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®  Apparatus  and  method  for  imposing  a  desired  average  radial  force  on  a  tire. 

©  An  apparatus  and  method  for  imposing  a  desired 
average  radial  load  force  on  a  tire  by  calculating  the 
current  average  force  between  the  tire  (14)  and  a 
loadwheel  (50)  based  on  the  average  radial  force 
and  radial  distance  between  the  tire  and  a  loadwheel 
over  the  last  previous  complete  revolution  of  the  tire, 
the  spring  constant  of  the  tire  and  the  current  radial 
distance  between  the  tire  and  the  loadwheel.  The 
calculated  average  force  value  is  applied  as  a  feed- 
back  signal  (101)  to  the  loadwheel  position  controller 
in  order  to  achieve  the  desired  average  radial  load. 
The  spring  constant  of  the  tire  may  be  determined 
from  the  change  in  force  per  unit  distance  as  the  tire 
is  loaded  or  programmed  as  a  constant  to  be  ap- 
plied  for  tesing  all  tires  of  a  given  type. 

CO 

o  

CO 

Q_ 
LU 

Xerox  Copy  Centre 



0  265  036 

APPARATUS  AND  METHOD  FOR  IMPOSING  A  DESIRED  AVERAGE  RADIAL  FORCE  ON  A  TIRE 

The  present  invention  relates  to  tire  testing.  In 
particular,  the  invention  relates  to  an  apparatus  and 
method  for  accurately  and  rapidly  imposing  a  de- 
sired  average  radial  load  force  on  a  tire  to.  establish 
a  desired  test  condition. 

A  tire  uniformity  inspection  machine  is  used  to 
make  measurements  which  characterize  the  uni- 
formity  of  construction  of  a  tire.  This  is  accom- 
plished  by  measuring  the  nature  of  certain  reaction 
forces  generated  by  the  tire  as  it  rolls  under  load 
along  a  surface. 

In  a  typical  tire  uniformity  inspection  machine, 
testing  is  fully  automatic.  Tires  are  fed  by  conveyor 
to  a  test  station  where  each  tire  is  mounted  upon  a 
chuck,  inflated  and  rotatably  driven  with  its  tread 
surface  in  forced  contact  with  the  circumferential 
surface  of  a  loadwheel.  The  loadwheel  is  mounted 
on  a  spindle  to  rotate  freely  about  a  vertical  axis 
lying  parallel  to  the  axis  of  rotation  of  the  tire.  The 
loadwheel  spindle  is  instrumented  with  load  cells 
which  measure  forces  acting  on  the  loadwheel  in 
directions  of  interest.  Both  the  loadwheel  and  its 
spindle  are  mounted  on  a  slidable  carriage  which  is 
driven  in  the  radial  direction  by  a  servomechanism. 
The  servomechanism  positions  the  carriage  ac- 
cording  to  a  feedback  signal  derived  from  the  in- 
.stantaneous  force  signals  generated  by  the  load 
cells  on  the  loadwheel  spindle  in  order  to  reach  a 
specified  average  radial  load  setpoint. 

To  make  data  taken  from  a  population  of  tires 
meaningful  for  comparison,  it  is  necessary  to  in- 
sure  that  each  tire  is  tested  under  substantially  the 
same  conditions.  For  instance,  before  measure- 
ments  can  be  taken,  the  tire  under  test  must  be 
loaded  with  a  specified  average  radial  force.  Radial 
force  is  measured  along  the  direction  between  the 
center  of  the  tire  and  the  closest  point  on  the 
rolling  surface.  The  instantaneous  radial  force  in- 
dicated  by  the  load  cells  varies  as  a  periodic 
function  with  the  rotational  position  of  the  tire.  The 
term  "average  radial  force"  refers  to  the  average  of 
the  instantaneous  radial  force  measured  over  one 
or  more  complete  revolutions  of  the  tire.  To  mini- 
mize  the  length  of  the  overall  test  cycle  and  hence, 
the  cost  of  testing,  it  is  desirable  to  accurately 
bring  the  tire  under  test  to  the  specified  average 
radial  load  as  rapidly  as  possible. 

The  difficulty  in  arriving  at  the  average  radial 
load  setpoint  rapidly  arises  from  the  fact  that  the 
instantaneous  radial  force  exerted  by  the  tire  upon 
the  loadwheel  varies  with  the  rotational  position  of 
the  tire.  If  the  servomechanism  which  positions  the 
loadwheel  uses  a  feedback  signal  emanating  di- 
rectly  from  the  loadcells,  the  system  will  tend  to 
seek  the  current  instantaneous  radial  force  rather 

than  average  radial  force  as  desired.  What  is  re- 
quired  is  a  feedback  signal  corellated  to  the  aver- 
age  radial  load  rather  than  the  instantaneous  load. 
However,  if  the  feedback  signal  is  filtered  to  cause 

5  the  servo  to  respond  to  the  average  radial  force,  a 
filter  having  a  relatively  long  time  constant  is  re- 
quired.  The  time  delay  introduced  by  the  filter 
requires  the  system  to  be  operated  at  low  gain  in 
order  to  avoid  oscillation.  This  gain  limitation  in  turn 

w  limits  the  speed  with  which  the  desired  average 
radial  load  can  be  achieved. 

Accordingly,  it  is  an  object  of  the  present  in- 
vention  to  provide  an  apparatus  and  method  for 
accurately  and  rapidly  imposing  a  predetermined 

75  average  radial  load  force  on  a  tire  in  a  way  which 
does  not  require  a  filter  having  a  long  time  constant 
in  the  feedback  loop. 

The  feedback  signal  may  be  generated  by  a 
central  processing  unit  which  keeps  running  aver- 

20  ages  of  both  the  instantaneous  radial  force  and 
instantaneous  radial  distance  measured  over  the 
last  complete  revolution  of  the  tire.  The  average 
radial  force  at  the  current  radial  distance  between 
the  tire  and  the  loadwheel  is  then  calculated  as  the 

25  sum  of  the  average  force  over  the  last  revolution  of 
the  tire  and  a  term  equal  to  the  product  of  the 
spring  constant  of  the  tire  and  the  difference  be- 
tween  the  average  radial  distance  over  the  last 
revolution  of  the  tire  and  the  current  radial  distance. 

30  The  spring  rate  of  each  tire  may  be  calculated  as 
the  tire  is  being  loaded  based  on  a  measured 
change  in  radial  force  for  a  corresponding  change 
in  radial  distance.  Alternatively,  a  known  spring  rate 
for  the  type  of  tire  under  test  may  be  used. 

35  The  feedback  signal  is  preferably  representa- 
tive  of  the  calculated  average  radial  load  on  tire  at 
the  current  radial  distance  between  the  tire  and  the 
loadwheel. 

Apparatus  in  accordance  with  the  invention  for 
40  comprising  a  desired  average  radial  force  on  a  tire 

is  such  that  the  servomechanism  which  drives  the 
ioadwheel  carriage  to  load  the  tire,  operates  ac- 
cording  to  a  feedback  signal  correlated  to  a  cal- 
culated  value  representing  the  current  average  ra- 

45  dial  force. 
The  invention  will  now  be  further  described  by 

way  of  example  with  reference  to  the  accompany- 
ing  drawing  which  is  a  schematic  side  elevational 
view  of  a  portion  of  a  tire  uniformity  inspection 

so  machine  embodying  the  invention  and  showing  a 
tire  in  the  test  position. 

As  shown,  the  tire  uniformity  inspection  ma- 
chine  10  of  the  invention  includes  a  frame  1-1  which 
supports  a  conveyor  12  having  a  plurality  of  rollers 
13  for  delivering  a  tire  14  to  be  inspected  to  a  test 
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station  15.  Conveyor  12  includes  an  opening  20 
which  is  small  enough  to  prevent  a  tire  from  falling 
through  but  large  enough  to  pass  a  lower  half 
chuck  21  which  is  rotatably  mounted  upon  a  verti- 
cally  retractable  lower  tire  spindle  22.  An  upper  half 
chuck  25  is  rotatably  mounted  by  means  of  an 
upper  tire  spindle  26  to  the  upper  portion  of  frame 
1  1  .  Upper  half  chuck  25  is  disposed  opposite  lower 
half  chuck  21  so  that  upper  and  lower  chucks  21 
and  25  cooperate  to  function  as  a  rim  to  support  a 
tire  14  under  test  when  lower  half  chuck  21  is  in  its 
extended  position  as  shown.  Upper  tire  spindle  26 
includes  an  axial  air  passage  28  which  commu- 
nicates  with  an  orifice  29  in  upper  half  chuck  25  to 
permit  inflation  of  tire  14. 

In  order  to  rotate  a  tire  under  test,  upper  tire 
spindle  26  is  fitted  with  a  drive  pulley  35  connected 
to  a  drive  motor  36  by  way  of  a  timing  belt  37.  A 
rotary  shaft  encoder  40  is  connected  by  chain  38 
and  sprocket  39  or  a  belt  and  pulley  to  rotate  with 
upper  tire  spindle  26.  Shaft  encoder  40  produces  a 
series  of  128  nominally  equally  angularly  spaced 
rotation  pulses  42  on  line  43  and  a  single  position 
reference  voltage  pulse  45  on  line  46  for  each 
rotation  of  tire  14.  Position  reference  pulse  45  is 
centered  about  a  particular  one  of  the  rotation 
pulses  42  so  that  each  rotation  pulse  42  specifies  a 
particular  rotational  position  of  tire  14  which  can  be 
identified  according  to  its  position  with  respect  to 
position  reference  pulse  45. 

A  loadwheel  50  having  a  circumferential  sur- 
face  51  is  supported  by  loadwheel  spindles  52  for 
free  rotation  about  an  axis  parallel  to  that  of  the  tire 
14  under  test.  Loadwheel  spindles  52  are  in  turn 
supported  by  a  carriage  55  which  is  slidably  se- 
cured  to  frame  11  by  one  or  more  ways  60  as  to 
be  moveable  in  the  radial  direction,  toward  and 
away  from  tire  14.  As  carriage  55  urges  loadwheel 
50  radially  inward  (to  the  left  in  the  Fig.)  against  tire 
14,  the  radial  load  on  tire  14  increases.  Likewise, 
movement  of  carriage  55  radially  outward  (to  the 
right  in  the  Fig.)  reduces  the  radial  force  on  tire  14. 
Carriage  55  is  moved  back  and  forth  by  a'  revers- 
ible  D.C.  motor  65  secured  to  frame  11.  Motor  65 
drives  a  gear  box  66  whose  output  drives  a  chain 
and  sprocket  linkage  69  to  rotate  a  ball  screw 
rotation  only  female  screw  71.  A  screw  shaft  72 
fixed  to  carriage  55  is  received  within  female  screw 
71  in  order  to  translate  carriage  55  in  the  radial 
direction  as  female  screw  71  rotates.  A  potentiom- 
eter  75  is  connected  to  the  output  of  gear  box  66 
to  generate  a  radial  distance  signal,  d(t)  77  cor- 
related  to  the  instantaneous  radial  distance  be- 
tween  the  center  of  the  tire  14  under  test  and  the 
circumferential  surface  51  of  loadwheel  50. 

Distance  signal  77  appears  on  line  78.  Load- 
whee!  50  is  instrumented  with  a  pair  of  load  cells 
81  ,  one  of  which  is  mounted  upon  each  loadwheel 
spindle  52.  Load  cells  81  are  wired  in  parallel  with 

5  one  another  to  generate  a  force  signal,  f(t)  82  on 
line  83  which  is  correlated  to  the  instantaneous 
radial  force  transmitted  by  the  tire  14  under  test  to 
loadwheel  50. 

A  central  processing  unit  (CPU)  85,  the  opera- 
10  tion  of  which  will  be  described  in  further  detail 

below,  includes  encoder  input  ports  86  and  87 
which  receive  position  reference  pulses  45  and 
rotation  pulses  42  respectively  by  way  of  lines  46 
and  43  from  shaft  encoder  40.  CPU  85  further 

75  includes  a  first  analog  input  port  90  which  receives 
radial  distance  signal,  d(t)  from  potentiometer  75 
by  way  of  line  78  and  a  second  analog  input  port 
92  which  receives  force  signal  f(t)  from  loadcells  81 
by  way  of  line  83.  CPU  85  generates  a  digital 

20  output  signal  94  which  appears  at  output  port  95 
and  is  processed  by  a  digital  to  analog  converter 
(D/A)  97  to  generate  on  line  99,  a  feedback  signal, 
£101.  Feedback  signal  101  is  received  by  the 
minus  input  102  of  a  summing  junction  103.  Sum- 

25  ming  junction  103  also  includes  a  plus  input  105 
which  receives  a  set  point  reference  signal,  R(t) 
107  from  set  point  reference  108  by  way  of  line 
109.  Set  point  signal  107  is  selected  to  represent 
the  desired  average  radial  force  to  be  established 

30  between  tire  14  and  loadwheel  50.  Summing  junc- 
tion  103  sums  feedback  signal  101  and  reference 
signal  107  to  generate  an  error  signal,  E(t)  112  on 
line  113  which  is  received  by  an  amplifier  116 
which  multiplies  error  signal  112  by  a  gain  factor  to 

35  generate  a  control  signal,  C(t)  118  on  line  119. 
Control  signal  118  is  received  on  line  119  by  the 
driving  circuitry  associated  with  motor  65. 

In  operation,  carriage  55  loadwheel  50  is  ini- 
tially  retracted.  A  tire  14  to  be  inspected  is  carried 

40  by  conveyor  12  to  test  station  15.  Lower  half  chuck 
21  is  then  extended,  elevating  tire  14  into  test 
position  so  that  tire  is  14  is  clamped  between  lower 
half  chuck  21  and  rotating  upper  half  chuck  25. 
Tire  14  is  inflated  to  a  desired  test  pressure  by 

45  flowing  air  under  pressure  through  axial  air  pas- 
sage  28  and  orifice  29.  Tire  14  rotates  at  a  nomi- 
nally  constant  angular  speed  according  to  the  rota- 
tion  of  drive  motor  36. 

CPU  85  then  causes  carriage  55  to  be  driven 
so  radially  inward,  causing  loadwheel  50  to  move  to- 

ward  tire  14.  As  the  circumferential  surface  51  of 
loadwheel  50  engages  the  tread  surface  of  tire  14, 
loadwheel  50  begins  to  rotate  due  to  its  engage- 
ment  with  tire  14.  Once  steady  state  rotation  of 

55  loadwheel  50  is  established,  CPU  85  proceeds  to 
determine  the  spring  constant,  k  of  tire  14.  This  is 
acpomplished  by  measuring  the  change  in  radial 
force  over  a  change  in  radial  distance  as  carriage 
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55  moves  radially  inward  and  by  calculating  the 
spring  constant,  k  as  the  quotient  of  the  change  in 
radial  force  divided  by  the  corresponding  change  in 
radial  distance. 

To  calculate  the  spring  constant,  k  of  tire  14, 
CPU  85  polls  encoder  reference  input  port  86, 
testing  for  the  presence  of  a  position  reference 
pulse  42  there.  When  the  next  rotation  pulse  42 
appears  at  the  encoder  rotation  input  port  87  on 
line  43,  CPU  85  reads  and  stores  data  representing 
both  the  instantaneous  radial  distance  signal,  d(t) 
77,  appearing  at  first  analog  input  port  90  and  the 
instantaneous  radial  force  signal,  f(t)  82  appearing 
at  second  analog  input  port  92.  This  procedure  is 
repeated  for  the  next  127  rotation  pulses  42  so  that 
CPU  85  holds  in  memory  corresponding  sets  f(n), 
r(n)  (where  n  =  1  to  128)  of  radial  force  and 
distance  information  sampled  at  128  points  over 
one  full  revolution  of  tire  14. 

CPU  85  then  calculates  and  stores  in  memory 
the  value  of  the  spring  constant,  k  of  tire  14  ac- 
cording  to: 
Equation  1:  k  =  |f(128)  -f(1)|/|d(128)-d(1) 

While  it  is  desirable  to  determine  the  spring 
constant  of  each  tire  as  just  described,  these  steps 
may  be  omitted  where  the  spring  constant  k,  is 
made  available  to  CPU  85  by  other  means  for  use 
in  subsequent  calculations  by  other  means.  For 
example,  an  appropriate  spring  constant,  k  for  the 
type  of  tire  under  test  can  be  determined  by  ex- 
periment  and  stored  in  the  memory  of  CPU  85  as  a 
constant  for  all  tires  of  a  given  type. 

After  the  first  complete  rotation  of  tire  14  dur- 
ing  which  data  is  taken,  CPU  85  continues  to 
sample  force  and  radius  data  at  intervals  deter- 
mined  by  the  occurrence  of  rotational  pulses  42. 
After  128  sets  of  data  have  been  taken,  CPU  85 
updates  its  data  memory  on  a  last  in-first  out 
(LIFO)  basis  so  that  the  memory  of  CPU  85  there- 
after  contains  force  and  radius  data  representing 
the  last  complete  revolution  of  tire  14.  The  average 
radial  .force,  FAVG  over  the  last  full  rotation  of  tire  14 
is  calculated  by  CPU  85  by  adding  each  of  the  1  28 
stored  force  measurements  stored  in  memory  and 
dividing  the  sum  by  128.  Likewise,  the  average 
radial  distance  DAvg.  over  the  last  rotation  is  cal- 
culated  by  CPU  85  by  adding  each  of  the  128 
radius  measurements  stored  in  memory  and  divid- 
ing  the  sum  by  128.  FAVG  and  DAvg  are  both 
updated  and  stored  by  CPU  85  each  time  the 
contents  of  the  data  memory  are  updated. 

Carriage  55  continues  to  move  radially  inward 
toward  tire  14  until  the  instantaneous  force  signal, 
f(t)  82  appearing  at  second  analog  input  port  92 
approaches  the  desired  average  force  represented 
by  reference  signal  R(t),  107.  CPU  85  then  cal- 
culates  the  average  radial  force,  F  CALC  at  the 
current  radial  position  of  loadwheel  50  according 

to: 
Equation  2:  FCalc  =  FAVG  +  k  (dourrent  -DAVG) 
where: 

Favg  is  the  average  radial  force  over  the  last 
complete  revolution  of  tire  14; 

k  is  the  spring  constant  of  the  tire; 

d  current  is  the  current  sampled  value  of  radial 
distance  signal  d(t)  and 

DAvg  is  the  average  radial  distance  between 
tire  14  and  loadwheel  50  over  the  last  com- 
plete  revolution  of  tire  1  4. 

70 

75 

CPU  85  then  writes  the  calculated  value  FCALC,  as  a 
digital  output  signal  94  to  output  port  95.  D/A  97 
receives  digital  output  signal  94  and  generates  a 

20  corresponding  analog  feedback  signal,  /S101  which 
is  applied  to  the  minus  input  102  of  summing 
junction  103.  Summing  junction  103  generates  an 
error  signal,  E(t)  112  based  on  the  difference  be- 
tween  the  desired  average  radial  load  represented 

25  by  set  point  reference  signal  R(t)  107  and  the 
calculated  average  radial  load,  FCALC  is  represented 
by  feedback  signal,  £101.  Error  signal  E(t)  112  is 
amplified  by  amp  116  to  yield  control  signal,  C(t) 
118  which  drives  motor  65  to  adjust  the  position  of 

30  carriage  55  in  accordance  with  the  magnitude  and 
algebraic  sign  '  of  the  error  signal  E(t)  112.  The 
servomechanism  operates  to  reduce  error  signal, 
E(t)  112  toward  zero  by  adjusting  the  radial  position 
of  loadwheel  50  to  establish  an  average  radial  force 

35  load  on  tire  14  in  accordance  with  set  point  refer- 
ence  signal,  R(t)  107. 

Claims 
40 

1  .  An  apparatus  for  imposing  a  desired  average 
radial  force  on  a  rotating  tyre,  comprising,  a  load- 
wheel,  means  for  urging  the  loadwheel  into  radial 
contact  with  the  tyre,  means  for  measuring  both  the 

45  radial  force  and  the  radial  distance  between  the 
tyre  and  the  loadwheel  at  a  plurality  of  rotational 
positions  of  the  tyre,  means  for  calculating  an  aver- 
age  radial  force,  FAVg  as  the  arithmetic  average  of 
said  measured  force  values,  means  for  calculating 

so  an  average  radial  distance,  RAVg  as  the  arithmetic 
average  of  said  measured  radial  distance  values, 
means  for  calculating  the  average  radial  force 
Fpred  on  the  tyre  according  to  the  equation 

Fcalc  =  Favg  +  k  (dcurrent  -DAvg) 
55  where: 

k  is  the  spring  constant  of  the  tyre  and 
d  current  is  the  current  radial  distance  between 
the  tyre  and  the  loadwheel 
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and  means  responsive  to  a  signal  correlated  to  said 
calculated  average  radial  load,  FCALC  to  adjust  the 
radial  distance  between  the  tyre  and  said  load- 
wheel  to  control  the  average  radial  load  at  a  de- 
sired  value.  5 

2.  Apparatus  as  claimed  in  claim  1  comprising 
means  for  determining  the  spring  constant  of  the 
tyre. 

3.  Apparatus  as  claimed  in  claim  2  wherein 
said  means  for  determining  the  spring  constant,  k  10 
of  the  tyre  comprises  means  for  measuring  an 
initial  radial  force  between  the  tyre  and  said  load- 
wheel  and  a  corresponding  initial  radial  distance 
between  the  tyre  and  said  loadwheel  at  one  rota- 
tional  position  of  the  tyre,  means  for  varying  the  75 
radial  distance  between  the  tyre  and  said  load- 
wheel,  means  for  measuring  at  a  second  rotational 
position  of  the  tyre,  a  subsequent  radial  force  be- 
tween  the  tyre  and  said  loadwheel  and  a  cor- 
responding  subsequent  radial  distance  between  the  20 
tyre  and  said  loadwheel  and  means  for  calculating 
the  spring  constant,  k  of  the  tyre  as  a  quotient 
whose  dividend  is  the  absolute  value  of  the  dif- 
ference  between  said  initial  radial  force  and  said 
subsequent  radial  force  and  whose  divisor  is  the  25 
absolute  value  of  the  difference  between  said  initial 
radial  distance  and  said  subsequent  radial  distance. 

4.  Apparatus  as  claimed  in  claim  3  wherein 
said  second  rotational  position  of  the  tyre  is  sub- 
stantially  the  same  as  sad  first  rotational  position  of  •  30 
the  tyre. 

5.  A  method  of  imposing  a  desired  average 
radial  force  on  a  rotating  tyre  using  a  loadwheel, 
comprising  the  steps  of:  urging  the  circumferential 
surface  of  the  loadwheel  into  radial  contact  with  the  35 
tread  surface  of  the  tyre,  measuring  both  the  radial 
force  and  the  radial  distance  between  the  tyre  and 
said  loadwheel  at  a  plurality  of  nominally  equally 
angularly  spaced  rotational  position  of  the  tyre  over 
a  complete  revolution  of  the  tyre,  calculating  an  40 
average  radial  force,  F  AVG  as  the  arithmetic  aver- 
age  of  said  measured  force  values,  calculating  an 
average  radial  distance,  RAVg  as  the  arithmetic 
average  of  said  measured  radial  distance  values, 
calculating  the  average  radial  force,  FCalc  on  the  45 
tyre  according  to  the  equation 

Fcalc  =  Favg  +  k  (dcurrent  -DAVG) 
where: 

k  is  the  spring  constant  of  the  tyre  and 
dcurrem  is  the  current  radial  distance  between  50 
the  tyre  and  the  loadwheel 

and  applying  a  signal  correlated  to  said  calculated 
average  radial  load,  FPRED  as  a  feedback  signal  to  a 
servomechanism  responsive  to  adjust  the  radial 
distance  between  the  tyre  and  said  loadwheel  to  55 
control  the  average  radial  load  at  a  desired  value. 

6.  A  method  as  claimed  in  claim  5  further 
comprising  the  step  of  determining  the  spring  con- 
stant  of  the  tyre. 

7.  A  method  as  claimed  in  claim  6  wherein  said 
step  of  determining  the  spring  constant  k  of  the 
tyre  comprises  the  steps  of:  measuring  an  initial 
radial  force  between  the  tyre  and  said  loadwheel 
and  a  corresponding  initial  radial-  distance  between 
the  tyre  and  said  loadwheel  at  one  rotational  posi- 
tion  of  the  tyre,  varying  the  radial  distance  between 
the  tyre  and  said  loadwheel,  measuring  at  a  second 
rotational  position  of  the  tyre,  a  subsequent  radial 
force  between  the  tyre  and  said  loadwheel  and  a 
corresponding  subsequent  radial  distance  between 
the  tyre  and  said  loadwheel  and  calculating  the 
spring  constant,  k  of  the  tyre  as  a  quotient  whose 
dividend  is  the  absolute  value  of  the  difference 
between  said  initial  radial  force  and  said  subse- 
quent  radial  force  and  whose  divisor  is  the  absolute 
value  of  the  difference  between  said  initial  radial 
distance  and  said  subsequent  radial  distance. 

8.  A  method  as  claimed  in  claim  7  wherein  said 
second  rotational  position  of  the  tyre  is  substan- 
tially  the  same  as  said  first  rotational  position  of  the 
tyre. 
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