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INTRODUCTION 

This  document r e p o r t s  on t h e  parameter  measurements conducted on 

t h r e e  t e s t  v e h i c l e s :  (1)  a 1978 Honda C i v i c ,  ( 2 )  a  1979 Dodge B-200 van,  

and (3) a  1979 Ford F150 pickup t r u c k .  These t h r e e  v e h i c l e s  were purchased 

by UMTRI and w i l l  be shipped t o  TTI f o r  c r a s h  t e s t i n g .  Under t h i s  sub- 

c o n t r a c t ,  UMTRI w i l l  measure t h e  parameters  of t h r e e  a d d i t i o n a l  v e h i c l e s :  

( 4 )  a Chevrole t  S-10 pickup,  (5) a  1979 o r  l a t e r  Chevrole t  C-10 pickup,  

s h o r t  wheelbase model, and ( 6 )  a  1979 o r  l a t e r  Ford E-150 van.  These 

v e h i c l e s  w i l l  be  r e n t e d  by UMTRI f o r  measurement and w i l l  n o t  be s u b j e c t e d  

t o  f u r t h e r  t e s t i n g .  

Parameter d a t a  t o  be provided f o r  each of t h e  s i x  v e h i c l e s  

a r e  : 

T o t a l  Vehicle  I n e r t i a l  P r o p e r t i e s :  

c e n t e r  of g r a v i t y  p o s i t i o n  
t h r e e  p r i n c i p a l  moments of i n e r t i a  

Unsprung Mass, F ron t  and Rear: 

weights  
p o s i t i o n  on t h e  v e h i c l e  

Suspension P r o p e r t i e s ,  F ron t  and Rear:  

v e r t i c a l  f o r c e  d e f l e c t i o n  c h a r a c t e r i s t i c s  
i n c l u d i n g  bump s t o p  l o c a t i o n  

shock absorber  damping coef f i . c i en t  a p p l i c a b l e  
t o  l a r g e  d i sp lacement ,  low frequency regime 

UMTRI h a s  performed t h e  measurements and is r e p o r t i n g  t h e  r e s u l t s  

h e r e i n  f o r  a l l  t h e  parameters  of t h e  t h r e e  purchased v e h i c l e s  except  shock 

a b s o r b e r  d a t a .  As r e g a r d s  shock absorber  d a t a ,  t h e  d e c i s i o n  was made, i n  

c o n s u l t a t i o n  w i t h  Mr. E.  Buth of TTI, t o  i n s t a l l  new replacement  shocks 

(Monroe) on a l l  t h r e e  v e h i c l e s  and 0btai .n t h e  r e q u i r e d  d e s c r i p t i v e  d a t a  

from t h e  shock absorber  manufacturer .  ( I t  appears  t h a t  t h i s  was a  good 

d e c i s i o n  s i n c e  t h e  shock a b s o r b e r s  of t b e  v e h i c l e s  a s  purchased were no t  

i n  good c o n d i t i o n .  I n  p a r t i c u l a r ,  a t  l e a s t  one s t r u t  of t h e  C i v i c  was 

bad ly  b e n t . )  That d a t a  i s  c u r r e n t l y  be ing  ob ta ined  and w i l l  be forwarded 

a s  soon a s  i t  becomes a v a i l a b l e .  



S e c t i o n  2 of t h i s  document d e s c r i b e s  t h e  measurement procedure .  

R e s u l t i n g  d a t a  i s  presen ted  t a b u l a r l y  i n  S e c t i o n  3 .  References appear  

i n  S e c t i o n  4.  



2 .  MEASUREMENT PROCEDURES 

2 . 1  T o t a l  Vehic le  I n e r t i a l  Measurements - 
Cente r  of G r a v i t y  P o s i t i o n .  Center  of g r a v i t y  p o s i t i o n  was measured 

v e r t i c a l l y  and l o n g i t u d i n a l l y  (and assurned t o  be on t h e  p lane  of symmetry 

l a t e r a l l y )  f o r  each v e h i c l e .  For t h e  two h e a v i e r  v e h i c l e s ,  measurements 

were made u s i n g  t h e  UMTRI p i t c h  p l a n e  i n e r t i a l  measurement f a c i l i t y  [ I ] .  

Shown i n  F i g u r e  1, t h i s  f a c i l i t y  i s  a pendulum-like device. Center  of 

g r a v i t y  p o s i t i o n  i s  measured by app ly ing  a  known t o r q u e  t o  t h e  pendulum 

w i t h  t h e  v e h i c l e  i n  p l a c e  and measuring t h e  r e s u l t i n g  p i t c h  a t t i t u d e .  

These d a t a ,  a long w i t h  v e h i c l e  weight  and known p r o p e r t i e s  of t h e  f a c i l i t y ,  

a r e  used t o  c a l c u l a t e  t h e  l o n g i t u d i n a l  and v e r t i c a l  c . g .  p o s i t i o n  of t h e  

t e s t  v e h i c l e .  

The p i t c h  p l a n e  f a c i l i t y  i s  n o t  in tended  f o r  t h e  measurement of 

v e r y  l i g h t  v e h i c l e s .  Accordingly ,  a d i f f e r e n t  procedure  was used t o  

determine t h e  c .g .  p o s i t i o n  o f  t h e  Honda C i v i c .  I n  t h i s  c a s e ,  t h e  v e h i c l e  

was hung from an overhead c a b l e ,  once i n  a  " h o r i z o n t a l "  c o n d i t i o n  and 

once i n  a  " v e r t i c a l "  c o n d i t i o n .  The v e r t i c a l  hang i s  shown i n  F igure  2 .  

(The v e h i c l e ' s  suspens ions  were c o n s t r a i n e d  t o  t h e i r  normal r i d e  h e i g h t  

dur ing  t e s t i n g . )  For each hang, a  plumb l i n e ,  pass ing  through t h e  s u p p o r t  

p o i n t ,  was marked on each door o f  t h e  v e h i c l e  and t h e  i n t e r s e c t i o n  of t h e s e  

l i n e s  i n d i c a t e s  t h e  c.  g. p o s i t i o n  v e r t i c i a l l y  and l o n g i t u d i n a l l y .  

. C.g. h e i g h t s  a r e  r e p o r t e d  "above t:he ground," b u t  a l s o  r e l a t i v e  t o  

a  v e r t i c a l  r e f e r e n c e  f i x e d  i n  t h e  sprung mass. Given t h e  v a r i a b i l i t i e s  

a s s o c i a t e d  w i t h  t i r e  and suspens ion  d e f l . e c t i o n s ,  we f e e l  t h a t  t h e  second 

r e p o r t i n g  method i s  more r e l i a b l e .  

T o t a l  Vehicle  Moment of I n e r t i a .  P i t c h  and r o l l  moments of i n e r t i a  

were measured f o r  each  v e h i c l e  u s i n g  a  compound pendulum measurement 

t echn ique .  I n  t h i s  procedure ,  t h e  v e h i c l e  is p laced  on a  pendulum support -  

i n g  d e v i c e  and o s c i l l a t e d  f r e e l y  i n  t h e  d i r e c t i o n  of i n t e r e s t .  The per iod  

of o s c i l l a t i o n  is  measured and used,  a long w i t h  v e h i c l e  weight  and c . g .  

p o s i t i o n  and t h e  known p r o p e r t i e s  of the  d e v i c e ,  t o  c a l c u l a t e  t h e  moment 

of i n e r t i a  of t h e  v e h i c l e .  







I n  t h e  c a s e  o f  t h e  two h e a v i e r  v e h i c l e s ,  t h e  p i t c h  p l a n e  f a c i l i t y  

was used t o  determine p i t c h  moments. The r o l l  moments of i n e r t i a  of a l l  

t h e s e  v e h i c l e s ,  p l u s  t h e  p i t c h  moment of t h e  C i v i c ,  were measured on t h e  

pendulum shown i n  F i g u r e s  3 and 4 .  

Yaw moment of i n e r t i a  of each v e h i c l e  was measured u s i n g  a  mul t i -  

f i l a r  pendulum technique.  F i g u r e  5 i l l u s t r a t e s  t h e  d e v i c e  used i n  each 

case .  I n  t h i s  c a s e ,  t h e  v e h i c l e  i s  o s c i l l a t e d  f r e e l y  i n  yaw and t h e  

pe r iod  of o s c i l l a t i o n  is  measured. Again, u s i n g  v e h i c l e  weight  ( t h e  

v e h i c l e  i s  o r i e n t e d  on t h e  d e v i c e  w i t h  i t s  c .g .  on t h e  c e n t r o i d  of t h e  

f i l a r s )  and known p r o p e r t i e s  of t h e  d e v i c e ,  yaw moment of i n e r t i a  i s  

c a l c u l a t e d .  

The r e s u l t s  o f  a l l  o f  t h e s e  measurements a r e  q u i t e  c o n s i s t e n t  w i t h  

e x p e c t a t i o n s ,  based on UMTRI's p rev ious  exper ience  i n  i n e r t i a l  parameter  

measurement [ I ]  . 

Unsprung Masses. The e f f e c t i v e  tinsprung masses were measured by 

two d i f f e r e n t  methods. (1) For t h e  sol-id r e a r  a x l e s  of t h e  Ford and 

Dodge, t h e  e n t i r e  assembly was removed (:with s p r i n g s  and wi thou t  shocks)  

and weighed a s  a  u n i t  (F igure  6 ) .  Then,, one l e a f  s p r i n g  was removed and 

weighed s e p a r a t e l y .  ( 2 )  For indpendent: suspens ions ,  t h e  suspens ion  s p r i n g  

element and (excep t  f o r  t h e  Honda) t h e  shock a b s o r b e r s  were removed from 

t h e  v e h i c l e .  I n  t h i s  c o n d i t i o n ,  t h e  sprung mass was suppor ted  by an  over- 

head c r a n e ,  and t h e  e f f e c t i v e  weight  of t h e  unsprung mass was measured by 

de te rmin ing  t h e  t i re  v e r t i c a l  l o a d  u s i n g  a  b a l a n c e  s c a l e  (F igure  7 ) .  The 

p roper  r i d e  h e i g h t  and c h a s s i s  a t t i t u d e s  were main ta ined .  The e f f e c t s  of 

Coulomb f r i c t i o n  were accounted f o r  by making t h i s  measurement once follow- 

i n g  a  rebound s t r o k e  and once fo l lowing  a compression s t r o k e  and averag ing  

t h e  r e s u l t s .  Spr ing and shock were weighed s e p a r a t e l y .  

Assuming t h e  unsprung mass c .g .  t o  be on t h e  s p i n d l e  a x i s ,  s t r a i g h t -  

forward t a p e  measurements were t aken  t o  l o c a t e  t h e  unsprung masses. 













Suspension Force-Deflect ion Proper:t ies.  Suspension v e r t i c a l  r a t e  

p r o p e r t i e s  were measured on UMTRI's heavy v e h i c l e  suspens ion  measurement 

f a c i l i t y  [ 2 ] .  The f a c i l i t y  was modi f ied ,  however, t o  p rov ide  a  v e r t i c a l  

l o a d  measurement t r a n s d u c e r  more approp1:iate t o  l i g h t  v e h i c l e s .  A t e s t  

s e t u p  i s  shown i n  F i g u r e  8. 

R e s u l t i n g  d a t a  a r e  p r e s e n t e d  g r a p h i c a l l y  i n  S e c t i o n  3 and c o n t a i n  

i n f o r m a t i o n  d e s c r i b i n g  v e r t i c a l  wheel r a t e  ( i n  t h e  "normal range , "  a s  w e l l  

a s  i n  t h e  range of bump s t o p  c o n t a c t ) ,  r i d e  h e i g h t ,  and bump s t o p  

" l o c a t i o n .  " 
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3 .  VEHICLE PARAMETERS 

All parameters given herein were gathered with the test vehicles 

in an empty condition, including empty fuel tanks. 



Tota l  Veh ic l e  I n e r t i a l  P r o p e r t i e s  

C.G.  P o s i t i o n  ( i n )  

V e r t i c a l  Longi t ud i n a  1. 

Above Above Veh ic l e  Af t  of F r o n t  
Vehicle  Weight ( l b )  Wheelbase ( i n )  Ground Reference* Axle Center  

1978 Honda 
Civ ic  1 ,699  

1979 Dodge B-200 
Van - 3 / 4  ton 3,808 

1979 Ford F150 
P i c k u p  - 1 / 2  ton  3,863 

P r i n c i p a l  Moments of 
I n e r t i a  ( in- lb-sec2)  

Ro l l  P i t c h  Yaw 
I I I 
X X Y Y Z  

"Vehicle r e f e r e n c e  for each  v e h i c l e  i s  ti le lower edge of  body pi.nch mold (benea th  
door s i l l )  a t  l o n g i t u d i n a l  c .g .  p o s i t i o n  



Unsprung Masses 

1978 Honda C i v i c  

E f f e c t i v e  f r o n t  unsprung weight  w i t h o u t  
s p r i n g ,  one s i d e :  87 l b  

F ron t  s p r i n g  we igh t ,  one s i d e :  4-1/2 l b  

E f f e c t i v e  r e a r  unsprung weight  w i thou t  
s p r i n g ,  one s i d e :  

Rear s p r i n g  we igh t ,  one s i d e :  3-112 l b  

Note: Unsprung we igh t s  i n c l u d e  upper ( f i x e d  i n  
sprung mass) s t r u t  p a r t s .  I would e s t i m a t e  t h a t  
t h e s e  a r e  1-2 l b s  and t h a t ,  t h e r e f o r e ,  no 
a d d i t i o n  should  b e  made t o  t h e s e  n u m b e r y t o  
account  f o r  a  p o r t i o n  of t h e  s p r i n g .  

1979 Dodge B-200 3/4 Ton Van 

E f f e c t i v e  f r o n t  unsprung weight  w i thou t  
s p r i n g  o r  shock,  one s i d e :  137 l b  

F ron t  s p r i n g ,  one s i d e :  
F ron t  shock,  one s i d e :  

Rear unsprung weight  complete,  w i t h  s p r i n g s ,  
w i thou t  shocks :  464 l b  

Rear s p r i n g ,  one s i d e :  
Rear shock,  one s i d e :  

1979 Ford F150 112 Ton Pickup 

E f f e c t i v e  f r o n t  unsprung weight  w i thou t  
s p r i n g  o r  shock,  one s i d e :  127 l b  

F ron t  s p r i n g ,  one s i d e :  1 6  l b  
F ron t  shock,  one s i d e :  2 l b  

Rear unsprung weight  complete,  w i t h  
s p r i n g s ,  w i thou t  shocks:  

Rear s p r i n g ,  one s i d e :  
Rear shock,  one  s i d e :  
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Suspension Properties 
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