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A l a r g e  number o f  i n d i v i d u a l s  and c o r p o r a t e  o r g a n i z a t i o n s  

have c o n t r i b u t e d  t o  t h e  c o n s t r u c t i o n  and a p p l i c a t i o n  o f  t h e  

t e s t  d e v i c e  which i s  d e s c r i b e d  h e r e i n .  I n  a d d i t i o n  t o  t h e  

b a s i c  r e s e a r c h  s u p p o r t  which d e r i v e d  from t h e  !?J\J?IA member t r u c k -  

p r o d u c i n g  conpan i e s  , consp icuous  c o n t r i b u t i o n s  o f  hardware  

a n d / o r  e n g i n e e r i n g  s u p p o r t  were r e c e i v e d  from t h e  f o l l o w i n g  

contpanies : 

Kelsey  Hayes Conpany ( e s p e c i a l l y  Mr. Kurt  R inke r ,  
P r i n c i p a l  E n g i n e e r ,  D i s c  Brakes )  

Bendix C o r p o r a t i o n  ( e s p e c i a l l y ,  !Ir. John  E inho rn ,  
P r o j  e c t  E n g i n e e r ,  Bendis  ; \u tomotive  Development 
c e n t e r )  

Fruehauf  C o r p o r a t i o n  ( e s p e c i a l l y  !.lr. John  E .  G e t z ,  
Manager, C o n s u l t i n g  E n g i n e e r i n g )  

North  American Rockwell  ( e s p e c i a l l y  >!r. Ri3bert Svenson,  
A s s i s t a n t  Chie f  E n g i n e e r ,  Brake E n g i z e e r i n g )  

U n i r o y a l ,  I n c .  ( e spec i a l1 .y  '11.. h ' a l l a ce  ? I a r s h a l l ,  
Research  S c i e n t i s t ,  A(1vanced TS r e  P roduc t s  
Departliien t )  

F i r e s t o n e  T i r e  and Rubber Company ( e s p e c i a l l y  
Mr. IVilliam S t r a u b ,  . ' .Ianager, T i r e  Tes t  L a h o r a t o r y )  

I n  a d d i t i o n ,  IISRI p e r s o n n e l  who c o n t r i b u t e d  :najor e f f o r t s  

i n  t h i s  p r o g r a x  viere !,lr. J .  Boi s s o n n e a u l t  ~ i i l o  s u p e r v i s e d  t h e  

c o n s t r u c t i o n  or' t h e  ~no ' s i l e  dynan~omcter and 'Ir. R .  lCild who 

conduc t ed  t h e  t r u c k  t i r e  t e s t  program.  
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B-ASELINE TESTS OF THE LONG1 TUDIS.AL TLICTION 
PROPERTIES OF TRUCK TIRES 

INTRODUCTION 

T h i s  docuaen t  p r e s e n t s  e x p e r i m e n t a l  measurements o f  t h e  

l o n g i t u d i n a l  s h e a r  f o r c e  b e h a v i o r  of a  sample  of e i g h t  t r u c k  t i r e s .  

The t i r e s  were  t e s t e d  u s i n g  a  mobi le  dynar~lometer which ha s  been 

c o n s t r u c t e d  by t h e  Highvay S a f e t y  Research  I n s t i t u t e  under  s u p p o r t  

by t h e  ' . lotor l ' e h i c l e  ! . I anufac tu re r f  s A s s o c i a t i o n .  

The s e l e c t e d  s e t  o f  t e s t  t i r e s  was a  d u p l i c a t e  o f  a  sample  

which was t e s t e d  on t h e  HSRI f l a t  bed t i r e  t e s t e r  and r e p o r t e d  

p r e v i o u s l y  i n  Re fe r ence  [I]. The mobi le  t e s t s ,  r e p o r t e d  h e r e i n ,  

were conduc ted  a t  t h e  f a c i l i t i e s  o f  t h e  Bcndix  Automotive 

Development C e n t e r ,  New C a r l i s l e ,  I n d i a n a ,  i n  Oc tober  and November 

1973 .  

Each t i r e  i n  t h e  s a n p l e  was s u b j e c t e d  t o  a  b r e a k - i n  

p r o c e d u r e  and subseqi ient . ly  t e s t e d  under  a  m a t r i x  o f  pavement ,  

v e l o c i t y  and l oad  c o n d i t i o n s .  

T i r e  p r e p a r a t i o n  p r a c t i c e  i s  d e s c r i b e d  i n  S e c t i o n  1, 

t o g e t h e r  ~ c i t h  a  d e s c r i p t i o n  o f  t h e  t e s t  m a t r i x  and t h e  d a t a  

p r o c e s s i n g  r;;uthodology. A t a b u l a r  sumxary o f  t h e  d a t a  i t s e l f  

i s  p r e s e n t e d  i n  S e c t i o n  2 ,  \ i h i l c  a  g r a p h i c  d i s p l a y  o f  t h e  p - s l i p  

h i s t o r i e s  i s  p r e s e n t e d  i n  Appendix 1. The t r u c k  t i r e  t e s t  d e v i c e  

i s  d e s c r i b e d  i n  Appendix 2 .  

C e r t a i n  c a u t i o n  i s  s u g g e s t e d  i n  

d a t a  beyond t h e  cons t r2j  I I ~  s 

a r e  s p e c i f i e d  t h e  t e x t .  

i n t e r p r e t i n g  

i nposcd  by accu racy  

t h e  p r e s e n t e d  

t o l e r a n c e s  \ ih ic l i  

Due t o  p r o b l e m  a s s o c i a t e d  ~ c i t h  

mechan i ca l  f a s t e n i n g  o f  t h e  main f o r c e  t r a n s d u c e r  o f  t h e  t e s t  

machine ,  t h e  a b s o l u t e  v a l u e s  o f  measured f o r c e s  a r e  q u a l i f i e d  by 

a r a t h e r  l a r g e  l e v e l  o f  u n c e r t a i n t y - r e l a t i v e  f i n d i n g s  c o n c e r n i n g  
1 1  p e a k - t o - s l i d e "  r e l a t i o n s h i p s ,  v e l o c i t y  s e n s i t i v i t y ,  e t c . ,  a r e  

n o t  s o  u n c e r t a i n  3.nd i n d e e d  a r e  s e e n  t o  s u g g e s t  c e r t a i n  marked 



p e c u l i a r i t i e s  i n  t r u c k  t i r e  per formance .  These d a t a  a r e  p r e s e n t e d ,  

d e s p i t e  t h e i r  i n d i c a t e d  sho r t comings ,  i n  response  t o  t h e  g r e a t  

i n t e r e s t .  \<h ich  e x i s t s  i n  t h e  t r u c k  e n g i n e e r i n g  community. 

P r e l i m i n a r y  f i n d i n g s  such  a s  a r e  s u p p o r t e d  by t ? ~ e  p r e s e n t e d  d a t a  

w i l l  b e  c h a l l e n g e d  i n  t h e  n e a r  f u t u r e  a s  improvements i n  ou r  

e x p e r i m e n t a l  a p p a r a t u s  a r e  e f f e c t e d .  



1.1 TIRE PREPARATION 

Truck t i r e s  were p r e p a r e d  f o r  t e s t i n g  t h rough  t h e  main tenance  

of c e r t a i n  p r a c t i c e s  i n t e n d e d  t o  a s s u r e  c o n s i s t e n c y  o f  t e s t  

c o n d i t i o n s  a s  w e l l  a s  r e p r e s e n t a t i v e n e s s  o f  measured t r a c t i o n  

pe r fo rmance .  A l l  t i r e s  Icere xounted  on t h e i r  r e s p e c t i v e  T i r e  

and R i m  A s s o c i a t i o n  recommended Rims ( d i s c  w h e e l s ) .  

The i n f l a t i o n  p r e s s u r e  of  each  t i r e  \bras f i r s t  s e t  t o  t h e  

r a t e d  "co ld"  i n f l a t i o n  l e v e l ,  w i t h  t h e  t i r e  a t  an e q u i l i b r i u m  

t e m p e r a t u r e  e q u a l  t o  t h e  ambient  t e m p e r a t u r e  o f  t h e  s i t e .  The 

t i r e  \bras t h e n  opera t . ed  i n  a  f r e e l y  r o l l i n g  c o n d i t i o n  a t  6 0  c ~ p h ,  

and a t  r a t e 2  l oad  f o r  a  d i s t a n c e  of  1 0  m i l e s .  Fo l lowing  t h i s  

p e r i o d  o f  r u n n i n g ,  t h e  i n f l a t i o n  p r e s s u r e  was checked and t h e  

p r e v a i l i n g  "hot"  v a l u e  was ma in t a ined  a s  t h e  r e f e r e n c e  s e t t i n g  

t h roughou t  t h e  t i r e  t e s t i n g  s eqcence .  

Each t i r e  \<as " b r o k e n - i n , "  on t h e  t e s t  machine,  f o r  a  

d i s t a n c e  of  5 0  m i l e , ,  and a t  a v e l o c i t y  of 6 0  mph. The t i r e  was 

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

p r e s s u r e  d e s c r i b e d  above.  

1 . 2  T I R E  TEST PROCEDURE 

T i r e s  were t e s t e d  a t  each of  t h e  fo l lo rc ing  c o n d i t i o n s :  

DRY XSPII.\I,T P.\\'E?!EST 

(Skid Suniber - ' 7 8 )  V e l o c i t y :  4 0  mph 

60  mph 

V e r t i c a l  Load: 

50% r a t e d  l o a d  

100; r a t e d  l o a d  

150% r a t e d  l oad  



WET CO.\TE I) .IS?!-LILT P;21rE:'.!ENT 

(Sk id  Number - 2 0 )  

( T e s t s  con$uc t ed  u s i n g  o n - b o a r d  

w a t e r  de l ivery-wi th  nominal. 

f i l m  t h i c k n e s s  o f  0 . 0 2 5  i n c h e s )  

V e l o c i t y :  20 mph 

V e r t i c a l  Load: 

50% r a t e d  l o a d  

100% r a t e d  l o a d  

150% r a t e d  l o a d  

A t  each  c o n d i t i o n ,  t h e  t i r e  was s u b j e c t e d  t o  t e n  lockup  

c y c l e s ,  a s  d e s c r i b e d  i n  i lypendix 2 .  The d u r a t i o n  o f  t h e  l o c k e d -  

wheel c o n d i t i o n  (100; s l i p ]  was minimized u s i n g  an a u t o m a t i c  

lock-up-detection/brake-release sys t em.  The g a t h e r i n g  c f  a  v e r y  

b r i e f  sample  o f  lockecl-;sheel d a t a  was mandated by d i s c o v e r y  o f  

s e r i o u s  p r o f i l e  d e t e r i o r a t i o n  o f  t e s t  t i r e s  f o l l o w i n g  somewhat 

e x t e n d e d  lockup p e r i o d s .  As an example ,  F i g u r e  1 i l l u s t r a t e s  a  

t ime  h i s t o r y  of  v e r t i c a l  l o a d ;  ( a )  immedia te ly  p r e c e d i n g  b r a k e  

app1 ica t j . cn  r i ~ i t h  a new t i r e ,  and (b )  f o l l o l c ing  a  s i n g l e ,  one-  

s e c o n d - d ~ r a t i o n  l ockup .  The s e r i o u s  p o l l u t i o n  of  t h e . v e r t i c a 1  

l o a d  conc l j t ion  v:as deemed t o  be an u n a c c e p t a b l e  p r i c e  t o  pay f o r  

ex t ended  locked-::heel  d a t a .  A c c o r d i n g l y ,  t h e  100% s l i p  c o n d i t i o n  

\(as allo\s;ed t o  p e r s i s t  i n  each  o f  t h e  b a s e l i n e  expe r imen t s  f o r  

a  p e r i o d  of  on ly  100 t o  200 r ; i l l i s e c o n c l s .  

1. 3 DlITA PROCESS I :<G .\ND EEROR TO1.ER-ANCES DISCUSS IOi( 

The r e c o r d i n g  o f  rari t i r e  f o r c e  and \<hee l  v e l o c i t y  d a t a  was 

accompl i shzd  u s i n g  an F!I a n a l o g  t a p e  r e c o r d e r ,  w i t h  backup 

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

r e c o r d i n ~ s  l i e re  p r o c e s s e d  by a t l cu - s t age  compu te r i zed  d a t a  

r e d u c t i o n  r!lethod. The f i r s t  s t a g e ,  u t l i z i n g  a  h y b r i d  computing 





f a c i l i t y ,  i n v o l v e d  t h e  t r a n s f e r  o f  d a t a  from ana log  t o  d i g i t a l  

t a p e  f o r m a t .  I n  t h e  f o l l o r i i n g  s t a g e ,  t h e  d i g i t i z e d  d a t a  was 

m a n i p u l a t e d  t o  produce l o n g i t u d i n a l  f o r c e  and b rake  t o r q u e  t a b l e s  

a s  f u n c t i o n s  of  l o n g i t u d i n a l  s l i p .  

The d i g i t a l  i nan ipu l a t i ons  i n c l u d e d :  

1. A numer i ca l  smoothing r o u t i n e .  

2 .  Data s c a l i n g  u s i n g  r e c o r d e d  c a l i b r a t i o n  s i g n a l s .  

3. Sampling of  \ (heel  v e l o c i t y  and l o n g i t u d i n a l  f o r c e  

s i g n a l s  t o  de t e rmine  t h e  f r e e l y - r o l l i n g  and 

locked-whee l  c o n d i t i o n s .  

4 .  Computation of a  s p e c i a l  s c a l e  f a c t o r  ad ju s tmen t  

f o r  F x  ( a s  d i s c u s s e d  l a t e r  i n  t h i s  s e c t i o n ) .  

5 ,  Sampling and subsequen t  a v e r a g i n g  of  f o r c e ,  t o r q u e ,  

and s l i p  h i s t o r i e s  f o r  each  of  t h e  r e p e a t  lockup 

c y c l e s  w i t h i n  a  g i v e n  f i l e ,  o r  t e s t  c o n d i t i o n .  

6 .  T a b u l a t i o n  of  t h e  averaged  v a r i a b l e  h i s t o r i e s  a t  

v a l u e s  of  l o n g i t u d i n a l  s l i p  which were spaced  a s  

f 0 1 l o ~ , ~ s  : 

eve ry  2 %  f o r  0 < s l i p  < 2 0 %  

e v e r y  5 %  f o r  2 0  < s l i p  < 100% 

7 .  F i n a l  o u t p u t  p r i n t i n g ,  i n  b o t h  t a b u l a r  and 

p r i n t  - p l o t  f o rma t .  

Due t o  a p r o b l c ~ n  r e l a t e d  t o  t h e  " s e a t i n g "  of  t h e  l o a d  c e l l  

on i t s  f a s t e n i n g s  du r ing  t h e  t i r e  t e s t  program,  i t  \,?as n e c e s s a r y  

t o  de t e rmine  t h e  F s c a l i n g  a s  an a f t e r - t h e - f a c t  o p e r a t i o n  d u r i n g  
X 

d a t a  p r o c e s s i n g .  This  \(as accomplished i n  t h r e e  s t e p s ,  u t i l i z i n g  

t h e  raii d a t a  s i g n a l s  f o r  F 7 ,  T b ,  and Fx, where F = l o n g i t u d i n a l  
4- X 

t i r e  s h e a r  f o r c e ;  Fz = v e r t i c a l  l o a d ;  Tb = brake  t o r q u e .  



For  a  g iven  f i l e  of d a t a  ( d e f i n e d  by  a  un ique  combina t ion  

o f  t e s t  c o n d i t i o n s ) ,  s a x p l e s  \:.ere made of  t h e  F, s ignal-whi le  
" 

t h e  t i r e  was i n  a  f r e e l y - r o l l i n g  s t a t e ,  b u t  l oaded  t o  t h e  

e q u i l i b r i u m  t e s t  c o n d i t i o n  l o a d i n g .  Using t h i s  v a l u e  of  l o a d ,  

a computa t ion  icas made t o  de t e rmine  t h e  s t a t i c  l oaded  r a d i u s  o f  

t h e  sample t i r e .  Th i s  computa t ion  was per formed  u s i n g  a  s e t  o f  

r a d i a l  l o a d i n g  d a t a  which had been g a t h e r e d  u s i n g  t h e  HSRI f l a t  

bed machine [ I ] .  As shorvn be low,  i n d i v i d u a l  r e l a t i o n s h i p s  were  

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

t i r e  i n  t h e  t e s t  sample .  

S t a t i c  Loaded Radius  
( i n c h e s )  T i r e  S i z e  

The c a l c u l a t e d  v a l u e  f o r  s t a t i c  r a d i u s  (R ) was used  a s  
S 

r e p r e s e n t i n g  t h e  e f f e c t i v e  r a d i u s  (Ref f )  a t  which t h e  F x -  induced  

component o f  b r a k e  t o r q u e  is a p p l i e d .  Then,  sar:ples were  made o f  

b o t h  t h e  F and b rake  t o r q u e  s i g n a l s  d u r i n g  lockup ( a t  which t ime  
X 



t h e  i n e r t i a l  co~oponent  o f  t o r q u e  i s  e q u a l  t o  z e r o ) ,  and a s c a l e  

f a c t o r  f o r  Fx Itas d e t e r m i n e d ,  assuming 

The a s s o c i a t e d  s c a l e  f a c t o r  rsas t h e n  u s e d  i n  r e d u c i n g  t h e  

F d a t a  s i g n a l  t o  o b t a i n  measures  o f  a b s o l u t e  f o r c e  l e v e l ,  i n  
X 

pounds .  T h i s  s c a l e  f a c t o r  i s  known t o  b e  somewhat l a r g e r ,  i n  

t e rms  o f  l b s / v o l t ,  s a y ,  t h a n  i s  a c t u a l l y  a p p r o p r i a t e  due t o  t h e  

f a c t  t h a t  t h e  c o m p l i a n t  t i r e  s t r u c t u r e  s u f f e r s  a r e a r w a r d  

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

"b rak ing"  s h e a r  f o r c e s .  As shown i n  F i g u r e  2 ,  t h e  d e f l e c t i o n ,  

Ax, g i v e s  r i s e  t o  an (FZAx)  component o f  t o r q u e  which i s  a d d i t i v e  

t o  t h e  ( F x R e f l )  component.  

i o n  T r  ave 1 

F i g u r e  2 



!Ieasurersents have  been  made [ 2 ]  o f  t h e  e r r o r s  i n  f o r c e  

measurement. which might  d e r i v e  from t h e  p r e s e n c e  o f  t h i s  t o r q u e  

component-and i t s  accon~panying i n f l u e n c e  on t o r q u e -  t o -  f o r c e  

s c a l i n g  such  a s  we conduc t ed .  These expe r imen t s ,  pe r formed  f o r  

p a s s e n g e r  c a r  t i r e s ,  shortr t h e  measured l o n g i t u d i n a l  f o r c e  t o  be 

2 t o  9 %  h i g h e r  t h a n  t h e  a c t u a l  f o r c e  l e v e l ,  w i t h  r a d i a l  p l y  t i r e  

c o n s t r u c t i o n s  a c c o u n t i n g  f o r  t h e  upper  end of  t h i s  r a n g e .  While 

no d a t a  had  been  r e p o r t e d  i n  t h e  l i t e r a t u r e  r e l a t i n g  t h e s e  numbers 

t o  t r u c k  t i r e s ,  t h e r e  i s  r e a s o n  t o  b e l i e v e  t h a t  e r r o r s  i n  

l o n g i t u d i n a l  foi-ce such  a s  app ly  t o  t r u c k  t i r e  d a t a  r e p o r t e d  h e r e i n  

w i l l  b e  somewhat s m a l l e r  t h a n  t h e  9 %  upper  r ange  o f  e r r o r  as 

a p p l i e s  t o  p a s s e n g e r  c a r  t i r e s .  Th i s  conc lus io r ,  i s  ba sed  upon two 

o b s e r v a t i o n s ,  namely t h a t :  

( a )  t h e  r a t i o  of  t h e  t a n g e n t i a l  s p r i n g  r a t e s  of 

c r o s s - b i a s  t r u c k  v e r s u s  c a r  t i r e s  i s  abou t  equ3 l  

t o  t h e  r a t i o  o f  t h e i r  r e s p e c t i v e  r a t e d  l o a d s  

13,  4 1 ,  t h a t  i s ,  

Kx(Truck t i r e )  -. FZ r a t e d  (Truck t i r e j  
-- - - - -  
~ ~ r ~ a r  t i  r e )  F r a t e d  (Czr t i r e )  z 

(b )  t h e  e f f e c t i v e  r a d i u s  of t r u c k  t i r e s  i n  t h e  2 0 "  

t o  2 2 . 5 ' '  d i a m e t e r  rim s i z e s  i s  on t h e  o r d e r  o f  

1 . 6  t imes  t h e  e f f e c t i v e  r a d i u s  of pa s senge r  c a r  

t i r e s  v:hich a r e  i n  t h e  1 4 "  and 1 5 "  d i ame te r  rim 

s i z e s .  

The g e n e r a l  t o r q u e  e q u a t i o n ,  a t  t h e  locked  wheel c o n d i t i o n ,  i s :  



I f  v:e c o n s i d e r ,  as a r e f e r e n c e  c o n d i t i o n ,  t h o s e  measurements  

pe r fo rmed  a t  r a t e d  l o a d ,  t h e n  

- l Z  - - c o n s t a n t ,  C ,  
L 

f o r  t r u c k  o r  p a s s e n g e r  c a r  t i r e s .  S u b s t i t u t i n g  C i n t o  E q u a t i o n  

(1) g i v e s  

Given t h a t ,  f o r  p a s s e n g e r  c a r  t i r e s ,  C : . 0 9  R e f f  l a s  
c a r  

deduced f rom R e f e r e n c e  [ 2 ] ) ,  and 

R e f f  :: 1 . 6  R e f f  
t r u c k  c a r  

t h e n ,  

C 2 , 0 5 6  R e f *  
t r u c k  

A c c o r d i n g l y ,  we s p e c u l a t e d  t h a t  t h e  e r r o r  i nduced  i n  t r u c k  

t i r e  l o n g i t u d i n a l  f o r c e  measurements ,  a s  s c a l e d  f rom t o r q u e  

r e c o r d i n g s ,  i s  l e s s  t h a n  t h e  98 maximum r e p o r t e d  f o r  p a s s e n g e r  

c a r  t i ~ e s ,  and may be  on t h e  o r d e r  of  6%, i f  t a n g e n t i a l  s t i f f n e s s  

i s  t h e  p r imary  de te rn l i i i an t  o f  t h i s  p r ~ p e r t ) ~ .  To check  t h i s  

h y p o t h e s i s ,  s t a t i c  measurements  were made a t  HSRI on two o f  t h e  

t e s t  sample  t i r e s ,  f o l l o r i i n g  t h e  f u l l - s c a l e  t e s t  p rogram.  R e f e r -  

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

o f  a  s t a n d i n g  t i r e  u s i n g  a  f l u i d  b e a r i n g  f o r  f r i c t i o i l l e s s  s u p p o r t .  

The " e r r o r , "  d e s c r i b e d  be low,  was o b t a i n e d  f o r  e a c h  t i r e  a t  

d i f f e r e n t  v a l u e s  o f  v e r t i c a l  l o a d .  



1' (measured) b ----.-- - 
R - Fx ( a p p l i e d )  

3 F e r r o r ( % )  = x Fx  ( a p p l i e d )  x 100 

The maximum e r r o r s  a c h i e v e d  i n  each c a s e  a r e  t a b u l a t e d  

below: 

TABLE 1 

V e r t i c a l  Load 

T i r e  S i z e  3500 l b s  5000 l b s  6500 l b s  8000 l b s  

( r a t e d  l o a d ,  
4610) 

( r a t e d  l o a d ,  
5 4  30) 

While t h e s e  f e w  s t a t i c  t e s t s  do n o t  c o n s t i t u t e  a  r i g o r o u s  

examina t i on  of  t h e  mechanism i n v o l v e d ,  we s u g g e s t  t h a t  a p r a g m a t i c  

approac!l can be acloptcd i n  a d j u s t i n g  t h e  d a t a  r e p o r t e d  h e r e i n  t o  

accoun t  f o r  t h e  up:iard b i a s  r ~ r l ~ i c l l  r e s i d e s  i n  the  no rma l i zed  

l o n g i t u d i n a l  f o r c e  measures .  I t  i s  e s t i m a t e d  t h a t  t h e  d a t a  may 

be b i a s e d  from .5: t o  6 %  of  t h e  r e p o r t e d  v a l u e  of P ,  w i t h  h i g h e r  

l o a d  l e i - e l s  a ccoun t ing  f o r  h i s h e r  e r r o r s  and ,  c o n v e r s e l y ,  w i t h  

loifel. l c ~ e l s  o f  e r r o r  a s s o c i a t e d  r i i t h  l i g h t e r  l o a d i n g .  

1 . 3 . 1 .  VERTICAL LO:\D ACCURACY. S i n c e  t h e  l o n g i t u d i n a l  

f o r c e  measure i s  no rma l i zed  t h rough  t h e  r e l a t i o n  p = F x / F Z ,  X 
t h e  accu racy  of  ux i s  de t e rmined ,  i n  p a r t ,  by the accu racy  o f  

t h e  n e a s u r e n e n t  o f  l r e r t i c a l  l o a d ,  F . A s  a  consequence o f  t h e  
Z 

l o a d  c e l l  " s e a t i n g "  anomaly,  a l l u d e d  t o  e a r l i e r ,  an  u n c e r t a i n t y  



e x i s t s  i n  t h e  v a l u e  of F z ' a s  shown i n  F i g u r e  3 .  T h i s  l i m i t a t i o n  

i n  a b s o l u t e  a c c u r a c y  i s  c o u p l e d  i n  t h e  t a b l e  below w i t h  t h e  

p r e v i o u s l y  d i s c u s s e d  b i a s  e r r o r  and p r e s e n t e d  a s  maximum-high-s ide  

and l o w - s i d e  e r r o r s  i n  p ,  i . e . ,  p,(measured) = p x ( a c t u a l )  
% e r r o r  

5 100 x " ( a c t u a l ) .  

V e r t i c a l  Load 

2000 l b s  

3000 l b s  

4000 l b s  

5000 l b s  

6000 l b s  

7000 l b s  

8000 l b s  

9000 l b s  

10000 l b s  

11009 l b s  

12000 l b s  

TABLE 2 

U n c e r t a i n t y  i n  A b s o l u t e  Value o f  p x  
-- 

+ %  (High S i d e  E r r o r )  - %  (LOW S i d e  E r r o r  

+ 2 2 %  -11% 

+ 1 8 %  - 9 %  

+ 1 4 %  - 6% 
+ l o %  - 4% 

+ 9 %  - 3% 

+ 9% - 2 %  

+ 8 %  - 2 %  

+ 8% - 1% 
+ 8% - 1% 

+ 7 %  - 1% 

+ 7% - 1% 

I t  i s  b e l i e v e d  t h a t  t h e  change i n  l o a d  c e l l  f a s t e n i n g  

c o n d i t i o n  1,:hich gave r i s e  t o  t h e  l a r g e  i n d i c a t e d  change i n  t h e  

F c a l i b r a t i o n  i n v o l v e d  an  anorlaly which o c c u r r e d  e i t h e r  c o m p l e t e l y  z 
b e f o r e  o r  c o r 3 ? l e t c l y  a f t e r  t h e  t e s t  p rogram.  T h i s  h y p o t h e s i s  

i s  s u p p o r t e d  by  a r e f e r e n c e  p a i r  o f  t e s t s  ( i n v o l v i n g  t e n  l ockup  

c y c l e s  e a c h )  made on a 1 0 . 0 0  s 20/F t i r e  e a r l y  i n  t h e  b a s e l i n e  

t e s t s ,  and a t  t h e  end o f  t h e  s e r i e s .  The " b e f o r e "  and " a f t e r "  

v a l u e s  o f  t h e  r e s p e c t i v e  yeak  and s l i d e  " u x ' s "  u e r e  s e e n  t o  b e  

i q i t h i n  0 . 0 1  u n i t s  o f  one another ( s u b s t a n t i a l l y  w i t h i n  t h e  r u n -  t o -  

r u n  v a r i a t i o n s ) .  Thus i t  i s  p o s t u l a t e d  t h a t  t h e  a b s o l u t e  FZ 





measures  a r e  a l l  a c t u a l l y  b i a s c d  t o  c;ie p o l a r i t y  o f  t h e  F i g u r e  3 

e r r o r  s c a l e ,  most l i k e l y  t h e  n e g a t i v e  s i d e  ( g i v e n  o u r  u n d e r s t a n d i n g  

o f  t h e  l o a d  c e l l  anomaly) sucl.1 t h a t  t h e  l i k e l y  h l g h / l o w  e r r o r  

e s t i m a t e s  i n  11 a r e  l i s t e d  below.  
X 

TABLE 3 

V e r t i c a l  Load %, (High S i d e  E r r o r )  

+ 2 2 %  

+ 1 8 %  

+ 1 4 %  

+ l o %  
+ 9 %  

+ 9 %  

+ 8 %  

+ 8 %  

+ 8 %  

+ 7 %  
t 7 %  

% ,  (Low S i d e  E r r o r )  

+15% 

+ 1 2 %  

+ 8 %  

+ 5 %  

+ 4 %  

+ 3% 

+ 3% 

+ 2 %  

+ 2 %  

+ 2 %  

+ 2 %  

The t o l e r a n c e s  o f  T a b l e  3 can  b e  a p p l i e d  t o  a g i v e n  d a t a  sample  

by  f i r s t  n o t i n g  t h e  v e r t i c a l  l o a d  l e v e l  o f  t h e  t e s t ,  and t h e n  

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

o f  ux. For  e x a n p l e ,  a t i r e  which sho~.ved a  p p e a k  v a l u e  on d r y  

a s p h a l t  o f  0 . 8 9 ,  when l o a d e d  t o  6 0 0 0  l b s  FZ, would b e  c o r r e c t e d  

t o  r c : ~ J  v ; i i i ~ i n  t h e  r ange  d e f i n e d  b y :  

- ' 8 9  - - 8  (low v a l u e )  
1 . 0 9  



S i n c e  a g i v e n  p e r c e n t a g e  e r r o r  a p p l i e s  t o  a l l  d a t a  t a k e n  a t  

a  g i v e n  lralue of v e r t i c a l  l o a d ,  peak  t o  s l i d e  r a t i o s  and r e l a t i v e  

v e l o c i t y  s e n s i t i v i t i e s  a r e  u n a f f e c t e d  by t h i s  e r r o r  p rob lem.  The 

s e n s i t i v i t y  o f  peak  and  s l i d e  px pe r fo rmance  t o  v e r t i c a l  l o a d ,  

however ,  must b e  c o r r e c t e d  by  t h e  a p p l i c a t i o n  o f  t h e  T a b l e  3 

a d j u s t m e n t s .  



2 . 0  RESULTS '3F TI':: 3.?,SI:Li?;E TESTING PROGRAbI 

2 . 1  BASELISE D-2TX PRESEYT.\TIOY 

L o n g i t u d i n a l  s h e a r  f o r c e  measurements !<ere made on a  s e t  

o f  e i g h t  t r u c k  t i r e s  c o v e r i n g  t h e  s i z e s  i n d i c a t e d  below:  

Ra ted  l o a d ,  4050 l b s .  

Ra ted  l o a d ,  4610 l b s .  

Ra ted  l o a d ,  5430 l b s .  

Ra ted  l o a d ,  5430  l b s .  

Ra ted  l o a d ,  6290 l b s .  

Ra ted  l o a d ,  7000 l b s .  

Ra ted  l o a d ,  5920 l b s .  

Ra ted  l o a d ,  8460 l b s .  

A l l  t i r e s  were  o f  c r o s s - b i a s  p l y  c o n s t r u c t i o n  and highway r i b  

t r e a d  p a t t e r n .  

The d a t a  d e r i v i n g  from t h e s e  t e s t s  a r e  summarized i n  T a b l e  4 ,  

i n  t h e i r  u n c o r r e c t e d  f o r n .  The p - s l i p  h i s t o r i e s  which a r e  

a s s o c i a t e d  :c i th  e ach  s e t  o f  d a t a  i n  Tab l e  4 a r e  p r e s e n t e d  i n  

Appendix I. S t r i c t l y  s p e a k i n g ,  t h e s e  d a t a  a r e  q u a l i f i e d  by t h e  

e r r o r  t o l e r a n c e s  d e s c r i b e d  i n  Tab l e  2 .  ,4s d i s c u s s e d ,  h o ~ i e v e r ,  

we p ropose  t h e  Tab l e  3 c o r r e c t i o n s  a s  t h e  most l i k e l y  s e t  o f  

bounds f o r  a b s o l u t e  i n t e r p r e t a t i o n s .  Thus a  t a b u l a t i o n  o f  h i g h  

and l o x  L-alues  f o r  p and G~ i s  p r e s e n t e d  i n  Tab l e  5 ,  r e p r e s e n t i n g  
J? 

t h e  a p p l i c a t i o n  o f  Tab l e  2 c o r r e c t i o n s  t o  t h e  b a s e l i n e  d a t a .  

T a b l e  5 p r e sc ' n t s  t h e  h i g h  and low l i ~ n i t s  which we f e e l  s p e c i f y  

t h e  rarigc o f  c o n f i d e n c e  i n  t h e  v a l u e s  o f  u . x 



SDC,UKY OF UNC0R:LECTED BASELINE D,4TA 

2 0  mph 40 mph 60 mph 
T i r e  i Wet J e l i n i t e  , Dry A s p h a l t  I Dry A s p h a l t  







2 . 2  DISCUSSIO?; OF RESULTS ."\'D FASIC FIYDIXGS 

A d i r e c t  o b s e r v a t i o n  which can  b e  made f rom t h e  p r e s e n t e d  

d a t a  conce rns  t h e  l a r g e  p e a k - t o - s l i d e  r a t i o  e x h i b i t e d  by  a l l  

t i r e s  i n  t h e  sample-even on d r y  paved s u r f a c c s .  T h i s  p r o p e r t y ,  

which c o n t r a s t s  marked ly  w i t h  p a s s e n g e r  c a r  t i r e  p e r f o r m a n c e ,  

i s  f e l t  t o  c o n s t i t u t e  a  v a l i d  r e p r e s e n t a t i o n  o f  a  commercia l  

t i r e  c h a r a c t e r i s t i c  which i s  o f  g r e a t  s i g n i f i c a n c e  t o  l i m i t  

s t o p p i n g  d i s t a n c e  pe r fo rmance .  

Another  f i n d i n g  which we f e e l  t o  b e  s u p p o r t e d  i n  t h e  d a t a  

c o n c e r n s  a  s i g n i f i c a n t ,  though n o t  u n i v e r s a l l y  e x h i b i t e d ,  

s e n s i t i v i t y  o f  s h e a r  f o r c e  p o t e n t i a l  t o  v e h i c l e  v e l o c i t y .  

Ex t end ing  t h e  v e l o c i t y  s e n s i t i v i t y  i n d i c a t i o n s  which  a p p e a r  i n  

t h e  b a s e l i n e  d a t a ,  an e x t r a  s e t  o f  d a t a  r'as t a k e n  u s i n g  a  

10 .00  x 20/F t i r e  o v e r  a  l a r g e  r a n g e  o f  v e l o c i t i e s ,  i n c l u d i n g  

a few v e r y  l01 i  s p e e d  r u n s .  The r e s u l t s  a r e  p l o t t e d  i n  F i g u r e  3 

i n  t e r n s  of  c o r r e c t e d  p and p s .  Ke would s p e c u l a t e  t h a t  t h e  
P 

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

z e r o  i s  a  p o t e n t i a l l y  c o n t r i b u t i n g  f a c t o r  t o  t h e  v i o l e n t  

t e r m i n a l  b c h a v i o r  e x h i b i t e d  by many t r u c k s  a t  t h e  c o n c l u s i o n  o f  

a  l i m i t  s t o p p i n g  t e s t .  

An o b s e r v a t i o r l  o f  v e r t i c a l  l o a d  s e n s i t i v i t y  can  be  made 

f rom t h e  d a t a  sholsn i n  F i g u r e  5 which i n d i c a t e s  , f i e  l o a d  

s e n s i t i v i t y  011 d ry  a s p h a l t  of  t h e  9:OO x 20/E t i r e .  S i n c e  t h i s  

t i r e  rcas one \chose F v e r s u s  t o r q u e  r e l a t i o n  was measured  i n  t h e  
X 

l a b o r a t o r y  ( s e e  T a b l e  I ) ,  a t o t a l  c o r r e c t i o n  j.n Fx was a c h i e v e d .  

The F _  c o n d i t i o n  was e v a l u a t e d  u s i n g  t h e  n e g a t i v e  p o l a r i t y  e r r o r  
I, 

l i m i t s  sho\.n i n  i ' igure  3 .  The FZ i n f l u e n c e  d e s c r i b e d  i n  t h e  

F i g u r e  5 c r o s s  p l o t  shows a  s e n s i t i v i t y  o f  n o r ~ n a l i z e d  l o n g i t u d i n a l  

f o r c e  t o  l o a d  l ih ich  r e s u l t s  i n  a  n e a r l y  e q u a l  p e r c e n t a g e  l o s s  

i n  b o t h  L and o v e r  t h e  r ange  examined.  
P 



Conf iclence 93n;;e I 

10.03 s 2 0 / F  T i r e  



9,00 x 20/E Ti re  
Dry A s p h a l t  

[ peak v a l u e s ,  60 :):;I1 

0 sl icie  val ; :es ,  4 0  nph 

l,'erticci! Lccid, L b s .  

.- F i g u r , n  5 .  i:sai;!?lc o f  I - e l . t . i c a l  1022 s e n s i t i l r i  t!.. ( l ' a l u e s  
corl-i.c:eci ~ i s i . : ; ~ .  L, T:;jle 1 : : ~ ~ L s ; ~ r e ~ - e ~ i t ~  f o r  t h i s  
t i r e  :ind I:i:;:i;.c j - - - n p c ~ t  a '- i v t .  p o l a r i t y  e r r o r  li!?i t )  , 



1 r a t h e r  r c n ~ a r k a b l e  c o n s i s t e n c y  i n  sp and ik:s was observed  

o v e r  t h e  e i g h t - t i r e  sample _"or t h e  r a t e d  l o a d  c o n d i t i o n  on d ry  

a s p h a l t  a t  4 0  mph ( f o r  15~hich a  f u l l  s e t  of  e i g h t  d a t a  p o i n t s  

i s  a v a i l a b l e ) .  For each t i r e  t h e  mean c o r r e c t e d  v a l u e s  of  i~ and 
P 

' s  a r e  p r e s e n t e d  i n  Table  6 ,  showing a  v e r y  na r row range  of  b o t h  

peak and s l i d e  v a l u e s ,  Al though a l l  b u t  t h e  1 0 : O O  x  2 0  t i r e  were 

made by t h e  same n ianufac turer ,  one might have a n t i c i p a t e d  a  much 

b r o a d e r  s p r e a d  i n  dry  f r i c t i o n  per formance ,  i f  one were t o  

e x t r a p o l a t e  from p a s s e c g e r  c a r  t i r e  e x p e r i e n c e  [ 5 1 .  D e s p i t e  t h i s  

c o n s i s t e n c y  i n  no rma l i zed  s h e a r  f o r c e  pe r fo rmance  n e a r  r a t e d  

l o a d ,  va ry ing  l o a d  s e n s i t i v i t i e s  a r e  a p p a r e n t  a c r o s s  t h e  t i r e  

sample such t h a t  c o n s i s t e n c y  a t  o t h e r  l o a d  l e v e l s  i s  n o t  

comparable t o  t h a t  sholin i n  Table  6 .  

TABLE 6 

T i r e  

8 .25 x 2 0 / E  

9 .00  x 20/E 
10.00 x 2 0 / F  

1 1 . 0 0  x 22.5/F 

1 1 . 0 0  x  20/F 

12 .00  x  2 O / G  

1 2 . 0 0  x 22 .5 /F  

15 .00  s 22.5/H 



l i i t h  r e g a r d  t o  t h e  jrersus s l i p  h i s t o r i e s  p r e s e n t e d  i n  
X 

Appendix 1, t h e  most n o t a b l e  p e c u l i a r i t y  i n  shape  conce rns  t h e  

slim, n a r r o w - s l i p - r a n g e  peaks  which o c c u r  on d-ly s u r f a c e s  a s  

opposed t o  t h e  b r o a d ,  and r a t h e r  f l a t ,  p eaks  which a r e  measured 

on t h e  wet c o a t e d  a s p h a l t ,  These c u r v e - s h a p e  c h a r a c t e r i s t i c s  

a r e  c o m p l e t e l y  r e v e r s e d  from t h a t  n o r m a l l y  obse rved  w i t h  

p a s s e n g e r  c a r  t i r e s  [ 6 ] .  

While t h e  f i d e l i t y  o f  t h e  cu rve  s h a p e  at.  l a r g e  s l i p  v a l u e s  

(s > 7 5 % )  i s  n o t  a s  h i g h  q u a l i t y  as  i t  i s  i n  t h e  low s l i p  r a n g e  

o f  t h e s e  d a t a ,  t h e r e  i s  an  i n f l e c t i o n  a t  h i g h  s l i p  i n  many o f  

t h e  d r y  a s p h a l t  d a t a  c u r v e s  which i s  i n t r i g u i n g ;  and ,  we b e l i e v e ,  

f a c t u a l .  As sholin i n  F i g u r e  6 ,  t h e  a b r u p t  chawge i n  s l o p e  which 

o c c u r s  n e a r  s = 8 5 %  a c c o u n t s  f o r  a  l a r g e  a d d i t i o n a l  decrement  

i n  p . Thus i t  v:ould a p p e a r  t h a t  a  l a r g e  " p r i c e "  i s  p a i d  i n  
X 

s u s t a i n i n g  t h e  1-ockup c o n d i t i o n  i t s e l f ,  w h i l e  t h e  m i d - s l i p  r a n g e  

imposes  l o s s e s  i n  f o r c e  ; ~ r o d u c t i o n  7,t;hich a r e  n o t  a s  s e v e r e  a s  

t h e  h i g h  " p e a k - t o - s l i d e "  r a t i o s  would s u g g e s t .  I t  i s  presumed 

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

t h e r m a l  s e n s i t i v i t y  t o  t h e  l o c a l i z e d  h e a t i n g  of t h e  n e a r - l o c k u p  

c o n d i t i o n .  

2 . 3  CONCLUDING REIIARKS 

Al though  lie h a v e ,  u n f o r t u n a t e l y ,  found i t  n e c e s s a r y  t o  

q u a l i f y  c e r t a i n  a s p e c t s  of  t l ie  d a t a  p r e s e n t e d  > . e r e in ,  i t  does  

a p p e a r  t h a t  a number o f  mean ingfu l  o b s e r v a t i o n  can  be  clrawn. 

Given t h e  c u r r e n t  l i m i t a t i o n s  i n  a v a i l a b l e  d a t a  d e s c r i b i n g  t h e  

l o n g i t u d i n a i  ( o r  nny o t l l e r )  s h e a r  f o r c e  c h a r a c f e r i s t i c s  o f  t r u c k  

t i r e s ,  t h e  nleasurci:lents r e p o r t e d  h e r e  a r e  f e l t  t o  be  u s e f u l  i n  

f i l l i n g  an e x i s t i n g  need .  They s u g g e s t  t h a t  t he  cominercial 

v e h i c l e  t i r e ,  t o  t h e  e x t e n t  r e p r e s e n t e d  i n  o u r  s amp le ,  i s  q u i t e  

u n l i k e  t h e  p a s s e n g e r  c a r  t i r e  i n  many o f  t h e  c h a r a c t e r i s t i c s  

which a r e  r e l e v a n t  t o  t h e  l i m i t  b1 .ak i .n~  p e r f o r n a n c e  o f  highway 

v e h i c l e s .  C e r t a i n  p ropo r "ce s  a r e  a t  such v a r i x n c e  w i t h  o u r  

c u r r e n t  rnodcls of  l o n g i t u d i n a l  t r a c t i o n  mechanics t h a t  s e r i o u s  

e f f o r t s  must be unde r t aken  t o  examine t h e  m a t t e r  i n  d e p t h .  
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PRINT - P L O T  DISPLAYS OF p - S L I P  HISTORIES 

I n  t h i s  append ix ,  i n d i v i d u a l  u - s l  i p  h i s t o r i e s  a r e  p r e s e n t e d  

a s  o u t p u t t e d .  th rough  a  d i g i t a l  l i n e  p r i n t e r .  The g r a d u a t i o n  o f  

t h e  o r d i n a t e  s c a l e  p r o v i d e s  a  p r i n t  i nc r emen t  e v e r y  0 . 0 2  u n i t s  

o f  "vx".  The g r a d u a t i o n  o f  t h e  a b s c i s s a  s c a l e  p r o v i d e s  a  p r i n t  

i nc r emen t  f o r  each 1% s l i p .  The p r i n t e d  h e a d e r  a t  t h e  t o p  o f  t h e  

g r aph  i n d i c a t e s  t h e  t i r e  sample and t h e  s u r f a c e  f o r  which t h e  

d a t a  a p p l i e s .  The p r i n t  ou t  l o c a t e d  below each  g raph  i n d i c a t e s  

t h e  v e r t i c a l  l o a d  and v e l o c i t y  c o n d i t i o n s  under  which t h e  d a t a  

were o b t a i n e d ,  and a l s o  l i s t s  t h e  v a l u e  o f  1~ a t  1 0 0 %  s l i p  ( 1 I U L O C K )  

and t h e  peak v a l u e  o f  .ci (!3UPEAK). - 4 1 ~ 0 ,  t h e  r a t i o  o f  

MJPELAK/? !ULOCI ;  i s  p r i n t e d .  

The d a t a  g r aphs  a r e  a r r a n g e d  by t i r e  sample  w i t h  each  

t i r e ' s  d a t a  p r e s e n t e d  i n  t h e  foil-owing sequence :  

1) 2 0  mph wet  j e n n i t e  

2 1 

3 ) 

4 )  4 0  mph d ry  a s p h a l t  

5 1 

6 

7 )  6 0  mph d ry  a s p h a l t  

8 

9 

I n  t h e  7 2 - p o i n t  m a t r i x  o f  d a t a ,  d e f i n e d  by e i g h t  t i r e s  

t i ines  n i n e  c o n d i t i o n s ,  t h e r e  a r e  a  t o t a l  o f  n i n e  ( 9 )  m i s s i n g  

p o i n t s  a s  were i n d i c a t e d  i n  Table  3 .  
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hIOB I  LE TIII;CI; 1 I RE DYXX: IO?!E TER- 
LONG1 TUDINAL TR-ICTIOX PROPERTIES 

BASIC COSFIGURATION 

A mobi le  dynamometer h a s  been  c o n s t r u c t e d  i n  t h e  c o n f i g u r a -  

t i o n  o f  a  s e m i - t r a i l e r  d e v i c e  f o r  u se  i n  measur ing t h e  l o n g i -  

t u d i n a l  t r a c t i o n  p r o p e r t i e s  o f  t r u c k  t i r e s .  Shown i n  F i g u r e  2 . 1 ,  

t h i s  t r a i l e r  a p p a r a t u s  i s  o f  s t e e l  p i p e  and p l a t e  c o n s t r x c t i o n ,  

w i t h  a  nominal  whee lbase  o f  20 f e e t .  The t e s t  t i r e  i s  i o c a t e d  

i n  t h e  g e o m e t r i c  c e n t e r  o f  t h e  t r a i l e r ,  and i s  s u p p o r t e d  by a  

p a r a l l e l  arn: s u s p e n s i o n ,  sho~sn  i n  F i g u r e  2 . 2 .  S i n c e  t h e  p a r a l l e l  

arrcs a r e  p i v o t e d  abou t  t r u l y  l o n g i t u d i n a l  c e n t e r l i n e s ,  t h e r e  i s  

no k i n e m a t i c  i n t e r a c t i o n  between i o n g i t u d i n a l  t i r e  f o r c e ,  Fx' 
and v e r t i c a l  l o a d ,  FZ. 

The t e s t  t i r e  i s  rnounted on a  sg inc l le  asse~r ib ly  which i s  

i n  t u r n  f a s t e n e d  t o  t h c  ou tboa rd  f a c e  o f  a  m u l t i - a x i s  l o a d  

c e l l .  The l o a d  c e l l  i s  a  s e r i a l  e lement  between t h e  t e s t  t i r e  

and t h e  o v e r z l l  t r a i l e r  s t r u c t u r e .  T i r e  l o a d i n 2  i s  p r o v i d e d  

t h r o u g h  a  p r e s s u r e - r e g u l a t e d  a i r  s p r i n g  lchich is  s i t u a t e d  d i r e c t l y  

e v e r  t h e  t e s t  \ < h e e l .  Th i s  b e l l o r i s - t y p e  s p r i n g  p e r m i t s  e a s y  l o a d  

a d j u s t m e n t  1 ;h i l e  p r o v i d i n g  a v e r y  l o w - r a t e  c o u p l i n g  between t h e  

t i r e  s u s p e n s i o n  2nd t h e  t r a i l e r  s t r u c t u r e .  

E rak ing  t o r q u e  i s  a p p l i e d  t o  t h e  t e s t  wheel t h rough  a 

l a r g e  h y d r a u l i c  d i s c  b r a k e  ~vhose  a c t u a t i o n  p r e s s u r e  i s  s e r v o -  

c o n t r o l l e d .  

The t r a i l e r  r e v  a x l e  i s  a i r - suspenc led  t o  a s s i s t  i n  

a t t e n u a t i n g  r i d c  v i b r a t i o n s  as l . iel l  a s  t o  p r o v i d e ,  t h rough  

c l o s e d  l oop  l e v e l i n g  c o n t r o l ,  a  means f o r  e s t a b l i s h i n g  a  z e r o -  

p i t c h - a n g l e  trim c o n d i t i o n  a t  each  v a l u e  of  t e s t  t i r e  l o z d i n g .  

The t e s t  t r a i l e r  i s  towed by a  highway t r a c t o r  wllich i s  

o u t f i t t e d  ~ i i t h  ; i ?vdrau l ic ,  pneuTliatic, e l e c t r i c a l .  and d a t a  a c q u i s i t i o n  

s e r v i c e s  i n  a d d i t i o n  t o  a  \ l a t e r  d e l i v e r y  c a p a b i l i t y  f o r  pavement 

w e t t i n g .  







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

folio:%-s : 

T r a i l e r  O v e r a l l  Length  

T r a i l e r  Gross ' & e i g h t  
( w i t h  c u r r e n t  b a l l a s t )  

Maximum T e s t  T i r e  V e r t i c 3 l  Load 
( a t  c u r r e n t  b a l l a s t  c o n d i t i o n s )  

blaximum T e s t  T i r e  FZ R a t i n g  

( w i t h  added b a l l a s t )  

Brake Torque R a t i n g  @ 60 mph 

@ 30 mph 

Load C e l l  R a t i n g  F z  

llead Load Iriposed by t k e  
Unspruno :!x.ss on t h e  T e s t  T i r e  

b 
(including a  10:00 s S O / F  t i r e )  

T i r e  S i z e  i lange  

T e s t  ?';heel C o n f i g u r a t i o n  

2 3  f e e t  

18,000 l b s  

1.4,000 l b s  

20,000 l b s  

180,000 i n - l b s  

220,000 i n -  l b s  

20,000 l b s  

20,000 l b s  

240,000 i n - l b s  

1 , 8 5 0  l b s  

A l l  t i r e s  i n  t h e  2 0 ,  
2 2 ,  a cd  2 2 . 5 "  rim 
d i a m e t e r  s i z e s  

Disc w h e e l ,  1 0  h c l e  
11 -1/4" d i a m e t e r  
p a t t e r n  

For  a g i v e n  t e s t  c o n d i t i o n  c o n s i s t i n g  of 3 s e l e c t e d  1 7 e r t i c a l  

l o a d  lc:rcl ,  t e s t  v e l ~ c i t ) ~  anc? r oad  s u r f a c e ,  t h e  sequence  o f  whee l  

s l i p  c y c 1 J . n ~  i s  p r e c e d e d  by 2 s t a t i c  s e t - u p  c o n d i t i o n .  With t h e  

t e s t  v e h i c l e  a t  r e s t ,  t h e  t i r e  s u p p o r t  assembly i s  r a i s e d  c l e a r  

o f  t h e  11nve~~en-i: and t h e  v e l . t i c a l  l o a d  d a t a  s ignal .  i s  a d j u s t e d  t o  

r e a d  ";er.oH l o a d .  Th i s  a d j u s t n e n t  conl.pensates f o r  d i f f e r e n c e s  i n  
1 1  t a r e  \it?l;;ht1' \ \ .hich deri1.e froin t h e  i n s  t a l l a t i . o : l  o f  d i f f e r e n t  

s i z e  tires and v;llee?s. 



The t e s t  t i r e  assembly i s  loiiered. t o  t h e  pavement and t h e  

a i r  s p r i n g  p r e s s u r e  r e g u l a t o r  i s  a d j u s t e d  t o  p r o v i d e  t h e  d e s i r e d  

v a l u e  o f  v e r t i c a l  l o a d  f o r  t h e  t e s t .  

The v e h i c l e  i s  t h e n  a c c e l e r a t e d  t o  t h e  d e s i r e d  t e s t  v e l o c i t y  

on t h e  s e l e c t e d  s u r f a c e .  The ~ ~ d ~ e e l  s l i p  c y c l e  i s  i n i t i a t e d  by 

a p p l i c a t i o n  of  a  r a m p - f r o n t e d  s t e p  command t o  t h e  b r a k e  p r e s s u r e  

servo-meci lanism.  The i n p u t  cornmand i s  s u s t a i n e d  u n t i l  a  wheel  

lockup  d e t e c t i o n  c i r c u i t  t r i g g e r s  an a u t o m a t i c  b r a k e  r e l e a s e .  

The e n t i r e  l o c k u p / r e l e a s c  c y c l e  i s  completed i n  300  t o  SO0 

m i l l i s e c o n d s ,  t h u s  m i n i n i ~ i n g  wear o f  t h e  t e s t  t i r e .  R e p e t i t i v e  

s l i p  ~ } ~ c l e s  a r e  conduc ted  f o r  g a i n i n g  a s t a t i s t i c a l l y  r e l i a b l e  

d a t a  s amp le ,  and  t h e n  t h e  t e s t  sy s t em i s  a d j u s t e d  t o  a  new s e t  

o f  c o n d i t i o n s  f o r  t h e  n e x t  d a t a  s equence .  
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