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1. INTRODUCTION 

This  document c o n s t i t u t e s  t h e  f i n a l  r e p o r t  of The U n i v e r s i t y  of 

Xichigan T r a n s p o r t a t i o n  Research I n s t i t u t e  (UMTRI) on Cont rac t  Number 

DTNH22-82-C-07373, " I n e r t i a l  and Suspension Parameter  Data f o r  VRTC." 

The purpose of t h i s  p r o j e c t  was t o  measure i n e r t i a l  and suspens ion  

c h a r a c t e r i s t i c s  of a  (1)  Ford LNT 800 6x4 t r u c k  and of an  ( 2 )  I n t e r n a -  

t i o n a l  H a r v e s t e r  S-1954 4x2 t r u c k .  The s p e c i f i c  parameters  t o  be measured 

a r e  reviewed i n  Table  1. 

The r e s u l t s  of i n e r t i a l  parameter  t e s t i n g  a r e  p r e s e n t e d  i n  S e c t i o n  

2.  R e s u l t s  f o r  suspens ion  parameter  t e s t i n g  a r e  given i n  S e c t i o n  3. 



Table 1 

PRIliGRAPI OF PARAMETER MEASUREMENTS 
FC3R 

NHTSU 

TASK NHTSA VEHICLE 
NO. ITEM NO. NO. DESCRIPTION OF TASK 

1 C. G. and Moment of Inertia 
in the Pitch Plane 

1 Polar Moment of Inertia of 
1 Front and 1 Dual Rear Wheel 

7 .-I 3-789 1 Front Suspensi on: 
Verticai Force Deflection 
Roll Moment/Def el cti on 
.Roll Steer 
Compl iance Steer (Lateral Force 
and A1 i gni ng Moment 1 

Brake Force Compliance Steer 
Vertical Deflection Steer 

Roll Steer at + B - 1.5 deq Steer 

Rear Suspensi on : 
Vertical Force/Deflection 
Roll Moment/Deilection 
Roll Steer 
Compl i ance Steer (Lateral Force 
and Aligning Moment) 

Vertical Load Distribution 
Interaxle Load Transfer 

Load Distribution 8 Interaxle 
Load Transfer at -1 3 -2 deg pitch 

2 C. G. and Moment of Inertia 
in the Pitch Plane 

7 
A Front Suspensi on : 

Vertical Force Deflection 
Roll Mornent/Def 1 ecti on 
Roll Steer 
Compl i ance Steer (Lateral Farce 
and A1 iqni nq Moment 1 

Brake Force Compliance Steer 
Vertical Deflection Steer 



Table 1 (Cont . )  

TASK NHTSA VEHICLE 
NO. ITEM NO. NO. DESCRIPTION OF TASK 

9 24&29 2 Front and Rear Unprung Mass 
Weight 

10 25&26 - 
i Rear Suspensi on : 

Vertical Force/Deflection 
Roll Moment/Deflection 

1 1  27328 a& 7 Roll Steer 
Compl i ance Steer (Lateral 
Force and Aligning Moment) 



INERTIAL PROPERTIES 

The p i t ch-p lane  i n e r t i a l  p r o p e r t i e s  of t h e  two t e s t  v e h i c l e s  were 

measured on UMTRI'S Pi tch-Plane I n e r t i a l  P r o p e r t i e s  T e s t  f a c i l i t y  

(F igure  2 . 1 ) .  These p r o p e r t i e s  a r e  t h o s e  of t h e  whole v e h i c l e  and 

i n c l u d e  t o t a l  weight ,  c .  g.  h e i g h t  and f o r e l a f t  p o s i t i o n ,  and p i t c h  moment 

o f  i n e r t i a  about  t h e  c .g .  R e s u l t s  of t h e s e  measurements a r e  g iven  i n  

F igure  2 .2 .  (Note t h a t  t h e  c . g .  h e i g h t  i s  l o c a t e d  r e l a t i v e  t o  t h e  lower 

f a c e  of t h e  v e h i c l e s '  frame r a i l s  a t  t h e  f o r e l a f t  p o s i t i o n .  We f e e l  t h a t  

l o c a t i n g  t h e  c.g.  r e l a t i v e  t o  t h e  sprung mass i s  more r e l i a b l e  f o r  r e p o r t -  

ing  purposes  t h a n  l o c a t i n g  i t  r e l a t i v e  t o  ground. The "he igh t  above 

ground" d a t a  given i n  t h e  f i g u r e  i s  f o r  your convenience and may vary  

c o n s i d e r a b l y  w i t h  t i r e  changes,  e t c . )  

The weight  and p o l a r  moment of i n e r t i a  of t h e  r o t a t i n g  masses 

f o r  each t r u c k  were a l s o  measured. Weights were determined u s i n g  a  

ba lance  s c a l e .  The m u l t i - f i l a r  pendulum techn ique  was used t o  measure 

t h e  moments of i n e r t i a .  One r e a r  and one f r o n t  assembly from each 

v e h i c l e  was measured, where an assembly i n c l u d e s  a l l  t h e  major r o t a t i n g  

e lements ,  v i z . ,  t i r e ,  wheel,  hub, and brake r o t o r  (drum o r  d i s c ) .  The 

r e s u l t s  appear  i n  F i g u r e  2.3. 

F i n a l l y ,  t h e  f r o n t  and r e a r  unsprung masses of t h e  I H  t r u c k  were 

weighed us ing  a  s t r a i n  gauge load  c e l l .  I n  each c a s e ,  t h e  s p r i n g s  were 

inc luded  i n  t h e  measurement and t h e  shock a b s o r b e r s  were n o t  inc luded .  

For t h e  r e a r  a l x e s ,  no p o r t i o n  of t h e  d r i v e  s h a f t  weight  was inc luded .  

For t h e  f r o n t  a x l e ,  t h e  s t e e r i n g  d rag  l i n k  was n o t  included.  For t h e s e  

c o n d i t i o n s ,  t h e  f r o n t  unsprung mass weighs 1 ,093  l b s  and t h e  r e a r  unsprung 

mass weighs 2,133 l b s .  



F i g u r e  2 . 1 .  P i t c h - P l a n e  Inertial  Propert i e s  T e s t  F a c i l i t y .  
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Weight ,  lb. 

P o l a r  Moment o f  I n e r t i a  
in-lb/sec2 

4x6 Ford  Truck 

F r o n t  Rear 

2 x 4  IH Truck 

F r o n t  Rear 

2 9 4 . 5  5 1 3 . 5  

F i g u r e  2 . 3 .  R o t a t i n g  Masses. 



3 .  SUSPENSION PARAMETER MEASUREMENTS 

Fron t  and r e a r  suspens ions  of t h e  two s u b j e c t  v e h i c l e s  were measured 

on t h e  UMTRI Heavy Vehic le  Suspension Parameter  Measurement F a c i l i t y  (F ig .  3 . 1 ) .  

Th i s  f a c i l i t y  e x e r c i s e s  t h e  suspens ion  by t h e  a p p l i c a t i o n  of f o r c e s  and 

moments t o  t h e  t i r e  c o n t a c t  pa tches  of t h e  suspens ion  w h i l e  t h e  v e h i c l e  

frame i s  he ld  f i x e d .  The parameters  measured were:  

- V e r t i c a l  r a t e  

-Rol l  r a t e  

-Bounce s t e e r  ( f r o n t  on ly )  

-Rol l  s t e e r  

-Al igning moment compliance s t e e r  

- L a t e r a l  f o r c e  compliance s t e e r  

-Brake f o r c e  compliance s t e e r  ( f r o n t  on ly )  

- 1 n t e r a x l e  load  t r a n s f e r  due t o  brake f o r c e  
(tandem suspens ions  on ly)  

-Load e q u a l i z a t i o n  (tandems on ly)  

A l l  t e s t s  t h a t  do n o t  i n v o l v e  a  sweeping of v e r t i c a l  l o a d  ( i . e . ,  

v e r t i c a l  r a t e  and bounce s t e e r )  a r e  performed a t  t h r e e  l o a d s  t o  p rov ide  

in format ion  on t h e  i n f l u e n c e  of geometr ic  changes due t o  v e r t i c a l  d e f l e c -  

t i o n  on t h e  measured parameters .  These l o a d s  were chosen t o  be 12,000, 

9,000, and 6,000 l b s  f o r  t h e  f r o n t  suspens ions ,  19,000,  14,250,  and 9,500 

l b s  f o r  t h e  s i n g l e - a x l e  r e a r ,  and 32,000, 24,000, and 16 ,000  l b s  f o r  t h e  

tandem suspension.  Cont ro l  of t h e  a x l e  motion was accomplished w i t h  two 

d i f f e r e n t  schemes, depending on t h e  requirements  of t h e  t e s t  being per-  

formed. For t h o s e  parameter  measurements t h a t  r e q u i r e  bounce o r  r o l l  

motion of t h e  a x l e ,  t h e  a x l e  i s  c o n t r o l l e d  by commanding t o t a l  v e r t i c a l  

l o a d  and t h e  load  d i f f e r e n t i a l  between t h e  r i g h t  and l e f t  s i d e s .  This 

a l l o w s  t h e  suspens ion  t o  respond t o  t h e  a p p l i c a t i o n  of v e r t i c a l  l o a d s  

imposed a t  t h e  t i r e  c o n t a c t  pa tches .  For t h o s e  t e s t s  i n v o l v i n g , t h e  a p p l i -  

c a t i o n  of s h e a r  f o r c e s  and moments, t h e  a x l e  p o s i t i o n  i s  c o n t r o l l e d  d i r e c t l y  

t o  avoid  t h e  i n c l u s i o n  of mot ion-re la ted responses  i n  t h e  compliance 

measurement. 





R e s u l t s  a r e  p resen ted  g r a p h i c a l l y  fol lowing t h i s  t e x t .  

3 . 1  Notes and Comments 

Vehicle  1 (Ford) 

The f r o n t  suspension of t h i s  v e h i c l e  i s  t y p i c a l  of o t h e r  heavy 

v e h i c l e s  measured on t h e  f a c i l i t y .  Rol l  s t e e r  measurements made a t  t h r e e  

nominal s t e e r  ang les  ( 0 ,  1 . 5 ,  and -1.5 degrees )  show very  s l i g h t  d i f f e r -  

ences wi th  t h e  o f f -cen te r  c o n d i t i o n s  e x h i b i t i n g  marg ina l ly  g r e a t e r  r o l l  

s t e e r .  Bounce s t e e r  measurements i n d i c a t e  t h a t  t h i s  parameter i s  no t  

s i g n i f i c a n t  r e l a t i v e  t o  t h e  o t h e r  parameters ,  r e s u l t i n g  i n  s t e e r  ang les  

t h a t  a r e  s t i l l  i n  t h e  l a s h  of t h e  s t e e r i n g  system. Al igning moment 

compliance s t e e r  has  t h e  shape c h a r a c t e r i s t i c  of t r u c k  s t e e r i n g  systems,  

wi th  a  ve ry  l a r g e  compliance ev iden t  around ze ro  moment and s t e e r ,  and 

l e s s  compliance once t h e  l a s h  has  been passed through. It  i s  of i n t e r e s t  

t o  no te  t h a t  t h e s e  measurements (and those  made on v e h i c l e  2) were made 

w i t h  t h e  engine running t o  charge t h e  power s t e e r i n g  system. Without t h e  

engine running,  t h e  s t e e r i n g  system had on t h e  o r d e r  of f i v e  degrees  of 

l a s h .  The r e s u l t s  of l a t e r a l  f o r c e  compliance t e s t s  a r e  ques t ionab le  f o r  

t h e  9,000 and 6,000 l b s  cases  due t o  d i f f i c u l t y  i n  a l i g n i n g  t h e  c e n t e r  

of f o r c e  a p p l i c a t i o n  w i t h  t h e  kingpin  a x i s .  The d a t a  c o l l e c t e d  a t  12,000 

l b s  a x l e  load r e f l e c t s  t h e  more t y p i c a l  response observed when t h e  f o r c e  

is  a c c u r a t e l y  app l ied .  

The Hendrickson suspension used a t  t h e  r e a r  of t h i s  v e h i c l e  i s  very  

s t  i f f  , approximately 8,000 l b / i n  p e r  wheel s e t ,  w i t h  s i g n i f i c a n t  coulomb 

f r i c t i o n  a t  h igher  suspension loads .  The most n o t a b l e  c h a r a c t e r i s t i c s  of 

t h i s  suspension a r e  i t s  a b i l i t y  t o  e q u a l i z e  l o a d s  on t h e  two a x l e s  and 

i t s  n e g l i g i b l e  i n t e r a x l e  load  t r a n s f e r  i n  response t o  brake f o r c e .  This 

a p p l i e s  t o  a l l  p i t c h  ang les  t e s t e d .  

Vehicle  2  ( I n t e r n a t i o n a l  Harves te r )  

The f r o n t  suspension on t h i s  v e h i c l e  i s  q u i t e  l i m i t e d  i n  i t s  s t r o k e  

by t h e  bump s t o p s  grounding on t h e  frame rails. This occurs  w i t h  approxi-  

mately 14,000 l b  on t h e  a x l e .  This i s  a  metal-to-metal  c o n t a c t  and the re -  

f o r e  t h e r e  is  no t r a n s i t i o n  through a  compliant bump s t o p .  The r o l l  s t e e r  



of t h i s  suspension i s  nea r ly  zero a t  a 12,000-lb ax l e  load ,  and increases  

a s  t h e  load i s  decreased and the  s t e e r i n g  l inkage  geometry moves away 

from t h e  design condi t ion .  Again, t h e  bounce s t e e r  measured is  proably 

due t o  t h e  s t e e r i n g  l inkage  moving i n  i t s  l a sh .  

The s ing le -ax le  r e a r  suspension of v e h i c l e  2 i s  t y p i c a l  of t h i s  

genre of suspensions i n  terms of  v e r t i c a l  and r o l l  s t i f f n e s s  and compliance 

t o  appl ied  shear  fo rces  and moments. The r o l l  s t e e r  i s  nea r ly  zero a t  

19,000 l b s  and inc reases  a t  reduced loads ,  though t h e  l e v e l  i s  s t i l l  low 

f o r  a suspension of t h i s  type.  
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