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1.0 INTRODUCTION 

This document reports  on an experimental program conducted by 
the  Highway Safety Research I n s t i t u t e  (HSRI) of The University of 

Michigan under Contract Number DOT-OST-60157 from the Office of 
Noise Abatement of the U .  S .  Department of Transportation. The 
project had as i t s  primary objective the gathering of data descrip- 
t ive  of the noise and t rac t ion  charac te r i s t i c s  of lug- and rib-type 
truck t i r e s  of radial-ply construction. The terms "lug" and "r ib"  

are  meant to  denote two basic tread configurations which d i f f e r  i n  

the  or ienta t ions  of the major elements in the tread pat tern .  The 

"lugu-type tread i s  one in which the major elements in the tread 

pattern a re  oriented in the  transverse di rect ion and a re  separated 

from one another by s ign i f i can t  transverse grooves. The "r ib"-  

type tread i s  characterized by tread elements oriented primari ly 
in the  circumferential d i rect ion and which are separated from one 
another by circumferential grooves. 

Lug- and rib-type truck t i r e s  have been shown t o  contras t  
markedly in t he i r  noise generating propert ies while in the f ree ly  
ro l l ing  s t a t e  [ I ] .  The study reported herein,  while reconfirming 
t ha t  radial  "lugs" a r e  s ign i f i can t ly  nois ier  than radial  " r i b s , "  
endeavored to  fur ther  compare these two t i r e  types in terms of t he i r  
highway t rac t ion  qua1 i t i e s .  The project  i s  thus seen as complementing 
a similar  study [2] conducted using a sample of bias-ply heavy truck 
t i r e s .  

I t  should be noted t h a t  the r e s t r i c t i on  of t h i s  examination 
t o  noise and t rac t ion  properties in no way presupposes a p r io r i ty  
of these two topics in the evaluation of t i r e  qual i ty .  Rather, 
the study r e f l e c t s  the f a c t  t ha t  truck t i r e  t r ac t ion  data a re  
exceedingly scarce and are  needed, in accompaniment with noise da t a ,  
t o  fac to r  vehicle safe ty  considerations in to  the t i r e  noise 
controversy. 
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2.0 R E S E A R C H  METHODOLOGY 

The methodologies employed in  t h i s  study addressed the 

characterization of two diverse aspects of t i r e  behavior. Measure- 

ments were conducted t o  describe b o t h  the noise and t rac t ion per- 

formance qua l i t i e s  of a sample of s i x  truck t i r e s ,  under conditions 

which were seen as relevant t o  the respective noise and t rac t ion 

in te res t s  ar is ing from environmental and safety issues.  With 

regard t o  noise generati on, measurements were made according t o  

procedures simi 1 ar  t o  those specified in Society of Automotive 

Engineers Recommended Practice 557, Sound Level of Highway Truck 

Tires. Traction measurements were conducted according t o  proce- 

dures developed a t  HSRI, since a standardized methodology has ye t  

t o  be established.  

2.1  Tire Sample 

Six radial-ply heavy truck t i r e s ,  ident i f ied  below, were 

selected as t e s t  t i r e s  for  the noise and t rac t i cn  experiments. All 

t i r e s  were s ize  10.00 x 2016, where the " G "  designation indicates a 

Tire and  Rim Association ( T & R A )  rated load ( f o r  a single applicat ion) 

of 6040 lbs a t  a cold inf la t ion pressure of 105 ps i .  The t e s t  sample, 

as i l lus t ra ted  in Figures l a  and I b ,  contains three t i r e s  with 

"circumferential r ibH-type tread patterns and three t i r e s  configured 

with tread patterns of e i the r  the "cross lug" or "aggressive r i b "  

va r ie t i e s .  

Sample of Radial -Ply Tires 

Firestone Transteel 

Goodyear Unis teel  R-1 

Michel in XZA 

Rib  Tread 

Fires tone Transteel Traction 

Goodyear Unis teel L-1 Lug Tread 

Michelin X Z Z  Aggressive Rib 
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Five specimens of each t i r e  were procured d i r e c t l y  from the 

respective manufacturers in comnon production l o t  s e t s .  

2 .2  Noise Level Measurements 

Noise 1 eve1 measurements were conducted by the National 
Bureau of Standards a t  the f a c i l i t i e s  of the Dana Automotive Test 

Center in Ottawa lake,  Michigan. The noise level measurements were 

made according t o  procedures s imi lar  t o  those specif ied in  SAE 557, 

Sound Level of Highway Truck Tires .  

The basic procedure requires the i n s t a l l a t i on  of the t e s t  
t i r e s  on the rear  axle of a loaded, two-axle truck.  The f ron t  axle 

o f  the  vehicle i s  ou t f i t t ed  fo r  these t e s t s  with a so-called "quie t"  

t i r e .  The vehicle i s  coasted by the noise measurement instrumen- 
t a t ion  a t  a speed of 50 mph, while a measurement of the maximum 

A-weighted noise level i s  made. 

Only fu l l y  treaded (new) t i r e  samples were sub.jected t o  the 
- matrix of coast-by measurements in t h i s  study. floise t e s t s  were 

conducted f i r s t ,  f ~ l l o w i n g  which the four t i r e  specimens were 

u t i l i zed  in the various t rac t ion  experiments. 

2.3 Traction Measurements 

Traction measurements were made on each of the s i x  sample 
t i r e s  using three d i f f e r en t  t e s t  devices. The f i r s t  machine, the 
HSRI Fl at-Bed Tester ,  i s  a low-speed 1 aboratory dynamometer which 
was used t o  obtain precision measurements of the "cornering 

s t i f f ne s s "  parameter ( C  ) ,  defined as the slope of the s ide  
CI 

force  (F ) versus s l i p  angle ( a )  re la t ionship  through the  o r i g in ,  
Y 

v i z . ,  



I n  a d d i t i o n  t o  measur ing C a ,  a  t i r e  p r o p e r t y  b e a r i n g  on t h e  

d i r e c t i o n a l  response o f  t r u c k s  i n  normal d r i v i n g  maneuvers, o t h e r  

t r a c t i o n  t e s t s  were conducted t o  c h a r a c t e r i z e  t i r e  p r o p e r t i e s  

r e l e v a n t  t o  emergency b r a k i n g  and s t e e r i n g  maneuvers. These 

o t h e r  t e s t s  i n v o l v e d  t h e  use o f  two m o b i l e  t r a c t i o n  dynamometers 

wh ich  were developed a t  HSRI. One machine measures a  t i r e ' s  

l o n g i t u d i n a l  f o r c e  (Fx )  response t o  l o n g i t u d i n a l  s l  i p  ( s )  , w h i l e  

ano the r  d e v i c e  measures t h e  F versus a re1  a t i o n s h i  p, comparable 
Y  

t o  t h e  f l a t - b e d  machine, b u t  now o b t a i n i n g  d a t a  on r e a l  pavements 

a t  a c t u a l  highway speeds. 

A l l  m o b i l e  t e s t s  were conducted on a  P o r t 1  and cement c o n c r e t e  

t r a c k  a t  t h e  Dana Automot ive  T e s t  F a c i l i t y  i n  Ottawa Lake, Mich igan.  

Th is  s u r f a c e  i s  c h a r a c t e r i z e d  b y  ASTM s k i d  numbers ( d r y )  o f  87 

and (we t )  o f  62, as measured w i t h  t h e  E-501-73 s tandard  t i r e .  

T e x t u r e  depths have been measured on t h i s  s u r f a c e  u s i n g  t h e  s o - c a l l e d  

"sand p a t c h "  t e s t s ,  i n d i c a t i n g  an average t e x t u r e  dep th  o f  0.014 

t o  0.024 i n c h .  These s u r f a c e  p r o p e r t i e s  a r e  reasonab ly  r e p r e -  

s e n t a t i v e  o f  c o n c r e t e  pavements making up t h e  Federa l  I n t e r s t a t e  

Highway System i n  t h e  U n i t e d  S t a t e s .  

2.3.1 F la t -Bed  Tests .  The HSRI F la t -Bed  T i r e  T e s t e r  [ 2 ]  

mounts a  s i n g l e  t i r e  specimen w i t h i n  an i ns t rumen ted  s u p p o r t  

assembly f rom wh ich  f o r c e  and moment r e a c t i o n s  a r e  measured. The 

t i r e  i s  caused t o  o p e r a t e  a t  t h e  d e s i r e d  s l i p  ang le  on a  f l a t  p l a t e  

a t  a  v e l o c i t y  o f  1.44 mph. The v e r t i c a l  l o a d  c o n d i t i o n  i s  main-  

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

a  computer ized d a t a  a c q u i s i t i o n  system sampl es t h e  o u t p u t  o f  

v a r i o u s  measurement t ransducers .  

I n  t e s t s  per formed f o r  t h i s  s tudy ,  each t i r e  was opera ted  a t  

?lo s l i p  ang le  o r i e n t a t i o n s ,  and a t  v e r t i c a l  l o a d  (F,) va lues  o f :  

2 
= 1.0 x Rated Load = 6040 l b s  

F, = .5 x Rated Load = 3020 l b s  

Fz = - 2 5  x Rated Load = 1510 I b s  



Varying FZ conditions were chosen t o  cover t i r e  loadings such 

as prevail over the empty to  fully-loaded usage of commercial 

vehicles. Since FZ i s  known t o  have a f i r s t -o rder  influence on 

C , i t  i s  pertinent t o  examine t h i s  sens i t iv i ty  as i t  s ign i f i es  a 
a  sens i t iv i ty  of vehicle directional  behavior t o  loading. 

One specimen of each t i r e  was employed in the flat-bed t e s t s ;  

a l l  t i r e s  were tested a t  t he i r  rated cold inf la t ion pressure of 

105 ps i .  

2.3.2 Mobile Traction Tests-Longitudinal . The HSRI Mobile 

Longitudinal Force Tester [ 2 ]  i s  a semi-trai ler  device which mounts 

a  single t i r e  sample along i t s  center l ine .  The t e s t  wheel i s  

braked by a  large commercial air-actuated brake as the t r a i l e r  i s  

towed a t  various veloci t ies  over the t e s t  pavement. The t e s t  

wheel suspension incorporates a m u 1  t i  -component force transducer 

and an a i r  spring loading system. The rotat ional  velocity of the 

t e s t  wheel i s  transduced by a  D C  tachometer, which o u t p u t  signal 

i s  used in computing longitudinal s l i p .  

Signals from transducers on the t r a i l e r  are  conditioned a n d  

recorded in a data acquisition module located on the towing 

t rac to r .  The t rac to r  a1 so incorporates a1 1  other services needed 

in the operation of hydraul i c ,  pneumatic, and e lec t r i ca l  systems. 

In t h i s  study, each t i r e  specimen was subjected to  a sequence 

o f  velocity and load conditions per the following t e s t  matrix: 

Normal i  zed Vertical Brake 
Run  # Vel oci ty Load (F7 /FZ  ra ted)  Appl icat ion 

1 20 mph 1  .O Six Lockup 

20 mph 

20 mph 

4 20 mph 

5 40 mph 

6 55 mph 

7 20 mph 

Cycles - 
Each R u n  

Table 1 

8 



For  each " r u n "  i n  t h e  sequence, t h e  tes t -whee l  b rake  i s  a p p l i e d  

so as t o  approx imate  a  ramp i n p u t  o f  t o r q u e .  The wheel i s  b raked 

u n t i l  " lockup, "  (s=100%) i s  ach ieved,  f o l l o w i n g  wh ich  t h e  b rake  i s  

a u t o n ~ a t i c a l l y  re leased .  T h i s  " l ockup  c y c l e "  i s  repea ted  f i v e  

t imes  a t  each t e s t  c o n d i t i o n .  I n  l a t e r  p rocess ing  o f  t h e  tape  

reco rded  data ,  t h e  Fx versus s  f u n c t i o n  i s  determined as an average 

o f  t h e  t i r e ' s  b e h a v i o r  o v e r  t h e  s i x  c y c l e s .  

The seven-run t e s t  sequence p r o v i d e s  t h e  means f o r  examin ing 

t h e  t i r e ' s  s e n s i t i v i t y  t o  b o t h  l o a d  and v e l o c i t y  ove r  a  range o f  

c o n d i t i o n s  such as can a p p l y  t o  t h e  l i m i t  s t o p p i n g  o f  t r u c k s  f rom 

l e g a l  highway speeds i n  e i t h e r  t h e  empty o r  f u l l y - l o a d e d  c o n d i t i o n .  

The " r e f e r e n c e "  c o n d i t i o n  o f  FZ = 1.0 x Rated Load and V = 20 mph 

i s  repeated t h r e e  t imes t o  p r o v i d e  a  means o f  assess ing t h e  

s t a t i s t i c a l  q u a l i t y  o f  t h e  exper iment  as w e l l  as t h e  b a s i c  s t a b i l i t y  

o f  t h e  t r a c t i o n  b e h a v i o r  o f  t h e  t i r e  specimen. 

One specimen o f  each t i r e  was s u b j e c t e d  t o  t h e  i n d i c a t e d  

m a t r i x  o f  t e s t  runs  on a  d r y  c o n c r e t e  s u r f a c e .  A second specimen 

was t e s t e d  p e r  t h e  same t e s t  m a t r i x ,  b u t  on a  c o n c r e t e  s u r f a c e  

which  was w e t t e d  b y  a  w a t e r  f i l m  o f  0.020 i n .  nominal  t h i c k n e s s .  

The method f o r  w e t t i n g  t h e  t e s t  s u r f a c e  i s  d e s c r i b e d  i n  S e c t i o n  

2.3.4. 

2.3.3 M o b i l e  T r a c t i o n  T e s t s - L a t e r a l  . A second m o b i l e  dev i ce ,  

namely, a  t i r e  s i d e  f o r c e  dynamometer, i s  i n c o r p o r a t e d  w i t h i n  

t h e  t r a c t o r - t r a i l e r  system desc r ibed  p r e v i o u s l y .  T h i s  dynamometer 

assembly i s  a t t a c h e d  t o  t h e  frame o f  t h e  t r a c t o r  and a p p l i e s  two 

t e s t  t i r e s  t o  t h e  roadway a t  a  c o n t r o l l e d  s l i p  ang le .  L a t e r a l  and 

v e r t i c a l  r e a c t i o n  f o r c e s  a r e  t ransduced th rough  a  l o a d  c e l l  mounted 

i n  t h e  tes t -whee l  s p i n d l e .  The t e s t  t i r e  i s  loaded b y  an a i r  

s p r i n g  system, as w i t h  t h e  t r a i l e r  dev i ce .  The s l i p  a n g l e  i s  

s e r v o - c o n t r o l  1  ed th rough  a  program o f  " s l  ew and pause" increments  , 
caus ing  t h e  t e s t  wheel t o  exper ience  a  predetermined s e t  o f  s teady-  

s t a t e  l e v e l s  o f  a. I n  l a t e r  r e d u c t i o n  o f  t h e  d a t a  f rom magnet ic  

tape,  t h e  t ime  h i s t o r y  o f  recorded s i g n a l s  i s  sampled and averaged 



o v e r  each o f  t h e  "pause" i n t e r v a l s ,  y i e l d i n g  a  s e t  o f  Fy , FZ, 
and a numer ics  c h a r a c t e r i z i n g  t h e  t i r e ' s  l a t e r a l  t r a c t i o n  response 

t o  t h e  s t a t e d  c o n d i t i o n s .  

L a t e r a l  t r a c t i o n  measurements a t  s l i p  ang les  r a n g i n g  f rom 0  

t o  20" were conducted on specimens o f  each t i r e  under b o t h  d r y  and 

wet  pavement c o n d i t i o n s .  The m a t r i x  o f  v e r t i c a l  l oads  and 

v e l o c i t i e s  d u p l i c a t e d  t h e  t e s t  r u n  sequence shown p r e v i o u s l y  i n  

Tab le  1, w i t h  t h e  e x c e p t i o n  t h a t  a  s l i p  a n g l e  program was s u b s t i t u t e d  

f o r  t h e  l o c k u p  c y c l e  process  used i n  l o n g i t u d i n a l  f o r c e  t e s t s .  

S l i p  a n g l e  was incremented i n  each l a t e r a l  f o rce  r u n  t o  c o v e r  t h e  

va lues  a = -lo, + l o ,  2 " ,  4 " ,  6 " ,  l Z O ,  20".  Each l e v e l  was 

ma in ta ined  f o r  a  p e r i o d  o f  1 .0  second, w h i l e  v e l o c i t y  and v e r t i c a l  

l o a d  were h e l d  c o n s t a n t .  As w i t h  t h e  l o n g i t u d i n a l  measurements, 

one specimen was employed i n  t e s t s  on  d r y  c o n c r e t e  and a  second 

specimen was employed on  c o n c r e t e  wh ich  was w e t t e d  w i t h  a  w a t e r  

f i l m  o f  0.020 i n .  t h i c k n e s s .  

2.3.4 Wet Su r face  T e s t i n g .  The wet  pavement c o n d i t i o n  was 

ach ieved b y  means o f  an on-board w a t e r i n g  system d e l i v e r i n g  a  

c a l i b r a t e d  f l o w  o f  w a t e r  ahead o f  t h e  t e s t  t i r e .  Separa te  nozz les  

a r e  employed j u s t  ahead o f  e i t h e r  t h e  l o n g i t u d i n a l  o r  l a t e r a l  

t e s t  wheel p o s i t i o n s  t o  d e l i v e r  f l o w  r a t e s  wh ich  a r e  a d j u s t e d  a t  

each t e s t  v e l o c i t y  c o n d i t i o n  t o  y i e l d  a  nominal  0 .020 i n .  t h i c k n e s s  

t o  t h e  d e p o s i t e d  f i l m .  Each n o z z l e  i s  segmented t o  assu re  a  

u n i f o r m  f l o w  d i s t r i b u t i o n  ac ross  an 1 8 - i n .  swath. The we t  t e s t  

p rocess ,  i t s e l f ,  i n v o l v e s  an i n i t i a l  pass o v e r  t h e  t e s t  cou rse  

t o  p r o v i d e  a  p r e l  i m i n a r y  w e t t i n g  o f  t h e  t e s t  pavement. On 

success i ve  passes, t h e  w a t e r  d e l i v e r y  system i s  a c t i v a t e d  abou t  two 

seconds p r i o r  t o  t h e  i n i t i a t i o n  o f  t h e  s l i p  p rocess  ( e i t h e r  l o n g i -  

t u d i n a l  o r  l a t e r a l ) .  The e lapsed t i m e  between runs  i s  m a i n t a i n e d  

reasonab ly  c o n s t a n t  t h r o u g h o u t  t h e  t e s t  sequence. 



3.0 RESULTS. 

I n  t h i s  s e c t i o n ,  r e s u l t s  o f  bo th  t h e  n o i s e  and t r a c t i o n  

exper iments  a r e  presented and d iscussed.  

3.1 No ise  T e s t  Resu l t s  

No ise  l e v e l  measurements a r e  shown i n  ternis o f  maximum A- 

we igh ted  f a s t  response sound l e v e l  i n  d e c i b e l  s  i n  t h e  b a r  graph o f  

F i g u r e  2 .  The two l u g - t y p e  t i r e s ,  t h e  Goodyear L-7 and F i r e s t o n e  

T r a n s t e e l  T r a c t i o n ,  i n d i c a t e  n o i s e  l e v e l s  wh ich  a r e  1 .7  db and 

4.5 db h i g h e r ,  r e s p e c t i v e l y ,  t han  t h e  average o f  t h e  o t h e r  f o u r  

t i r e s .  The one aggress i ve  r i b  t r e a d  p a t t e r n ,  M i c h e l i n  XZZ,  i s  seen 

t o  r e g i s t e r  a  n o i s e  l e v e l  which i s  j u s t  0.3 db above t h e  average o f  

t h e  f o u r  non-1 ug-t readed t i r e s .  

The above sound l e v e l  va lues cor respond t o  t h e  " F a s t  Random" 

t i m e  c o n s t a n t  mode o f  o p e r a t i o n  o f  a  B & K #3347 Real Time Ana lyze r .  

The s p e c i f i c  va lues f u r t h e r  r e p r e s e n t  t h e  averages o f  t h e  two h i g h e s t  

r e a d i n g s  o b t a i n e d  w i t h i n  2 db o f  one ano the r  i n  t h e  repea ted  pass-by 

exper iments .  

Appendix A c o n t a i n s  a d e t a i l e d  d e s c r i p t i o n  o f  t h e  n o i s e  t e s t  

methods and r e s u l t s .  

3.2 F la t -Bed Resu l t s  

Corne r ing  s t i f f n e s s  (C,) as a  f u n c t i o n  o f  normal l o a d  (FZ)  

f o r  each o f  t h e  s i x  s e l e c t e d  t i r e s  i s  shown i n  F i g u r e  3 .  These 

data ,  i n  c o n t r a s t  w i t h  co r respond ing  measures o f  b i a s  t i r e  behav io r  

p2], show no me thod ica l  d i s t i n c t i o n  between t h e  p r o p e r t i e s  o f  l u g -  

and r i b - t y p e  t r e a d  des igns.  We do n o t e  a  d i s t i n c t i o n  between t i r e s  

produced by d i f f e r i n g  manufac turers ,  however, w i t h  t h e  Miche l  i n  

t i r e s  showing a  s teeper  C,/Fz s l o p e  t h a n  those  e x h i b i t e d  by  r a d i a l s  

produced b y  two domest ic  manu fac tu re rs .  
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Moreover, we do  n o t  draw the d i s t i nc t i ve  observations 

concerning the imp1 ica t ions  of lug-rear,  r ib - f ron t  d i s t r ibu t ions  

of radial t i r e  types on a  vehicle such as were drawn in the case 

of bias-ply t i r e s  [ 2 ] .  Those observations concerned the decrease 

in understeer 1 eve1 which accrued from the  typical d i s t r ibu t ion  

of lug t i r e s  on ( r e a r )  driving ax le ( s )  and r i b  t i r e s  on the ( f r on t )  

s teer ing axle. Since radial t i r e s  are no t  seen t o  methodically 

l ink C level t o  tread type ( i  . e . ,  lug or r i b ) ,  there a re  no grounds 
a 

for  hypothesizing an understeer e f fec t  accruing simply from a  

lug/rib mix of radial-ply t i r e s .  

3.3 Mobile Traction Results - Lonai tudinal 

Measurements of the longitudinal t r ac t ion  properties of the 

s i x - t i  re sample were obtained according t o  the seven-run sequence 

of load and velocity conditions described e a r l i e r .  For each t i r e  

and t e s t  condition, the so-called "p-sl ip" behavior was obtained, 

and then reduced in t h i s  study t o  plots of the "peak a n d  s l i de "  

values of F x / F ,  Z h o w n  in Figures 4 and 5 are  the peak and  s l i d e  

t rac t ion s e n s i t i v i t i e s  t o  velocity arid load, respectively,  as 

obtained on dry concrete. In b o t h  plots  we find t h a t  the r ib/ lug 

dis t inct ions  fo r  radial  t i r e s ,  in general,  a r e  n o t  s trong; with the 

r i b  t i r e s  averaging a maximum "advantage" of 4% over the lug t i r e s  

f o r  the range of 0.5 t o  1.5 x Rated Load. This observation, again, 

contrasts  sharply with the much stronger r ib/ lug dis t inct ions  seen 

in the  peak longitudinal t r ac t ion  capabil i ty of bias-ply truck t i r e s  

wherein r ibs  were seen t o  r eg i s te r  13% hiqher than lugs. 

Shown in Figures 6 and 7 are the velocity and load sensi-  

t i v i t i e s  of peak and s l i de  values of Fx/F, as  measured on wet 

concrete. In the data describing the velocity s ens i t i v i t y  of peak 

F,/FZ we see the greates t  net  separation of average performances 

between radial  r ibs  and lugs. Here, the performance of the average 

r i b  t i r e  i s  approximately 6% higher than that  of the average lug ( o r  

"aggressive r ib" )  sample. This d is t inct ion i s  lessened in importance, 
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i t  should be noted, by the  substantial  degree of "mixing" which 

occurs among r i b  and lug d a t a - q u i t e  in  cont ras t  with data taken 

on the  sample of bias t i r e s  [2] which showed v i r t u a l l y  no mixing 

and a 23% spread in average ( F x / F Z )  peak values on wet concrete. 

Regarding " s l ide"  t r ac t ion  values, the  data taken on wet and 

dry concrete display v i r tua l ly  no s ign i f i can t  r ib / lug  d i s t inc t ions  

in the  case of the  radial  truck t i r e .  This observation again con- 

t r a s t s  r ad ia l s  with bias-ply t i r e s ,  the  l a t t e r  of which showed an 

average 16% lower s l i d e  t rac t ion  performance of lug t i r e s  on wet 

concrete. 

In summary, the longitudinal peak and s l i d e  t r ac t ion  measure- 

ments f o r  radial-ply truck t i r e s  represented in t h i s  sample, a r e  not 

seen t o  be s ign i f i can t ly  di scrimi nated according t o  tread type. 

As a note regarding the  s t a t i s t i c a l  qua1 i t y  of the longitudinal 

t r ac t ion  measurements, the data obtained in the  three repeat runs 

fo r  each t i r e  and surface are  shown in Table 2 .  The tabulated data 

show t h a t  r e l a t i v e l y  good repeatabi l i ty  was obtained, with a typical 

standard deviation of approximately ,012 fo r  e i the r  peak or s l i d e  

t rac t ion  coeff ic ients  on b o t h  surfaces.  

3.4 Mobile Traction Results - Lateral 

Tests were conducted on the  l a t e r a l  t r ac t ion  dynamometer t o  

permit examination of the  f r i c t ion-1  imi ted l a t e ra l  force behavior 

o f  the s i x - t i r e  sample. Data resul t ing  from these t e s t s  were 

reduced t o  the  plotted format of Figures 8 through 11. These data 

indica te  the  basic s e n s i t i v i t y  of the F / F  versus a re la t ionship  
Y Z  

t o  velocity and ver t ica l  load under the  two subject  surface conditions. 

As with longitudinal t r ac t ion  measurements, the t i r e  exhibi t s  a 

s teeply r i s ing  ( e l a s t i c )  behavior followed by a friction-determined 

sa tura t ion .  In the case of l a t e r a l  t r a c t i o n ,  the angular s l i p  range 

of i n t e r e s t  i s  limited t o  about a = 20°, thereby eliminating any need 
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t o  characterize performance a t  high s l i p  ve loc i t i e s  such as a re  

relevant  t o  longitudinal t r ac t ion .  All four f igures  serve t o  
support the  conclusion tha t  no appreciable d i f fe ren t i a t ion  can be 

made between the lug- and r ib-type r a d i a l - t i r e  samples on  the basis 

of t h e i r  la tera l  t r ac t ion  capab i l i t i e s  on wet or dry concrete. 

Thus we f ind ,  as  was the case with bias-ply truck t i r e s ,  tha t  

the  a b i l i t y  of the lug-type radial t i r e  t o  generate l a t e r a l  forces ,  

a t  elevated s l i p  angles, i s  comparable t o  the capabi l i ty  of i t s  

r ib-  type counterpart.  

I n  cont ras t  t o  the r epea tab i l i ty  appreciated in mobile longi- 

tudinal experiments, the mobile l a t e ra l  t e s t  i s  characterized by 

l e s s  than an ideal level of r epea tab i l i ty .  This s i tua t ion  derives 

from a determinis t ic ,  rather  than random, process a r i s ing  out of 

the "destruct ive" character of the t e s t .  As pneumatic t i r e s  a re  

operated a t  large s l i p  angles and a t  highway-type ve loc i t i e s ,  they 

accrue a peculiar a n d  very concentrated pat tern of treadwear which 

causes, generally, a s ign i f i can t  increase in the maximum s ide  force 

capabi 1 i  ty .  As the treadwear continues throughout a sequence of 

t r ac t ion  t e s t s ,  the  side force a t  a = 20" may increase,  although 

d a t a  shown in  Appendix B reveal tha t  t h i s  e f f e c t  i s  l e s s  pronounced 

f o r  radial  t i r e s  than was found t o  accrue fo r  bias-ply t i r e s  [ 2 ] .  

I n  f a c t ,  the data in Appendix B i l l u s t r a t i n g  F versus a repeats 
Y 

show a mixed behavior in which the change in peak side force with 

t e s t  runs i s  not necessarily of the "increasing" po la r i ty ,  nor i s  

i t  necessari ly monotonic. 
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4.0 CONCLUDING REMARKS 

This study has served t o  provide a common data base of noise 

and t rac t ion  propert ies f o r  radial-ply truck t i r e s .  As such, i t  

has provided an objective s e t  of information t o  a s s i s t  the decision 

making of those who are concerned with the contras t  in these 
charac te r i s t i c s .  

Measurements of maximum A-wei ghted noise 1 eve1 s have shown 

lug-type truck radia ls  t o  be an average of 3 d b  higher in noise 

level than radial  t i r e s  with r i  b-type pat terns .  

The t rac t ion measurements conducted in  t h i s  study reveal no 

major d is t inct ions  between the perforniances of lug- and rib-type 
radial  truck t i r e s .  While a small,  b u t  not ins ign i f i can t ,  advantage 

o f  r i b  over lug treads was observed in regard t o  peak braking 
t r a c t i on ,  the data were suf f i c ien t ly  mixed tha t  a c lea r  statement 
concerning a l l  lug t i r e s  versus a l l  r i b  t i r e s  with radial carcass 
construction i s  not possible. 

While i t  i s  not the in ten t  of t h i s  study t o  discuss the 

r e l a t i ve  merits of l u g  and r i b  t i r e s  beyond the context studied 

here,  the reader should note t ha t  s ign i f i can t  other areas of t i r e  

performance do ex i s t  and should be duly accounted fo r  in any program 

which seeks a comprehensive eval uation of t i  r e  qua1 i ty .  
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Rad ia l  T ruck  T i r e  N o i s e  Study  

I n t r o d u c t i o n  

A r e c e n t  t r e n d  i n  t r u c k  t i r e  usage has been towards t h e  use o f  
t i r e s  h a v i n g  r a d i a l - p l y  c o n s t r u c t i o n .  T h i s  t r e n d  i s  due p r i m a r i l y  
t o  t h e  p o t e n t i a l  f o r  improved f u e l  economy and t r e a d  wear p r o v i d e d  
by r a d i a l - p l y  t i r e s  over  c o n v e n t i o n a l  b i a s - p l y  t i r e s .  S i n c e  r a d i a l -  
p l y  t r u c k  t i r e s  a r e  coming i n t o  more common use, a  b e t t e r  unde rs tand ing  
o f  t h e  c h a r a c t e r i s t i c s  o f  t h e s e  t i r e s  i s  r e q u i r e d .  The e x i s t i n g  d a t a  
on t h e  n o i s e  genera ted by r a d i a l  t i r e s  i s  l i m i t e d  p r i m a r i l y  t o  
passenger c a r  t i r e s .  Thus, t h e r e  e x i s t s  a  need t o  deve lop  and expand 
a  d a t a  base on r a d i a l  t r u c k  t i r e  n o i s e .  

T h i s  appendix p resen ts  t h e  r e s u l t s  o f  a  s t u d y  o f  t h e  n o i s e  
genera ted by  r a d i a l  t r u c k  t i r e s .  A  b r i e f  d e s c r i p t i o n  o f  t h e  f i e l d  
t e s t  program i s  g i ven ,  f o l l o w e d  by  a  p r e s e n t a t i o n  o f  t h e  data--maximum 
A-weighted sound l e v e l s  measured a t  50 f e e t  f o r  coas tbys  a t  50 mph- 
f o r  s i x  d i f f e r e n t  types  o f  r a d i a l  t r u c k  t i r e s .  

F i e l d  Tes t  ProgramITest  Resul t s  

The f i e l d  d a t a  a c q u i s i t i o n  p o r t i o n  o f  t h i s  s t u d y  was conducted a t  
t h e  Dana C o r p o r a t i o n  Techn ica l  Center ,  Ottawa Lake , Mich igan .  Located 
a t  t h e  Techn ica l  Center  i s  a  4 5 - f o o t - w i d e  ova l  t r a c k ,  1-314 m i l e s  l o n g  
w i t h  1500- foo t -1  on3 s t r a i g h t a w a y s  and 6 "  maximum banked c o r n e r s .  The 
t r a c k  c o n s i s t s  o f  3 l anes  o f  9 - i n c h - t h i c k  r e i n f o r c e d  conc re te .  A t e s t  
s i t e  wh ich  conformed t o  t h e  requ i remen ts  o f  t h e  S o c i e t y  o f  Automot ive  
Engineers Standard  SAE J57-Sound Leve l  o f  Highway Truck  T i res - -was  
e s t a b l i s h e d  a l o n g  one o f  t h e  s t r a i g h t a w a y s  across  f r o m  t h e  en t rance  
t o  t h e  t r a c k .  The i n s i d e  l a n e  o f  t h e  t r a c k  was used as t h e  v e h i c l e  
p a t h  ( c o n c r e t e )  and a  measurement a rea c o n s i s t e n t  w i t h  SAE 557 was 
e s t a b l i s h e d  i n  t h e  en t rance  t o  t h e  a s p h a l t  t u rn -a round  pad. F i g u r e  1 
shows an  o v e r a l l  v iew o f  t h e  t e s t  t r a c k  w i t h  t h e  l o c a t i o n  o f  t h e  t e s t  
s i t e  no ted.  

The s i x  r a d i a l  t i r e s  i n v e s t i g a t e d  i n  t h i s  s t u d y  were: 

1) Goodyear U n i s t e e l  R-1 

2) Goodyear U n i s t e e l  L-1 

3)  F i r e s t o n e  T r a n s t e e l  

4) F i r e s  tone  T r a n s t e e l  T r a c t i o n  

5) M iche l  i n  XZA 

6 )  M i c h e l i n  XZZ 



F i g u r e  A-1 . Plan v iew o f  t r a c k  a t  Dana Corpo ra t i on  Technical  Center 
showina t h e  l o c a t i o n  o f  t he  e s t a b l i s h e d  t e s t  s i t e .  



The t e s t  v e h i c l e  was a  4 x 2  s i n g l e - c h a s s i s  GMC 6500 f l a t - b e d  
t r u c k .  B l a n k  t i r e s  ( t i r e s  w i t h  f u l l  t r e a d  dep th  b u t  no t r e a d  p a t t e r n )  
were a lways mounted on t h e  s t e e r i n g  a x l e  and t h e  t e s t  t i r e s  ( i n  one 
case b l a n k  t i r e s )  on t h e  d r i v e  a x l e .  A  s e r i e s  o f  w e i g h t s  were d i s t r i -  
bu ted  on t h e  f l a t  bed t o  p r o v i d e  t h e  r e q u i r e d  t i r e  l o a d i n g .  The a x l e  
l o a d i n g s  and i n f l a t i o n  p ressu res  were: 

9.00-20 b l a n k  t i r e s  a t  80 p s i  on s t e e r i n g  a x l e  and G-ra ted 
10.00R-20 t e s t  t i r e s  a t  95  p s i  on d r i v e  a x l e ,  

f r o n t  a x l e  
r e a r  ax1 e  

8,320 pounds 
20,500 pounds 

gross  v e h i c l e  w e i g h t  28,820 pounds 

These l o a d i n g s  do n o t  p r e c i s e l y  cor respond t o  100 p e r c e n t  o f  t h e  r a t e d  
t i r e  l o a d  f o r  d u a l  a p p l i c a t i o n s  a t  t h e  g i v e n  i n f l a t i o n  p ressu re  as 
recommended by  t h e  T i r e  and Rim A s s o c i a t i o n ;  t h e  l o a d i n g  i s  a p p r o x i -  
m a t e l y  3 p e r c e n t  under t h e  maximum r a t e d  t i r e  l o a d  o f  5300 pounds p e r  
t i r e .  T h i s  r e s u l t e d  because sma l l  w e i g h t s  were n o t  a v a i l a b l e  a t  t h e  
t e s t  s i t e  and i t  was t o o  t i m e  consuming t o  r e d i s t r i b u t e  t h e  l a r g e r  
we igh ts  t o  p r o v i d e  t h e  e x a c t  l o a d i n g .  

The o p e r a t i o n a l  p rocedures  and measurement/analys is  i n s t r u m e n t a t i o n  
u t i l i z e d  i n  t h i s  t e s t  program were s i m i l a r  t o  t h a t  used i n  p r e v i o u s  
DOTINBS t r u c k  t i r e  n o i s e  s t u d i e s .  The t e s t  p rocedure  was e s s e n t i a l l y  
i d e n t i c a l  t o  t h a t  s p e c i f i e d  i n  SAE 557 w i t h  t h e  e x c e p t i o n  t h a t  t h e  
d i s t a n c e  between t h e  p o i n t  o f  en t rance  and p o i n t  o f  e x i t  o f  t h e  t e s t  
s e c t i o n  was 167 f e e t  and " f a s t "  meter  response was u t i l i z e d .  An 
i nc reased  t e s t  s e c t i o n  l e n g t h  was used so t h a t  t h e  n o i s e  o f  t h e  t e s t  
v e h i c l e  r u n n i n g  ove r  t h e  tape  sw i t ches  a t  t h e  b e g i n n i n g  and end o f  t h e  
t e s t  s e c t i o n  would n o t  i n t e r f e r e  w i t h  t h e  r e c o r d i n g  o f  t h e  t i r e  n o i s e  
th rough  t h e  normal 1 0 0 - f o o t  t e s t  s e c t i o n .  

Analog tape  r e c o r d i n g s  were made u s i n g  a  microphone l o c a t e d  a t  
50 f e e t  f r o m  t h e  c e n t e r l i n e  o f  v e h i c l e  t r a v e l  f o r  coas tbys  a t  50 mph. 
Three t e s t  runs  were made f o r  each s e t  o f  t e s t  t i r e s .  The ana log  
tapes were ana lyzed  u s i n g  a  B  & K 3347 r e a l - t i m e  a n a l y z e r  w i t h  t h e  
t i m e  c o n s t a n t  s e t  i n  t h e  " f a s t  random" p o s i t i o n .  

A compar ison w i t h  t h e  d a t a  o b t a i n e d  i n  p r e v i o u s  DOT/NBS s t u d i e s  
o f  t r u c k  t i r e  n o i s e  shows t h a t  r a d i a l  t i r e s  a r e  as q u i e t  as o r  q u i e t e r  
t h a n  s i m i l a r  t r u c k  t i r e s  o f  b i a s - p l y  c o n s t r u c t i o n .  T h i s  i s  p a r t i c u l a r l y  
e v i d e n t  f o r  t h e  Goodyear U n i s t e e l  L-1 wh ich  has a  c e r t i f i c a t i o n  l e v e l  
o f  77 dB compared t o  78 t o  83 dB f o r  t y p i c a l  b i a s - p l y  c ross -ba r  t r u c k  
t i r e s .  



Tab le  A-1 . Maximum A-weighted sound l e v e l s  f o r  v a r i o u s  t ypes  
o f  r a d i a l  t r u c k  t i r e s  as measured a t  50 f e e t  f o r  
coastbys  a t  50 mph. 

Maximum A-Weighted Sound L e v e l ,  
dB r e  20pPa 

B & K 3347 RTA 
T e s t  Speed Time Cons tan t  
T i  r e  mp h "Fas t  Random" 

Blanks 

Goody ear  49.9 
U n i s t e e l  R-1 50.6 

50-2 

Goodyea r 50.6 
U n i s t e e l  L-1 52 .O 

50.4 

F i  res  tone  50.8 
T r a n s t e e l  49.5 

49.5 

F i  r e s  tone  50.2 
Trans tee1  51 .O 
T r a c t i o n  50.6 

M i  c h e l  i n 50.8 
XZA 50.2 

50.4 

M i c h e l i n  50.4 74.6 
XZZ 50.4 74.6 

51.8 75.8 



I t  can be concluded t h a t ,  in general,  radia l  truck t i r e s  a r e  as 
q u i e t  as or quie ter  than s imi lar  bias-ply t i r e s  and thus,  based sole ly  
on noise considerations, would be preferable fo r  over-the-highway use. 
Other fac tors  ye t  t o  be ascertained include fuel economy, t r ac t ion  
and hand1 ing, and t i r e  cos ts .  



APPENDIX B 

INDIVIDUAL L A T E R A L  F O R C E  PLOTS 
FROM M O B I L E  TRACTION TESTS 

The following plots represent the la teral  force, F , or the 
Y 

normalized la teral  force, F /F versus s l i p  angle, a ,  behavior of 
Y z '  

each t i r e  in the t e s t  sample. These data were obtained using the 

HSRI mobile dynamometer on a dry a n d  wet Portland cement concrete 

pavement. Each t i r e  i s  represented by three plots for each of two 
conditions, indicating the influence on la teral  traction of 

1 )  velocity 

2 )  load 

3 )  repeated t e s t  runs 

Accordingly, the f i r s t  plot for each t i r e  represents t e s t s  

conducted a l l  a t  rated load, b u t  a t  velocities of nominally 2 0 ,  40, 

and 55 mph.  

Similarly, the second p l o t  for each t i r e  represents tes t s  

conducted a t  40 mph and  a t  vertical loads of approximately FZ = 0.5,  

1.0, and  1 . 5  times the T & R A  rated load. The final plot serves t o  
document the s t ab i l i t y  of the t i r e  specimen as a force-producing 

mechanism over the sequence of t e s t  runs. These data indicate the 

t i r e ' s  F /a behavior as measured during each of three "spot checks" 
Y 

a t  conditions of FZ = r a t ed  load and  V = 20 mph.  

Plots are presented in the order in which d a t a  were gathered, 

with dry surface measurements f i r s t ,  followed by the data o n  wet 

surfaces. Tires are identified by a code number on each plot 

corresponding t o  the model name on t h e  following chart. Note t h a t  
the following plots i l l u s t r a t e ,  in many cases, an  offset  in the value 

of F a t  zero s l i p  angle. This offset  represents an anomaly in the 
Y 

measurement system and can be corrected by a vertical transfer of the 

d a t a  t o  obtain F = 0 a t  a = 0. Summary plots shown previously in 
Y 

Figures 8 through 11 incorporate the necessary correction. 



T i  r e  T e s t  Code 

NOISE-TRACTION STUDY, RADIAL TIRES 

Manu fac tu re r  

F i  r e s  t o n e  

F i  r e s  tone  

Goodyear 

Goodyear 

M i  c  he1 i n  

M iche l  i n  

F i  r e s  tone  

F i  r e s t o n e  

Goodyear 

Goodyear 

l l i c h e l  i n  

M i c h e l i n  

Model 

Trans t e e l  

Trans t e e l  
T r a c t i o n  

U n i s t e e l  R-1 

U n i s t e e l  L-1 

xzz  

Trans t e e l  

T r a n s t e e l  
T r a c t i o n  

U n i s t e e l  R-1 

U n i s t e e l  L - 1  

X ZA 

xzz  



ONA/B-13-C-8/23 DRY CONCRETE ( DANA) 

FZ 6019 LB 



- 

HSRI MOBILE DYNflMOMETER 
08-OCT-76 

ONA/B- 13-C-8/23 DRY CONCRETE (DANA) 

VEL = 20 MPH 



HSRI  MOBILE DYNflMOMETER 
08-OCT-76 

18.120 15.08 
ALPHA [DEGREES] 

ONA/B-13-C-8 /23  DRY CONCRETE ( DANA) 

FZ = 6014 L B  VEL = 2 0  MPH 



ONA/B-14-C-8/23 DRY CONCRETE CDANAI 
FZ = 6304 LB 
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ONA/B- 14-C-8/23 DRY CONCRETE CDANAI 
VEL = 20 MPH 



ONA/B-14-C-8/23 DRY CONCRETE CDANAI 
FZ - 6228 LB VEL = 20 MPH 
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O N A / B - 1 5 - C - 8 / 2 3  DRY CONCRETE CDRNflI 
FZ = 6256 LB VEL = 20 MPH 



- -  - - - 

HSRI MOBILE DYNAMOMETER 
08-OCT-76 

fl PH 
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ONA/B-16-C-8/23 DRY CONCRETE CDANAI 
FZ = 5941 LB 



ONA/B - 16 - C - 8/23 DRY CONCRETE CDANflI 
VEL = 21 MPH 



5.00 10.80 15. C53 2a. 00 25. 
RLPHA (DEGREES1 

ONA/B - 16 - C - 8/23 DRY CONCRETE CDANAI 
FZ = 5964 LB VEL = 14  MPH 



ONA/B - 17 - C - 8/23 DRY CONCRETE CDRNAI 
FZ = 5445 LB 



HSRI MOBILE DYNRMOMETER 
0 8 - O C T - 7 6  

- FZ = 3134 LB - FZ = 9061 LB - FZ = 3968 LB 

/ I I I I 
L4 0 5.00 10.00 15.00 20.00 C 

L 
ALPHA [DEGREES] 

ONA/B- 17-C-8/23 DRY CONCRETE CDflNflI 
VEL = 18 MPH 



HSRI EiOBILE DYNAMOMETER 
08-OCT-76 

- RUti = 1 - RUN = 2 

0 0 5.00 10.00 15. GO 20.00 , 
t 

ALPHA IDEGREESI 

ONR/B- 17-C-8/23 DRY CONCRETE CDflNfl3 
FZ = 6130 LB VEL = 20 MPH 



ONR/B- 18 - C - 8/23 DRY CONCRETE IDANfl3 
FZ = 6184 LB 



O N A / B - 1 8 - C - 8 / 2 3  DRY CONCRETE (DANA1 
VEL = 20 MPH 
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ONA/B-18-C-8/23 DRY CONCRETE CGANAI 
FZ = 6153 LB VEL = 20 MPH 



ONA/B- 19-D-8/25 WET CONCRETE IDANRI 
FZ = 6003 LB 



ONA/B - 19 - D - 8/25 WET CONCRETE CDANAI 
VEL = 20 MPH 



ONA/B- 19-D-8/25 WET CONCRETE tDf3Nf l l  
FZ = 5973 LB VEL = 20 MPH 
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ONR/B - 20 - D - 8/25 WET CONCRETE lDANAl 
FZ 6171 LB 



HSR I MOB I LE DYNAMOMETER 
08-OCT-76 

5.0a 10. ea 15,ora 20.00 C 

d 

ALPHA CDEGREESI 

ONfl/B - 20 - 0 - 8/25 WET CONCRETE CDRNAI 
VEL 20 MPH 



- RUN = 1 - RUN = 2 - RUN = 3 

ALPHA [DEGREES1 

ONA/B - 20 - D - 8/25 VET CONCRETE I D f l N A l  
FZ = 6137 LB VEL = 20 MPH 



ONA/B- 2 1 - D -8125 VET CONCRETE [DANRI 
FZ 6248 LB 



ONfl/B-21-0-8/25 WET CONCRETE IDRNflI 
VEL a 20 MPH 



HSR I MOB I LE DYNAMOMETER 
08-OCT-76 

- RUN - RUN - RUN 

5.00 10.00 15. QQ 20.00 . 
L 

ALPHA [DEGREES] 

ONA/B-21-D-8/25 VET CONCRETE IDANf l l  
FZ = 6173 LB VEL = 20 MPH 



ONA/B - 22 - D - 8/30 WET CONCRETE CDflNfll 
FZ = 6130 LB 



5.00 10.80 15.08 20.00 25.00 
ALPHA CDEGREESI 

ONfl/B - 22 - 0 - 8/30 WET CONCRETE CDRNAI 
VEL : 20 MPH 

4 

HSRI MOB1 LE DYNfiFiO?lETER 
88-OCT-76 



ONA/B- 22- D - 8/30 VET CONCRETE CDANAI 
FZ = 6053 LB VEL = 20 MPH 
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ONR/B-23-0-8/30 WET CONCRETE CDANflI 
VEL = 13 MPH 
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ONA/B-23-D- 8/3D WET CONCRETE CDANAI 
FZ = 6806 LEI VEL = 13 MPH 



ONA/B - 24- D - 8/30 WET CONCRETE ( D A N A 1  
FZ = 5515 LB 
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ONA/B-24- D- 8/30 VET CONCRETE [DANA) 
VEL = 20 MPH 
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