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©  Means  and  methods  for  abrading  a  work  surface. 
(57)  The  invention  relates  to  honing,  polishing,  reducing,  or 
otherwise  abrading,  in  which  improved  means  and  methods 
are  employed  for  abrasion  of  workpieces  (10)  in  general,  and 
at  least  selected  internal  portions  (16)  of  workpieces  (10) 
such  as  bores,  passages,  and  cavities  in  particular.  In 
general,  the  abrasion  is  accomplished  by  the  use  of  a 
flowable  abrasive  medium  (18),  with  particular  embodiments 
using  a  visco-elastic,  rheopectic  abrasive  medium. 

The  abrasive  medium  (18)  is  in  the  form  of  a  plastic  or 
semisolid  matrix  containing  abrasive  particales  (120)  distri- 
buted  substantially  uniformly  throughout  the  matrix.  The 
matrix  transports  the  particles  (120)  through  or  across 
selected  portions  of  a  workpiece  (122)  being  reated  in  order 

N  to  permit  the  abrasive  particles  (120)  to  remove  upraised 
^   metal  and  to  round  or  radius  comers  as  it  passes,  or  to 

otherwise  uniformly  remove  or  finish  these  portions.  Uni- 
^   form  distribution  and  maximised  abrasive  effect  of  the 
©  particles  (120)  is  obtained  by  use  of  the  matrix  which  also 
™*  provides  a  relatively  firm  backing  for  the  abrasive  when  the 
^0  medium  is  subjected  to  high  pressure. 
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@  The  invention  relates  to  honing,  polishing,  reducing,  or 
otherwise  abrading,  in  which  improved  means  and  methods 
are  employed  for  abrasion  of  workpieces  (10)  in  general,  and 
at  least  selected  internal  portions  (16)  of  workpieces  (10) 
such  as  bores,  passages,  and  cavities  in  particular.  In 
general,  the  abrasion  is  accomplished  by  the  use  of  a 
flowable  abrasive  medium  (18),  with  particular  embodiments 
using  a  visco-elastic,  rheopectic  abrasive  medium. 

The  abrasive  medium  (18)  is  in  the  form  of  a  plastic  or 
semisolid  matrix  containing  abrasive  particales  (120)  distri- 
buted  substantially  uniformly  throughout  the  matrix.  The 
matrix  transports  the  particles  (120)  through  or  across 
selected  portions  of  a  workpiece  (122)  being  reated  in  order 
to  permit  the  abrasive  particles  (120)  to  remove  upraised 
metal  and  to  round  or  radius  comers  as  it  passes,  or  to 
otherwise  uniformly  remove  or  finish  these  portions.  Uni- 
form  distribution  and  maximised  abrasive  effect  of  the 
particles  (120)  is  obtained  by  use  of  the  matrix  which  also 
provides  a  relatively  firm  backing  for  the  abrasive  when  the 
medium  is  subjected  to  high  pressure. 



T h i s   i n v e n t i o n   r e l a t e s   to  h o n i n g ,   p o l i s h i n g ,   r e d u c i n g ,   o r  

o t h e r w i s e   a b r a d i n g ,   in  w h i c h   i m p r o v e d   means   a n d  m e t h o d s   a r e  

e m p l o y e d   f o r   a b r a s i o n   of  w o r k p i e c e s   in  g e n e r a l ,   and  a t   l e a s t  

s e l e c t e d   i n t e r n a l   p o r t i o n s   of  w o r k p i e c e s   such  as  b o r e s ,   p a s s a g e s ,  

and  c a v i t i e s   in   p a r t i c u l a r .   In  g e n e r a l ,   t he   a b r a s i o n   i s . a c c o m -  

p l i s h e d   by  t h e   use   of  an  a b r a s i v e   medium,   and  more  p a r t i c u l a r l y  

by  t h e   u s e   of  a  v i s c o - e l a s t i c ,   a b r a s i v e   m e d i u m .  

In  one  e m b o d i m e n t ,   t h i s   a b r a s i v e   medium  c o m p r i s e s   a  v i s c o -  

e l a s t i c ,   r h e o p e c t i c   m a t r i x ,   h a v i n g   t h e   c o n s i s t e n c y   of  p u t t y   ( a t  

room  t e m p e r a t u r e   and  w i t h   no  p r e s s u r e   a p p l i e d )   w h i c h   i s   p e r m e a t e d  

w i t h   f i n e l y   d i v i d e d   and  e v e n l y   d i s p e r s e d   a b r a s i v e   p a r t i c l e s .   When 

p a s s e d - a c r o s s   and  a g a i n s t   a  work  s u r f a c e   in  t he   p r o p e r   m a n n e r ,  

t h i s   a b r a s i v e   medium  p r o v i d e s   maximum  a b r a s i v e   a c t i o n  a n d   u n i f o r -  

m i t y   of  f i n i s h .   In  the   c o n t e x t   of  t h i s   i n v e n t i o n ,   " r h e o p e c t i c "  

d e f i n e s   t h e  p r o p e r t y   of  a  c o m p o s i t i o n   in  wh ich   t h e   v i s c o s i t y  

i n c r e a s e s   w i t h   t i m e   u n d e r   s h e a r   or  a  s u d d e n l y   a p p l i e d   s t r e s s .  

S t a t e d   a n o t h e r   way,  t h i s   p r o p e r t y   of  t h e   a b r a s i v e   medium  i s  

e x a c t l y   o p p o s i t e   of  " t h i x o t r o p y " .  

The  i n v e n t i o n   a l s o   d e a l s   w i t h   t he   d i s c o v e r y  t h a t   v i s c o -  

e l a s t i c   m a t e r i a l s   a d h e r e   s t r o n g l y   to  p o r o u s   or  r o u g h e n e d   s u r f a c e s  

and  to   s i l i c o n e   r u b b e r .   When  u s i n g   an  a b r a s i v e   medium  c o m p r i s i n g  

a  m i x t u r e   of  a  v i s c o - e l a s t i c   m a t r i x   and  a b r a s i v e   p a r t i c l e s ,   t h i s  

" b o n d i n g "   p r o p e r t y   a l l o w s   a d h e r e n c e   of  a t   l e a s t   a  p o r t i o n   of  t h e  

m a t r i x   to  s u c h   a  s u r f a c e   to  p r o v i d e   r e s i s t a n c e   to  a b r a s i o n   by  t h e  

p a r t i c l e s   or  g r i t .   Th i s   " b o n d i n g "   p r o p e r t y   a l s o   may  be  u t i l i z e d  

f o r   a r t i c l e s   of  m a n u f a c t u r e   such   as  b e l t s   f o r   b e l t   s a n d e r s ,   a b r a -  

s i v e   p a d s   f o r   m a n u a l   u s e ,   and  d e v i c e s   f o r   i n c r e a s i n g   the   a b r a s i o n  

of  s e l e c t e d   work  s u r f a c e   a r e a s - - p a r t i c u l a r l y   s e l e c t e d   work  s u r -  

f a c e   a r e a s   of  i n t e r n a l   b o r e s .  



The  i n v e n t i o n   f u r t h e r   d e a l s   w i t h   s e l e c t i v e l y   m a s k i n g   a  w o r k -  

p i e c e   w i t h   a  c e r a m i c   or  t h e   l i k e   in  o r d e r   to  c o n t r o l   s u r f a c e  

f i n i s h i n g   by  a  f l o w a b l e   a b r a s i v e .   Due  to  such   m a s k i n g ,   a b r a s i o n  

of  s e l e c t e d   a r e a s   of  t h e   w o r k p i e c e   may  be  r e d u c e d   c o n t r o l l a b l y ,  

or  p r e v e n t e d ,   w h i l e   n o r m a l   a b r a s i o n   i s   a l l o w e d   to  o c c u r   on  o t h e r  

a r e a s   of  t h e   w o r k p i e c e .  

I t   i s   known  to  e x t r u d e   a  v i s c o - e l a s t i c   a b r a s i v e   m e d i u m  

t h r o u g h   w o r k p i e c e s   to  a c c o m p l i s h   a b r a s i v e   f i n i s h i n g   o f  

s e l e c t e d   s u r f a c e s   of  t h e   w o r k ,   as  d i s c l o s e d   in   U .S .   P a t e n t  

No.  3 , 6 3 4 , 9 7 3  -   M c C a r t y .   O t h e r   r e f e r e n c e s   d i r e c t e d   to   t h i s  

a p p r o a c h   a r e   U .S .   P a t e n t   N o s .  3 , 8 0 2 , 1 2 8  -   M i n e a r ,   J r . ,   e t   a l . ;  

3 , 8 1 9 , 3 4 3  -   R h o a d e s ;   and  3 , 5 2 1 , 4 1 2  -   M c C a r t y .   The  d i s c l o s u r e s  

of  t h e   a b o v e   p a t e n t s   a r e   h e r e b y   i n c o r p o r a t e d   by  r e f e r e n c e .  

I t   i s   a l s o   k n o w n , -  a s   in   J a p a n e s e   U t i l i t y   M o d e l  P u b l i c a t i o n  

5 5 - 5 3 3 2 0 ,   to   s p a c e   a  work   s u r f a c e   o p p o s i t e   f rom  a  d e f o r m a b l e ,  

e l a s t i c   member   and  f o r c e   a  f l o w a b l e   a b r a s i v e   m i x t u r e   t h e r e -  

b e t w e e n ,   w i t h   t h e   e l a s t i c   member   d e f o r m i n g   to  r e d u c e   f l o w  

r e s t r i c t i o n   c a u s e d   by  t h e   w o r k .  

I t   i s   a l s o   known  to  hone   or  l a p   g e a r s ,   as  in   U.S .   P a t e n t  

No.  3 , 6 1 8 , 2 7 2  -   W h a l e n ,   e t   a l . ,   in  w h i c h   a  t h i c k e n e d ,   f l o w a b l e  

a b r a s i v e   med ium  is   u s e d .   O t h e r   r e f e r e n c e s   d i s c l o s i n g   t h i s   s ame  

g e n e r a l   a p p r o a c h   a r e   U.S .   P a t e n t   Nos .   3 , 2 9 3 , 8 0 5  -   D a v i s ;  

3 , 9 5 5 , 3 2 7  -   F r a n c o ;   2 , 9 8 6 , 8 5 6  -   F e h r ;   and  3 , 1 6 9 , 3 4 9  -   F i n d l e y .  

A  m e s h i n g   ( u s u a l l y   d r i v i n g )   r e l a t i o n s h i p   i s   r e q u i r e d   b e t w e e n  

two  s u r f a c e s ,   w h e t h e r   or  n o t   one  or  b o t h   a r e   t h e   work   s u r f a c e s  

to  be  t r e a t e d .  

I t   i s   a l s o   k n o w n ,  a s   in   U.S .   P a t e n t   No.  3 , 5 9 3 , 4 1 0  -   T a y l o r ,  

to  c h e m i c a l l y   a l t e r   t he   s u r f a c e   of  one  of  a  p a i r   of  g e n e r a l l y  

m a t i n g   d i e   s u r f a c e s ,   to  p l a c e   a b r a s i v e   g r a i n s   or  g r i t s   b e t w e e n  

t h e   d i e   p a i r ,   and  to  i m p a r t   r e l a t i v e   n o t i o n   b e t w e e n   t he   d i e   p a i r  

to   r e m o v e   any  p r o t u b e r a n c e s   f rom  t h e   c h e m i c a l l y   a l t e r e d   s u r f a c e .  



I t   i s   a l s o   known,   as  in  J a p a n e s e   U t i l i t y   Mode l   P u b l i c a t i o n  

5 0 - 2 9 1 9 7 ,   to  a b r a d e   a  w o r k p i e c e   c a v i t y   by  use   of  a  m a t i n g   m a n d r e l  

h a v i n g   an  e l a s t i c ,   d e f o r m a b l e   s u r f a c e   a t t a c h e d   t h e r e t o   and  a b r a -  

s i v e s   a p p l i e d   to  t h e   e l a s t i c   s u r f a c e .  

O t h e r   known  p r o c e s s e s   of  f i n i s h i n g   s u r f a c e s   e m p l o y :   v a p o r  

b l a s t i n g ,   s a n d   b l a s t i n g ,   s h o t   b l a s t i n g ,   and  v i b r a t o r y   f i n i s h i n g .  

Vapor   b l a s t i n g   i n c o r p o r a t e s   an  a b r a s i v e   s l u r r y   w h i c h   i s   f o r c e d  

a g a i n s t   t h e   p r o d u c t   a t   r e l a t i v e l y   h i g h   v e l o c i t y .   The  i m p i n g e m e n t  

of  t he   a b r a s i v e   p a r t i c l e s   on  t h e   s u r f a c e   of  t h e   p r o d u c t   e r o d e s   o r  

a b r a d e s   away  t h e   s u r f a c e .   T h i s   p r o c e s s   has  a l m o s t   no  e f f e c t   on  

s u r f a c e s   l o c a t e d   i n t e r i o r l y   of  t he   p r o d u c t .   S a n d b l a s t i n g   i n v o l v e s  

the   use   of  a b r a s i v e   p a r t i c l e s   t h r o w n   a t   h i g h   s p e e d   by  c o m p r e s s e d  

a i r   or  a  m e c h a n i c a l   f l i n g e r .   T h i s   p r o c e s s   a l s o   has   l i t t l e   v a l u e  

f o r   i n t e r i o r   s u r f a c e   f i n i s h i n g .   Shot   b l a s t i n g   u s e s   c a s t   i r o n  

s h o t ,   s t e e l   s h o t ,   or  g l a s s   b e a d s   a t   h i g h   v e l o c i t i e s   as  in  t h e  

case   of  s a n d   b l a s t i n g .   Th i s   o p e r a t i o n   i s   more  n e a r l y   a  p e e n i n g  

over   of  b u r r s   or  the   l i k e   r a t h e r   t h a n   a  c l e a n   r e m o v a l .   V i b r a t o r y  

f i n i s h i n g   a g i t a t e s   t he   p r o d u c t   in  a  m i x t u r e   of  a b r a s i v e   p a r t i c l e s ,  

s t o n e s ,   or  j a c k s ,   and  i s   c a r r i e d   ou t   a t   low  p r e s s u r e .   The  m o r e  

e x p o s e d   s u r f a c e s   r e c e i v e   t h e . m o s t   a c t i o n .   Here   a g a i n ,   i n t e r i o r  

s u r f a c e s   r e c e i v e   l i t t l e   or  no  a b r a s i v e   e f f e c t .  

U .S .   P a t e n t   Nos.  2 , 7 9 9 , 7 8 9  -   W o l f s k i l l   and  3 , 2 4 7 , 5 7 2  -   Hunk 

d i s c l o s e   p r i o r   m e t h o d s   of  m a s k i n g   of  s m a l l   o b j e c t s ,   such   a s  

p i e z o e l e c t r i c   c r y s t a l s   and  m i n i a t u r e   m a g n e t i c   c o r e s   f o r   m i c r o -  

c i r c u i t s ,   in   o r d e r   t h a t   s u r f a c e s   of  the   d e v i c e s   may  be  s e l e c t i v e l y  

a b r a d e d   by  t h e   a b o v e - m e n t i o n e d   s a n d b l a s t i n g ,   t u m b l i n g ,   s h o t - p e e n -  

ing ,   or  t h e   l i k e .   The  m a t e r i a l   u sed   to  mask  t h e s e   s m a l l   o b j e c t s  

c o m p r i s e s   a  l a c q u e r ,   v a r n i s h ,   p a i n t ,   i n k ,   or  t h e   l i k e   wh ich   p r o -  

v i d e s   a  r e s i l i e n t   c o v e r i n g   h a v i n g   d o u b t f u l   m a s k i n g   c a p a b i l i t i e s  

when  u s e d   w i t h   a  f l o w a b l e ,   v i s c o - e l a s t i c   a b r a s i v e   m a t e r i a l .  



A l s o   t h i s   m a s k i n g   m a t e r i a l   was  r e q u i r e d   to  be  d i l u t e d   t o  

a s s u r e   "a  s u r f a c e   t e n s i o n   of  a p p r o p r i a t e   m a g n i t u d e   so  t h a t  

t h e   r e s u l t i n g   c o a t i n g   on  t h e   o b j e c t s   p u l l s   away  f rom  . . .  

s h a r p   p r o j e c t i o n s   and  c o l l e c t s   on  ( t h e )   b r o a d   s u r f a c e s  

of  ( t h e )   o b j e c t s   . . . "  



F u r t h e r ,   t h e s e   p a t e n t s   d i s c l o s e   a b r a s i v e   p r o c e s s e s   w h i c h   do  n o t  

p r o v i d e   f o r   good  a b r a s i o n   of  i n t e r n a l   work  s u r f a c e s   or  c a v i t i e s .  

The  p r e s e n t   i n v e n t i o n . i n c o r p o r a t e s   t he   use   of  an  a b r a s i v e  

medium  h a v i n g   a  p l a s t i c   or  s e m i s o l i d   m a t r i x   c o n t a i n i n g   a b r a s i v e  

p a r t i c l e s   d i s t r i b u t e d   s u b s t a n t i a l l y   u n i f o r m l y   t h r o u g h o u t .   T h e  

p u r p o s e  o f   t h e   s e m i s o l i d   m a t r i x   i s   to  t r a n s p o r t   t h e   a b r a s i v e   p a r -  

t i c l e s   t h r o u g h   or  a c r o s s   s e l e c t e d   p o r t i o n s   of  a  w o r k p i e c e   b e i n g  

t r e a t e d   in  o r d e r   to  p e r m i t   t he   a b r a s i v e   p a r t i c l e s   to  r emove   u p -  

r a i s e d   m e t a l   and  to  r o u n d   or  r a d i u s   c o r n e r s   as  i t   p a s s e s ,   or  t o  

o t h e r w i s e   u n i f o r m l y   r e m o v e   or  f i n i s h   t h e s e   p o r t i o n s .  

A n o t h e r   p u r p o s e   of  t he   s e m i s o l i d   m a t r i x   i s   to   h o l d   t h e  

a b r a s i v e   p a r t i c l e s   in  s u s p e n s i o n   so  t h a t   t h e y   w i l l   be  p r e s s e d  

f i r m l y   a g a i n s t   t h e   w o r k p i e c e ,   as  t a u g h t   h e r e i n a f t e r ,   so  t h a t   t h e  

a b r a s i v e   e f f e c t   i s   a t   a  maximum  and  i s   u n i f o r m l y   d i s t r i b u t e d ,  o v e r  

t h e   s u r f a c e   or  edge   b e i n g   t r e a t e d .  

A n o t h e r   p u r p o s e   of  t h e   s e m i s o l i d   m a t r i x   i s   to  p r o v i d e   a  

r e l a t i v e l y   f i r m   b a c k i n g   f o r   t he   a b r a s i v e   when  t h e   medium  is   u n d e r  

p r e s s u r e ,   in  o r d e r   to  i n c r e a s e   t he   c u t t i n g   a c t i o n   of  t he   a b r a s i v e  

a g a i n s t   t he   w o r k p i e c e   p o r t i o n   b e i n g   t r e a t e d ,   w h i l e   s t i l l   b e i n g  

p l a s t i c   e n o u g h   to  f l ow  t h r o u g h   or  a c r o s s   the   p r o d u c t   in  o r d e r   t o  

r e a c h   a l l   r e q u i r e d   s u r f a c e s   and  e d g e s .   A l t h o u g h   a b r a s i o n   of  t h e  

w o r k p i e c e   i s   o n l y   a c c o m p l i s h e d   by  the   a b r a s i v e   p a r t i c l e s   w h i c h  

come  in  c o n t a c t   w i t h   i t ,   t h e   o t h e r ,   n o n - c o n t a c t i n g   p a r t i c l e s ,   a n d  

t h e i r   f l o w ,   a re   j u s t   as  i m p o r t a n t   as  the   p a r t i c l e s   t h a t   a c t u a l l y  

do  the   a b r a d i n g   of  t he   w o r k p i e c e .  

I t   s h o u l d   be  n o t e d   t h a t   a  l i q u i d   s l u r r y   c a r r y i n g   an  a b r a s i v e  

m a t e r i a l   and  pumped  t h r o u g h   the   same  k i n d   of  w o r k p i e c e   as  t r e a t e d  

by  t h i s   i n v e n t i o n ,   wou ld   n o t   have   the   r e q u i r e d   a b r a s i v e   a c t i o n  

nor  wou ld   i t   s t r i k e   a l l   s u r f a c e s   u n i f o r m l y .   Such  a  l i q u i d   s l u r r y  



w o u l d   r e q u i r e   h i g h   f l o w   v e l o c i t y   to   p r o v i d e   maximum  i m p i n g e m e n t  

of  t h e   a b r a s i v e   p a r t i c l e s   a g a i n s t   t h e   t r e a t e d   s u r f a c e .   Under   s u c h  

c o n d i t i o n s   some  a r e a s   r e q u i r i n g   a b r a s i o n   would   r e c e i v e   no  a b r a s i o n  

a t   a l l .  

One  e m b o d i m e n t   of  t h e   i n s t a n t   i n v e n t i o n   i s   e s p e c i a l l y   u s e f u l  

in   p o l i s h i n g   mold  c a v i t i e s   of  c o m p l e x   s h a p e s   in   w h i c h   t h e   i n t e r n a l  

p e r i p h e r a l   s u r f a c e   to   be  w o r k e d   or  p o l i s h e d   i s   of  a  v a r y i n g  

r a d i u s .   One  such   w o r k p i e c e   i s   t h e   i n t e r n a l   s u r f a c e   of  a  p l a s t i c  

i n j e c t i o n   mold  f o r   a  t e l e p h o n e   r e c e i v e r .   T h e s e   mold   c a v i t i e s  

a r e   u s u a l l y   p o l i s h e d   m a n u a l l y   by  a  s k i l l e d   d i e   m a k e r   a t   a  t i m e  

c o n s u m i n g   r a t e   of  a p p r o x i m a t e l y   1-4  h o u r s   pe r   s q u a r e   i n c h   o f  

work   s u r f a c e .   A d d i t i o n a l l y ,   p i e c e - b y - p i e c e ,   m a n u a l   p o l i s h i n g  

of  t h e s e   mold   c a v i t i e s   i s   n o t   c o n s t a n t l y   r e p e a t a b l e ,   and  h u m a n  

e r r o r   a c c o u n t s   f o r   w o r k p i e c e   w a s t a g e .   On  the   c o n t r a r y ,   t h e  

i n v e n t i o n   p r o v i d e s  a   t i m e - w i s e   and  m a t e r i a l s - w i s e   e f f i c i e n t  

m e t h o d   and  means   f o r   r e p e a t a b l y   a b r a d i n g ,   h o n i n g ,   or  p o l i s h i n g  

s u c h   w o r k p i e c e s   in   an  i n e x p e n s i v e   m a n n e r .   By  t h i s   e m b o d i m e n t ,  

t h e   a b r a s i v e   medium  i s   d i s p l a c e d   p o s i t i v e l y   a g a i n s t   and  a c r o s s  

a  p o r t i o n   of  a  w o r k p i e c e   w h i c h   i s   u t i l i z e d   as  t he   d i s p l a c e m e n t  

c h a m b e r   or  as  t he   d i s p l a c e r ,   or   as  b o t h .   In  t h i s   c o n t e x t ,   t h e  

a b r a s i v e   medium  a c t s   as  a  p o s i t i v e l y   d i s p l a c e d   a b r a d i n g   t o o l .  

T h e r e   i s   no  need   f o r   e n g a g e m e n t ,   such   as  m e s h i n g ,   b e t w e e n   t h e  

o p p o s e d   s u r f a c e s ,   nor   i s   t h e r e   a  need   f o r   m a t i n g   of  t h e s e   s u r -  

f a c e s   a l t h o u g h ,   in  p r a c t i c e ,   i t   may  be  d e s i r a b l e   to  u s e   s u c h  

an  a r r a n g e m e n t .   F u r t h e r ,   t h e r e   i s   no  need   to  c h e m i c a l l y   a l t e r  

t h e   work   s u r f a c e   p r i o r   to  or   d u r i n g   the   a b r a d i n g   t h e r e o f .  

T h r o u g h o u t   t he   d e s c r i p t i o n   of  the   i n v e n t i o n ,   t he   t e r m  

" r e l a t i v e  m o t i o n "   b e t w e e n   t h e   o p p o s e d   s u r f a c e s   i s   u s e d   to  i n d i c a t e  

t h a t   e i t h e r   or  b o t h   s u r f a c e s   m a y  b e   moved  to  a c c o m p l i s h   p o s i t i v e  



d i s p l a c e m e n t   of  t h e   f l o w a b l e   a b r a s i v e   medium.  F u r t h e r ,   t h i s   m o v e -  

ment   may  be  g y r a t o r y ,   o r b i t a l ,   r e c i p r o c a t o r y ,   or  any  c o m b i n a t i o n  

of  t h e s e ,   so  long   as  p o s i t i v e   d i s p l a c e m e n t   of  t he   a b r a s i v e   m e d i u m  

is   a c c o m p l i s h e d   a g a i n s t   and  a c r o s s   the   work  p o r t i o n   to  be  t r e a t e d  

in  a  m a n n e r   a l l o w i n g   the   u n i f o r m   a b r a s i o n   o f f e r e d   by  a  f l o w a b l e ,  

p r e f e r a b l y   v i s c o - e l a s t i c ,   a b r a s i v e   m e d i a .  

F i g u r e s   1-4  a r e   p a r t i a l   c r o s s - s e c t i o n a l   v i e w s   of  an  i n t e r n a l  

p a s s a g e w a y   of  a  w o r k p i e c e ,   i l l u s t r a t i n g   v a r i o u s   means   of  p r a c t i c -  

n g   one  e m b o d i m e n t   of  t he   i n v e n t i o n .  

F i g u r e s   5  and  6  a re   i s o m e t r i c   v i e w s ,   p a r t i a l l y   b r o k e n   a w a y ,  

L l l u s t r a t i n g   a n o t h e r   e m b o d i m e n t   of  the   i n v e n t i o n .  

F i g u r e   7  i s   a  s c h e m a t i c   s i d e   e l e v a t i o n   of  a  b e l t   s a n d e r  

i n c o r p o r a t i n g   a n o t h e r   f e a t u r e   of  the   i n v e n t i o n .  

F i g u r e   8  is   a  p a r t i a l   i s o m e t r i c ,   w i t h   p a r t s   b r o k e n   a w a y ,  

i l l u s t r a t i n g   s t i l l   a n o t h e r   e m b o d i m e n t   of  the   i n v e n t i o n .  

F i g u r e   9  i s   a  s i d e   c r o s s - s e c t i o n a l   view  of  a n o t h e r   e m b o d i -  

ment   and  i l l u s t r a t i n g   a  r e c i p r o c a t a b l e   m a n d r e l   w i t h i n   a  m o l d  

c a v i t y .  

F i g u r e   10  is   a  s i d e ,   c r o s s - s e c t i o n a l   v iew  i l l u s t r a t i n g   a n  

l t e r n a t e   e m b o d i m e n t   of  F i g u r e   9 .  

F i g u r e   11  is   a  top  v i ew  t a k e n   a l o n g   the   l i n e s   11 -11   o f  

f i g u r e   1 0 .  

F i g u r e s   12-14  a re   t op   v i e w s   d e p i c t i n g   v a r i o u s   o p p o s e d  

s u r f a c e   p r o f i l e s   and  a r r a n g e m e n t s .  

F i g u r e   1 5 . i s   a  p l a n   v i ew   of  a n o t h e r   e m b o d i m e n t   of  t h e  

i n v e n t i o n .  

F i g u r e   16  is   a  p l a n   v i e w ,   p a r t i a l l y   in  s e c t i o n ,   i l l u s t r a t i n g  

s t i l l   a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n .  

F i g u r e   17  i s   an  a p p r o x i m a t e   c r o s s - s e c t i o n a l   v i e w ,   as  v i e w e d  

in   t he   d i r e c t i o n   of  a r r o w s   17 -17   of  F i g u r e   1 6 .  



F i g u r e   18  i s   a  f r o n t   p l a n   v i e w   of  a  m a c h i n e   s u i t a b l e   f o r   u s e  

in  t he   i n v e n t i o n .  

F i g u r e s   1 9 - 2 1   a r e   s c h e m a t i c   c r o s s - s e c t i o n s   i l l u s t r a t i n g   f l o w  

of  a  v i s c o - e l a s t i c   a b r a s i v e   medium  t h r o u g h   a  w o r k p i e c e .  

F i g u r e s   22  and  23  a r e   p a r t i a l   s c h e m a t i c   c r o s s - s e c t i o n s   o f  

a  w o r k p i e c e   to   i l l u s t r a t e   m a s k i n g   and  s e l e c t i v e   p r o t e c t i o n   of  o n e  

s u r f a c e   of  a  w o r k p i e c e   w h i c h   w o u l d   be  d i r e c t l y   s u b j e c t e d   to   a b r a -  

s i o n   d u r i n g   t r e a t m e n t   of  an  a d j a c e n t   p o r t i o n   of  t he   w o r k p i e c e .  

F i g u r e   2 4  i s   a  s c h e m a t i c   c r o s s - s e c t i o n   of  a  w o r k p i e c e   t o  

i l l u s t r a t e   m a s k i n g   and  p r o t e c t i o n   of  s u r f a c e s   w h i c h   a r e   i n d i r e c t l y  

s u b j e c t e d   to  a b r a s i o n   d u r i n g   t r e a t m e n t   of  an  a d j a c e n t   p o r t i o n   o f  

t h e   w o r k p i e c e .  

T h r o u g h o u t   t h e   d r a w i n g s ,   l i k e   p a r t s   a r e   i n d i c a t e d   by  l i k e  

n u m b e r s .  

R e f e r r i n g   to  F i g u r e   1,  a  w o r k p i e c e   10  h a v i n g   i n t e r n a l   b o r e   12 

i s   p r o v i d e d   w i t h   a  p r o t r u s i o n   14  f o r m e d   of  or  c o a t e d   w i t h   s i l i c o n e  

r u b b e r   or  t h e   l i k e   and  i s   s e c u r e d   or  h e l d   in   p l a c e   by  any  o f  

v a r i o u s   m e a n s  w i t h i n   t h e   s k i l l   of  t h e   a r t ,   o p p o s i t e   f rom  a  s e -  

l e c t e d   p o r t i o n   of  t h e   i n t e r n a l   s u r f a c e   of  b o r e   12,  to   form  a  

r e s t r i c t i o n .   Due  to  t h i s   r e s t r i c t i o n   and  t h e   p r o p e r t i e s   of  a  

v i s c o - e l a s t i c   a b r a s i v e   medium  u s e d   in   t he   i n v e n t i o n ,   t he   i n t e r n a l  

s u r f a c e   may  be  s e l e c t i v e l y   r e d u c e d ,   as  i n d i c a t e d   in  p h a n t o m   l i n e s  

a t   16.  B e c a u s e   of  t h e   p r o p e r t y   of  b o n d i n g   to  s i l i c o n e   r u b b e r   o f  

t h e   m a t r i x   of  some  of  t h e   m e d i a   u s e d   in  t h i s   i n v e n t i o n ,   a  s u r f a c e  

l a y e r   of  t he   m a t r i x ,   as  i n d i c a t e d   a t   18,  a d h e r e s   s t r o n g l y   to  p r o -  

t r u s i o n   14  to  f u r t h e r  r e s t r i c t   b o r e   12.  I t   has   b e e n   f o u n d   t h a t  

l a y e r   18  a l s o   p r o v i d e s   a b r a s i o n   r e s i s t a n c e   to  s i l i c o n e   r u b b e r .  



A  c h a n g e   of  f l o w   d i r e c t i o n   of  the   medium  t e n d s   to  i n c r e a s e  

t he   a b r a s i v e   a c t i o n   a t   a  c o n j u n c t i o n   of  s u r f a c e s .   S i n c e   p r o -  

t r u s i o n   14  i s   p r o t e c t e d   f rom  a b r a s i o n   by  l a y e r   18,  the   i n c r e a s e d  

a b r a s i v e   a c t i o n   of  t h e   medium  is   d i r e c t e d   a g a i n s t   the   p o r t i o n   o f  

t h e   i n t e r n a l   s u r f a c e   of  b o r e   12  w h i c h   is   o p p o s i t e   of  p r o t r u s i o n  

14.  Ar rows   20  i n d i c a t e   t he   f l o w   of  the   medium  w i t h o u t   p r o t r u s i o n  

14,  and  p h a n t o m - l i n e d   a r r o w s   22  i n d i c a t e   t he   a l t e r e d   f low  of  t h e  

medium  due  to  p r o t r u s i o n   1 4 .  

P r o t r u s i o n   14  may  be  c o m p o s e d   in  i t s   e n t i r e t y   of  a  s i l i c o n e  

r u b b e r - l i k e   m a t e r i a l ,   as  shown  in  F i g u r e   1,  or  i t   may  be  c o a t e d  

w i t h   a  l a y e r   of  s i l i c o n e   r u b b e r - l i k e   m a t e r i a l .   F i g u r e   2  d i s c l o s e s  

a  m o l d e d   s i l i c o n e   r u b b e r   p l u g   30  wh ich   is   o p p o s i t e   t h e   s e l e c t e d  

a r e a   of  a b r a s i o n .   A l t h o u g h   p l u g   30  is   shown  in  F i g u r e   2  a s  

p r o t r u d i n g   i n t o   b o r e   12,  i t   may  a l s o   be  " even"   w i t h   or  s l i g h t l y  

" r e c e s s e d "   r e l a t i v e   to  t he   i n t e r n a l   s u r f a c e   of  b o r e   12,  so  l o n g  

as  a  s u r f a c e   l a y e r   18  of  t h e   m a t r i x   a d h e r e s   s t r o n g l y   to  the   p l u g  

so  as  to  p r o v i d e   a  r e s t r i c t i o n   of  b o r e   12.  In  t h i s   r e g a r d ,   i t  

s h o u l d   be  m e n t i o n e d   t h a t   t h e   i n v e n t i o n   is   a p p l i c a b l e   to  i n c r e a s e d  

or  d i r e c t e d   a b r a s i o n   f o r   s u r f a c e s   o t h e r   t h a n   i n t e r n a l   b o r e s ,   s u c h  

as  s e l e c t e d   p o r t i o n s   of  c a v i t i e s   or  even  e x t e r n a l   s u r f a c e s .  

A d d i t i o n a l l y ,   as  i n d i c a t e d   g e n e r a l l y   a t   42  in  F i g u r e   3,  t h e  

m a t e r i a l   f o r   c a u s i n g   t h e   r e s t r i c t i o n   of  the   p a s s a g e w a y   may  a l s o  

be  any  p o r o u s   m a t e r i a l   40,  such   as  woven  f i b e r s   or  m a t e r i a l   w i t h  

a  p o r o u s   s u r f a c e ,   such   as  an  o x i d i z e d   i r o n   or  s t e e l ,   s i n c e   i t   h a s  

been   found   t h a t   some  of  t h e   m a t r i c e s   used   in  the   i n v e n t i o n   a d h e r e  

s t r o n g l y   to  such  s u r f a c e s   a l s o .  -  

F i g u r e   4  i l l u s t r a t e s   a  r e s t r i c t o r   50  fo r   f i n i s h i n g   or  u n d e r -  

c u t t i n g   a  bo re   12  p e r i p h e r a l l y   a t   1 3 .  

F i g u r e s   5  and  6  i l l u s t r a t e   hand  t o o l s   such   as  a b r a s i v e   p a d s  

or  b l o c k s ,   g e n e r a l l y   i n d i c a t e d   at   60,  w i t h   the   a b r a s i v e   m e d i u m  



a d h e r e d   t h e r e t o .   In  F i g u r e   5,  s u b s t r a t e   62  i s   p r o v i d e d   w i t h   a  

s i l i c o n e   r u b b e r   c o a t i n g   64  to   w h i c h   v i s c o - e l a s t i c   m a t r i x   66  a d -  

h e r e s .   A l t e r n a t i v e l y ,   s u b s t r a t e   62  c o u l d   be  s i l i c o n e   r u b b e r  

m a t e r i a l   in   i t s   e n t i r e t y ,   and  c o a t i n g   64  c o u l d   be  e l i m i n a t e d .  

In  F i g u r e   6,  a  p o r o u s   s u b s t r a t e   68  is   c o v e r e d   w i t h   t he   m a t r i x   66 

as  by  d i p p i n g .   The  v a r i o u s   s u b s t r a t e s   u s e d   may  have   v a r y i n g  

d e g r e e s   of  s t i f f n e s s   or  f l e x i b i l i t y ,   a c c o r d i n g   to  t he   use   i n t e n d e d .  

F i g u r e   7  s c h e m a t i c a l l y   i l l u s t r a t e s   a  p o r o u s ,   or  s i l i c o n e  

r u b b e r ,   or  s i l i c o n e   r u b b e r   c o a t e d   b e l t   72  f o r   a  p o r t a b l e   b e l t  

s a n d e r   70.  A  s u p p l y   r e s e r v o i r   74  i s   p r o v i d e d   f o r   p e r i o d i c a l   o r  

c o n t i n u a l   r e s u p p l y   of  a  v i s c o - e l a s t i c   a b r a s i v e   medium  to  t h e  

work   e n g a g i n g   p o r t i o n   of  t h e   b e l t   72.  With   t h i s   a r r a n g e m e n t ,  

t h e   u s e f u l   l i f e   of  t h e   b e l t   72  as  an  a b r a d e r . i s   g r e a t l y ,   i f   n o t  

. i n d e f i n i t e l y ,   e x t e n d e d .  

F i g u r e   8  d e p i c t s   one  b l a d e   82  of  a  t u r b i n e   80,  t he   s u r f a c e  

of  w h i c h   m u s t   be  f i n i s h e d   to  a  r e q u i r e d   t o l e r a n c e ,   as  by  e x t r u d i n g  

or  o t h e r w i s e   p a s s i n g   a  f l o w a b l e   a b r a s i v e   med ium  b e t w e e n   b l a d e   82  

and  g u i d e s   84  of  a  t o o l i n g   j i g .   P r i o r   to  t h e   i n v e n t i o n ,   g u i d e s   84 

w e r e   s u b j e c t   to  a b r a s i o n   d u r i n g   t he   e x t r u s i o n   p r o c e s s ,   t h u s   c a u s -  

i n g   c o n t i n u o u s   w i d e n i n g   of  t h e   gap  b e t w e e n   g u i d e s   84  and  b l a d e   82 

and  r e d u c t i o n   in   a b r a s i o n . o f   s u b s e q u e n t l y   t r e a t e d   b l a d e s   82  d u e  

to   t h i s   w i d e n i n g   gap .   T h i s   p r e s e n t e d   a  c o s t l y   p r o b l e m   in  t h e  

f i n i s h i n g   of  w o r k p i e c e s   s u c h   as  b l a d e s   82. -   H o w e v e r ,   by  m o l d i n g  

g u i d e s   84  of  a  s i l i c o n e   r u b b e r - l i k e   m a t e r i a l   86  or   c o a t i n g   p o r -  

t i o n s   88  of  g u i d e s   84  w i t h   s i l i c o n e   r u b b e r ,   a n d . b y   u s i n g   a n  

a b r a s i v e   medium  w h i c h   i s   a  m i x t u r e   of  a  v i s c o - e l a s t i c   m a t r i x   a n d  

a b r a s i v e   p a r t i c l e s ,   a  f i l m   of  t h e - m a t r i x   a d h e r e s   to  t h e   s i l i c o n e  

r u b b e r   and  p r o t e c t s   t h e   s u r f a c e s   of  g u i d e s   84  such   t h a t   a  r e l i -  

a b l e ,   r e p e a t a b l e   f i n i s h i n g   of  a  m u l t i t u d e   of  b l a d e s   i s   r e a l i z e d  



w h i l e   u s i n g   the   same  t o o l i n g   j i g .   B e c a u s e   of  t he   r e l a t i v e   i n -  

e x p e n s e   in  m o l d i n g   g u i d e s   84  f rom  a  s i l i c o n e   r u b b e r - l i k e   m a t e r i a l ,  

t h e y   a r e   e a s i l y   r e p l a c e a b l e   i f   e v e n t u a l l y   a b r a d e d   o u t   of  t h e  

r e q u i r e d   t o l e r a n c e .  

The  s p a c i n g   b e t w e e n   the   work  s u r f a c e   and  the   o p p o s e d   w o r k i n g  

s u r f a c e   ( p r o t r u s i o n   14  of  F i g u r e   1  or  g u i d e s   84  of  F i g u r e   8)  i s  

s e l e c t a b l e   a c c o r d i n g   to  such  p a r a m e t e r s   a s :   m a t r i x   v i s c o s i t y ,  

g r i t   s i z e ,   work  s u r f a c e   f i n i s h   d e s i r e d ,   i n p u t   e n e r g y ,  a n d   a m o u n t  

of  r e l a t i v e   d i s p l a c e m e n t   n o r m a l   to  t he   o p p o s e d   s u r f a c e s .   T h i s  

s p a c i n g   s h o u l d   be  a t   l e a s t   g r e a t e r   t h a n   the   d i a m e t e r   of  t h e  

l a r g e s t   a b r a s i v e   g r i t   when  u s i n g   a  g e n e r a l l y   n o n - d e f o r m a b l e  

w o r k i n g   s u r f a c e ;   and  a  s p a c i n g   of  a t   l e a s t   f o u r   t i m e s   the   g r i t  

d i a m e t e r   is   p r e f e r a b l e .   A l t h o u g h   n o t   n e c e s s a r y ,   t he   p r o f i l e s  

of  t h e   o p p o s e d   s u r f a c e s   may  be  s u b s t a n t i a l l y   m a t i n g  i n   s h a p e .  

F i g u r e s   9-15  d i s c l o s e   a l t e r n a t e   e m b o d i m e n t s   f o r   t r e a t i n g ,  

p o l i s h i n g ,   or  a b r a d i n g   i n t e r n a l   and  e x t e r n a l   t h r e e - d i m e n s i o n a l  

work  s u r f a c e s .   As  w i t h   the   o t h e r   e m b o d i m e n t s ,   an  a b r a s i v e   m e d i u m  

c o m p r i s i n g   a  v i s c o - e l a s t i c   m a t r i x   p e r m e a t e d   w i t h   a b r a s i v e   p a r t i -  

c l e s   or  g r i t   i s   u s e d .   A  p r e f e r r e d   a b r a s i v e   medium  f o r   use  i n  

the   i n v e n t i o n   has  a  v i s c o - e l a s t i c ,   r h e o p e c t i c   m a t r i x   of  s i l i c o n e  

b o u n c i n g   p u t t y   ( b o r o s i l o x a n e )   i n t e r s p e r s e d   w i t h   a b r a s i v e  

p a r t i c l e s .  

In  the   e m b o d i m e n t   of  F i g u r e   9,  t he   a b r a s i v e   medium  is   u s e d  

to  t r e a t   t he   i n t e r n a l   s u r f a c e   12  of  a  mold  10  by  u t i l i z i n g   a  

m a n d r e l   14  h a v i n g   a  p r o f i l e   s m a l l e r   t h a n   (and  g e n e r a l l y   m a t i n g  

w i t h )   t h a t   of  t he   mold  c a v i t y .   E x t e r n a l   s u r f a c e   16  of  m a n d r e l   14 

is   s p a c e d   f rom  i n t e r n a l   s u r f a c e   12  of  mold  10  to  d e f i n e   a  gap  22 

t h r o u g h   and  a c r o s s   which   the   a b r a s i v e   medium  is   d i s p l a c e d   p o s i -  

t i v e l y   in  the   g e n e r a l   d i r e c t i o n   of  a r r o w s   24  by  r e l a t i v e   m o v e m e n t  

b e t w e e n   mold  10  and  m a n d r e l   14.  T h i s   r e l a t i v e   movement   may  t a k e  



t h e   fo rm  of  r e c i p r o c a t i o n ,   o s c i l l a t i o n ,   r o t a t i o n ,   o r b i t a l   m o t i o n ,  

or  any  c o m b i n a t i o n   of  t h e s e   m o t i o n s   of  e i t h e r   or  b o t h   of  t he   m o l d  

10  and  m a n d r e l   14.  In  t h i s   p a r t i c u l a r   e m b o d i m e n t ,   m a n d r e l   14 

i n c l u d e s   a  p a s s a g e   18  t h r o u g h   w h i c h   t he   a b r a s i v e   medium  i s   f e d  

i n t o   t h e   c a v i t y   as  i n d i c a t e d   by  a r r o w   20.  A f t e r   a  s u f f i c i e n t  

a m o u n t   of   a b r a s i v e   medium  has   b e e n   f e d   i n t o   t h e   mold   c a v i t y ,  

p a s s a g e   18  may  be  s e a l e d   b e f o r e   i m p a r t i n g   t he   r e l a t i v e   m o v e m e n t  

b e t w e e n   mold   10  and  m a n d r e l   14.  In  F i g u r e   9,  m a n d r e l   14  i s  

i l l u s t r a t e d   as  t h e   w o r k i n g   d i s p l a c e r   f o r m e d   f rom  or  c o a t e d   w i t h  

an  a b r a s i o n - r e s i s t a n t   m a t e r i a l   s u c h   as  a  p o l y u r e t h a n e .   A l t e r -  

n a t i v e l y ,   when  u s i n g   an  a b r a s i v e   medium  h a v i n g   a  v i s c o - e l a s t i c  

m a t r i x ,   t h e   w o r k i n g   s u r f a c e   may  be  c o m p o s e d   of  or  c o a t e d   w i t h   a  

. s i l i c o n e   r u b b e r - l i k e   m a t e r i a l   or  t h e   s u r f a c e   of  t h e  " w o r k i n g  

s u r f a c e   may  be  r o u g h e n e d   or   p o r o u s   s u c h   t h a t   a  p o r t i o n   of  t h e  

v i s c o - e l a s t i c   m a t r i x   a d h e r e s   or  " b o n d s "   t h e r e t o   to  p r o v i d e   t h i s  

a b r a s i o n   r e s i s t a n c e .   A l t h o u g h   F i g u r e   9  i l l u s t r a t e s   e x t e r n a l  

s u r f a c e   16  as  t h e   w o r k i n g   s u r f a c e   and  i n t e r n a l   s u r f a c e   12  as  t h e  

work  s u r f a c e ,   i t   s h o u l d   be  u n d e r s t o o d   t h a t   t h e s e  r o l e s   c o u l d   b e  

c h a n g e d   s u c h   t h a t   e i t h e r   or  b o t h   of  t h e   o p p o s e d   s u r f a c e s   12,  16 

r e c e i v e   t r e a t m e n t   by  t he   a b r a s i v e   m e d i u m .  

In  F i g u r e   10,  p a s s a g e w a y   18  has   b e e n   e l i m i n a t e d   and  a  r e m o v a -  

b l e   c a v i t y   s e a l i n g   member  30  has   b e e n   a d d e d .   S e a l e r   30  a n d / o r  

m a n d r e l   14  may  be  r a i s e d   or  r e m o v e d   to  a l l o w   i n t r o d u c t i o n   of  t h e  

a b r a s i v e   med ium  ( g e n e r a l l y   i n d i c a t e d   a t   4 0 )  i n t o   t h e   c a v i t y .   As 

may  be  a p p r e c i a t e d   by  r e f e r e n c e   to  F i g u r e s   10  and  11  ( F i g u r e   11 

is   a  c r o s s - s e c t i o n   in  t he   d i r e c t i o n   of  a r r o w s   1 1 - 1 1   of  F i g u r e   10)  

a r r o w s   32  a r e   m e a n t   to  i n d i c a t e   r e l a t i v e   r e c i p r o c a t o r y ,   r o t a r y ,  

o s c i l l a t o r y ,   o r  o r b i t a l   m o v e m e n t ,   or  any  c o m b i n a t i o n   t h e r e o f ,  

b e t w e e n   t h e   m a n d r e l   14  and  mold  1 0 .  



F i g u r e s   1 2 - 1 4   a r e   c r o s s - s e c t i o n s   i l l u s t r a t i n g   v a r i o u s   p r o f i l e s  

of  work  s u r f a c e s   12  and  w o r k i n g   s u r f a c e s   16  w h i c h   a re   a p p l i c a b l e  

to  p r a c t i c e   of  t h e   i n v e n t i o n .   In  F i g u r e   13,  e x t e r n a l   s u r f a c e   12 

i s   t he   work  s u r f a c e   and  i n t e r n a l   s u r f a c e   16  i s   t he   w o r k i n g   s u r f a c e .  

I t   i s   t h o u g h t   t h a t   t h i s   s u b s t a n t i a l   l i k e n e s s   in   p r o f i l e s   e n h a n c e s  

t h e   p o s i t i v e   d i s p l a c e m e n t   and  a b r a s i v e   a c t i o n   of  t he   medium  w h e n  

r e l a t i v e   m o v e m e n t   is   i m p a r t e d   b e t w e e n   t he   two  s u r f a c e s .  

F i g u r e   15  i l l u s t r a t e s   a n o t h e r   s t r u c t u r a l   e m b o d i m e n t   of  t h e  

i n v e n t i o n   in   w h i c h   a  s c r ew  c o n v e y o r   50  i s   r o t a t e d   a b o u t   a n d / o r  

r e c i p r o c a t e d   a l o n g   l o n g i t u d i n a l   a x i s   52.  S u r r o u n d i n g   c o n v e y o r   50 

i s   a  c o a x i a l   t u b u l a r   e n c l o s u r e - 6 0   c o m p r i s i n g   an  i n t e r n a l   s u r f a c e  

f a c i n g   and  o p p o s e d   to  the   e x t e r n a l   s u r f a c e   of  s c r e w   c o n v e y o r   5 0 .  

The  e d g e s   of  f l i g h t s   54  of  c o n v e y o r   50  may  be  s p a c e d   f rom  or  i n  

r u b b i n g   c o n t a c t   w i t h   t h e   i n t e r n a l   s u r f a c e   of  e n c l o s u r e   60.  As  i n  

the   o t h e r   e m b o d i m e n t s   of  the   i n v e n t i o n ,   e i t h e r   or   b o t h   t h e   i n t e r n a l  

and  e x t e r n a l   s u r f a c e s   may  be  t he   work  s u r f a c e   and  a l l   or  s e l e c t e d  

p o r t i o n s   of  t h e   w o r k i n g   s u r f a c e   may  be  p r o v i d e d   w i t h   t he   a b r a s i o n  

r e s i s t a n c e   as  t a u g h t   by  t h i s   i n v e n t i o n .   A d d i t i o n a l l y ,   t h e   c o n v e y o r  

50  or  t he   e n c l o s u r e   60,  or  b o t h ,   may  be  t a p e r e d   or  have   v a r y i n g  

r a d i i   and  s t i l l   be  w i t h i n   the   s cope   of  t he   i n v e n t i o n   when  t h e  

a b r a s i v e   medium  is   u s e d   for   p o l i s h i n g   or  h o n i n g   or  the   l i k e .  

In  t he   e m b o d i m e n t s   of  F i g u r e s   9 - 1 4 ,   i t   i s   g e n e r a l l y   p r e f e r r e d  

t h a t   t h e r e   i s   a l w a y s   a  gap  b e t w e e n   the   o p p o s e d   s u r f a c e s   of  s u f -  

f i c i e n t   s p a c i n g   t h a t   t he   l a r g e s t   a b r a s i v e   g r i t   b e i n g   u sed   c a n n o t  

b r i d g e   t h i s   gap  and  e n g a g e   b o t h   s u r f a c e s   s i m u l t a n e o u s l y ,   and  t h e r e  

i s   no  need   f o r   t he   gap  to  be  any  s m a l l e r   when  u s i n g   a  v i s c o - e l a s t i c  

' m a t r i x   as  t a u g h t   by  the   i n v e n t i o n .   H o w e v e r ,   as  may  be  a p p r e c i a t e d  

from  F i g u r e   11,  w o r k i n g   s u r f a c e   16  may  be  t e m p o r a r i l y   d e f o r m a b l e  

by  the   a b r a s i v e   g r i t   and  the  s p a c i n g   b e t w e e n   the   work  and  w o r k i n g  



s u r f a c e s   may  be  s m a l l e r   t h a n   t h e   l a r g e s t   a b r a s i v e   g r i t   b e i n g   u s e d .  

Wi th   s u c h   a  d e f o r m a b l e   w o r k i n g   s u r f a c e ,   any  f l o w a b l e   a b r a s i v e  

medium  may  be  u s e d ,   a c c o r d i n g   to   t h e   d e s i r e d   t r e a t m e n t   of  t h e  

work  s u r f a c e .  

A  s t i l l   f u r t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n   i s   d i s c l o s e d   i n  

F i g u r e s   16  and  17,  in  w h i c h   w o r k p i e c e   90  has   a  c a v i t y   92  w h i c h   i s  

to   be  p o l i s h e d ,   h o n e d ,   or  t h e   l i k e   by  means   of  t h e   a b r a s i v e   m e d i u m  

of  t h e   i n s t a n t   i n v e n t i o n .   In  t h i s   e m b o d i m e n t ,   a  p l u r a l i t y   o f  

t u b e s   94  a r e   l o o s e l y   h e l d   t o g e t h e r   such   t h a t   t h e y   may  c o n f o r m  

s u b s t a n t i a l l y   to  t h e   c a v i t y   92,   as  by  a s s u m i n g   v a r i o u s   v e r t i c a l  

h e i g h t s   a c c o r d i n g   to  e n g a g e m e n t   of  t h e i r   l o w e r   e n d s   w i t h   c a v i t y  

92 . -   H a v i n g   s u b s t a n t i a l l y   c o n f o r m e d   to  t h i s   s u r f a c e ,   t h e y   a r e  

t h e n   t i g h t l y   h e l d   or  c l a m p e d   t o g e t h e r   as  by  m e t a l   s t r a p   96  a n d  

a d j u s t a b l e   m a c h i n e   s c r e w   97  s u c h   t h a t   t h e y   may  be  r e m o v e d   f r o m  

c a v i t y   92  w h i l e   s t i l l   r e t a i n i n g   t h e   g e n e r a l   s h a p e   t h e r e o f   a t   t h e i r  

l o w e r   e n d s .   A l t h o u g h   F i g u r e   17  d i s c l o s e s   t u b e s   94  to  be  of  v a r y -  

ing   d i a m e t e r s ,   i t   i s   c o n t e m p l a t e d   a l s o   t h a t   a l l   of  t h e   t u b e s   94 

may  h a v e   t h e   same  g e n e r a l   d i a m e t e r s .   In  i m p l e m e n t i n g   t h i s   e m b o d i -  

m e n t ,   t h e   c l a m p e d   t o g e t h e r   t u b e s   a r e   t h e n  a g a i n   l o w e r e d   i n t o  

c a v i t y   92  s u c h   t h a t   t h e y   a r e   s l i g h t l y   s p a c e d   f rom  t h e   s u r f a c e  

of  c a v i t y   92  and  w o r k p i e c e   90  i s   moved  i n  a   p l a n e   g e n e r a l l y   p e r -  

p e n d i c u l a r   to  t he   v e r t i c a l   a x e s   of  t u b e s   94  by  i m p a r t i n g   o r b i t a l ,  

r e c i p r o c a t i n g ,   r o t a t i o n a l ,   or  any  c o m b i n a t i o n   of  t h e s e   m o v e m e n t s  

to  a  t a b l e   or  t h e   l i k e   upon  w h i c h   w o r k p i e c e   90  i s   m o u n t e d .   A l -  

t e r n a t i v e l y ,   w o r k p i e c e   90  c o u l d   r e m a i n   s t a t i o n a r y   w i t h   t h e   s a m e  

g e n e r a l   t y p e   of  m o t i o n   i m p a r t e d   to  t he   c l a m p e d   t o g e t h e r   g r o u p   o f  

t u b e s   94.  I t   i s   a l s o   c o n t e m p l a t e d   t h a t   b o t h   t he   w o r k p i e c e   90  a n d  

c l a m p e d   t o g e t h e r   t u b e s   94  c o u l d   have   m o t i o n   i m p a r t e d   t h e r e t o .   T h e  

p u r p o s e   of  t he   t u b e s   94  i s   to   p r o v i d e   f l o w   p a s s a g e s   f o r   t he   a b r a -  

s i v e   medium  of  t he   i n s t a n t   i n v e n t i o n .   The  a b r a s i v e   medium  i s  



c a u s e d   to  f l o w ,   as  by  an  a p p l i e d   p r e s s u r e   t h r o u g h   t he   t u b e s   94 

i n t o   t h e   gap  b e t w e e n   t he   l o w e r   ends   of  t u b e s   94  and  c a v i t y   9 2 .  

A l t h o u g h   t u b e s   94  a r e   i l l u s t r a t e d   as  h a v i n g   c i r c u l a r   c r o s s -  

s e c t i o n s ,   v a r i o u s   o t h e r   c r o s s - s e c t i o n s ,   i n c l u d i n g   r e c t a n g u l a r  

and  t r i a n g u l a r ,   a r e   c o n t e m p l a t e d .   A d d i t i o n a l l y ,   r e l a t i v e   v e r t i c a l  

r e c i p r o c a t i o n   b e t w e e n   t h e   c l a m p e d   t u b e s   94  and  w o r k p i e c e   90  may 

be  i m p a r t e d .   A l t h o u g h   F i g u r e   16  i l l u s t r a t e s   t u b e s   94  as  o n l y  

p a r t i a l l y   c o v e r i n g   the   i n t e r n a l   s u r f a c e   of  c a v i t y   92,  i t   i s  

c o n t e m p l a t e d   t h a t   a  s u f f i c i e n t   number   of  t u b e s   94  may  be  p r o v i d e d  

such   t h a t   s u b s t a n t i a l l y   t he   e n t i r e   s u r f a c e   of  c a v i t y   92  i s  

c o v e r e d   by  t u b e s   94.  A l t h o u g h   F i g u r e   16  d i s c l o s e s   t h i s   e m b o d i m e n t  

as  u s e d   upon  a  g e n e r a l l y   c o n c a v e   work  s u r f a c e ,   i t   i s   a l s o   c o n -  

t e m p l a t e d   t h a t   a  g e n e r a l l y   c o n v e x ,   or  o u t w a r d l y   p r o t r u d i n g ,   w o r k  

s u r f a c e   may  be  t r e a t e d   u s i n g   t he   same  g e n e r a l   c o n c e p t .   F u r t h e r ,  

when  more  t h a n   one  c a v i t y   of  t he   same  t h r e e - d i m e n s i o n a l   shape   i s  

to  be  a b r a d e d ,   p o l i s h e d ,   h o n e d ,   or  the   l i k e ,   such   an  a r r a n g e m e n t  

of  t u b e s   94  may  be  p e r m a n e n t l y   a t t a c h e d   t o g e t h e r   as  by  b r a i s i n g ,  

a d h e s i v e s ,   or  the   l i k e .  

F i g u r e   18  i l l u s t r a t e s   a  m a c h i n e   s u i t a b l e   f o r   i m p a r t i n g   r e l a -  

t i v e   m o t i o n   b e t w e e n   o p p o s e d   s u r f a c e s   d u r i n g   m a c h i n i n g   of  at   l e a s t  

Jne  of  t he   s u r f a c e s   w h i l e  u s i n g   a  v i s c o - e l a s t i c ,   p r e f e r a b l y  

r h e o p e c t i c ,   a b r a s i v e   medium.   The  m a c h i n e   i n c l u d e s   two  v e r t i c a l l y  

o p p o s e d   p l a t e n s   102  and  104,   e i t h e r   or  b o t h   of  wh ich   a re   p r o v i d e d  

w i t h  m e a n s   f o r   i m p a r t i n g   r e c i p r o c a t i n g   m o t i o n   in  the   v e r t i c a l  

d i r e c t i o n   and  o r b i t i n q ,   g y r a t i n g ,   o s c i l l a t i n g ,   r e c i p r o c a t i n g   a n d  

t he   l i k e   m o t i o n s   in  a  g e n e r a l l y   h o r i z o n t a l   d i r e c t i o n .   P l a t e n   104  

has   w o r k p i e c e   106  a t t a c h e d   t h e r e t o ,   w i t h   w o r k p i e c e   106  h a v i n g   a 

work  s u r f a c e   105  to  be  m a c h i n e d .   F a s t e n e d   to  p l a t e n   102  is   a  

c o m p l e m e n t a r y   model   103  wh ich   i s   g e n e r a l l y   a  m i r r o r   image  of  w o r k  

s u r f a c e   105.  R a t h e r   t h a n   i m p a r t i n g   the   r e l a t i v e   m o t i o n   t o  

p l a t e n s   102  and  104,  s u i t a b l e   d e v i c e s   (no t   shown)  may  be  a t t a c h e d  



to  p l a t e n s   102  and  104,   w i t h   t h e s e   s u i t a b l e   d e v i c e s   s u p p o r t i n g  

c o m p l e m e n t a r y   m o d e l   103  and  w o r k p i e c e   106  and  i m p a r t i n g   t h e   r e l a -  

t i v e   m o t i o n   t h e r e b e t w e e n .   D e v i c e s   f o r   i m p a r t i n g   r e l a t i v e   m o t i o n  

b e t w e e n   two  s u r f a c e s   a r e   g e n e r a l l y   known  to  be  o l d   in  t he   a r t   a n d  

a r e   n o t ,   p e r   s e ,   t h e   i n v e n t i o n .   A  v i s c o - e l a s t i c   a b r a s i v e   m e d i u m  

is   f e d   f rom  a  s u p p l y   108  v i a   s u p p l y   t u b e   110  to  t h e   i n t e r f a c e  

b e t w e e n   s u r f a c e s   103  and  105.   W o r k i n g   s u r f a c e   103  i s   f o r m e d   f r o m  

a  p l u r a l i t y   of  t u b e s   or  i s   p r o v i d e d   w i t h   p r e - d r i l l e d   h o l e s   t h r o u g r  

w h i c h   t h e   a b r a s i v e   medium  is   t r a n s p o r t e d   to  the   i n t e r f a c e .   I n  

o p e r a t i o n ,   t op   p l a t e n   102  i s   l o w e r e d   i n t o   c o n t a c t   w i t h   p l a t e n   104 

a c c o r d i n g   to   t h e   a c c e p t e d   m e t h o d   in  such   m a c h i n e s .   R e l a t i v e  

m o t i o n   c o m m e n c e s   w i t h   t h e   two  p l a t e n s   102,   104  s l o w l y   b e i n g   f o r c e c  

f u r t h e r   t o w a r d   e a c h   o t h e r   as  t h e   work  s u r f a c e   105  i s   m a c h i n e d .  

D u r i n g   t h e   c o u r s e   of  t h i s   o p e r a t i o n ,   t he   a b r a s i v e   m e d i u m  i s  

r e p l a c e a b l e   by  a d v a n c i n g   r e f e e d   p i s t o n   112,   w i t h   t h e   o l d e r ,   u s e d  

med ium  s i m p l y   b e i n g   f o r c e d   o u t   of  t h e   work  s u r f a c e   105  and   o n t o  

p l a t e n   104  f o r   c o l l e c t i o n   by  t h e   o p e r a t o r   of  the   m a c h i n e .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   o p p o s e d   s u r f a c e s   103,   105  n e e d  

not  be  e x a c t   c o m p l e m e n t s   as  s u g g e s t e d   by  t h e   f i g u r e .   R a t h e r ,  

by  u s i n g   a  v i s c o - e l a s t i c ,  r h e o p e c t i c   a b r a s i v e   med ium,   t h e   w o r k i n g  

s u r f a c e   n e e d s   to  be  o n l y   a  r o u g h   a p p r o x i m a t i o n   of  t h e   work  s u r -  

f a c e .   Use  of  s u c h   a  m a c h i n e   c o m b i n e s   t he   f u l l ,   t h r e e - d i m e n s i o n a l  

m a c h i n i n g   c a p a b i l i t i e s   of  o r b i t a l   a b r a s i o n   w i t h   t h e   u n i f o r m  a b r a -  

s i o n   o f f e r e d   by  a  v i s c o - e l a s t i c   a b r a s i v e  m e d i u m .  

P r e v i o u s l y ,   t h e   b a s i c   t e c h n i q u e   of  h a v i n g   t w o  o p p o s e d   s u r -  

f a c e s   u n d e r g o   r e l a t i v e   m o t i o n   w h i l e   in  c o n t a c t   r e l i e d   upon   a 

" w o r k i n g "   s u r f a c e   b e i n g   e m b e d d e d   w i t h   an  a b r a s i v e   g r i t   to  f o r m ,  

p o l i s h ,   or  in   some  way  m a c h i n e   t h e   work  s u r f a c e .   M a c h i n i n g  

m e t h o d s   u t i l i z i n g   v i s c o - e l a s t i c   a b r a s i v e   mediums  p r e v i o u s l y  

a c h i e v e d   t h e   a b r a s i v e   a c t i o n   o n l y   by  h y d r a u l i c a l l y   f o r c i n g   t h e  



m e d i a   t h r o u g h   or  a c r o s s   the   work  s u r f a c e s .   In  c o n t r a s t ,   t h e  

m a c h i n e   and  m e t h o d   of  use   d e s c r i b e d   above   and  i l l u s t r a t e d   i n  

F i g u r e   18  a l l o w s   g y r a t i n g ,   o r b i t i n g ,   r e c i p r o c a t i n g ,   or  any  com-  

b i n a t i o n   of  t h e s e   m o t i o n s   to  be  i m p a r t e d   b e t w e e n   o p p o s e d   s u r f a c e s  

w h i l e   u s i n g   a  v i s c o - e l a s t i c   a b r a s i v e   medium  and  t h u s   f a c i l i t a t i n g  

a  s m o o t h   and  u n i f o r m   a b r a s i o n   of  a  w o r k p i e c e .  

In  c e r t a i n   i n s t a n c e s ,   a  w o r k p i e c e   w i l l   i n c l u d e   a r e a s   t h a t  

mus t   be  a b r a d e d   or  m a c h i n e d   and  w h i c h   l i e   d i r e c t l y   a d j a c e n t   t o  

o t h e r   a r e a s   t h a t ,   due  to  c r i t i c a l   t o l e r a n c e s ,   m u s t   be  l e f t   i n t a c t  

and  u n t o u c h e d   by  the   a b r a s i v e   medium.   P r i o r   to   a n o t h e r   e m b o d i m e n t  

of  t h i s   i n v e n t i o n ,   i t   was  n e c e s s a r y   to  p r o t e c t   c e r t a i n   a r e a s   o f  

the   w o r k p i e c e   f rom  a b r a s i o n   by  means  of  f i x t u r e s   and  m a n d r e l s  

d e s i g n e d   s p e c i f i c a l l y   f o r   t he   w o r k p i e c e .   T h e s e  f i x t u r e s   a n d  

m a n d r e l s   r e p r e s e n t e d   a  t o o l i n g   c o s t ,   in  b o t h   t i m e   and  m o n e y ,  

b e y o n d   t h a t   of  t he   a c t u a l   a b r a s i v e   f low  m a c h i n i n g .   A d d i t i o n a l l y ,  

p a r t i c u l a r   a r e a s   of  a  w o r k p i e c e   were   v e r y   d i f f i c u l t ,   i f   n o t  

i m p o s s i b l e ,   to  p r o t e c t   f rom  a b r a s i o n   d u r i n g   such  f l o w   m a c h i n i n g .  

To  o v e r c o m e   t h e s e   v a s t   d i f f i c u l t i e s ,   t he   i n s t a n t   i n v e n t i o n   a l s o  

i n v o l v e s   m a s k i n g   of  t h e s e   p a r t i c u l a r   a r e a s   of  a  w o r k p i e c e   in  o r d e r  

to  s e l e c t i v e l y   p r o t e c t   and  a b r a d e   v a r i o u s   w o r k p i e c e   p o r t i o n s   a s  

e x p l a i n e d   h e r e i n a f t e r .  

R e f e r r i n g   to  F i g u r e   19,  a b r a s i v e   g r a i n s   120  a re   c a r r i e d   i n  

a  s e m i - s o l i d   m a t r i x   (no t   shown)  and  f o r c e d   to  f l o w   a c r o s s   o r  

t h r o u g h   a  w o r k p i e c e   122.   By  way  of  e x a m p l e ,   a  p a r t i c u l a r   a b r a s i v e  

g r a i n   121  c o n t a i n e d   in  the   m a t r i x   c u t s   i n t o   or  a b r a d e s   w o r k p i e c e  

122  to  r emove   a  s m a l l ,   y e t   p r e d i c t a b l e ,   p o r t i o n   of  t he   w o r k p i e c e  

s u r f a c e   as  the   a b r a s i v e   medium  i s   c a u s e d   to  f low  in  the   g e n e r a l  

d i r e c t i o n   of  a r r o w   124.  T h o u s a n d s   of  t h e s e   p a r t i c l e s   120  a c t  

t o g e t h e r   to  e v e n l y   a b r a d e   the   s u r f a c e s   of  a  w o r k p i e c e .   In  t h i s  

r e s p e c t ,   a r r o w   130  i l l u s t r a t e s   t h e   f o r c e   of  the   a b r a s i v e   g r a i n  



g e n e r a l l y   p a r a l l e l   to  f l o w   d i r e c t i o n   124  and  a r r o w   132  i l l u s t r a t e s  

an  a n g l e d   f o r c e   t h a t   d e t e r m i n e s   t he   d e p t h   of  c u t   of  t he   a b r a s i v e  

g r a i n   121  i n t o   t h e   w o r k p i e c e .   A n g l e d   f o r c e   132  i s   d e t e r m i n e d   b y  

t h e   r e s t r i c t i o n   of  t h e   p a s s a g e w a y   t h r o u g h   t h e   w o r k p i e c e   and  t h e  

p r e s s u r e   w i t h   w h i c h   t h e   a b r a s i v e   medium  i s   f o r c e d   to  f l o w .   As  

s e e n   in  F i g u r e   20,  t h e   a b r a s i v e   medium  s h o u l d   be  made  to  f l o w  

e v e n l y   t h r o u g h   t h e   p a s s a g e w a y   to  u n i f o r m l y   p o l i s h   p a s s a g e w a y  

s u r f a c e s   126,   w i t h   t h e   e v e n n e s s   of  f l ow  i n d i c a t e d   by  p a r a l l e l  

l i n e s   128.   H o w e v e r ,   when  i t   i s   d e s i r e d   to  r a d i u s   an  e n t r a n c e   t o  

a  p a s s a g e w a y ,   as  a t   134,   t h e n   t h e   f l o w   of  t h e   a b r a s i v e   m e d i u m  

s h o u l d   be  f a s t e r   t h r o u g h   t h e   c e n t e r   of  t h e   p a s s a g e w a y   t h a n   a t  .  

t h e   e d g e s   t h e r e o f ,   as  i l l u s t r a t e d   by  c u r v e d   f l o w   l i n e s   1 2 9 ,   w h e r e -  

i n   e d g e s   134  a t   t h e   p a s s a g e w a y   e n t r a n c e   a r e   a b r a d e d   more  t h a n  

s u r f a c e s   126  of  t h e   p a s s a g e w a y .  

H o w e v e r ,   t h e r e   a r e   i n s t a n c e s   in  w h i c h   p a r t i c u l a r   e d g e s   o r  

s u r f a c e s   of  a  w o r k p i e c e   m u s t   be  a b r a d e d   or  m a c h i n e d   w h i l e   o t h e r  

s u r f a c e s   l y i n g   d i r e c t l y   a d j a c e n t   t h e r e t o   m u s t   n o t   be  m a c h i n e d  

b e c a u s e   of  c r i t i c a l   t o l e r a n c e s .   As  a p p l i e d   to   F i g u r e   21,  t h i s  

w o u l d   be  a  s i t u a t i o n   w h e r e   e d g e s   or  c o r n e r s   134  m u s t   be  r a d i u s e d  

u t   t he   d i s t a n c e   b e t w e e n   a d j a c e n t   s u r f a c e s   126  m u s t   be  h e l d  

c o n s t a n t .   A c c o r d i n g l y ,   s u r f a c e s   126,  a l t h o u g h   d i r e c t l y   in  t h e  

f l o w   p a t h   of  t he   a b r a s i v e   medium,   mus t   n o t   be  a b r a d e d .   In  t h i s  

e m b o d i m e n t   of  t h e   i n v e n t i o n ,   a  c e r a m i c   mask  i s   a p p l i e d   to  t h e  

a r e a   to  be  p r o t e c t e d ,   s u c h   as  s u r f a c e s   126  of  F i g u r e   21.  A f t e r  

t h e   mask  c u r e s ,   t h e   w o r k p i e c e   i s   m a c h i n e d   by  a  f l o w a b l e   a b r a s i v e  

med ium.   When  s u b j e c t e d   to  t h e   a b r a s i v e   a c t i o n ,   t h e   mask  r e m a i n s  

r e l a t i v e l y   i n t a c t   to  p r o t e c t   s u r f a c e s   126  w h i l e   s u r f a c e s   134  a r e  

s u b j e c t e d   r o u t i n e l y   to   t h e   m a c h i n i n g   o p e r a t i o n .   One  m a n n e r   i n  

w h i c h   such   s e l e c t i v e   m a c h i n i n g   may  be  a c c o m p l i s h e d   w i l l   be  b e t t e r  

u n d e r s t o o d   by  r e f e r e n c e   to  F i g u r e s   22  and  23.  In  F i g u r e   22,  a  



w o r k p i e c e   140  has   a  p a s s a g e w a y   s i m i l a r   to  t h a t   i l l u s t r a t e d   i n  

F i g u r e   20  w i t h   an  edge   or  c o r n e r   142  a t   the   e n t r a n c e   to  t h e  

p a s s a g e w a y   w h i c h   n e e d s   to  be  r a d i u s e d   or  a b r a d e d   w h i l e   s u r f a c e   1 4 8  

of  t he   p a s s a g e w a y   mus t   be  l e f t   u n a b r a d e d .   A c c o r d i n g l y ,   a  c e r a m i c  

mask  146  is   a p p l i e d   to  s u r f a c e   148  and ,   due  to  t he   n a t u r a l   c h a r a c -  

t e r i s t i c s   of  the  ab ra s ive   flow,  or  o ther   abrading  process  to  provide   more 

abras ive   ac t ion   at  the  c o r n e r   142  t h a n   a l o n g   t he   r e m a i n i n g  

p o r t i o n   of  s u r f a c e   148.  A l t h o u g h   c e r a m i c   mask  146  r e s i s t s  

a b r a s i o n   d u r i n g   m a c h i n i n g   of  t he   w o r k p i e c e   by  t h i s   a b r a s i v e  

p r o c e s s ,   some  of  mask  146  w i l l   be  r e m o v e d   a b r a s i v e l y   s u c h   t h a t  

c o r n e r   142  w i l l   be  r a d i u s e d ,   as  i n d i c a t e d   by  p h a n t o m   l i n e s ,   a t .  

144  in   F i g u r e   22.  A c c o r d i n g l y ,   t h e r e   i s   a  smooth   b l e n d   b e t w e e n  

r a d i u s   144  and  u n a b r a d e d   s u r f a c e   148,   as  i l l u s t r a t e d   i n  F i g u r e   2 3 .  

A f t e r   t he   m a c h i n i n g   p r o c e s s ,   mask  146  is   r emoved   by  s o a k i n g   t h e  

w o r k p i e c e   in   a  d e t e r g e n t   s u i t a b l e   f o r   r e m o v a l   of  t he   c e r a m i c  

c o a t i n g .  

There   a r e   o t h e r   i n s t a n c e s ,   as  in   F i g u r e   24,  in  w h i c h   t h e  

o r n e r s   and  i n t e r n a l   w a l l s   of  a  p a s s a g e w a y   ( g e n e r a l l y   i n d i c a t e d  

is  152)  must   be  m a c h i n e d   w h i l e   o t h e r   s u r f a c e s   150  w h i c h   a r e   i n -  

i i r e c t l y   s u b j e c t e d   to  the   a b r a s i v e   a c t i o n   of  the   f l o w a b l e   a b r a s i v e  

nedium  s h o u l d   no t   be  m a c h i n e d .   S u r f a c e s   150  a r e  s o m e t i m e s   v e r y  

d i f f i c u l t ,   i f   no t   i m p o s s i b l e ,   to  p r o t e c t   from  such  a b r a s i v e  

t c t i o n .   By  the   i n s t a n t   i n v e n t i o n ,   i t   i s   on ly   n e c e s s a r y   to  a p p l y  

the   c e r a m i c   mask  146  to  s u r f a c e   150  in  o r d e r   to  p r o v i d e   t h e  

n e c e s s a r y   p r o t e c t i o n .  

O the r   u s e s   f o r   t h i s   e m b o d i m e n t   of  the   i n v e n t i o n   i n c l u d e   t h e  

p r e v e n t i o n   of  a b r a s i o n   where   a  s p e c i a l   f i n i s h   has  been   p l a c e d   o n  

the   s u r f a c e   or  where   the   a b r a s i v e   medium  would  l e a v e   a  c o s m e t i c a l -  

ly  u n a c c e p t a b l e   mark  on  the   w o r k p i e c e .   As  may  be  a p p r e c i a t e d   f r o m  



t h e   a b o v e   d e s c r i p t i o n ,   t he   mask  p r o v i d e s   p r o t e c t i o n   of  w o r k p i e c e  

a r e a s   w h i c h   a r e   s u b j e c t e d   to  b o t h   d i r e c t   and  i n d i r e c t   f l o w  

m a c h i n i n g .   T h i s   p r o t e c t i v e   mask  c o u l d   a l s o   be  u s e d   in   v i b r a t o r y ,  

s p i n d e l ,   t u b ,   b a r r e l ,   or  g y r o   f i n i s h i n g   p r o c e s s e s ,   a l l   of  w h i c h  

use   an  a b r a s i v e   medium  to  f i n i s h   a  w o r k p i e c e .   The  mask  may  b e  

c o m p r i s e d   of  c e r a m i c ,   s i l i c o n e ,   or   s i m i l a r   s u b s t a n c e s   w h i c h   m a y  

be  p a i n t e d   or  d i p p e d   o n t o   c r i t i c a l   a r e a s   to   p r o t e c t   t hem,   w h i l e  

a l l o w i n g   o t h e r   a r e a s   of  a  w o r k p i e c e   to  be  a b r a d e d   n o r m a l l y .  

T y p i c a l   p a r a m e t e r   r a n g e s   f o r   t h e   e m b o d i m e n t s   of  F i g u r e s   9 - 1 4 ,  

and  18  i n c l u d e :   g r i t   s i z e s   of  6  m i c r o n s   to  16  mesh ,   gap  d i s t a n c e s  

of  0 . 0 0 2 - 0 . 5 0 0   i n c h e s ,   t i m e   of  t r e a t m e n t   o f  ' 5 - 6 0   m i n u t e s ,   v i b r a -  

c i o n s   p e r   m i n u t e   of  2 0 - 2 , 0 0 0 ,   and  a m p l i t u d e   of  v i b r a t i o n   of  0 . 0 2 5 -  

J . 5 0 0   i n c h e s .   S p e c i f i c a l l y ,   a f t e r   s u b s t a n t i a l l y   f i l l i n g   t h e   g a p  

w i t h   a  r h e o p e c t i c   a b r a s i v e   m e d i u m ,   t h e   m a n d r e l   of  F i g u r e   9  c o u l d  

be  o p e r a t e d   a t   500  v i b r a t i o n s   p e r   m i n u t e   w i t h   a n  a m p l i t u d e   of  0 . 0 5  

i n c h e s   f o r   5  m i n u t e s   and  a  gap  of  0 . 0 0 5   i n c h e s   w o u l d   be  s u f f i c i e n t  

f o r   a  g r i t   s i z e   of  10  m i c r o n s .  

I t   is   p r e f e r a b l e   t h a t   t h e   p l a s t i c   c a r r i e r   m a t r i x   have   s u f -  

f i c i e n t   body   a t   m o d e r a t e   p r e s s u r e   and  low  v e l o c i t y   to  p r e s s   t h e  

a b r a s i v e   p a r t i c l e s   a g a i n s t   t h e   work   s u r f a c e   w i t h   s u f f i c i e n t   f o r c e  

to  p r o d u c e   t h e   r e s u l t   d e s i r e d .   One  m i x t u r e   s u c c e s s f u l l y   u s e d   i n  

t h e   i n v e n t i o n   i s   MV70  E x t r u d e - H o n e   m e d i a ,   c o m p r i s i n g   50%  b y  

v o l u m e   of  s i l i c o n   c a r b i d e   a b r a s i v e   g r i t   and  50%  by  v o l u m e   o f  

s i l i c o n e   b o u n c i n g   p u t t y   ( b o r o s i l o x a n e )   c a r r i e r  ( m a t r i x )   h a v i n g  

a  r a t i o   of  a p p r o x i m a t e l y   2 :1   by  w e i g h t .  

By  d e f i n i t i o n ,   s i l i c o n e   b o u n c i n g   p u t t y   ( b o r o s i l o x a n e )   e x h i b -  

i t s   many  of  t h e   c h a r a c t e r i s t i c s   of  a  f l u i d .   Under suddenly applied pressure  i t  

b e c o m e s   l e s s   f l o w a b l e   and  more   l i k e   a  s o l i d .   I t   c o n f o r m s   e x a c t l y  

to  t h e   s h a p e   of  w h a t e v e r   c o n f i n e s   i t   and  t h i s   h e l p s   in   a b r a d i n g  



i n t r i c a t e   s h a p e s   and  d e t a i l s .   I t   s h o u l d   be  n o t e d   t h a t   s i l i c o n e  

b o u n c i n g   p u t t y   ( b o r o s i l o x a n e )   i s   p a r t i c u l a r l y   u s e f u l   in  the   i n -  

v e n t i o n   as  i t   i s   w e l l   known  t h a t   t h i s   m a t e r i a l   b e c o m e s   h a r d e r   w h e n  

s u b j e c t e d   to  s u d d e n   s h e a r   f o r c e   such   as  when  s q u e e z e d   in  t he   g a p  

b e t w e e n   the   o p p o s e d   s u r f a c e s   as  t h e y   a r e   moved  r e l a t i v e   to  o n e  

a n o t h e r .   T h i s   i n c r e a s e d   s t i f f n e s s   e n h a n c e s   a b r a s i o n   of  t he   w o r k -  

p i e c e   by  h o l d i n g   t h e   a b r a s i v e   p a r t i c l e s   more  f i r m l y   in  p l a c e   a n d  

t r a n s f e r r i n g   the   d r i v i n g   f o r c e   of  t he   w o r k i n g   member  to  t h e  

a b r a s i v e   g r a i n s   a t   t he   work  s u r f a c e .  

A  n o n - r h e o p e c t i c   a b r a s i v e   medium  s u i t a b l e   f o r   use   in   s o m e  

s i t u a t i o n s   is   t h a t   d e s c r i b e d   in  U.S.   P a t e n t   No.  3 , 8 1 9 , 3 4 3  -  

R h o a d e s .  

T h i s   i n v e n t i o n   may  be  u t i l i z e d   to  hone  or  a b r a d e   m a c h i n e d  

p a r t s ,   d i e   c a s t i n g s ,   f o r g i n g s ,   s and   c a s t i n g s ,   i n v e s t m e n t   c a s t i n g s  

and  e x t r u d e d   s h a p e s .   I t   i s   a p p l i c a b l e   to  a l l   m a t e r i a l s   such   a s  

s t e e l ,   a l u m i n u m ,   b r a s s ,   b r o n z e ,   p l a s t i c s ,   g l a s s   and  o t h e r   c o m p o s i -  

t i o n s   and  m a t e r i a l s   as  n e e d e d .  

O b v i o u s l y ,   t he   a b r a s i v e   u s e d   in  t he   c a r r i e r   m a t r i x   w i l l   b e  

v a r i e d   to  s u i t   t he   j o b .   A  s a t i s f a c t o r y   a b r a s i v e   to  use  in  w o r k i n g  

on  s t e e l   i s   b o r o n   c a r b i d e   (BC)  w h i c h   i s   r e a d i l y   o b t a i n a b l e   f r o m  

t h e   N o r t o n   Company  in  s t a n d a r d   g r i t   s i z e s .   A n o t h e r   a b r a s i v e   w h i c h  

i s   u s e f u l   fo r   many  a p p l i c a t i o n s   i s   a l u m i n u m   o x i d e .   O t h e r   a b r a -  

s i v e s   m i g h t   i n c l u d e   d i a m o n d   d u s t ,   s i l i c o n   c a r b i d e ,   r o u g e ,  

c o r r u n d u m ,   g a r n e t ,   a l u n d u m ,   g l a s s   o r ,   in  some  u n u s u a l   o p e r a t i o n s ,  

s o f t e r   m a t e r i a l   such   as  f i b e r   or  s h e l l   m a t e r i a l .   Commonly,   t h e  

a b r a s i v e   w i l l   v a r y   f rom  a b o u t   2  to  4  p o u n d s   of  a b r a s i v e   p a r t i c l e s  

p e r   pound   of  the   m a t r i x   m a t e r i a l .  

The  a b o v e - m e n t i o n e d   v i s c o - e l a s t i c   h o n i n g   mediums  a c t   as  a  

s u r f a c e   a b r a d i n g   t o o l   and  a re   u n i q u e   f o r   t he   r e a s o n   t h a t   t h e  

a b r a s i v e   g r i t   is  h e l d   or  c o n t a i n e d   in  a  r andom  r e p o s i t i o n i n g  



a r r a n g e m e n t   in   a  p l a s t i c   m a t r i x .   The  g r a i n   p a r t i c l e s   in   u se   i n  

the   p r o c e s s   of  t h i s   i n v e n t i o n   a r e   s h a r p   u n t i l   t he   sum  of  a l l  

p o i n t s   or  e d g e s   h a v e   b e e n   e x p o s e d   many  t i m e s ,   as  o p p o s e d   to   t h e  

t r a d i t i o n a l   c o n c e p t   of  an  a b r a s i v e   " s t o n e "   or  l ap   w h e r e i n   t h e  

g r a i n   p a r t i c l e   i s   f i x e d   and  p r e s e n t s   one  c u t t i n g   p o i n t   or  e d g e  

wh ich   i s   m a i n t a i n e d   u n t i l   d u l l i n g   c a u s e s   r e m o v a l   by  means   of  a  

d r e s s i n g   o p e r a t i o n .  

The  f a s t e s t   c u t t i n g   a c t i o n ,   w h i c h   i s   a l s o   c o n s i s t e n t   w i t h  

the   m o s t   u n i f o r m   r e s u l t s ,   o c c u r s   when  the   medium  e x h i b i t s   an  o i l y  

n o n a d h e r i n g   c o n t a c t   w i t h   t h e   work   s u r f a c e .   I t   wou ld   a p p e a r   t h a t  

when  in  t h i s   c o n d i t i o n   t h e   med ium  has   t he   g r e a t e s t   o p p o r t u n i t y ,  t o  

p a s s   t h r o u g h   t h e   gap  a t   a  c o n s t a n t   c r o s s - s e c t i o n a l   p a c e .   T h i s   i s  

c o n t r a r y   to   a  f l u i d   f l o w   w h i c h   i s   g r e a t e s t   t h r o u g h   t h e   c e n t e r   a n d  

s u p p o s e d l y   " z e r o "   a l o n g   t h e   w a l l .  

I t   i s   to   be  u n d e r s t o o d   t h a t   t h e   p r e s e n t   i n v e n t i o n   i s   n o t  

l i m i t e d   to   t h e   p r e f e r r e d   e m b o d i m e n t s   d i s c l o s e d   h e r e i n ,   and  t h a t  

many  m o d i f i c a t i o n s   in   c o n s t r u c t i o n ,   a r r a n g e m e n t ,   u se   and  o p e r a t i o n  

a r e   p o s s i b l e   w i t h i n   t h e   t r u e   s p i r i t   of  t he   i n v e n t i o n .   A c c o r d i n g -  

ly ,   t h e   p r e s e n t   i n v e n t i o n   i s   to   be  c o n s i d e r e d   as  i n c l u d i n g   a l l  

such  m o d i f i c a t i o n s   and  v a r i a t i o n s   coming   w i t h i n   t h e   s c o p e   of  t h e  

a p p e n d e d   c l a i m s .  



1.  A  m e t h o d   of  a b r a s i v e   t r e a t m e n t   of  a  work  s u r f a c e  

h a v i n g   a  p r o f i l e ,   s a i d   m e t h o d   c o m p r i s i n g   the   s t e p s   o f :  

f o r m i n g   a  b a c k i n g   s u r f a c e   h a v i n g   a  p r o f i l e   g e n e r a l l y  

the   same  as  s a i d   work  s u r f a c e ;  

c o a t i n g   s a i d   b a c k i n g   s u r f a c e   w i t h   an  a b r a s i o n  

r e s i s t a n t   m a t e r i a l ;  

f a c i n g   s a i d   b a c k i n g   s u r f a c e   o p p o s i t e . f r o m   and  i n  

s p a c e d   r e l a t i o n   to  s a i d   work   s u r f a c e   to  form  a  g a p  

t h e r e b e t w e e n ;   a n d  

i n t r o d u c i n g   a  v i s c o - e l a s t i c ,   a b r a s i v e   medium  u n d e r  

p r e s s u r e   i n t o   s a i d   gap  and  g u i d i n g   s a i d   medium  a g a i n s t  

and  a c r o s s   s a i d   work  s u r f a c e   and  a b r a d i n g   s a i d   w o r k  

s u r f a c e ,   s a i d   medium  c o m p r i s i n g   a  m i x t u r e   of  a  

v i s c o - e l a s t i c ,   r h e o p e c t i c   m a t r i x   and  a b r a s i v e   p a r t i c l e s .  

2.  A  m e t h o d   of  t r e a t i n g   a  p r o f i l e d   work  s u r f a c e   b y  

a b r a s i o n   c o m p r i s i n g   t he   s t e p s   o f :  

f o r m i n g   an  a b r a s i o n   r e s i s t a n t   m a t e r i a l   to  p r o v i d e   a 

b a c k i n g   s u r f a c e   h a v i n g   a  p r o f i l e   at  l e a s t   a  p o r t i o n   o f  

w h i c h   is  g e n e r a l l y   t he   same  as  s a i d   work  s u r f a c e   p r o f i l e ;  

f a c i n g   s a i d   b a c k i n g   s u r f a c e   o p p o s i t e   f rom  and  i n  

s p a c e d   r e l a t i o n   to  s a i d   work  s u r f a c e   to  form  a  g a p  

t h e r e b e t w e e n ;   a n d  



i n t r o d u c i n g   a  v i s c o - e l a s t i c ,   a b r a s i v e   medium  u n d e r  

p r e s s u r e   i n t o   s a i d   gap ;   b o n d i n g   a  p o r t i o n   of  s a i d   m e d i u m  

to  s a i d   m a t e r i a l   and  r e d u c i n g   a b r a s i o n   of  s a i d   b a c k i n g  

s u r f a c e ;   and  g u i d i n g   w i t h   s a i d   b a c k i n g   s u r f a c e   a n d  

b o n d e d   m e d i u m ,   a t   l e a s t   a  p o r t i o n   of  s a i d   medium  w h i c h  

is   n o t   b o n d e d   to  s a i d   b a c k i n g   s u r f a c e   a g a i n s t   and  a c r o s s  

s a i d   w o r k   s u r f a c e   d u r i n g   s a i d   t r e a t m e n t .  

3.  A  m e t h o d   as  in  c l a i m   1,  w h e r e i n   s a i d   a b r a s i o n  

r e s i s t a n t   m a t e r i a l   is  a  p o l y u r e t h a n e .  

4.  A  m e t h o d   as  in  c l a i m   3,  w h e r e i n   s a i d   m a t r i x   i s   a  

b o r o s i l o x a n e   p u t t y .  ,  

5.  A  m e t h o d   f o r   p r o t e c t i n g   a  w e a r   s u r f a c e   w h i c h   i s  

s u b j e c t e d   to  a b r a s i o n   by  a  f l o w a b l e ,   v i s c o - e l a s t i c ,  

a b r a s i v e   med ium  d u r i n g   a b r a d i n g   of  a  work  s u r f a c e   b y  

s a i d   m e d i u m   c o m p r i s i n g   t h e   s t e p s   o f :  

a p p l y i n g   a  s i l i c o n e   r u b b e r - l i k e   m a t e r i a l   to  s a i d  

w e a r   s u r f a c e ;   a n d  

b o n d i n g   a  p o r t i o n   of  s a i d   med ium  to  s a i d   m a t e r i a l  

d u r i n g   a b r a d i n g   of  s a i d   work   s u r f a c e   w i t h   s a i d   a b r a s i v e  

m e d i u m .  

6 .  A   m e t h o d   f o r   p r o t e c t i n g   a  w e a r   s u r f a c e   w h i c h   i s  

s u b j e c t e d   to  a b r a s i o n   by  a  f l o w a b l e ,   v i s c o - e l a s t i c ,  

a b r a s i v e   med ium  d u r i n g   a b r a d i n g   of  a  work  s u r f a c e   b y  

s a i d   med ium  c o m p r i s i n g   t h e   s t e p s   o f :  



a p p l y i n g   a  p o r o u s   m a t e r i a l   to  s a i d   wear   s u r f a c e ;   a n d  

b o n d i n g   a  p o r t i o n   of  s a i d   medium  to  s a i d   p o r o u s  

m a t e r i a l   d u r i n g   a b r a d i n g   of  s a i d   work  s u r f a c e   w i t h   s a i d  

a b r a s i v e   m e d i u m .  

7.  A  m e t h o d   of  a t t a c h i n g   a  v i s c o - e l a s t i c ,   a b r a s i v e  

medium  to  a  b a c k i n g   c o m p r i s i n g   t he   s t e p s   o f :  

p r o v i d i n g   a t   l e a s t   an  o u t e r   s u r f a c e   p o r t i o n   of  s a i d  

b a c k i n g   w i t h   a  s i l i c o n e   r u b b e r - l i k e   m a t e r i a l ;   a n d  

a p p l y i n g   s a i d   medium  to  s a i d   s i l i c o n e   r u b b e r - l i k e  

m a t e r i a l ;   w h e r e b y   s a i d   medium  is   b o n d e d   to  s a i d   s i l i c o n e  

r u b b e r - l i k e   m a t e r i a l .  

8.  A  m e t h o d   of  a t t a c h i n g   a  v i s c o - e l a s t i c   a b r a s i v e  

medium  to  a  b a c k i n g   c o m p r i s i n g   t h e   s t e p s   o f :  

p r o v i d i n g   at   l e a s t   an  o u t e r   s u r f a c e   p o r t i o n   of  s a i d  

b a c k i n g   w i t h   a  p o r o u s   m a t e r i a l ;   a n d  

a p p l y i n g   s a i d   medium  to  s a i d   p o r o u s   m a t e r i a l   s u c h  

t h a t   s a i d   medium  is  bonded   to  s a i d   p o r o u s   m a t e r i a l .  

9.  A  m e t h o d   of  mak ing   an  a b r a s i v e   pad  c o m p r i s i n g   t h e  

s t e p s   o f :  

p r o v i d i n g   a  p o r o u s   s u b s t r a t e ;   a n d  

a p p l y i n g   a  v i s c o - e l a s t i c   r e h e o p e c t i c   a b r a s i v e   m e d i u m  

to  s a i d   p o r o u s   s u b s t r a t e   to  bond  s a i d   medium  to  s a i d  

s u b s t r a t e .  



10.  A  m e t h o d   of  m a k i n g   an  a b r a s i v e   pad  c o m p r i s i n g   t h e  

s t e p s   o f :  

c o a t i n g   a  s u b s t r a t e   w i t h   a  s i l i c o n e   r u b b e r - l i k e  

m a t e r i a l . ;   a n d  

a p p l y i n g   a  v i s c o - e l a s t i c   a b r a s i v e   medium  to  s a i d  

m a t e r i a l   to  bond  s a i d   med ium  to  s a i d   s u b s t r a t e .  

11.  A  m e t h o d   of  r e s t r i c t i n g   t h e   f l o w   of  a  v i s c o - e l a s t i c ,  

a b r a s i v e   med ium  t h r o u g h   a  p a s s a g e w a y   h a v i n g   an  i n t e r n a l  

s u r f a c e ,   c o m p r i s i n g   t h e   s t e p s   o f :  

p r o v i d i n g   a t   l e a s t   a  p o r t i o n   of  s a i d   i n t e r n a l  

s u r f a c e   w i t h   a  s i l i c o n e   r u b b e r - l i k e   m a t e r i a l ;   a n d  

f e e d i n g   s a i d   med ium  a g a i n s t   and  a c r o s s   s a i d   p o r t i o n  

w h e r e b y   a  p o r t i o n   of  s a i d   med ium  is   b o n d e d   to  s a i d  

m a t e r i a l   and  f o r m s   a  r e s t r i c t i o n   in  s a i d   p a s s a g e w a y .  

12.  A  m e t h o d   as  in  c l a i m   11  w h e r e i n   a  p o r t i o n   of  s a i d  

i n t e r n a l   s u r f a c e   w h i c h   is   n o t   p r o v i d e d   w i t h   s a i d  

m a t e r i a l   and  is   in   o p p o s e d ,   f a c i n g   r e l a t i o n   to  s a i d  

m a t e r i a l   i s   a  work   s u r f a c e ,   and  f u r t h e r   c o m p r i s i n g   t h e  

s t e p s   o f :  

d i r e c t i n g   s a i d   med ium  by  s a i d   r e s t r i c t i o n   a g a i n s t  

s a i d   w o r k   s u r f a c e ;   a n d  

t r e a t i n g   s a i d   work   s u r f a c e   w i t h   s a i d   m e d i u m .  

13.  A  m e t h o d   as  in   c l a i m   12,  and  f u r t h e r   c o m p r i s i n g   t h e  

s t e p   o f :  



c o n t i n u i n g   s a i d   t r e a t i n g   f o r   t i m e   s u f f i c i e n t   to  f o r m  

a  c a v i t y   in  s a i d   work  s u r f a c e .  

14.  A  m e t h o d   of  t r e a t i n g   a  s e l e c t e d ,   g e n e r a l l y   c o n c a v e  

p o r t i o n   of  an  i n t e r n a l   s u r f a c e   of  a  p a s s a g e w a y   w i t h   a  

v i s c o - e l a s t i c   a b r a s i v e   medium,   c o m p r i s i n g   the   s t e p s   o f :  

p r o v i d i n g   a  s i l i c o n e   r u b b e r - l i k e   m a t e r i a l   w i t h i n  

s a i d   p a s s a g e w a y   in  o p p o s e d ,   f a c i n g   r e l a t i o n s h i p   to  s a i d  

s e l e c t e d   p o r t i o n ;  

f e e d i n g   s a i d   a b r a s i v e   medium  i n t o   s a i d   p a s s a g e w a y  

and  a g a i n s t   and  a c r o s s   s a i d   m a t e r i a l ;  

b o n d i n g   a  p o r t i o n   of  s a i d   medium  to  s a i d   m a t e r i a l ;  

r e s t r i c t i n g   s a i d   p a s s a g e w a y   a t   s a i d   m a t e r i a l   w i t h  

s a i d   b o n d e d   medium:   a n d  

a b r a d i n g   s a i d   s e l e c t e d   p o r t i o n   w i t h   a  p o r t i o n   of  t h e  

medium  w h i c h   is  no t   bonded   to  s a i d - m a t e r i a l   and  is  f e d  

t h r o u g h   s a i d   r e s t r i c t i o n .  

15.  A  m e t h o d   of  r e d u c i n g   a  s e l e c t e d   p o r t i o n   of  t h e  

i n t e r n a l   s u r f a c e   of  a  p a s s a g e w a y   c o m p r i s i n g   the   s t e p s   o f :  

p r o v i d i n g   an  a b r a s i o n   r e s i s t a n t   p o r t i o n   in  s a i d  

p a s s a g e w a y   s p e c e d   f rom  and  in  f a c i n g   o p p o s i t i o n   to  s a i d  

s e l e c t e d   p o r t i o n   to  form  a  r e s t r i c t i o n   of  s a i d  

p a s s a g e w a y   o p p o s i t e   s a i d   s e l e c t e d   p o r t i o n ;  

f e e d i n g   a  f l o w a b l e   a b r a s i v e   medium  i n t o   s a i d  

p a s s a g e w a y   and  p a s t   s a i d   r e s t r i c t i o n ;  

i n c r e a s i n g   the   w o r k i n g   of  s a i d   a b r a s i v e   medium  o n  



s a i d   s e l e c t e d   p o r t i o n   by  s a i d   r e s t r i c t i o n ;   a n d  

r e d u c i n g   s a i d   s e l e c t e d   p o r t i o n   due  to  s a i d   i c r e a s e d  

w o r k i n g .  

16.  A  m e t h o d   as  in  c l a i m   15,  w h e r e i n   s a i d   med ium  is   a  

v i s c o - e l a s t i c   a b r a s i v e   m e d i u m .  

17.  An  a p p a r a t u s   f o r   a b r a d i n g   a  work  s u r f a c e ,   c o m p r i s i n g :  

a  f l o w a b l e   a b r a s i v e   med ium  fo r   a b r a d i n g   s a i d   w o r k  

s u r f a c e   d u r i n g   f l o w   of  s a i d   medium  a g a i n s t   and  a c r o s s  

s a i d   work   s u r f a c e ;  

g u i d e   means   s p a c e d   f r o m   and  in  f a c i n g ,   o p p o s i t i o n   t o  

s a i d   work   s u r f a c e   and  h a v i n g   a  p o r t i o n   e n g a g e a b l e   b y  

s a i d   m e d i u m   f o r   g u i d i n g   s a i d   medium  a g a i n s t   and  a c r o s s  

s a i d   work   s u r f a c e   d u r i n g   s a i d   a b r a d i n g ;   a n d  

p o r t e c t i o n   means   f o r   r e s i s t i n g   a b r a s i o n   of  s a i d  

g u i d e   means   by  s a i d   m e d i u m .  

18.  An  a p p a r a t u s   as  in   c l a i m   17,  w h e r e i n   s a i d  p r o t e c t i o n  

means   c o m p r i s e s :  

an  a b r a s i o n   r e s i s t a n t   p o l y u r e t h a n e   m a t e r i a l ;   a n d  

a t   l e a s t   a  p o r t i o n   of  s a i d   g u i d e   means   is   f o r m e d  

f r o m   s a i d   p o l y u r e t h a n e   m a t e r i a l ,   or  w h e r e i n   s a i d  

p r o t e c t i o n   means   c o m p r i s e s :  

an  a b r a s i o n   r e s i s t a n t   c o a t i n g   on  s a i d   p o r t i o n   o f  

s a i d   g u i d e   means   e n g a g e a b l e   by  s a i d   m e d i u m .  



19.  An  a p p a r a t u s   as  in  c l a i m   18,  w h e r e i n   t he   p r o t e c t i o n  

means   c o m p r i s e s   an  a b r a s i o n   r e s i s t a n t   c o a t i n g   a n d  

f u r t h e r   c o m p r i s i n g :  

means   f o r   s u p p l y i n g   s a i d   a b r a s i o n   r e s i s t a n t   c o a t i n g  

to  s a i d   g u i d e   means   c o n t i n u o u s l y .  

20.  An  a p p a r a t u s   as  in  c l a i m   18,  w h e r e i n   the   p r o t e c t i o n  

means   c o m p r i s e s   an  a b r a s i o n   r e s i s t a n t   c o a t i n g   a n d  

f u r t h e r   c o m p r i s i n g :  

means   f o r   s u p p l y i n g   s a i d   a b r a s i o n   r e s i s t a n t   c o a t i n g  

p e r i o d i c a l l y   to  s a i d   g u i d e   m e a n s .  

21.  An  a p p a r a t u s   as  in  c l a i m   17,  w h e r e i n   s a i d   a b r a s i v e  

medium  c o m p r i s e s :  

a  m i x t u r e   of  a  v i s c o - e l a s t i c   m a t r i x   and  a b r a s i v e  

p a r t i c l e s .  

22.  An  a p p a r a t u s   as  in  c l a i m   21,  w h e r e i n   s a i d   m a t r i x   i s  

a  v i s c o - e l a s t i c ,   r h e o p e c t i c   m a t r i x .  

23.  An  a p p a r a t u s   as  in  c l a i m   21,  w h e r e i n   s a i d   p r o t e c t i o n  

means   c o m p r i s e s :  

s a i d   g u i d e   means  h a v i n g   at   l e a s t   s a i d   m e d i u m  

e n g a g i n g   p o r t i o n   c o m p r i s i n g   a  means  fo r   b o n d i n g   a  

p o r t i o n   of  s a i d   m a t r i x   t h e r e t o .  

24.  An  a p p a r a t u s   as  in  c l a i m   23,  w h e r e i n  s a i d   b o n d i n g  



means   c o m p r i s e s :  

a  s i l i c o n e   r u b b e r - l i k e   m a t e r i a l ,   or  w h e r e i n   s a i d  

b o n d i n g   means   c o m p r i s e s :  

a  p o r o u s   s u r f a c e .  

25.  An  a p p a r a t u s   f o r   a b r a d i n g   a  work   s u r f a c e ,   c o m p r i s i n g :  

a  s u b s t r a t e   h a v i n g   a  b o n d i n g   a r e a ;   a n d  

a  v i s c o - e l a s t i c   a b r a s i v e   med ium  b o n d e d   to  s a i d  

s u b s t r a t e a t   s a i d   b o n d i n g   a r e a .  

26.  An  a p p a r a t u s   as  in  c l a i m   25,  w h e r e i n   s a i d   medium  i s  

a  v i s c o - e l a s t i c ,   r h e o p e c t i c   a b r a s i v e   m e d i u m .  

27.  An  a p p a r a t u s   as  in  c l a i m   25,  w h e r e i n   s a i d   s u b s t r a t e  

is  p o r o u s   o v e r   a t   l e a s t   a  p o r t i o n   of  s a i d   b o n d i n g   a r e a .  

28.  An  a p p a r a t u s   as  in  c l a i m   25,  w h e r e i n   at  l e a s t   a  

p o r t i o n   of  s a i d   b o n d i n g   a r e a   i s   a  s i l i c o n e   r u . b b e r - l i k e  

m a t e r i a l .  

29.  An  a p p a r a t u s   f o r   a b r a s i v e   t r e a t m e n t   of  a  s e l e c t e d  

p o r t i o n   of  an  i n t e r n a l   s u r f a c e   by  f l o w   of  a  f l o w a b l e  

a b r a s i v e   med ium  a g a i n s t   and  a c r o s s   s a i d   s e l e c t e d  

p o r t i o n ,   s a i d   a p p a r a t u s   c o m p r i s i n g :  

means   f o r   i n c r e a s i n g   t h e   w o r k i n g   of  s a i d   medium  o n  

s a i d   s e l e c t e d   p o r t i o n   s u c h   t h a t   s a i d   medium  is  c a u s e d   t o  

r e d u c e   s a i d   i n t e r n a l   s u r f a c e   a t   s a i d   s e l e c t e d   p o r t i o n .  



30.  An  a p p a r a t u s   as  in  c l a i m   29,  w h e r e i n   s a i d   means   f o r  

i n c r e a s i n g   s a i d   w o r k i n g   c o m p r i s e s :  

means   f o r   r e s t r i c t i n g   t h e   f l o w   of  s a i d   medium  p a s t  

s a i d   s e l e c t e d   p o r t i o n .  

31.  An  a p p a r a t u s   as  in  c l a i m   30,  w h e r e i n   s a i d   m e d i u m  

c o m p r i s e s   a  m i x t u r e   of  a  v i s c o - e l a s t i c   m a t r i x   a n d  

a b r a s i v e   p a r t i c l e s   and  s a i d   means   f o r   r e s t r i c t i n g   t h e  

f l o w   of  s a i d   medium  c o m p r i s e s :  

b u i l d - u p   m e a n s ,   s p a c e d   f rom  and  in  f a c i n g   o p p o s i t i o n  

to  s a i d   s e l e c t i o n   p o r t i o n ,   f o r   e n g a g e m e n t  b y   s a i d   m e d i u m  

f l o w   s u c h   t h a t   a  p o r t i o n   of  s a i d   m a t r i x   b o n d s   to  s a o i d  

b u i l d - u p  m e a n s   a n d , r e s t r i c t s   t he   f l o w   of  s a i d   m e d i u m  

p a s t   s a i d   s e l e c t e d   p o r t i o n .  

32.  An  a p p a r a t u s   as  in  c l a i m e d   31,  w h e r e i n   s a i d   b u i l d - u p  

means   c o m p r i s e s :  

a  p o r o u s   m a t e r i a l ,   or  w h e r e i n   s a i d . b u i l d - u p   m e a n s  

c o m p r i s e s :  

a  s i l i c o n e   r u b b e r - l i k e   c o a t i n g ,   or  w h e r e i n   s a i d  

b u i l d - u p   means   c o m p r i s e s :  

a  f o r m e d   s i l i c o n e   r u b b e r - l i k e   p l u g .  

33.  An  a p p a r a t u s   as  in  c l a i m   31,  w h e r e i n   s a i d   m a t r i x  

c o m p r i s e s   a  v i s c o - e l a s t i c ,   r h e o p e c t i c   m a t r i x .  



34.  A  m e t h o d   f o r   t r e a t i n g   a  w o r k p i e c e   to  a b r a d e   t h e  

s u r f a c e   or  e d g e s   t h e r e o f ,   c o m p r i s i n g   t h e   s t e p s   o f :  

p r o v i d i n g   o p p o s e d   s u r f a c e s   in  f a c i n g ,   s p a c e d  

r e l a t i o n g   to  p r o v i d e   a  gap  t h e r e b e t w e e n ,   a t   l e a s t   one  o f  

s a i d   o p p o s e d   s u r f a c e s   c o m p r i s i n g   a  work   s u r f a c e   to  b e  

t r e a t e d ;  

i n t r o d u c i n g   a  v i s c o - e l a s t i c   a b r a s i v e   medium  i n t o  

s a i d   g a p ;  

i m p a r t i n g   r e l a t i v e   m o t i o n   b e t w e e n   s a i d   o p p o s e d  

s u r f a c e s   and  w o r k i n g   s a i d   medium  p o s i t i v e l y   a g a i n s t   n d  

a c r o s s   s a i d   o p p o s e d   s u r f a c e s   and  a b r a d i n g   a t   l e a s t   s a i d  

work   s u r f a c e .  

35.  A  m e t h o d   as  in   c l a i m   34,  and  f u r t h e r   c o m p r i s i n g   t h e  

s t e p   o f :  

i m p a r t i n g   r e l a t i v e   o r b i t a l   m o t i o n   b e t w e e n   s a i d  

o p p o s e d   s u r f a c e s   to  p o s i t i v e l y   work   s a i d   medium  a g a i n s t  

and  a c r o s s   s a i d   work   s u r f a c e ,   o r  

i m p a r t i n g   r e l a t i v e   r e c i p r o c a l   m o t i o n   b e t w e e n   s a i d  

o p p o s e d   s u r f a c e s   a l o n g   a  l i n e   of  r e c i p r o c a t i o n   t o  

p o s i t i v e l y   work   s a i d   med ium  a g a i n s   and  a c r o s s   s a i d   w o r k  

s u r f a c e ,   or  i m p o r t i n g   r e l a t i v e   r o t a t i o n a l   m o t i o n   b e t w e e n  

s a i d   o p p o s e s   s u r f a c e s   to  p o s i t i v e l y   work   s a i d   m e d i u m  

a g a i n s t   and  c r o s s   s a i d   work   s u r f a c e .  

36.  A  m e t h o d   as  in  c l a i m   35,  w h e r e i n   r e l a t i v e   r e c i p r o c a l  

m o t i o n   is   p r o v i d e d   and  f u r t h e r   c o m p r i s i n g   t he   s t e p   o f :  



v a r y i n g   t h e   a n g l e   of  s a i d   l i n e   of  r e c i p r o c a t i o n  

r e l a t i v e   to  an  i n s t a n t a n e o u s   p o i n t   on  s a i d   work  s u r f a c e  

to  v a r y   t h e   p o s i t i v e   work  of  s a i d   m e d i u m .  

37.  A  m e t h o d   as  in  c l a i m   34,  and  f u r t h e r   c o m p r i s i n g   t h e  

s t e p   o f :  

a b r a d i n g   b o t h   s a i d   o p p o s e d   s u r f a c e s ,   or  f u r t h e r  

c o m p r i s i n g   the   s t e p   o f :  

c o n f i n i n g   s a i d   medium  in  s a i d   gap  d u r i n g   s a i d  

a b r a d i n g ,   or  f u r t h e r   c o m p r i s i n g   t he   s t e p   o f :  

i n t r o d u c i n g   more  of  s a i d   medium  i n t o   s a i d   gap  t o  

r e p l a c e   medium  d i s p l a c e d . f r o m   s a i d   gap  d u r i n g   s a i d  

t r e a t m e n t .  

38.  A  m e t h o d   as  in  c l a i m   34,  w h e r e i n   a t   l e a s t   one  o f  

s a i d   o p p o s e d   s u r f a c e s   c o m p r i s e s   a  w o r k i n g   s u r f a c e   no t   t o  

be  t r e a t e d   by  s a i d   a b r a s i v e   medium,   s a i d   m e t h o d  

c o m p r i s i n g   the   f u r t h e r   s t e p   o f :  

p r o v i d i n g   at   l e a s t   a  p o r t i o n   of  s a i d   w o r k i n g   s u r f a c e  

w i t h   means  fo r   r e s i s t i n g   a b r a s i o n .  

39.  A  m e t h o d   as  in  c l a i m   38,  w h e r e i n   s a i d   means  f o r  

r e s i s t i n g   a b r a s i o n   c o m p r i s e s :  

c o a t i n g   s a i d   w o r k i n g   s u r f a c e   p o r t i o n   w i t h   a  

p o l y u r e t h a n e ,   or  f o r m i n g   s a i d   w o r k i n g   s u r f a c e   p o r t i o n   o f  

a  p o l y u r e t h a n e .  



40.  A  m e t h o d   as  in  c l a i m   38,  w h e r e i n   s a i d   a b r a s i o n  

r e s i s t i n g   means   c o m p r i s e s   a  p o r t i o n   of  s a i d   a b r a s i v e  

med ium,   and  s a i d   m e t h o d   f u r t h e r   c o m p r i s e s   t h e   s t e p s   o f :  

r o u g h e n i n g   s a i d   w o r k i n g   s u r f a c e   p o r t i o n ;  

c o n t a c t i n g   s a i d   w o r k i n g   s u r f a c e   p o r t i o n   w i t h   s a i d  

a b r a s i o n   med ium;   a n d  

b o n d i n g   s a i d   a b r a s i v e   med ium  p o r t i o n   to  a i d  

r o u g h e n i n g   d u r i n g   s a i d   c o n t a c t ,   or  t h e   s t e p s   o f :  

p r o v i d i n g   s a i d   w o r k i n g   s u r f a c e   w i t h   a  p o r o u s  

m a t e r i a l ;  

c o n t a c t i n g   s a i d   w o r k i n g   s u r f a c e   p o r t i o n   w i t h   s a i d  

a b r a s i v e   med ium  p o r t i o n ;   a n d  

b o n d i n g   s a i d   a b r a s i v e   medium  p o r t i o n   to  s a i d   p o r o u s  

m a t e r i a l   d u r i n g   s a i d   c o n t c t ,   or  t he   s t e p s   o f :  

c o a t i n g   s a i d   w o r k i n g   s u r f a c e   p o r t i o n   w i t h   a  s i l i c o n e  

r u b b e r - l i k e   m a t e r i a l ;  

c o n t a c t i n g   s a i d   s i l i c o n e   r u b b e r - l i k e   m a t e r i a l   w i t h  

s a i d   a b r a s i v e   medium  p o r t i o n ;   a n d  

b o n d i n g   s a i d   a b r a s i v e   medium  p o r t i o n   to  s a i d  

s i l i c o n e   r u b b e r - l i k e   m a t e r i a l   d u r i n g   s a i d   c o n t a c t ,   o r  

the   s t e p s   o f :  

f o r m i n g   s a i d   w o r k i n g   s u r f a c e   p o r t i o n   f rom  a  s i l i c o n e  

r u b b e r - l i k e   m a t e r i a l ;  

c o n t a c t i n g   s a i d   s i l i c o n e   r u b b e r - l i k e   m a t e r i a l w i t h  

s a i d   a b r a s i v e   m e d i u m  p o r t i o n :   a n d  

b o n d i n g   s a i d   a b r a s i v e   medium  p o r t i o n   t o s   a i d  

s i l i c o n e   r u b b e r - l i k e   m a t e r i a l   d u r i n g   s a i d   c o n t a c t .  



41.  An  a p p a r a t u s   f o r   a b r a s i v e   t r e a t m e n t   of  a  w o r k  

s u r f a c e ,   c o m p r i s i n g :  

means   f o r   a b r a d i n g   s a i d   work  s u r f a c e   when  p o s i t i v e l y  

d i s p l a c e d   a g a i n s t   and  a c r o s s   s a i d   work  s u r f a c e ,   s a i d  

a b r a d i n g   means   c o m p r i s i n g   a  v i s c o - e l a s t i c   m a t r i x   h a v i n g  

a b r a s i v e   g r i t   i n t e r s p e r s e d   t h e r e i n ;  

o p p o s e d   s u r f a c e s   s p a c e d   to  d e f i n e   a  gap  t h e r e b e t w e e n  

fo r   r e c e p t i o n   of  s a i d   a b r a d i n g   m e a n s ,   at  l e a s t   a  p o r t i o n  

of  a t   l e a s t   one  of  s a i d   o p p o s e d   s u r f a c e s   c o m p r i s i n g   s a i d  

work  s u r f a c e   to  be  t r e a t e d ,   and  s a i d   gap  d e f i n i n g   a  

d i s p l a c e m e n t   c h a m b e r   f o r   s a i d   a b r a d i n g   m e a n s ;  

means   f o r   i n t r o d u c i n g   s a i d   a b r a d i n g   means  i n t o   s a i d  

gap;   a n d  

means   f o r   i m p a r t i n g   r e l a t i v e   m o t i o n   b e t w e e n   s a i d  

o p p o s e d   s u r f a c e s   and  p o s i t i v e l y   w o r k i n g   s a i d   a b r a d i n g  

means  a g a i n s t   and  a c r o s s   s a i d   work  s u r f a c e   f o r   a b r a s i o n  

t h e r e o f .  

42.  An  a p p a r a t u s   as  in  c l a i m   41,  w h e r e i n   s a i d   m a t r i x  

f u r t h e r   c o m p r i s e s :  

a  v i s c o - e l a s t i c ,   r h e o p e c t i c   m a t e r i a l .  

43.  An  a p p a r a t u s   as  in  c l a i m   41,  w h e r e i n   b o t h   s a i d  

o p p o s e d   s u r f a c e s   c o m p r i s e   work  s u r f a c e s   to  be  t r e a t e d   b y  

s a i d   a b r a d i n g   m e a n s .  

44.  An  a p p a r a t u s   as  in  c l a i m   41,  w h e r e i n   a t ' l e a s t   a 



p o r t i o n   of  one  of  s a i d   o p p o s e d   s u r f a c e s   c o m p r i s e s   a  

w o r k i n g   s u r f a c e ,   s a i d   g r i t   has   a  l a r g e s t   g r i t   s i z e ,   a n d  

s a i d   a p p a r a t u s   f u r t h e r   c o m p r i s e s :  

s a i d   gap  b e i n g   g r e a t e r   t h a n   s a i d   l a r g e s t   g r i t   s i z e ,  

s u c h   t h a t   s a i d   w o r k i n g   s u r f a c e   e n g a g e s   s a i d   g r i t   w i t h  

s a i d   work  s u r f a c e   i n d i r e c t l y   v i a   s a i d   m a t r i x .  

45.  An  a p p a r a t u s   as  in  c l a i m   41,  w h e r e i n   a t   l e a s t   a  

p o r t i o n   of  one  of  s a i d   o p p o s e d   s u r f a c e s   c o m p r i s e s   a  

w o r k i n g   s u r f a c e ,   s a i d   g r i t   has  a  l a r g e s t   g r i t   s i z e ,   a n d  

s a i d   a p p a r a t u s   f u r t h e r   c o m p r i s e s :  

s a i d   gap  b e i n g   a t   l e a s t   as  s m a l l   as  s a i d   l a r g e s t  

g r i t   s i z e ,   s u c h   t h a t   s a i d   w o r k i n g   s u r f a c e   e n g a g e s · s a i d  

g r i t   w i t h   s a i d   work   s u r f a c e   d i r e c t l y .  

46.  An  a p p a r a t u s   a s  i n   c l a i m   45,  w h e r e i n   s a i d   w o r k i n g  

s u r f a c e   f u r t h e r   c o m p r i s e s :  

an  a b r a d i n g   means   e n g a g i n g   s u r f a c e   c o m p r i s i n g   a  

t e m p o r a r i l y   d e f o r m a b l e ,   a b r a s i o n   r e s i s t a n t   e l a s t o m e r .  

47.  An  a p p a r a t u s   as  in   c l a i m   46,  w h e r e i n   s a i d   e l a s t o m e r  

c o m p r i s e s :  

a  p o l y u r e t h a n e .  

48.  An  a p p a r a t u s   as  in   c l a i m   41,  w h e r e i n   s a i d   s u r f a c e  

w h i c h   is  no t   s a i d   work   s u r f a c e   c o m p r i s e s   a  w o r k i n g  

s u r f a c e  o f   a  d i s p l a c e r ,   and  s a i d   w o r k i n g   s u r f a c e   f u r t h e r  



c o m p r i s e s :  

means   f o r   r e s i s t i n g   a b r a s i o n .  

49.  An  a p p a r a t u s   as  in  c l a i m   48,  w h e r e i n   s a i d   a b r a s i o n  

r e s i s t i n g   means   c o m p r i s e s :  

an  a b r a s i o n   r e s i s t a n t   p o l y u r e t h a n e .  

50.  An  a p p a r a t u s   as  in  c l a i m   49,  w h e r e i n   s a i d   d i s p l a c e r  

is  f o r m e d   f r o m   s a i d   p o l y u r e t h a n e ,   or  w h e r e i n   s a i d  

w o r k i n g   s u r f a c e   c o m p r i s e s :  

a  c o a t i n g   of  s a i d   p o l y u r e t h a n e   on  s a i d   d i s p l a c e r .  

51.  An  a p p a r a t u s   as  in  c l a i m   48,  w h e r e i n   s a i d   a b r a s i o n  

r e s i s t i n g   means   c o m p r i s e s :  

means   f o r   b o n d i n g   a  p o r t i o n   of  s a i d   m a t r i x   to  s a i d  

d i s p l a c e r   and  r e s i s t i n g   a b r a s i o n   of  s a i d   w o r k i n g   s u r f a c e  

by  s a i d   g r i t .  

52.  An  a p p a r a t u s   as  in  c l a i m   51,  w h e r e i n   s a i d   b o n d i n g  

means  c o m p r i s e s :  

a  r o u g h e n e d   w o r k i n g   s u r f a c e ,   or  w h e r e i n   s a i d   b o n d i n g  

means  c o m p r i s e s :  

a  p o r o u s   w o r k i n g   s u r f a c e ,   or  w h e r e i n   s a i d   b o n d i n g  

means  c o m p r i s e s :  

a  s i l i c o n e   r u b b e r - l i k e   w o r k i n g   s u r f a c e .  

53.  An  a p p a r a t u s   as  in  c l a i m   58,  w h e r e i n   s a i d   b o n d i n g  



means   c o m p r i s e s   t h e   r u b b e r - l i k e   w o r k i n g   s u r f a c e   a n d  

w h e r e i n   s a i d   d i s p l a c e r   is  f o r m e d   of  s i l i c o n e   r u b b e r - l i k e  

m a t e r i a l .  

54.  An  a p p a r a t u s   f o r   a b r a s i v e   t r e a t m e n t   of  a  w o r k  

s u r f a c e ,   c o m p r i s i n g :  

a  m e d i u m   move r   c o m p r i s i n g   a  m a n d r e l   and  g e n r a l l y  

h e l i c a l - s h a p e d   f l i g h t s   and  h a v i n g   an  e x t e r n a l   s u r f a c e ;  

a  c o n f i n e r   c o a x i a l   w i t h   and  s u r r o u n d i n g   a t   l e a s t   a  

p o r t i o n   of  s a i d   medium  mover   a l o n g   s a i d   l o n g i t u d i n a l  

a x i s   t h e r e o f   and  h a v i n g   an  i n t e r n a l   s u r f a c e ;  

a t   l e a s t   one  of  s a i d   e x t e r n a l   and  i n t e r n a l   s u r f a c e s  

c o m p r i s i n g   s a i d   work   s u r f a c e   to  be  t r e a t e d :  

an  a b r a s i v e   medium  c o m p r i s i n g   a  v i s c o - e l a s t i c   m a t r i x  

m a t e r i a l   h a v i n g   a b r a s i v e   g r i t   i n t e r s p e r s e d   t h e r e i n :  

means   f o r   i n t r o d u c i n g   s a i d   med ium  b e t w e e n   a i d  

i n t e r n a l   and  e x t e r n a l   s u r f a c e s ;   a n d  

means   f o r   i m p a r t i n g   r e l a t i v e   m o t i o n   b e t w e e n   s a i d  

med ium  m o v e r   and  s a i d   c o n f i n e r   to  p o s i t i v e l y   work  s a i d  

med ium  a g a i n s t   and  a c r o s s   s a i d   work   s u r f a c e   f o r   a b r a s i o n  

t h e r e o f .  

55.  An  a p p a r a t u s   as  in  c l a i m   54,  w h e r e i n   s a i d   m a t r i x  

c o m p r i s e s :  

a  v i s c o - e l a s t i c ,   r h e o p e c t i c   m a t e r i a l .  

56.  An  a p p a r a t u s   as  in  c l a i m   54,  w h e r e i n   s a i d   s u r f a c e  



w h i c h   is   not   s a i d   work   s u r f a c e   c o m p r i s e s   a  w o r k i n g  

s u r f a c e   of  a b r a s i o n   r e s i s t a n t   m a t e r i a l .  

57.  An  a p p a r a t u s   as  in  c l a i m   56,  w h e r e i n   s a i d   a b r a s i o n  

r e s i s t a n t   m a t e r i a l   i s   a  p o l y u r e t h a n e .  

58.  A  me thod   f o r   a b r a d i n g   a  t h r e e - d i m e n s i o n a l   w o r k  

s u r f a c e   w i t h   a  f l o w a b l e   a b r a s i v e   medium,   c o m p r i s i n g   t h e  

s t e p s   o f :  

p r o v i d i n g   a  p l u r a l i t y   of  t u b e s   f o r   d i r e c t i n g   s a i d  

medium  to  s a i d   work   s u r f a c e ;  

g r o u p i n g   s a i d   t u b e s   l o o s e l y   t o g e t h e r   and  e n g a g i n g  

s a i d   work  s u r f a c e   w i t h   one  end  of  e a c h   of  s a i d   t u b e s  

s u c h   t h a t   a  b o t t o m   of  s a i d   g r o u p i n g   g e n e r a l l y   c o n f o r m s  

to  a  p r o f i l e   of  s a i d   work   s u r f a c e ;  

s e c u r i n g   s a i d   g r o u p i n g   t o g e t h e r   and  f i x i n g   each   o f  

s a i d   t u b e s   r e l a t i v e   one  to  the   o t h e r ;  

s p a c i n g   s a i d   b o t t o m   f r o m  s a i d   work  s u r f a c e   t o  

p r o v i d e   a  g a p ;  

i n t r o d u c i n g   s a i d   medium  t h r o u g h   s a i d   t u b e s   i n t o   s a i d  

gap :   a n d  

i m p a r t i n g   r e l a t i v e   m o t i o n   b e t w e e n   s a i d   g r o u p i n g   a n d  

s a i d   work  s u r f a c e   s u c h   t h a t   s a i d   medium  is  worked   a c r o s s  

and  in  e n g a g e m e n t   w i t h   s a i d   work  s u r f a c e .  

59.  An  a p p a r a t u e   f o r   a b r a d i n g   a t h r e e - d i m e n s i o n a l   w o r k  

s u r f a c e   w i t h   a  f l o w a b l e   a b r a s i v e   medium,   c o m p r i s i n g   t h e  



s t e p s   o f :  

a  p l u r a l i t y   of  t u b e s   f o r   d i r e c t i n g   s a i d   med ium  t o  

s a i d   w o r k   s u r f a c e ;  

m e a n s   f o r   g r o u p i n g   s a i d   t u b e s   l o o s e l y   t o g e t h e r   a n d  

e n g a g i n g   s a i d   work   s u r f a c e   w i t h   one  end  of  e a c h   o f  s a i d  

t u b e s   s u c h   t h a t   a  b o t t o m   of  s a i d   g r o u p i n g   g e n e r a l l y  

c o n f o r m s   to  a  p r o f i l e   of  s a i d   work   s u r f a c e ;  

m e a n s   f o r   s e c u r i n g   s a i d   g r o u p i n g   t o g e t h e r   and  f i x i n g  

e a c h   of  s a i d   t u b e s   r e l a t i v e   one  to  t h e   o t h e r :  

m e a n s   f o r   s p a c i n g   s a i d   b o t t o m   f r o m   s a i d   work   s u r f a c e  

to  p r o v i d e   a  g a p ;  

m e a n s   f o r   i n t r o d u c i n g   s a i d   medium  t h r o u g h   s a i d   t u b e s  

i n t o   s a i d   gap ;   a n d  

m e a n s   f o r   i m p a r t i n g   r e l a t i v e   m o t i o n   b e t w e e n   s a i d  

g r o u p i n g   and  s a i d   work  s u r f a c e   s u c h   t h a t   s a i d   medium  i s  

w o r k e d   a c r o s s   and  in  e n g a g e m e n t   w i t h   s a i d   work   s u r f a c e .  

60.   A  m e t h o d   of  a b r a d i n g   a  w o r k p i e c e   s e l e c t i v e l y ,   s a i d  

m e t h o d   c o m p r i s n g   t he   s t e p s   o f :  

a p p l y i n g   a  c e r a m i c   m a t e r i a l   s e l e c t i v e l y   on  s a i d  

w o r k - p i e c e ;  

c u r i n g   s a i d   c e r a m i c   m a t e r i a l ;  

m a s k i n g   a  f i r s t   p o r t i o n   of  s a i d   w o r k p i e c e   w i t h   s a i d  

c e r a m i c   m a t e r i a l   to  p r e v e n t   a b r a s i o n   o  s a i d   f i r s t  

p o r t i o n ;  

m a s k i n g   a  s e c o n d   p o r t i o n   of  s a i d   w o r k p i e c e   w i t h   s a i d  

c e r a m i c   m a t e r i a l   to  r e d u c e   a b r a s i o n   of  s a i d   s e c o n d  



p o r t i o n ;  

f o r c i n g   a  v i s c o - e l a s t i c ,   r h e o p e c t i c ,   a b r a s i v e   m e d i u m  

a g a i n s t   and  a c r o s s   s a i d   w o r k p i e c e ;  

a b r a d i n g   a  t h r i d   p o r t i o n   of  s a i d   w o r k p i e c e   and  s a i d  

c e r a m i c   m a t e r i a l   m a s k i n g   s a i d   s e c o n d   p o r t i o n   to  p r o v i d e  

a  s m o o t h   t r a n s i t i o n   b e t w e e n   s a i d   s e c o n d   and  t h r i d  

p o r t i o n s ;   a n d  

r e m o v i n g   a l l   r e m a i n i n g   c e r a m i c   m a t e r i a l f r o m   s a i d  

w o r k p i e c e .  

61.  A  m e t h o d   of  a b r a d i n g   and  p r o t e c t i n g   s e l e c t e d  

p o r t i o n s   of  a  w o r k p i e c e ,   c o m p r i s i n g   the   s t e p s   o f :  

a p p l y i g n   a  c e r a m i c   m a t e r i a l   s e l e c t i v e l y   o n t o   a  f i r s t  

p o r t i o n   of  s a i d   w o r k p i e c e ;  

c u r i n g   s a i d   c e r a m i c   m a t e r i a l   and  m a s k i n g   s a i d   f i r s t  

p o r t i o n   to  r e d u c e   a b r a s i o n   of  s a i d   f i r s t   p o r t i o n   by  a n  

a b r a s i v e   t r e a t m e n t ;   a n d  

s u b j e c t i n g   s a i d   w o r k p i e c e   to  s a i d   a b r a s i v e   t r e a t m e n t  

and  a b r a d i n g   a  s e c o n d   p o r t i o n   of  s a i d   w o r k p i e c e ,   s u c h  

t h a t   s a i d   f i r s t   p o r t i o n   s  s u b j e c t   to  a  l e s s e r   d e g r e e   o f  

a b r a s i o n   t h a n   s a i d   s e c o n d   p o r t i o n .  

62.  A  m e t h o d   of  a b r a d i n g   and  p r o t e c t i n g   s e l e c t e d  

p o r t i o n s   of  a  w o r k p i e c e ,   c o m p r i s i n g   the   s t e p s   o f :  

a p p l y i n g   a  c e r a m i c   m a t e r i a l   s e l e c t i v e l y   o n t o   a  f i r s t  

p o r t i o n   of  s a i d   w o r k p i c e ;  

c u r i n g   s a i d   c e r a m i c   m a t e r i a l   to  p r e v e n t   a b r a s i o n  o f  



s a i d   f i r s t   p o r t i o n   by  an  a b r a s i v e   t r e a t m e n t ;   a n d  

s u b j e c t i n g   s a i d   w o r k p i e c e   to  s a i d   a b r a s i v e   t r e a t m e n t  

and  a b r a d i n g   a  s e c o n d   p o r t i o n   and  p r e v e n t i n g   a b r a s i o n   o f  

s a i d   f i r s t   p o r t i o n .  

63.   A  m e t h o d   as  in  c l a i m   61,  w h e r e i n   s i d   a b r a s i v e  

t r e a t m e n t   c o m p r i s e s   t h e   s t e p   o f :  

f o r c i n g   a  v i s c o - e l a s t i c ,   a b r a s i v e   m e d i u m   a g a i n s t   a n d  

a c r o s s   s a i d   w o r k p i e c e .  

64.   A  m e t h o d   of  a b r a d i n g   and  p r o t e c t i n g   s e l e c t e d  

p o r t i o n s   of  a  w o r k p i e c e ,   c o m p r i s i n g   t h e   s t e p s   o f :  

a p p l y i n g   an  a b r a s i o n   r e s i s t a n t   m a t e r i a l   o n t o   a  f i r s t  

p o r t i o n   of  s a i d   w o r k p i e c e ;  

c u r i n g   s a i d   a b r a s i o n   r e s i s t a n t   m a t e r i a l   to  bond  s a i d  

m a t e r i a l   to  s a i d   f i r s t   p o r t i o n ;  

s u b j e c t i n g   s a i d   w o r k p i e c e   to  a b r a s i v e   t r e a t m e n t   w i t h  

a  v i s c o - e l a s t i c   a b r a s i v e   medium  and  a b r a d i n g   a  s e c o n d  

p o r t i o n   of  s a i d   w o r k p i e c e   and  p r o t e c t i n g   s a i d   f i r s t  

p o r t i o n   f rom  a b r a s i o n   by  s a i d   m e d i u m .  

65.   A  m e t h o d   as  in  c l a i m   64,  and  f u r t h e r   c o m p r i s i n g   t h e  

s t e p   o f :  

a b r a d i n g   an  edge   of  s a i d   f i r s t   p o r t i o n   to  a  l e s s e r  

d e g r e e   t h a n   s a i d   s e c o n d   p o r t i o n   is   a b r a d e d   s u c h   t h a t   a  

s m o o t h   t r a n s i t i o n   i s   p r o v i d e d   b e t w e e n   s a i d   f i r s t   a n d  

s e c o n d   p o r t i o n s .  



66.  A  m e t h o d   as  in  any  of  c l a i m s   2,  5  to  11,  14,  15,  3 4 ,  

61,  or  65,  w h e r e i n   s a i d   medium  is  a  v i s c o - e l a s t i c ,  

r h e o p e c t i c   a b r a s i v e   m e d i u m .  

67.  A  m e t h o d   f o r   a b r a d i n g   and  p r o t e c t i n g   a  w o r k p i e c e  

c o m p r i s i n g   t he   s t e p s   o f :  

a p p l y i n g   an  a b r a s i o n - r e s i s t a n t   m a t e r i a l   o n t o   t h e  

s u r f a c e s   of  a  w o r k p i e c e   to  be  a b r a d e d   and  p r o t e c t e d  

s u b j e c t i n g   the   w o r k p i e c e   to  a b r a s i v e   t r e a t m e n t   s o  

t h t   more   a b r a s i v e   a c t i o n   o c c u r s   at  s e l e c t e d   a r e a s ,   s u c h  

as  c o r n e r s   and  p r o g r e s s i v e l y   l e s s   o c c u r s   at   a d j a c e n t   a n d  

o t h e r   a r e a s ;  

c o n t i n u i n g   the   a b r a s i v e   t r e a t m e n t · u n t i l   a t   s e l e c t e d  

a r e a s   t h e   a p p l i e d   a b r a s i v e   r e s i s t a n t   m a t e r i a l   is  a b r a d e d  

away  and  t h e s e   a r e a s   of  t h e   w o r k p i e c e   i t s e l f   a r e  

a b r a d e d ,   s u c h   as  c o r n e r s   b e i n g   r o u n d e d ;   y e t   o t h e r  

s e l e c t e d   a r e a s   of  the   w o r k p i c e   have  not   seem  s u f f i c i e n t  

a b r a s i v e   a c t i o n   to  f u l l y   r e m o v e   the   a p p l i e d   a b r a s i v e  

r e s i s t a n t   m a t e r i a l   and  c o n s e q u e n t l y   not   a b r a d i n g   t h e s e  

a r e a s   of  t h e   w o r k p i e c e   i t s e l f   at   a l l ;   and  b e t w e e n   t h e s e  

a r e a s   p r o v i d i n g   a  s m o o t h   u n i f o r m   t r a n s i s t i o n ;  

s u b s e q u e n t l y   r e m o v i n g   the   a p p l i e d   a b r a s i o n   r e s i s t a n t  

m a t e r i a l   r e m a i n i n g   on  t he   w o r k p i e c e   by  o t h e r   m e a n s .  
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