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PREFACE 

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

by t h e  U n i v e r s i t y  of Michigan Highway S a f e t y  Research I n s t i t u t e  

(HSRI) i n  c o o p e r a t i o n  w i t h  t h e  blotor Veh ic l e  ? . lanufacturers  

A s s o c i a t i o n  and t h e  Rubber b lanufac turers  A s s o c i a t i o n .  

The HSRI Mobile T i r e  T e s t e r  was used i n  a c q u i r i n g  t h e s e  t r a c t i s n  

t e s t  d a t a  acco rd ing  t o  t h e  Calspan Run Schedule* p r e s c r i b e d  f o r  t h e  

Calspan hwEU/RJILA TIKF V a l i d a t i o n  Program. The HSRI d a t a  will 'I,e 

p l a c e d  i n  c o n t e x t  w i t h  s i m i l a r  d a t a  o b t a i n e d  by o t h e r  o r g a n i z a t i o n s  

o p e r a t i n g  a  t i r e  t e s t  f a c i l i t y  f o r  t h e  purpose  of  examining t h e  

v a l i d i t y  of  t i r e  t r a c t i o n  d a t a  a c q u i r e d  by t h e  new Calspan 

.Corpora t ion  T i r e  gesea rch  F a c i l i t y  (TIRF). 

* Inc luded  i n  a document t i t l e d  " T i r e  Tes t  Programu d i s t r i b u t e d  
Janua ry  1 9 7 3  by  t h e  Veh ic l e  S a f e t y  Research Department of t h e  
hlotor I r e h i c l e  ? l a n u f a c t u r e r s  , 4 s s o c i a t i o n .  
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BREAK-IN PROCEDURE 

100 miles at 60 mph on full-size automobile 

weighted 1250 lb/wheel. Tire pressure at 

26 psi. 

The break-in of the HSRI tires was performed by Ford Motor Company 

while breaking in their own Calspan TIRF validation tires. 

TEST SURFACE DESCRIPlION 

The Calspan TIRF validation tire test program was conducted at 

the Bendix .4utomotive Development Center, New Carlisle, Indiana. 

The dry tests were run on ?n aspkalt section of the pain test 
loop. The dry asphalt test section shci;ed ASTFl skid numbers of 

1.075 peak and ,745 slide. 

The wet testing was performed on the jennite-surfaced skid pad 

watered to approximately - 0 2  inches with the mobile tire tester's 

on-board w ~ f : e r i n g  system. The vrpt j enni.te test section showed ASTM 

skid numbers of .631 peak and ,362 slide. 

The preceding ASTM skid numbers were measured by the Ford 

Pllotor Company traction trailer. 



WET 
TESTS 

F r e e - R o l l i n g  L a t e r a l  Force Fy ( l b )  

Al ign ing  bloment )IZ (f  t * l b )  

TIRF v a l i d a t i o n  d a t a  t a k e n  on wet j e n n i t e  

( F i r e s  tone )  

1 2 0 0  l b .  28 ~ s i .  2 0  mph 

(Genera l )  

1200 l b ,  2 8  y s i  , 2 0  mph 

a Fv hI 

JR78-15 (6 .0  i n c h  rim) 

1 2 0 0  l b ,  28 p s i ,  6 0  mph 

a Fv M 
Z 

( 5 . 5  i n c h  rim) 

1 2 0 0  l b ,  28 ps i . .  60 mrh 

Xote:  A 1 1  t e s t s  run a t  zero  i n c l i n a t i o n  a n g l e  (y=O). 



DRY 
TESTS 

Free-Rolling Lateral Force Fv (lbs) 

Aligning Moment MZ (ftolb) 
TIRF validation data taken at 40 mph on dry asphalt 

(General) G78-15 (5.5 inch rim) 

800 lb, 28 psi 

1200 lb, 2 8  ~ s i  

a 
i- 

V 
M z 

2000 lb. 28 ~ s i  

1200 lb. 32 ~ s i  

Note: All tests run at zero inclination angle (y=O). 



DRY 
TESTS 

F r e e - R o l l i n g  L a t e r a l  Force  F ( l b )  
Y 

Al ign ing  bloment HZ (f t l b )  

TIRF v a l i d a t i o n  d a t a  t aken  a t  40 mph on d r y  a s p h a l t  

( F i r e s  t o n e )  JR78-15 (5 .0  inch  r im)  

800 l b ,  2 8  p s i  

1 2 0 0  l b .  2 8  n s i  

2000 l b ,  28 p s i  

a 
F 

V 
M z 

1200 l b ,  32 p s i  

3 
F v b? z 

Xote :  . A 1 1  t e s t s  run  a t  ze ro  i n c l i n a t i o n  a n g l e  (y=O). 



WET AND 
DRY TESTS 

S t ra igh t -Ahead  L o n g i t u d i n a l  Force F x ( l b )  

T I R F  v a l i d a t i o n  d a t a  t aken  a t  20 mph, 1600  l b ,  and 28 p s i  

Brake/Drive T e s t i n g  on Wet J e n n i t e  

S l  i u  Brake Drive S l i p  Brake Drivl: -- 

Brake T e s t i n g  on Dry A s p h a l t  

S l i p  Brake 

1 4 1  0  

1 3 1 5  

1250  

1125  

1000  

Note: -411 t e s t s  run  a t  zero  i n c l i n a t i o n  a n g l e  (y=O) .  



TREAD TEbIPEMTURE OBSERVATIONS 

The s u r f a c e  tempera ture  of t h e  crown r i b  was con t inuous ly  

monitored wi th  a  Sensor s ,  I n c . ,  i n f r a r e d  r ad iomete r ,  model ATR 

1061-S. A t  t h e  beginning of each t e s t  r u n ,  t he  t r e a d  s u r f a c e  

tempera ture  was t h e  ambient a i r  t empera tu re  which ranged from 

50°F t o  7 Q 0 F .  

The wet pavcment t e s t s  produced no i n c r e a s e  i n  t r e a d  

t empera tu re .  

The dry pavement f r e e - r o l l i n g  t e s t s  r e s u l t e d  i n  t h e  fo l lowing  

maximum tempera tures  a f t e r  about  10 seconds c o n t a c t  t ime.  

S i  i p  
Angle  - 

6 O 

Max, 
Temp. 

The a ry  pa~vernent locked-wheel  t e s i a  ( s t r a i g h t - a h e a d )  r e s t i l t c 5  

i n  a  l o c a l i z e d  "hot  spo t "  a t  about  190°F and a  c i r c u m f e r e n t i a l l y  

'average t r e a d  te ,npera ture  of about  1 2 0 ° F .  

I t  should  b e  noted  t h a t  t h e  loaded t e s t  t i r e  i s  lowered t o  t h e  

t e s t  s u r f a c e  j u s t  p r i o r  t o  a c t u a l  d a t a  t a k i n g  and i s  immediately 

r a i s e d  a f t e r   he t e s t  s u r f a c e  t r a n s i t .  Cons iderable  convect ion  

coo l ing  t akes  p i a c e  ( p a r t i c u l a r l y  when t h e  r a i s e d  t e s t  t i r e  i s  wet )  

a s  t h e  mobile t i r e  t e s t e r  moves a long t h e  approach r o a d s .  I n f l a t i o n  
p r e s s u r e  i n  t h e  t e s t  t i r e  remains f a i r l y  c o n s t a n t .  



TREAD KEAR FEIEASUF,EI?ENTS 

The f o l l o w i n g  t a b l e s  l i s t  t h e  new t i r e  g roove  d e p t h s  and  t h e  

g roove  d e p t h s  upon c o m p l e t i o n  o f  t h e  wet  and d r y  t e s t  p r o c e d u r e s .  

A s i n g l e  G78-15 and a  s i n g l e  J R 7 8 - 1 5  t i r e  was u sed  t h r o u g h o u t  t h e  

e n t i r e  t e s t i n g  program.  The worn g roove  d e p t h s  t h u s  r e f l e c t  wear  

from b o t h  wet  and d r y  t e s t i n g .  

The g roove  d e p t h s  a r e  g i v e n  iz  i n c h e s .  

Gene ra l  G78-15 B e l t e d - B i a s  

Lead ing*  T r a i l i n g  
S h o u l d e r  Crown S h o u l d e r  

Groove 1 Groove 3 Groove 4 Groove 6 

180"  .45P ,380  
Away ,330  ,370  

, 4 4 5  New 
.435 Worn 

F i r e s t o n e  JRT8-15 S t e e l - B e l t e c i  T a d i a l  

Lead ing*  T r a i l i n g  
S h o u l d e r  Crown S h o u l d e r  

Groove 1 Groove 2 Groove 3  Groove 4  

, 3 6 3  ,400  N& 
.335  .390 Worn 

*The l e a d i n g  s h o u l d e r  (g roove  1) i s  forervardmost i n  t h e  c o n t a c t  
r e g i o n  when t h e  t i r e  i s  o p e r a t e d  a t  a s l i p  a n g l e  and may b e  e x p e c t e d  
t o  r e c e i v e  t h e  most wear .  A s l i g h t l y  asymmetr ic  wear p a t t e r n  i s  
e v i d e n t  a s  t h e  t i r e s  were  t e s t e d  o n l y  a t  p o s i t i v e  s l i p  a n g l e s  o f  
6 ,  1 0 ,  1 6 ,  and 2 0  d e g r e e s  ( i n  a d d i t i o n  t o  z e r o  and  k 2  d e g ) .  



FORCE MEASURENENT PRECISION 

The p r e c i s i o n  of a  f o r c e  measurement made w i t h  t h e  HSRI Mobile 

T i r e  T e s t e r  i s  de termined by t h e  f o l l o w i n g  a n a l y s i s .  

A p h y s i c a l  q u a n t i t y  f ( x , y )  c a l c u l a t e d  from t h e  measurements 

of  t h e  independent  v a r i a b l e s ,  x  and y ,  w i l l  be i n  e r r o r  due t o  

u n c e r t a i n t i e s  dx and dy i n  t h e  measurement of  x and y .  The e r r o r  

i n  t h e  p h y s i c a l  q u a n t i t y  i s  

The imprec i se  v a l u e  can be expressed  by a  T a y l o r ' s  s e r i e s  e x p a n s i o , ~  

about  t h e  t r u e ,  and unkrown, v a l u e  of  t h e  d e s i r e d  p h y s i c a l  quantity. 

R e t a i n i n g  t h e  f i r s t  o r d e r  terms i n  t h e  expans ion  (2) a l l o w s  t h e  

measurement e r r o r  (1) t o  be expressed  a s  

A mobile  t i r e  t e s t e r  f o r c e  measurement i s  t h e  p r o d u c t  of  

two independent  v a r i a b l e s ,  each of which i n v o l v e  some u n c e r t a i n t y .  



In  t h e  above,  

F = l o n g i t u d i n a l  o r  l a t e r a l  f o r c e  measurement 

a  = ampli tude of  t r a c e  on c h a r t  r e c o r d e r  

C = c h a r t  r e c o r d e r  c a l i b r a t i o n  f a c t o r  

I n  view of Equat ion  ( 3 ) ,  t h e  f o r c e  measurement e r r o r  i s  

dF = Cda + adC 

The e r r o r  e q u a t i o n  (5)  will be e v a l u a t e d  f o r  t h e  f o l l o w i n g  

t y p i c a l  maxi mu^ v a l u e s ,  

x = 370 l b / i n  ( l o n g i t u d i n a l  f o r c e  c a l i b r a t i o n )  

C~ 
= 3 9 0  l b / i n  ( l a t e r a l  f o r c e  c a l i b r a t i o n )  

da = . 0 2  i n  ( e s t i m a t e d  abi-ci-acy of  r e a d i n g  v i s i c = r i c r  
c h a r t  paper  w i t h  s t e e l  r u l e  w i t h  -01 i n c h  
g r a d u a t i o n s )  

The e s t i m a t e d  c r r o r  i n  c a l i b r a t i o n ,  dC, i s  c a l c u l a t e d  a s  t h e  

s t a n d a r d  devia , ion  of t h e  s l o p e  of  a  l e a s t  s q u a r e s  s t r a i g h t  l i n e  

through a  s e r i e . ;  o f  c a l i b r a t i o n  p o i n t s .  The e q u a t i o n  f o r  

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

l i n e  i s  



where 

n = number of  c a l i b r a t i o n  p o i n t s  

Fc = a p p l i e d  c a l i b r a t i o n  f o r c e  

da = e r r o r  i n  r e a d i n g  t h e  a p p l i e d  c a l i b r a t i o n  

( c h a r t  r e c o r d e r  r e s o l u t i o n ;  , 0 2  i n c h e s )  

The s u b s t i t u t i o n  of  mobi le  t i r e  t e s ~ e r  c a l i b r a t i o n  d a t a  i n t o  

Equat ion  ( 6 )  r e s u l t s  i n  

dCx = 2.46 and 
d C ~  

= 2 . 8 9  

The u n c e r t a i n t y  i n  t h e  measurements QI F and F can  now be 
X Y 

c a l c u l a t e d  from Equat ion  ( 5 ) .  The r e s u l t s  a r e  

This  i s  t h e  p r e c i s i o n  o f  l o n g i t u d i n a l  an? l a t e r a l  f o r c e  measurements 

made w i t h  t h e  HSRI 5Zobile T i r e  T e s t e r .  



SLIP ANGLE SETTING ACCURACY 

To i n v e s t i g a t e  t h e  accuracy  of t h e  mobile  t i r e  t e s t e r  s l i p  

a n g l e  i n d i c a t o r ,  a  s e t  of  sma l l  a n g l e  f r e e - r o l l i n g  t e s t s  were run  

a t  low speed w i t h  a  s p e c i a l  t e s t  t i r e  b e l i e v e d  t o  be  f r e e  from 

l a t e r a l  f o r c e  development by t i r e  nonun i fo rmi ty .  Th i s  c a l i b r a t i o n  

t i r e  was borrorced from Ford blotor Company. 

The l a t e r a l  f o r c e  v e r s u s  sma l l  s l i p  a n g l e  d a t a  found w i t h  t h e  

c a l i b r a t i o n  t i r e  (F ig .  1 )  should  be used i n  c o r r e c t i n g  t h e  f r e e -  

r o l l i n g  l a t e r a l  f o r c e  d a t a  measured f o r  t h e  G78-15 and JR78-15 t i r e s .  
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C a l i b r a t i o n  of t h e  mobile t i r e  t e s t e r  s l i p  
a n r l e  i n d i c a t o r  us ing  a c e r t i f i e d  ze ro  l a t e r a l  
foFce t i r e  from ~ o r d - ? 4 o t o r  Company. 





The longitudinal wheel slip (brake and drive) is computed by 

ratioing the test wheel tachometer signal between the free-rolling 

and locked wheel values. It is believed that the lock-unlock cycle 

time is of sufficient duration to consider the traction force 

versus longitudinal slip data as representative of steady-state 

conditions. 


