4 
18.7 
19.9 
21.1 
22.4 
23.6 
24.9 
26.1 
27.4 



TABLE 111. - ROAD ENERGY AND ROAD POWER FOR ZAGATO ELCAR 

[coast-dowc d a t a  .] 

TABLE IV. - CHARACTERISTICS OF POWERSTAR BATTERIES 

-- 
V e h i c l e  s p e e d  T e s t  t i m e ,  Road power  Road e n e r g y  

7 S 

kn\/h mph kW h p  MJ/km kWh/mile 

- 
. . . . . . . . . . . . . . . .  L e n g t h ,  m ( i n .  ) 

Width ,  m  ( i n . ) .  . . . . . . . . . . . . . . . .  
Meight  ( t o p  o f  t e r m i . c a l s ) ,  m ( i n . ) .  . . . . . .  
Weigh t ,  kg  ( l b m ) .  . . . . . . . . . . . . . . . . . .  0.1:4 ( 5 1 . 5 )  

50 .0  
48 .0  
46 .0  
44 .0  - 

' 2 . 0  
40.0 
38.0 
36 .0  
34 .0  
32 .0  
30 .0  
28 .0  
26 .0  
24 .0  
22 .0  
20.0 
1 8 . 0  
1 6 . 0  
1 4 . 0  
1 2 . 0  
1 0 . 0  

8 . 0  
6 .0  
4 . 0  
2 .0  

. . . . . . . . . . . . . . .  I F u l l y  c h a r g e d  s p e c i f i c  g r a v i t y .  1 . 2 6 5  1 
Number o f  p l a t e s  p e r  b ~ t t e r y .  . . . . . . . . . . . . . . .  

31 .1  
29 .8  
28.6 
27.4 
26 .1  
24 .9  
2 3 , 6  
22.4 
2 1 . 1  
19 .9  
1 8 . 6  
1 7 . 4  
1 6 . 2  
1 4 . 9  
1 3 . 7  
12 .4  
11 .2  

9 .9  
8 .7  
7 . 5  
6 .2  
5 . 0  
3 .7  
2 .5  
1 . 2  

0  
1.1 
3.0  
5.0 
6 .9  
8 . 9  

11 .2  
1 3 . 4  
1 5 . 6  
1 7 . 6  
20 .1  
22.4 

2 4 . 7  
27.6 
3U.6 
33 .3  
36.6 
40 .1  
43 .3  
47.0 
50 .9  
55.4 
59 .7  
63 .9  
67.9 

0  0  0  0  
3.44 
2 .39  
2 .30  
2.19 
1 . 8 7  
1.6: 
1 . 6  
1 . 6 3  
1 .44  
1 . 2 7  
1 . 2 4  
1 . 0 2  

- 8 2  
.7S 
. 67  
.54 

4 . 6 1  
3 .19  
3 .09  
2 .94  
2 . 5 1  
2.26 
2 .23  
2.18 
1 . 9 4  
1 . 7 0  
1 . 6 6  
1 . 3 7  
1 . 1 0  
1 . 0 4  

. 9 0  

.72  

. 6 5  

.26 

.19  

. 19  
. 1 9  
.15 
.16 
.17  
. 1 7  
.16 
. 15  
.16 
.14 
.12  
. 1 3  
.12  
.11 
.11 ::: 1 . 5 5  

.32  .42  

.24 1 . 3 2  

. 12  

. 0 8  

1 
. o .  
. 0 7  
.08 i . " 7  

, . 07  
. 07  
.06  
.06 
. 06  
. 05  

.ll 

.09  

. 0 9  

.08  

. 0 9  

. 0 9  

.07  

. 1 8  

.14  

.10  

.04  

I 
.04  

I 
- 0 3  

. 2 5  

. 1 9  

. 1 3  

. 05  



Figure t. - Z q a t n  Elcar Model m. 

Figure L - Vehicle instrumentation tor Zagah Elcar. 
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Figure >. - Accdldration as a function of speed. 
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CAPACITY REMOVED PER CEU, Ah 

Figure 9. - Battery capacity for Zagato Elcar. (Test run 
with two 48-V subpacks in parallel. 

DISTANCE, 
km (fl) 19M10J @am) ~ I O M )  

~1000) cailo, cxioo, &1 
(a) Track diagram. 

(b) Grade. 

DISTANCE. m 

1 I I u 
0 KO0 4000 6000 8000 lOOaO 

DISTANCE. fl 

Ic) Elevation. 

r ~ g u r e  0-1. - Characterislics of Oynamlc Science Test Track. 
Phoenix. Arizona. 



figure C-1. -Vehicle preparation check sheet. 

- 

Vehicle mph range test, gear 

Driver Instructions: 
1. Complete pretest checklist. 
2. While on track recheck: 

Integrator - light on. i n  "operate" position. zeroed 
Speedometer - set on - mph center 
Distance -on. reset. lighted 
Attenuator -on. reset. lighted 

3. At signal from control center accelerate moderately to - mph. 
4. Maintain -& mph witn minimal accelerator movement. 
5. When vehicle is  no !onger able to maintain - rilph. brake moderately to fu l l  Stop. 
6. Complete post-test checklist and other documentatior~. 
Recordin@ 
1. Set oscillqraph zeros aQ Channel Zero, in. 

3 3.0 
4 4.5 
6 5.0 

10 .75 
12 1.1 
13 1.2 
14 2 0  

2. Record al l  channels on magnetic :ape. Check inputs at beginning of test to verify 
recording. 

3. Run cals on al l  channels. 
4. Removeall channels from osc i l lqra~h except 3and 4. 
5. Start recordi~g 15 s before start of test at oscillograph speed of 0.1 inls and tape speed 

of - inls. 
6. After 15 min into test connect channels 6. 10, 12  13. and 14 to oscillqraph and record 

a burst at 1MI inls while vehicle is i n  chopper mode. 
7. Remove channels 6. 10. 12  13. and 14 from oscillograph and continue test at 0.1 inls 

with channels 3ard 4 only. 
8. Document all ambient conditions at beginning, once every hour, and at the end of the 

test. liems recorded shall include temperature, wind speed and direction, significant 
wind gusts, and corrected barometric pressure. 

1. Vehkle 
2. Date r ~ e i v e d  
3. checked for dam -date 
4. Wheel alignment -date 
5. Battery checked and cquallnd -date 
6. Curb weight determined. Ibm Date 
7. Gross vehic!e weight. Ibm 
8. XI-Ampere test - date 
9. ttanufadurerls reco~nmendationsc 

Maximum speed. mph 
Tire pressures. psi: Front ; Rear 
Driving procedures - 

(a) Constant-speed test. 

Figure C-2 - Test checklists. 



Vehicle cycle test, gear 

Driver Instructions: 
1. Complete pretest checklist. 
2 While on track rechedk 

Integrator - light on. i n  'bperate" position, zeroed 
Speedometer - set on - mph center 
Distance - on. reset lighted 
Attenuator - on, reset selector on 100 
Cycle timer - verify scheduled timing with stop hatch 

3. At signal from wntrol center, perform cycle f a t  using cycle timer as basis for deter- 
mining length of each phase of performance cycle. Use programmed stop watch as 
backup device. Cycle consists of 

Accelerate to - mph i n  - s 
Cruise at - mph fw - s 
Coast for - s 
Brake to complete stop i n  - s 
Hold i n  stop position for - s 

Repeat entire cycle unt i l  vehicle is unable to meet aae:eration time. Moderately brake 
to a complete stop. 

4. Complete post-test checklist and &her documentation. 
Recording 
1. Record al l  channels on magnetic tape at - inls. Check al l  channels b verify 

input at bqlinning of test. 
2. Record speed and distance on oscillograph at - irt l~ .  
3. Start recording data 15 s before beginning t61. 
4. Document ambient conditions at beginnirr~. once every hour, and at the end of the test. 

Items recorded shall incluue temperature. wind speed and direction, significant wind 
gusts, and corrected barometric pressure. 

6) Driving cycle test. 

Figure C-2 - Concluded. 



1. Record specific gravity readings after removing vehicle from charge, and disconnect 
charger instrumentation. Fil l in charge data portion of data sheet from previous 
test. Add water to batteries as necessary. recording amount added. Check and re- 
cord 5th wheel t i re pressure and vehicle t i re  pressure. 

2. Connect: (Connect alligator clips to instrumentation battery last) 
(a) lnverter to instrument battery 
Q l  Integrator input lead 
(cl Integrator power i o  inverter 
(d) Starred PI 5th wheel jumper cable 
(el Cycle timer power and speed signal input cables. Check times. 
(f) Spin up at?. calibrate 5th wheel 

3. Record test weight - includes driver and ballast with 5th wheel raised. 

4. Turn on: 
(a) lnverter. motor speed sensor. thermocouple referencc junctions, integrator. 

and digital voltmeter. Set integrator an  "Operate." 
QI  Fifth wheel readout ar?d switching interface units (2). (Select distance for ex- 

panded scale range.) 

5. Tow vehicle onto track with 5th wheel raised. 
Precalibrations: 
Tape data system 
Oscillograph 

Reset: 
5th wheel distance 
Ampere-hour meter 
Thermocouple readout switches on  "Record" 

Turn on thermocouple reference junctions. 
Lower 5th wheel. Set hub loading. 

6. Be suredata sheet is  properly filled out to this point. Check watch time with control 
tower. 

7. Proceed with test. 

Figure C-3. - Pretest checklist. 



Vehicle Battery system 

Test Date 

Tradc data 
Driver Navigator 

Average pretest specific gravity 
Open-circuit voltage. V - 
Tire pressure before test. psi: 

Right front-Left f ront -~ ight  rear-Left rear- 
Tire Dressure after tes!. ~ s i :  

Right front-Left front - ~ i g h t  rear-left rear - 
Fifth-wheel pressure. psi (calibrated. psi) 
Weather: Initial During test Final 

Temperature. OF 
Wind speed. mph 
Wind direction 
Pressure, in. Hg 

Battery tempera:ure. OF: Before After 
Motor temperature, OF: Before After 

Time Start - StOP 
Odometer reding, miles: Start Stop 
Current out. Ah Current in (regenerative). Ah - 
Fifth wheel 

Basis for terminaiion sf tests 

Charge data: 
Average post-test specific gravity 
Open-circuit voitage, V 
Charser used 
charger input voltaye, V 
Battery temperature. IF: Before charge -After charge - 
Power. kwh: Start End Total 
Time: Start End 
Total charge time. min 
Current input, Ah 
Average specific gravity after charge - 

Approval 

Figure C-4 - Trdck and charge data. 



I I. Record time immediately at completion of test. Turn off key witch. I 
2. Complete track data sheet: 

(a) Odometer s t w  
bl Ampere-hour integrator 
(c) 5th wheel distance 
(dl Read temperature 
(el Calibrate data system 
If) Record weather data 

I 1 Turn off inverter. thernamupie reference junctions. I 
j I. Dismnnect lz-wit instrument battery red l ad .  I I 5. Raise 5th wheel. I 1 6. Tow vehicle off track. I 1 7. Start charge procedure (specific gravities). I 
I 8. Check specific gravity o n  instrument battery. I f  less than 1.220, remove 

from vehicle and charge to f u l l  capacity. I / 9. Check water l ee !  i n  accessory batteries. Add water as necessary. 

Figure C-5. - Posttest checklist. 

Date 
Test conditions: 

Temperature. OF Wind speed. mph at 
Barometer reading, in. Hg ; Other 

Test results: 

i Test time, h 
Range, mit-- 
Cycles 
Current out of battery. Ah 
Current into battery, Ah 
Charge t~me. h 
Power into battery, kwh  

Magnetic tape: 

; Speed, in ls  

- 

Figure C-6. - Test summary sheet. 
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Fiqure C-7. - Engineer's data rh&. 
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FIgure C-8. - Cycle t imer. 
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Vshlcls Tad Date 
Englnser 
Ram fof tslt (chedrwl mmp~nunt ch* sehwlsd Mt. sic. I 

Ltmlbtbn on Isst bllfUnetlOn, drh syltam prpblsm. bnka drag, &. l 

C h a w  b vshlcls prlor to tost (rapalr, change batklar. etc, 3 
- 

Other mmmentr 

'Evaluallon of test: 
Range, miles 

Current out, Ar 

Current in. Ah 

Poww in. kwh 
Energy mnslrmptton, kWhlmiFe 

Was planned drivErq qcle follnwed? 

Ganetal mmments 
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