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INTRODUCTION 

T h i s  document c o n t a i n s  t h e  p r o c e s s e d  d a t a  measured by t h e  

HSRI mobi l e  t i r e  t e s t e r  a t  Automotive Proving  Grounds, I n c . ,  

Pecos ,  Texas d u r i n g  t h e  t ime p e r i o d  May 8 ' t o  J u n e  1 7 ,  1972. Eleven  

d i f f e r e n t  t i r e  d e s i g n s  ( l i s t e d  i n  Tab le  1 )  were t e s t e d  on wet  and 

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

w i l l  b e  found i n  t h e  TEST PROCEDURES and TEST DATA sec t io ins ,  

r e s p e c t i v e l y .  

A pr imary  o b j e c t i v e  of  t h i s  t e s t  program was t o  a c q u i r e  a  

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

I n  a d d i t i o n ,  it i s  hoped t h a t  t h e  a n a l y s i s  o f  t h i s  d a t a ,  and s i m i l a r  

d a t a  from p r e v i o u s  t e s t  programs,  w i l l  e n a b l e  some d e f i n i t e  s t a t e -  

ments t o  b e  made conce rn ing  t h e  i n f l u e n c e  of  c a r c a s s  c o n s t r u c t i o n  

and m e r i d i a n  p r o f i l e  on t h e  wet  and d r y  t r a c t i o n  f i e l d s  of  p r o d u c t i o n  

t i r e s ,  Such a n a l y t i c a l  e v a l u a t i o n s  w i l l  be t h e  s u b j e c t  of  P a r t  I 1  

of  t h e  C o n s t r u c t i o n  and P r o f i l e  S tudy.  



TIRES TESTED 

The t i r e s  t e s t e d  \<e re  commercially a v a i l a b l e  p roduc t ion  

t i r e s  s e l e c t e d  f o r  s i m i l a r i t y  o f  t r e a d  p a t t e r n  and t i r e  co rd .  As 

a  t r e a d  pa t t , e rn  i s  des igned and t i r e  cord s p e c i f i e d  f o r  optimum 

performance of a  p a r t i c u l a r  t i r e  c o n s t r u c t i o n ,  i t  i s  imposs ib le  

t o  o b t a i n  a sequence of p roduc t ion  t i r e s  which va ry  only i n  a s p e c t  

r a t i o  and c a r c a s s  c o n s t r u c t i o n  ( b i a s ,  b e l t e d - b i a s  , r a d i a l ) .  I t  

i s  b e l i e v e d ,  however, t h a t  t h e  two t i r e  v a r i a b l e s  under s tudy  

( c a r c a s s  c o n s t r u c t i o n  and mer id ian  p r o f i l e )  do have a  d e f i n i t e  

i n f l u e n c e  on t h e  t r a c t i o n  f i e l d  of  p roduc t ion  t i r e s  which a r e  

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

n a t u r e  of  a l l  t i r e  v a r i a b l e s  which i n f l u e n c e  t i r e  t r a c t i o n ,  i n f o r -  

mation o b t a i n e d  from a  sequence o f  exper imenta l  t i r e s  c a r e f u l l y  

c o n s t r u c t e d  t o  show s e l e c t e d  v a r i a t i o n s  would b e  d i f f i c u l t  t o  use 

i n  p r e d i c t i n g  t h e  t r a c t i o n  behav io r  of  p roduc t ion  t i r e s .  Both 

types  of t e s t  programs a r e  needed. F indings  o b t a i n e d  dur ing  t h e  

cour se  of a n a l y s i s  of t h e  p roduc t ion  t i r e  d a t a  p r e s e n t e d  i n  t h i s  

'document should  be confirmed wi th  s i m i l a r  t e s t s  made on s p e c i a l l y  

cons t r u c t e d  t i r e s .  

F igure  1 p r e s e n t s  t h e  mer id ian  p r o f i l e s  of  t h e  t i r e s  t e s t e d  

f o r  t h i s  s t u d y .  The dimensions ( inches )  i n d i c a t e d  i n  F igure  1 

a r e  those  s p e c i f i e d  by t h e  1972 T i r e  and R i m  A s s o c i a t i o n  Yearbook 

f o r  t h e  mounted t i r e  i n f l a t e d  t o  2 4  p s i .  . An a t t empt  was made t o  

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

r a t i o s .  This proved t o  be imposs ib le  wi th  p roduc t ion  t i r e s .  Dis-  

cuss ions  wi th  t i r e  i n d u s t r y  people  r evea led  t h a t  s e v e r a l  such 

combinat ions a r e  i m p r a c t i c a l .  For example, a  low a s p e c t  r a t i o  

b i a s - p l y  t i r e  r e q u i r e s  a  b e l t  f o r  t r e a d  s t a b i l i t y .  A 6 0 - s e r i e s  

b e l t e d - b i a s  t i r e  was inc luded  i n  t h e  t i r e  i n v e n t o r y .  Unfor tuna te ly ,  

t h e  6 0 - s e r i e s  r a d i a l  t i r e  i n  a  comparable t r e a d  p a t t e r n  and t i r e  

cord  in t ended  f o r  t h i s  t e s t  program was de layed  i n  be ing  c e r t i f i e d  

f o r  p roduc t ion  and thus  was u n a v a i l a b l e  f o r  t e s t i n g .  



F i g u r e  1. Mer id i an  p r o f i l e s  o f  t i r e s  t e s t e d  f o r  t-he HSRI 
c o n s t r u c t i o n  and p r o f i l e  s t u d y .  



T a b l e  1 g i v e s  c o n s t r u c t i o n  and  p r o f i l e  d a t a  f o r  t h e  t i r e s  

t e s t e d .  T i r e s  f ~ . G i l  t h e  f i r e  m a j o r  U .S .  m a n u f a c t u r e r s  a r e  r e p r e -  

s e n t e d  i n  t h i s  t i r e  i n v e n t o r y .  A t i r e  code  ( e . g . ,  B178A) i s  u s e d  

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

r a n g e  B ( 4 - p l y  r a t i n g ) .  

TABLE 1 

CARCASS CONSTRUCTION AND MERIDIAN PROFILE DATA 

Code S i z e  Rim C a r c a s s  Cord H/W* P e r i p h e r y * *  

B178A F78-'14 5 . 5  B i a s  P o l y e s t e r  . 8 0  1 6 . 1 5  

B178B F78-14 5 . 5  B i a s  P o l y e s t e r  . 8 0  1 5 . 7 5  

B170A F70-14 5 . 5  B i a s  P o l y e s t e r  . 7 4  1 6 . 7 5  

B278A F78-14 5 . 5  B e l t e d -  P o l y e s t e r -  .80  1 5 . 5 0  
B i a s  G l a s s  

B278B F78-14 5 . 5  B e l t e d -  P o l y e s t e r -  .80  1 5 . 7 5  
B i a s  G l a s s  

B278C F78-14 5 . 5  B e l t e d -  P o l y e s t e r -  .80  1 5 . 8 0  
B i a s  G l a s s  

B270A F70-14 5 . 5  B e l t e d -  P o l y e s t e r  - . 7 4  1 6 . 0 0  
Bias G l a s s  

B270B F70-14 5 . 5  B e l t e d -  P o l y e s t e r -  ; 74 1 6 . 2 5  
B i a s  G l a s s  

B260A F60-14 7 .0  B e l t e d -  P o l y e s t e r -  .59  1 7 . 2 5  
B i a s  G l a s s  

R70A FR70-14 6 . 0  R a d i a l  Rayon- Rayon , 7 1  1 6 . 7 5  

R70B FR70-14 6 . 0  R a d i a l  Rayon-Rayon . 7 1  1 7 . 0 0  

* I n f l a t e d  t i r e  a s p e c t  r a t i o .  

* * B e a d - t o - b e a d  m e r i d i a n  l e n g t h  ( i n c h e s ,  u n i n f l a t e d ) .  



Although an a t t empt  was made t o  have a  s t a n d a r d  l o n g i t u d i n a l  

g roove ,  h ighway- type  t r e a d  patter-1: on a l l  t i r e s ,  p a t t e r n  v a r i a t i o n s  

a r e  i n e v i t a b l e  w i t h  p r o d u c t i o n  t i r e s .  The g r e a t e s t  p a t t e r n  d e v i a -  

t i o n  on t h e  t i r e s  t e s t e d  i s  t h a t  of t h e  r a d i a l  t i r e  R 7 0 A  which 

came i n  a  5 - r i b  modera te ly  open ( t r a n s v e r s e  g roov ing)  t r e a d .  The 

o t h e r  r a d i a l  t i r e  t e s t e d  had a  con t inuous  r i b  p a t t e r n  s i m i l a r  t o  

t h e  p a t t e r n s  on t h e  b i a s  and b e l t e d - b i a s  t i r e s .  Except  where n o t e d ,  

t h e  t r e a d  p a t t e r n  d a t a  g i v e n  i n  Tab le  2 i s  f o r  t h e  i n f l a t e d  b u t  

unloaded t i r e .  Tread compound i n f o r m a t i o n  has  n o t  y e t  been o b t a i n e d  

f o r  t h e s e  t i r e s .  

TABLE 2 

TREAD PATTERN DATA 

Tread  Groove Depths ( i n )  Contac t  P r i n t  t *  

Code S i z e  Arc* Ribs Shou lde r  Crown Length ( i n )  

'Shou lde r - to - shou lde r  t r a n s v e r s e  a r c  l e n g t h  ( i n c h e s ,  u n i n f l a t e d )  

**At t e s t  l o a d  (1100 l b . )  and 24 p s i .  The % v o i d  i n c l u d e s  
k e r f  i n g  . 



TEST PROCEDURES 

The f o l l . o ~ t ~ i n g  s p e c i f i c a t i o n s  p e r t a i n  t o  mobile  t i r e  t e s t s  

performed on t h e  t i r e  i n v e n t o r y  (Tables  1 and 2 )  f o r  t h e  HSRI 

c o n s t r u c t i o n  and p r o f i l e  s t u d y .  

Date: May 8  t o  June  1 7 ,  1972 

S i t e :  Automotive Proving Grounds, I n c . ,  Pecos ,  Texas 

Test : Braking-  Cornering T r a c t i o n  (dry and wet)  

Load: 1100 l b . ,  28 p s i  

S l i p :  - 2 ,  0 ,  2 ,  4,  8 ,  1 2 ,  16 deg;  - 5  t o  100% l o n g ,  

Speed: 20, 40, 55 mph 

S u r f a c e :  (1) a s p h a l t ,  (2) c o n c r e t e  

(1) A c o a r s e  a g g r e g a t e  bi tuminous c o n c r e t e  w i t h  ASTM 
s t a n d a r d  t i r e  40 mph wet f r i c t i o n  c o e f f i c i e n t s  - 7 5  
peak and - 4 7  s l i d e .  Dry c o e f f i c i e n t s  . 8 5  peak and 
, 7 3  s l i d e  a t  40 mph. S l i g h t  macro and moderate  
m i c r o t e x t u r e .  A .P .Gaedes igna t ion :  S 

(2) Brushed c o n c r e t e  highway s u r f a c e  w i t h  ASTM s t a n d a r d  
t i r e  40 mph w t  f r i c t i o n  c o e f f i c i e n t s  ; 7 2  peak and 
.46 s l i d e .  Dry c o e f f i c i e n t s  .82 peak and .68 s l i d e  
a t  40 mph. S l i g h t  macro-and moderate m i c r o t e x t u r e .  
A.P.G. d e s i g n a t i o n :  L 

(The p reced ing  a r e  A.P.G. s u r f a c e  s p e c i f i c a t i o n s . )  

A l l  t e s t  t i r e s  a r e  mounted on t h e  rims s p e c i f i e d  (Table 1, 

Column 3) by t h e  1972 T i r e  and R i m  A s s o c i a t i o n  Yearbook. 

The s p e c i f i e d  t i r e  l o a d ,  1100 l b . ,  i s  86% o f  t h e  T i r e  and R i m  

A s s o c i a t i o n  d e s i g n  l o a d  (1280 l b . )  f o r  an F - s i z e  t i r e ,  A l l  o f  t h e  

wet t e s t i n g  was performed a t  1100 l b .  The dry  t e s t i n g  was performed 

a t  s l i g h t l y  lower l o a d s  ( r ang ing  from 800 t o  1000 l b . )  due t o  t h e  

i n a b i l i t y  of t h e  mobile  t i r e  t e s t e r  t o  lock  t h e  t e s t  wheel on a  

dry  s u r f a c e  a t  1100 l b .  The a c t u a l  t e s t  l oads  a r e  i n d i c a t e d  w i t h  

t h e  o u t p u t  d a t a .  

* A . P , G .  - Automotive Proving Grounds 
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The i n f l a t i o n  p r e s s u r e  of  28 p s i  was s e t  i n  t h e  c o l d  t i r e .  As 

t h e  t e s t  wheel c o n t a c t s  t h e  pavement on ly  d u r i n g  t e s t  s u r f a c e  

t r a n s i t  ( l e s s  t h a n  6 0 0  f t . ) ,  p r e s s u r e  r i s e  due t o  t i r e  h e a t i n g  i s  

n o t  a  problem. This  p rocedure  was adopted  a f t e r  o b s e r v a t i o n s  o f  

t h e  t r e a d  s u r f a c e  t e m p e r a t u r e  w i t h  an i n f r a r e d  r a d i o m e t e r  showcd a 
v e r y  r a p i d  t e m p e r a t u r e  decay when t h e  t e s t  t i r e  was l i f t e d  a f t e r  

t e s t  s u r f a c e  t r a n s i t . *  Cons ide rab le  c o n v e c t i o n  c o o l i n g  a p p a r e n t l y  

t a k e s  p l a c e  a s  t h e  unloaded t i r e  moves a long  t h e  approach road  

between t e s t s .  No p r e s s u r e  change was found d u r i n g  checks made 

immedia te ly  a f t e r  a  t e s t  t r a n s i t .  

~ a t e r i l  t i r e  s l i p  i s  c o n t r o l l e d  by manual ly s e t t i n g  t h e  t e s t  

wheel a t  a  s p e c i f i e d  s l i p  a n g l e .  A s  t h e  mobi le  t i r e  t e s t e r  e n t e r s  

t h e  t e s t  s u r f a c e ,  t h e  t e s t  wheel i s  lowered t o  loaded  c o n t a c t  a t  

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

by an independen t  h y d r a u l i c  motor which d r i v e s  (and b r a k e s )  t h e  

t e s t  wheel a c c o r d i n g  t o  a  p r e s e t  program. For t h e s e  t e s t s ,  a  ramp 

c o n t r o l  i n p u t  (F ig .  2 )  was used  t o  s l o w l y  r educe  t h e  t e s t  wheel 

- r o t a t i o n a l  v e l o c i t y  t o  z e r o  ( locked  wheel)  and t h e n  r e t u r n  i t  t o  

t h e  t e s t  t r a n s i t  v e l o c i t y  ( f r e e  r o l l i n g ) .  The a c t u a l  t e s t  wheel 

1 .  T e s t  T r a n s i t  V e l o c i t y  Free R o l l i n  

R o t a t i o n  
C o n t r o l  
S i g n a l  

Locked 
Wheel 3 s e c  6 s e c  

F i g u r e  2 ,  T e s t  wheel r o t a t i o n  c o n t r o l  s i g n a l  v s .  t ime .  

*An a v e r a g e  t r e a d  t e m p e r a t u r e  of  130°F was obse rved  d u r i n g  dry  
t e s t i n g .  A l o c a l i z e d  h o t  s p o t  a t  approx ima te ly  200°F o c c u r s  
a t  h i g h  s l i p  a n g l e  wheel l o c k .  



r o t a t i o n a l  v e l o c i t y  i s  measured h;. a DC tachometer  and recorded  

a long  wi th  t h e  o u t p u t  o f  t!;t t l * . . ,  t i o n  f o r c e  t r a n s d u c e r s .  Longi- 

t u d i n a l  wheel s l i p  was computed b17 r a t i o i n g  t h e  t e s t  wheel t a c h o n e t e r  

s i g n a l  between t h e  f r e e - r o l l i n g  ynd locked-wheel  v a l u e s .  I t  i s  

b e l i e v e d  t h a t  t h e  lock-un lock  c y c l e  t ime i s  s u f f i c i e n t l y  long t o  

c o n s i d e r  t h e  t r a c t i o n  f o r c e  ve r sus  l o n g i t u d i n a l  s l i p  d a t a  as  

r e p r e s e n t a t i v e  of s t e a d y - s t a t e  c o n d i t i o n s .  

The t e s t  t r a n s i t  v e l o c i t y  i s  c o n t r o l l e d  by an engine  governor  

which l i m i t s  t h e  d i e s e l  engine d r i v i n g  t h e  mobile t i r e  t e s t e r  t o  

2100 rpm, The t r a n s i t  v e l o c i t y  i s  main ta ined  by d r i v i n g  t h e  engine  

up a g a i n s t : t h e  governor  w h i l e  i n  t h e  t r a n s m i s s i o n  g e a r  g i v i n g  t h e  

d e s i r e d  v e l o c i t y  a t  2 1 0 0  rpm. Table  3 g i v e s  t h e  t r u c k  v e l o c i t i e s  

i n  each g e a r  a s  recorded  by a  f i f t h  wheel speedometer .  

TABLE 3 

MOBILE TIRE TESTER GEAR SELECTIONS 
AND RESULTING VELOCITIES AT 2100 rpm 

Gear - 
Truck 

V e l o c i t y  (mph) 

The f o u r t h  and seven th  g e a r s  were used f o r  t h e  20 and 40  mph 

t e s t s .  The h y d r a u l i c  t e s t  wheel motor l i m i t e d  t h e  maximum speed 

a t  which t h e  t e s t  wheel could  be l s c k e d  - t o  55 mph. This  v e l o c i t y  

was o b t a i n e d  i n  n i n t h  g e a r  a t  1600. rpm which was main ta ined  by t h e  

t r u c k  d r i v e r .  



SCREENISG PROGRA?*i 

A s e t  of  f o u r  t i r e s *  was purchased  f o r  each  of t h e  e l e v e n  t i r e  

d e s i g n s  (Tab les  1 and 2 )  t e s t e d .  Each t i r e  s e t  was broken i n  \ < i t h  

approx ima te ly  1 0 0  m i l e s  o f  highway d r i v i n g  u s i n g  automobi les  f o r  

which t h e  t i r e s  were d e s i g n e d .  I n  o r d e r  t o  o b t a i n  a  r e p r e s e n t a t i v e  

t i r e  f o r  each  d e s i g n ,  a low-speed s c r e e n i n g  program was conducted 

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

S i t e :  Automotive P rov ing  Grounds, I n c . ,  Pecos ,  Texas 

T e s t :  : Peak t r a c t i o n  f o r c e  g e n e r a t i o n ;  l o n g i t u d i n a l  (Fx) 

and l a t e r a l  (F ) 
Y 

Load: 1100 l b . ,  28 p s i  

S l i p :  4 ,  6 ,  8 d e g , ;  0 -100% l o n g i t u d i n a l  s l i p  

Speed: 20 mph 

S u r f a c e :  A s p h a l t  c o n c r e t e  approach  r o a d ,  dry 

The peak l o n g i t u d i n a l  and l a t e r a l  f o r c e s  p l o t t e d  a s  a f u n c t i o n  

of  s l i p  a n g l e  were used  t o  de te rmine  t h e  r e p r e s e n t a t i v e  t i r e  of 

each  s e t .  These p l o t s  a r e  g i v e n  on t h e  f o l l o w i n g  pages .  The 

t i r e ( s )  s e l e c t e d  a r e  i n d i c a t e d  on each p l o t .  

*The t i r e s  were p r i m a r i l y  premium grade  and a l l  were from t h e  f i v e  
major  U .  S .  t i r e  m a n u f a c t u r e r s .  
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TEST DATA 

The f o l l o ~ i i n g  t r a c t i o n  t e s t  d a t a  was o b t a i n e d  from t h e  e l evcn  

t i r e s  de termined by the p r e v i o u s l y  d e s c r i b e d  s c r e e n i n g  program 

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

Two d a t a  a c q u i s i t i o n  systems (ana log  t a p e  and o s c i l l o g r a p h  

pape r )  were used on-board t h e  mobile  t i r e  t e s t e r .  The magnet ic  

ana log  t a p e  r e c o r d s  were p rocessed  e n t i r e l y  by computer.  The 

t r a c t i o n  d a t a  from t h e  ana log  t a p e  system appea r s  a s  computer- 

produced p l o t s  which i n c l u d e  a l i g n i n g  moment a s  w e l l  a s  l o n g i t u d i n a l  

and l a t e r a l  f o r c e s .  The o t h e r  a c q u i s i t i o n  sys tem,  o s c i l l o g r a p h  

r e c o r d i n g  on c h a r t  p a p e r ,  r e q u i r e s  d a t a  p r o c e s s i n g  by hand. The 

hand-p rocessed  o s c i l l o g r a p h  r e c o r d s  appear  a s  l o n g i t u d i n a l  and 

l a t e r a l  f o r c e  p l o t s  on s e p a r a t e  o r d i n a t e s .  Most of  t h e  o s c i l l o g r a p h  

r e c o r d s  do n o t  i n c l u d e  a l i g n i n g  moment. Table  4 s e p a r a t e s  t h e  

computer -processed  ana log  ' t a p e  d a t a  from t h e  hand-processed  

o s c i l l o g r a p h  d a t a .  

TABLE 4 

CONSTRUCTION AND PROFILE STUDY 
DATA ACQUISITION 

T i r e  
Code 

Wet 
T e s t s  

Dry 
T e s t s  

Analog Tape Analog Tape 

Analog Tape Analog Tape 

Analog Tape Analog Tape 

Analog Tape Analog Tape 

O s c i l l o g r a p h  Analog Tape 

O s c i l l o g r a p h  O s c i l l o g r a p h  

O s c i l l o g r a p h  Analog Tape 

Analog Tape Analog Tape 

Analog Tape - Analog Tape 
~ n a l o ~  Tape Analog Tape 

O s c i l l o g r a p h  Analog Tape 



A comple te  d e s c r i p t i o n  of  t h e  d a t a  p r o c e s s i n g  p rocedures  

fo l lowed  w i l l  b e  g i v e n  i n  a subsequen t  document devo ted  t o  ana1:rsi.s 

o f  t h i s  d a t a .  

The p r o c e s s e d  t i r e  t r a c t i o n  f o r c e  and moment measurements a r e  

p r e s e n t e d  h e r e  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  (braking:) f o r  

s e l e c t e d  s l i p  a n g l e s .  The comple te  body o f  t i r e  d a t a  i s  s t o r e d  

on magnet ic  d i g i t a l  t a p e  accord ing  t o  t h e  format  g i v e n  l a t e r  i n  

t h i s  r e p o r t .  I t  was f e l t  t h a t  t h e  t r a c t i o n  f o r c e s  v e r s u s  

l o n g i t u d i n a l  s l i p  d a t a  would be of  g r e a t e s t  i n t e r e s t  a t  t h i s  t i m e .  

Many p l o t t i n g  combinat ions  a r e  p o s s i b l e ,  

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

T a b l e  5 g i v e s  t h e  w a t e r  d e p t h s  and r e s u l t i n g  ASTM s k i d  numbers 

(40 mph, s l i d e )  measured w i t h  t h e  HSRI mobi le  t i r e  t e s t e r  on each 

o f  t h e  days when wet t e s t i n g  was conducted .  

TABLE 5 

WATER DEPTHS AND SKID NUIBERS* ON SURFACES USED 
FOR THE CONSTRUCTION AND PROFILE STUDY 

1972 A s p h a l t  Concre te  
Date Depth SN Depth S 1lJ - 

*40 mph locked  wheel t e s t  a c c o r d i n g  t o  ASTM E274-70. 



The water  depths  \,;ere measured a t  noon on each of t h e  

i n d i c a t e d  days w i t h  a B . F .  Goodrich Water F i l m  Depthmeter* madc 

a v a i l a b l e  by Automotive P r o v i n g  Grounds. 

D i s c r e t e  p o i n t s  i n d i c a t e d  on t h e  p l o t s  by X ,  A ,  0 ,  # ,  e t c . ,  

a r e  t h e  averages  of f o r c e s  ( o r  moment) measured dur ing  a  number 

of r e p l i c a t e  r u n s .  The cont inuous  curves  which p a s s  through most 

of t h e  d i s c r e t e  p o i n t s  r e s u l t  from a  l e a s t  squa res  f i t  ( i n  t h e  

c a s e  of computer p rocessed  d a t a )  o r  a  f l e x i b l e  f r e n c h  curve  f i t  

( i n  t h e  c a s e  of  t h e  hand-processed  d a t a ) .  

*An e l e c t r i c  p robe - type  depthmeter  measuring wa te r  depth  above 
s u r f a c e  a s p e r i t i e s .  
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DIGITAL TAPE STORAGE 

Many of  t h e  p r e c e d i n g  t i r e  d a t a  p l o t s  were drawn by a Calcomp 

5 6 5  d i g i t a l  p l o t t e r  d r i v e n  o n - l i n e  by an IBM 1800 computer .  Th i s  

d a t a  was p r o c e s s e d  e n t i r e l y  by computer from ana log  t a p e  r e c o r d i n g s  

(Table  4) made on-board  t h e  mobi le  t i r e  t e s t e r .  

The e n t i r e  c o l l e c t i o n  o f  compute r -p rocessed  d a t a ,  wit:h t e s t  

p a r t i c u l a r s ,  has  been s t o r e d  on magne t i c  d i g i t a l  t a p e .  The format  

used  f o r  t h e  s t o r a g e  i s  v e r y  c l o s e  t o  t h e  fo rma t  conceived  by 

Mr. W. T .  Wel ls*  o f  C h r y s l e r ,  

Each d,ata p o i n t * *  i s  r e p r e s e n t e d  by t h r e e  80-column c a r d s ,  o r  

c a r d  images s t o r e d  on t a p e .  F i g u r e  3 ,  on t h e  n e x t  page ,  i . l l u s t r a t e s  . 
t h e  t h r e e  c a r d  image f o r m a t s  w i t h  a  r e p r e s e n t a t i v e  d a t a . p o i n t .  The 

f i r s t  column o f  each c a r d  i d e n t i f i e s  t h e  t y p e  o f  c a r d ;  t e s t  

d e s c r i p t i o n ,  t i r e  d e s c r i p t i o n ,  o r  t h e  t e s t  i n p u t / o u t p u t .  The 

t i r e  code (COPS. 10 -21  on t h e  d e s c r i p t i o n  c a r d )  i s  t h a t  o f  t h e  t i r e  

d e s i g n s  l i s t e d  i n  Tab les  1 and 2 .  The t i r e  code i s  p receded  by a 
t i r e  number (1-4)  i n d i c a t i n g  which t i r e  o f  t h e  f o u r - t i r e  s e t  was 

- t e s t e d .  

The r e a d  f o r m a t s  f o r  t h e  c a r d  images i l l u s t r a t e d  i n  F i g u r e  3  

a r e  

Card 1 

(11,  8X, A4, A 2 ,  1 2 ,  3X, 2A4, A3, 2 ~ ~ 2 . ' 0 ,  3PF2.0, 40X, 115) 

*"Tire  Co,rnering-Braking Data ,"  by ~ i l l i a m  T .  Wel l s ,  Akron Rubber 
Group T i r e  Mathematics Symposium, A p r i l  23, 1971,  Akron, Ohio. 

**The t i r e  t r a c t i o n  f a r c e s  and moment a t  a  s p e c i f i c  s e t  of  
o p e r a t i n g  c o n d i t i o n s  ( v e l o c i t y ,  s l i p  a n g l e ,  l o n g i t u d i n a l ,  s l i p ,  
e t c . )  . 





Card 2 

Card 3 

(11, 6X, 12,  F3.0, F 4 . 0 ,  2F3.0, 6X, F5.1, 2F6.1, 1 2 X ,  F 6 . 1 ,  1 2 X ,  IS)  

The SN40 s k i d  number punched i n  ca rd  1 (Cols. 32- 3 3 )  i s  read 

wi th  a  s c a l e  f a c t o r  o f  2 t o  o b t a i n  t h e  f r i c t i o n  c o e f f i c i e n t .  The 

water  depth (Cols.  34- 35) i s  read  wi th  a  s c a l e  f a c t o r  of 3 t o  o b t a i n  
t h e  depth i n  inches .  

The f o r c e  and moment d a t a  p o i n t s  i n  ca rd  3 a r e  t h e  average 

values  der ived  from a  number (u sua l ly  10) of r e p l i c a t e  foirce and 

moment versus  l o n g i t u d i n a l  s l i p  curves ob ta ined  by repea ted  t e s t i n g  

a t  t h e  same ope ra t i ng  cond i t i ons .  As unbiased measurement e r r o r s  

a r e  minimized by d a t a  averag ing ,  i t  i s  reasonable  t o  expect  t h e  

averaged d a t a  p o i n t s  t o  be more accu ra t e  than those  of a  s i n g l e  

measurement. For t h i s  reason ,  t h e  averaged d a t a  p o i n t s  a r e  

recorded t o  .l l b .  (a  g r e a t e r  accuracy than can be expected from 

a  s i n g l e  mobile t i r e  t e s t e r  measurement) i n  o rde r  t o  more accu ra t e ly  

determine such parameters as  t h e  l o n g i t u d i n a l  s l i p  s t i f f n e s s ,  CS.  

F igure  4 i l l u s t r a t e s  a  segment of t h e  80-column card  image 

records  s t o r e d  on d i g i t a l  t ape .  I t  i s  seen t h a t  ca rds  1 and 2 

need not  be repea ted  f o r  v a r i a t i o n s  i n  s l i p  ang le  and l o n g i t u d i n a l  

s l i p .  

The d i g i t a l  t ape  i s  9 - t r a c k  i n  IBM EBCDIC code a t  800 b p i .  

The 80-column records  a r e  unblocked and have a  record sequence 

number i n  t h e  l a s t  5 columns. Two f i l e  marks s i g n a l  t h e  end 
of t he  t ape .  



4 500 1078 481 
4 600 939 521 
4 700 863 521 
4 800 820 505 
4 900 871 453 
4 1000 809 294 

ASPHALT WET531 5 
BIAS-BELTEDF60-14 60 7.0 
8 -25 7081 -88 
8 0 7130 -221 
8 25 7062 -405 
8 50 6784 -493 
8 75 6445 -532 
8 100 6041 -535 
8 125 5639 -515 
8 150 5274 -479 
8 175 4862 -408 
8 200 4494 -328 
8 225 4179 -258 
8 250 3867 -185 
8 275 3587 -109 
8 300 3347 -41 
8 400 2636 153, 
8 500 2024 311 
8 600 1660 cCl7 
8 700 1436 462 
8 800 1365 485 
8 900 1237 445 
8 1000 1156 312 

ASPHALT WET5315 
BIAS-BELTEDF60-14 60 7.8 

12 -25 7209 -225 
12 0 71 19 -285 
12 25  6935 -315 
12 50 6661 -333 
12 75  6353 -335 
12 100 6021 -322 
12 125 5707 -292 
12 150 5408 -264 

12 175 5153 -234 
12 200 4901 -194 
12 225 4655 -153 
12 250 4428 -113 
12 275 4213 -74 

F i g u r e  4 .  Card image t a p e  dump. 



DATA TABLES 

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

i s  used  f o r  t h e  d a t a  p r o c e s s e d  by computer from ana log  t a p e  r e c o r d s .  

Force  and moment d a t a  f o r  2 1  l o n g i t u i i n a l  s l i p  v a l u e s  ( spaced  

between f r e e - r o l l i n g  and locked  wheel )  a t  each  s e t  of  o p e r a t i n g  

c o n d i t i o n s  a r e  s t o r e d  on t h e  d i g i t a l  t a p e .  

The o s c i l l o g r a p h  r e c o r d  d a t a  was hand-p rocessed  f o r  on ly  1 2  

v a l u e s  o f  l o n g i t u d i n a l  s l i p .  Th i s  d a t a ,  which i s  n o t  incl-uded* 

i n  t h e  d i g i t a l  t a p e  s t o r a g e ,  i s  g i v e n  i n  t h e  f o l l o w i n g  t a b l e s  o f  

l o n g i t u d i n a l  s l i p  (s,) and t r a c t i o n  f o r c e s  (Fx, F  ) i n  pounds.  
Y 

*Table  4 on page  16  i n d i c a t e s  which t i r e s  have t e s t  d a t a  by 
ana log  t a p e  a c q u i s i t i o n .  This  d a t a  i s  s u b s e q u e n t l y  s t o r e d  on 
d i g i t a l  t a p e ,  
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TREAD IYE.\R 

Tread  dcp t l l  :?ec?su~.cd i n  t ! ic  .;tioulder and crolin r i b  grcl .:cs 

b e f o r e  and a f t e r  t e s t i n g  l ~ i t h  a  d i a l - t y p e  r u n o u t  g a g e . *  Tab le  i 

l i s t s  t h e  a v e r a g e  r e d u c t i o n  i n  t r e a d  d e p t h  (wear)  measured a f t e l -  

comple t ion  of  t h e  wet and d r y  t e s t s .  The wet wear v a l u e s  a r e  

a v e r a g e s  o f  b o t h  s h o u l d e r  grooves  measured a t  4 p o i n t s  a round t h e  

t i r e  c i r c u m f e r e n c e .  The d ry  wear v a l u e s  a r e  a v e r a g e s  o f  b o t h  

s h o u l d e r  and crown r i b  g rooves  measured a t  6  p o i n t s  a round t h e  

c i r c u m f e r e n c e .  The new t i r e  g roove  d e p t h s  a r e  t h e  a v e r a g e s  o f  t h e  

crown and s h o u l d e r  d e p t h s  g i v e n  i n  T a b l e  2 ,  A l l  measurements a r e  

i n  i n c h e s .  

TABLE 6  

TREAD WEAR DATA 

New Wet Dry 
Code S i z e  Depth Wear lY e a r  - 
B178A F78-14 . 39  ,010  . I 2 7  

B178B F78-14 .37  .005 , 1 0 1  

B170A F70-14 . 38  , 008  .095 

B278A F78-14 .39 . 003  ,090  

B278B F78-14 .39  ,010  , 0 6 3  

B278C F78-14 .39 .012 , 1 1 3  

B270A F70-14 - 3 4  . 011  ,090  

B270B F70- 14 . 38  .005  , 146  

B260A F60-14 . 3 1  .015 ,090  

R70A FR70-14 - 3 8  .018 . I 6 1  

R70B FR70-14 .36  ,010  , 126  

*A m o d i f i e d  m a c h i n i s t ' s  gage c a l i b r a t e d  t o  , 0 0 1  i n c h .  




