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©  Coated  abrasive  sheet  material  magnetically  attached  to  a  support  surface  on  an  abrading  tool. 
  A  flexible,  low  mass  coated  abrasive  sheet  material  (10, 
30,  50, 70, 80, 90)  magnetically  held  on  a  support  surface  (14, 
34,  54)  of  a  magnetized  pad  (11,  31,  51)  providing  more  than 
6  magnetic  poles  per  inch  in  one  direction  along  the  support 
surface  (14,  34,  54).  The  coated  abrasive  sheet  material  (10, 
30,  50,  70,  80,  90)  incorporates  sufficient  ferromagnetic 
material  that  only  the  force  of  magnetic  attraction  between 
the  magnetized  pad  (11,  31,  51)  and  the  ferromagnetic 
material  and  any  force  applied  to  the  sheet  material  (10,  30, 
50,  70,  80,  90)  through  the  magnetized  pad  (11,  31,  51) 
normal  to  the  support  surface  (14,  34,  54)  will  produce 
sufficient  static  friction  between  the  support  surface  (14,  34, 
54)  and  the  coated  abrasive  sheet  material  (10,  30,  50, 70, 80, 
90)  to  retain  the  abrasive  coated  sheet  material  (10, 30,  50, 
70, 80, 90)  on  the  support  surface  (14,34,54)  while  it  is  driven 
by  the  magnetized  pad  (11,  31,  54)  to  abrade  a  workpiece. 



T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to  means   f o r   m a g n e t i c a l l y  

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

s u r f a c e   on  an  a b r a d i n g   t o o l .  

B a c k g r o u n d   A r t  

V a r i o u s   m e a n s   h a v e   been   u s e d   f o r   r e l e a s a b l y  

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

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

i n c l u d e d   c l a m p s   w h i c h   e n g a g e   t he   e n d s   of  r e c t a n g u l a r   s h e e t  

m a t e r i a l   or  t he   p e r i p h e r y   or  c e n t e r   of  c i r c u l a r   s h e e t  

m a t e r i a l .   Such  c l a m p s   can   be  i n c o n v e n i e n t   to  u s e ,   h o w e v e r ,  

and  may  have   s e p a r a b l e   p a r t s   or  r e q u i r e   t he   use   of  t o o l s  

t h a t   can  be  m i s p l a c e d .  

A n o t h e r   a p p r o a c h   has   been   to  c o a t   t h e   back   of  t h e  

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

a d h e s i v e   and  a d h e r e   i t   to  a  s u p p o r t   s u r f a c e   of  a  t o o l   w h i c h  

p e r m i t s   t he   s h e e t   m a t e r i a l   to  be  p e e l e d   o f f   a f t e r   u s e .  

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

s h e e t   m a t e r i a l   is  r e l a t i v e l y   e a s y   to  a t t a c h   and  r e m o v e ,   t h e  

a d h e s i v e   adds   s i g n i f i c a n t l y   to  i t s   c o s t .   A l s o ,   a d h e s i o n   t o  

the   s u p p o r t   s u r f a c e   can  be  a d v e r s e l y   a f f e c t e d   i f   d u s t  

( w h i c h   i s   n o r m a l l y   p r e s e n t   in  t h e   w o r k p l a c e )   or   w a t e r  

( w h i c h   i s   u s e d   in  some  a b r a d i n g   p r o c e s s e s )   comes   in  c o n t a c t  

w i t h   t h e   l a y e r   of  p r e s s u r e - s e n s i t i v e   a d h e s i v e ,   so  t h a t   n e w  

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

such   c o n t a c t .  

Some  p r i o r   a r t   a t t e m p t s   have   been   made  to  u t i l i z e  

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

s u p p o r t   s u r f a c e   on  an  a b r a d i n g   t o o l ;   s e e   e . g . ,   U .S .   P a t e n t s  

.Nos.  3 , 2 2 6 , 8 8 8 ;   and  4 , 2 2 2 , 2 0 4 .   The  s t r u c t u r e s   f o r  

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

a p p a r e n t l y   d id   no t   a t t a c h   t h e   c o a t e d   a b r a s i v e   s h e e t  

m a t e r i a l   to  t he   s u p p o r t   s u r f a c e   so  t h a t   o n l y   t h e   f o r c e   o f  



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

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

w o u l d   p r o d u c e   s u f f i c i e n t   s t a t i c   f r i c t i o n   b e t w e e n   the  c o a t e d  

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

t h e   s h e e t   m a t e r i a l   on  t he   s u p p o r t   s u r f a c e   w h i l e   i t   w a s  

d r i v e n   by  the   t o o l   to  a b r a d e   a  w o r k p i e c e .   I n s t e a d   t h e s e  

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

h e l p   r e t a i n   t he   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   on  t h e  

s u p p o r t   s u r f a c e ,   and  p o r t i o n s   of  t he   s t r u c t u r e s  

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

s i g n i f i c a n t l y   to  i t s   c o s t .  

D i s c l o s u r e   of  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  c o s t   e f f e c t i v e  

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

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

t o o l   so  t h a t   c l a m p s ,   a d h e s i v e s ,   or  i n t e r l o c k i n g   p o r t i o n s  

b e t w e e n   the   s h e e t   m a t e r i a l   and  t h e   t o o l   a r e   n o t   r e q u i r e d   t o  

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

f o r   a b r a d i n g   a  w o r k p i e c e .  

The  means   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n   f o r  

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

to   t h e   a b r a d i n g   t o o l   c o m p r i s e s   (1)  i n c o r p o r a t i n g   i n t o   t h e  

t o o l   a  m a g n e t i z e d   pad  w h i c h   d e f i n e s   t h e   s u p p o r t   s u r f a c e   a n d  

h a s   m o r e   t h a n   6  m a g n e t i c   p o l e s   p e r   i n c h   in  a t   l e a s t   o n e  

d i r e c t i o n   a l o n g   t he   s u p p o r t   s u r f a c e ,   and  (2)  p r o v i d i n g   a  

c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   t h a t   h a s   r e l a t i v e l y   l o w  

m a s s ,   i s   s u f f i c i e n t l y   f l e x i b l e   t h a t   i t   can  i n t i m a t e l y  

c o n f o r m   to  t he   s u p p o r t   s u r f a c e ,   and  i n c o r p o r a t e s   s u f f i c i e n t  

f e r r o m a g n e t i c   m a t e r i a l   ( e . g . ,   an  a v e r a g e   of  more   t h a n   a b o u t  

0 . 0 0 7   g r a m   of  i r o n   p e r   s q u a r e   c e n t i m e t e r )   so  t h a t   o n l y   t h e  

f o r c e   of   m a g n e t i c   a t t r a c t i o n   b e t w e e n   t h e   m a g n e t i z e d   pad  a n d  

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

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

t h r o u g h   the   m a g n e t i z e d   pad  n o r m a l   to   t h e   s u p p o r t   s u r f a c e  

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

s u r f a c e   and  the   s h e e t   m a t e r i a l   to  r e t a i n   t h e   c o a t e d  



a b r a s i v e   s h e e t   m a t e r i a l   on  the  s u p p o r t   s u r f a c e   w h i l e   i t   i s  

d r i v e n   by  the   m a g n e t i z e d   pad  to  a b r a d e   a  w o r k p i e c e .   T h i s  

means   f o r   m a g n e t i c a l l y   a t t a c h i n g   is  s u f f i c i e n t l y   e f f e c t i v e  

t h a t   i t   can  d r i v e   t he   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   e i t h e r  

when  t h e   m a g n e t i z e d   pad  is  p a r t   of  a  t o o l   t h a t   is  m a n u a l l y  

m a n i p u l a t e d ,   or  when  i t   is  p a r t   of  a  t o o l   h a v i n g   a  d r i v e  

m o t o r   t h a t   r e c i p r o c a t e s ,   o s c i l l a t e s   or  r o t a t e s   t he   p a d ,  

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

r o t a r y   g r i n d e r .   T h u s ,   no  m e c h a n i c a l   c l a m p s ,   a d h e s i v e ,   o r  

m e c h a n i c a l   i n t e r l o c k i n g   p o r t i o n s   a re   n e e d e d   to  h o l d   t h e  

c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l ,   and  no  t o o l s   a r e   n e e d e d   t o  

r e m o v e   or   r e p l a c e   i t .   Dus t   and  w a t e r   can   be  w i p e d   o f f   t h e  

c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   and  w i l l   n o t   s i g n i f i c a n t l y  

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

and  t h e   s u p p o r t   s u r f a c e .   In  f a c t ,   w a t e r   has   been   f o u n d   t o  

i n c r e a s e   t he   d e g r e e   of  a t t r a c t i o n   b e t w e e n   t he   c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   and  the   s u p p o r t   s u r f a c e ,   p e r h a p s  

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

D e t a i l e d   D e s c r i p t i o n   of  The  I n v e n t i o n  

W h i l e   any  f e r r o m a g n e t i c   m a t e r i a l   s u c h   as  c o b a l t  

or  n i c k e l   or  b l a c k   i r o n   o x i d e   can  be  i n c o r p o r a t e d   in  t h e  

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

m a t e r i a l   is  i r o n ,   w h i c h   is  the   l e a s t   e x p e n s i v e   and  d e v e l o p s  

the   g r e a t e s t   h o l d i n g   p o w e r   pe r   u n i t   w e i g h t .  

I t   is  e s s e n t i a l   t h a t   the   m a g n e t i z e d   pad  has  m o r e  

t h a n   6  m a g n e t i c   p o l e s   p e r   i n c h ,   or  at   l e a s t   a b o u t   8 

m a g n e t i c   p o l e s   p e r   i n c h   in  a t   l e a s t   one  d i r e c t i o n   a l o n g   i t s  

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

f o r c e   b e t w e e n   t he   pad  and  t he   f e r r o m a g n e t i c   m a t e r i a l   in  t h e  

f l e x i b l e   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l .   The  p r e f e r r e d  
m a t e r i a l   f o r   t he   m a g n e t i z e d   pad  is  t he   m a t e r i a l  

c o m m e r c i a l l y   d e s i g n a t e d   " P l a s t i f o r m "   a v a i l a b l e   f r o m  

M i n n e s o t a   M i n i n g   and  M a n u f a c t u r i n g   Company   of  S t .   P a u l ,  

M i n n e s o t a ,   w h i c h   is  f l e x i b l e ,   c o m p r i s e s   m a g n e t i z e d  

p a r t i c l e s   w i t h i n   a  p o l y m e r i c   m a t r i x ,   and  i s   a v a i l a b l e   w i t h  

4,  6,  8,  11  and  18  m a g n e t i c   p o l e s   p e r   i n c h   ( a b o u t   1 . 6 ,   2 . 4 ,  



3 . 2 ,   4 . 3   and  7 .1   p o l e s   per   c e n t i m e t e r   r e s p e c t i v e l y )   in  o n e  

d i r e c t i o n   a l o n g   i t s   s u r f a c e .   I n c r e a s i n g   the   n u m b e r   o f  

p o l e s   p e r   i n c h   in  t he   m a g n e t i z e d   pad  a b o v e   8  ( e . g . ,   to  11  

or  18  p o l e s   p e r   i n a h )   w i l l   i n c r e a s e   t h i s   h o l d i n g   f o r c e   a t  

the   s u p p o r t   s u r f a c e ,   h o w e v e r ,   w i t h   the   " P l a s t i f o r m "  

m a t e r i a l   i t   w i l l   a l s o   d e c r e a s e   t he   d i s t a n c e   t h a t   a  m a g n e t i c  

f i e l d   of  s u f f i c i e n t   s t r e n g t h   to  p r o d u c e   t h i s   h o l d i n g   f o r c e  

w i l l   e x t e n d   or   r e a c h   f rom  t h e   s u p p o r t   s u r f a c e .   T h i s  

d e c r e a s e   w o u l d   be  of  l i t t l e   c o n c e r n   if   a l l   of  t h e  

f e r r o m a g n e t i c   m a t e r i a l   c o u l d   be  l o c a t e d ,   and  w o u l d   r e m a i n  

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

m a n i p u l a t i o n   of  t he   m a g n e t i z e d   pad  to  a b r a d e   a  w o r k p i e c e .  

In  p r a c t i c e ,   h o w e v e r ,   at   l e a s t   some  of  t he   f e r r o m a g n e t i c  

m a t e r i a l   in  t he   c o a t e d   a b r a s i v e   s h e e t  m a t e r i a l   (1)  a l w a y s  

w i l l   be  s p a c e d   f rom  the   s u p p o r t   s u r f a c e   e i t h e r   by  o t h e r  

f e r r o m a g n e t i c   m a t e r i a l   or  by  one  or  more  p o r t i o n s   of  t h e  

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

wh ich   t h e   f e r r o m a g n e t i c   m a t e r i a l   is  c o n t a i n e d   or  t h a t  

p o r t i o n   w h i c h   a d h e r e s   t he   f e r r o m a g n e t i c   m a t e r i a l   in  p l a c e ;  

(2)  can  be  s e p a r a t e d   f rom  t he   s u p p o r t   s u r f a c e   by  r e s i d u a l  

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

e i t h e r   d u r i n g   m a n u f a c t u r e   of  t he   s h e e t   m a t e r i a l   or  b y  

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

r e s i d u a l   s t r e s s e s   may  no t   a l l o w   t he   c o a t e d   a b r a s i v e   s h e e t  

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

c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   is   no t   s u f f i c i e n t l y  

f l e x i b l e ;   and   (3)  can  become  s e p a r a t e d   f rom  t h e   s u p p o r t  

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

d r i v e n   by  t h e   pad  to  a b r a d e   a  w o r k p i e c e   due  to   f l e x i n g   o f  

the   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   away  f rom  t h e   s u p p o r t  

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

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

t h a t   a l l o w s   t h e   f e r r o m a g n e t i c   m a t e r i a l   to  be  p o s i t i o n e d   a s  

c l o s e   as  p o s s i b l e   to  t he   s u p p o r t   s u r f a c e   w h i l e   b e i n g   in  a  

form  t h a t   a f f o r d s   s u f f i c i e n t   f l e x i b i l i t y   f o r   t h e   c o a t e d  

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

w i l l   r e l i a b l y   be  p o s i t i o n e d   as  c l o s e   as  p o s s i b l e   to   t h e  



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

p l a c e d   on  the   m a g n e t i z e d   p a d ;   and  the  m a g n e t i z e d   p a d  

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

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

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

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

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

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

a f t e r   any  f l e x i n g   of  t h e   s h e e t   m a t e r i a l   away  f rom  t h e  

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

m a t e r i a l ' s   i n t e n d e d   u s e .   Thus  " P l a s t i f o r m "   m a g n e t i c   p a d s  

h a v i n g   18  p o l e s   p e r   i n c h   ( 7 . 1   p o l e s   pe r   c e n t i m e t e r )   a r e  

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

the   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   t e n d s   to   s t a y   f l a t  

a g a i n s t   t h e   s u p p o r t   s u r f a c e   of  the   m a g n e t i z e d   pad  d u r i n g  

u s e ;   w h e r e a s   " P l a s t i f o r m "   m a g n e t i c   p a d s   h a v i n g   11  p o l e s   p e r  
i n c h   ( 4 . 3   p o l e s   p e r   c e n t i m e t e r )   may  be  p r e f e r r e d   f o r  

a p p l i c a t i o n s   s u c h   as  r e c i p r o c a t i n g   f i l e s   w h e r e   the   c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   may  f l e x   away  f r o m   t h e   s u p p o r t  

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

have   l e s s   h o l d i n g   f o r c e   a t   t he   s u p p o r t   s u r f a c e ,   the   p o r t i o n  

of  t h e i r   m a g n e t i c   f i e l d s   t h a t   a re   of  s u f f i c i e n t   s t r e n g t h   t o  

h o l d   t h e   c o a t e d   a b r a s i v e   s h e e t   e x t e n d   f a r t h e r   f rom  t h e i r  

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

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

s u c h   f l e x i n g s .  

F e r r o m a g n e t i c   m a t e r i a l s   in  t h e   f o rm  of  t h i n  

s h e e t s ,   s t r i p s ,   s c r e e n ,   f i b e r s   or  g r a n u l e s   ( w h i c h   may  b e  

g e n e r a l l y   r o u n d   or   in  t h e   s h a p e   of  p l a t e l e t s )   can  b e  

i n c o r p o r a t e d   a t   any  l o c a t i o n   in  the   c o a t e d   a b r a s i v e   s h e e t  

m a t e r i a l   s u c h   as  w i t h i n   t he   l a y e r   of  a b r a s i v e   g r a i n s ,  

w i t h i n   or  as  t he   b a c k i n g   s h e e t ,   or  on  a  s u r f a c e   of  t h e  

b a c k i n g   s h e e t   o p p o s i t e   t h e   l a y e r   of  a b r a s i v e   g r a i n s   by  a n y  

a p p r o p r i a t e   d i s p e r s i n g ,   c o a t i n g   or  l a m i n a t i n g   m e t h o d .  

L a m i n a t i n g   a  t h i n   s h e e t   of  f e r r o m a g n e t i c   m a t e r i a l  

( e . g . ,   s t e e l   sh im  s t o c k )   to  t he   s i d e   of  t h e   b a c k i n g   s h e e t  

o p p o s i t e   t he   l a y e r   of  a b r a s i v e   g r a i n s ,   or   u s i n g   the   t h i n  



s h e e t   of  f e r r o m a g n e t i c   m a t e r i a l   as  t he   b a c k i n g   s h e e t   t o  

w h i c h   the   l a y e r   of  a b r a s i v e   g r a i n   is  a t t a c h e d ,   p l a c e s   t h e  

f e r r o m a g n e t i c   m a t e r i a l   in  t he   t h i n n e s t   p o s s i b l e   l a y e r   o n  

the   s u p p o r t   s u r f a c e   and  t h u s   w i l l   p r o d u c e   the   m a x i m u m  

m a g n e t i c   f o r c e   b e t w e e n   a  g i v e n   m a g n e t i z e d   pad  and  t h e  

c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l .   Such  t h i n   s h e e t s   o f  

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

and  in  t h i c k e r   f o r m s   ( e . g . ,   a b o v e   a b o u t   0 . 0 0 5   i nch   or   0 . 0 1 3  

c e n t i m e t e r   t h i c k   f o r   s h e e t s   of  s t e e l )   become  s u f f i c i e n t l y  

i n f l e x i b l e   t h a t   t he   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   may  n o t  

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

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

I t   is  p r e f e r r e d   to  i n c o r p o r a t e   f e r r o m a g n e t i c  

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

on  a  s u r f a c e   of  t h e   b a c k i n g   s h e e t   o p p o s i t e   the   l a y e r   o f  

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

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

m a t e r i a l ,   and  a r e   u s u a l l y   t he   l e a s t   e x p e n s i v e   form  of   t h e  

f e r r o m a g n e t i c   m a t e r i a l .   The  f e r r o m a g n e t i c   g r a n u l e s   can   b e  

a d h e r e d   to  t he   s u r f a c e   of   t h e   b a c k i n g   s h e e t   o p p o s i t e   t h e  

l a y e r   of  a b r a s i v e   g r a i n s   by  a  v a r i e t y   of  a d h e s i v e   t y p e s  

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

The  a d h e s i v e   s h o u l d   wet   and  c o v e r   t he   g r a n u l e s   o f  

f e r r o m a g n e t i c   m a t e r i a l   to   p r o t e c t   them  f rom  o x i d a t i o n ,   a n d  

s h o u l d   a d h e r e   t h e   g r a n u l e s   in  t h e   t h i n n e s t   p o s s i b l e   l a y e r  

to  a f f o r d   p l a c i n g   t h e   g r a n u l e s   a s  c l o s e   as  p o s s i b l e   to   t h e  

s u p p o r t   s u r f a c e   of  t h e   m a g n e t i z e d   p a d .   A d h e s i v e s   t h a t  

have   been   f o u n d   p a r t i c u l a r l y   u s e f u l   f o r   t h i s   p u r p o s e  

i n c l u d e   p o l y e s t e r   r e s i n s ,   l a t i c e s ,   and  v i n y l   a c e t a t e  

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

f e r r o m a g n e t i c   m a t e r i a l   w i l l   no t   be  so  t h i n   as  a  s h e e t   o f  

t h e   same  f e r r o m a g n e t i c   m a t e r i a l   f o r   a  g i v e n   amoun t   o f  

f e r r o m a g n e t i c   m a t e r i a l   p e r   u n i t   a r e a ,   an  a d h e r e d   l a y e r   o f  

g r a n u l a r   f e r r o m a g n e t i c   m a t e r i a l   can  c o n t a i n   a  s i g n i f i c a n t l y  

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

s t i l l   h a v i n g   much  more   f l e x i b i l i t y   t h a n   a  s h e e t   o f  

f e r r o m a g n e t i c   m a t e r i a l .  



When  a d h e r e d   in  such   a  l a y e r ,   c o m m e r c i a l l y  

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

s c r e e n s   h a v i n g   m e s h e s   in  a b o u t   t he   100  to   270  r a n g e   so  t h a t  

t h e y   have   maximum  s i z e s   in  the   r a n g e   of  a b o u t   50  to  1 5 0  

m i c r o n s   have   been   f o u n d   to  p r o d u c e ,   p e r   u n i t   w e i g h t   o f  

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

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

mos t   c o n d i t i o n s .   When  t h e   same  c o m m e r c i a l l y   a v a i l a b l e   i r o n  

g r a n u l e s   a r e   s c r e e n e d   t h r o u g h   a  50  mesh   s c r e e n   and  t h e n  

a d h e r e d   to  t he   s u r f a c e   of  a  b a c k i n g   s h e e t   o p p o s i t e   i t s  

l a y e r   of  a b r a s i v e   g r a i n s ,   t he   l a r g e r   g r a n u l e s   ( w h i c h   may  b e  

up  to  a b o u t   300  m i c r o n s   in  d i a m e t e r )   a p p a r e n t l y   p r o d u c e  

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

of  the   m a g n e t i z e d   pad  and  the   s m a l l e r   g r a n u l e s   t h a t   t h e  

m a g n e t i c   h o l d i n g   f o r c e   b e t w e e n   the   m a g n e t i z e d   pad  and  t h e  

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

h o l d i n g   f o r c e   b e t w e e n   t h e   same  m a g n e t i z e d   pad  and  a  c o a t e d  

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

t h r o u g h   s c r e e n s   in  t h e   100  to   270  mesh   r a n g e .   T h i s  

r e d u c t i o n   is  p a r t i c u l a r l y   p r o n o u n c e d   when  the   m a g n e t i z e d  

pad  has  18  p o l e s   p e r   i n c h ,   a p p a r e n t l y   b e c a u s e   a  m a g n e t i c  

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

s h e e t   a g a i n s t   t he   s u p p o r t   s u r f a c e   e x t e n d s   a  s h o r t e r  

d i s t a n c e   f rom  the   s u p p o r t   s u r f a c e   of  s u c h   a  m a g n e t i z e d   p a d  

t h a n   f rom  t he   s u p p o r t   s u r f a c e   of  a  m a g n e t i z e d   pad  w i t h  

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

t h a t   have   been   s c r e e n e d   t h r o u g h   a  325  mesh   s c r e e n   and  t h u s  

have  maximum  s i z e s   of  a b o u t   44  m i c r o n s   seem  to  p r o d u c e  

s l i g h t l y   l e s s   h o l d i n g   f o r c e   t h a n   is  p r o d u c e d   by  the   s a m e  

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

in  the   100  to   270  mesh   r a n g e ,   p e r h a p s   b e c a u s e   of  o x i d a t i o n  

t h a t   has  o c c u r r e d   on  or   is   i n c l u d e d   w i t h   the   s m a l l e r  

g r a n u l e s .  

I t   has   been   f o u n d   u s e f u l   to  p r o c e s s   c o m m e r c i a l l y  

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

p r o j e c t i o n s   f rom  t he   g r a n u l e s   and  f o r m s   them  i n t o   p l a t e l e t -  

s h a p e d   g r a n u l e s ,   t h e r e b y   m a k i n g   them  more   c o m p a c t   so  t h a t  



t h e y   can  be  c o a t e d   in  a  t h i n n e r   l a y e r   t h a n   the   same  w e i g h t  

of  g r a n u l e s   t h a t   h a v e   no t   b e e n   so  p r o c e s s e d .  

The  f e r r o m a g n e t i c   g r a n u l e s   can  be  a d h e r e d   to  t h e  

b a c k i n g   s h e e t   b e f o r e   or  a f t e r   t h e   l a y e r   of  a b r a s i v e   g r a i n s  

i s   a p p l i e d .   T h e r e   is  some  i n d i c a t i o n   t h a t   t he   p r e s e n c e   o f  

t h e   f e r r o m a g n e t i c   g r a n u l e s   on  t h e   s u r f a c e   of  a  b a c k i n g  

s h e e t   o p p o s i t e   t h a t   on  w h i c h   a b r a s i v e   g r a i n s   a r e   b e i n g  

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

e l e c t r o s t a t i c   c o a t i n g   of  the   a b r a s i v e   g r a i n s   and  w i l l  

i m p r o v e   t h e   s h a r p n e s s   of  t he   c o a t e d   a b r a s i v e .   No 

c o n c l u s i v e   t e s t s   have   y e t   been   p r e f o r m e d   to  s u p p o r t   t h i s  

i n d i c a t i o n ,   h o w e v e r .  

F e r r o m a g n e t i c   m a t e r i a l   may  a l s o   be  i n c o r p o r a t e d  

w i t h i n   a  l i n e r   s h e e t   or  a d h e r e d   on  a  l i n e r   s h e e t   by  a n  

a d h e s i v e   s u c h   as  t h o s e   i n d i c a t e d   a b o v e   and  t h e   l i n e r   s h e e t  

a p p l i e d   o v e r   t he   p r e s s u r e - s e n s i t i v e   a d h e s i v e   l a y e r   o n  

c o m m e r c i a l l y   a v a i l a b l e   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   o f  

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

t h e   m a j o r   s u r f a c e   of  i t s   b a c k i n g   s h e e t   o p p o s i t e   i t s   l a y e r  
of  a b r a s i v e   g r a i n s   ( e . g . ,   t he   t y p e   c o m m e r c i a l l y   d e s i g n a t e d  

" S T I K I T "   w h i c h   is  a v a i l a b l e   f rom  M i n n e s o t a   M i n i n g   a n d  

M a n u f a c t u r i n g   C o m p a n y ,   S t .   P a u l ,   M i n n e s o t a ) .   T h i s   a l l o w s  

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

t h e   s u p p o r t   s u r f a c e   of  t he   m a g n e t i z e d   pad  d e s c r i b e d   h e r e i n  

by  l e a v i n g   t h e   l i n e r   s h e e t   in  p l a c e ,   and  s t i l l   a l l o w s   t h a t  

c o m m e r c i a l l y   a v a i l a b l e   a b r a s i v e   c o a t e d   s h e e t   m a t e r i a l   to  b e  

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

pad  by  s t r i p p i n g   t he   l i n e r   s h e e t   a w a y .   A l t e r n a t i v e l y ,   s u c h  

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

may  be  c o a t e d   w i t h   p r e s s u r e   s e n s i t i v e   a d h e s i v e   and  a d h e r e d  

by  t h a t   p r e s s u r e - s e n s i t i v e   a d h e s i v e   to  t he   back   s u r f a c e   o f  

c o n v e n t i o n a l   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   so  t h a t   i t   m a y  

be  u s e d   on  t h e   m a g n e t i z e d   p a d .  

The  f e r r o m a g n e t i c   m a t e r i a l   can  be  i n c o r p o r a t e d   i n  

t h e   b a c k i n g   s h e e t   of  t he   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   b y  

m i x i n g   i t   w i t h   t he   wood  p u l p   s l u r r y   f rom  w h i c h   t h e   p a p e r  

b a c k i n g   s h e e t   is  m a d e .   W h i l e   g r a n u l e s   of  t he   f e r r o m a g n e t i c  



m a t e r i a l   can  be  u s e d   f o r   t h i s   p u r p o s e ,   p r e f e r a b l y   f i b e r s   o f  

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

e a s i l y   and  e v e n l y   m i x e d   w i t h   the   o t h e r   f i b e r s   from  w h i c h  

t h e   b a c k i n g   s h e e t   is   made  and  have  l e s s   t e n d e n c y   to  s e t t l e  

o u t .   With   e i t h e r   f o rm  of  t he   f e r r o m a g n e t i c   m a t e r i a l   t h e  

t h i c k n e s s   of  the   b a c k i n g   s h e e t   w i l l   n o r m a l l y   s e p a r a t e   a  

p e r c e n t a g e   of  the   i n c o r p o r a t e d   f e r r o m a g n e t i c   m a t e r i a l   a  

g r e a t e r   d i s t a n c e   f rom  t h e   s u p p o r t   s u r f a c e   of  the  m a g n e t i z e d  

pad  on  w h i c h   the   b a c k i n g   s h e e t   is  p o s i t i o n e d   t han   t h e  

d i s t a n c e   the  same  p e r c e n t a g e   of  f e r r o m a g n e t i c   m a t e r i a l  

w o u l d   be  s e p a r a t e d   i f   i t   we re   in  a  t h i n   l a y e r   on  t h e  

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

g r a i n s .   Thus ,   g e n e r a l l y   more   f e r r o m a g n e t i c   m a t e r i a l   w i l l  

be  n e e d e d   to  p r o d u c e   t h e   same  h o l d i n g   f o r c e   b e t w e e n   t h e  

m a g n e t i z e d   pad  and  t h e   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   w h e n  

t h e   f e r r o m a g n e t i c   m a t e r i a l   is  i n c o r p o r a t e d   in  the  b a c k i n g  

s h e e t   t h a n   when  t he   f e r r o m a g n e t i c   m a t e r i a l   is  in  a  l a y e r   o n  

t h e   s u r f a c e   of  the   b a c k i n g   s h e e t   o p p o s i t e   the   l a y e r   o f  

a b r a s i v e   g r a i n s .  

I t   is  l e a s t   p r e f e r r e d   to  i n c o r p o r a t e   t h e  

f e r r o m a g n e t i c   g r a n u l e s   in  t he   l a y e r   of  a b r a s i v e   g r a i n s   o n  

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

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

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

c a u s e d   by  the  b a c k i n g   s h e e t .   I n c o r p o r a t i n g   f e r r o m a g n e t i c  

g r a n u l e s   in  the  l a y e r s   of  a b r a s i v e   g r a i n s   is  u s e f u l ,  

h o w e v e r ,   when  the   b a c k i n g   s h e e t   is  c o a t e d   by  l a y e r s   o f  

a b r a s i v e   g r a i n s   on  b o t h   s i d e s ,   p a r t i c u l a r l y   when  i t   i s  

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

p r o d u c e   much  s e p a r a t i o n   b e t w e e n   t he   f e r r o m a g n e t i c   p a r t i c l e s  

and  the   m a g n e t i z e d   pad   ( e . g . ,   g r i t s   of  120  or  s m a l l e r ) ,  

a n d / o r   f o r   a b r a s i v e   s h e e t   m a t e r i a l   t h a t   is  c o a t e d   w i t h  

a b r a s i v e   g r a i n   on  b o t h   s i d e s   and  is  i n t e n d e d   fo r   use   on  a  

hand   s a n d i n g   b l o c k   w h e r e   a  minimum  m a g n e t i c   h o l d i n g   f o r c e  

is   r e q u i r e d .  

P r e f e r a b l y   i r o n   f e r r o m a g n e t i c   m a t e r i a l   is  u s e d   a t  

an  a v e r a g e   d e n s i t y   of  o v e r   a b o u t   0 . 0 0 7   gram  per   s q u a r e  



c e n t i m e t e r   a r e a   m e a s u r e d   in  a  p l a n e   p a r a l l e l   to  the   m a j o r  

s u r f a c e s   of  t he   b a c k i n g   s h e e t ,   wh ich   d e n s i t y   has   been   f o u n d  

to   p r o d u c e   a d e q u a t e   h o l d i n g   p o w e r   b e t w e e n   c o a t e d   a b r a s i v e  

s h e e t   m a t e r i a l   and  m a g n e t i z e d   p a d s   of  t he   t y p e   d e s c r i b e d  

a b o v e .   H o w e v e r ,   u s i n g   l e s s   t h a n   a b o u t   0 . 0 0 7   g ram  p e r  

s q u a r e   c e n t i m e t e r   of  i r o n   may  be  a d e q u a t e   to  h o l d   c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   a g a i n s t   m a g n e t i z e d   p a d s   f o r   some  

p u r p o s e s   s u c h   as  hand  s a n d i n g ,   p a r t i c u l a r l y   w h e r e   t h e  

b a c k i n g   s h e e t   is  c o a t e d   w i t h   l a y e r s   of  a b r a s i v e   g r a i n s   o n  

b o t h   s i d e s   so  t h a t   t he   l a y e r   of  a b r a s i v e   g r a i n s   a d j a c e n t  

t h e   m a g n e t i z e d   pad  i n c r e a s e s   t h e   e f f e c t   of  f r i c t i o n   b e t w e e n  

t he   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   and  t he   s u p p o r t   s u r f a c e .  

U s i n g   g r e a t e r   a v e r a g e   d e n s i t i e s   of  i r o n   m a t e r i a l   in  t h e  

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

0 . 0 0 7   to   0 .1   gram  p e r   s q u a r e   c e n t i m e t e r   has   b e e n   f o u n d   t o  

i n c r e a s e   t he   h o l d i n g   f o r c e   b e t w e e n   the  c o a t e d   a b r a s i v e  

s h e e t   m a t e r i a l   and  the   m a g n e t i z e d   pad .   I n c r e a s i n g   s u c h  

d e n s i t i e s   a b o v e   a b o u t   0 . 1   g r am  p e r   s q u a r e   c e n t i m e t e r   w h e n  

t h e   i r o n   is  in  t h i n   s h e e t   f o rm  d o e s   no t   a p p e a r   t o  

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

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

b e i n g   u s e d .   I n c r e a s i n g   s u c h   d e n s i t i e s   a b o v e   0 . 1   gram  p e r  

s q u a r e   c e n t i m e t e r   when  t h e   i r o n   is   in  a  form  o t h e r   t h a n   i n  

a  t h i n   s h e e t   ( e . g .   g r a n u l a r )   may  s t i l l   s i g n i f i c a n t l y  

i n c r e a s e   t he   h o l d i n g   f o r c e ,   h o w e v e r ,   s i n c e   t he   l a r g e r  

a m o u n t   of  i r o n   may  be  n e e d e d   to   o v e r c o m e   t he   e f f e c t s   o f  

s e p a r a t i o n   f rom  t h e   s u p p o r t   s u r f a c e   on  the   m a g n e t i z e d   p a d  

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

in  w h i c h   i t   is   c o n t a i n e d .  

F e r r o m a g n e t i c   m a t e r i a l   in  any  form  ( e . g . ,  

g r a n u l e s ,   s c r e e n ,   f i b e r s   o r   s h e e t )   can  be  i n c l u d e d   in  t h e  

c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   in  s u f f i c i e n t   q u a n t i t y   t o  

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

t he   m a g n e t i z e d   pad  w h i l e   t h e   s h e e t   m a t e r i a l   s t i l l   r e t a i n s   a  

r e l a t i v e l y   low  mass   so  t h a t   s u c h   m a g n e t i c   a t t a c h m e n t   c a n  

o v e r c o m e   t he   e f f e c t s   of  m o m e n t u m   when  t h e   s h e e t   m a t e r i a l   i s  

o s c i l l a t e d   or  r a p i d l y   r e c i p r o c a t e d   ( e . g . ,   up  to  a b o u t   6 , 0 0 0  



s t r o k e s   p e r   m i n u t e )   or  t h e   e f f e c t s   of  c e n t r i f u g a l   f o r c e s  

due  to  n o r m a l   i m b a l a n c e   or  s l i g h t   i m p r o p e r   c e n t e r i n g   o f  

c i r c u l a r   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   when  i t   is  r a p i d l y  

r o t a t e d   ( e . g . ,   up  to  o v e r   3 , 0 0 0   R . P . M . ) .   C o a t e d   a b r a s i v e  

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

to   16  g r i t   s i z e   w i l l   t y p i c a l l y   have   an  a v e r a g e   d e n s i t y   o f  

l e s s   t h a n   a b o u t   0 . 4 5   g ram  p e r   s q u a r e   c e n t i m e t e r   m e a s u r e d   i n  

a  p l a n e   p a r a l l e l   to  i t s   m a j o r   s u r f a c e s ,   and  t he   f i n e r   m o r e  

commonly   u s e d   80  to   36  g r i t   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l  

w i l l   have   t y p i c a l l y   a v e r a g e   d e n s i t i e s   in  the  r a n g e   of  a b o u t  

0 . 1 0   to   0 . 1 5   gram  p e r   s q u a r e   c e n t i m e t e r   when  m e a s u r e d   i n  

t h a t   p l a n e .  

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

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

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

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

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

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

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

c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l ,   h o w e v e r ,   such   as  to  p r o d u c e  

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

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

a c c o m m o d a t e   s p e c i a l   m a g n e t i z e d   p a d s ,   h e l p   p o s i t i o n   t h e  

c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l ,   or  s ave   m a t e r i a l   c o s t s .  

The  s u r f a c e   of  t h e   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l  

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

m a g n e t i z e d   pad  and  t he   s u p p o r t   s u r f a c e   s h o u l d   be  a d a p t e d   t o  

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

t h e r e b e t w e e n .   One  or  b o t h   of  t h o s e   s u r f a c e s   s h o u l d   a l s o  

p r o v i d e   r e c e s s e s   f o r   d u s t   p a r t i c l e s   t h a t   may  become  t r a p p e d  

t h e r e b e t w e e n   so  t h a t   s u c h   p a r t i c l e s   do  not   i n c r e a s e  

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

b e t w e e n   t h e   m a g n e t i c   pad  and  s h e e t   m a t e r i a l   w h i l e   a c t i n g   a s  

l u b r i c a t i o n   or  b a l l   b e a r i n g s   to   f a c i l i t a t e   l o n g i t u d i n a l  

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

g r a n u l e s   a d h e r e d   to  t he   b a c k i n g   s h e e t ,   b a c k i n g   s h e e t s  

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



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

b o t h   p u r p o s e s .   When  t he   f e r r o m a g n e t i c   m a t e r i a l   is  in  t h e  

form  of  t h i n   s h e e t s   ( e . g . ,   sh im   s t o c k )   w h i c h   n o r m a l l y   h a v e  

r e l a t i v e l y   s m o o t h   s u r f a c e s ,   i t   is  p r e f e r r e d   to  form  s u c h  

r e c e s s e s   in  t he   s u r f a c e s   of   t h e   s h e e t s   i n t e n d e d   to  c o n t a c t  

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

w h i c h   s h o u l d   a l s o   i n c r e a s e   t h e i r   c o e f f i c i e n t   of  f r i c t i o n  

w i t h   t h e   s u p p o r t   s u r f a c e .  

As  n o t e d   a b o v e ,   t h e   f l e x i b i l i t y   of  t he   c o a t e d  

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

s h e e t   m a t e r i a l   to  l i e   in  i n t i m a t e   c o n t a c t   w i t h   t h e   e n t i r e  

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

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

m a x i m i z e   t he   h o l d i n g   f o r c e   t h e r e b e t w e e n   r a t h e r   t h a n   b e i n g  

b i a s e d   i n t o   a  s h a p e   ( e . g . ,   a r c u a t e )   w i t h   p o r t i o n s   s p a c e d  

f rom  t he   s u p p o r t   s u r f a c e   by  i n t e r n a l   s t r e s s e s   in  t he   s h e e t  

m a t e r i a l .   C o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   t h a t   can  be  b e n t  

at   l e a s t   180  d e g r e e s   a r o u n d   a  3 /8   i n c h   or  1  c e n t i m e t e r  

d i a m e t e r   rod   a t   a  t e m p e r a t u r e   of  70  d e g r e e s   F a h r e n h e i t   a n d  

at   a  r e l a t i v e   h u m i d i t y   of   50%,  and  w i l l   s u b s e q u e n t l y   b e  

h e l d   f l a t   a g a i n s t   the   f l a t   s u r f a c e   of  an  11  p o l e   p e r   i n c h  

m a g n e t i z e d   pad  of  the   " P l a s t i f o r m "   b r a n d   m a g n e t i c   m a t e r i a l  

by  o n l y   t h e   m a g n e t i c   a t t r a c t i o n   b e t w e e n   t h e   m a g n e t i c   p o l e s  

in  t h e   pad   and  an  a v e r a g e   of   o v e r   a b o u t   0 . 0 0 7   g ram  o f  

f e r r o m a g n e t i c   m a t e r i a l   p e r   s q u a r e   c e n t i m e t e r   a r e a   m e a s u r e d  

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

s h e e t   m a t e r i a l   a d j a c e n t   t h e   pad  is  deemed   to  b e  

s u f f i c i e n t l y   f l e x i b l e   f o r   u s e   in  t he   p r e s e n t   i n v e n t i o n .  

Such  f l e x i b i l i t y   of  t he   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   w i l l  

be  a f f e c t e d   by  the   s t i f f n e s s   of  t he   b a c k i n g   s h e e t   u s e d   i n  

t h e   s h e e t   m a t e r i a l ,   any  c o a t i n g s   or  l a y e r s   of  a d h e s i v e   u s e d  

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

s i z e   of  t h e   a b r a s i v e   g r a i n s ,   and  p a r t i c u l a r l y   t h e   p h y s i c a l  

fo rm  of  t h e   f e r r o m a g n e t i c   m a t e r i a l   ( i . e . ,   w h e t h e r   i t   is  i n  

s h e e t ,   f i b e r   or  g r a n u l a r   f o r m ) .   P a p e r   b a c k i n g   s h e e t s   o f  

the   t y p e   c o m m o n l y   used   in  c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l  

g e n e r a l l y   h a v e   been   f o u n d   to   be  s u f f i c i e n t l y   f l e x i b l e   f o r  



use   in  the   p r e s e n t   i n v e n t i o n   ( i . e . ,   t r e a t e d   or  u n t r e a t e d  

p a p e r   t h a t   w e i g h s   30  to   170  p o u n d s   p e r   320  s q u a r e   y a r d s   o r  

0 . 0 5   to  0 . 2 9   k i l l c g r a m s   pe r   s q u a r e   m e t e r ) .  

B r i e f   D e s c r i p t i o n   o f   D r a w i n g  

The  p r e s e n t   i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d  

w i t h   r e f e r e n c e   to  t h e   a c c o m p a n y i n g   d r a w i n g   w h e r e i n   l i k e  

n u m b e r s   r e f e r   to  l i k e   p a r t s   in  t he   s e v e r a l   v i e w s ,   a n d  

w h e r e i n :  

F i g u r e   1  s h o w s   a  f i r s t   e m b o d i m e n t   of  a  c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n  

shown  m a g n e t i c a l l y   a t t a c h e d   to  a  m a g n e t i z e d   pad  on  a  

r e c i p r o c a t i n g   f i l e ;  

F i g u r e   2  i s   an  e n l a r g e d   f r a g m e n t a r y   s e c t i o n a l  

v i ew  t a k e n   a p p r o x i m a t e l y   a l o n g   l i n e   2-2  of  F i g u r e   1 .  

F i g u r e   3  s h o w s   a  s e c o n d   e m b o d i m e n t   of  a  c o a t e d  

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

shown  m a g n e t i c a l l y   a t t a c h e d   to  a  m a g n e t i z e d   pad  on  a  r o t a r y  

g r i n d e r ;  

F i g u r e   4  i s   an  e n l a r g e d   s e c t i o n a l   v i ew  t a k e n  

a p p r o x i m a t e l y   a l o n g   L i n e   4-4  of  F i g u r e   3 ;  

F i g u r e   5  s h o w s   a  t h i r d   e m b o d i m e n t   of  a  c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   a c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n  

shown  m a g n e t i c a l l y   a t t a c h e d   to  a  m a g n e t i z e d   pad  on  a  h a n d  

s a n d i n g   b l o c k ;  

F i g u r e   6  i s   an  e n l a r g e d   f r a g m e n t a r y   s e c t i o n a l  

v i ew  t a k e n   a p p r o x i m a t e l y   a l o n g   L i n e   6-6  of  F i g u r e   5 ;  

F i g u r e s   7 ,   8,  9  and  10  a r e   f r a g m e n t a r y   s e c t i o n a l  

v i e w s   of  f o u r t h ,   f i f t h   s i x t h ,   and  s e v e n t h   e m b o d i m e n t s   o f  

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

i n v e n t i o n ;   a n d  

F i g u r e s   11 ,   12  and  13  a r e   g r a p h s   s h o w i n g   r e s u l t s  

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

D e t a i l e d   D e s c r i p t i o n   of  I l l u s t r a t e d   E m b o d i m e n t s  

R e f e r r i n g   now  to  t he   d r a w i n g ,   t h e r e   is  shown  i n  

F i g u r e s   1  and  2  a  p i e c e   of  c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l  



10  and  a  f l e x i b l e  m a g n e t i z e d   pad  11  a c c o r d i n g   to  t h e  

p r e s e n t   i n v e n t i o n   a d a p t e d   f o r   use  on  an  a i r   f i l e   12  of  t h e  

t y p e   commonly   u s e d   in  a u t o   body  w o r k ,   such   as  the   a i r   f i l e  

s o l d   u n d e r   the  t r a d e   d e s i g n a t i o n   " A t c o a   V i k i n g   Dual   P i s t o n  

No.  8 5 1 8 2   Air   F i l e "   by  A l l a n   A i r   P r o d u c t s ,   I n c . ,   S t .   L o u i s ,  

M i s s o u r i .   The  c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   10  i s  

r e c t a n g u l a r   and  i s   shown  m a g n e t i c a l l y   a t t a c h e d   on  a  

g e n e r a l l y   p l a n a r   r e c t a n g u l a r   s u p p o r t   s u r f a c e   14  of  t h e  

f l e x i b l e   m a g n e t i z e d   pad  11.  The  m a g n e t i c   pad  11  c o m p r i s e s  

m a g n e t i z e d   p a r t i c l e s   w i t h i n   a  p o l y m e r i c   m a t r i x   ( e . g . ,   a  

0 . 1 5   c e n t i m e t e r   t h i c k   m a g n e t i z e d   pad  11  of  t h e   m a g n e t i z e d  

m a t e r i a l   c o m m e r c i a l l y   d e s i g n a t e d   " P l a s t i f o r m "   s o l d   b y  

M i n n e s o t a   Min ing   and  M a n u f a c t u r i n g   Company  of  S t .   P a u l ,  

M i n n e s o t a   h a v i n g   11  m a g n e t i c   p o l e s   p e r   i n c h   in  o n e  

d i r e c t i o n   a l o n g   t h e   s u p p o r t   s u r f a c e   1 4 ) .   The  m a g n e t i z e d  

pad  11  is  a d h e r e d   on  one  s u r f a c e   of  a  l a y e r   15  of  f o a m  

r u b b e r   t h a t   is  a d h e r e d   on  i t s   s u r f a c e   o p p o s i t e   t h e  

m a g n e t i z e d   pad  1 1  o n   a  r i g i d   b a c k i n g   p l a t e   16  of  t h e   a i r  

f i l e   12.  The  a i r   f i l e   12  i n c l u d e s   a  d r i v e   means   i n c l u d i n g  

an  a i r   m o t o r   20  a d a p t e d   to  l o n g i t u d i n a l l y   r e c i p r o c a t e   t h e  

b a c k i n g   p l a t e   16  and  m a g n e t i z e d   pad  11  a t   up  to  a b o u t   6 0 0 0  

c u t t i n g   s t r o k e s   p e r   m i n u t e   to  a b r a d e   a  w o r k p i e c e   ( n o t  

s h o w n ) .   D u r i n g   s u c h   r e c i p r o c a t i o n   o n l y   t h e   f o r c e   o f  

m a g n e t i c   a t t r a c t i o n   b e t w e e n   the   m a g n e t i z e d   pad  11  and  t h e  

f l e x i b l e ,   r e l a t i v e l y   low  mass   c o a t e d   a b r a s i v e   s h e e t  

m a t e r i a l   10  and  any  f o r c e   a p p l i e d   to  t he   s h e e t   m a t e r i a l   10  

t h r o u g h   the   m a g n e t i z e d   pad  11  n o r m a l   to  t h e   s u p p o r t   s u r f a c e  

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

s u p p o r t   s u r f a c e   14  and  t h e   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l  

10  to  r e t a i n   t he   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   10  on  t h e  

s u p p o r t   s u r f a c e   14  w i l e   i t   is   d r i v e n   by  t h e   m a g n e t i z e d   p a d  

11  to  a b r a d e   the   w o r k p i e c e .  

As  is  b e s t   s e e n   in  F i g u r e   2,  t h e   c o a t e d   a b r a s i v e  

s h e e t   m a t e r i a l   10  c o m p r i s e s   a  f l e x i b l e   b a c k i n g   s h e e t   2 2  

h a v i n g   o p p o s i t e   m a j o r   s u r f a c e s   and  a  l a y e r   of  a b r a s i v e  

g r a i n s   26  a d h e r e d   on  one  m a j o r   s u r f a c e   by  a  c o n v e n t i o n a l  

b o n d i n g   m a t e r i a l .   M a g n e t i c   a t t a c h m e n t   b e t w e e n   t he   c o a t e d  



a b r a s i v e   s h e e t   m a t e r i a l   10  and  t h e   m a g n e t i z e d   pad  11  i s  

p r o v i d e d   by  a  l a y e r   28  of  f e r r o m a g n e t i c   ( e . g . ,   i r o n )  

p a r t i c l e s   h a v i n g   a  u n i f o r m   d e n s i t y   of  o v e r   a b o u t   0 .0.07  g r a m  

p e r   s q u a r e   c e n t i m e t e r   of  a r e a   ( a n d   p r e f e r a b l y   in  t h e   r a n g e  

of  a b o u t   0 . 0 1 5   to  0 . 0 3   gram  p e r   s q u a r e   c e n t i m e t e r   of  a r e a )  

m e a s u r e d   in  a  p l a n e   p a r a l l e l   to  t h e   m a j o r   s u r f a c e s   of  t h e  

b a c k i n g   s h e e t   22  and  a d h e r e d   by  an  a d h e s i v e   on  t he   s u r f a c e  

of  t he   b a c k i n g   s h e e t   22  o p p o s i t e   t h e   l a y e r   of  a b r a s i v e  

g r a i n s   2 6 .  

R e f e r r i n g   now  to  F i g u r e s   3  and  4  t h e r e   is  shown  a 

p i e c e   of  c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   30  and  a  f l e x i b l e  

m a g n e t i z e d   pad  31  a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n  

a d a p t e d   f o r   use   on  a  r o t a r y   g r i n d e r   32  of  t he   t y p e   c o m m o n l y  

u s e d   to  f i n i s h   m e t a l   such  as  t h e   r o t a r y   g r i n d e r   s o l d   u n d e r  

t h e   t r a d e   d e i s g n a t i o n   C a t a l o g   No.  1200  " P o r t a b l e   E l e c t r i c  

P o l i s h e r "   by  S i o u x   T o o l s ,   I n c . ,   S i o u x   C i t y ,   Iowa .   T h e  

c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   30  i s   shown  m a g n e t i c a l l y  

a t t a c h e d   on  a  c i r c u l a r   s u p p o r t   s u r f a c e   34  of  t he   f l e x i b l e  

m a g n e t i z e d   pad   31,  wh ich   s u p p o r t   s u r f a c e   is   g e n e r a l l y  

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

s l i g h t l y   c o n v e x   or  c o n c a v e   i f   d e s i r e d   to  f a c i l i t a t e  

g r i n d i n g   c e r t a i n   w o r k p i e c e s .   The  m a g n e t i z e d   pad  3 1  

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

( e . g . ,   a  0 . 1 5   c e n t i m e t e r   t h i c k   pad  31  of  " P l a s t i f o r m "  

m a g n e t i z e d   m a t e r i a l   h a v i n g   18  m a g n e t i c   p o l e s   pe r   i n c h   i n  

one   d i r e c t i o n   a l o n g   the   s u p p o r t   s u r f a c e   3 4 ) ,   w h i c h  

m a g n e t i z e d   pad  31  is  m o u n t e d   on  a  f l e x i b l e   p o l y m e r i c  

c i r c u l a r   b a c k i n g   p l a t e   36  of  t h e   r o t a r y   g r i n d e r   32.   T h e  

g r i n d e r   32  i n c l u d e s   a  d r i v e   m e a n s   i n c l u d i n g   an  e l e c t r i c  

m o t o r   40  a d a p t e d   to  r o t a t e   t h e   b a c k i n g   p l a t e   36  a n d  

m a g n e t i z e d   pad   31  at   o v e r   3 , 0 0 0   R . P . M .   to  a b r a d e   a  

w o r k p i e c e   ( n o t   s h o w n ) .   D u r i n g   s u c h   r o t a t i o n   o n l y   t h e   f o r c e  

of  m a g n e t i c   a t t r a c t i o n   b e t w e e n   t h e   m a g n e t i z e d   pad  31  a n d  

t h e   f l e x i b l e ,   r e l a t i v e l y   low  m a s s ,   c i r c u l a r ,   c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   30  and  any   f o r c e   a p p l i e d   to  t h e  

s h e e t   m a t e r i a l   30  t h r o u g h   t he   m a g n e t i z e d   pad  31  n o r m a l   t o  

t he   s u p p o r t   s u r f a c e   34  w i l l   p r o d u c e   s u f f i c i e n t   s t a t i c  



f r i c t i o n   b e t w e e n   t he   s u p p o r t   s u r f a c e   34  and  the   c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   30  to  r e t a i n   t h e   c o a t e d   a b r a s i v e  

s h e e t   m a t e r i a l   30  on  t he   s u p p o r t   s u r f a c e   34  w h i l e   i t   i s  

d r i v e n   by  t h e   m a g n e t i z e d   pad  31  to   a b r a d e   t he   w o r k p i e c e .  

As  is  s e e n   in  F i g u r e   4,  t h e   c o a t e d   a b r a s i v e   s h e e t  

m a t e r i a l   30  c o m p r i s e s   a  f l e x i b l e   b a c k i n g   s h e e t   42  h a v i n g  

o p p o s i t e   m a j o r   s u r f a c e s   and  a  l a y e r   of  a b r a s i v e   g r a i n s   4 6  

a d h e r e d   on  one  m a j o r   s u r f a c e   of  t h e   b a c k i n g   s h e e t   42  by  a  

c o n v e n t i o n a l   b o n d i n g   m a t e r i a l .   M a g n e t i c   a t t a c h m e n t   b e t w e e n  

t h e   c i r c u l a r   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   30  and  t h e  

m a g n e t i z e d   pad  31  i s   p r o v i d e d   by  a  l a y e r   44  o f  

f e r r o m a g n e t i c   ( e . g . ,   i r o n )   p a r t i c l e s   a d h e r e d   to  t he   m a j o r  

s u r f a c e   of  t he   b a c k i n g   s h e e t   42  o p p o s i t e   t he   l a y e r   o f  

a b r a s i v e   g r a i n s   46,   w h i c h   l a y e r   44  h a s   a  u n i f o r m   d e n s i t y   o f  

o v e r   a b o u t   0 . 0 0 7   gram  (and  p r e f e r a b l y   in  t he   r a n g e   of  a b o u t  

0 . 0 1 5   t o   0 . 0 3   g ram)   of  f e r r o m a g n e t i c   m a t e r i a l   pe r   s q u a r e  
c e n t i m e t e r   of  a r e a   m e a s u r e d   in  a  p l a n e   p a r a l l e l   to  t h e  

m a j o r   s u r f a c e s   of  t he   b a c k i n g   s h e e t   4 2 .  

R e f e r r i n g   now  to  F i g u r e s   5  and  6  t h e r e   is  shown  a  

p i e c e   of  c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   50  and  a  f l e x i b l e  

m a g n e t i z e d   pad  51  a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n  

a d a p t e d   f o r   use   on  a  hand   s a n d i n g   b l o c k   52  of  t he   t y p e  

c o m m o n l y   u s e d   by  home  c r a f t s m a n   s u c h   as  t h e   hand  s a n d i n g  

b l o c k   52  made  of  f l e x i b l e   foam  r u b b e r   and  s o l d   u n d e r   t h e  

t r a d e   d e s i g n a t i o n   " S o f t   Hand  B l o c k " ,   p a r t   no.  5 4 4 2 ,   b y  

M i n n e s o t a   M i n i n g   and  M a n u f a c t u r i n g   C o m p a n y .   The  c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   50  i s   r e c t a n g u l a r   and  is   s h o w n  

m a g n e t i c a l l y   a t t a c h e d   on  a  r e c t a n g u l a r   s u p p o r t   s u r f a c e   54  

of   t h e   f l e x i b l e   m a g n e t i z e d   pad  51 .   The  s u p p o r t   s u r f a c e   5 4  

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

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

l o n g i t u d i n a l   a x i s   as  may  be  d e s i r e d   to   f a c i l i t a t e   a b r a d i n g  

c e r t a i n   c o n t o u r e d   w o r k p i e c e s .   The  m a g n e t i z e d   pad  5 1  

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

( e . g . ,   a  0 . 1 5   c e n t i m e t e r   t h i c k   m a g n e t i z e d   pad  51  of   t h e  

m a g n e t i z e d   m a t e r i a l   c o m m e r c i a l l y   d e s i g n a t e d   " P l a s t i f o r m "  

s o l d   by  M i n n e s o t a   M i n i n g   and  M a n u f a c t u r i n g   Company  of  S t .  



P a u l ,   M i n n e s o t a   and  h a v i n g   18  m a g n e t i c   p o l e s   pe r   i n c h   i n  

one  d i r e c t i o n   a l o n g   t he   s u p p o r t   s u r f a c e   5 4 ) .   T h e  

m a g n e t i z e d   pad  51  is   a d h e r e d   on  a  p l a n a r   s u r f a c e   of  a  

m o l d e d   f o a m e d   p o l y p r o p y l e n e   u p p e r   p o r t i o n   56  of  t he   h a n d  

s a n d i n g   b l o c k   52  w h i c h   i n c l u d e s   a  p r o j e c t i o n   58  a d a p t e d   t o  

be  m a n u a l l y   g r a s p e d   so  t h a t   t he   b l o c k   52  can   be  m a n i p u l a t e d  

to  a b r a d e   a  s u b s t r a t e   ( n o t   s h o w n ) .   D u r i n g   s u c h  

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

t h e   m a g n e t i z e d   pad  51  and  the   f l e x i b l e ,   r e l a t i v e l y   low  m a s s  

r e c t a n g u l a r   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   50  and  any  f o r c e  

a p p l i e d   to  t he   s h e e t   m a t e r i a l   50  t h r o u g h   t h e   m a g n e t i z e d   p a d  

51  n o r m a l   to  t he   s u p p o r t   s u r f a c e   54  w i l l   p r o d u c e   s u f f i c i e n t  

s t a t i c   f r i c t i o n   b e t w e e n   t he   s u p p o r t   s u r f a c e   54  and  t h e  

c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   50  to  r e t a i n   t he   c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   50  on  t he   s u p p o r t   s u r f a c e   54  w h i l e  

i t   is   d r i v e n   by  the   m a g n e t i z e d   pad  51  to   a b r a d e   t h e  

w o r k p i e c e .  

As  is  b e s t   s e e n   in  F i g u r e   6,  t h e   c o a t e d   a b r a s i v e  

s h e e t   m a t e r i a l   50  c o m p r i s e s   a  f l e x i b l e   b a c k i n g   s h e e t   62  

h a v i n g   o p p o s i t e   m a j o r   s u r f a c e s   and  a  l a y e r   66  of  a b r a s i v e  

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

b o n d i n g   m a t e r i a l .   M a g n e t i c   a t t a c h m e n t   b e t w e e n   the   p i e c e   50  

of  c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   and  t h e   m a g n e t i z e d   pad  51 

i s   p r o v i d e d   by  a  l a y e r   of  f e r r o m a g n e t i c   ( e . g . ,   i r o n )  

p a r t i c l e s   h a v i n g   a  u n i f o r m   d e n s i t y   of  o v e r   a b o u t   0 . 0 0 7   g r a m  

(and   p r e f e r a b l y   in  t he   r a n g e   of  a b o u t   0 . 0 1   to   0 . 0 5   g r a m )  

p e r   s q u a r e   c e n t i m e t e r   of  a r e a   m e a s u r e d   in  a  p l a n e   p a r a l l e l  

to   t h e   m a j o r   s u r f a c e s   of  t he   b a c k i n g   s h e e t   62 ,   w h i c h  

f e r r o m a g n e t i c   p a r t i c l e s   a r e   i n c o r p o r a t e d   in  b o t h   l a y e r s   66  

of  a b r a s i v e   g r a i n s   66  so  t h a t   e i t h e r   l a y e r   66  of  a b r a s i v e  

g r a i n   may  be  p o s i t i o n e d   on  the   s u p p o r t   s u r f a c e   54  to  p e r m i t  

u se   of  t h e   o t h e r   l a y e r   66  of  a b r a s i v e   g r a i n   to  a b r a d e   a  

w o r k p i e c e .  

R e f e r r i n g   now  to  F i g u r e s   7,  8,  9  and  10  t h e r e   a r e  

i l l u s t r a t e d   f o u r t h ,   f i f t h ,   s i x t h ,   and  s e v e n t h   a l t e r n a t e  

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

m a t e r i a l s   70,   80,   90  and  100  a c c o r d i n g   to  t h e   p r e s e n t  



i n v e n t i o n ,   w h i c h   s h e e t   m a t e r i a l s   70 ,   80,   90  and  100  c o u l d  

be  m a g n e t i c a l l y   a t t a c h e d   to  and  be  of  an  a p p r o p r i a t e   s i z e  

and  s h a p e   to  be  u s e d   on  a  s u p p o r t   s u r f a c e   of  a  f l e x i b l e  

m a g n e t i z e d   pad  i n c l u d i n g   m a g n e t i z e d   p a r t i c l e s   w i t h i n   a  

p o l y m e r i c   m a t r i x ,   s u c h   as  t he   m a g n e t i z e d   p a d s   11,  31  and  51  

d e s c r i b e d   a b o v e .  

The  e m b o d i m e n t   of  t he   f l e x i b l e   c o a t e d   a b r a s i v e  

s h e e t   m a t e r i a l   70  i l l u s t r a t e d   in  F i g u r e   7  c o m p r i s e s   a  

b a c k i n g   s h e e t   72  h a v i n g   o p p o s i t e   m a j o r   s u r f a c e s ,   a  l a y e r   o f  

a b r a s i v e   g r a i n s   74  a d h e r e d   on  one  of  t he   m a j o r   s u r f a c e s   b y  

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

o v e r   a b o u t   0 . 0 0 7   gram  (and  p r e f e r a b l y   in  t he   r a n g e   of  a b o u t  

0 . 0 2   to   0 . 0 7   g r am)   of  f e r r o m a g n e t i c   ( e . g . ,   i r o n )   f i b e r s   78  

p e r   s q u a r e   c e n t i m e t e r   of  a r e a   m e a s u r e d   in  a  p l a n e   p a r a l l e l  

to   t h e   m a j o r   s u r f a c e s   wh ich   f i b e r s   78  w e r e   i n c o r p o r a t e d   i n  

t h e   b a c k i n g   s h e e t   72  a t   the   t i m e   t h e   b a c k i n g   s h e e t   72  w a s  

m a d e .  

The  e m b o d i m e n t   of  t he   f l e x i b l e   c o a t e d   a b r a s i v e  

s h e e t   m a t e r i a l   80  i l l u s t r a t e d   in  F i g u r e   8  c o m p r i s e s   a  

b a c k i n g   s h e e t   82  h a v i n g   o p p o s i t e   m a j o r   s u r f a c e s ,   a  l a y e r   o f  

a b r a s i v e   g r a i n s   84  a d h e r e d   on  one  of   t h e   m a j o r   s u r f a c e s   b y  

a  c o n v e n t i o n a l   b o n d i n g   m a t e r i a l ,   and  a  t h i n   s h e e t   86  o f  

f e r r o m a g n e t i c   m a t e r i a l   ( e . g . ,   s h i m   s t e e l )   a d h e r e d   by  a n  

a d h e s i v e   l a y e r   87  to   the   m a j o r   s u r f a c e   of  t he   b a c k i n g   s h e e t  

82  o p p o s i t e   t h e   l a y e r   of  a b r a s i v e   g r a i n s   84  and  p r o v i d i n g   a  

u n i f o r m   d e n s i t y   of  o v e r   a b o u t   0 . 0 0 7   g ram  (and   p r e f e r a b l y   i n  

t he   r a n g e   of  a b o u t   0 . 0 1   to  0 . 0 5   g r a m )   of  t h e   f e r r o m a g n e t i c  

m a t e r i a l   p e r   s q u a r e   c e n t i m e t e r   of  a r e a   m e a s u r e d   in  a  p l a n e  

p a r a l l e l   to  t h e   m a j o r   s u r f a c e s   of  t h e   b a c k i n g   s h e e t   8 2 .  

The  s h e e t   86  of   f e r r o m a g n e t i c   m a t e r i a l   is   e m b o s s e d   on  i t s  

s u r f a c e   88  o p p o s i t e   the   b a c k i n g   s h e e t   82  b o t h   to  i m p r o v e  

i t s   c o e f f i c i e n t   of  f r i c t i o n   w i t h   a  s u p p o r t   s u r f a c e ,   and  t o  

p r o v i d e   r e c e s s e s   89  w h i c h   can  r e c e i v e   d u s t   t h a t   may  b e c o m e  

t r a p p e d   b e t w e e n   t h e   s u r f a c e   88  and   t h e   s u p p o r t   s u r f a c e   of  a  

m a g n e t i c   pad  on  w h i c h   the   s h e e t   m a t e r i a l   80  is   a t t a c h e d ,  

t h e r e b y   r e s t r i c t i n g   the   s e p a r a t i o n   and  t he   l u b r i c a t i o n   o r  

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



o t h e r w i s e   p r o v i d e   to  p r o m o t e   s l i p p a g e   b e t w e e n   the   s h e e t  

m a t e r i a l   and  the   s u p p o r t   s u r f a c e   in  the   p l a n e   of  t h e  

s u r f a c e   8 8 .  

The  e m b o d i m e n t   of  t h e   f l e x i b l e   c o a t e d   a b r a s i v e  

s h e e t   m a t e r i a l   90  i l l u s t r a t e d   in  F i g u r e   9  is  t he   r e s u l t   o f  

m o d i f y i n g   a  c o m m e r c i a l l y   a v a i l a b l e   p i e c e   91  of  c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l ,   i n c l u d i n g   a  l a y e r   92  of  p r e s s u r e  
s e n s i t i v e   a d h e s i v e   by  w h i c h   t h e   p i e c e   91  may  be  a d h e r e d   t o  

a  s u p p o r t   s u r f a c e   of  a  n o n - m a g n e t i z e d   pad  ( s u c h   as  t h e  

s h e e t   m a t e r i a l   s o l d   u n d e r   t h e   t r a d e   d e s i g n a t i o n   "STIKIT"   by  

M i n n e s o t a   M i n i n g   and  M a n u f a c t u r i n g   C o m p a n y ,   S t .   P a u l ,  

M i n n e s o t a )   by  a p p l y i n g   a  l i n e r   s h e e t   93  c o m p r i s i n g  

f e r r o m a g n e t i c   m a t e r i a l   so  t h a t   t he   c o m b i n a t i o n   of  t h e  

c o m m e r c i a l l y   a v a i l a b l e   p i e c e   91  and  l i n e r   s h e e t   93  can  b e  

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

m a g n e t i z e d   pad  such   as  t h e   p a d s   11,   31  and  51  d e s c r i b e d  

a b o v e .   The  c o m m e r c i a l l y   a v a i l a b l e   p i e c e   91  c o m p r i s e s   a 

b a c k i n g   s h e e t   95  h a v i n g   o p p o s i t e   m a j o r   s u r f a c e s ,   a  l a y e r   o f  

a b r a s i v e   g r a i n s   94  a d h e r e d   on  one  of  t he   m a j o r   s u r f a c e s   b y  

a  c o n v e n t i o n a l   b o n d i n g   m a t e r i a l ,   and  t h e   l a y e r   92  o f  

p r e s s u r e - s e n s i t i v e   a d h e s i v e   on  t h e   m a j o r   s u r f a c e   of  t h e  

b a c k i n g   s h e e t   94  o p p o s i t e   t h e   l a y e r   of  a b r a s i v e   g r a i n s   9 5 .  

The  l i n e r   s h e e t   93  ( e . g . ,   0 . 0 0 5   c e n t i m e t e r   t h i c k  

p o l y e t h y l e n e )   o v e r l a y s   t he   s u r f a c e   of  t he   l a y e r   92  o f  

p r e s s u r e - s e n s i t i v e   a d h e s i v e ,   and  is  f i l l e d   w i t h  

f e r r o m a g n e t i c   g r a n u l e s   98  w h i c h   were   m i x e d   w i t h   t h e  

m a t e r i a l   f rom  w h i c h   t he   l i n e r   s h e e t   93  was  e x t r u d e d   t o  

p r o v i d e   a  u n i f o r m   d e n s i t y   of  o v e r   a b o u t   0 . 0 0 7   g ram  ( a n d  

p r e f e r a b l y   in  t he   r a n g e   of  a b o u t   0 . 0 2   to   0 . 0 4   g ram)   of  t h e  

f e r r o m a g n e t i c   m a t e r i a l   p e r   s q u a r e   c e n t i m e t e r   of  a r e a  

m e a s u r e d   in  a  p l a n e   p a r a l l e l   to  t he   m a j o r   s u r f a c e s   of  t h e  

b a c k i n g   s h e e t   94.   The  c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   90  a s  

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

s u r f a c e   of  a  f l e x i b l e   m a g n e t i z e d   pad  i n c l u d i n g   m a g n e t i z e d  

p a r t i c l e s   w i t h i n   a  p o l y m e r i c   m a t r i x ,   s u c h   as  t he   p a d s   1 1 ,  

31  and  51  d e s c r i b e d   a b o v e ,   or   t h e   l i n e r   s h e e t   93  i n c l u d i n g  

t h e   f e r r o m a g n e t i c   g r a n u l e s   98  can  be  p e a l e d   away ,   and  t h e  



r e m a i n i n g   c o m m e r c i a l l y   a v a i l a b l e   p i e c e   91  of  c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   can   be  a d h e r e d   by  t he   l a y e r   92  o f  

p r e s s u r e - s e n s i t i v e   a d h e s i v e   to  t he   s u p p o r t   s u r f a c e   on  a  

n o n - m a g n e t i z e d   p a d .  

The  e m b o d i m e n t   of  t h e   f l e x i b l e   c o a t e d   a b r a s i v e  

s h e e t   m a t e r i a l   100  i l l u s t r a t e d   in  F i g u r e   10  is  t h e   r e s u l t  

of  m o d i f y i n g   a  c o n v e n t i o n a l   c o m m e r c i a l l y   a v a i l a b l e   p i e c e  

101  of   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   ( w h i c h   c o m m e r c i a l l y  

a v a i l a b l e   p i e c e   101  i n c l u d e s   a  b a c k i n g   s h e e t   102  h a v i n g  

o p p o s i t e   m a j o r   s u r f a c e s ,   and  a  l a y e r   104  of  a b r a s i v e   g r a i n s  

a d h e r e d   on  one  of  t he   m a j o r   s u r f a c e s   of  t he   b a c k i n g   s h e e t  

102  by  a  c o n v e n t i o n a l   b o n d i n g   m a t e r i a l )   by  the   a p p l i c a t i o n  

of  a  l a m i n a t e   105  c o m p r i s i n g   f e r r o m a g n e t i c   m a t e r i a l   so  t h a t  

t he   c o m m e r c i a l l y   a v a i l a b l e   s h e e t   101  can  be  m a g n e t i c a l l y  

a t t a c h e d   on  t he   s u p p o r t   s u r f a c e   of  a  m a g n e t i z e d   p a d ,   s u c h  

as  t h e   p a d s   11,  31  and  51  d e s c r i b e d   a b o v e .   The  l a m i n a t e  

105  c o m p r i s e s   a  l i n e r   s h e e t   106  ( e . g . ,   0 . 0 3 8   c e n t i m e t e r  

t h i c k   p o l y e t h y l e n e )   w h i c h ,   l i k e   t he   l i n e r   s h e e t   93,   i s  

f i l l e d   w i t h   f e r r o m a g n e t i c   g r a n u l e s   108  to   p r o v i d e   a  u n i f o r m  

d e n s i t y   of  o v e r   a b o u t   0 . 0 0 7   g ram  (and  p r e f e r a b l y   in  t h e  

r a n g e   of  a b o u t   0 . 0 2   t o   0 . 0 4   g r am)   of  t h e   f e r r o m a g n e t i c  

m a t e r i a l   pe r   s q u a r e   c e n t i m e t e r   of  a r e a   m e a s u r e d   in  a  p l a n e  

p a r a l l e l   to  t he   m a j o r   s u r f a c e s   of  t he   l i n e r   s h e e t   106 ,   a n d  

a  l a y e r   107  of  p r e s s u r e - s e n s i t i v e   a d h e s v i e   o r i g i n a l l y  

c o a t e d   on  the   l i n e r   s h e e t   106  by  w h i c h   l a y e r   107  t h e  

l a m i n a t e   105  is  a d h e r e d   to   t h e   m a j o r   s u r f a c e   of  t he   b a c k i n g  

s h e e t   102  o p p o s i t e   t h e   l a y e r   of  a b r a s i v e   g r a i n s   104 .   T h e  

c o m m e r c i a l l y   a v a i l a b l e   p i e c e   101  of  c o a t e d   a b r a s i v e   s h e e t  

m a t e r i a l   may  be  m o d i f i e d   in  t h e   f i e l d   by  a p p l y i n g   t h e  

l a m i n a t e   105  to  p r o d u c e   t h e   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l  

100  t h a t   can  be  m a g n e t i c a l l y   a t t a c h e d   to  a  m a g a n e t i z e d   p a d .  

A l t e r n a t i v e l y ,   e i t h e r   of  t h e   l i n e r   s h e e t s   93  o r  

106  in  t h e   e m b o d i m e n t s   90  or   100  of  t h e   c o a t e d   a b r a s i v e  

s h e e t   m a t e r i a l   shown  in  F i g u r e s   9  and  10  c o u l d   be  r e p l a c e d  

by  a  l i n e r   s h e e t   h a v i n g   a  l a y e r   of  f e r r o m a g n e t i c   p a r t i c l e s  

a d h e r e d   on  i t s   s u r f a c e   o p p o s i t e   t he   l a y e r   of  p r e s s u r e  
s e n s i t i v e   a d h e s i v e   in  t h e   m a n n e r   t he   l a y e r s   28  and  44  o f  



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

22  and  42  in  F i g u r e s   2  and  4;  or  c o u l d   be  r e p l a c e d   by  a  

s h e e t   of  f e r r o m a g n e t i c   m a t e r i a l   such   as  the   s h e e t   86  s h o w n  

in  F i g u r e   8 .  

T e s t   R e s u l t s  

The  f o l l o w i n g   d e s c r i b e s   s e v e r a l   t e s t s ,   t h e  

r e s u l t s   of  w h i c h   a r e   g r a p h e d   in  F i g u r e s   11,  12 ,   and  1 3  a n d  

shown  in  t h e   t a b l e   a t   t he   end  of  t h i s   s p e c i f i c a t i o n .   T h e  

t e s t s   were   made  to  d e t e r m i n e   t he   f o r c e   of  m a g n e t i c  

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

18  ( F i g u r e   1 1 ) ,   11  ( F i g u r e   12)  or  8  ( F i g u r e   13)  m a g n e t i c  

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

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

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 i n g   v a r y i n g   a m o u n t s   of  i r o n  

f e r r o m a g n e t i c   m a t e r i a l .  

T e s t   No.  1 

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

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

m a t e r i a l   80  i l l u s t r a t e d   in  F i g u r e   8  w e r e   made  and  t e s t e d .  

P i e c e s   of  sh im  s t e e l   c o m m e r c i a l l y   d e s i g n a t e d   Q Q - S - 6 9 8  

C - 1 0 - 1 0   No.  1  t e m p e r   o b t a i n e d   f rom  B a i s d e l l   M a n u f a c t u r i n g ,  

I n c . ,   Buena   P a r k ,   C a l i f o r n i a ,   9 0 6 2 2 ,   and  n o m i n a l l y   0 . 0 0 2 5 ,  

0 . 0 0 5 1 ,   0 . 0 0 7 6 ,   0 . 0 1 2 7 ,   and  0 . 0 2 5 4   c e n t i m e t e r   ( 0 . 0 0 1 ,  

0 . 0 0 2 ,   0 . 0 0 3 ,   0 . 0 0 5   and   0 . 0 1 0   i n c h )   t h i c k ,   w e r e   a d h e r e d   t o  

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

o p p o s i t e   t h e   l a y e r s   of   a b r a s i v e   g r a i n s   on  t h e   b a c k i n g  

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

s h e e t   m a t e r i a l   c o m m e r c i a l l y   d e s i g n a t e d   " S T I K I T "   a n d  

m a n u f a c t u r e d   by  M i n n e s o t a   M i n i n g   and  M a n u f a c t u r i n g   C o m p a n y  

of  S t .   P a u l ,   M i n n e s o t a .   S e v e r a l   7  c e n t i m e t e r   ( 2 - 3 / 4   i n c h )  

by  4 1 . 9   c e n t i m e t e r   ( 1 6 - 1 / 2   i n c h )   r e c t a n g u l a r   p i e c e s   of  t h e  

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

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

t h i c k n e s s   of  t h e   sh im  s t e e l   w h i c h   were   w e i g h e d   on  a  

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



m a t e r i a l   in  e a c h   s a m p l e   f o r   e a c h   t h i c k n e s s   of  shim  s t e e l .  

The  s a m p l e s   were   t h e n   s e q u e n t i a l l y   a t t a c h e d   a l o n g  

t h e i r   a b r a s i v e s   c o a t e d   s u r f a c e s   to  a  1 . 2 7   c e n t i m e t e r   ( 1 / 2  

i n c h )   t h i c k   by  7  c e n t i m e t e r   ( 2 - 3 / 4   i n c h )   w ide   by  4 1 . 9  

c e n t i m e t e r   ( 1 6 - 1 / 2   i n c h )   l ong   r e c t a n g u l a r   b l o c k   of  a l u m i n u m  

u s i n g   A c r y l i c   Foam  Tape  No.  Y  4205  a v a i l a b l e   f rom  M i n n e s o t a  

M i n i n g   and  M a n u f a c t u r i n g   Company  of  S t .   P a u l ,   M i n n e s o t a  

s u c h   t h a t   t h e   sh im  s t e e l   c o u l d   be  p l a c e d   in  i n t i m a t e  

c o n t a c t   a l o n g   t he   s u p p o r t   s u r f a c e   of  v a r i o u s   0 . 0 3   i n c h  

t h i c k   m a g n e t i z e d   p a d s   of  t he   f l e x i b l e   m a t e r i a l   i n c l u d i n g  

m a g n e t i z e d   p a r t i c l e s   w i t h i n   a  p o l y m e r i c   m a t r i x   of  t he   t y p e  

c o m m e r c i a l l y   d e s i g n a t e d   " P l a s t i f o r m " ,   of  t h e   8,  11,  and  18  

p o l e s   p e r   i n c h   v a r i e t y ,   w h i c h   m a g n e t i z e d   p a d s   were  s e c u r e d  

to   t h e   l o a d   p l a t f o r m   of  a  Type  9281B  " K i s t l e r "   t e s t i n g  

d e v i c e   a v a i l a b l e   f rom  K i s t l e r   I n s t r u m e n t   C o r p . ,   A m h e r s t ,  

N . Y . ,   t h a t   was  u s e d   to  e l e c t r o n i c a l l y   m e a s u r e   the   f o r c e  

r e q u i r e d   to  s e p a r a t e   t he   s a m p l e s   f rom  t he   m a g n e t i z e d   p a d s .  

The  r e s u l t s   of  t he   t e s t s   l a b e l e d   lA,  1B,  1C,  lD  and  lE  a r e  

shown   in  F i g u r e s   11,   12  and  13  f o r   t h e   18,   11,   and  8  p o l e s  

p e r   i n c h   " P l a s t i f o r m "   m a t e r i a l   m a g n e t i z e d   p a d s  

r e s p e c t i v e l y ,   and  a r e   r e c o r d e d   in  t h e   t a b l e   a t   t he   end  o f  

t h i s   s p e c i f i c a t i o n .  

As  can  be  s e e n ,   t h e   h o l d i n g   f o r c e   b e t w e e n   t h e  

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

i n c r e a s e d   as  t he   t h i c k n e s s   of  shim  s t e e l   i n c r e a s e d   so  l o n g  

as  t h e   sh im  s t e e l   p r o v i d e d   l e s s   t h a n   a b o u t   0 .1   g r ams   p e r  

s q u a r e   c e n t i m e t e r   of  f e r r o m a g n e t i c   m a t e r i a l ,   and  t h e n   b e g a n  

to   d e c r e a s e   f o r   sh im  s t e e l   w h i c h   p r o v i d e d   more   t h a n   a b o u t  

0 . 1   g ram  p e r   s q u a r e   c e n t i m e t e r   of  f e r r o m a g n e t i c   m a t e r i a l .  

A l s o ,   i t   was  s e p a r a t e l y   j u d g e d   t h a t   s h i m   s t e e l s   h a v i n g  

t h i c k n e s s   of  0 . 0 1 2 7   c e n t i m e t e r   and  0 . 0 2 5 4   c e n t i m e r   ( 0 . 0 0 5  

i n c h   and   0 . 0 1 0   i n c h )   d id   no t   have   s u f f i c i e n t   f l e x i b i l i t y  

f o r   use   in  t h e   p r e s e n t   i n v e n t i o n   as  when  s u c h   shim  s t e e l s  

w e r e   b e n t   180  d e g r e e s   a r o u n d   a  1  c e n t i m e t e r   ( 3 / 8   i n c h )  

d i a m e t e r   rod   u n d e r   the   c o n d i t i o n s   i n d i c a t e d   above   in  t h i s  

s p e c i f i c a t i o n   t h e y   were   no t   h e l d   f l a t   a g a i n s t   t he   s u p p o r t  

s u r f a c e   of  t h e   11  p o l e   p e r   i n c h   m a g n e t i z e d   pad  o f  



" P l a s t i f o r m "   m a t e r i a l   by  the   m a g n e t i c   f i e l d   from  t h a t   p a d .  

Shim  s t e e l s   h a v i n g   t h i c k n e s s   of  0 . 0 0 2 5 ,   0 . 0 0 5 1   and  0 . 0 0 7 6  

c e n t i m e t e r   ( 0 . 0 0 1 ,   0 . 0 0 2   and  0 . 0 0 3   i n c h )   were   f o u n d   to  h a v e  

s u f f i c i e n t   f l e x i b i l i t y   to  p a s s   t h i s   t e s t .  

T e s t   No.  2 

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

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

l i k e   t he   b a c k i n g   s h e e t s   22  and  42  and  l a y e r s   28  and  44  o f  

f e r r o m a g n e t i c   p a r t i c l e s   i l l u s t r a t e d   in  F i g u r e s   2  and  4  w e r e  

made  and  t e s t e d .   100  p o u n d   b a t c h e s   of  i r o n   g r a n u l e s  

c o m m e r c i a l l y   d e s i g n a t e d   MH  100  and  o b t a i n e d   from  H o e g a n a e s  

C o r p o r a t i o n ,   R i v e r t o n ,   New  J e r s e y ,   0 8 0 7 7 ,   were  p l a c e d   in  a n  

11  g a l l o n   b a l l   m i l l   w i t h   316  p o u n d s   of  a b o u t   1.5  c e n t i m e t e r  

( 5 / 8   i n c h )   d i a m e t e r   s t e e l   b a l l s   and  m i l l e d   dry  f o r   20  to   2 2  

h o u r s   to  p r o d u c e   f l a t   p l a t e l e t - s h a p e d   g r a n u l e s   of  i r o n .  

The  m i l l e d   i r o n   g r a n u l e s   were   t h e n   s c r e e n e d   t h r o u g h   a  1 8 0  

mesh  s c r e e n ,   and  t h e   c o u r s e   i r o n   g r a n u l e s   were  d i s c a r d e d .  

A  s l u r r y   was  t h e n   p r e p a r e d   u s i n g   57.4%  by  w e i g h t  o f   t h e  

m i l l e d   s c r e e n e d   p l a t e l e t - s h a p e d   i r o n   g r a n u l e s ,   25.6%  b y  

w e i g h t   of  a  p o l y e s t e r   r e s i n   h a v i n g   40%  s o l i d s ,   9.5%  b y  

w e i g h t   of  a  p o l y e s t e r   r e s i n   h a v i n g   30%  s o l i d s ,   2.6%  b y  

w e i g h t   of  m e t h y l   e t h y l   k e y t o n e ,   2.6%  by  w e i g h t   of  t o l u e n e ,  

0.4%  by  w e i g h t   of  w e t t i n g   a g e n t ,   and  1.9%  by  w e i g h t   o f  

i s o c y a n a t e   c r o s s l i n k i n g   a g e n t .   The  s l u r r y   was  t h e n   c o a t e d  

at   v a r i o u s   c o a t i n g   w e i g h t s   u s i n g   a  G r a v u r e   Ro l l   c o a t e r   o n t o  

"D"  w e i g h t   p a p e r   o b t a i n e d   f rom  J a m e s   R i v e r   Co rp .   o f  

V i r g i n i a ,   R i c h m o n d ,   V i r g i n i a   a t   a  s l u r r y   v i s c o s i t y   of  a b o u t  

1 , 0 0 0   c e n t i p o i s e   and  a  t e m p e r a t u r e   of  a b o u t   70  d e g r e e s  

F a h r e n h e i t   and  a l l o w e d   to   d r y .   S a m p l e s   of  the   r e s u l t a n t  

c o a t e d   p a p e r s   and  of   t h e   u n c o a t e d   p a p e r   were   t h e n   d i e   c u t  

and  w e i g h e d   u s i n g   t h e   same  e q u i p m e n t   u s e d   in  T e s t   No.  1 ,  

and  the   w e i g h t   of  i r o n   in  each   s a m p l e   of  c o a t e d   p a p e r   w a s  

c a l c u l a t e d   by  s u b t r a c t i n g   the   s a m p l e   p a p e r   w e i g h t s   f rom  t h e  

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

t h e  f e r r o m a g n e t i c   m a t e r i a l   c o n t a i n i n g   c o a t i n g ,   and  by  t h e n  

c a l c u l a t i n g   the   w e i g h t   of  f e r r o m a g n e t i c   m a t e r i a l   in  e a c h  



s a m p l e   as  b e i n g   t h e   p e r c e n t a g e   by  dry  w e i g h t   t h a t   t h e  

f e r r o m a g n e t i c   m a t e r i a l   was  in  t he   s l u r r y   f rom  w h i c h   i t   w a s  
c o a t e d .   The  f o r c e   to  s e p a r a t e   t he   s a m p l e   c o a t e d   p a p e r   w a s  

d e t e r m i n e d   u s i n g   t h e   " K i s l e r "   t e s t i n g   d e v i c e   in  t h e   m a n n e r  
d e s c r i b e d   a b o v e   in  T e s t   N o .  1 .   The  r e s u l t s   a r e   shown  o n  
the   g r a p h s   of  F i g u r e s   11,  12  and  13  w h e r e   t h e y   a r e   l a b e l e d  

as  p o i n t s   2A  and  2B,  and  a r e   r e c o r d e d   in  t h e   t a b l e   a t   t h e  

end  of  t h i s   s p e c i f i c a t i o n .  

W h i l e   t h e   m a g n e t i c   h o l d i n g   f o r c e   f o r   e q u i v a l e n t  

a m o u n t s   of  f e r r o m a g n e t i c   m a t e r i a l   pe r   u n i t   a r e a   was  n o t   a s  

g r e a t   in  t h e   s a m p l e s   p r o d u c e d   in  t h i s   T e s t   N o .  2   as  f o r   t h e  

S a m p l e s   p r o d u c e d   in  T e s t   N o .  1 ,   t he   r e s u l t a n t   s a m p l e s   w e r e  

much  more   f l e x i b l e .  

T e s t   No.  3 

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

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

l i k e   t h e   b a c k i n g   s h e e t s   22  and  42  and  l a y e r s   28  and  44  o f  

f e r r o m a g n e t i c   p a r t i c l e s   i l l u s t r a t e d   in  F i g u r e s   2  and  4  w e r e  

made  and  t e s t e d .   74.1%  by  w e i g h t   of  m i l l e d   s c r e e n e d  

p l a t e l e t - s h a p e d   i r o n   g r a n u l e s   p r e p a r e d   as  d e s c r i b e d   in  T e s t  

N o .  2   w e r e   t h o r o u g h l y   m i x e d   w i t h   25.5%  by  w e i g h t   of  l a t e x  

SBR  h a v i n g   45%  s o l i d s   ( e . g . ,   No.  219A  f r o m   Dow  C h e m i c a l  

Company)   and  0.4%  by  w e i g h t   of  a c r y l i c   e m u l s i o n   t h i c k e n e r  

h a v i n g   13%  s o l i d s   ( e . g . ,   C r u t h i x   No.  46  f r o m   C r u c i b l e  

C h e m i c a l   C o . ,   G r e e n v i l l e ,   S o u t h   C a r o l i n a )   to   p r o d u c e   a  

l a t e x   w a t e r   b a s e d   s l u r r y   h a v i n g   a  v i s c o s i t y   of  a b o u t   8 , 0 0 0  

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

s u s p e n s i o n .   The  s l u r r y   was  k n i f e   c o a t e d   a t   d i f f e r e n t  

t h i c k n e s s e s   o n t o   "D"  w e i g h t   p a p e r   o b t a i n e d   f rom  J a m e s   R i v e r  

Corp .   o f   V i r g i n i a ,   R i c h m o n d ,   V i r g i n i a   a t   a  t e m p e r a t u r e   o f  

70  d e g r e e s   F a h r e n h e i t   and  a l l o w e d   to  d r y .   S a m p l e s   of  t h e  

r e s u l t a n t   c o a t e d   p a p e r s   and  of  t he   u n c o a t e d   p a p e r   w e r e   t h e n  

d i e   c u t   and  w e i g h e d   u s i n g   t h e   same  e q u i p m e n t   u s e d   in  T e s t  

N o .  1 ,   and  t h e   w e i g h t   of  i r o n   in  e a c h   s a m p l e   of   c o a t e d  

p a p e r   was  c a l c u l a t e d   by  s u b t r a c t i n g   t he   s a m p l e   p a p e r  

w e i g h t s   f rom  t he   w e i g h t s   of  t he   c o a t e d   s a m p l e s   to   d e t e r m i n e  



t h e   w e i g h t   of  t he   f e r r o m a g n e t i c   m a t e r i a l   c o n t a i n i n g  

c o a t i n g ,   and  t h e n   c a l c u l a t i n g   the   w e i g h t   of  f e r r o m a g n e t i c  

m a t e r i a l   in  e a c h   s a m p l e   as  b e i n g   t h e   p e r c e n t a g e   by  d r y  

w e i g h t   t h a t   t he   f e r r o m a g n e t i c   m a t e r i a l   was  in  t he   s l u r r y  

f rom  w h i c h   i t   was  c o a t e d .   The  f o r c e   to  s e p a r a t e   the   s a m p l e  

c o a t e d   p a p e r   was  d e t e r m i n e d   u s i n g   t h e   " K i s l e r "   t e s t i n g  

d e v i c e   in  t he   m a n n e r   d e s c r i b e d   a b o v e   in  T e s t   N o .  1 .   T h e  

r e s u l t s   a r e   shown  on  the   g r a p h s   of  F i g u r e s   11,  12  and  13  

w h e r e   t h e y   a r e   l a b l e l e d   as  p o i n t s   3A  and  3B,  and  a r e  

r e c o r d e d   in  t he   t a b l e   at   t h e   end  of  t h i s   s p e c i f i c a t i o n .  

W h i l e   t he   m a g n e t i c   h o l d i n g   f o r c e   f o r   e q u i v a l e n t  

a m o u n t s   of  f e r r o m a g n e t i c   m a t e r i a l   p e r   u n i t   a r e a   was  no t   a s  

g r e a t   in  t he   s a m p l e s   p r o d u c e d   in  t h i s   T e s t   N o .  3   as  f o r   t h e  

s a m p l e s   p r o d u c e d   in  T e s t   N o .  1 ,   t h e   r e s u l t a n t   s a m p l e s   w e r e  

much  more  f l e x i b l e .  

T e s t   No.  4 

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

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

l i k e   t he   b a c k i n g   s h e e t s   22  and  42  and  l a y e r s   28  and  44  o f  

f e r r o m a g n e t i c   p a r t i c l e s   i l l u s t r a t e d   in  F i g u r e s   2  and  4  w e r e  

made  and  t e s t e d .   69.78%  by  w e i g h t   of  m i l l e d   s c r e e n e d  

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

E x a m p l e   2  w e r e   t h o r o u g h l y   m i x e d   w i t h   14 .96%  by  w e i g h t   o f  

e t h y l e n e   v i n y l   a c e t a t e ,   14 .96%  by  w e i g h t   of  p o l y t e r p e n e -  

t a c k i f i e r   r e s i n   and  0.3%  by  w e i g h t   of  a n t i o x i d a n t   ( e . g . ,  

I r g a n o x   1010  a v a i l a b l e   f rom  C i b a - G e i g y   C o r p . ,   W a s h i n g t o n ,  

P e n n s y l v a n i a )   to  p r o d u c e   a  h o t m e l t   s l u r r y .   The  s l u r r y   w a s  

r o l l   c o a t e d   o n t o   "D"  w e i g h t   p a p e r   o b t a i n e d   f rom  James   R i v e r  

C o r p .   of  V i r g i n i a ,   R i c h a m o n d ,   V i r g i n i a ,   at   a  v i s c o s i t y   o f  

2 4 , 0 0 0   c e n t i p o i s e   and  a  t e m p e r a t u r e   of   300  d e g r e e s  

F a h r e n h e i t   and  a l l o w e d   to  c o o l .   S a m p l e s   of  the   r e s u l t a n t  

c o a t e d   p a p e r   and  of  t he   u n c o a t e d   p a p e r   were   t h e n   d i e   c u t  

and  w e i g h e d   u s i n g   the   same  e q u i p m e n t   u s e d   in  T e s t   No.  1 ,  

and  t he   w e i g h t   of  i r o n   in  e a c h   s a m p l e   of   c o a t e d   p a p e r   w a s  

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

w e i g h t s   of  t he   c o a t e d   s a m p l e s   to  d e t e r m i n e   the   w e i g h t   o f  



t h e   f e r r o m a g n e t i c   m a t e r i a l   c o n t a i n i n g   c o a t i n g ,   and  t h e n  

c a l c u l a t i n g   the   w e i g h t   of  f e r r o m a g n e t i c   m a t e r i a l   in  e a c h  

s a m p l e   as  b e i n g   t he   p e r c e n t a g e   by  w e i g h t   t h a t   t h e  

f e r r o m a o n e t i c   m a t e r i a l   was  in  t he   s u r r y   f rom  wh ich   i t   w a s  

c o a t e d .   The  f o r c e   to  s e p a r a t e   t h e   s a m p l e   c o a t e d   p a p e r   w a s  

d e t e r m i n e d   u s i n g   t he   " K i s l e r "   t e s t i n g   d e v i c e   in  the   m a n n e r  

d e s c r i b e d   above   in  T e s t   No.  1.  The  r e s u l t s   a re   shown  o n  

t h e   g r a p h s   of  F i g u r e s   11,  12  and  13  w h e r e   t h e y   a re   l a b e l e d  

as   p o i n t s   4A,  4B  and  4C,  and  a r e   r e c o r d e d   in  the   t a b l e   a t  

t h e   end  of  t h i s   s p e c i f i c a t i o n .  

W h i l e   t he   m a g n e t i c   h o l d i n g   f o r c e   f o r   e q u i v a l e n t  

a m o u n t s   of  f e r r o m a g n e t i c   m a t e r i a l   p e r   u n i t   a r e a   was  no t   a s  

g r e a t   in  the   s a m p l e s   p r o d u c e d   in  t h i s   T e s t   N o .  4   as  f o r   t h e  

s a m p l e s   p r o d u c e d   in  T e s t   N o .  1 ,   t he   r e s u l t a n t   s a m p l e s   w e r e  

much  more  f l e x i b l e .  

T e s t   N o .  5  

A  s t e e l   f i b e r - f i l l e d   f l e x i b l e   b a c k i n g   s h e e t   l i k e  

t h e   b a c k i n g   s h e e t   72  shown  in  F i g u r e   7  was  p r e p a r e d   u s i n g  

m i l d   s t e e l   f i b e r s   c o m m e r c i a l l y   d e s i g n a t e d   Type  PF  a n d  

o b t a i n e d   f rom  H o e g a n a e s   C o r p o r a t i o n ,   R i v e r t o n ,   New  J e r s e y ,  

0 8 0 7 7 .   The  b a c k i n g   s h e e t   was  made  on  a  F o u r d i n i e r - t y p e  

p a p e r   m a k i n g   m a c h i n e   f rom  a  s l u r r y   of   1  p a r t   by  w e i g h t   o f  

s e m i - b l e a c h e d   wood  p u l p   ( e . g . ,   P r i n c e   G e o r g e   Wood  P u l p ,  

a v a i l a b l e   f rom  C a n a d i a n   F o r e s t   P r o d u c t s ,   L t d . ,   Van  C o u v e r ,  

B r i t i s h   C o l u m b i a ,   C a n a d a ) ,   3 . 5   p a r t s   by  w e i g h t   of  t h e   s t e e l  

f i b e r s ,   0 . 4 9   p a r t s   by  w e i g h t   of  l a y t e x   h a v i n g   50%  s o l i d s  

( e . g . ,   H y c a r   No.  1562X103   a v a i l a b l e   f rom  B . F .   G o o d r i c h ,  

A k r o n ,   O h i o ) ,   0 . 0 0 4   p a r t s   by  w e i g h t   of  s u r f a c t a n t   ( e . g . ,  

T a m o l   SN  a v a i l a b l e   f rom  Rohm  and  H a a s ,   P h i l a d e p h i a ,  

P e n n s y l v a n i a ) ,   and  0 . 0 2 8   p a r t s   by  w e i g h t   of   j e t   b l a c k   d y e .  

S a m p l e s   of  the   r e s u l t a n t   p a p e r   were   t h e n   d i e   cu t   a n d  

w e i g h e d   u s i n g   the   same  e q u i p m e n t   u s e d   in  T e s t   No.  1,  a n d  

t h e   w e i g h t   of  the   s t e e l   f i b e r s   in  e a c h   s a m p l e   of  p a p e r   w a s  

c a l c u l a t e d   as  b e i n g   t he   p e r c e n t a g e   by  d r y   w e i g h t   t h a t   t h e  

f e r r o m a g n e t i c   m a t e r i a l   was  in  t h e   s l u r r y   f rom  w h i c h   t h e  

p a p e r   was  made .   The  f o r c e   to  s e p a r a t e   t h e   s a m p l e s   of  s t e e l  



f i b e r   f i l l e d   p a p e r   w e r e   d e t e r m i n e d   u s i n g   the   " K i s l e r "  

t e s t i n g   d e v i c e   in  t h e   m a n n e r   d e s c r i b e d   above   in  T e s t   No.  1 .  

The  r e s u l t s   a r e   shown  on  t he   g r a p h s   of  F i g u r e s   11,  12  a n d  

13  where   t h e y   a r e   l a b e l e d   as  p o i n t s   5A  and  5B,  and  a r e  

r e c o r d e d   in  t h e   t a b l e   a t   t he   end  of  t h i s   s p e c i f i c a t i o n .  

The  m a g n e t i c   h o l d i n g   f o r c e   f o r   e q u i v a l e n t   a m o u n t s  

p e r   u n i t   a r e a   of  f e r r o m a g n e t i c   m a t e r i a l   was  no t   as  g r e a t   i n  

t he   s a m p l e s   p r o d u c e d   in  t h i s   T e s t   N o .  5   as  f o r   the   s a m p l e s  

p r o d u c e d   in  T e s t   N o .  1   o r   as  f o r   t he   s a m p l e s   p r o d u c e d   i n  

T e s t   N o ' s .   2,  3  and  4.  The  r e s u l t a n t   s a m p l e s   were  m u c h  

more   f l e x i b l e   t h a n   t h e   s a m p l e s   f rom  T e s t   No.  1,  h o w e v e r ,  

and  at   l e a s t   as  f l e x i b l e   as  t he   s a m p l e s   f rom  the   o t h e r  

T e s t s .  

T e s t   No.  6 

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

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

l i k e   the   b a c k i n g   s h e e t s   22  and  42  and  l a y e r s   28  and  44  o f  

f e r r o m a g n e t i c   p a r t i c l e s   i l l u s t r a t e d   in  F i g u r e s   2  and  4  w e r e  

made  and  t e s t e d .   A  p r e - m i x   was  p r e p a r e d   u s i n g   1 2 , 0 2 7   g r a m s  
of  i r o n   g r a n u l e s   c o m m e r c i a l l y   d e s i g n a t e d   MH  100,   o b t a i n e d  

f rom  H o e g a n a e s   C o r p o r a t i o n ,   R i v e r t o n ,   N e w  J e r s e y ,   1 9 3 . 1  

g r a m s   of  m e t h y l   e t h y l   k e y t o n e ,   1 9 3 . 1   g r ams   of  t o l u e n e ,   a n d  

5 .3   g r a m s   of  w e t t i n g   a g e n t .   The  p r e - m i x   was  p l a c e d   in  a  

2 .3   g a l l o n   c e r a m i c   b a l l   m i l l   w i t h   1 2 . 9   k i l o g r a m s   of  a b o u t  

1 .5   c e n t i m e t e r   ( 5 / 8   i n c h )   d i a m e t e r   s t e e l   b a l l s   and  m i l l e d  

f o r   a b o u t   24  h o u r s   to   s t a r t   f o r m i n g   the   i r o n   i n t o   f l a t  

p l a t e l e t - s h a p e d   g r a n u l e s .   142  g r a m s   of  a  p o l y e s t e r   r e s i n  

h a v i n g   40%  s o l i d s ,   3 8 3 . 4   g r a m s   of  a  p o l y e s t e r   r e s i n   h a v e  

30%  s o l i d s ,   3 1 7 . 2   g r a m s   of  m e t h y l   e t h y l   k e y t o n e ,   and  3 1 7 . 2  

g r a m s   of  t o l u e n e   w e r e   t h e n   a d d e d   to  t he   p r e - m i x   in  t h e   b a l l  

m i l l .   The  r e s u l t a n t   m i x t u r e   was  a g a i n   m i l l e d   fo r   a b o u t   2 0  

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

g r a n u l e s ,   and  was  t h e n   s c r e e n e d   t h r o u g h   a  4  mesh  s c r e e n   t o  

r e m o v e   the   s t e e l   b a l l s .   The  r e s u l t a n t   s l u r r y   was  t h e n  

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

"A"  w e i g h t   p a p e r   o b t a i n e d   f rom  J a m e s   R i v e r   Co rp .   o f  



V i r g i n i a ,   R i c h m o n d ,   V i r g i n i a   a t   a  s l u r r y   v i s c o s i t y   of  a b o u t  

66  Kreb  u n i t s   and  a  t e m p e r a t u r e   of  a b o u t   70  d e g r e e s  

F e h r e n h e i t   and  a l l o w e d   to  d r y .   S a m p l e s   of  the   r e s u l t a n t  

c o a t e d   p a p e r s   and  of  t he   u n c o a t e d   p a p e r   were   t h e n   d i e   c u t  

and  w e i g h e d   u s i n g   t h e   same  e q u i p m e n t   u sed   in  T e s t   No.  1 ,  

and  the   w e i g h t   of  i r o n   in  e a c h   s a m p l e   of  c o a t e d   p a p e r   w a s  

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

w e i g h t s   of   the   c o a t e d   s a m p l e s   to  d e t e r m i n e   t he   w e i g h t   o f  

t h e   f e r r o m a g n e t i c   m a t e r i a l   c o n t a i n i n g   c o a t i n g ,   and  by  t h e n  

c a l c u l a t i n g   the   w e i g h t   of  f e r r o m a g n e t i c   m a t e r i a l   in  e a c h  

s a m p l e   as  b e i n g   t he   p e r c e n t a g e   by  d ry   w e i g h t   t h a t   t h e  

f e r r o m a g n e t i c   m a t e r i a l   was  in  t he   s l u r r y   f rom  w h i c h   i t   w a s  

c o a t e d .   The  f o r c e   to  s e p a r a t e   t he   s a m p l e   c o a t e d   p a p e r   w a s  

d e t e r m i n e d   u s i n g   t h e   " K i s l e r "   t e s t i n g   d e v i c e   in  t he   m a n n e r  

d e s c r i b e d   a b o v e   in  T e s t   No.  1.  The  r e s u l t s   a r e   shown  o n  

t h e   g r a p h s   of  F i g u r e s   11,   12  and  13  w h e r e   t h e y   a r e   l a b e l e d  

as  p o i n t s   6A  and  6B,  and  a r e   r e c o r d e d   in  t he   t a b l e   at   t h e  

end  of  t h i s   s p e c i f i c a t i o n .  

W h i l e   t he   m a g n e t i c   h o l d i n g   f o r c e   f o r   e q u i v a l e n t  

a m o u n t s   of  f e r r o m a g n e t i c   m a t e r i a l   p e r   u n i t   a r e a   was  no t   a s  

g r e a t   in  t he   s a m p l e s   p r o d u c e d   in  t h i s   T e s t   N o .  6   as  f o r   t h e  

S a m p l e s   p r o d u c e d   in  T e s t   No.  1,  the   r e s u l t a n t   s a m p l e s   w e r e  

much  more  f l e x i b l e ,   and  had  t h e   b e s t   m a g n e t i c   h o l d i n g   f o r c e  

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







1.  A  c o m b i n a t i o n   of  an  a b r a d i n g   t o o l   h a v i n g   a  

g e n e r a l l y   p l a n a r   s u p p o r t   s u r f a c e   and  a  f l e x i b l e ,   low  m a s s  

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

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

b a c k i n g   s h e e t   h a v i n g   o p p o s i t e   m a j o r   s u r f a c e s ,   and  h a v i n g  

a b r a s i v e   g r a i n s   a t t a c h e d   on  a t   l e a s t   one  of  s a i d   m a j o r  

s u r f a c e s ,   c h a r a c t e r i z e d   by  the   f e a t u r e   t h a t   s a i d   s u p p o r t  
s u r f a c e   ( 1 4 , 3 4 , 5 4 )   is   d e f i n e d   by  a  m a g n e t i z e d   p a d  

( 1 1 , 3 1 , 5 1 )   h a v i n g   more   t h a n   6  m a g n e t i c   p o l e s   pe r   i n c h   in  a t  

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

c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )  

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

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

m a g n e t i c   a t t r a c t i o n   b e t w e e n   s a i d   m a g n e t i z e d   pad  ( 1 1 , 3 1 , 5 1 )  

and  the   f e r r o m a g n e t i c   m a t e r i a l   i n c o r p o r a t e d   w i t h   t h e   c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )   and  a n y  
f o r c e   a p p l i e d   to  t h e   s h e e t   m a t e r i a l   t h r o u g h   the   m a g n e t i z e d  

pad  n o r m a l   to  s a i d   s u p p o r t   s u r f a c e   ( 1 4 , 3 4 , 5 4 )   w i l l   p r o d u c e  

s u f f i c i e n t   s t a t i c   f r i c t i o n   b e t w e e n   s a i d   s u p p o r t   s u r f a c e  

( 1 4 , 3 4 , 5 4 )   and  s a i d   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l  

( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )   to   r e t a i n   s a i d   a b r a s i v e   c o a t e d  

s h e e t   m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )   on  s a i d   s u p p o r t  

s u r f a c e   ( 1 4 , 3 4 , 5 4 )   w h i l e   i t   is  d r i v e n   by  s a i d   m a g n e t i z e d  

pad  ( 1 1 , 3 1 , 5 1 )   to   a b r a d e   a  w o r k p i e c e .  

2.  A  c o m b i n a t i o n   a c c o r d i n g   to  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   f e r r o m a g n e t i c   m a t e r i a l   is   i r o n ,  

and  s a i d   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l  

( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )   i n c l u d e s   an  a v e r a g e   in  t he   r a n g e   o f  

a b o u t   0 . 0 0 7   to   0 . 1   g ram  of  ' the  i r o n   p e r   s q u a r e   c e n t i m e t e r  

a r e a   m e a s u r e d   in  s a i d   p l a n e   p a r a l l e l   to  s a i d   m a j o r  

s u r f a c e s .  



3.  A  c o m b i n a t i o n   a c c o r d i n g   to  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   f e r r o m a g n e t i c   m a t e r i a l   is  i r o n  

g r a n u l e s   a d h e r e d   on  t h e   m a j o r   s u r f a c e   of  s a i d   b a c k i n g   s h e e t  

( 2 2 , 4 2 )   o p p o s i t e   t h e   a b r a s i v e   g r a i n s   ( 2 6 , 4 6 ) .  

4.  A  c o m b i n a t i o n   a c c o r d i n g   to  c l a i m   3  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   g r a n u l e s   a re   p l a t e l e t   s h a p e d .  

5.  A  c o m b i n a t i o n   a c c o r d i n g   to  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   f e r r o m a g n e t i c   m a t e r i a l   is  a  t h i n  

s t e e l   s h e e t   (86)   a d h e r e d   on  the   s u r f a c e   of  s a i d   b a c k i n g  

s h e e t   (82)   o p p o s i t e   s a i d   a b r a s i v e   g r a i n s   ( 8 4 ) .  

6.  A  c o m b i n a t i o n   a c c o r d i n g   to  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   f e r r o m a g n e t i c   m a t e r i a l   is  in  t h e  

form  of  f i b e r s   (78)   i n c o r p o r a t e d   in  s a i d   b a c k i n g   s h e e t  

( 7 2 ) .  

7.  A  c o m b i n a t i o n   a c c o r d i n g   to  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l  

(50)  h a s   a b r a s i v e   g r a i n s   (66 )   a t t a c h e d   on  b o t h   of  s a i d  

m a j o r   s u r f a c e s   and  s a i d   f e r r o m a g n e t i c   m a t e r i a l   is  in  t h e  

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

( 6 6 ) .  

8.  A  c o m b i n a t i o n   a c c o r d i n g   to  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l  

( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )   can   be  b e n t   at   l e a s t   180  d e g r e e s  

a r o u n d   a  1  c e n t i m e t e r   d i a m e t e r   rod  at   a  t e m p e r a t u r e   of  2 1 ° C  

and  a t   a  r e l a t i v e   h u m i d i t y   of  50%,  and  w i l l   s u b s e q u e n t l y   b e  

he ld   f l a t   a g a i n s t   a  f l a t   s u r f a c e   of  an  11  p o l e   pe r   i n c h  

m a g n e t i z e d   pad  of  " P l a s t i f o r m "   b r a n d   m a g n e t i c   m a t e r i a l   b y  

o n l y   t he   m a g n e t i c   a t t r a c t i o n   b e t w e e n   the   m a g n e t i c   p o l e s   i n  

the   pad  and  the   f e r r o m a g n e t i c   m a t e r i a l   in  t he   c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l .  



9.  A  c o m b i n a t i o n   a c c o r d i n g   to  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   m a g n e t i z e d   pad  ( 1 1 , 3 1 , 5 1 )   i s  

f l e x i b l e   and  i n c l u d e s   m a g n e t i z e d   p a r t i c l e s   w i t h i n   a  

p o l y m e r i c   m a t r i x   t h a t   p r o v i d e   11  or  18  m a g n e t i c   p o l e s   p e r  
i n c h   ( 4 . 3   or   7 .1   m a g n e t i c   p o l e s   p e r   c e n t i m e t e r )   in  a t   l e a s t  

one  d i r e c t i o n   a l o n g   s a i d   s u p p o r t   s u r f a c e   ( 1 4 , 3 4 , 5 4 ) .  

10.  A  c o m b i n a t i o n   a c c o r d i n g   to  c l a i m   1  f u r t h e r  

c h a r a c t e r i z e d   in  t h a t   s a i d   p i e c e   of  c o a t e d   a b r a s i v e   s h e e t  

m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )   has   an  a v e r a g e   d e n s i t y   o f  

l e s s   t h a n   a b o u t   0 . 4 5   gram  p e r   s q u a r e   c e n t i m e t e r   m e a s u r e d   i n  

a  p l a n e   p a r a l l e l   to  s a i d   m a j o r   s u r f a c e s .  

11.  A  f l e x i b l e   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l  

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

and  a b r a s i v e   g r a i n s   a d h e r e d   on  a t   l e a s t   one  of  s a i d  

s u r f a c e s   c h a r a c t e r i z e d   in  t h a t   s a i d   s h e e t   m a t e r i a l  

( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )   has   an  a v e r a g e   of  o v e r   a b o u t   0 . 0 0 7  

g r a m s   of  f e r r o m a g n e t i c   m a t e r i a l   p e r   s q u a r e   c e n t i m e t e r   a r e a  

m e a s u r e d   in  a  p l a n e   p a r a l l e l   to  s a i d   m a j o r   s u r f a c e s   so  t h a t  

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

( 1 4 , 3 4 , 5 4 )   of  a  m a g n e t i z e d   pad  ( 1 1 , 3 1 , 5 1 )   p r o v i d i n g   m o r e  

t h a n   6  m a g n e t i c   p o l e s   p e r   i n c h   ( 2 . 4   m a g n e t i c   p o l e s   p e r  
c e n t i m e t e r )   in  one  d i r e c t i o n   a l o n g   the   s u p p o r t   s u r f a c e  

( 1 4 , 3 4 , 5 4 )   w i t h   o n l y   t he   f o r c e   of  m a g n e t i c   a t t r a c t i o n  

b e t w e e n   s a i d   m a g n e t i z e d   pad  ( 1 1 , 3 1 , 5 1 )   and  the  c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )   and  a n y  
f o r c e   a p p l i e d   to  t he   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   t h r o u g h  

the   m a g n e t i z e d   pad  ( 1 1 , 3 1 , 5 1 )   n o r m a l   to  s a i d   s u p p o r t  
s u r f a c e   ( 1 4 , 3 4 , 5 4 )   p r o d u c i n g - s u f f i c i e n t   s t a t i c   f r i c t i o n  

b e t w e e n   s a i d   s u p p o r t   s u r f a c e   ( 1 4 , 3 4 , 5 4 )   and  s a i d   c o a t e d  

a b r a s i v e   s h e e t   m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )   to  r e t a i n  

s a i d   c o a t e d   a b r a s i v e   s h e e t   m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )  

on  s a i d   s u p p o r t   s u r f a c e   ( 1 4 , 3 4 , 5 4 )   w h i l e   i t   is  d r i v e n   b y  

the   m a g n e t i z e d   pad  ( 1 1 , 3 1 , 5 1 )   to   a b r a d e   a  w o r k p i e c e .  



12.  A  s h e e t   m a t e r i a l   ( 1 0 , 3 0 )   a c c o r d i n g   to  c l a i m  

11  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   s a i d   f e r r o m a g n e t i c  

m a t e r i a l   is  i r o n   g r a n u l e s   a d h e r e d   in  a  l a y e r   on  the   s u r f a c e  

of  the   b a c k i n g   s h e e t   ( 2 2 , 4 2 )   o p p o s i t e   the   a b r a s i v e   g r a i n s  

( 2 6 , 4 6 ) .  

13.  A  s h e e t   m a t e r i a l   ( 1 0 , 3 0 , 8 0 , 9 0 , 1 0 0 )   a c c o r d i n g  

to  c l a i m   12  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   s a i d   g r a n u l e s   a r e  

p l a t e l e t - s h a p e d .  

14.  A  s h e e t   m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )  

a c c o r d i n g   to  c l a i m   11  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   s a i d  

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

a b r a s i v e   s h e e t   m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )   i n c l u d e s   u p  

to   a b o u t   0 .1  g r a m s   of  t he   i r o n   m a t e r i a l   pe r   s q u a r e  
c e n t i m e t e r   a r e a   m e a s u r e d   in  a  p l a n e   p a r a l l e l   to  s a i d   m a j o r  

s u r f a c e s .  

15.  A  s h e e t   m a t e r i a l   (80)  a c c o r d i n g   to  c l a i m   11  

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

i s   a  t h i n   s t e e l   s h e e t   (86)   a d h e r e d   on  the   s u r f a c e   of  t h e  

s h e e t   (82)  o p p o s i t e   t he   a b r a s i v e   g r a i n s   ( 8 4 ) .  

16.  A  s h e e t   m a t e r i a l   (70)  a c c o r d i n g   to  c l a i m   16  

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

is   the   form  of  i r o n   f i b e r s   (78)   i n c o r p o r a t e d   in  s a i d  

b a c k i n g   s h e e t   ( 7 2 ) .  

17.  A  s h e e t   m a t e r i a l   (50)  a c c o r d i n g   to  c l a i m   11  

f u r t h e r   c h a r a c t e r i z e d   by  h a v i n g   a b r a s i v e   g r a i n s   ( 6 6 )  

a d h e r e d   on  b o t h   of  s a i d   m a j o r   s u r f a c e s   and  s a i d  

f e r r o m a g n e t i c   m a t e r i a l   b e i n g   in  t he   fo rm  of  g r a n u l e s   a n d  

b e i n g   i n c o r p o r a t e d   in  s a i d   a b r a s i v e   g r a i n s   ( 6 6 ) .  



18.  A  s m e e t   m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )  

a c c o r d i n g   to  c l a i -   11  f u r t h e r   c h a r a c t e r i z e d   by  h a v i n g   a  

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

s a i d   p l a n e   p a r a l l e l   to  s a i d   m a j o r   s u r f a c e s .  

19.  A  s m e e t   m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )  

a c c o r d i n g   to  c l a i m   11  f u r t h e r   c h a r a c t e r i z e d   by  h a v i n g   a n  

a v e r a g e   d e n s i t y   o f   l e s s   t h a n   a b o u t   0 . 4 5   gram  pe r   s q u a r e  
c e n t i m e t e r   m e a s u r e d   in  a  p l a n e   p a r a l l e l   to  s a i d   m a j o r  

s u r f a c e s .  

20.  A  s m e e t   m a t e r i a l   ( 1 0 , 3 0 , 5 0 , 7 0 , 8 0 , 9 0 , 1 0 0 )  

a c c o r d i n g   to  c l a i m   11  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   i t   c a n  

be  b e n t   a t   l e a s t   180   d e g r e e s   a r o u n d   a  1  c e n t i m e t e r   d i a m e t e r  

r o d   a t   a  t e m p e r a t u r e   of   21°C  and  a t   a  r e l a t i v e   h u m i d i t y   o f  

50%,  and  w i l l   s u b s e q u e n t l y   be  h e l d   f l a t   a g a i n s t   a  f l a t  

s u r f a c e   of  an  11  p o l e   p e r   i n c h   m a g n e t i z e d   pad  o f  

" P l a s t i f o r m "   b r a n d   m a g n e t i c   m a t e r i a l   by  o n l y   the   m a g n e t i c  

a t t r a c t i o n   b e t w e e n   t he   m a g n e t i c   p o l e s   in  the   pad  and  t h e  

f e r r o m a g n e t i c   m a t e r i a l   in  t he   c o a t e d   a b r a s i v e   s h e e t  

m a t e r i a l .  

21.  A  m e t h o d   f o r   f o r m i n g   c o a t e d   a b r a s i v e   s h e e t  

m a t e r i a l   by  e l e c t r o s t a t i c   c o a t i n g   a b r a s i v e   g r a i n s   on  o n e  

s u r f a c e   of  a  b a c k i n g   s h e e t   c h a r a c t e r i z e d   by  the   f e a t u r e  

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

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

on  t h e   s u r f a c e   of  s a i d   b a c k i n g   s h e e t   o p p o s i t e   the   s u r f a c e  

to   be  c o a t e d   w i t h   a b r a s i v e   g r a i n s .  
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