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Description 

The  present  invention  generally  relates  to  a 
toric  finer-polisher.  More  specifically,  the  invention 
relates  to  an  apparatus  for  the  fining  and/or  the 
polishing  of  toric  lenses  (i.e.,  the  toric  surfaces  of 
ophthalmic  lenses).  Such  toric  lenses  are  typically 
used  for  astigmatic  correction. 

In  the  ophthalmic  lens  finishing  field  of  technol- 
ogy,  the  terms  "fine"  and  "polish"  are  words  of  art 
relating  to  the  degree  of  finish  achieved  with  re- 
spect  to  ophthalmic  lenses.  Since  the  present  in- 
vention  can  be  used  for  both  fining  and  polishing 
toric  lenses,  the  terms  will  be  used  interchange- 
ably. 

Background  Art 

In  ophthalmic  optics,  lens  blanks  are  formed 
from  glass  or  plastic,  and  a  convex  or  concave 
surface  of  the  lens  is  mounted  upon  a  retaining 
member  known  as  a  lens  block.  The  lens  and  block 
are  then  accurately  mounted  upon  a  grinding  ap- 
paratus  wherein  a  toroidal  surface  of  compound 
prescriptive  value  is  "rough  ground"  into  a  concave 
portion  of  the  lens.  In  this  regard,  a  first  principal 
meridian  of  the  lens  typically  has  a  different  dimen- 
sion  with  respect  to  a  second  principal  meridian 
normal  to  the  first.  Following  the  initial  grinding 
operation,  an  ophthalmic  lens  is  fined  and  then 
polished  to  a  final  prescriptive  value.  Left  and  right 
lenses  are  then  mounted  upon  an  edge  grinding 
machine  to  cut  the  outer  peripheral  shape  required 
for  compatibility  with  an  eyeglass  frame  of  an  ulti- 
mate  user  or  wearer. 

In  its  evolution,  the  toric  lens  fining  and  polish- 
ing  field  of  technology  has  followed  a  path  that  had 
its  roots  systems  ranging  from  wheel  systems  to 
various  oscillatory  machines,  such  systems  and 
machines  being  directed  toward  the  objective  of 
having  a  toric  lens  finished  to  a  desired  configura- 
tion.  In  most  cases,  such  systems  and  machines 
did  an  adequate  job.  However,  the  processing  time 
was  lengthy. 

In  response  to  the  inadequacies  of  such  first- 
generation  systems  and  machines,  a  second  gen- 
eration  of  systems  and  machines  based  on  the 
concept  of  a  gimbal-supported  tool  was  introduced. 
By  way  of  example,  such  a  second-generation  toric 
finer-polisher  is  disclosed  in  U.S.  Patent  No. 
3,732,647  -  Stith,  assigned  to  Coburn  Manufactur- 
ing  Company,  Inc.  of  Muskogee,  Oklahoma.  Such 
second-generation  arrangements  allowed  for  faster 
movement  of  the  fining-polishing  mechanism,  and 
therefore  processing  time  was  reduced. 

The  finer-polisher  machine  of  the  aforemen- 
tioned  U.S.  patent  was  used  to  finish  cylindrical 
lenses.  In  such  cylindrical  lens  finishers,  the  toric 

surface  of  a  lapping  tool  must  be  held  in  engage- 
ment  with  the  lens  surface  and  moved  relative 
thereto  in  a  path  referred  to  as  a  "break-up"  mo- 
tion.  Such  break-up  movement  prevents  ridges, 

5  grooves  and  other  aberrations  from  being  formed  in 
the  lens  surface,  such  ridges,  grooves  and  aberra- 
tions  occurring  when  regular  or  uniform  motion  is 
utilized.  In  addition  to  orbital,  break-up  motion  of 
the  lapping  tool,  the  aforementioned  U.S.  patent 

io  discloses  movement  of  the  lens  in  a  transverse 
motion  from  side  to  side.  In  at  least  one  other 
system,  front  to  rear  motion  is  added  to  the  trans- 
verse  motion  of  the  lens  to  be  finished. 

Although  finer-polisher  systems  of  the  type  de- 
75  scribed  in  the  aforementioned  U.S.  patent  were 

widely  utilize,  room  for  significant  improvement  re- 
mained.  For  example,  systems  such  as  that  dis- 
closed  in  the  aforementioned  U.S.  patent  suffered 
from  relatively  low  speed  of  motion  between  the 

20  lapping  tool  and  the  lens,  and  any  attempt  to 
increase  the  relative  speed  of  motion  between  the 
lapping  tool  and  lens  caused  a  sacrifice  in  the  lens 
finishing  ability  of  the  system.  It  was  also  consid- 
ered  desirable  to  be  able  to  easily  vary  the  am- 

25  plitude  of  the  orbital,  break-up  motion  of  such  a 
system. 

As  a  result  of  attempts  to  overcome  the  dis- 
advantages  of  the  system  disclosed  in  the  afore- 
mentioned  U.S.  patent  of  Stith,  an  improved  finer- 

30  polisher  machine  was  developed,  and  is  disclosed 
in  U.S.  Patent  No.  4,320,599  -  Hill  et  al,  which  is 
also  assigned  to  Coburn  Manufacturing  Company, 
Inc.  of  Muskogee,  Oklahoma.  In  the  arrangement 
disclosed  in  this  patent,  first  and  second  assem- 

35  blies  were  provided  for  carrying  a  lapping  tool  and 
a  lens,  respectively,  and  for  imparting  an  orbital 
break-up  motion  during  the  fining  and  polishing 
operation.  The  amplitude  of  orbital  movement  in 
this  arrangement  was  variable  by  application  of  a 

40  cam  assembly  for  adjustment  of  the  degree  of 
orbital  break-up  motion  of  the  lens  mounting  and/or 
lapping  tool.  However,  there  was  also  a  disadvan- 
tage  with  this  system  in  that  it  was  not  possible  to 
decrease  the  speed  and  amplitude  of  motion  of  a 

45  lens  lapping  tool  for  enhanced  control,  while  at  the 
same  time  maintaining  the  feet-per-minute  of  rela- 
tive  motion  between  a  lens  and  the  tool  to  facilitate 
rapid  fining  and  polishing.  It  was  also  considered 
desirable  to  have  a  system  for  achieving  motion  in 

50  an  X-Y  plane  which  would  eliminate  any  tendency 
for  the  creation  of  a  sawtooth  aberration  in  the  lens. 
Elimination  of  these  problems  was  thought  to  be 
desirable  because  the  rate  of  finishing  of  an  oph- 
thalmic  lens  could  be  increased  without  sacrificing 

55  lens  finishing  quality  of  the  system. 
Accordingly,  a  further  finer-polisher  apparatus 

was  developed,  and  is  disclosed  in  U.S.  Patent  No. 
4,521,994  -  Tusinski,  which  is  also  assigned  to 
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Coburn  Optical  Industries,  Inc.  of  Muskogee,  Okla- 
homa.  This  document  corresponds  to  EP-A-0  134 
625.  The  arrangement  of  the  Tusinski  patent  pro- 
vides  for  a  frame  and  gimbal-mounted  assembly 
for  providing  an  orbital  break-up  motion  to  a  lens 
lapping  tool,  in  combination  with  an  X-Y  motion 
assembly  connected  to  the  frame  and  lens  for 
providing  a  smooth,  Lissajous  figure  movement  to 
the  lens.  In  the  X-Y  motion  assembly,  commonly 
driven  first  and  second  cams  provide  movements 
in  the  X  and  Y  directions,  respectively. 

In  general,  in  break-up  motion  devices  used 
with  cylindrical  lens  surfaces,  the  base  and  cross- 
curve  of  the  lapping  tool  must  be  maintained  in 
parallel  relationship  with  respect  to  the  base  and 
cross-curve  of  the  lens.  The  finer-polisher  ma- 
chines  of  the  aforementioned  patents  employed  a 
gimbal  assembly  suspended  between  a  pair  of 
brackets  extending  outwardly  from  the  sidewall  of 
the  machine,  the  gimbal  assembly  being  located  a 
relatively  short  distance,  as  measured  along  a  con- 
nector  rod,  from  the  top  of  the  lapping  tool.  The 
gimbal  prevents  any  rotation  of  the  aforementioned 
rod  about  its  own  longitudinal  axis,  and  this  is 
important  because  the  cylindrical  surface  of  the 
lapping  tool  must  be  maintained  in  accurate  rota- 
tional  alignment  with  the  surface  of  the  lens  to  be 
ground.  Moreover,  the  gimbal  provides  an  inter- 
mediate  point  along  the  length  of  the  rod  for  pivot- 
ally  supporting  the  rod  such  that  the  combined 
rotational  and  orbital  motion  imposed  on  the  rod 
and  transmitted  via  the  rod  to  the  lapping  tool  is 
both  accurate  and  proportional. 

The  short  radius  from  the  gimbal  to  the  top  of 
the  tool  has,  however,  posed  problems.  For  exam- 
ple,  lens  hydroplaning  and  excessively  long  strokes 
of  the  tool  have  resulted.  As  a  result  of  these 
deficiencies,  complex  break-up  motions  have  been 
required,  especially  in  order  to  cope  with  some  of 
the  idiosyncrasies  of  the  machines.  More  and  more 
complex  break-up  motions  have  tended  to  reduce 
some  of  the  problems.  However,  such  complex 
motions  have  had  the  disadvantage  of  adversely 
influencing  the  integrity  of  the  lens  surface  radii, 
which  in  turn  has  degraded  optical  integrity.  In 
some  cases,  rubber  supports  have  been  used  in 
order  to  compensate  for  this  problem  by  allowing 
the  tool  to  move  or  rotate  off-axis.  However,  this 
has  created  a  serious  flaw  in  axis  integrity  which,  in 
some  cases,  has  followed  an  "S"  path  instead  of  a 
straight  line  as  desired. 

Another  problem  with  the  X-Y  motion  assembly 
of  the  prior  art,  in  particular  the  assembly  disclosed 
in  the  aforementioned  patent  of  Tusinski,  involves 
the  exposure  of  a  sliding  part  of  the  assembly  to 
abrasive  materials  created  by  the  fining-polishing 
operation.  Specifically,  such  X-Y  assemblies  of  the 
prior  art  created  Y-axis  motion  by  mounting  the 

rocker  arm  carrying  the  polishing  pins  on  a  rod,  the 
rod  being  disposed  inside  of  a  cylinder  so  that 
sliding  motion  of  the  rod  with  respect  to  the  cyl- 
inder  produced  the  Y-axis  motion  of  the  polishing 

5  pins.  However,  as  a  result  of  this  arrangement,  the 
exterior  surface  of  the  sliding  rod  was  exposed  to 
abrasive  materials  created  by  the  fining-polishing 
process,  and  such  abrasive  materials  became 
lodged  between  the  sliding  rod  and  its  encompass- 

io  ing  cylinder,  causing  damage  and/or  inefficiency  in 
operation  to  the  X-Y  motion  assembly. 

The  following  additional  patents  are  considered 
to  be  of  background  interest  relative  to  the  present 
invention:  U.S.  Patent  No.  913,543  -  Nichols;  U.S. 

w  Patent  No.  998,101  -  Laabs;  U.S.  Patent  No. 
1,593,212  -  Hart;  U.S.  Patent  No.  2,051,329  -  Cook; 
U.S.  Patent  No.  2,176,154  -  Shannon;  U.S.  Patent 
No.  2,208,527  -  Houchin;  U.S.  Patent  No.  2,371,303 
-  Liebowitz;  U.S.  Patent  No.  3,258,879  -  Edelstein; 

20  U.S.  Patent  No.  3,330,075  -  Suddarth  et  al;  U.S. 
Patent  No.  3,552,899  -  Tagnon;  and  French  Patent 
No.  755,354  -  Heim  et  al. 

The  following  additional  prior  art  document  is 
also  relevant  to  this  general  subject  matter,  DE 

25  1  ,944,221  . 

Disclosure  of  Invention 

The  present  invention  relates  to  a  toric  finer- 
30  polisher,  and  more  specifically  an  apparatus  for 

fining  and  polishing  toric  lenses.  It  should  be  un- 
derstood  that  the  present  invention  represents  an 
improvement  with  respect  to  the  problems  encoun- 
tered  in  the  operation  of  systems  and  machines 

35  employing  a  short  gimbal  radius,  that  is,  a  short 
distance  between  the  gimbal  assembly  and  the 
lapping  tool.  As  will  be  discussed  in  more  detail 
below,  the  problems  encountered  in  such  prior  art 
arrangements  are  overcome  by  provision  of  an 

40  apparatus  in  which  axis  rotation  is  practically  elimi- 
nated.  That  is  to  say,  in  the  present  invention,  a 
parallel  relationship  is  maintained  between  the  axis 
of  the  tool  and  the  axis  of  the  lens  being  fined  and 
polished. 

45  Therefore,  it  is  an  object  of  the  present  inven- 
tion  to  provide  a  system  or  arrangement  which,  by 
its  design,  represents  an  improvement  with  respect 
to  the  short-radius  arm  problem  encountered  in 
gimbal-supported  arrangements  of  the  prior  art. 

50  It  is  an  additional  object  of  the  present  inven- 
tion  to  provide  a  system  or  arrangement  wherein 
axial  rotation  between  the  axis  of  the  tool  and  the 
axis  of  the  lens  is  practically  eliminated. 

The  objects  of  the  invention  are  accomplished 
55  by  means  of  apparatus  for  finishing  a  toric  surface 

of  an  ophtalmic  lens  which  includes  a  tool  carrying 
means  for  carrying  a  lens  finishing  tool  having  a 
compound  curvature  and  a  major  tool  cylindrical 
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axis,  the  tool  carrying  means  having  a  first  end  at 
which  the  tool  is  disposed  and  a  second  end, 

a  lens  holding  means  for  holding  the  ophtalmic 
lens  in  contact  with  the  lens  finishing  tool,  the  lens 
having  a  major  lens  cylindrical  axis, 

a  motor  means  connected  to  the  tool  carrying 
means  for  driving  the  tool  carrying  means  in  a 
substantially  uniform  circular  orbital  motion  to 
cause  the  tool  to  move  relative  to  the  toric  lens  and 
thereby  promote  finishing  of  the  surface  of  the 
lens, 

the  motor  means  being  connected  to  the  tool 
carrying  means  at  a  location  intermediate  to  the 
first  end  and  the  second  end  of  the  tool  carrying 
means,  and 

a  gimbal  means  engaging  the  tool  carrying 
means  at  the  second  end  for  supporting  the  tool 
carrying  means  at  the  second  end,  the  gimbal 
radius  between  the  gimbal  means  and  the  tool 
being  long  relative  to  the  maximum  stroke  of  the 
tool  so  as  to  maximize  a  gimbal  radius  of  the  tool 
carrying  means,  and  enable  the  substantially  uni- 
form  circular  orbital  motion  of  the  finishing  tool  to 
have  an  oscillating  excursion  stroke  less  than  one 
inch  while  maintaining  a  substantially  parallell  rela- 
tionship  between  the  major  tool  cylindrical  axis  and 
the  major  lens  cylindrical  axis  during  finishing  of 
the  surface  of  said  lens. 

An  embodiment  of  the  invention  will  be  de- 
scribed  in  more  detail  below  by  reference  to  the 
detailed  description,  the  figures  of  the  drawings, 
and  the  appended  claims. 

Brief  Description  of  Drawings 

Figure  1  is  a  graphical  illustration  relating  to 
the  movement  of  a  tool  in  a  non-oblique  manner 
within  a  hemispheric  envelope. 

Figure  2  is  a  graphical  illustration  used  to  ex- 
plain  the  problem  created  by  oblique  movement  of 
a  tool  within  the  hemispheric  envelope. 

Figure  3  is  a  side  view,  partially  in  section,  of 
the  toric  finer-polisher  arrangement  of  the  present 
invention. 

Figure  4  is  a  front  view,  partially  in  section,  of 
the  toric  finer-polisher  of  the  present  invention. 

Figure  5  is  a  perspective  view  of  the  lap  table 
and  its  component  moving  parts  within  the  toric 
finer-polisher  of  the  present  invention. 

Figure  6  is  a  diagrammatic  representation  of 
the  single-motor  drive  system  of  the  toric  finer- 
polisher  of  the  present  invention. 

Figure  7  is  a  perspective  view  of  the  pressure- 
operated  tool  holding  arrangement  within  the  lap 
table  of  the  present  invention. 

Best  Mode  for  Carrying  Out  the  Invention 

The  toric  finer-polisher  and  its  operation  will 
now  be  described  in  more  detail  with  reference  to 

5  the  various  figures  of  the  drawings. 
In  Figure  1  is  a  graphical  illustration  used  to 

describe  the  movement  of  a  tool  in  a  non-oblique 
manner  within  its  hemispheric  envelope.  In  Figure 
1,  point  Po  (0,0,0)  represents  the  origin  of  an  X-Y-Z 

io  axis  system  and  the  centric  of  the  hemispheric 
envelope  created  by  tracing  point  Pi  throughout  its 
convolutions,  the  point  Pi  being  located  a  distance 
d  from  the  origin  Po.  For  illustrative  purposes,  "d" 
is  defined  as  having  a  unity  radius,  and  Po  oc- 

15  cupies  the  position  of  a  gimbal  with  free  axes  in  the 
X-Y  meridians.  Certain  mechanical  restraints  pre- 
vent  Pi  from  inscribing  the  total  hemisphere,  but 
this  should  not  detract  from  an  understanding  of 
the  principles  explained  herein. 

20  In  Figure  1,  the  line  A-B  represents  the  cylin- 
drical  axis  of  a  tool  within  a  tool  plane  which  is 
always  perpendicular  to  the  radius  arm  "d"  regard- 
less  of  its  position  in  the  hemispheric  envelope.  It 
can  be  intuitively  surmised  that,  if  "d"  is  moved  by 

25  rotation  around  the  X-axis,  the  tool  axis  A-B  will 
remain  parallel  to  the  Y-Z  plane  and  perpendicular 
to  the  X-Z  plane.  Similarly,  if  "d"  is  rotated  about 
the  Y-axis,  tool  axis  A-B  remains  parallel  to  the  Y-Z 
plane  and  perpendicular  to  the  X-Z  plane.  However, 

30  if  "d"  is  moved  obliquely  to  the  point  Pi  ,  it  can  be 
shown  that  the  tool  axis  A-B  is  no  longer  parallel  to 
the  Y-axis  or  perpendicular  to  the  X-axis  when  the 
tool  axis  A-B  is  projected  into  the  X-Y  plane. 

Figure  2  is  a  graphical  illustration  used  to  dem- 
35  onstrate  the  latter  point.  In  Figure  2,  the  radius  arm 

(corresponding  to  the  shaft  of  a  tool)  "d"  has  been 
moved  to  an  oblique  position  having  an  angular 
displacement  of  45  °  with  respect  to  the  X,  Y  and  Z 
axes.  In  such  a  position,  the  tool  axis  (A-B  in  Figure 

40  1)  occupies  a  position  corresponding  to  point  PA, 
Pi  and  PB  (in  Figure  2).  Presuming  that  the  coordi- 
nates  of  point  Pi  are  (0.5,  0.5,  0.5),  when  the  tool 
axis  is  projected  into  the  X-Y  plane,  the  projected 
line  A-B'  is  no  longer  parallel  to  the  Y-axis,  there 

45  being  an  angle  6  between  the  line  A-B'  and  the  Y- 
axis.  In  this  regard,  it  is  necessary  to  iterate  that 
the  tool  shaft  "d"  is  constrained  by  gimbal  bear- 
ings  from  rotating  around  the  X  and  Y  axes.  This 
restraint  is  imposed  on  the  tool  shaft  "d"  by  the 

50  mechanism  driving  the  tool  shaft  "d"  and  by  the 
fact  that  the  distal  tool  shaft  is  restrained  by  the 
physical  size  of  the  gimbal  associated  with  it. 

Earlier  assumptions,  during  the  development  of 
the  technology  disclosed  in  the  aforementioned 

55  patent  of  Stith,  were  that  the  tool  axis  A-B  would 
remain  parallel  to  the  X  and  Y  axes  when  rotated  to 
an  oblique  position.  Referring  to  Figure  2,  it  should 
be  noted  that,  if  the  point  Pi  oscillates  about  the  Z- 

4 
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axis  (as  might  be  required  in  toric  lens  fining- 
polishing),  the  oscillatory  path  of  the  point  Pi  would 
have  some  fixed  distance  appropriate  for  a  toric 
lens  diameter.  However,  if  the  length  of  the  shaft 
"d"  is  relatively  short  (as  is  the  case  in  those  prior 
art  arrangements  having  a  short  gimbal  radius),  the 
angle  6  shown  in  Figure  2  will  be  significant,  that  it 
to  say,  there  will  be  a  significant  non-parallel  rela- 
tionship  between  the  projected  tool  axis  A'-B'  and 
the  Y-axis. 

In  accordance  with  the  present  invention,  it  has 
been  discovered  that,  conversely,  if  the  shaft  "d"  is 
kept  relatively  long,  then  the  angle  6  shown  in 
Figure  2  will  be  insignificant  when  the  position  of 
Pi  is  small  with  respect  to  the  X-axis.  That  is  to 
say,  there  will  be  an  insignificant  non-parallel  rela- 
tionship  between  the  projected  axis  A-B'  and  the 
Y-axis,  the  projected  axis  being  virtually  parallel  to 
the  Y-axis.  This  is  a  basic  feature  of  the  design  of 
the  present  invention,  and  it  is  this  feature  which 
leads  to  a  reduction  in  the  number  of  break-up 
motions  required  for  a  high  degree  of  integrity  in 
the  toric  fining-polishing  procedure.  Furthermore,  in 
accordance  with  the  present  invention,  a  majority  of 
the  break-up  motion  is  relegated  to  the  upper  arm 
(or  rocker  arm  assembly  used  to  constrain  the 
blocked  lens  on  axis)  of  the  toric  finer-polisher. 

Figure  3  is  a  side  view  and  Figure  4  is  a  front 
view,  both  in  partial  section,  of  the  toric  finer- 
polisher  of  the  present  invention,  while  Figure  5  is 
a  perspective  view  of  the  lap  table  and  its  moving 
components  within  the  toric  finer-polisher  of  the 
present  invention.  In  these  figures,  identical  refer- 
ence  numerals  have  been  used  to  identify  identical 
parts  as  appropriate. 

Referring  to  Figures  3  and  4,  the  toric  finer- 
polisher  10  is  understood  to  include  a  lefthand 
section  12  and  a  righthand  section  14,  the  lefthand 
section  12  being  only  partially  shown  in  Figure  4. 
The  righthand  portion  14  appears  in  both  the  side 
view  of  Figure  3  and  the  front  view  of  Figure  4. 
Since  the  lefthand  and  righthand  arrangements  12 
and  14,  respectively,  are  identical  in  every  respect, 
only  the  righthand  arrangement  14  will  be  de- 
scribed  with  reference  to  Figures  3  and  4. 

Referring  to  Figures  3  and  4,  the  righthand 
arrangement  14  of  the  toric  finer-polisher  10  in- 
cludes  the  following  elements:  polishing  pins  16, 
rocker  arm  18,  rocker  arm  housing  20,  rocker  arm 
shaft  22,  rocker  arm  holder  24,  air  cylinder  26, 
bracket  28,  pins  30  and  32,  rotary  eccentric  34,  lap 
table  36,  spherical  bearing  38,  bearing  holder  39, 
upper  bearing  40,  lower  bearing  42,  timing  belt  44, 
timing  belt  pulley  46,  shaft  or  spindle  48,  E-mount- 
ing  plate  50,  and  axis  plate  52. 

Figure  6  is  a  diagrammatic  representation  of 
the  single-motor  drive  system  of  the  toric  finer- 
polisher  of  the  present  invention.  As  seen  therein, 

the  single-motor  drive  system  comprises  a  motor 
62,  motor  shaft  64,  motor  pulley  66,  timing  belt 
pulleys  46  and  46'  associated  with  the  shafts  48 
and  48',  respectively,  gear  reduction  pulley  68, 

5  gear  reduction  shaft  70,  gear  reduction  mechanism 
72,  eccentric  shaft  74,  timing  belt  44  which  inter- 
connects  and  drives  pulleys  46,  46',  66  and  68,  X- 
drive  eccentric  58,  Y-drive  eccentrics  34  and  34' 
and  timing  belt  44'  which  interconnects  and  drives 

io  eccentric  pulleys  P5-P8. 
Thus,  all  motions  in  the  toric  finer-polisher  are 

driven  from  the  single  motor  62.  The  spindles  or 
shafts  48  and  48'  driven  by  the  pulleys  46  and  46' 
are  timed  in  their  oscillatory  motions  so  that  move- 

15  ments  of  their  masses  cancel  reactionary  forces  in 
order  to  minimize  vibration  and  allow  the  toric  finer- 
polisher  to  be  run  at  faster  speeds.  Furthermore, 
the  speed  of  operation  of  motor  62  is  reduced  by 
gear  reduction  mechanism  72  prior  to  being  ap- 

20  plied  to  the  X-drive  eccentric  58  and  Y-drive  ec- 
centrics  34  and  34',  so  that  upper  arm  motions 
(that  is,  X-Y  motions  of  the  rocker  arm  18)  are 
carried  out  on  a  reduced-speed  basis.  The  dif- 
ference  in  horizontal  (X)  and  vertical  (Y)  drive 

25  speeds  is  obtained  by  changing  drive  ratios  (that 
is,  the  number  of  teeth)  of  the  respective  timed 
pulleys  P8,  P5  and  P6. 

In  operation,  motor  62  drives  pulleys  46  and 
46'  via  timing  belt  44.  Pulleys  46  and  46',  in  turn, 

30  rotate  shafts  48  and  48'  carrying  lap  tables  36  and 
36'. 

As  shown  in  Figure  3,  lap  table  36  acts  as  a 
tool  holder  for  holding  a  lapping  tool  80,  on  top  of 
which  a  lens  to  be  fined-polished  is  mounted,  a 

35  block  84  being  mounted  on  top  of  the  lens  82. 
When  a  fining-polishing  operation  is  to  be  carried 
out,  pins  16  are  lowered  into  contact  with  the  upper 
surface  of  block  84  by  actuation  of  air  cylinder  26. 
Specifically,  air  cylinder  26  is  operated  to  raise  the 

40  rocker  arm  holder  24,  thus  lowering  the  pins  16  so 
that  the  pins  16  are  positioned  in  depressions  (not 
shown)  in  the  upper  surface  of  block  84.  As  pre- 
viously  indicated,  oscillation  or  orbiting  of  the 
shafts  48  and  48'  by  motor  62,  operating  via  timing 

45  belt  44  and  pulleys  46  and  46',  results  in  orbital 
motion  of  the  lens  82  with  respect  to  the  tool  80. 
Shafts  48  and  48'  are  constrained  against  rotation 
by  plates  52  and  52',  respectively  (Figure  4). 

With  respect  to  X-Y  motion,  X-drive  eccentric 
50  58  controls  X-motion  while  Y-drive  eccentrics  34 

and  34'  control  Y-motion.  It  should  be  noted  that  X- 
drive  eccentric  58  is  common  to  both  the  left  and 
the  right  units,  while  each  unit  has  its  own  Y-drive 
eccentric  34  and  34',  respectively.  X-motion  is  car- 

55  ried  out  in  a  manner  as  disclosed  in  the  aforemen- 
tioned  patent  of  Tusinski.  Eccentric  58  is  mounted 
between  the  lefthand  arrangement  12  and  right- 
hand  arrangement  14  of  the  toric  finer-polisher  10, 

5 



9 EP  0  313  417  B1 10 

eccentric  58  being  driven  at  a  reduced  speed  by 
the  motor  62,  operating  via  motor  shaft  64,  motor 
pulley  66,  timing  belt  44,  gear  reduction  pulley  68, 
gear  reduction  shaft  70,  gear  reduction  mechanism 
72,  output  shaft  74,  timing  belt  44'  and  pulley  P8. 
As  a  result  of  being  driven  at  a  reduced  speed, 
eccentric  58  operates  in  manner  described  in  the 
aforementioned  Tusinski  patent  to  move  rocker  arm 
18  (and  its  counterpart,  not  shown,  in  the  lefthand 
arrangement  12)  to  the  left  and  right  as  viewed  in 
Figure  4.  Thus,  X-motion  is  achieved. 

Y-motion  is  achieved  in  the  present  invention  in 
an  manner  which  represents  an  improvement  over 
the  Y-motion  assembly  disclosed  in  the  aforemen- 
tioned  Tusinski  patent.  Referring  to  Figure  3,  Y- 
drive  eccentrics  34  and  34'  are  driven  by  motor  62 
operating  via  motor  shaft  64,  timing  belt  44,  pulley 
68,  shaft  70,  gear  reduction  mechanism  72,  shaft 
74,  pulley  P7  and  Y-drive  pulleys  P5  and  P6, 
respectively. 

As  a  result  of  the  operation  of  Y-drive  eccen- 
trics  34  and  34',  forces  are  applied  to  rocker  arms 
18  and  18',  and  their  associated  housings  20  and 
shafts  22,  causing  polishing  pins  16  to  rotate  or 
pivot  about  pin  holders  32  and  32'  (Figures  3  and 
6).  In  this  manner,  pins  16  cause  the  lens  82  as 
carried  by  the  block  84  to  move  to  the  left  and 
right  as  seen  in  Figure  3,  thus  achieved  Y-motion. 
It  should  be  noted  that  the  latter  operation  is  facili- 
tated  by  the  provision  of  a  linkage  100  connecting 
a  pivot  arm  101  to  the  Y-drive  eccentric  34. 

The  X-Y  or  break-up  motion  achieved  in  accor- 
dance  with  the  foregoing  is,  preferably,  a  Lissajous 
pattern  similar  to  that  disclosed  and  discussed  in 
the  aforementioned  Tusinski  patent.  However,  the 
motions  imparted  to  the  lens  82  (Figure  3)  are 
imparted  in  a  relatively  simple  manner.  In  order  for 
the  Lissajous  pattern  to  continuously  change,  hori- 
zontal  and  vertical  drive  speeds  cannot  be  ratioed 
by  an  integer  value.  In  additon,  to  reduce  the 
complexity  of  the  pattern,  a  ratio  of  approximately 
1.99  to  1.00  permits  the  pattern  to  vary  from  a 
figure  "8"  to  a  "U"  pattern  or  to  a  "n"  pattern. 

Figure  7  is  a  perspective  view  of  the  compo- 
nent  parts  of  the  pressure-operated  tool  holding 
arrangement  within  the  lap  table  of  the  present 
invention.  As  seen  therein,  the  lap  table  36,  36' 
comprises  the  following  elements:  bolt  100,  spacer 
102,  front  jaw  104,  retainer  ring  106,  cylinder  end 
cap  108,  O-ring  110,  seal  112,  compression  spring 
114,  piston  116,  O-ring  118,  cylinder  120,  pins  122 
and  124,  plug  126,  internal  taper  128,  axis  align- 
ment  slot  130,  rear  clamp  plate  132,  and  bolts  134, 
136  and  138. 

As  indicated  in  previously  discussed  Figures  3 
and  4,  the  lap  table  36,  36'  is  mounted  on  the 
upper  end  of  shafts  48,  48'  via  the  internal  taper 
128.  Axis  alignment  slot  130  is  provided  for  the 

insertion  of  a  pin  (not  shown)  into  a  corresponding 
hole  in  the  shafts  48,  48',  thus  achieving  alignment 
of  the  shafts  48,  48'  relative  to  the  lap  tables  36, 
36'. 

5  Rear  clamp  plate  132  is  fixed  to  one  side  of 
the  lap  tble  36,  36'  by  bolts  134  and  136.  Bolt  138 
merely  covers  an  access  hole  (not  shown)  which  is 
used  to  push  the  cylinder  120  (and  its  associated 
assembly)  out  of  the  orifice  140  for  possible  ser- 

io  vice  or  repair. 
Retainer  ring  106,  end  cap  108,  O-ring  110, 

seal  112,  spring  114,  piston  116,  O-ring  118,  and 
cylinder  120  are  assembled  in  the  manner  indi- 
cated  in  Figure  7,  and  this  assembly  is  inserted 

is  into  the  orifice  140  in  the  side  of  lap  table  36,  36'. 
Front  jaw  104  is  positioned  against  the  same  side 
of  lap  table  36,36'  by  means  of  the  positioning  pins 
122  and  124,  and  front  jaw  104  is  fixed  to  the  lap 
table  36,  36'  by  insertion  of  spacer  102  into  the  top 

20  hole  142  of  front  jaw  104  and  by  the  insertion  of 
bolt  100  via  spacer  102  onto  the  hole  144  in  the 
side  of  lap  table  36,  36'. 

As  thus  assembled,  a  given  amount  of  spacing 
is  maintained  between  rear  clamp  plate  132  and 

25  front  jaw  104.  When  a  tool  is  to  be  mounted  on  the 
top  surface  of  lap  table  36,  36',  the  tool  is  placed 
into  the  space  between  the  rear  clamp  plate  132 
and  front  jaw  104.  Air  pressure  is  then  applied  to 
the  interior  of  lap  table  36,  36',  forcing  piston  116 

30  contained  within  cylinder  120  to  push  against  front 
jaw  104  at  a  point  below  the  spacer  102  and  bolt 
100,  and  this  causes  a  rotational  movement  of  the 
top  edge  of  front  jaw  104  toward  the  rear  clamp 
plate  132,  thus  securing  the  tool  on  the  top  surface 

35  of  lap  tble  36,  36'.  When  release  of  the  tool  is 
desired,  the  air  pressure  to  the  interior  of  the  lap 
table  36,  36'  is  reduced,  the  piston  116  withdraws, 
and  the  top  edge  of  front  jaw  104  moves  away 
from  rear  clamp  plate  132,  thus  releasing  the  tool 

40  from  the  top  surface  of  lap  table  36,  36'. 
The  lap  table  36,  36'  is  provided  with  a  plug 

126  which  fits  into  a  screwhole  (not  shown)  in  the 
upper  surface  of  lap  table  36,  36'.  The  plug  126 
prevents  air  from  escaping  from  the  interior  of  lap 

45  table  36,  36'  during  operation  thereof.  In  addition, 
the  plug  126  serves  to  keep  foreign  material  from 
entering  the  interior  of  the  lap  table  36,  36'.  When 
removal  of  the  lap  table  36,  36'  from  the  shaft  48, 
48'  is  desired,  the  plug  126  can  be  removed,  and  a 

50  screw  can  be  inserted  into  the  screwhole  (not 
shown)  so  that  to  impinge  upon  and  force  down- 
ward  the  shaft  48,  48',  thus  removing  the  lap  table 
36,  36'  therefrom. 

55  Advantages  of  the  Invention 

After  reviewing  the  foregoing  description  of  a 
preferred  embodiment  of  the  invention,  in  conjunc- 
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tion  with  the  drawings,  it  will  be  appreciated  by 
those  of  skill  in  the  art  that  several  distinct  advan- 
tages  of  the  finer-polisher  are  obtained. 

Without  attempting  to  set  forth  all  of  the  desir- 
able  features  of  the  present  invention,  it  is  to  be 
understood  that  a  major  advantage  of  the  present 
invention  resides  in  the  fact  that,  in  the  present 
invention,  the  spindle  or  shaft  is  fixed  at  its  lower 
end,  while  driving  motion  is  applied  at  an  inter- 
mediate  point,  thus  increasing  substantially  the  ra- 
dius  arm,  that  is,  the  distance  between  the  fixed 
point  of  the  spindle  or  shaft  and  the  working  end  at 
which  the  tool  is  mounted.  As  mentioned  earlier, 
this  increased  radius  arm  results  in  the  ability  of 
the  present  invention  to  maintain  the  tool  axis  par- 
allel  to  the  Y-axis  even  during  oblique  positioning 
of  the  tool  relative  to  the  X-Y-Z  coordinate  system. 
In  this  manner,  a  significant  reduction  in  the  num- 
ber  of  break-up  motions  required  for  integrity  in 
lens  fining-polishing  is  achieved. 

Additional  advantages  of  the  invention  or  em- 
bodiments  thereof,  respectively,  include  the  follow- 
ing:  (1)  relegation  of  a  majority  of  the  break-up 
motions  to  the  upper  arm  or  rocker  arm  assembly 
used  to  constrain  the  lens  on  its  axis;  (2)  the  use  of 
an  air  cylinder  to  hold  the  blocked  lens  on  the  tool; 
(3)  the  relatively  simple  application  of  break-up  (X- 
Y)  motions  in  a  Lissajous  pattern;  (4)  the  provision 
of  all  motions  (orbital  and  X-Y)  by  means  of  a 
single  motor;  (5)  the  reduction  of  the  speed  of  the 
single  motor  via  a  gear  reduction  mechanism  in 
order  to  provide  reduced-speed  driving  force  for 
upper-arm  (X-Y)  motions;  and  (6)  the  movement  of 
the  lens  and  lens  block,  rather  than  the  tool,  for  the 
provision  of  X-Y  break-up  motions;  and  (7)  the 
provision  of  a  pressure-operated  tool  holding  ar- 
rangement  within  the  lap  table  of  the  present  inven- 
tion. 

Claims 

1.  An  apparatus  for  finishing  a  toric  surface  of  an 
ophthalmic  lens,  comprising: 

tool  carrying  means  (36,  48)  for  carrying  a 
lens  finishing  tool  having  a  compound  cur- 
vature  and  a  major  tool  (80)  cylindrical  axis, 
said  tool  carrying  means  having  a  first  end  at 
which  said  tool  is  disposed  and  a  second  end; 

lens  holding  means  (16,  18)  for  holding 
said  ophthalmic  lens  (82)  in  contact  with  said 
lens  finishing  tool,  said  lens  having  a  major 
lens  cylindrical  axis; 

motor  means  (62)  connected  to  said  tool 
carrying  means  for  driving  said  tool  carrying 
means  (36)  in  a  substantially  uniform  circular 
orbital  motion  to  cause  said  tool  to  move  rela- 
tive  to  said  toric  lens  and  thereby  promote 
finishing  of  said  surface  of  said  lens; 

said  motor  means  (62)  being  connected  to 
said  tool  carrying  means  at  a  location  inter- 
mediate  to  said  first  end  and  said  second  end 
of  said  tool  carrying  means;  and 

5  gimbal  means  (50,  52)  engaging  said  tool 
carrying  means  at  said  second  end  for  sup- 
porting  said  tool  carrying  means  at  said  sec- 
ond  end,  the  gimbal  radius  between  the  gimbal 
means  and  the  tool  being  long  relative  to  the 

io  maximum  stroke  of  the  tool  so  as  to  maximize 
a  gimbal  radius  of  said  tool  carrying  means, 
and  enable  the  substantially  uniform  circular 
orbital  motion  of  said  finishing  tool  to  have  an 
oscillating  excursion  stroke  less  than  one  inch 

is  while  maintaining  a  substantially  parallel  rela- 
tionship  between  the  major  tool  cylindrical  axis 
and  the  major  lens  cylindrical  axis  during 
finishing  of  said  surface  of  said  lens. 

20  2.  The  apparatus  of  claim  1  wherein  said  motor 
means  comprises  a  timing  belt  (44)  and  a 
motor  (62),  said  motor  driving  said  timing  belt  , 
said  timing  belt  contacting  said  tool  carrying 
means  (16,  48)  at  said  intermediate  point  so  as 

25  to  move  said  tool  relative  to  said  lens. 

3.  The  apparatus  of  claim  2,  wherein  said  tool 
carrying  means  comprises  a  spindle  (48)  and  a 
timing  belt  pulley  (46)  connected  thereto  for 

30  mutual  rotation  therewith,  said  timing  belt  (44) 
being  engaged  with  said  timing  belt  pulley  for 
rotation  of  said  timing  belt  pulley  and  con- 
sequent  rotation  of  said  spindle  (48). 

35  4.  The  apparatus  of  claim  1,  further  comprising 
additional  tool  carrying  means  (36',  48')  for 
carrying  an  additional  tool,  and  additional  lens 
holding  means  for  holding  and  additional  lens 
having  a  surface  to  be  finished  in  contact  with 

40  said  additional  tool,  said  motor  means  driving 
said  additional  tool  carrying  means  so  as  to 
cause  said  additional  tool  to  move  relative  to 
said  additional  lens,  thereby  finishing  said  sur- 
face  of  said  additional  lens. 

45 
5.  The  apparatus  of  claim  4,  wherein  said  motor 

means  (62)  drives  said  tool  carrying  means 
and  said  additional  tool  carrying  means  so  as 
to  cause  said  tool  and  said  additional  tool  to 

50  move  in  oscillatory  motions  relative  to  said 
lens  and  said  additional  lens,  respectively,  and 
wherein  said  motor  means  times  said  tool  and 
said  additional  tool  in  their  oscillatory  motions 
so  that  movements  of  their  masses  cancel 

55  reactionary  forces,  thereby  minimizing  vibra- 
tion  and  allowing  the  apparatus  to  be  operated 
at  relatively  faster  speeds. 
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6.  The  apparatus  of  claim  1,  wherein  said  lens 
holding  means  comprises  a  rocker  arm  assem- 
bly  (18)  having  bearing  means  (30)  isolated 
from  an  abrading  zone  surrounding  a  lens  to 
be  polished  and  a  lens  finishing  tool  and  being 
operable  to  permit  travel  of  a  lens  in  ortho- 
gonal  X  and  Y  directions  of  travel. 

7.  The  apparatus  of  claim  6,  wherein  said  lens 
holding  means  further  comprises  an  air  cyl- 
inder  (26)  connected  to  said  rocker  arm  as- 
sembly,  said  air  cylinder  being  pressure-op- 
erated  to  compel  said  rocker  arm  assembly  to 
hold  said  lens  in  contact  with  said  tool. 

8.  The  apparatus  of  claim  1,  further  comprising 
break-up  motion  means  (34,  56)  connected  to 
said  lens  holding  means  for  manipulating  said 
lens  holding  means  so  as  to  apply  break-up 
motion  to  said  lens  during  the  finishing  of  said 
surface  of  said  lens. 

9.  The  apparatus  of  claim  8,  wherein  said  break- 
up  motion  means  manipulates  said  lens  hold- 
ing  means  so  as  to  apply  to  said  lens,  during 
the  finishing  of  said  surface  of  said  lens,  break- 
up  motions  in  a  first  direction  and  in  a  second 
direction  generally  orthogonal  to  said  first  di- 
rection. 

10.  The  apparatus  of  claim  9,  wherein  said  break- 
up  motion  means  comprises  an  X-drive  eccen- 
tric  (58)  for  providing  the  break-up  motion  in 
said  first  direction. 

11.  The  apparatus  of  claim  9,  wherein  said  break- 
up  motion  means  comprises  a  Y-drive  eccen- 
tric  (34)  for  providing  the  break-up  motion  in 
said  second  direction. 

12.  The  apparatus  of  claim  9,  further  comprising 
additional  tool  carrying  means  for  carrying  an 
additional  tool,  and  additional  lens  holding 
means  (36',  48')  for  holding  an  additional  lens 
having  a  surface  to  be  finished  in  contact  with 
said  additional  tool,  said  break-up  motion 
means  comprising  a  first  Y-drive  eccentric 
(34)  for  applying  the  break-up  motion  in  said 
second  direction  to  said  lens  and  a  second  Y- 
drive  eccentric  (34')  for  applying  the  break-up 
motion  in  said  second  direction  to  said  addi- 
tional  lens. 

13.  The  apparatus  of  claim  8,  further  comprising 
gear  reduction  means  (72)  interposed  between 
said  motor  means  (62)  and  said  break-up  mo- 
tion  means  (34,  58)  for  applying  driving  force 
from  said  motor  means  to  said  break-up  mo- 

tion  means  on  a  reduced-speed  basis,  where- 
by  the  break-up  motions  are  applied  to  said 
lens  on  a  reduced-speed  basis. 

5  Patentanspruche 

1.  Ein  Apparat  zur  Endfertigung  einer  torischen 
Oberflache  einer  Brillenlinse,  einschlieBend: 
eine  Werkzeugtragevorrichtung  (36,  48)  zum 

io  Tragen  eines 
Linsenendfertigungswerkzeugs.eine  zusam- 
mengesetzte  Krummung  besitzend  und  eine 
zylindrische  Hauptwerkzeugachse  (80),  diese 
Werkzeugtragevorrichtung  ein  erstes  Ende  be- 

15  sitzend,  an  welchem  das  Werkzeug  angeord- 
net  ist  und  ein  zweites  Ende, 
eine  Linsenhaltevorrichtung  (16,  18)  zum  Hal- 
ten  der  Brillenlinse  (82)  in  Kontakt  mit  dem 
Linsenendfertigungswerkzeug,  die  Linse  eine 

20  zylindrische  Hauptlinsenachse  besitzend, 
eine  Motorvorrichtung  (62),  verbunden  mit  die- 
ser  Werkzeugtragevorrichtung  zum  Betreiben 
dieser  Werkzeugtragevorrichtung  (26)  mit  einer 
im  wesentlichen  einheitlich,  kreisformigen  orbi- 

25  talen  Bewegung,  urn  zu  bewirken,  dal3  dieses 
Werkzeug  sich  relativ  zu  dieser  torischen  Linse 
bewegt  und  dabei  die  Fertigbearbeitung  dieser 
Oberflache  dieser  Linse  befordernd, 
diese  Motorvorrichtung  (62)  verbunden  mit  die- 

30  ser  Werkzeugtragevorrichtung  an  einer  Stelle, 
die  zwischen  diesem  ersten  Ende  und  diesem 
zweiten  Ende  dieser  Werkzeugtragevorrichtung 
ist,  und 
eine  Kardanvorrichtung  (50,  52),  verbindend 

35  diese  Werkzeugtragevorrichtung  an  diesem 
zweiten  Ende,  zum  Tragen  dieser  Werkzeug- 
tragevorrichtung  an  diesem  zweiten  Ende,  da- 
bei  ist  der  Kardanradius  zwischen  der  Kardan- 
vorrichtung  und  dem  Werkzeug  lang  relativ 

40  zum  maximalen  Hub  des  Werkzeugs,  urn  so 
einen  Kardanradius  dieser  Werkzeugtragevor- 
richtung  zu  maximieren,  und  die  im  wesentli- 
chen  gleichformig,  kreisformige  orbitale  Bewe- 
gung  dieses  Endfertigungswerkzeugs  in  die 

45  Lage  versetzend,  einen  oszillierenden  Exkur- 
sionshub  von  weniger  als  einem  Zoll  zu  besit- 
zen,  wobei  eine  im  wesentlichen  parallele  Be- 
ziehung  zwischen  der  zylindrischen  Haupt- 
werkzeugachse  und  der  zylindrischen  Hauptlin- 

50  senachse  wahrend  der  Endfertigung  dieser 
Oberflache  dieser  Linse  beibehalten  wird. 

2.  Der  Apparat  gemaB  Anspruch  1  ,  worin  diese 
Motorvorrichtung  einen  Synchronriemen  (44) 

55  und  einen  Motor  (62)  umfaBt,  dieser  Motoran- 
trieb  diesen  Synchronriemen  betreibend,  die- 
ser  Synchronriemen  diese  Werkzeugtragevor- 
richtung  (36,  48)  an  diesem  Zwischenpunkt 
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beruhrend,  um  so  dieses  Werkzeug  relativ  zu 
dieser  Linse  zu  bewegen. 

3.  Der  Apparat  gemaB  Anspruch  2,  worin  diese 
Werkzeugtragevorrichtung  eine  Spindel  (48) 
und  eine  Synchronriemenscheibe  (46)  umfaBt, 
verbunden  damit  zur  wechselseitigen  Drehung 
damit,  dieser  Synchronriemen  (44)  verbunden 
mit  dieser  Synchronriemenscheibe  zur  Dre- 
hung  dieser  Synchronriemenscheibe  und  fol- 
genden  Drehung  dieser  Spindel  (48). 

4.  Der  Apparat  gemaB  Anspruch  1  ,  weiterhin  um- 
fassend  zusatzliche  Werkzeugtragevorrichtun- 
gen  (36',  48')  zum  Tragen  eines  zusatzlichen 
Werkzeugs  und  eine  zusatzliche  Linsenhalte- 
vorrichtung  zum  Halten  einer  zusatzlichen  Lin- 
se,  eine  Oberflache  besitzend,  die  endgefertigt 
werden  soil  durch  den  Kontakt  mit  diesem 
zusatzlichen  Werkzeug,  diese  Motorvorrichtung 
diese  zusatzliche  Werkzeugtragevorrichtung 
antreibend,  um  zu  bewirken,  daB  dieses  zu- 
satzliche  Werkzeug  sich  relativ  zu  dieser  zu- 
satzlichen  Linse  bewegt,  dabei  diese  Oberfla- 
che  dieser  zusatzlichen  Linse  endfertigend. 

5.  Der  Apparat  gemaB  Anspruch  4,  worin  diese 
Motorvorrichtung  (62)  diese  Werkzeugtragevor- 
richtung  antreibt  und  diese  zusatzliche  Werk- 
zeugtragevorrichtung,  so  daB  bewirkt  wird,  daB 
dieses  Werkzeug  und  dieses  zusatzliche 
Werkzeug  sich  in  Oszillationsbewegungen,  re- 
lativ  zu  jeweils  dieser  Linse  und  dieser  zusatz- 
lichen  Linse  bewegen,  und  worin  diese  Motor- 
vorrichtung  dieses  Werkzeug  und  dieses  zu- 
satzliche  Werkzeug  in  ihren  Oszillationsbewe- 
gungen  synchronisiert  so  daB  die  Bewegungen 
ihrer  Massen  Reaktionskrafte  aufheben,  dabei 
eine  Vibration  verringernd  und  dem  Apparat 
erlaubend,  bei  relativ  hoheren  Geschwindigkei- 
ten  betrieben  zu  werden. 

6.  Der  Apparat  gemaB  Anspruch  1,  worin  diese 
Linsenhaltevorrichtung  eine  Schwinghebelmon- 
tage  (18)  umfaBt,  eine  Tragevorrichtung  (30) 
tragend,  isoliert  von  einer  Abrasionszone,  die 
eine  Linse,  die  poliert  wird,  umgibt,  und  ein 
Linsenendfertigungswerkzeug,  und  betreibbar, 
um  den  Lauf  einer  Linse  in  orthogonale  X-  und 
Y-Richtungen  des  Laufes  zu  erlauben. 

7.  Der  Apparat  gemaB  Anspruch  6,  worin  diese 
Linsenhaltevorrichtung  weiterhin  einen  Luftzy- 
linder  (26)  umfaBt,  verbunden  mit  dieser 
Schwinghebelmontage,  dieser  Luftzylinder 
druckbetrieben  ist,  um  diese  Schwinghebel- 
montage  zu  stoBen,  um  diese  Linse  in  Kontakt 
mit  diesem  Werkzeug  zu  halten. 

8.  Der  Apparat  gemaB  Anspruch  1  ,  weiter  umfas- 
send  AufschlieBbewegungsvorrichtungen  (34, 
56),  verbunden  mit  dieser  Linsenhaltevorrich- 
tung  zur  Handhabung  dieser  Linsenhaltevor- 

5  richtung,  um  so  AufschlieBbewegungen  auf 
diese  Linse  zu  ubertragen,  wahrend  der  End- 
fertigung  dieser  Oberflache  dieser  Linse. 

9.  Der  Apparat  gemaB  Anspruch  8,  worin  diese 
io  AufschieBbewegungsvorrichtung  diese  Linsen- 

vorrichtung  beeinfluBt,  um  so  auf  diese  Linse, 
wahrend  der  Endfertigung  dieser  Oberflache 
dieser  Linse  AufschlieBbewegungen  in  einer 
ersten  Richtung  und  in  einer  zweiten  Richtung, 

is  im  allgemeinen  senkrecht  zu  dieser  ersten 
Richtung,  zu  ubertragen. 

10.  Der  Apparat  gemaB  Anspruch  9,  worin  diese 
AufschlieBbewegungsvorrichtung  einen  X-Ach- 

20  sen  Antriebsexzenter  (58)  umfaBt,  zur  Bereit- 
stellung  der  AufschlieBbewegung  in  dieser  er- 
sten  Richtung. 

25 

30 

11.  Der  Apparat  gemaB  Anspruch  9,  worin  diese 
AufschlieBbewegungsvorrichtung  einen  Y-Ach- 
sen  Antriebsexzenter  (34)  umfaBt,  zur  Bereit- 
stellung  der  AufschlieBbewegung  in  dieser 
zweiten  Richtung. 

30  12.  Der  Apparat  gemaB  Anspruch  9,  weiterhin  um- 
fassend  eine  zusatzliche  Werkzeugtragevor- 
richtung  zum  Tragen  eines  zusatzlichen  Werk- 
zeugs,  und  eine  zusatzliche  Linsenhaltevorrich- 
tung  (36',  48')  zum  Halten  einer  zusatzlichen 

35  Linse,  eine  Oberflache  besitzend,  die  in  Kon- 
takt  mit  diesem  zusatzlichen  Werkzeug  endge- 
fertigt  werden  soil,  diese  AufschlieBbewe- 
gungsvorrichtung  umfassend  einen  ersten  Y- 
Achsen  Antriebsexzenter  (34)  zum  Ubertragen 

40  der  AufschlieBbewegung  in  dieser  zweiten 
Richtung  auf  diese  Linse  und  einen  zweiten  Y- 
Achsen  Antriebsexzenter  (34')  zum  Ubertragen 
der  AufschlieBbewegung  in  dieser  zweiten 
Richtung  auf  diese  zusatzliche  Linse. 

45 
13.  Der  Apparat  gemaB  Anspruch  8,  weiterhin  um- 

fassend  eine  Raduntersetzungsvorrichtung 
(72),  zwischen  dieser  Motorvorrichtung  (62) 
und  dieser  AufschlieBbewegungsvorrichtung 

50  (34,  58)  zum  Ubertragen  einer  Antriebskraft 
von  dieser  Motorvorrichtung  auf  diese  Auf- 
schlieBbewegungsvorrichtung  auf  der  Basis  ei- 
ner  verringerter  Geschwindigkeit,  wobei  die 
AufschlieBbewegungen  auf  diese  Linse  auf  der 

55  Basis  einer  verringerten  Geschwindigkeit  uber- 
tragen  werden. 

9 
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Revendicatlons 

1.  Dispositif  de  finition  d'une  surface  torique  de 
lentille  ophtalmologique  comprenant  : 

un  moyen  de  support  d'outil  (36,  48)  pour 
supporter  un  outil  de  finition  de  lentille  presen- 
tant  une  courbure  composite  et  un  axe  princi- 
pal  de  cylindre  d'outil  (80),  ledit  moyen  de 
support  d'outil  possedant  une  premiere  extre- 
mite  a  laquelle  est  place  ledit  outil  et  une 
seconde  extremite; 

un  moyen  de  maintien  de  lentille  (16,  18) 
pour  maintenir  ladite  lentille  ophtalmologique 
(82)  en  contact  avec  ledit  outil  de  finition  de 
lentille,  ladite  lentille  possedant  un  axe  princi- 
pal  de  cylindre  de  lentille; 

un  moyen  de  moteur  (62)  raccorde  audit 
moyen  de  support  d'outil  pour  entraTner  ledit 
moyen  de  support  d'outil  (36)  dans  un  depla- 
cement  orbital  circulaire  pratiquement  uniforme 
afin  que  ledit  outil  se  deplace  par  rapport  a 
ladite  lentille  torique  et  assure  ainsi  la  finition 
de  ladite  surface  de  ladite  lentille; 

ledit  moyen  de  moteur  (62)  etant  raccorde 
audit  moyen  de  support  d'outil  sur  une  position 
intermediaire  entre  ladite  premiere  extremite  et 
ladite  seconde  extremite  dudit  moyen  de  sup- 
port  d'outil;  et 

un  moyen  de  montage  a  la  cardan  (50,  52) 
cooperant  avec  ledit  moyen  de  support  d'outil 
sur  ladite  seconde  extremite  pour  supporter  le 
moyen  de  support  d'outil  sur  la  seconde  extre- 
mite,  le  rayon  du  montage  a  la  cardan  entre  le 
moyen  de  montage  a  la  cardan  et  I'outil  etant 
grand  par  rapport  a  la  course  maximale  de 
I'outil  de  fagon  a  maximiser  un  rayon  de  mon- 
tage  a  la  cardan  dudit  moyen  de  support  d'ou- 
til  et  a  permettre  un  deplacement  orbital  cir- 
culaire  pratiquement  uniforme  dudit  outil  de 
finition  pour  prendre  une  course  oscillante  infe- 
rieure  a  un  pouce  tout  en  maintenant  une 
relation  pratiquement  parallele  entre  I'axe  prin- 
cipal  de  cylindre  d'outil  et  I'axe  principal  de 
cylindre  de  lentille  lors  de  la  finition  de  ladite 
surface  de  ladite  lentille. 

2.  Dispositif  selon  la  revendication  1  ,  dans  lequel 
ledit  moyen  de  moteur  comprend  une  courroie 
de  synchronisation  (44)  et  un  moteur  (62),  ledit 
moteur  entraTnant  ladite  courroie  de  synchroni- 
sation,  ladite  courroie  de  synchronisation  etant 
en  contact  avec  ledit  moyen  de  support  d'outil 
(16,  48)  sur  ledit  point  intermediaire  de  fagon  a 
deplacer  ledit  outil  par  rapport  a  ladite  lentille. 

3.  Dispositif  selon  la  revendication  2,  dans,  lequel 
ledit  moyen  de  support  d'outil  comprend  une 
broche  (48)  et  une  poulie  de  courroie  de 

synchronisation  (46)  raccordees  pour  une  rota- 
tion  mutuelle,  ladite  courroie  de  synchronisa- 
tion  (44)  cooperant  avec  ladite  poulie  de  cour- 
roie  de  synchronisation  pour  faire  tourner  ladite 

5  poulie  de  courroie  de  synchronisation  et  ainsi 
ladite  broche  (48). 

4.  Dispositif  selon  la  revendication  1  ,  comprenant 
de  plus  un  moyen  additionnel  de  support  d'ou- 

io  til  (36',  48')  pour  porter  un  outil  additionnel  et 
un  moyen  additionnel  de  maintien  de  lentille 
pour  maintenir  une  lentille  additionnelle  posse- 
dant  une  surface  a  finir  en  contact  avec  ledit 
outil  additionnel,  ledit  moyen  de  moteur  entraT- 

15  nant  ledit  moyen  additionnel  de  support  d'outil 
de  fagon  a  provoquer  un  deplacement  dudit 
outil  additionnel  par  rapport  a  ladite  lentille 
additionnelle,  finissant  ainsi  ladite  surface  de 
ladite  lentille  additionnelle. 

20 
5.  Dispositif  selon  la  revendication  4,  dans  lequel 

ledit  moyen  de  moteur  (62)  entraTne  ledit 
moyen  de  support  d'outil  et  ledit  moyen  addi- 
tionnel  de  support  d'outil  de  fagon  a  provoquer 

25  un  deplacement  dudit  outil  et  dudit  outil  addi- 
tionnel  de  fagon  oscillante  par  rapport  respecti- 
vement  a  ladite  lentille  et  a  ladite  lentille  addi- 
tionnelle  et  dans  lequel  ledit  moyen  de  moteur 
synchronise  ledit  outil  et  ledit  outil  additionnel 

30  dans  leurs  deplacements  oscillants  de  fagon  a 
ce  que  les  deplacements  de  leurs  masses 
annulent  les  forces  de  reaction,  minimisant  ain- 
si  les  vibrations  et  permettant  au  dispositif  de 
fonctionner  a  des  vitesses  relativement  plus 

35  grandes. 

6.  Dispositif  selon  la  revendication  1  ,  dans  lequel 
ledit  moyen  de  maintien  de  lentille  comprend 
un  ensemble  de  culbuteur  (18)  possedant  un 

40  moyen  de  palier  (30),  isole  d'une  zone  abrasi- 
ve  entourant  une  lentille  a  polir  et  un  outil  de 
finition  de  lentille,  et  pouvant  etre  actionne 
pour  permettre  un  deplacement  de  lentille 
dans  des  directions  orthogonales  X  et  Y. 

45 
7.  Dispositif  selon  la  revendication  6,  dans  lequel 

ledit  moyen  de  maintien  de  lentille  comprend, 
de  plus,  un  cylindre  pneumatique  (26)  raccor- 
de  audit  ensemble  de  culbuteur,  ledit  cylindre 

50  pneumatique  etant  actionne  sous  pression 
pour  obliger  ledit  ensemble  de  culbuteur  a 
maintenir  ladite  lentille  avec  ledit  outil. 

8.  Dispositif  selon  la  revendication  1  ,  comprenant, 
55  de  plus,  un  moyen  de  deplacement  de  defen- 

ce  (34,  56)  raccorde  audit  moyen  de  maintien 
de  lentille  pour  manipuler  ledit  moyen  de 
maintien  de  lentille  de  fagon  a  appliquer  un 

10 
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deplacement  de  defence  a  ladite  lentille  lors 
de  la  finition  de  ladite  surface  de  ladite  lentille. 

9.  Dispositif  selon  la  revendication  8,  dans  lequel 
ledit  moyen  de  deplacement  de  defence  mani-  5 
pule  ledit  moyen  de  maintien  de  lentille  de 
fagon  a  appliquer  a  ladite  lentille,  lors  de  la 
finition  de  ladite  surface  de  ladite  lentille,  des 
deplacements  de  defence  dans  une  premiere 
direction  et  dans  une  seconde  direction  globa-  10 
lement  orthogonale  a  ladite  premiere  direction. 

10.  Dispositif  selon  la  revendication  9,  dans  lequel 
ledit  moyen  de  deplacement  de  defence  com- 
prend  un  excentrique  d'entraTnement  en  X  (58)  is 
pour  assurer  le  deplacement  de  defence  dans 
ladite  premiere  direction. 

11.  Dispositif  selon  la  revendication  9,  dans  lequel 
ledit  moyen  de  deplacement  de  defence  com-  20 
prend  un  excentrique  d'entraTnement  en  Y  (34) 
pour  assurer  le  deplacement  de  defence  dans 
ladite  seconde  direction. 

12.  Dispositif  selon  la  revendication  9,  comprenant,  25 
de  plus,  un  moyen  additionnel  de  support 
d'outil  pour  porter  un  outil  additionnel  et  un 
moyen  additionnel  de  maintien  de  lentille  (36', 
48')  pour  maintenir  une  lentille  additionnelle 
possedant  une  surface  a  finir  en  contact  avec  30 
ledit  outil  additionnel,  ledit  moyen  de  deplace- 
ment  de  defence  comprenant  un  premier  ex- 
centrique  d'entraTnement  en  Y  (34)  pour  appli- 
quer  le  deplacement  de  defence  dans  ladite 
seconde  direction  a  ladite  lentille  et  un  second  35 
excentrique  d'entraTnement  en  Y  (34')  pour  ap- 
pliquer  le  deplacement  de  defence  dans  ladite 
seconde  direction  a  ladite  lentille  additionnelle. 

13.  Dispositif  selon  la  revendication  8,  comprenant,  40 
de  plus,  un  moyen  de  reducteur  (72)  interpose 
entre  ledit  moyen  de  moteur  (62)  et  ledit 
moyen  de  deplacement  de  defence  (34,  58) 
pour  appliquer  un  effort  d'entraTnement  dudit 
moyen  de  moteur  audit  moyen  de  deplace-  45 
ment  de  defence  selon  une  vitesse  reduite,  les 
deplacements  de  defence  etant  ainsi  appliques 
a  ladite  lentille  selon  une  vitesse  reduite. 

11 
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