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Description 

TECHNICAL  FIELD 

The  invention  relates  to  the  apparatus  and 
method  for  grinding  the  sidewalls  of  pneumatic 
tires,  and  in  particularly  to  a  process  and  apparatus 
for  grinding  and  cleaning  raised  or  recessed 
sidewall  areas  extending  generally  circumferentially 
about  all  or  a  portion  of  the  tire  sidewall.  More 
particularly,  the  invention  relates  to  such  an  ap- 
paratus  and  process  which  maps  the  profile  of  the 
sidewall  surface  adjacent  the  area  to  be  worked, 
and  which  measures  and  calculates  the  surface 
angle  of  said  area,  and  then  generates  control 
signals  to  grind  motors  for  accurately  controlling 
the  grind  angle  and  depth  of  grind  or  for  adjusting 
the  bead  spacing  of  the  tire  to  place  the  sidewall 
area  in  a  predetermined  relationship  with  respect  to 
the  grinding  wheel. 

BACKGROUND  ART 

Heretofore  known  methods  and  apparatus  for 
grinding  the  sidewalls  of  tires  and  in  particular  the 
white  sidewall  areas  thereof  have  had  several  limi- 
tations.  It  Is  ordinarly  been  necessary  for  an  oper- 
ator  after  placing  a  tire  on  the  grinding  apparatus, 
to  movably  position  and  manipulate  the  grinding 
wheel  or  wheels  of  the  apparatus  by  handwheels  to 
move  the  grinding  wheels  into  engagement  with  the 
sidewall  area  to  be  ground.  The  quality  of  these 
prior  art  grinding  machines  depends  totally  upon  a 
very  precise  setup  by  an  expert  technican.  It  also 
assumes  that  a  very  uniform  tire  is  supplied  to  the 
grinder  which  is  not  totally  correct  whereby  vari- 
ations  in  the  raised  white  sidewall  area  of  the  tire 
wall  cause  unevenness  in  sidewall  grind.  Due  to  the 
dimensional  variations  and  inherent  resilient  char- 
acteristics  of  rubber,  especially  when  in  the  form  of 
an  inflated  pneumatic  tire,  it  has  been  extremely 
difficult  with  known  methods  and  apparatus  to  ac- 
curately  set  the  grind  depth  on  a  mass  production 
basis  for  uniform  sidewall  grinding.  Even  tires  of 
the  same  nominal  size  are  not  always  of  uniform 
dimensions,  with  dimensions  varying  from  tire  to 
tire  and  even  varying  in  different  portions  of  the 
same  tire. 

In  particular,  it  has  been  difficult  to  adjust  and 
regulate  the  angle  of  the  grinding  wheel  since  the 
angle  of  the  outer  surface  of  the  raised  or  recessed 
area  will  vary  due  to  its  location  on  the  sidewall 
area  of  an  inflated  pneumatic  tire.  If  the  angle  of 
the  grinding  wheel  is  not  accurately  adjusted  too 
much  material  will  be  removed  from  one  side  of 
the  raised  or  recessed  sidewall  area  in  order  to 
remove  sufficient  material  from  the  other  side  of 
the  area  resulting  in  a  blemished  tire  or  possibly  a 

damaged  tire  if  the  depth  of  grind  is  excessive. 
Furthermore,  if  the  grind  depth  and  angle  of  the 
grinding  wheel  are  not  precise,  the  resulting  ex- 
posed  white  rubber  in  the  sidewall  will  appear 

5  distorted  even  if  the  grind  depth  is  not  excessive, 
providing  a  tire  which  must  be  sold  as  a  blemished 
tire. 

The  controlled  grinding  of  the  sidewall  area  of 
pneumatic  tires  is  generally  required  for  three  par- 

io  ticular  applications.  The  most  common  application 
is  to  remove  an  overlying  layer  of  black  rubber 
from  an  underlying  raised  area  of  white  rubber  to 
provide  the  standard  raised  annular  white  sidewall 
area  that  extends  circumferentially  about  the 

75  sidewall  of  the  tire.  In  other  grind  applications,  the 
overlying  black  rubber  is  removed  from  raised  let- 
ters  to  expose  the  underlying  white  rubber  which 
defines  the  raised  letters.  Also,  for  certain  tires  the 
white  rubber  forming  the  white  sidewall  of  the  tire 

20  is  at  the  bottom  of  an  annular  groove  formed  in  the 
sidewall  of  the  tire  with  the  grinding  wheel  being 
required  to  remove  the  black  covering  rubber  at  the 
base  of  the  groove  to  form  a  recessed  white 
sidewall  strip.  Also,  during  the  manufacture  of 

25  some  tires,  the  raised  area  which  forms  the  annular 
portion  of  the  tire  for  a  usual  white  sidewall  will  be 
formed  completely  of  black  rubber  which  also  re- 
quires  grinding  to  remove  the  rubber  flashing  and 
to  provide  a  uniform  appearance  to  the  raised  black 

30  area  thereof. 
Various  methods  and  apparatus  have  been  pro- 

posed  to  overcome  these  problems  and  to  provide 
a  satisfactory  and  accurately  controlled  grind  angle 
and  depth  of  grind  to  eliminate  the  problems  that 

35  have  existed  in  the  removal  of  the  black  covering 
rubber  from  the  white  sidewall  areas  of 
tires.whether  the  raised  area  is  a  circumferentially 
extending  rib  or  raised  spaced  letters,  or  even  an 
annular  recessed  area. 

40  U.S.  Patent  No.  2,707,851  shows  an  early  prior 
art  type  of  grinding  machine  in  which  the  grinding 
wheels  were  manually  adjusted  by  handwheels  to 
regulate  the  angle  of  grind  and  depth  thereof.  U.S. 
Patent  No.  2,810,238  shows  another  prior  art  grind- 

45  er  in  which  the  angular  adjustment  of  the  grind 
wheel  is  accomplished  by  handwheels  and  the 
location  of  the  grinder  is  controlled  by  a  roller 
which  follows  the  contour  of  the  tire  tread.  U.S. 
Patent  No.  2,893,172  shows  a  grinding  wheel  in 

50  which  the  grind  angle  and  depth  are  controlled  by 
manually  operated  handwheels  thereby  relying  on 
the  expertise  of  the  operator  to  achieve  a  satisfac- 
tory  removal  of  the  black  covering  rubber.  U.S. 
Patent  No.  2,986,849  shows  another  sidewall  grind- 

55  er  in  which  the  grinding  pressure  on  the  grinding 
wheel  is  controlled  by  pivoting  the  grinder  on  the 
end  of  an  arm  with  the  depth  being  controlled  by  a 
roller  which  rolls  along  a  predetermined  sidewall 
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area  of  the  tire. 
Other  prior  art  sidewall  grinders  for  pneumatic 

tires  have  attempted  to  compensate  for  the  varying 
angle  of  the  top  surface  of  the  raised  sidewall  area 
by  constraining  the  sidewall  area  of  the  inflated  tire 
whereby  the  top  surface  of  the  raised  sidewall  area 
will  be  generally  flat  in  relationship  to  the  plane  of 
the  tire  equator.  This  will  enable  the  grinding  wheel 
to  engage  the  raised  area  perpendicularly  to  elimi- 
nate  any  angle  in  the  raised  sidewall  area.  Exam- 
ples  of  such  apparatus  are  shown  in  U.S.  Patent 
Nos.  3,077,060  and  3,137,976.  U.S.  Patent  No. 
3,128,579  shows  another  white  sidewall  grinding 
apparatus  which  initially  adjusts  the  grinding 
wheels  by  manually  operated  handwheels  and  then 
provides  an  automatic  adjustment  control  by  a  con- 
tour  regulator  wheel  which  engages  the  rib  on  the 
sidewall  to  insure  that  the  grinding  wheels  follow 
the  contour  of  the  tire.  Although  this  construction 
attempts  to  compensate  for  irregular  contour  in  the 
sidewall,  it  does  not  provide  for  directly  measuring 
the  angle  of  the  raised  white  sidewall  area  and  then 
regulating  the  grind  angle  accordingly. 

U.S.  Patent  Nos.  3,172,243;  3,290,831;  and 
3,521  ,408  attempt  to  solve  the  problem  of  grinding 
the  desired  amount  of  covering  material  from  the 
raised  white  sidewall  area  made  difficult  by  the 
angular  variation  of  the  top  surface  of  the  raised 
area  in  the  sidewall,  by  positioning  the  sidewall 
surface  in  a  relatively  flat  horizontal  plane  when 
inflated  in  the  grinding  machine  to  insure  an  even 
depth  of  grind  upon  perpendicular  contact  of  the 
grinding  wheel  against  the  raised  sidewall  area. 

Although  it  has  been  recognized  in  the  sidewall 
grinding  art,  that  problems  are  presented  by  the 
angularity  of  the  top  surface  of  the  raised  area  of 
sidewall  material,  most  known  prior  art  grinding 
apparatus  have  attempted  to  solve  this  problem  by 
accurately  adjusting  the  angle  of  the  grinding  wheel 
manually  during  the  grinding  operation  which  relies 
upon  the  skill  of  the  operator.  Alternatively,  this 
problem  has  been  attempted  to  be  corrected  by 
flatting  the  sidewall  area  of  the  tire  when  mounted 
in  the  grinder  by  restraining  the  sidewall  area  by 
steel  plates,  with  the  subsequent  anticipation  that 
the  raised  area  will  be  perpendicular  to  the  moving 
grinding  wheel. 

Therefore,  the  need  exists  for  an  improved 
sidewall  grinding  apparatus  and  method  which 
eliminates  the  reliance  on  the  skill  of  the  operator 
for  achieving  a  satisfactory  and  accurate  removal  of 
the  covering  material  and  a  portion  of  the  under- 
lying  sidewall  material  which  usually  will  be  a  con- 
trasting  color  to  the  black  rubber  of  the  sidewall, 
and  which  avoids  the  necessity  of  flatting  the 
sidewall  area  of  the  tire  by  steel  retention  plates 
when  in  the  grinder  to  compensate  for  any  an- 
gularity  in  the  raised  area. 

DISCLOSURE  OF  THE  INVENTION 

Objectives  of  the  invention  include  providing  an 
improved  method  and  apparatus  for  grinding  cover- 

5  ing  material  from  raised  or  recessed  sidewall  areas 
of  pneumatic  tires  usually  to  expose  an  underlying 
white  rubber  material  by  accurately  and  dynam- 
ically  controlling  the  depth  of  grind  and  angle  of 
the  grind  wheel  as  the  tire  is  rotating  in  the  grinder. 

io  Another  objective  is  to  provide  such  an  im- 
proved  grinder  in  which  the  angle  of  slope  of  the 
raised  or  recessed  sidewall  area  is  measured  for 
each  individual  tire  placed  in  the  grinder  by  a  pair 
of  sensors  having  sensing  wheels  which  ride  along 

is  the  sidewall  area  of  the  tire  adjacent  to  and  on 
each  side  of  the  raised  or  recessed  sidewall  area, 
in  which  the  sensors  generate  electrical  signals, 
one  of  which  is  in  relationship  to  the  profile  of  the 
tire  along  the  area  of  contact  and  the  second  being 

20  compared  with  the  first  signal  whereby  the  dif- 
ference  between  the  signals,  along  with  the  known 
spacing  between  the  sensors  will  be  used  in  a 
microprocessor  to  calculate  the  angle  of  the 
sidewall  area;  and  in  which  a  resulting  signal  is 

25  produced  and  is  supplied  to  servo  mechanisms 
which  control  the  grind  angle  of  the  grinding  wheel 
and  the  depth  or  movement  of  the  grinding  wheel 
toward  the  sidewall  area  regulating  the  amount  of 
covering  material  removed  therefrom. 

30  Another  object  is  to  provide  such  an  improved 
apparatus  and  method  in  which  the  angle  control 
and  depth  control  of  the  grinding  wheel  is  cal- 
culated  and  regulated  for  each  individual  tire  enter- 
ing  the  grinder  without  distorting  or  changing  the 

35  sidewall  area  of  the  tire  and  which  will  compensate 
for  minor  irregularities  and  out  of  roundness  and 
slope  in  the  body  sidewall  area  of  the  tire,  and 
which  is  capable  of  grinding  the  raised  or  recessed 
sidewall  areas  of  a  wide  range  of  tires. 

40  Another  objective  is  to  provide  such  an  im- 
proved  grinder  and  method  in  which  a  polishing 
wheel  can  follow  downstream  from  the  grinding 
wheel  to  provide  a  polishing  and  buffing  effect  to 
the  newly  exposed  underlying  sidewall  material. 

45  A  still  further  objective  of  the  invention  is  to 
control  the  rate  of  rubber  removal  by  the  grinding 
wheel  to  insure  that  a  smooth  surface  will  be  pro- 
duced  for  the  exposed  underlying  rubber  in  the 
sidewall  area,  which  will  operate  rapidly,  accurately 

50  and  with  a  minimum  amount  of  manual  adjust- 
ments,  which  provides  a  computer  controlled  grind- 
ing  system  to  provide  uniformity  and  accuracy  in 
the  grind,  which  is  adaptable  to  grinding  machines 
having  the  standard  tire  feed,  centering  and  chuck- 

55  ing  mechanisms,  and  slide  mechanisms  for  moving 
the  grinding  wheel  in  three  axial  directions  required 
to  achieve  the  correct  grind  angle,  grind  depth  and 
location  of  grind;  and  in  which  the  machine  is 
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equipped  with  servo  motor  adjustments  for  the  set 
up  adjustments  of  the  machine  to  eliminate  the 
heretofore  manually  operated  handwheel  set  up 
adjustments. 

A  further  objective  of  the  invention  is  to  provide 
such  an  improved  apparatus  and  method  in  which 
the  pair  of  sensors  which  measure  the  profile  of  the 
sidewall  area  of  the  tire  adjacent  the  area  to  be 
ground  provides  signals  for  regulating  the  spacing 
of  the  tire  beads  by  movement  of  the  tire  support- 
ing  chuck  to  adjust  the  angle  of  the  surface  of  the 
sidewall  area  to  be  ground  to  a  desired  position  to 
ensure  perpendicular  contact  with  a  grinding  wheel 
eliminating  the  need  of  adjusting  the  angle  of  the 
grinding  wheel  by  movement  of  the  grinding  wheel 
itself. 

These  objectives  and  advantages  are  obtained 
by  the  improved  apparatus  of  the  invention,  the 
general  nature  of  which  may  be  stated  as  including 
an  apparatus  having  a  grinding  device  for  removing 
a  quantity  of  rubber  from  an  arcuately  extending 
area  of  a  sidewall  of  an  inflated  pneumatic  tire 
rotatably  mounted  in  said  apparatus,  including 
means  rotatably  supporting  a  tire  having  the  said 
arcuately  extending  area  thereon;  sensor  means 
detecting  the  sidewall  of  the  tire  generally  adjacent 
spaced  edges  of  said  sidewall  area  and  for  gen- 
erating  first  and  second  signals  In  relationship  to 
spaced  profiles  generated  about  the  sidewall  of  the 
tire  detected  by  said  sensor  means;  means  for 
comparing  the  first  and  second  signals  received 
from  the  sensor  means  and  for  generating  a  first 
output  signal  in  response  to  the  average  difference 
between  said  two  input  signals,  and  for  generating 
a  second  output  signal  in  response  to  one  of  the 
profiles  generated  by  one  of  the  input  signals; 
means  for  adjusting  the  angle  of  contact  of  the 
grinding  device  with  respect  to  said  sidewall  area 
in  response  to  the  first  output  signal  from  the 
comparing  means;  and  means  for  moving  the 
grinding  device  against  said  area  of  the  sidewall  in 
response  to  the  second  output  signal  whereby  the 
grinding  device  engages  said  area  in  relationship  to 
one  of  the  sidewall  profiles  generated  by  said  sen- 
sor  means  to  remove  a  quantity  of  rubber  there- 
from. 

These  objectives  and  advantages  are  further 
obtained  by  the  improved  method  of  the  invention, 
the  general  nature  of  which  may  be  stated  as 
including  a  method  for  grinding  a  quantity  of  rubber 
from  a  circumferentially  extending  area  of  a 
sidewall  of  an  inflated  rotatably  mounted  tire  by  a 
grinding  device  including  the  steps  of  rotating  the 
inflated  tire  about  an  axis  of  rotation;  generating 
first  and  second  signals  in  relationship  to  variations 
in  the  paths  of  two  radially  spaced  circumferential 
profiles  of  the  sidewall  along  said  area  of  the 
sidewall,  said  variations  being  measured  with  re- 

spect  to  a  plane  parallel  with  that  of  the  tire  equa- 
tor;  generating  a  third  signal  in  relationship  to  the 
difference  between  the  first  and  second  signals; 
generating  a  fourth  signal  in  relationship  to  one  of 

5  said  first  and  second  signals;  adjusting  the  angle  of 
contact  of  the  grinding  device  with  said  sidewall 
area  in  response  to  the  third  signal;  and  controlling 
the  movement  of  the  grinding  device  generally 
perpendicularly  with  respect  to  the  plane  of  the  tire 

io  equator  by  the  fourth  signal  as  the  tire  is  rotating  to 
control  the  quantity  of  rubber  removed  from  said 
area. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 
15 

A  preferred  embodiment  of  the  invention,  illus- 
trative  of  the  best  mode  in  which  applicants  have 
contemplated  applying  the  principles  is  set  forth  in 
the  following  description  and  is  shown  in  the  draw- 

20  ings,  and  is  particularly  and  distinctly  pointed  out 
and  set  forth  in  the  appended  claims. 

FIG.  1  is  a  partial  top  plan  view  with  portions 
broken  away,  showing  the  improved  apparatus 
of  the  invention  for  carrying  out  the  method 

25  steps  thereof; 
FIG.  2  is  a  fragmentary  side  elevational  view  of 
the  improved  apparatus  of  FIG.  1,  with  portions 
broken  away  and  in  section; 
FIG.  3  is  an  end  elevational  view,  with  portions 

30  broken  away,  showing  other  features  of  the  im- 
proved  apparatus,  with  a  tire  to  be  ground 
shown  in  dot-dash  lines; 
FIG.  4  is  an  enlarged  diagrammatic  view  with 
portions  in  section,  showing  the  pair  of  sensor 

35  wheels  engaged  with  the  sidewall  area  of  a  tire 
adjacent  a  circumferentially  extending  area  to  be 
ground  by  a  grinding  wheel  shown  in  full  and 
phantom  lines  in  various  positions  of  angular 
adjustment; 

40  FIG.  5  is  a  fragmentary  diagrammatic  side 
elevational  view  showing  the  servo  mechanisms 
for  regulating  the  depth  of  grind  and  the  radial 
and  angular  position  of  the  grinder  and  polishing 
assemblies; 

45  FIG.  6  is  an  enlarged  fragmentary  top  plan  view 
with  portions  broken  away  of  some  of  the  LVDT 
actuator  assemblies  for  the  grinder  assembly 
adjustment  servo  mechanisms; 
FIG.  7  is  an  enlarged  fragmentary  side 

50  elevational  view  with  portions  broken  away  of 
some  of  the  LVDT  actuator  assemblies; 
FIG.  8  is  a  side  elevational  view  with  portions 
broken  away  and  in  section,  of  the  grinder  wheel 
mounting  arrangement; 

55  FIG.  9  is  a  top  plan  view  with  portions  broken 
away  and  in  section,  of  one  of  the  servo  mecha- 
nism  slide  assemblies  for  one  of  the  sensor 
wheels; 

4 
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FIG.  10  is  a  side  elevational  view  with  portions 
broken  away  and  in  section,  of  the  servo  mecha- 
nisms  slide  assembly  and  sensor  wheel  of  FIG. 
9; 
FIG.  11  is  a  fragmentary  elevational  view  looking 
in  the  direction  of  arrows  11-11,  FIG.  10; 
FIG.  12  is  a  side  elevational  view  with  portions 
broken  away  and  in  section,  showing  one  of  the 
sensor  wheels  and  associated  LVDT  units  in  a 
lowermost  position; 
FIG.  13  is  a  fragmentary  view,  similar  to  FIG.  12, 
with  portions  broken  away  and  in  section,  show- 
ing  a  portion  of  the  sensor  wheel  mounting  arms 
and  associated  LVDT  unit  in  an  uppermost  posi- 
tion; 
FIG.  14  is  a  elevational  view  with  portions 
broken  away  and  in  section  showing  the  angle 
adjustment  mechanism  for  the  grinder  assem- 
bly; 
FIG.  15  is  a  diagrammatic  side  elevational  view 
of  one  of  the  servo  actuator  mechanisms  for 
adjusting  the  depth  of  grind,  with  adjusted  posi- 
tions  being  shown  in  dot-dash  lines; 
FIG.  16  is  an  enlarged  view  of  the  actuator 
mechanism  of  FIG.  15  with  portions  broken 
away  and  in  section; 
FIGS.  17,  18,  and  19  are  diagrammatic  views  of 
the  tire  chuck  mechanism  with  a  portion  of  a 
pneumatic  tire  mounted  thereon  being  shown  in 
section,  showing  a  modified  manner  of  adjusting 
the  angle  of  a  raised  white  sidewall  area  of  the 
tire  by  use  of  the  tire  chuck; 
FIG.  20  is  a  functional  block  diagram  of  the 
control  system  for  the  improved  apparatus  and 
method  of  the  invention; 
FIG.  21  is  a  diagrammatic  view  showing  a  modi- 
fied  embodiment  of  the  improved  apparatus  of 
the  invention  for  carrying  out  the  method  steps; 
and 
FIG.  22  is  a  diagrammatic  view  showing  another 
arrangement  for  controlling  the  depth  of  the 
grinding  wheel. 

Similar  numerals  refer  to  similar  parts  through- 
out  the  drawings. 

BEST  MODE  FOR  CARRYING  OUT  THE  INVEN- 
TION 

The  improved  apparatus  of  the  invention  is 
indicated  generally  at  1,  and  is  shown  particularly 
in  FIGS.  1,  2,  and  3.  Improved  grinding  apparatus  1 
consists  of  a  main  support  frame  2  comprised  of  a 
plurality  of  vertical  frame  members  3  and  horizontal 
frame  members  4.  An  incoming  conveyor  5  feeds 
individual  tires  6  by  gravity  onto  a  plurality  of 
horizontal  idler  rollers  7  which  form  a  tire  support- 
ing  bed  for  the  improved  apparatus.  A  discharge 
conveyor  14  is  located  on  the  other  side  of  rollers 

7  for  removing  the  finished  tire  from  the  apparatus. 
A  pair  of  positioning  arms  8  are  mounted  at  the 
entrance  to  horizontal  rollers  7  and  have  a  pre- 
determined  transverse  spacing  to  permit  a  tire  6  to 

5  move  therebetween  and  onto  rollers  7.  A  rear  arm 
9  provides  a  stop  for  the  tires  and  in  combination 
with  arms  8  properly  center  and  position  an  incom- 
ing  tire  6  on  rollers  7  with  respect  to  a  tire  mount- 
ing  chuck  and  inflation  mechanism,  indicated  gen- 

io  erally  at  10. 
Mechanism  10  includes  a  lower  chuck  member 

12  vertically  movably  mounted  by  a  mechanism  11 
consisting  of  combined  hydraulic  and  pneumatic 
cylinders  and  associated  pistons  which  raise  and 

is  lower  chuck  member  12  with  respect  to  a  fixed 
upper  chuck  member  13.  Actuation  of  the  pneu- 
matic  cylinder  portion  of  mechanism  1  1  will  raise  a 
tire  from  the  position  of  FIG.  3  upwardly  to  a  raised 
position  engaged  with  upper  chuck  member  13. 

20  The  tire  is  firmly  held  between  chuck  members  12 
and  13  as  shown  in  FIGS.  17-19,  and  inflated  to  a 
desired  pressure  prior  to  rotation  by  a  drive  motor 
15.  Upper  chuck  member  13  will  normally  be  fixed 
on  frame  2  with  the  vertical  movement  being  ac- 

25  complished  by  lower  chuck  member  12  with  both 
chuck  members  12  and  13  being  rotatably  driven 
by  drive  motor  15  when  clamping  a  tire  there- 
between  in  a  manner  well  known  in  the  art.  There- 
fore,  the  details  of  the  tire  mounting  and  inflation 

30  mechanism  10,  chuck  members  12  and  13,  and 
drive  features  thereof  are  not  shown  in  further 
detail.  One  example  of  a  similar  type  of  machine  in 
shown  in  U.S.  Patent  No.  3,001,334. 

Furthermore,  the  basic  structural  components 
35  of  the  improved  apparatus  consisting  of  main  sup- 

port  frame  2,  tire  mounting  and  inflation  mecha- 
nism  10,  including  the  hydraulic  and  pneumatic 
cylinders  11,  are  of  the  type  existing  in  prior  art, 
manually  adjusted  white  sidewall  grinding  ma- 

40  chines  being  manufactured  and  distributed  by  var- 
ious  manufacturers,  such  as  Firwood  Manufacturing 
Company,  Inc.  of  Dearborn,  Michigan. 

A  grinding  assembly  and  a  polishing  assembly, 
indicated  generally  at  18  and  19,  respectively,  are 

45  movably  mounted  on  main  support  frame  2.  Grind- 
ing  and  polishing  assemblies  18  and  19  are  very 
similar  to  each  other  in  construction  and  operation 
with  the  main  difference  being  the  coarseness  of 
the  tire  contact  wheel  rotatably  mounted  on  the  end 

50  of  a  driven  shaft.  Therefore,  only  grinding  assembly 
18  is  described  in  considerable  detail  below.  As- 
sembly  18  includes  a  main  drive  motor  20  con- 
nected  by  a  chain  or  drive  belt  21  to  a  rotatably 
mounted  shaft  22.  A  coarse  grinding  wheel  23  is 

55  mounted  on  the  end  of  shaft  22  in  assembly  18, 
and  a  fine  grinding  or  polishing  wheel  24  is  moun- 
ted  on  the  end  of  a  similar  shaft  in  assembly  19. 
FIG.  8  shows  coarse  grinding  wheel  23  mounted  on 

5 
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the  end  of  shaft  22  which  is  rotatably  supported  by 
a  pair  of  pillow  blocks  25  and  driven  by  a  belt  21  . 

The  basic  construction  of  grinder  assembly  18 
and  polishing  assembly  19  is  similar  in  many  re- 
spects  to  that  of  several  existing  white  sidewall 
grinding  machines  in  that  the  assemblies  are 
mounted  for  three  dimensional  movement  with  re- 
spect  to  main  support  frame  2  and  tire  mounting 
chuck  and  inflation  mechanism  10.  This  three  di- 
mensional  movement  enables  grinding  and  polish- 
ing  wheels  23  and  24  to  be  adjusted  radially  with 
respect  to  a  sidewall  area  of  the  tire,  and  movable 
axially  towards  and  away  from  the  white  sidewall 
area  for  grinding  a  desired  amount  of  material  from 
a  circumferentially  extending  portion  of  the  tire,  and 
for  adjusting  the  angle  of  the  grinding  wheel  sur- 
face  with  respect  to  the  tire  surface  being  ground. 

Each  assembly  18  and  19  includes  a  support 
base  indicated  generally  at  28,  which  is  slidably 
mounted  on  main  support  frame  2  by  a  slide  track 
29,  which  again  is  well  known  in  prior  art  white 
sidewall  grinding  equipment  and  therefor  shown 
diagrammatically  in  the  drawings.  Drive  motors  20, 
drive  belts  21  ,  drive  shaft  22  and  other  associated 
components  of  grinding  and  polishing  assemblies 
18  and  19  are  mounted  on  base  28  for  reciprocal 
sliding  movement  in  the  direction  of  arrows  A,  FIG. 
1  ,  to  provide  radial  adjustment  of  the  grinding  and 
polishing  wheels  with  respect  to  the  sidewall  area 
of  the  tire  shown  in  dot-dash  lines  in  FIG.  1. 

A  servo  slide  motor  30  is  mounted  on  main 
support  frame  2  and  connected  to  base  28  for 
moving  support  base  28  and  guide  assembly  18 
supported  thereon,  and  particularly  grinding  wheel 
23,  radially  with  respect  to  a  predetermined 
sidewall  area  (FIGS.  2  and  5).  Also,  each  assembly 
18  and  assembly  19  includes  a  motor  mounting 
plate  31  which  is  pivotally  mounted  on  support 
base  28  by  a  pivot  shaft  32  best  illustrated  in  FIGS. 
3  and  14,  for  moving  the  assemblies  generally 
vertically  towards  and  away  from  the  sidewall  area 
as  represented  by  directional  arrow  B  in  FIG.  3,  for 
grinding  the  desired  amount  of  covering  material 
from  the  sidewall  area. 

Motor  mounting  base  31  is  pivotally  mounted 
on  shaft  32  by  a  pair  of  bearings  33  and  34  (FIG. 
14)  which  are  mounted  in  an  annular  housing  35 
which  is  formed  integrally  with  base  31  and  se- 
cured  to  a  mounting  block  37  which,  in  turn,  is 
pivotally  mounted  on  a  shaft  36.  Shaft  36  also  is 
mounted  on  grinder  assembly  support  base  28  and 
provides  the  angular  adjustment  for  the  grinding 
wheel. 

The  pivotal  movement  of  motor  mounting  plate 
31  about  shaft  32  to  control  the  depth  of  grind  is 
controlled  by  a  servo  actuator  mechanism  indicated 
generally  at  38.  Pivotal  movement  of  plate  31  will 
also  cause  movement  of  the  drive  motor,  grinding 

and/or  polishing  wheel  and  associated  mounting 
arm,  all  of  which  are  mounted  on  plate  31. 

Mechanism  38  is  shown  diagrammatic  in  FIG. 
5  mounted  on  a  portion  of  main  apparatus  frame  2 

5  with  the  details  thereof  being  shown  particularly  in 
FIGS.  15  and  16.  Mechanism  38  includes  a  servo 
drive  motor  39  which  is  mounted  on  a  gear  box  40 
having  its  driven  shaft  41  connected  through  a 
series  of  gears  42  to  a  threaded  shaft  43  of  a  ball 

io  screw  mechanism  indicated  generally  at  44.  Shaft 
43  is  rotatably  mounted  within  a  cylindrical  ram 
guide  45  by  a  bearing  46  which  is  mounted  on 
gear  box  40.  A  ram  body  47  is  slidably  mounted  on 
ram  guide  45  by  ball  screw  mechanism  44.  A  pair 

is  of  seals  48  are  located  between  ram  guide  45  and 
ram  body  47  to  prevent  dirt  from  entering  into  the 
ball  screw  mechanism.  A  ram  pivot  weldment  49  is 
secured  to  the  top  of  ram  body  47  and  has  an  eye 
hook  connector  50  at  the  end  thereof  into  which  a 

20  connecting  lug  51  is  inserted  as  shown  in  FIG.  2, 
securing  weldment  49  to  a  bracket  53  which  is 
mounted  on  and  extends  upwardly  from  grinder 
assembly  support  base  28. 

Servo  actuator  mechanism  38  (FIGS.  5,  15  and 
25  16)  is  pivotally  mounted  on  a  trunnion  indicated 

generally  at  54,  which  is  attached  by  a  base  plate 
55  to  a  portion  56  of  apparatus  main  frame  2. 
Trunnion  54  includes  a  spherical  ball  57  which  is 
engaged  with  a  pivot  weldment  58  which  is  at- 

30  tached  to  and  extends  downwardly  from  the  bottom 
of  gear  box  40.  Another  arm  59  is  attached  to  and 
extends  downwardly  from  gear  box  40  and  is 
formed  with  a  slot  60  through  which  an  outer  cylin- 
drical  end  61  of  trunnion  54  extends  providing  a 

35  mechanical  stop  for  the  pivotal  movement  of  servo 
actuator  mechanism  38  about  spherical  ball  57. 

The  function  of  servo  actuator  mechanism  38  is 
best  illustrated  in  FIGS.  2,  3,  5,  and  15.  Actuation 
of  servo  drive  motor  39  will  rotate  ball  screw 

40  mechanism  44  through  gears  42  slidably  moving 
ram  body  47  axially  with  respect  to  ram  guide  45 
thus  pivotally  moving  grinder  assembly  support 
base  28  and  correspondingly  grinder  wheel  23. 
Base  28  is  connected  to  a  servo  mechanism  38  by 

45  lug  51  which  is  secured  in  eye  hook  50  of  ram 
body  47,  with  lug  51  being  attached  to  bracket  53, 
the  latter  being  mounted  on  grinder  assembly  main 
support  base  28  which  is  pivotally  mounted  on 
shaft  32  (FIG.  14).  This  pivoted  movement  regu- 

50  lates  the  depth  of  grind  of  either  the  grinding  wheel 
or  polishing  wheel  with  respect  to  the  white 
sidewall  area  of  a  tire  6.  This  movement  is  shown 
in  FIG.  15  and  is  effected  by  the  vertical  movement 
of  ram  body  47,  is  represented  by  arrow  C,  result- 

55  ing  in  the  pivotal  or  arcuate  movement  shown  by 
arrow  D,  which  in  turn  moves  the  grinding  wheel 
with  respect  to  the  tire  sidewall  area.  Therefore, 
actuation  of  servo  drive  motor  39  will  pivotally 

6 
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move  the  entire  motor  mounting  plate  31  together 
with  the  grinding  wheel  drive  motor,  connector  belt 
and  other  components  about  shaft  32  for  affecting 
the  depth  of  grind.  Again,  a  similar  servo  actuating 
mechanism  38  is  used  in  connection  with  the 
polishing  assembly  19. 

In  accordance  with  another  feature  of  the  in- 
vention,  means  are  provided  for  adjusting  the  angle 
of  the  contact  face  of  both  the  grinding  and  polish- 
ing  wheels  23  and  24,  to  achieve  one  of  the  main 
features  of  the  invention,  that  is  the  perpendicular 
contact  of  the  grinding  wheel  surface  with  the  flat 
surface  of  the  sidewall  area  to  be  ground  thereby. 
FIG.  4  shows  an  enlarged  section  of  a  sidewall  area 
64  of  a  tire  6  which  has  an  underlying  layer  of 
white  rubber  62  having  a  raised  portion  63  which 
extends  upwardly  from  the  sidewall  area.  Usual 
raised  ribs  65  extend  along  the  edges  of  raised 
portion  63  which  are  formed  by  excess  rubber 
during  molding.  Raised  portion  63  including  ribs  65 
are  covered  with  a  layer  of  black  rubber  66  which 
is  removed  by  the  improved  apparatus  and  method 
of  the  invention  to  expose  the  underlying  white 
rubber  of  raised  portion  63. 

FIG.  4  illustrates  the  angular  grinding  alignment 
problem  which  is  solved  by  the  present  invention, 
that  is,  the  contact  of  annular  grinding  wheel  sur- 
face  68  with  a  generally  horizontal  top  surface  69 
of  raised  portion  63.  Due  to  the  load  configuration 
on  the  sidewall  of  vehicle  tires,  surface  69  will 
normally  lie  in  a  plane  not  entirely  horizontal  for 
perpendicular  contact  with  grinding  wheel  surface 
68.  Therefore,  to  compensate  for  this  misalignment 
the  angular  position  of  grinding  wheel  23,  and  in 
particular  contact  surface  68  thereof,  must  be  ad- 
justed  as  shown  by  the  dot-dash  lines  in  FIG.  4  to 
contact  raised  surface  69  perpendicularly  regard- 
less  of  the  sidewall  curvature. 

In  the  removal  of  covering  rubber  66  it  is 
important  that  a  specific  amount  of  underlying 
white  rubber  also  be  removed  to  achieve  the  de- 
sired  raised  sidewall  area.  Dot-dash  line  70  illus- 
trates  the  preferred  or  target  value  of  material  to  be 
removed  so  that  the  remaining  raised  area  has  the 
preferred  height  and  the  top  surface  thereof  is 
parallel  with  the  general  sidewall  contour  of  the  tire. 
Lower  dot-dash  line  71  is  the  absolute  minimum 
level,  below  which  a  grind  should  not  occur  to 
prevent  damaging  the  sidewall  of  the  tire,  or  which 
could  result  in  a  white  sidewall  area  of  insufficient 
height,  either  of  which  would  result  in  a 
"blemished"  tire  which  must  be  sold  at  a  lower 
price  or  possibly  scrapped. 

The  angular  adjustment  of  grinding  wheel  23, 
as  shown  in  FIG.  4,  is  achieved  by  the  particular 
mechanism  shown  in  detail  in  FIG.  14.  A  servo 
drive  motor  73  is  connected  directly  to  a  rotatably 
mounted  shaft  74  or  indirectly  to  shaft  74  by  a 

drive  belt  or  other  coupling  arrangement.  Shaft  74 
is  rotatably  mounted  by  a  plurality  of  spaced  bear- 
ings  75  and  is  mounted  on  motor  mounting  plate 
31  of  grinding  assembly  18  by  an  attachment 

5  bracket  76.  A  worm  gear  77  is  mounted  on  shaft  74 
and  engages  a  worm  gear  segment  78  which  is 
rigidly  mounted  to  mounting  block  37  of  motor 
mounting  plate  31.  Actuation  of  servo  drive  motor 
73  will  rotate  shaft  74  and  worm  gear  77,  which  will 

io  rotate  worm  gear  segment  78  and  connected 
mounting  block  37,  housing  35  and  motor  mounting 
plate  31  about  the  centerline  79  of  shaft  36.  This 
relatively  small  rotation  of  mounting  plate  31  in- 
cluding  grinding  wheel  23  mounted  thereon,  will 

is  adjust  grinding  wheel  surface  68  to  the  desired 
angular  position  with  respect  to  raised  surface  69 
of  tire  6  as  shown  in  FIG.  4. 

In  accordance  with  one  of  the  main  features  of 
the  invention,  a  pair  of  sensor  wheels  80  and  81 

20  are  mounted  on  main  support  frame  2  for  engage- 
ment  with  sidewall  area  64  of  a  tire,  as  shown 
particularly  in  FIGS.  1  and  4.  Sensor  wheels  80  and 
81  are  part  of  sensor  assemblies  82  and  83  which 
are  similar  to  each  other.  Therefore  only  assembly 

25  82  is  described  in  greater  detail  and  shown  in  the 
drawings,  particularly  in  FIGS.  9-13.  Sensor  assem- 
blies  82  and  83  are  mounted  on  main  apparatus 
frame  2  by  a  frame  member  84  (FIG.  1).  Referring 
to  FIGS.  9-11,  sensor  assembly  82  includes  a  rear 

30  housing  85  containing  an  AC  gear  servo  drive 
motor  86  drivingly  connected  to  a  gear  87  which  is 
connected  to  a  threaded  rod  88  through  a  coupler 
89.  A  drive  belt  90  also  is  connected  to  coupler  89 
and  to  a  sheave  91  which  drives  a  potentiometer 

35  92  which  provides  a  positive  feedback  for  the  con- 
trol  system  of  improved  apparatus  1  . 

A  displacement  transducer,  such  as  an  LVDT 
(linear  variable  differential  transformer)  assembly, 
indicated  generally  at  95,  is  movably  mounted  on 

40  sensor  assembly  82  by  a  slide  block  96  which  is 
slidably  mounted  on  a  pair  of  slide  rods  97  extend- 
ing  throughout  housing  85  and  a  front  extension  98 
thereof.  Slide  block  96  is  connected  by  a  threaded 
coupler  99  to  threaded  rod  88  whereupon  rotation 

45  of  rod  88  will  move  LVDT  assembly  95  linearly 
along  slide  rods  97.  Thus  actuation  of  servo  drive 
motor  86  through  gear  87  will  rotate  threaded  rod 
88  slidably  moving  LVDT  assembly  95  along  sen- 
sor  assembly  82. 

50  LVDT  assembly  95  (FIGS.  9-13)  includes  a 
body  100  having  an  elongated  opening  101  formed 
therein  containing  an  LVDT  unit  102.  Unit  102  is  a 
standard  component  in  which  linear  movement  of  a 
plunger  103  will  generate  an  electrical  signal  in 

55  direct  relationship  to  the  amount  of  movement  of 
the  plunger.  Sensor  wheel  80  is  mounted  on  a 
spacer  104  fixed  at  the  end  of  a  arm  105  which  is 
pivotally  mounted  on  a  pair  of  spaced  stabilizer 
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arms  106  and  107,  which  are  in  turn  pivotally 
mounted  at  108  to  arm  105  and  at  109  to  body 
100.  Arm  107  has  a  bent  end  tab  111  which 
engages  the  outer  end  of  plunger  103.  Thus  move- 
ment  of  wheel  80  and  correspondingly  arm  105  in 
the  direction  of  arrow  E  (FIG.  12)  will  move  plunger 
103  linearly  within  the  housing  by  the  engagement 
of  end  tab  111  with  plunger  103  (FIG.  13)  which 
provides  an  electrical  signal  in  direct  relationship  to 
the  movement  of  wheel  80.  A  terminal  113  is 
formed  on  body  100  (FIGS.  9  and  10)  to  which 
appropriate  electrical  cables  are  connected  for 
transmitting  the  signals  generated  by  LVDT  unit 
102  to  the  associated  control  system  described 
below. 

Four  LVDT  units  similar  to  unit  102  are  pro- 
vided  for  measuring  and  controlling  the  angular 
position  of  the  grinder  and  polishing  wheels  and  for 
measuring  and  controlling  the  linear  or  radial  posi- 
tion  and  movement  of  the  grinder  and  polishing 
wheels  with  respect  to  the  sidewall  area  of  a  tire. 
These  LVDT  units  are  designated  at  115,  116,  117, 
and  118  and  are  shown  in  particularly  in  FIGS.  5,  6, 
and  7.  Units  115  and  116  are  mounted  by  a  pair  of 
brackets  119  on  a  mounting  plate  120  which  is 
mounted  in  a  fixed  position  on  main  frame  2. 

Plunger  122  of  unit  115  is  attached  to  a  bracket 
123  (FIG.  7)  on  which  LVDT  unit  117  also  is  moun- 
ted.  Bracket  123  is  secured  to  the  grinding  assem- 
bly  support  base  28  which  is  slidably  mounted  on 
slide  track  29  as  discussed  above,  for  radial  move- 
ment  with  respect  to  the  sidewall  area  of  the  tire 
mounted  in  chuck  mechanism  10.  Therefore,  LVDT 
units  117  moves  with  grinding  assembly  18  radially 
linearly  with  respect  to  the  sidewall  area  of  the  tire 
and  is  uneffected  by  such  linear  movement.  Plung- 
er  124  of  unit  117  is  connected  by  an  angular 
adjustment  coupler  121  and  a  linkage  125  to  an 
angular  position  actuator  126  which  is  connected  to 
member  127  which  is  connected  to  mounting  block 
37,  and  correspondingly  to  wormgear  segment  78 
of  the  angle  adjustment  mechanism.  Thus,  rotation 
of  wormgear  segment  78  will  move  plunger  124 
providing  an  electrical  signal  to  the  appropriate 
control  system  in  relationship  to  the  amount  of 
rotational  movement  of  the  grinder  wheel. 

LVDT  units  116  and  118  are  located  on  the  left 
hand  side  of  FIG.  5  in  association  with  polishing 
assembly  19,  whereas  LVDT  units  115  and  117  are 
associated  with  grinding  assembly  18.  The  con- 
struction  and  operation  of  units  115  and  116  are 
similar  to  each  other,  as  are  the  construction  and 
operation  of  units  117  and  118.  Therefore,  only 
units  115  and  117  are  described  in  detail. 

A  pair  of  limit  switches  129  are  mounted  on 
main  frame  2  and  are  engaged  by  bracket  23  to 
limit  the  linear  motion  of  grinding  assembly  support 
base  28  along  slide  track  29.  A  second  pair  of  limit 

switches  130  are  mounted  on  slide  base  28  and 
are  engaged  by  angular  position  actuator  126  to 
limit  the  amount  of  pivotal  movement  of  the  angle 
adjustment  mechanism.  FIG.  7  shows  the  various 

5  LVDT  units  and  in  particular  units  115  and  117 
which  control  the  radial  and  angular  positions  of  the 
grinding  wheel,  respectively.  Thus,  LVDT  units  115 
and  116  control  the  radial  position  of  grinding  and 
polishing  assemblies  18  and  19,  respectively,  with 

70  LVDT  units  117  and  118  controlling  the  angular 
position  of  the  grindering  wheel  and  polishing 
wheel  23  and  24,  respectively. 

In  addition  to  the  pair  of  depth  control  servo 
motors  39  of  depth  control  mechanisms  38  (FIG. 

75  5),  improved  grinding  apparatus  1  includes  six  ad- 
ditional  servo  motors.  As  shown  in  FIG.  5,  the  pair 
of  radial  drive  servo  motors  30  are  mounted  on 
main  frame  2  for  controlling  the  linear  movement  of 
the  slidably  mounted  main  support  bases  28  of  the 

20  grinding  and  polishing  assemblies  18  and  19.  Also 
the  pair  of  angular  servo  drive  motors  73  as  shown 
particularly  in  FIGS.  5  and  14,  are  mounted  on 
support  bases  28  to  provide  for  the  radial  adjust- 
ment  and  positioning  of  grinding  and  polishing 

25  wheels  23  and  24  as  described  above.  Also,  each 
of  the  sensor  assemblies  82  and  83  include  a  servo 
drive  motor  86  as  shown  in  FIGS.  9  and  10  for 
controlling  the  radial  movement  of  the  sensor 
wheels  80  and  81  .  Thus,  there  are  eight  servo  drive 

30  motors  for  controlling  the  various  components  of 
the  improved  apparatus,  namely,  grinding  and 
polishing  wheel  angle  adjustment  motors  73,  the 
grinding  and  polishing  depth  control  motors  39,  the 
grinding  and  polishing  radial  positioning  motors  30 

35  and  the  sensor  wheel  radial  positioning  motors  86. 
These  eight  servo  drive  motors  in  combination  with 
the  four  LVDT  units,  namely,  units  115  and  116 
which  control  and  measure  the  radial  position  of 
the  grinding  and  polishing  wheels  with  respect  to 

40  the  tire  sidewall  and  LVDT  units  117  and  118  which 
measure  and  control  the  angular  positioning  of  the 
grinding  and  polishing  wheels  as  described  above, 
provide  the  main  control  means  for  improved  ap- 
paratus  1  . 

45  One  of  the  main  objectives  of  the  invention  is 
measuring  the  slope  of  the  sidewall  area  of  each 
tire  to  be  ground  by  wheels  23  and  24  and  adjust- 
ing  the  grinding  angle  appropriately  at  the  start  of 
each  grinding  cycle.  Coarse  grinding  wheel  23  will 

50  remove  rubber  covering  strip  66  to  expose  the 
underlying  white  rubber  and  will  continue  to  re- 
move  a  certain  amount  of  the  rubber  to  reach  the 
target  depth  identified  by  dot-dash  line  70  in  FIG. 
4.  The  depth  of  grind  will  be  servo  controlled  and 

55  will  match  the  contour  of  the  tire  terrain  measured 
by  one  of  the  sensors  wheels. 

Preferably  sensor  wheels  80  and  81  will  ride 
along  the  sidewall  area  on  both  sides  of  the  raised 

8 
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or  recessed  portion  to  be  ground  as  shown  in  FIG. 
4.  However,  if  desired,  the  sensing  wheels  may 
ride  on  or  in  the  raised  or  recessed  areas,  adjacent 
the  edges  thereof,  depending  upon  the  width  of  the 
area  to  be  ground.  Broadly,  the  sensor  wheels 
through  their  associated  LVDTs  supplies  a  series  of 
signals  to  a  microprocessor  which  records  the  gen- 
erated  signals  and  calculates  the  angle  of  top  sur- 
face  69  which  is  to  be  matched  to  the  grind  surface 
68  of  grinding  wheels  23  and  24.  The  microproces- 
sor  will  calculate  the  average  angle  of  surface  69 
around  the  complete  sidewall  of  the  tire  based 
upon  the  profile  readings  generated  by  sensor 
wheels  80  and  81  and  the  known  radial  spacing 
between  the  two  wheels.  This  average  angle  is 
then  stored  in  the  processor  and  in  turn  generates 
signals  to  the  servo  drive  motors  73  of  the  angle 
adjustment  mechanisms  described  above,  which 
through  worm  gear  77  and  worm  gear  segment  78 
will  adjust  the  angle  of  the  grinding  and  polishing 
wheels  accordingly  to  match  the  overage  angle  of 
surface  69.  Surface  69  may  be  a  continuous  an- 
nular  raised  or  recessed  area  extending  completely 
about  a  circumferential  line  of  the  tire  or  could  be  a 
series  of  raised  areas  such  as  letters  extending  in 
an  annular  or  circumferential  direction  about  the 
tire  sidewall  area. 

One  of  the  tire  profiles  generated  by  the  sig- 
nals  supplied  by  either  sensor  wheel  80  or  wheel 
81  is  used  by  the  microprocessor  for  generating  a 
series  of  continuous  signals  which  is  supplied  to 
the  depth  control  servo  drive  motors  39  providing 
for  a  continuous  adjustment  of  the  grinding  wheels 
in  the  general  vertical  direction  against  the  area 
being  ground  as  the  tire  is  rotated  by  mechanism 
10.  Preferably  the  profile  generated  by  the  signals 
of  the  outermost  sensor  wheel  80  is  used  for  the 
profile  mapping  and  control  of  the  grind  depth 
servo  motor  since  greater  variations  will  occur  in 
the  tire  profile  along  the  path  of  wheel  80  which 
must  be  compensated  for  by  movement  of  the 
grinding  wheel,  than  the  variations  measured  by 
inner  sensor  wheel  81  . 

In  addition  to  the  control  features  provided  by 
sensor  wheels  80  and  81,  improved  apparatus  1 
may  contain  other  control  features  such  as  controls 
for  the  movement  of  the  tire  along  the  conveyors 
and  control  of  tire  mounting  and  inflation  mecha- 
nism  10  and  control  of  the  servo  drive  motors  30 
for  movement  of  the  main  grinder  and  polishing 
support  basis  28  along  their  respective  side  tracks 
29  to  position  the  grinding  and  polishing  wheels  at 
the  required  radial  position  vertically  above  the 
area  to  be  ground.  The  control  signals  supplied  to 
radial  slide  servo  motors  30  will  be  dependent 
upon  the  particular  type  and  size  of  tire  mounted  in 
mechanism  10.  Also,  automatic  set  up  signals  may 
be  stored  in  the  microprocessor  for  automatically 

adjusting  various  components  of  the  improved  ap- 
paratus  depending  upon  the  particular  type  and 
style  of  tire  being  ground.  Furthermore,  an  operator 
control  panel  will  enable  an  operator  to  obtain 

5  readouts  of  the  various  conditions  of  the  apparatus 
in  addition  to  supplying  particular  signals  to  the 
various  control  components  thereof. 

FIG.  20  is  a  functional  block  diagram  of  the 
control  system  achieving  the  objectives  of  the  im- 

io  proved  grinder  apparatus  and  method.  Appropriate 
data  will  be  contained  in  the  microprocessor  per- 
taining  to  each  of  the  various  sizes  and  types  of 
tires  to  be  ground  in  improved  apparatus  1.  The 
coarse  and  polishing  grind  wheels  will  grind  to  a 

is  specified  depth  in  a  specific  number  of  revolutions 
depending  upon  the  particular  type  of  tire  placed  in 
apparatus  1  based  upon  prior  information  stored  in 
the  microprocessor.  Also,  various  control  signals 
will  be  generated  by  the  microprocessor  after  the 

20  tire  has  been  inflated  and  rotatably  mounted  in 
mechanism  10  which  will  move  the  grind  assem- 
blies  radially  to  the  correct  position.  The  depth 
control  will  be  based  upon  the  use  of  the  signals 
generated  by  the  appropriate  LVDT  which  is  con- 

25  nected  to  the  particular  profile  sensor  that  is  being 
used  for  the  profile  mapping  which  generally  will 
be  the  outermost  sensor.  These  signals  supplied  to 
the  depth  control  servo  will  maintain  the  grinder  at 
a  predetermined  depth  relative  to  the  measured 

30  and  stored  sidewall  contour.  A  programmable  con- 
troller  also  may  be  part  of  the  control  system  and 
will  control  the  feed  conveyors  and  other  equip- 
ment  that  move  tires  through  the  grinder  and  will 
control  some  of  the  various  motor  starters,  limit 

35  switches,  photosensors,  and  operator  controls  used 
for  auxiliary  components  of  the  improved  appara- 
tus,  not  specifically  shown  in  the  drawings  or  de- 
scribed  above. 

Summarizing  the  above,  the  improved  system 
40  and  apparatus  will  provide  for  the  accurate  grinding 

of  a  predetermined  quantity  of  rubber  from  a  cir- 
cumferentially  extending  area  on  a  sidewall  of  a 
rotatably  mounted  tire  by  generating  a  pair  of  sig- 
nals  prior  to  the  starting  of  the  grinding  process  by 

45  sensor  wheels  80  and  81  and  their  associated 
LVDT  units  102,  which  signals  are  fed  to  a  micro- 
processor  which  calculates  the  angle  of  the  area  to 
be  ground  based  upon  the  average  of  the  two 
profiles  sensed  by  the  sensor  wheels  in  combina- 

50  tion  with  the  spacing  therebetween.  The  micropro- 
cessor  then  generates  control  signals  which  adjust 
the  angles  of  grinding  and  polishing  wheels  23  and 
24  through  control  servo  motors  73  to  match  the 
average  angle  of  surface  69.  The  microprocessor 

55  generates  other  control  signals  based  upon  the 
sidewall  profile  sensed  by  the  outermost  sensor 
wheel  81  which  controls  the  movement  of  the 
grinding  wheel  in  a  generally  perpendicular  direc- 
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tion  with  respect  to  the  equator  of  the  tire,  repre- 
sented  by  dot-dash  line  132  in  FIG.  3,  which  moves 
the  grinding  and  polishing  wheels  generally  verti- 
cally  against  the  sidewall  area  to  be  ground  by 
actuation  of  servo  motors  39.  The  depth  of  grind  is 
generally  detemined  by  the  particular  size  and  type 
of  tire  in  the  apparatus  which  has  been  preprog- 
rammed  into  the  microprocessor.  Preferably,  the 
tire  will  move  through  one  or  more  revolutions  with 
the  sensor  wheels  in  contact  with  the  sidewall  of 
the  tire  to  generate  the  required  signals  followed  by 
the  subsequent  lowering  of  the  coarse  grinding 
wheel  23  into  grinding  position  against  the  sidewall 
area  followed  by  the  engagement  of  the  fine  or 
polishing  wheel  24  with  the  previously  ground 
sidewall  area. 

FIGS.  17,  18,  and  19  disclose  another  means 
of  utilizing  the  signals  generated  by  the  pair  of 
spaced  sensor  wheels  80  and  81  for  insuring  the 
desired  generally  perpendicular  contact  between 
the  grinding  wheel  surfaces  and  the  area  to  be 
ground  instead  of  mechanically  adjusting  the  angle 
of  the  grinding  wheel  as  shown  in  FIG.  4.  As 
discussed  above,  the  signals  generated  by  the  two 
sensor  wheels  will  enable  the  microprocessor  to 
calculate  the  average  angle  of  the  surface  to  be 
ground.  The  microprocessor  will  generate  another 
signal  which  is  supplied  to  the  appropriate  control 
mechanism  for  controlling  the  movement  of  lower 
chuck  member  12  and  by  regulating  the  spacing  of 
movable  chuck  member  12  with  respect  to  fixed 
chuck  member  13  will  vary  the  angle  of  surface  69 
to  be  contacted  by  grinding  wheel  surface  68.  In 
FIGS.  17-19,  the  particular  angle  of  surface  69 
designated  by  dot-dash  line  133,  can  be  varied  by 
varying  the  spacing  between  tire  beads  134.  The 
principles  of  the  inventions  and  in  particular  the  use 
of  sensors  to  calculate  the  angle  of  the  surface  to 
be  ground  could  be  achieved  by  other  types  of 
sensing  means,  such  as  optical  or  laser  sensors, 
instead  of  the  mechanical  engagement  of  sensor 
wheels  80  and  81  with  the  contour  of  the  sidewall 
area.  Also,  sensor  wheels  80  and  81  could  be 
mounted  on  a  single  unit  with  their  respective 
LVDT  units  instead  of  a  pair  of  separate  sensor 
assemblies  as  shown  in  the  drawings  and  de- 
scribed  above. 

Although  the  above  description  and  drawings  of 
FIGS.  1-20  describe  the  preferred  embodiment  of 
the  invention,  the  invention  need  not  be  limited  to 
the  particular  features  contained  therein.  FIGS.  21 
and  22  show  other  broader  aspects  of  the  inven- 
tion.  FIG.  21  shows  a  pair  of  sensors  136  and  137 
mounted  adjacent  a  grinding  device  138,  and  lo- 
cated  adjacent  to  a  raised  area  139  on  a  sidewall 
140  of  a  tire.  Sensors  136  and  137  need  not  be 
displacement  transducers  but  may  be  optical  or 
acoustical  sensors  without  affecting  the  concept  of 

the  invention,  and  can  be  a  single  sensing  unit 
having  a  pair  of  sensing  elements  or  sensing 
means  for  sensing  the  pair  of  profile  paths  along 
sidewall  area  140.  Furthermore,  the  grinding  device 

5  can  be  another  type  of  device  than  a  grinding 
wheel  for  removing  the  overlying  rubber  from  area 
139. 

In  FIG.  21,  sensors  136  and  137  provide  sig- 
nals  A  and  B  which  are  supplied  to  a  unit  143 

io  which  may  contain  various  types  of  electronic  cir- 
cuitry  well  known  in  the  art,  replacing  the  above 
described  microprocessor  or  memory  unit.  These 
two  incoming  signals  provide  a  third  signal  that  is 
generated  by  unit  143  and  transmitted  through  a 

is  line  144  to  an  actuator  145  which  adjusts  the  grind 
angle  of  device  138.  Actuator  145  need  not  be  the 
servo  mechanisms  described  above  but  could  be 
other  types  of  drive  motors  or  means  for  moving 
the  grinding  device. 

20  FIG.  22  shows  another  arrangement  for  con- 
tinuously  measuring  the  profile  of  the  sidewall  area 
140  by  a  sensor  146  having  a  sensing  element  147 
(mechanical,  optical,  acoustical,  etc.)  which  moves 
in  front  of  the  grinding  device  138  as  the  tire  is 

25  rotated  in  the  direction  of  arrow  R.  The  profile 
sensed  by  sensor  146  is  fed  into  a  unit  148  also 
containing  electronic  circuitry  well  known  in  the  art, 
for  generating  a  continuous  signal  which  is  trans- 
mitted  through  line  149  to  an  actuator  150  for 

30  controlling  the  depth  of  grind  represented  by  arrow 
G  of  grinding  device  138.  This  provides  a  continu- 
ous  grind  adjustment  for  device  138  in  direct  rela- 
tionship  to  the  profile  sensed  by  sensor  146.  As 
shown  in  dot-lines,  a  comparator  or  memory  device 

35  151  could  be  associated  with  the  electronic  cir- 
cuitry  of  unit  148  without  affecting  the  results 
achieved  thereby  for  supplying  unit  148  with  a 
preprogrammed  desired  depth  of  grind. 

The  sensing  means  senses  space  profiles 
40  along  the  edges  of  an  area  to  be  ground  by  a 

grinding  device,  which  profiles  are  transmitted  to 
appropriate  electronic  circuitry,  which  in  turn  con- 
trols  the  motion  of  an  actuator  for  adjusting  the 
angle  of  the  grinding  device,  adjusting  the  tire  bead 

45  spacing  and/or  for  adjusting  the  depth  of  grind  of 
the  grinding  device,  both  features  are  shown  broad- 
ly  in  FIGS.  21  and  22. 

Accordingly,  the  improved  method  and  appara- 
tus  of  the  invention  is  simplified,  provides  an  effec- 

50  tive,  safe,  inexpensive,  and  efficient  means  of 
achieving  all  the  enumerated  objectives,  provides 
for  eliminating  difficulties  encountered  with  prior 
devices  and  methods,  and  solves  problems  and 
obtains  new  results  in  the  art. 

55  In  the  foregoing  description,  certain  terms  have 
been  used  for  brevity,  clearness  and  understand- 
ing;  but  no  unnecessary  limitations  are  to  be  im- 
plied  therefrom  beyond  the  requirements  of  the 
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prior  art,  because  such  terms  are  used  for  descrip- 
tive  purposes  and  are  intended  to  be  broadly  con- 
strued. 

Moreover,  the  description  and  illustration  of  the 
invention  is  by  way  of  example,  and  the  scope  of 
the  invention  is  not  limited  to  the  exact  details 
shown  or  described. 

Having  now  described  the  features,  discover- 
ies,  and  principles  of  the  invention,  the  manner  in 
which  the  apparatus  is  constructed  and  used,  the 
characteristics  of  the  construction,  and  the  advanta- 
geous,  new  and  useful  results  obtained;  the  new 
and  useful  structures,  devices,  arrangements,  parts, 
and  combinations  and  method  steps  of  the  inven- 
tion,  are  set  forth  in  the  appended  claims. 

Claims 

1.  An  apparatus  having  a  grinding  device  for  re- 
moving  a  quantity  of  rubber  from  an  arcuately 
extending  area  of  a  sidewall  of  an  inflated 
pneumatic  tire  rotatably  mounted  in  said  ap- 
paratus,  including: 

a)  means  rotatably  supporting  a  tire  having 
the  said  arcuately  extending  area  thereon; 
b)  sensor  means  for  detecting  the  sidewall 
of  the  tire  generally  adjacent  spaced  edges 
of  said  sidewall  area  and  for  generating  first 
and  second  input  signals  in  relationship  to 
spaced  profiles  generated  about  the 
sidewall  of  the  tire  detected  by  said  sensor 
means; 
c)  means  for  comparing  the  first  and  second 
input  signals  received  from  the  sensor 
means  and  for  generating  a  first  output  sig- 
nal  in  response  to  the  average  difference 
between  said  two  input  signals,  and  for  gen- 
erating  a  second  output  signal  in  response 
to  one  of  the  profiles  generated  by  one  of 
the  input  signals; 
d)  means  for  adjusting  the  angle  of  contact 
of  the  grinding  device  with  respect  to  said 
sidewall  area  in  response  to  the  first  output 
signal  from  the  comparing  means;  and 
e)  means  for  moving  the  grinding  device 
against  said  area  of  the  sidewall  in  response 
to  the  second  output  signal  whereby  the 
grinding  device  engages  said  area  in  rela- 
tionship  to  one  of  the  sidewall  profiles  gen- 
erated  by  said  sensor  means  to  remove  a 
quantity  of  rubber  therefrom. 

2.  The  apparatus  defined  in  Claim  1  in  which  the 
means  for  adjusting  the  angle  of  contact  of  the 
grinding  device  with  respect  to  the  sidewall 
area  includes  a  first  actuator  mechanism  which 
adjusts  the  angle  of  the  grinding  wheel  to 
complement  the  average  of  the  existing  angle 

of  said  sidewall  area. 

3.  The  apparatus  defined  in  Claim  1  in  which  the 
sensor  means  includes  a  pair  of  sensors,  each 

5  of  which  includes  a  wheel  engaged  with  the 
rotating  tire  and  a  displacement  transducer 
which  transmits  electrical  signals  in  relation- 
ship  to  movement  of  the  wheel  during  a  revolu- 
tion  of  the  tire. 

10 
4.  The  apparatus  defined  in  Claim  1  in  which  the 

arcuately  extending  area  of  the  sidewall  is  a 
raised  continuous  annular  area. 

is  5.  The  apparatus  defined  in  Claim  4  in  which  the 
raised  annular  area  has  a  top  surface  and  a 
pair  of  spaced  raised  side  ribs;  in  which  each 
of  the  sensor  means  includes  a  pair  of  spaced 
sensors  each  having  a  rotatably  mounted  sen- 

20  sor  wheel;  and  in  which  the  sensor  wheels  roll 
along  the  top  surface  of  the  annular  raised 
area  radially  inwardly  of  the  side  ribs. 

6.  The  apparatus  defined  in  Claim  4  in  which  the 
25  raised  annular  area  has  a  top  surface  and  a 

pair  of  spaced  raised  side  ribs;  in  which  the 
sensor  means  includes  a  pair  of  sensor  each 
having  a  rotatably  mounted  sensor  wheel;  and 
in  which  the  sensor  wheels  roll  along  the 

30  sidewall  of  the  tire  radially  outwardly  of  the 
raised  ribs. 

7.  The  combination  of  a  tire  sidewall  grinding 
machine  and  a  control  system  therefor  includ- 

35  ing  means  rotatably  supporting  an  inflated  tire 
for  rotation  about  its  axis,  said  tire  having  a 
circumferentially  extending  area  on  the 
sidewall  thereof;  and  grinding  means  mounted 
adjacent  the  tire  and  movable  into  and  out  of 

40  contact  with  said  circumferential  area  for  selec- 
tively  grinding  portions  of  said  area  in  re- 
sponse  to  measurements  taken  circumferen- 
tially  along  the  tire  adjacent  said  area,  includ- 
ing: 

45  a)  a  pair  of  sensor  means  operatively  posi- 
tioned  with  respect  to  the  sidewall  of  the  tire 
for  generating  signals  representing  spaced 
profiles  of  the  sidewall  adjacent  the  circum- 
ferential  area  of  the  tire  as  the  tire  rotates; 

50  b)  means  for  generating  output  signals  in 
response  to  the  signals  received  from  the 
pair  of  sensor  means;  and 
c)  actuator  means  controlled  by  said  output 
signals  for  adjusting  the  angle  that  the 

55  grinding  means  contacts  the  circumferential 
area  and  for  controlling  contact  of  the  grind- 
ing  means  with  said  area  in  relationship  to 
at  least  one  of  the  profiles  of  the  sidewall 
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for  grinding  a  predetermined  amount  of  ma- 
terial  from  said  area. 

8.  The  combination  defined  in  Claim  7  in  which 
one  of  the  output  signals  represent  the  average 
angle  of  the  circumferentially  extending  area 
with  respect  to  the  equator  of  the  tire  deter- 
mined  by  the  differences  between  certain  of 
the  signals  generated  by  the  sensor  means 
and  the  spacing  between  said  sensor  means. 

9.  The  combination  defined  in  Claim  7  in  which 
each  of  the  sensor  means  is  a  displacement 
transducer  which  measures  variations  in  a  di- 
rection  generally  perpendicular  to  a  plane 
passing  through  the  equator  of  the  tire  about 
the  sidewall  of  the  tire  adjacent  the  circum- 
ferentially  extending  area. 

10.  A  method  for  grinding  a  quantity  of  rubber 
from  a  circumferentially  extending  area  of  a 
sidewall  of  an  inflated  rotatably  mounted  tire 
by  a  grinding  device  including  the  steps  of: 

a)  rotating  the  inflated  tire  about  an  axis  of 
rotation; 
b)  generating  first  and  second  signals  in 
relationship  to  variations  in  the  paths  of  two 
radially  spaced  circumferential  profiles  of 
the  sidewall  along  said  sidewall  area,  said 
variations  being  measured  with  respect  to  a 
plane  parallel  with  that  of  the  tire  equator; 
c)  generating  a  third  signal  in  relationship  to 
the  first  and  second  signals; 
d)  generating  a  fourth  signal  in  relationship 
to  one  of  said  first  and  second  signals: 
e)  adjusting  the  angle  of  contact  of  the 
grinding  device  with  said  sidewall  area  in 
response  to  the  third  signal;  and 
f)  controlling  the  movement  of  the  grinding 
device  generally  perpendicularly  with  re- 
spect  to  the  plane  of  the  tire  equator  by  the 
fourth  signal  as  the  tire  is  rotating  to  control 
the  quantity  of  rubber  removed  from  said 
area. 

11.  The  method  defined  in  Claim  10  wherein  the 
first  and  second  signals  are  generated  by  dis- 
placement  transducers  actuated  by  rotatable 
wheels  in  contact  with  and  movable  along  the 
paths  of  the  two  radially  spaced  circumferential 
profiles. 

12.  The  method  defined  in  Claim  10  wherein  the 
third  signal  is  supplied  to  a  servo  mechanism 
operatively  controlling  the  angle  of  contact  of 
the  grinding  device. 

13.  The  method  defined  in  Claim  10  wherein  the 

fourth  signal  is  supplied  to  a  servo  mechanism 
operatively  controlling  the  perpendicular  mo- 
tion  of  the  grinding  device. 

5  14.  The  method  definedin  Claim  10  wherein  the 
third  signal  is  an  average  of  the  difference 
between  the  first  and  second  signals,  and  is  in 
relationship  to  the  radial  spacing  between  the 
two  circumferential  profiles. 

10 
15.  The  method  defined  in  Claim  10  wherein  the 

adjusted  angle  of  contact  of  the  grinding  de- 
vice  remains  constant  during  the  controlled 
perpendicular  movement  of  said  grinding  de- 

15  vice,  and  wherein  said  perpendicular  move- 
ment  is  changing  during  rotation  of  the  tire  to 
correspond  with  one  of  the  circumferential  pro- 
files. 

20  Patentanspruche 

1.  Apparat  mit  einer  Schleifvorrichtung  zum  Ent- 
fernen  einer  Gummimenge  von  einem  sich  bo- 
genformig  erstreckenden  Bereich  einer  Seiten- 

25  wand  eines  aufgepumpten  Luftreifens,  der 
drehbar  im  Apparat  gelagert  ist,  einschliefilich: 

(a)  Mittel,  die  den  Reifen  drehbar  lagern, 
der  den  bogenformig  sich  erstreckenden 
Bereich  aufweist; 

30  (b)  Sensormittel  zum  Ermitteln  der  Reifens- 
eitenwand,  generell  angrenzend  an  die  be- 
abstandeten  Ecken  des  Seitenwandberei- 
ches  und  zum  Erzeugen  eines  ersten  und 
zweiten  Eingangssignals  in  Bezug  zu  den 

35  beabstandeten  Profilen,  die  an  der  Reifens- 
eitenwand  erzeugt  und  durch  das  Sensor- 
mittel  erfa/St  werden; 
(c)  Mittel  zum  Vergleichen  des  ersten  und 
zweiten  Eingangssignals,  das  vom  Sensor- 

40  mittel  empfangen  wird,  und  zum  Erzeugen 
eines  ersten  Ausgangssignals  ansprechend 
auf  die  Durchschnittsdifferenz  zwischen  den 
beiden  Eingabesignalen  und  zum  Erzeugen 
eines  zweiten  Ausgangssignals  anspre- 

45  chend  auf  eines  der  Profile,  erzeugt  durch 
eines  der  Eingangssignale; 
(d)  Mittel  zum  Einstellen  des  Winkelkontak- 
tes  der  Schleifvorrichtung  in  Bezug  zum 
Seitenwandbereich  ansprechend  auf  das  er- 

50  ste  Ausgangssignal  des  Vergleichsmittels; 
und 
(e)  Mittel  zum  Bewegen  der  Schleifvorrich- 
tung  gegen  den  Seitenwandbereich  anspre- 
chend  auf  das  zweite  Ausgangssignal,  wo- 

55  durch  die  Schleifvorrichtung  mit  diesem  Be- 
reich  in  Eingriff  tritt  in  Bezug  zu  einem  der 
Seitenwandprofile,  die  durch  das  Sensormit- 
tel  erzeugt  werden,  urn  davon  eine  Gummi- 
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menge  zu  entfernen. 

2.  Apparat  nach  Anspruch  1,  bei  dem  das  Mittel 
zum  Einstellen  des  Winkelkontaktes  der 
Schleifvorrichtung  in  Bezug  zum  Seitenwand- 
bereich  einen  ersten  Betatigungsmechanismus 
aufweist,  der  den  Winkel  des  Schleifrades  ein- 
stellt,  urn  den  Durchschnitt  des  existierenden 
Winkels  des  Seitenwandbereiches  zu  vervoll- 
standigen. 

3.  Apparat  nach  Anspruch  1,  bei  dem  das  Sen- 
sormittel  ein  Sensorpaar  umfa/St,  von  dem  je- 
des  ein  Rad  umfa/St,  das  mit  dem  sich  drehen- 
den  Reifen  in  Eingriff  steht,  sowie  einen  Ver- 
schiebungswandler  umfa/St,  der  die  elektri- 
schen  Signale  in  Bezug  zur  Bewegung  des 
Rades  wahrend  einer  Reifenumdrehung  uber- 
tragt. 

4.  Apparat  nach  Anspruch  1,  bei  dem  der  sich 
bogenformig  erstreckende  Seitenwandbereich 
ein  angehobener,  kontinuierlich  ringformiger 
Bereich  ist. 

5.  Apparat  nach  Anspruch  4,  bei  der  der  angeho- 
bene  ringformige  Bereich  eine  obere  Flache 
und  ein  Paar  beabstandeter,  angehobener  Sei- 
tenrippen  besitzt,  und  wobei  jedes  Sensormit- 
tel  ein  Paar  beabstandeter  Sensoren  besitzt, 
die  jeweils  ein  drehbar  gelagertes  Sensorrad 
umfassen,  und  wobei  die  Sensorrader  entlang 
der  Oberflache  des  angehobenen  ringformigen 
Bereiches  radial  innenliegend  von  den  Seiten- 
rippen  abrollen. 

6.  Apparat  nach  Anspruch  4,  bei  dem  der  ange- 
hobene  ringformige  Bereich  eine  Oberflache 
und  ein  Paar  beabstandeter,  angehobener  Sei- 
tenrippen  besitzt,  und  wobei  das  Sensormittel 
ein  Paar  von  Sensoren  umfa/St,  die  jeweils  ein 
drehbar  gelagertes  Sensorrad  besitzen,  und 
wobei  die  Sensorrader  auf  der  Seitenwand  des 
Reifens  radial  au/Sen  von  den  angehobenen 
Rippen  abrollen. 

7.  Kombination  einer  Schleifmaschine  fur  eine 
Reifenseitenwand  und  eines  Steuersystems 
dafur,  einschliefilich  Mittel  zur  drehbaren  Lage- 
rung  eines  aufgepumpten  Reifens  zur  Drehung 
urn  seine  Achse,  wobei  der  Reifen  einen  sich 
umfangsma/Sig  erstreckenden  Bereich  auf  der 
Seitenwand  besitzt,  und  wobei  das  Schleifmit- 
tel  angrenzend  an  den  Reifen  gelagert  ist,  und 
in  und  aus  dem  Kontakt  mit  dem  umfangsma- 
fiigen  Bereich  bewegbar  ist,  urn  wahlweise  Tei- 
le  dieses  Bereiches  zu  schleifen,  ansprechend 
auf  Messungen,  die  umfangsma/Sig  entlang 

des  Reifens,  angrenzend  an  diesen  Bereich, 
durchgefuhrt  worden  sind,  einschliefilich: 

(a)  eines  Sensormittelpaares,  das  betriebs- 
ma/Sig  in  Bezug  zur  Reifenseitenwand  posi- 

5  tioniert  ist,  urn  Signale  zu  erzeugen,  die 
beabstandete  Profile  der  Seitenwand  dar- 
stellen,  die  an  den  umfangsma/Sigen  Be- 
reich  des  Reifens  angrenzen,  wahrend  sich 
der  Reifen  dreht; 

io  (b)  Mittel  zum  Erzeugen  vom  Ausgangssi- 
gnalen,  ansprechend  auf  die  Signale,  die 
vom  Sensormittelpaar  empfangen  werden; 
und 
(c)  Betatigungsmittel,  die  durch  die  Aus- 

15  gangssignale  zum  Einstellen  des  Winkels, 
uber  den  die  Schleifmittel  den  umfangsma- 
fiigen  Bereich  beruhren,  steuert,  und  zum 
Steuern  des  Kontaktes  des  Schleifmittels 
mit  dem  Bereich  in  Bezug  zu  mindestens 

20  einem  der  Profile  der  Seitenwand  zum  Ab- 
schleifen  einer  vorbestimmten  Materialmen- 
ge  von  diesem  Bereich. 

8.  Kombination  nach  Anspruch  7,  bei  der  eines 
25  der  Ausgangssignale  den  Durchschnittswinkel 

des  sich  umfangsma/Sig  erstreckenden  Berei- 
ches  im  Bezug  zur  Mittellinie  des  Reifens  dar- 
stellt,  festgelegt  durch  die  Unterschiede  zwi- 
schen  gewissen  Signalen,  die  durch  die  Sen- 

30  sormittel  und  den  Abstand  zwischen  den  Sen- 
sormitteln  erzeugt  werden. 

9.  Kombination  nach  Anspruch  7,  bei  dem  jedes 
Sensormittel  einen  Verschiebungswandler  dar- 

35  stellt,  der  die  Veranderungen  in  einer  Richtung 
mi/St,  die  generell  senkrecht  zur  Ebene  liegt, 
die  durch  die  Mittellinie  des  Reifens  urn  die 
Reifenseitenwand  verlauft,  angrenzend  an  den 
sich  umfangsmaCig  erstreckenden  Bereich. 

40 
10.  Verfahren  zum  Schleifen  einer  Gummimenge 

von  einem  sich  umfangsmaCig  erstreckenden 
Bereich  einer  Seitenwand  eines  aufgepumpten, 
drehbar  gelagerten  Reifens,  durch  eine  Schleif- 

45  vorrichtung,  einschliefilich  folgender  Stufen: 
(a)  Drehen  des  aufgepumpten  Reifens  urn 
eine  Drehachse; 
(b)  Erzeugen  eines  ersten  und  zweiten  Si- 
gnals  in  Bezug  zu  den  Veranderungen  im 

50  Weg  von  zwei  radial  beabstandeten,  urn- 
fangsmaCigen  Profilen  auf  der  Seitenwand 
entlang  des  Seitenwandbereiches,  wobei  die 
Veranderungen  in  Bezug  zu  einer  Ebene 
gemessen  werden,  die  parallel  zu  der  der 

55  Reifenmittellinie  liegt; 
(c)  Erzeugen  eines  dritten  Signals  in  Bezug 
zum  ersten  und  zweiten  Signal; 
(d)  Erzeugen  eines  vierten  Signals  in  Bezug 

13 



25 EP  0  254  913  B1 26 

zu  einem  des  ersten  und  zweiten  Signals; 
(e)  Einstellen  eines  Kontaktwinkels  der 
Schleifvorrichtung  mit  dem  Seitenwandbe- 
reich  ansprechend  auf  das  dritte  Signal;  und 
(f)  Steuern  der  Bewegung  der  Schleifvor- 
richtung  generell  senkrecht  in  Bezug  zur 
Ebene  der  Reifenmittellinie  durch  das  vierte 
Signal,  wahrend  der  Reifen  gedreht  wird, 
urn  die  vom  genannten  Bereich  zu  entfer- 
nende  Gummimenge  zu  steuern. 

11.  Verfahren  nach  Anspruch  10,  bei  dem  das 
erste  und  zweite  Signal  durch  Verschiebungs- 
wandler  erzeugt  wird,  die  betatigt  werden 
durch  drehbare  Rader,  die  in  Kontakt  stehen 
und  beweglich  sind  entlang  der  Wege  der  bei- 
den  radial  beabstandeten  umfangsma/Sigen 
Profile. 

12.  Verfahren  nach  Anspruch  10,  bei  dem  das 
dritte  Signal  zu  einem  Servomechanismus  ge- 
fuhrt  wird,  der  betriebsma/Sig  den  Kontaktwin- 
kel  der  Schleifvorrichtung  steuert. 

13.  Verfahren  nach  Anspruch  10,  bei  dem  das 
vierte  Signal  zu  einem  Servomechanismus  ge- 
fuhrt  wird,  der  betriebsma/Sig  mit  der  senkrech- 
ten  Bewegung  der  Schleifvorrichtung  gesteuert 
wird. 

14.  Verfahren  nach  Anspruch  10,  bei  dem  das 
dritte  Signal  einen  Durchschnitt  des  Unter- 
schieds  zwischen  dem  ersten  und  zweiten  Si- 
gnal  darstellt  und  in  Bezug  zum  radialen  Ab- 
stand  zwischen  den  beiden  umfangsma/Sigen 
Profilen  ist. 

15.  Verfahren  nach  Anspruch  10,  bei  dem  der  ein- 
gestellte  Kontaktwinkel  der  Schleifvorrichtung 
wahrend  der  gesteuerten  senkrechten  Bewe- 
gung  der  Schleifvorrichtung  konstant  bleibt, 
und  wobei  sich  die  senkrechte  Bewegung  wah- 
rend  der  Drehung  des  Reifens  verandert  und 
mit  einem  der  umfangsma/Sigen  Profile  korre- 
spondiert. 

Revendicatlons 

1.  Appareil  comportant  un  dispositif  de  meulage 
destine  a  eliminer  une  quantite  de  caoutchouc 
d'une  zone  s'etendant  en  courbe  d'un  flanc 
d'un  bandage  pneumatique  gonfle  monte  de 
fagon  a  pouvoir  tourner  dans  ledit  appareil, 
comprenant  : 

a)  des  moyens  destines  a  supporter  en 
rotation  un  pneumatique  presentant  ladite 
zone  s'etendant  en  courbe  ; 
b)  des  moyens  capteurs  destines  a  detecter 

le  flanc  du  pneumatique  generalement  a 
proximite  immediate  de  bords  espaces  de 
ladite  zone  du  flanc  et  a  generer  des  pre- 
mier  et  second  signaux  d'entree  concernant 

5  des  profils  espaces  generes  le  long  du  flanc 
du  pneumatique  detecte  par  lesdits  moyens 
capteurs  ; 
c)  des  moyens  destines  a  comparer  les 
premier  et  second  signaux  d'entree  regus 

io  des  moyens  capteurs  et  a  generer  un  pre- 
mier  signal  de  sortie  en  reponse  a  la  diffe- 
rence  moyenne  entre  lesdits  deux  signaux 
d'entree,  et  a  generer  un  second  signal  de 
sortie  en  reponse  a  I'un  des  profils  genere 

is  par  I'un  des  signaux  d'entree  ; 
d)  des  moyens  destines  a  regler  Tangle  de 
contact  du  dispositif  de  meulage  par  rapport 
a  ladite  zone  du  flanc  en  reponse  au  pre- 
mier  signal  de  sortie  provenant  des  moyens 

20  de  comparaison  ;  et 
e)  des  moyens  destines  a  amener  le  dispo- 
sitif  de  meulage  contre  ladite  zone  du  flanc 
en  reponse  au  second  signal  de  sortie  afin 
que  le  dispositif  de  meulage  porte  contre 

25  ladite  zone  conformement  a  I'un  des  profils 
de  flancs  generes  par  lesdits  moyens  cap- 
teurs  pour  en  enlever  une  quantite  de 
caoutchouc. 

30  2.  Appareil  selon  la  revendication  1,  dans  lequel 
les  moyens  destines  a  regler  Tangle  de 
contact  du  dispositif  de  meulage  par  rapport  a 
la  zone  du  flanc  comprennent  un  premier  me- 
canisme  actionneur  qui  regie  Tangle  de  la 

35  meule  en  complement  de  la  moyenne  de  Tan- 
gle  existant  de  ladite  zone  du  flanc. 

3.  Appareil  selon  la  revendication  1,  dans  lequel 
les  moyens  capteurs  comprennent  deux  cap- 

40  teurs  dont  chacun  comprend  une  roue  portant 
contre  le  pneumatique  en  rotation  et  un  trans- 
ducteur  de  deplacement  qui  transmet  des  si- 
gnaux  electriques  lies  a  un  mouvement  de  la 
roue  pendant  une  rotation  du  pneumatique. 

45 
4.  Appareil  selon  la  revendication  1,  dans  lequel 

la  zone  du  flanc  s'etendant  en  courbe  est  une 
zone  annulaire  continue  surelevee. 

50  5.  Appareil  selon  la  revendication  4,  dans  lequel 
la  zone  annulaire  surelevee  presente  une  sur- 
face  superieure  et  deux  nervures  laterales  su- 
relevees  espacees  ;  dans  lequel  chacun  des 
moyens  capteurs  comprend  une  paire  de  cap- 

55  teurs  espaces  ayant  chacun  une  roue  de  cap- 
teur  montee  de  fagon  a  pouvoir  tourner  ;  et 
dans  lequel  les  roues  de  capteurs  roulent  le 
long  de  la  surface  superieure  de  la  zone  annu- 
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laire  surelevee,  radialement  vers  I'interieur  des 
nervures  laterales. 

6.  Appareil  selon  la  revendication  4,  dans  laquelle 
la  zone  annulaire  surelevee  presente  une  sur-  5 
face  superieure  et  deux  nervures  laterales  su- 
relevees  espacees  ;  dans  lequel  les  moyens 
capteurs  comprennent  une  paire  de  capteurs 
ayant  chacun  une  roue  de  capteur  montee  de 
fagon  a  pouvoir  tourner  ;  et  dans  lequel  les  10 
roues  de  capteurs  roulent  le  long  du  flanc  du 
pneumatique  radialement  a  I'exterieur  des  ner- 
vures  surelevees. 

7.  Combinaison  d'une  machine  de  meulage  des  is 
flancs  de  pneumatiques  et  d'un  systeme  de 
commande  de  cette  machine,  comprenant  des 
moyens  destines  a  supporter  en  rotation  un 
pneumatique  gonfle  pour  le  faire  tourner  sur 
son  axe,  ledit  pneumatique  presentant  sur  son  20 
flanc  une  zone  s'etendant  circonferentiellement 
;  et  des  moyens  de  meulage  montes  a  proxi- 
mite  immediate  du  pneumatique  et  pouvant 
etre  amenes  en  contact,  et  eloignes  du 
contact,  avec  ladite  zone  circonferentielle  pour  25 
meuler  selectivement  des  parties  de  ladite 
zone  en  reponse  a  des  mesures  prises  circon- 
ferentiellement  le  long  du  pneumatique  a 
proximite  immediate  de  ladite  zone,  compre- 
nant  :  30 

a)  une  paire  de  moyens  capteurs  position- 
nes  fonctionnellement  par  rapport  au  flanc 
du  pneumatique  de  fagon  a  generer  des 
signaux  representant  des  profils  espaces  du 
flanc  adjacents  a  la  zone  circonferentielle  35 
du  pneumatique  pendant  que  le  pneumati- 
que  tourne  ; 
b)  des  moyens  destines  a  generer  des  si- 
gnaux  de  sortie  en  reponse  aux  signaux 
regus  de  la  paire  de  moyens  capteurs  ;  et  40 
c)  des  moyens  actionneurs  commandes  par 
lesdits  signaux  de  sortie  pour  regler  Tangle 
de  contact  des  moyens  de  meulage  avec  la 
zone  circonferentielle  et  pour  commander  le 
contact  des  moyens  de  meulage  avec  ladite  45 
zone  en  ce  qui  concerne  au  moins  Tun  des 
profils  du  flanc  pour  enlever  par  meulage 
une  quantite  predetermined  de  matiere  de 
ladite  zone. 

50 
8.  Combinaison  selon  la  revendication  7,  dans 

laquelle  Tun  des  signaux  de  sortie  represente 
Tangle  moyen  de  la  zone  s'etendant  circonfe- 
rentiellement  par  rapport  a  Tequateur  du  pneu- 
matique  determine  par  les  differences  entre  55 
certains  des  signaux  generes  par  les  moyens 
capteurs  et  Tecartement  entre  lesdits  moyens 
capteurs. 

9.  Combinaison  selon  la  revendication  7,  dans 
laquelle  chacun  des  moyens  capteurs  est  un 
transducteur  de  deplacement  qui  mesure  des 
variations  dans  une  direction  globalement  per- 
pendiculaire  a  un  plan  passant  par  Tequateur 
du  pneumatique  suivant  le  flanc  du  pneumati- 
que  a  proximite  immediate  de  la  zone  s'eten- 
dant  circonferentiellement. 

10.  Procede  pour  enlever  par  meulage  une  quanti- 
te  de  caoutchouc  d'une  zone,  s'etendant  cir- 
conferentiellement,  d'un  flanc  d'un  pneumati- 
que  gonfle,  monte  de  fagon  a  pouvoir  tourner, 
au  moyen  d'un  dispositif  de  meulage,  compre- 
nant  les  etapes  qui  consistent  : 

a)  a  faire  tourner  le  pneumatique  gonfle 
autour  d'un  axe  de  rotation  ; 
b)  a  generer  des  premier  et  second  signaux 
lies  a  des  variations  des  trajets  de  deux 
profils  circonferentiels,  espaces  radialement, 
du  flanc  le  long  de  ladite  zone  du  flanc, 
lesdites  variations  etant  mesurees  par  rap- 
port  a  un  plan  parallele  a  celui  de  Tequateur 
du  pneumatique  ; 
c)  a  generer  un  troisieme  signal  lie  aux 
premier  et  deuxieme  signaux  ; 
d)  a  generer  un  quatrieme  signal  lie  a  Tun 
desdits  premier  et  deuxieme  signaux  ; 
e)  a  regler  Tangle  de  contact  du  dispositif 
de  meulage  avec  ladite  zone  du  flanc  en 
reponse  au  troisieme  signal  ;  et 
f)  a  commander  le  mouvement  du  dispositif 
de  meulage  a  peu  pres  perpendiculairement 
par  rapport  au  plan  de  Tequateur  du  pneu- 
matique  par  le  quatrieme  signal  pendant 
que  le  pneumatique  est  en  rotation  afin  de 
commander  la  quantite  de  caoutchouc  enle- 
vee  de  ladite  zone. 

11.  Procede  selon  la  revendication  10,  dans  lequel 
les  premier  et  deuxieme  signaux  sont  generes 
par  des  transducteurs  de  deplacement  action- 
nes  par  des  roues  pouvant  tourner  en  contact 
avec  les  deux  profils  circonferentiels  espaces 
radialement,  et  pouvant  etre  deplacees  le  long 
des  trajets  de  ces  deux  profils. 

12.  Procede  selon  la  revendication  10,  dans  lequel 
le  troisieme  signal  est  applique  a  un  servome- 
canisme  commandant  de  fagon  active  Tangle 
de  contact  du  dispositif  de  meulage. 

13.  Procede  selon  la  revendication  10,  dans  lequel 
le  quatrieme  signal  est  applique  a  un  servome- 
canisme  commandant  de  fagon  active  le  mou- 
vement  perpendiculaire  du  dispositif  de  meula- 
ge. 
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14.  Procede  selon  la  revendication  10,  dans  lequel 
le  troisieme  signal  est  une  moyenne  de  la 
difference  entre  les  premier  et  deuxieme  si- 
gnaux,  et  est  lie  a  I'ecartement  radial  entre  les 
deux  profils  circonferentiels.  5 

15.  Procede  selon  la  revendication  10,  dans  lequel 
Tangle  regie  de  contact  du  dispositif  de  meula- 
ge  reste  constant  durant  le  mouvement  per- 
pendiculaire  commande  dudit  dispositif  de  10 
meulage,  et  dans  lequel  ledit  mouvement  per- 
pendiculaire  change  pendant  une  rotation  du 
pneumatique  afin  de  correspondre  a  Tun  des 
profils  circonferentiels. 
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