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(S)  Apparatus  and  method  for  angle-dependent  processing. 

(57)  A  method  and  apparatus  determines  an  angu- 
lar  location  on  a  round  object  (3)  during  a 
current  operation  in  order  to  facilitate  the  posi- 
tioning  of  that  object  for  subsequent  operation. 
At  a  first  station  (1),  an  angular  location  identify- 
ing  feature  (A)  is  sensed,  and  an  angle  (C)  at 
which  a  pre-determined  desired  angular  loca- 
tion  (B)  is  located  with  respect  to  the  feature  (A) 
is  determined.  At  a  second  station  (1),  the  feat- 
ure  (A)  is  sensed,  the  object  (3)  is  indexed  from 
the  feature  in  an  amount  equal  to  the  angle  (C) 
to  re-locate  the  desired  angular  location  (B), 
and  the  object  (3)  is  processed  at  the  re-located  01  ~^ 
pre-determined  desired  angular  location  (B).  ^  This  processing  step  may  be  a  marking  step  at  £  
the  second  station,  but  may  be  the  performance 
of  the  subsequent  operation.  The  first  station 
means  includes  means  for  sensing  the  angular 
location  identifying  feature  on  the  object  (3)  and 
measurement  means  for  determining  the  angle 
(C)  at  which  a  pre-determined  desired  angular 
location  (B)  on  the  object  is  located  with  res- 
pect  to  the  feature  (A).  The  second  station  " 

^   means  includes  sensing  means  for  sensing  the 
^   feature  (A),  indexing  means  for  indexing  from 

the  feature  in  an  amount  equal  to  the  angle  (C). 
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The  invention  relates  to  angle-dependent  proc- 
essing  of  objects  such  as  tyres,  wheels  or  tyre/wheel 
assemblies  wherein  the  processing  of  the  object  at  a 
given  processing  station  requires  angle-specifying  in- 
formation  generated  or  defined  previously  at  some  5 
other  processing  station. 

In  the  processing  of  round  objects,  it  frequently 
becomes  necessary  to  perform  a  subsequent  opera- 
tion  based  on  an  angular  location  on  the  object  iden- 
tified  in  a  current  operation.  Normally,  this  require-  10 
ment  is  achieved  by  placing  a  mark  upon  the  object 
during  the  current  operation.  That  mark  is  then  used 
as  a  reference  for  positioning  of  the  round  object  dur- 
ing  the  subsequent  operation. 

For  example,  in  the  processing  of  automobile  15 
tyres  and  wheels,  it  is  known  to  place  a  mark  upon  the 
tyre  at  an  angular  location  corresponding  to  the  high 
point  of  the  first  harmonic  of  the  radial  force  variation 
of  the  tyre,  and  to  form  a  valve  stem  hole  on  the  wheel 
at  an  angular  location  corresponding  to  the  low  point  20 
of  the  first  harmonic  of  the  average  radial  run  out  of 
the  wheel.  During  subsequent  processing,  when  the 
tyre  is  mounted  upon  the  wheel,  it  is  desirable  to  align 
the  tyre  and  wheel  such  that  the  marks  are  at  the 
same  angular  location.  This  effectively  reduces  radial  25 
force  variation  in  the  resulting  tyre/wheel  assembly. 

However,  physically  placing  marks  upon  the  ob- 
jects  consumes  cycle  time  and  thus  reduces  process 
throughput.  For  example,  in  order  to  form  a  visible 
mark  on  the  side  wall  of  a  tyre  at  a  location  identified  30 
by  a  tyre  uniformity  machine,  it  is  necessary  to  sub- 
stantially  stop  rotation  of  the  tyre  with  the  high  point 
of  the  radial  force  variation  oriented  in  the  direction  of 
the  marking  devices,  and  to  then  wait  while  the  mark 
is  applied  to  the  tyre.  These  steps  can  consume  as  35 
much  as  5%  of  the  machine's  cycle  time  on  the  aver- 
age. 

In  other  equipment,  it  has  been  known  to  reduce 
this  consumption  of  cycle  time  by  providing  a  second 
station  on  the  machinery  dedicated  to  carrying  out  40 
the  marking  operation.  While  this  second  station 
adds  expense  to  the  machinery,  it  is  nonetheless  fre- 
quently  beneficial  to  the  cost  effectiveness  of  the  ma- 
chinery  to  perform  the  marking  operation  at  this  sec- 
ond  station.  However,  in  tyre  uniformity  machinery,  it  45 
is  not  possible  to  accurately  apply  an  angular  mark  at 
a  second  station  of  the  machine.  This  is  so  because 
the  tyre  must  be  "stripped"  from  the  test  rim  of  the  first 
station  and  them  moved  to  the  second  station;  this 
causes  loss  of  angular  orientation  of  the  tyre.  50 

It  is  therefore  desirable  provide  a  method  of  and 
apparatus  for  overcoming  the  difficulties  associated 
with  the  current  practices,  and  to  provide  a  faster 
throughput  in  processing  round  objects  such  as  tyres 
and  wheels.  55 

According  to  a  first  aspect  of  this  invention  a 
method  of  processing  round  objects,  including  deter- 
mining  an  angular  location  on  a  round  object  during  a 

current  operation  in  order  to  facilitate  positioning  the 
object  for  a  subsequent  operation,  comprises: 

(1)  at  first  station, 
a)  sensing  an  angular  location  identifying  fea- 
ture  on  the  object,  and 
b)  determining  an  angle  at  which  a  pre-deter- 
mined  desired  angular  location  on  the  object 
is  located  with  respect  to  said  feature; 

(2)  at  a  second  station, 
a)  sensing  said  feature, 
b)  indexing  from  said  feature  in  an  amount 
equal  to  said  angle  thereby  re-locating  said 
pre-determined  desired  angular  location  with 
respect  to  said  feature,  and 
c)  performing  the  subsequent  operation  on 
the  object,  the  subsequent  operation  being 
dependent  on  said  re-located  pre-determined 
desired  angular  location. 

The  object  may  be  an  automobile  wheel  wherein 
the  identifying  feature  is  a  valve  stem  hole,  or  an  au- 
tomobile  tyre  wherein  the  identifying  feature  is  an 
auxiliary  mark  applied  thereto  at  a  random  location. 
Such  an  auxiliary  mark  could  be  in  the  form  of,  for  ex- 
ample,  a  label.  The  identifying  feature  could  as  well 
be  determined  by  auto-correlation. 

In  order  to  automate  the  method,  the  angle  can  be 
stored  at  the  first  station  and  then  recalled  at  the  sec- 
ond  station.  Indexing  can  then  be  performed  as  de- 
scribed. 

The  angle  can  be  stored  in  computer  memory  or 
in  any  number  of  tangible  media,  which  media  may  be 
human-readable  or  machine-readable,  such  as  print- 
ed  barcode,  magnetic  floppy  disks,  or  magnetic  tape. 
The  tangible  media  can  be  affixed  to  the  object  so  that 
the  angle  can  be  recalled  should  the  object  be  trans- 
ported  to  a  remote  location  for  the  marking  step. 

The  subsequent  operation  may  include  a  marking 
step  carried  out  at  the  second  station  but,  alternative- 
ly  the  subsequent  operation  may  itself  be  carried  out 
at  the  second  station  and  be,  for  example  the  pairing 
of  tyres  with  wheels. 

According  to  a  second  aspect  of  this  invention  an 
apparatus  for  determining  an  angular  location  on  a 
round  object  during  a  current  operation  in  order  to  fa- 
cilitate  positioning  said  object  for  a  subsequent  oper- 
ation,  comprises: 

first  station  means,  said  first  station  means  in- 
cluding  sensing  means  for  sensing  an  angular  loca- 
tion  identifying  feature  on  said  object,  and  measure- 
ment  means  for  determining  an  angle  at  which  a  pre- 
determined  desired  angular  location  on  said  object  is 
located  with  respect  to  said  feature;  and 

second  station  means,  said  second  station 
means  comprising  sensing  means  for  sensing  said 
feature,  and  indexing  means  for  indexing  from  said 
feature  in  an  amount  equal  to  said  angle  thereby  re- 
locating  said  pre-determined  desired  angular  location 
with  respect  to  said  feature. 
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Data  storage  means  can  be  employed  to  store  the 
angle  at  the  first  station  means,  to  be  recalled  subse- 
quently  at  the  second  station  means  for  the  indexing 
step.  The  second  station  means  can  further  include 
marking  means  for  marking  the  object  with  a  mark  at 
the  re-located  pre-determined  desired  angular  loca- 
tion. 

One  advantage  of  the  present  invention  is  that 
throughput  loss  caused  by  marking  angular  locations 
on  round  objects  has  been  reduced. 

Another  advantage  of  the  present  invention  is 
that,  if  desired,  the  entire  step  of  marking  an  angular 
location  on  a  round  object  for  performing  a  subse- 
quent  operation  thereon  may  be  eliminated. 

A  particular  example  of  a  method  and  apparatus 
in  accordance  with  the  present  invention  will  now  be 
described  with  reference  to  the  accompanying  draw- 
ings,  in  which:- 

Fig.  1  is  a  flow  chart  illustrating  a  method  of  de- 
termining  an  angular  location  on  a  round  object 
during  a  current  operation  in  order  to  facilitate 
positioning  the  object  fora  subsequent  operation; 
Fig.  2  is  a  flow  chart  illustrating  a  method  of  proc- 
essing  round  objects  which  includes  determining 
an  angular  location  on  a  round  object  during  a 
current  operation  in  order  to  facilitate  positioning 
the  object  for  a  subsequent  operation;  and 
Fig.  3  is  a  schematic  of  apparatus  capable  of  car- 
rying  out  the  methods  of  the  present  invention. 
With  reference  first  to  Figs.  1  and  3,  there  is  illu- 

strated  a  flow  chart  F1  for  determining  an  angular  lo- 
cation  on  a  round  object  during  a  current  operation  in 
order  to  facilitate  positioning  the  object  for  a  subse- 
quent  operation,  and  apparatus  10  therefor,  respec- 
tively. 

Referring  specifically  to  Fig.  3,  there  is  illustrated 
a  round  object  3,  and  first  and  second  stations  1  and 
2  for  processing  the  round  object  3.  The  round  object 
3,  in  the  preferred  practice  of  the  present  invention, 
is  either  an  automobile  tyre  or  an  automobile  wheel. 
Upon  round  object  3,  Adesignates  an  angular  location 
identifying  feature.  This  feature  A  could  take  various 
forms,  one  of  which  could  be  a  valve  stem  hole  in  a 
tyre  wheel,  or  an  arbitrarily  placed  label  on  the  side 
wall  of  a  tyre.  A  pre-determined  desired  angular  loca- 
tion  B  is  known,  and  it  is  desired  to  determine  the  an- 
gle  C  at  which  this  pre-determined  desired  angular  lo- 
cation  B  resides  with  respect  to  the  angular  location 
identifying  feature  A  for  marking  of  the  object  3  at  lo- 
cation  B  to  facilitate  subsequent  processing  of  the 
round  object. 

Specifically,  B  represents  the  high  point  of  the 
first  harmonic  of  the  radial  force  variation  of  the  tyre, 
or  alternatively  the  low  point  of  the  first  harmonic  of 
the  average  radial  run  out  of  the  wheel.  It  can  be  as- 
sumed,  for  the  practice  of  the  present  invention,  that 
the  high  point  of  the  first  harmonic  of  the  radial  force 
variation  of  the  tyre  has  been  previously  determined 

with  a  conventional  tyre  uniformity  optimizer,  and  is 
readily  identifiable  by  first  station  1.  Similarly,  the  low 
point  of  the  first  harmonic  of  the  average  radial  run  out 
of  the  wheel  has  been  previously  determined  by  a 

5  conventional  wheel  uniformity  analyzer,  and  likewise 
is  readily  identifiable  by  first  station  1.  Therefore,  it 
will  be  appreciated  that  as  round  object  3  enters  first 
station  1,  the  first  station  1  is  able  to  determine  the 
position  B  on  the  round  object  3  based  on  the  previ- 

10  ous  results  of  the  wheel  uniformity  analyzer  or  tyre 
uniformity  optimizer,  as  is  the  case. 

After  round  object  3  has  entered  the  first  station 
1  ,  sensing  means  within  the  first  station  1  senses  the 
angular  location  identifying  feature  B  on  the  object  3, 

15  as  instructed  by  step  S11  of  flow  chart  F1.  As  previ- 
ously  mentioned,  the  identifying  feature  B  would  nor- 
mally  take  the  form  of  a  valve  stem  hole  for  an  auto- 
mobile  wheel,  and  an  auxiliary  mark,  such  as  a  label, 
applied  at  a  random  angular  location  on  an  automo- 

20  bile  tyre.  The  sensing  means  of  the  first  station  1  for 
sensing  the  identifying  feature  B  could  be  any  num- 
ber  of  conventional  sensing  means,  and  could  employ 
a  physical  contact  probe,  such  as  would  pick  up  a 
valve  stem  hole  in  an  automobile  wheel,  or  could  just 

25  as  easily  be  a  non-contact  probe  such  as  an  optical 
sensor.  Furthermore,  utilizing  a  non-contact  probe 
such  as  optical  sensor,  the  signal  processing  techni- 
que  of  auto-correlation  could  be  employed  to  deter- 
mine  an  identifying  feature. 

30  Once  the  first  station  1  has  identified  the  angular 
location  identifying  feature  Aon  the  object  3,  the  sta- 
tion  1  them  determines,  by  any  conventional  measur- 
ing  means,  the  angle  C  at  which  the  pre-determined 
desired  angular  location  B  is  located  with  respect  to 

35  the  feature  A,  as  instructed  by  step  S1  2  of  flow  chart 
F1. 

In  order  to  mark  the  round  object  3  at  the  desired 
location  B,  it  is  necessary  to  store  or  otherwise  record 
the  angle  C  for  subsequent  recollection  at  the  second 

40  station  2,  wherein  the  marking  will  occur.  Accordingly, 
the  angle  C  can  be  stored,  for  example,  in  computer 
4  by  the  first  station  1  ,  for  subsequent  recall  by  the 
second  station  2.  This  scenario  would  be  ideal  in  the 
warehouse-type  manufacturing  and  assembly  opera- 

45  tion  wherein  the  angle  C  is  determined  at  one  location 
in  the  warehouse,  and  the  object  3  is  then  transported 
to  another  location  within  the  same  warehouse  or 
manufacturing  facility  for  the  subsequent  marking  op- 
eration  to  be  performed  on  the  object  3.  Alternatively, 

so  the  round  object  3,  be  it  an  automobile  tyre  or  an  au- 
tomobile  wheel,  may  be  transferred  to  a  remote  as- 
sembly  plant  for  marking. 

In  this  scenario,  the  angle  C  can  readily  be  stored 
in  any  numberof  tangible  media.  Such  media  could  be 

55  human-readable,  or  in  a  preferred  embodiment, 
would  be  machine  readable,  such  as  printed  barcode, 
a  magnetic  floppy  disk,  or  a  magnetic  tape.  In  this 
scenario  the  tangible  media  would  be  affixed  to  the 

3 
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object  3  and  transported  therewith  to  the  remote  lo- 
cation  so  that  the  angle  C  could  be  recalled  utilizing 
conventional  data  recollection  means  and  the  subse- 
quent  marking  be  performed  on  the  object  3  thereat. 

Accordingly,  step  S13  of  the  flow  chart  F1  in- 
volves  sensing  the  identifying  feature  Aat  the  second 
station  2,  by  such  means  as  previously  described. 
Step  S14  at  the  second  station  2  involves  indexing 
from  the  identifying  feature  A  in  an  amount  equal  to 
the  angle  C  thereby  relocating  the  pre-determined  de- 
sired  angular  location  B  with  respect  to  the  identifying 
feature  A.  Of  course,  any  conventional  rotary  index- 
ing  means  can  be  employed  to  perform  this  step  S14. 
Finally,  step  S15  involves  marking  the  object  with  a 
mark  D  at  the  re-located  desired  angular  location  8. 
At  this  point,  the  round  object  3,  be  it  an  automobile 
tyre  or  wheel,  is  ready  for  pairing  to  an  automobile 
wheel  or  tyre,  respectively,  as  the  case  may  be,  and 
may  be  done  so  by  simply  matching  the  marks  D  prior 
to  assembly. 

Another  method  of  the  present  invention  is  illu- 
strated  in  Fig.  2  as  flow  chart  F2.  In  flow  chart  F2  the 
marking  step  S15  of  flow  chart  F1  is  eliminated,  and 
the  subsequent  operation  to  be  performed  on  the  ob- 
ject,  namely,  pairing,  which  is  dependent  on  the  pre- 
determined  desired  angular  location,  is  performed  at 
the  second  station  2  as  step  S25.  The  method  of  flow 
chart  F2  would  be  ideal  for  a  warehouse-type  manu- 
facturing  and  assembly  operation  wherein  the  angle 
C  is  determined  at  the  first  station  S1  ,  and  the  object 
3  is  then  transported  to  another  location  within  the 
same  warehouse  or  manufacturing  facility  for  subse- 
quent  processing  to  be  performed  on  the  object  3,  as 
for  example  pairing  of  tyres  with  wheels.  Similarly, 
the  round  object  3,  be  it  an  automobile  tyre  or  an  au- 
tomobile  wheel,  may  be  transferred  to  a  remote  as- 
sembly  plant,  or  to  an  automobile  manufacturer,  for 
subsequent  pairing  and  assembly  of  tyres  with 
wheels.  As  previously  described,  if  the  second  station 
is  located  in  the  same  warehouse  or  factory  facility  as 
the  first  station,  the  angle  C  can  be  stored  in  a  com- 
puter  4  by  the  first  station  1  for  subsequent  recall  by 
the  second  station  2.  Further,  any  conventional  data 
transmission  means,  such  as  local  area  networks, 
may  be  employed  therefor.  And,  as  described  earlier, 
should  the  automobile  tyre  or  automobile  wheel  be 
transferred  to  a  remote  assembly  plant  or  to  an  auto- 
mobile  manufacturer,  the  angle  C  can  be  readily  stor- 
ed  in  any  number  of  tangible  media,  which  can  be  af- 
fixed  to  the  object  3  and  transmitted  therewith  such 
as  printed  barcode,  a  magnetic  floppy  disk,  or  a  mag- 
netic  tape. 

Claims 

1  .  A  method  of  processing  round  objects  (3),  includ- 
ing  determining  an  angular  location  on  a  round 

object  (3)  during  a  current  operation  in  order  to  fa- 
ci  I  itate  positioning  the  object  for  a  su  bsequent  op- 
eration,  the  method  comprising: 

(1)  at  first  station  (1), 
5  a)  sensing  an  angular  location  identifying 

feature  (A)  on  the  object  (3),  and 
b)  determining  an  angle  (C)  at  which  a  pre- 
determined  desired  angular  location  (B) 
on  the  object  (3)  is  located  with  respect  to 

10  said  feature  (A); 
(2)  at  a  second  station, 

a)  sensing  said  feature  (A), 
b)  indexing  from  said  feature  (A)  in  an 
amount  equal  to  said  angle  (C)  thereby  re- 

15  locating  said  pre-determined  desired  an- 
gular  location  (B)  with  respect  to  said  fea- 
ture  (A),  and 
c)  performing  the  subsequent  operation 
on  the  object  (3),  the  subsequent  opera- 

20  tion  being  dependent  on  said  relocated 
pre-determined  desired  angular  location. 

2.  A  method  according  to  claim  1  ,  wherein  the  object 
(3)  is  an  automobile  wheel  and  the  identifying 

25  feature  is  a  valve  stem  hole  or  wherein  the  object 
is  an  automobile  tyre  and  the  identifying  feature 
is  an  auxiliary  mark  such  as  a  label  applied  to  it 
at  a  random  angular  location. 

30  3.  A  method  according  to  claim  1  or  2,  wherein  said 
identifying  feature  is  determined  by  auto- 
correlation. 

4.  A  method  according  to  any  one  of  the  preceding 
35  claims,  wherein  said  angle  (C)  is  stored  at  the 

first  station  and  is  recalled  at  the  second  station. 

5.  A  method  according  to  any  one  of  the  preceding 
claims,  in  which  the  subsequent  operation  in- 

40  eludes  marking  the  object  (3)  at  the  pre-deter- 
mined  desired  angular  location  (B)  with  a  human 
or  machine  readable  mark. 

6.  A  method  according  to  any  one  of  claims  1  to  4, 
45  wherein  the  method  is  performed  on  an  automo- 

bile  wheel  or  tyre  and  the  subsequent  operation 
is  the  association  at  a  particular  mutual  angular 
orientation  of  said  automobile  wheel  or  tyre  with 
a  corresponding  tyre  or  automobile  wheel. 

50 
7.  An  apparatus  (1  0)  for  determining  an  angular  lo- 

cation  on  a  round  object  (3)  during  a  current  op- 
eration  in  order  to  facilitate  positioning  said  object 
(3)  for  a  subsequent  operation,  said  apparatus 

55  comprising: 
first  station  means  (1),  said  first  station 

means  including  sensing  means  for  sensing  an 
angular  location  identifying  feature  on  said  object 

4 



EP  0  621  471  A1 

(3),  and  measurement  means  for  determining  an 
angle  (C)  at  which  a  predetermined  desired  angu- 
lar  location  on  said  object  is  located  with  respect 
to  said  feature  (A);  and 

second  station  means  (1),  said  second  5 
station  means  comprising  sensing  means  for 
sensing  said  feature  (A),  and  indexing  means  for 
indexing  from  said  feature  in  an  amount  equal  to 
said  angle  (C)  thereby  re-locating  said  predeter- 
mined  desired  angular  location  (B)  with  respect  to  10 
said  feature  (A). 

An  apparatus  according  to  claim  7,  wherein  said 
first  station  means  (1)  further  includes  storage 
means  for  storing  said  angle  (C)  and  said  second  15 
station  means  (1)  further  includes  recall  means 
for  recalling  said  angle  (C). 

An  apparatus  according  to  claim  7  or  8,  wherein 
second  station  means  further  includes  marking  20 
means  for  marking  said  object  (3)  with  a  mark. 
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