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©  improvements  in  or  relating  to  a  smoothing  pad. 

©  A  smoothing  pad  having  a  working  surface  (1,  33) 
formed  with  a  plurality  of  depressions  (6,  12,  30)  for 
indicating  wear  of  the  working  surface  of  the  pad.  Each 
depression  preferably  diverges  towards  the  working  surface 
of  the  pad  so  that  the  dimension  of  each  depression  in  a 
direction  transverse  to  its  depth  will  diminish  as  the  working 
surface  wears.  Each  depression  constitutes  a  reservoir  for  an 
abrasive  slurry  used  with  the  pad  and  a  gradual  transition  is 
preferably  defined  between  each  depression  (30)  and  the 
working  surface  whereby,  in  use,  the  abrasive  slurry  (S")  will 
be  encouraged  to  flow  from  each  depression  on  to  the 
working  surface. 
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The  invent ion  r e l a t es   to  s m o o t h i n g   pads  and  is  pa r t i cu la r ly   b u t  

not  e x c l u s i v e l y   conce rned   with  pads  for  s m o o t h i n g   the  s u r f a c e s   of  g e n e r a t e d  

l enses   to  p r e sc r i p t i on   curva ture   g e o m e t r i e s .  

Over  the  years ,   var ious   m e t h o d s   of  s m o o t h i n g   l enses   have  b e e n  

e m p l o y e d   using  s m o o t h i n g   tools   and  ab ras ive   s lur ry .   In  one  such  m e t h o d ,  

a  s m o o t h i n g   tool  of  cast   iron  was  used,   the  tool  being  formed  with  a  

s m o o t h i n g   face  con fo rming   to  the  p r e sc r ip t i on   curva ture   of  t h e  d e s i r e d  

lens .   However ,   the  a b r a s i v e   slurry  abraded  the  s m o o t h i n g   face  of  the  too l  

as  well  as  the  lens  and  this  r e su l t ed   in  the  product ion   of  de fec t ive   l e n s e s  

and  f requent   and  cos t ly   r e - t ru ing   of  the  s m o o t h i n g   face  of  the  tool.  T h i s  

obviously  made  accu ra t e   lens  s u r f a c e s   e x p e n s i v e   to  a c h i e v e .  

It  was  even tua l ly   p roposed   to  use  a  s m o o t h i n g   pad  between  t h e  

s m o o t h i n g   face  of  the  tool  and  the  lens,  such  pads  conforming   to  a n d  

p ro tec t ing   the  s m o o t h i n g   face  and  being  eas i ly   r e p l a c e a b l e .   The  use  of 

such  pads  is  now  normal  p r a c t i c e .   The  pads  are  formed  from  a  var iety  of  

m a t e r i a l s   such  as  metal   foil,  pe r fora ted   zinc,  annea l ed   woven  w i r e ,  

t e m p e r e d   expanded   steel  or  non  m e t a l l i c   m a t e r i a l s .   In  use,   the  pads  a r e  

genera l ly .   adhered  to  the  s m o o t h i n g   face  of  the  tool  and  are  usual ly   f o r m e d  



as  a  m u l t i - s l o t t e d   flat  e l e m e n t   which  e n a b l e s   them  to  conform  to  t h e  

cu rva tu re   of  the  s m o o t h i n g   f ace .   The  a d h e s i v e   may  be  of  a  con tac t   t y p e  

a p p l i e d  t o   the  back  of  the  pad  and  p r o t e c t e d   by  a  p e e l - o f f   backing  p a p e r .  

It  has  been  found  that  s m o o t h i n g   pads  c o - o p e r a t e   better  w i t h  

the  slurry  than  the  s m o o t h i n g   face  of  the  tool  and  provide  the  o p t i m u m  

c o n d i t i o n s   n e c e s s a r y   to  s m o o t h   l enses   rapidly   and  a c c u r a t e l y   to  t h e  

requi red   c u r v a t u r e .   However ,   the  pad  i tse l f   is  o b v i o u s l y  s u b j e c t   t o  

wear  during  s m o o t h i n g   o p e r a t i o n s   and,  if  such  wear  b e c o m e s   e x c e s s i v e ,  

i n a c c u r a t e   l enses   are  p r o d u c e d .   Moreove r ,   if  the  pad  wears   t h r o u g h  

at  any  point ,   the  curved  face  of  the  s m o o t h i n g   tool  will  once  again  b e  

s u b j e c t   to  w e a r .  

It  has  been  p roposed   to  o v e r c o m e   such  d i f f i c u l t i e s   by  f o r m i n g  

in  the  s m o o t h i n g   su r face   of  the  pad  a  s e r i e s   of  wear  ind ica t ing   g r o o v e s  

which ,   in  t r a n s v e r s e   c ross   s e c t i o n ,   have  para l le l   s i d e   w a l l s .   As  the  p a d  

w e a r s ,   the  depth  of  the  groove  d e c r e a s e s   a n d , w h e n   any  groove  d i s a p p e a r s ,  

it  is  i m m e d i a t e l y   apparen t   to  the  machine   opera to r   that  the   pad  has  w o r n  

and  needs   r e p l a c i n g .   A  pad  of  this  type  is  d e s c r i b e d   in  US  Pa ten t   No 

4 , 0 1 9 , 2 8 9 .  

Whi l s t   the  use  of  para l le l   s ide  wa l l s   could   be  expec t ed   to  ind ica te   t h a t  

wear  has  occu r red ,   it  is  only  when  a  groove  or  part  thereof   has  c o m p l e t e l y  

d i s a p p e a r e d   that  wear  is  read i ly   n o t i c a b l e .   This  is  b e c a u s e   the  eye  c a n n o t  

e a s i l y   de t ec t   c h a n g e s   in  depth  of  the  para l le l   s ided   shal low  g r o o v e s  



p a r t i c u l a r l y   where   there  is  a  d e s i r a b l e   r e s i d u a l   s lurry  in  the  g r o o v e s .   In  t h e  

foregoing  US  P a t e n t   S p e c i f i c a t i o n ,   it  is  p r o p o s e d   to  use  g rooves   of  i n c r e m e n t a l l y  

i n c r e a s i n g   d e p t h s   a c r o s s   the  pad.  In  this  way,   the  s h a l l o w e s t   groove  w i l l  

s u p p o s e d l y   d i s a p p e a r   first  and wil l   p rovide   an  early  i nd i ca t i on   of  w e a r .  

Whilst   an  early  i n d i c a t i o n   of  wear  will  be  o b t a i n e d   if  the  wear  occurs   in  t h e  

sha l low  groove  a rea ,   the  i n c r e m e n t a l   depth  a r r a n g e m e n t   will  not  help  if  t h e  

wear  is  l o c a l i s e d   in  the  area  of  the  d e e p e s t   g r o o v e s .   In  such  a  c a s e ,   d e f e c t i v e  

lenses   can  be  p roduced   as  the  opera tor   c o n c e n t r a t e s   on  the  s h a l l o w e s t   g r o o v e s  

and  b e l i e v e s   that  no  s i g n i f i c a n t  w e a r   is  taking  p lace   on  the  pad.   M o r e o v e r ,  

the  dep ths   of  the  s h a l l o w e s t   g rooves   may  be  o b s c u r e d   by  res idua l   s l u r r y .  

An  object   ot  the  present   invent ion  is  to  provide  a  s m o o t h i n g   p a d  

which  o v e r c o m e s   the  foregoing  d i s a d v a n t a g e   end,  accord ing   to  the  i n v e n t i o n ,  

there  is  p rovided   a  s m o o t h i n g   pad  having  a  working  sur face   formed  with  a t  

least   one  d e p r e s s i o n   for  indica t ing   wear,   said  d e p r e s s i o n   being  formed  s o  -  

that  the  d i m e n s i o n   of  the  d e p r e s s i o n   in  a  d i rec t ion   t r a n s v e r s e   to  its  d e p t h  

will  change   as  the  working  surface   w e a r s .  

With  that  a r r a n g e m e n t ,   a  change  in  a  d i m e n s i o n   of  the  d e p r e s s i o n  

in  such  a  d i rec t ion   is  readily  apparent   at  every  s tage  of  wear  as  the  c h a n g e  

is  more  eas i ly   d e t e c t e d   than  a  mere  reduct ion   in  depth  of  a  very  s h a l l o w  

groove  even  where  there  is  a  de s i r ab l e   res idual   slurry  in  the  d e p r e s s i o n .  

P re fe r ab ly   the  d e p r e s s i o n   d iverges   towards   the  working  sur face   s o  

that  the  said  d i m e n s i o n   of  wear  indica t ing   d e p r e s s i o n   will  d imin i sh   as  t h e  

working  su r face   w e a r s .   To  ach ieve   this,   the  d e p r e s s i o n   may  be  t r a p e z o i d a l  



.or  V - s h a p e d   in  cross   s e c t i o n   with  its  s i des   c o n v e r g i n g   from  the  w o r k i n g  

s u r f a c e   towards   the  back  of  the  p a d .  

The  d e p r e s s i o n   p r e f e r a b l y   c o n s t i t u t e s   a  r e se rvo i r   for  a b r a s i v e  

s lu r ry .   The  latter  point  is  an  i m p o r t a n t   ore  b e c a u s e   once  r e l a t i v e  

m o v e m e n t   b e g i n s   to  take  p l ace   b e t w e e n   the  lens  and  the  pad,   flow  o f  

s l u r r y .  t h e r e b e t w e e n   tends   to  be  r e s t r i c t e d .   There  may  be  a  g r a d u a l  

t r a n s i t i o n   b e t w e e n   the  wear   i nd ica to r   d e p r e s s i o n   and  the  work ing   s u r f a c e  

whe reby ,   in  use ,   the  a b r a s i v e   s lurry  will  be  e n c o u r a g e d   to  flow  from  t h e  

d e p r e s s i o n   on  to  the  work ing   s u r f a c e .   The  use  of  a  gradual   t r a n s i t i o n  

e n c o u r a g e s   slurry  to  flow  out  of  the  d e p r e s s i o n   on  to  the  su r f ace   of  t h e  

pad.   In  c ros s   s e c t i o n ,   the  t r a n s i t i o n   may  be  in  the  form  of  a  c u r v e  

e x t e n d i n g   b e t w e e n   the  d e p r e s s i o n   and  the  working  s u r f a c e .   In  such  a  c a s e ,  

the  working  su r f ace   is  p r e f e r a b l y   s u b s t a n t i a l l y   t a n g e n t i a l   to  the  c u r v e .   By  

provid ing   a  gradual   t r a n s i t i o n ,   the  d i m e n s i o n s   of  the  d e p r e s s i o n   in  a  

d i r ec t i on   t r a n s v e r s e   to  its  depth   will  reduce  as  the  pad  wears   and  the  p a d  

wil l ,   t he re fo re ,   provide  the  a f o r e s a i d   i nd i ca t i on   of  wear  as  well  as  i m p r o v e d  

slurry  f l o w .  

P r e f e r a b l y   the  width   of  the  d e p r e s s i o n   c h a n g e s   as  the  w o r k i n g  

su r f ace   w e a r s .  

A  p lu ra l i ty   of  d e p r e s s i o n s   in  the  foim  of  wear  i nd ica t ing   g r o o v e s  

may  be  formed  in  the  working   s u r f a c e ,   said  wear  ind ica to r   g rooves   b e i n g  

a r ranged   so  that  wear  ind ica to r   g rooves   in  one  port ion  of  the  working  s u r f a c e  

are  t r a n s v e r s e   to  wear  ind ica tor   grooves   in  another  portion  of  the  working  surfa .  

Such  grooves   not  only  ind ica te   wear  but  also  provide  d i s t r i bu t i on   c h a n n e l s   for  



the  s lur ry .   A l s o t h e   grooves  provide  an  e x t r e m e l y   e f fec t ive   r e se rvo i r   for  t he  

spurring  during  use .   - 

Ins tead   of  us ing  a  s y s t e m   of  g rooves ,   the  d e p r e s s i o n   may  take  t h e  

form  of  one  or  more  f r u s t o - c o n i c a l   d e p r e s s i o n s   in  the  pad,  each  of  which  t a p e r s  

towards  the  back  of  the  pad.   A  m u l t i p l i c i t y   of  such  d e p r e s s i o n s   may  b e  

provided  to  give  an  overall   ind ica t ion   of  wear  and  the  d e p r e s s i o n s   may  b e  

i n t e r c o n n e c t e d   by  grooves   in  the  pad  su r face   to  give  improved   slurry  d i s t r i b u t i o n .  

The  d e p r e s s i o n s ,   ei ther   with  or  without   i n t e r c o n n e c t i n g   g rooves ,   d e m o n s t r a t e  

ideal  w e a r - i n d i c a t i n g   c h a r a c t e r i s t i c s   and  also  provide  r e s e r v o i r s   for  t h e  s l u r r y .  

Where  the  pad  is  a  m u l t i - s l o t t e d   e l e m e n t ,   grooves  or  other  d e p r e s s i o n s  

may  be  fo rmed   in  each  lobe  of  the  e l e m e n t   defined  be tween   the  s lo t s   so  t h a t  

each  lobe  i nc ludes   m e a n s   for  ind ica t ing   wear  and  for  r e t a in ing   s l u r r y .  

The  a f o r e s a i d   gradual  t r ans i t i on   can  be  used  a d v a n t a g e o u s l y   w i t h  

the  grooved  and  f r u s t o - c o n i c a l   d e p r e s s i o n s   e m b o d i m e n t s .  

S m o o t h i n g   pads  in  a c c o r d a n c e   with  the  invention  wi I  n o w   be  d e s c r . i b e d  

by  way  of  e x a m p l e   with  re fe rence   to  the  a c c o m p a n y i n g   d rawings   in  w h i c h :  -  

Figures   1 to  3  are  plan  views  of  three  different  s m o o t h i n g  

p a d s ,  



Figures   4  and  5  are  d i a g r a m m a t i c   r e p r e s e n t a t i o n s   s h o w i n g  

c r o s s - s e c t i o n   a  part  of  a  s m o o t h i n g   pad  and  i l l u s t r a t i n g  

how  the  width  of  a  w e a r - i n d i c a t i n g   and  s lurry  d i s t r i b u t i n g  

groove  c h a n g e s   as  the  pad  w e a r s ,  

Figure  6  is  a  plan  view  of  part  of  a  worn  pad  of  the  t y p e  

shown  in  Figure  4,  

F igures   7  to  10  are  en la rged   c r o s s - s e c t i o n s   of  four  d i f f e r e n t  

s m o o t h i n g   pads   having  w e a r - i n d i c a t i n g   and  s lurry  d i s t r i b u t i n g  

g r o o v e s ,  

F igures   11  to  18  are  plan  v iews  of  e ight   s m o o t h i n g   p a d s  

hav ing   d i f fe ren t   a r r a n g e m e n t s   of  g r o o v e s ,  

Figure  19  is  a  plan  view  of  a  s m o o t h i n g   pad  formed  w i t h  

f r u s t o - c o n i c a l   d e p r e s s i o n s   for  i nd i ca t ing   wear  and  h o l d i n g  

s l u r r y ,  

F igu re  20   is  a  p e r s p e c t i v e   c r o s s - s e c t i o n   of  part  of  t h e  

pad  of  Figure  19 ,  

F igures   21  and  22  are  plan  and  p e r s p e c t i v e   v iews   r e s p e c t i v e l y  

c o r r e s p o n d i n g   to  Figures   19  and  20  showing   the  e f fec t s   o f  

wear  on  the  p a d ,  

Figure  23  is  a  plan  view  of  a  s m o o t h i n g   pad  fo rmed   w i t h  

f r u s t o - c o n i c a l   wear  ind ica t ing   d e p r e s s i o n s   i n t e r c o n n e c t e d  

by  g r o o v e s ,  

Figure  24  is  a  p e r s p e c t i v e   c r o s s - s e c t i o n   of  part  of  the  p a d  



in  Figure  23  showing  a  square   or  r ec t angu la r   c r o s s - s e c t i o n  

c o n n e c t i n g   g r o o v e ,  

Figure  25  is  a  p e r s p e c t i v e   c r o s s - s e c t i o n   s imi l a r   to  F i g u r e  

24  and  showing  a  V - s h a p e d   c r o s s - s e c t i o n   c o n n e c t i n g  

g r o o v e  

Figure  26  is  a  c r o s s - s e c t i o n   through  part  of  a  s m o o t h i n g  

pad  having  parallel   s ided  g rooves   and  i l l u s t r a t ing   s l u r r y  

flow  as  a  lens  moves   over  the  p a d ,  

Figure  27  is  a  c r o s s - s e c t i o n   through  part  of  a  s m o o t h i n g   p a d  

in  which  there  is  a  gradual  t r a n s i t i o n   be tween   the  g r o o v e  

and  the  working  sur face   of  the  pad  to  give  improved  s l u r r y  

flow,  a n d  

Figure  28  is  a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   of  the  g r o o v e  

in  the  pad  of  Figure  27  i l l u s t r a t i n g   how  the  width  of  t h e  

groove  changes   as  the  pad  w e a r s .  

Figures   1  to  3  show  typical   s m o o t h i n g   pads  made  e . g .   f r o m  

metal   foil .  Each  pad  has  a  working  su r f ace   1  and  is  formed  with  one  or 

more  s lo t s   2,  the  s lots   enabl ing   the  pads  to  conform  to  var ious  shapes   of 



su r f ac ing   tools .  I f   de s i r ed   the  u n d e r s u r f a c e   3  ( s ee   Figure  4)  of  each  p a d  

may  be  provided  with  a  layer  of  a d h e s i v e   4  for  s e c u r i n g   the  pad  to  t h e  

s m o o t h i n g   tool .   The  a d h e s i v e   layer  4  is  p r o t e c t e d   by  a  pee l -o f f   b a c k i n g  

sheet   5  which  is  r e m o v e d   to  e x p o s e   the  a d h e s i v e .  

Each  pad  i s   fo rmed  with  wear  i n d i c a t i n g   g rooves   6  which  e x t e n d  

part  way  through  the  pad  as  shown  c l e a r l y   in  F igures   4  and  5 .  

In  Figure  4,  the  groove  is  of  t r a p e z o i d a l   c ross   s e c t i o n  

with  the  s ide   w a l l s   s lop ing   at  an  a n g l e     to  the  v e r t i c a l .   In  plan  v i e w ,  

the  edges   of  the  unworn  groove  are  pa ra l l e l   as  shown  in  Figures   1  to  3 .  

The  angle  of  i n c l i n a t i o n  ∅   is  idea l ly   not  less   than  45° to  provide  a  m u l t i p l i e r  

wear  ind ica tor   f ac i l i t y   whereby   the  rate  of  c h a n g e   of  groove  width  r e l a t i o n s h i p  

to  the  rate  of  pad  su r f ace   wear  is  at  l eas t   two  to  one,  from  which  it  will  b e  

seen   that  such  a  r e l a t i o n s h i p   can  be  i n c r e a s e d   by  an  i nc rea se   in  the  a n g l e  

Prior  to  wear ,   the  groove  width  A  is  as  f o l l o w s : -  

w h e r e  

K  =  width   of  groove  at  its  b a s e  

B =  depth   of  g r o o v e  

After  wear ,   the  new  groove  width   C  is  as  f o l l o w s : -  

w h e r e  

D  =  a m o u n t   of  w e a r  

Hence  for  only  a  smal l   a m o u n t   of  wear  there  is  a  c o n s i d e r a b l e   a m o u n t  

of  r e d u c t i o n . i n   groove  wid th .   The re fo re ,   as  shown  at  N  in  Figure  6 ,  



o c a l i s e d   wear  will  show  up  quickly  as  a  nar rowing  of  the  g roove .   S u c h  a  

change   of  groove  d i m e n s i o n   in  a  d i rec t ion   t r a n s v e r s e   to  the  depth  of  t h e  

groove  is  more  readi ly  apparent   than  a  mere   change   of  depth  which  i s  

a lways   d i f f icul t   to  a s s e s s   with  g rooves ,   in  pa r t i cu la r   with  grooves   having  a  d e p t h  

of  the  order  of  0 . 005   inches  and  probably  obscu red   by  s l u r r y .  

In  F igure   5,  the  groove  6  is  V - s h a p e d   with  s l o p i n g   w a l l s   8  a n d  

will  aga in   e n a b l e   wear  by  width   c h a n g e   to  be  r ead i ly   d e t e r m i n e d .   In  t h i s  

case   the  g roove   wid th   A  before   wear  is  as  f o l l o w s : -  

w h e r e  

B  =  depth  of  groove  before   w e a r  

@  =  angle   of  wall  i n c l i n a t i o n   from  v e r t i c a l  

After   wea r ,   the  new  width  C  is  as  f o l l o w s :  

w h e r e  

D  =  a m o u n t   of  w e a r .  

In  th is   c a s e   the  angle  @   is  p r e f e r a b l y   not  l e s s   than  45°  to  p r o v i d e  

the  above  ra t io   of  at  leas t   2  to  1  b e t w e e n   c h a n g e   of  groove  width   and  a m o u n t  

of  pad  w e a r .  

R e f e r e n c e   is  now  made   to  F igures   7  to  10.  In  Figure  7  the  groove  6  i s  

shown  as  be ing   cut  into  the  pad  which  is  the reby   w e a k e n e d   b e c a u s e   the  g r a i n  

pat tern  of  the  foil  is  s e v e r e d .   The  pad  is  p a r t i c u l a r l y   weak   at  the  sharp   b o t t o m  

corners   of  the  groove   and  i s   l iable   to  tear  in  that  region  e s p e c i a l l y   when  t h e  

back ing   s h e e t   5  is  r e m o v e d .   Therefore   we  prefer  to  form  the  g rooves   by  r o l l i n g  

as   in  F i g u r e s   8,  9  and  10.  Rol l ing   of  the  g rooves   d e f o r m s   rather  than  s eve r s   t h e  

grain  and  s u b s t a n t i a l l y   p r e s e r v e s   the  s t r e n g t h   of  the  pad .   In  Figure  1 0  e c e s s e s  



9  are  fo rmed   in  the  u n d e r s u r f a c e   3  during  the  ro l l ing   o p e r a t i o n .   D i s p l a c e d  

a d h e s i v e   is  r e c e i v e d   by  the  r e c e s s e s   9  to  r e d u c e   the  risk  of  d i s t o r t i n g  

the  bot tom  of  the  wear  i n d i c a t i n g   groove  6  when  the  pad  is  appl ied   to  a  

su r f ac ing   t o o l .  

In  F igures   11  to  18  va r ious   g roove   p a t t e r n s   are  i l l u s t r a t e d   which  p r o v i d e  

r e s e r v o i r s   and  f a c i l i t a t e   d i s t r i b u t i o n   of  s lur ry   over  the  working  s u r f a c e  

of  the  p a d .  

In  F igures   1 to  3  and  in  the  a f o r e s a i d   US  S p e c i f i c a t i o n ,   the  g r o o v e s  

are  c o m p l e t e l y   s t r a igh t   and  pa ra l l e l   and  s lu r ry   flow  through  them  is  at  i t s  

best   only  when  the  r e l a t i v e   m o v e m e n t   b e t w e e n   the  lens  and  pad  is  in  t h e  

longi tud ina l   d i r e c t i o n   of  the  g r o o v e s .   H o w e v e r ,   such  re la t ive   m o v e m e n t   i s  

n o r m a l l y   r andom  to  p reven t   what  is  known  as  " t r a c k i n g "   and  c o m p l e t e l y  

s t r a igh t   g rooves   do  not  p rov ide   ideal  c h a n n e l s   for  the  s l u r r y .  

With  the  pads  shown  in  Figures   11  to  18  we  have  provided  g r o o v e s  

genera l ly   i nd i ca t ed   at  6  which  extend  in  var ious  d i r e c t i o n s   to  improve  s l u r r y  
d i s t r i b u t i o n   during  random  pad  m o v e m e n t .   Therefore   even  when  t h e  

m o v e m e n t   is  t r a n s v e r s e   to  one  groove,   t h e r e   wi I  I be  some  other  g r o o v e  

along  which  slurry  will  flow  r e a s o n a b l y   f r ee ly .   F o r  e x a m p l e   in  F igures   11 
and  12  if  m o v e m e n t   is  in  d i rec t ion   X  t r a n s v e r s e   to  grooves  6A  and  6B,  s l u r r y  
will  be  e n c o u r a g e d   to  flow  along  at  least   groove  s e c t i o n s   6C  and  6 D .  

In  Figures   12,  14,16  and  18  s e l e c t e d   g rooves   are  i n t e r c o n n e c t e d   to  c e n t r a l  
ducts   10  to  improve   d i s t r i b u t i o n   of  slurry  from  one  lobe  of  the  pad  to  a n o t h e r .  

As  well  as  p rovid ing   for  improved   slurry  flow,  the  provis ion  of  a  
m u l t i p l i c i t y   of  g rooves   i n c r e a s e s   the  a v a i l a b i l i t y   of  slurry  b e c a u s e   the  grooves   f o r m  



a  reservoi r   for  the  s lurry   even  during  m o v e m e n t   of  the  p a d / l e n s .  

.  F i g u r e s   1  to  18  are  c o n c e r n e d   en t i r e ly   with  g rooves   for  i n d i c a t i n g   wear  a n d  

providing  r e s e r v o i r s   f o r  s l u r r y   but  as  shown  in  F igures   19  to  25,  the  i nven t ion   i s  

not  l im i t ed   to  the  use  of  pads   f o rmed   so l e ly   wi th   g r o o v e s .  

F igure   19  is  a  p lan   v iew  of  a  s m o o t h i n g   pad  f o r m e d   with  a  m u l t i p l i c i t y  

of  f r u s t o - c o n i c a l   d e p r e s s i o n s   12.  As  shown  in  F i g u r e  2 0 ,   each  d e p r e s s i o n  

tapers   t o w a r d s   the  back   face   of  the  pad.   As  the  pad  w e a r s ,   say  over  a r e a s   1 3 , 1 4  

(Fig 21),  the  d i m e n s i o n   of  each  d e p r e s s i o n   in  a  d i rec t ion   t r a n s v e r s e   to  its  d e p t h ,  

i . e .   the  width  or  su r f ace   d i a m e t e r ,   within  the  areas   d e c r e a s e s   a s  s h o w n   a t  

12' .  In  Figure  22,  the  s u r f a c e   d i a m e t e r   A  before  wear  is  as  f o l l o w s : -  

B  =  depth  of  d e p r e s s i o n   before   w e a r  

K  =  m i n i m u m   d i a m e t e r   of  d e p r e s s i o n  

Ø  =  angle   of  wall  i n c l i n a t i o n   from  v e r t i c a l  

After  wea r ,   t h e  r e d u c e d   s u r f a c e   d i a m e t e r   C  is  as  f o l l o w s : -  

w h e r e  

D  =  amoun t   of  w e a r  

As  d e s c r i b e d   with  r e s p e c t   to  F igures   4  and  5,  the  angle   Ø  is  p r e f e r a b l y  

not  less  than  45°  to  p rov ide   a  rat io  of  at  leas t   2:1  b e t w e e n   the  change   in  

s u r f a c e   d i a m e t e r   and  the  a m o u n t   of  pad  w e a r .  

In  order  to  i m p r o v e   s lurry  d i s t r i b u t i o n   b e t w e e n   the  pad  and  the  l e n s ,  

the  d e p r e s s i o n s   12  may  be  i n t e r c o n n e c t e d   by  g r o o v e s   15  as  shown  in  Figure  2 3 .  

The  grooves   may  be  of  s q u a r e   or  r e c t a n g u l a r   c r o s s   s e c t i o n   as  shown  in  Figure  2 4 ,  



of  V - s h a p e d   c ross   s ec t ion   as  shown  in  Figure  25  or  of  any  other  s u i t a b l e  

cross   s e c t i o n .   Where  grooves  15  are  p rov ided ,   the  number   of  d e p r e s s i o n s  

12  may  be  reduced   without   adve r se ly   a f f ec t ing   the  slurry  r e t a i n i n g  

c h a r a c t e r i s t i c s   of  the  s m o o t h i n g   pad.  Al though  Figure  23  shows  a  

g r id - l ike   a r r a n g e m e n t   of  grooves  15,  the  i n t e r c o n n e c t i n g   grooves   could  b e  

arranged  in  pa t t e rns   such  as  those  shown  in  Figures   11  to  18  w i t h  t h e  

d e p r e s s i o n s   su i t ab ly   located   in  the  p a d .  

Refer r ing   now  to  Figure  26,  a  s m o o t h i n g   pad  20  has  p a r a l l e l  

s ided  grooves   21  (one  only  of  which  is  shown)   and  is  suppor ted   by  a  

tool  22.  In  use,   a  lens  23  is  moved  in  random  fash ion   over  the  w o r k i n g  

sur face   24  of  the  pad  and  slurry  S  is  fed  to  the  pad  to  act  as  a  s m o o t h i n g  

m e d i u m .   A  ce r t a in   amoun t   of  slurry  S  is  c o n t a i n e d   in  the  g rooves   21 

and  during  r e l a t ive   m o v e m e n t   it  is  highly  d e s i r a b l e   that  some   of  the  s l u r r y  

flows  out  of  the  g rooves   and  ac ross   the  pad  be tween   the  lens  23  and  t h e  

working  su r face   24.  However  with  the  groove  21  shown  in  Figure  2 6 ,  

slurry  S  on  the  lens  su r face   tends  to  be  s c r a p e d   off  the  lens  by  s h a r p  

lines  of  t r ans i t i on   25,  25a  between  the  groove  21  and  the  working  s u r f a c e  
M 

24.  When  moving  the  lens  in  the  d i r e c t i o r y s h o w n   the  slurry  is  s c r a p e d  

off  at  25  and  when  moving  the  lens  in  the  o p p o s i t e   d i rec t ion   the  s l u r r y  

is  sc raped   off  at  25o.  Al though  a  cer ta in   amoun t   of  slurry  S  will  flow  o u t  

of  the  groove  during  m o v e m e n t   of  the  lens,   the  sc rap ing   act ion  t ends   t o  

inhibit  the  u s e f u l n e s s   of  such  f l o w .  



Greatly  improved  slurry  flow  from  the  g rooves   can  b e  

o b t a i n e d   by  using  a  groove  of  the  type  shown  in  Figure  27.  In  t h a t  

Figure,   the  groove  30  has  a  flat  bot tom  31  and  a r cua t e   s ide  walls   32 ,  

32a.  The  side  wal ls   form  a  gradual  t r ans i t i on   be tween   the  bot tom  of  t he  

groove  30  and  the  working  su r face   33  of  the  pad  as  o p p o s e d   to  the  s h a r p  

l ines  of  t r an s i t i on   25,  25a  in  Figure  26.  During  m o v e m e n t   of  the  lens  23 

M 
a c r o s s   the  pad  in  the  d i r e c t i o r / s h o w n ,   the  curved  wall  32  encourages   t h e  

slurry  to  be  drawn  out  of  the  groove  by  the  moving  lens  and  does  not  h a v e  

the  s c r a p i n g   effect   of  the  sharp  t r a n s i t i o n s  . .   The  wall  32a  has  a  s imi la r   e f f e c t  

when  the  lens  is  moved  in  the  oppos i t e   d i r e c t i o n .   This  a r r a n g e m e n t   is  

p a r t i c u l a r l y   a d v a n t a g e o u s   and  r educes   the  l ike l ihood  of  dry  areas  void  of  

slurry  occur r ing   on  the  working  s u r f a c e .  

In  a c c o r d a n c e   with  the  invent ion ,   the  a r r a n g e m e n t   shown  in  Figure  27 

p rov ides   an  indica t ion   of  wear  by  reduc t ion   of  w id th .   That  point  is  

i l l u s t r a t e d   well  in  Figure  28.  Prior  to  wear,   the  m a x i m u m   width  of  t h e  

groove  is  i nd ica ted   at  C.  After  wear ,   the  width  W  of  the  groove  is  a s  

f o l l o w s :  -  

where  C  =   Width  of  groove  before  wear  has  o c c u r r e d  

D =   amount   of  w e a r  

R  =   radius  of  curved  side  w a l l  

Of  course ,   once  wear  has  occur red ,   the  t r ans i t i on   tends  to  



sharpen  but  within  the  useful  life  of  the  pad  the  surface   of  the  pad  i s  

still  s u b s t a n t i a l l y   t a n g e n t i a l . t o   the  curved  side  walls   and  the  s c r a p i n g  

action  i l l u s t r a t e d   in  Figure  26  is  still  avo ided .   The  groove  30  a l s o  

provides   the  m u l t i p l i e r   wear  fac i l i ty   by  which  the  rate  of  change   of 

groove  width  is  greater   than  the  rate  of  pad  surface   w e a r .  

Ins tead   of  us ing  curved  s ide   wa l l s ,   s t ra ight   or  polygonal   w a l l e d  

grooves  could  be  used ,   the  wal ls   being  angled  suf f ic ien t ly   to  p rovide   t h e  

gradual  t r a n s i t i o n .   Moreover   s t r a igh t   s ided   grooves  t e r m i n a t i n g   at  c u r v e s  

for  the  pu rposes   of  gradual  t r ans i t i on   and  wear  indicat ion  by  r educ t ion   of  w i d t h  

could  be  p r o v i d e d .  

The  gradual  t r ans i t i on   c h a r a c t e r i s t i c   can,  of  course ,   be  used  in  t h e  

e m b o d i m e n t s   shown  in  Figures   19  to  25  so  that  the  frusto  c o n i c a l  

d e p r e s s i o n s   blend  g radua l ly   into the  working  surface   of  the  p a d .  

Al though   pads  made   in  a c c o r d a n c e   wi th  the   present   invent ion   a r e  

eas i ly   c h e c k e d   for  wear  by  the  eye,  a  s u i t a b l e   checking   i n s t r u m e n t   may  b e  

used  to  de tec t   width  va r ia t ion   even  before  it  b e c o m e s   apparent   to  the  n a k e d  

e y e .  

A  m u l t i p l i c t y   of  r e l a t ive ly   short   grooves  may  be  formed  in  the  p a d  

and,  in  such  a  c a s e ,   the  length  of  such  grooves  a n d / o r   their  width  may  b e  

arranged  to  change   as  the  working  su r f ace   w e a r s .  

Pads   in  a c c o r d a n c e   with  the  invention  may  be  formed  from  m a t e r i a l  

other  than  meta l   and  need  not  be  p rov ided   with  an  adhes ive   back ing   4 .  



1.  A  s m o o t h i n g   pad  having  a  working  sur face   formed  with  at  l e a s t  

one  d e p r e s s i o n   for  i nd i ca t ing   wear  of  the  working  s u r f a c e .   C h a r a c t e r i s e d   in  t h a t  

the  d e p r e s s i o n   (6,  12,  30)  is  formed  so  that  the  d i m e n s i o n   of  the  d e p r e s s i o n  

in  a  d i rec t ion   t r a n s v e r s e   to  its  depth  will  change   as  the  w o r k i n g  s u r f a c e   (1)  w e a r s .  

2 . . A   s m o o t h i n g   pad  accord ing   to  c l a im  1  c h a r a c t e r i s e d   in  that  the  d e p r e s s i o n  

(6,  12,  30)  d i v e r g e s   towards   the  working  su r face   (1,  33)  so  that  the  s a i d  

d i m e n s i o n   of  the  d e p r e s s i o n   will  d imin i sh   as  the  working  su r face   w e a r s .  

3.  A  s m o o t h i n g   pad  accord ing   to  c l a i m s   1  or  2  c h a r a c t e r i s e d   in  that  t h e  

d e p r e s s i o n   (6,  12,  30)  c o n s t i t u t e s   a  reservoir   for  an  ab ra s ive   s l u r r y .  

4.  A  s m o o t h i n g   pad  accord ing   to  c la im  3  c h a r a c t e r i s e d   in  that  there  is 

a  gradual  t r an s i t i on   (32,  32a)  between  the  wear  indicator   d e p r e s s i o n   (30)  a n d  

the  working  su r f ace   (33)  whereby ,   in  use,  the  ab ra s ive   slurry  S"  will  b e  

encouraged   to  flow  from  the  d e p r e s s i o n   on  to  the  working  sur face   ( 3 3 ) .  

5.  A  s m o o t h i n g   pad  accord ing   to  any  p r e c e e d i n g   c la im  c h a r a c t e r i s e d   in 

that  the  width  of  the  d e p r e s s i o n   changes   as  the  working  sur face   w e a r s .  

6.  A  s m o o t h i n g   pad  accord ing   to  any  p reced ing   c la im  c h a r a c t e r i s e d   in 

that  a  p lural i ty   of  d e p r e s s i o n s   (6)  in  the  form  of  wear  indicator  grooves  a r e  

formed  in  the  working  su r face   (1) ,   the  wear  indicator   grooves  being  a r r a n g e d  

so  that  wear  indicator   grooves  (6A,  6B)  in  one  portion  of  the  working  s u r f a c e  



are  t r a n s v e r s e   to  wear  indicator   grooves   (6C,  6D)  in  another   port ion  of  the  w o r k i n g  

s u r f a c e .  

7.  A  s m o o t h i n g   pad  a c c o r d i n g   to  c la im  6  c h a r a c t e r i s e d   in  that  a  w e a r  

indica tor   groove  (6A)  in  one  pori t ion  of  the  working  su r f ace   is  c o n n e c t e d  

by  a  further  groove  (10)  to  a  wear  indicator   groove  (6B)  in  another   p o r t i o n  

of  the  working  s u r f a c e .  

8.  A . s m o o t h i n g   pad  a cco rd ing   to  any  p reced ing   c l a im   c h a r a c t e r i s e d   in 

that  d e p r e s s i o n   (6)  is  of  t r a p e z o i d a l   c ross   s e c t i o n .  

9.  A  s m o o t h i n g   pad  a c c o r d i n g   to  any  of  c l a m s   1  to  7  c h a r a c t e r i s e d   in  t h a t  

the  d e p r e s s i o n   (6)  is  of  V - s h a p e d   c ross   s e c t i o n .  

10.  A  s m o o t h i n g   pad  a c c o r d i n g   to  any  of  c l a i m s   1  to  5  c h a r a c t e r i s e d   in  t h a t  

a  m u l t i p l i c i t y   of  f r u s t o - c o n i c a l   d e p r e s s i o n s   (12)  is  f o r m e d   in  the  w o r k i n g  

sur face   ( 1 ) .  

11.  A  s m o o t h i n g   pad  a c c o r d i n g   to  c la im  10  c h a r a c t e r i s e d   in  that  t h e  

f r u s t o - c o n i c a l   d e p r e s s i o n s   (12)  are  i n t e r c o n n e c t e d   by  grooves   (15)  in  the  w o r k i n g  

s u r f a c e .  

12.  A  s m o o t h i n g   pad  a cco rd ing   to  any  p reced ing   c l a im   c h a r a c t e r i s e d   in 

t h a t   the  d e p r e s s i o n   (6;  12;  30)  has,   in  cross   s ec t i on ,   s ide   wal ls   inc l ined   so  tha t  

the  rate  of  change   in  said  d i m e n s i o n   will  be  greater  than  the  rate  of  w o r k i n g  

sur face   w e a r .  
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