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©  Production  of  resin  bonded  abrasive  products. 
A  method  of  producing  resin  bonded  abrasive  products 

particularly  cut-off  wheels  is  described.  The  method  com- 
prises  firstly  preparing  a  blend  of  a  suitable  abrasive  material 
and  a  thermosetting  resin  bond  which  will  soften  on  heating 
to  a  temperature  at  which  the  rate  of  cross-linking  is  not 
substantial.  The  blend  is  then  heated  to  soften  the  resin  bond 
and  a  compaction  pressure  of  less  than  3  kg/cm2  is  applied  to 
the  softened  blend  to  effect  consolidation  thereof.  The  temp- 
erature  of  the  blend  is  then  raised  to  cure  the  bond  and  pro- 
ducethe  resin  bonded  product. 



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

r e s i n   b o n d e d   a b r a s i v e   p r o d u c t s .  

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

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

a b r a s i v e ' m a t e r i a l   and  s y n t h e t i c   r e s i n s   w i t h   o r  

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

r e q u i r e d   s h a p e ,   s i z e   and  d e n s i t y   and  s u b s e q u e n t l y  

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

t h e r e b y   to   p r o v i d e   a  f i r m  b o n d   b e t w e e n   t h e   a b r a s i v e  

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

c o l d   p r e s s i n g   a r e   in  t he   r a n g e   of  3 5  -   500  k g / s q .   c m . ,  

t h e  e x a c t   v a l u e   d e p e n d i n g   on  t h e   p r o p e r t i e s   r e q u i r e d  

f o r   t h e   b o n d e d   p r o d u c t .  

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

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

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

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

( e . g .   f rom  4 0 : 1   to  2 0 0 : 1 ) .   An  a p p l i c a t i o n   of  l a r g e  

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

b i l l e t s   p r o d u c e d   by  t he   c o n t i n u o u s   c a s t i n g   p r o c e s s .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   even   a t   t h e   l o w e r  

end   of  t h e   a b o v e   p r e s s u r e   r a n g e ,   t h e   m a n u f a c t u r e  

of   c u t - o f f   w h e e l s   h a v i n g   a  d i a m e t e r   of  2  m e t r e s  

r e q u i r e s   t h e   use   of  a  p r e s s   c a p a b l e   of   a p p l y i n g  

a  t o t a l   p r e s s u r e   of  a b o u t   1000  m e t r i c   t o n n e s .   S u c h  

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

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

u s i n g   a  warm  p r e s s i n g   o p e r a t i o n   i s   a l s o   k n o w n .   F o r  

e x a m p l e ,   U . S .   P a t e n t   No.  4 , 1 1 0 , 9 3 9   s u g g e s t s   t h a t   a  

b l e n d   of  a b r a s i v e   and  r e s i n   may  i n i t i a l l y   be  p r e s s e d  



u n d e r   a  p r e s s u r e   o f   a t   l e a s t   3  k g / c m   and  a t   a  t e m p e r a t u r e  

of  1 0 - 1 0 0 ° C   p r i o r   to   c u r i n g ' o f   t h e   r e s i n ,   a l t h o u g h ,   a s  

f a r   as  we  a r e   a w a r e ,   s u c h   low  p r e s s u r e s   have   n o t   b e e n  

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

p r o d u c t s .  

I t   h a s   now  b e e n   f o u n d   t h a t   r e s i n   b o n d e d   a b r a s i v e  

p r o d u c t s   may  be  c o n v e n i e n t l y  p r o d u c e d   a t   p r e s s u r e s  

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

o p e r a t i o n s ,   and  s u b s t a n t i a l l y   l o w e r   t h a n   t h o s e   u s e d   i n  

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

t h e   e x p e n s i v e   p r e s s e s   u s e d   f o r   c o l d   p r e s s i n g .  

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   t h e r e   i s   p r o v i d e d  

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

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

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

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

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

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

b e l o w   3  k g / c m 2   to  t h e   h e a t e d   b l e n d   to   e f f e c t   c o m p a c t i o n  

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

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

The  i n v e n t i o n   a l s o   p r o v i d e s   b o n d e d   a b r a s i v e  

p r o d u c t s   made  i n   a c c o r d a n c e   w i t h   t h e   p r o c e s s   d e f i n e d  

in   t h e   p r e c e d i n g   p a r a g r a p h .  

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

p r o d u c t i o n   o f   g r i n d i n g   w h e e l s   and  c u t - o f f   w h e e l s .  

The  t e r m   " p r e d o m i n a n t l y   p o w d e r e d   r e s i n   b o n d "  

i s   u s e d   in   t h e   same  s e n s e   h e r e i n   as  i s   n o r m a l l y  



u n d e r s t o o d   in   t h e   a r t .   In  o t h e r   w o r d s ,   t h e   bond   c o m p r i s e s  

a  l i q u i d   p h a s e ,   w h i c h   may  i t s e l f   be  a  t h e r m o s e t t i n g   r e s i n ,  

and   a  m a j o r   a m o u n t   by  w e i g h t   of  a  p o w d e r   w h i c h   w i l l  

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

i n g   r e s i n   or   r e s i n s .   In  a d d i t i o n   to   i n c l u d i n g   t h e  

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

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

r u b b e r ,   p o l y v i n y l   b u t y r a l ,   or   t h e   l i k e ,   as  i s   w e l l   k n o w n  

in   t h e   a r t ,   to   g i v e   t h e   d e s i r e d   p r o p e r t i e s   f o r   t h e  

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

T h e   i m p o r t a n t   f e a t u r e   of  t h e   i n v e n t i o n   i s   t h e  

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

d e r e d   r e s i n   b o n d s   w h i c h   s o f t e n   on  h e a t i n g   to   a  d e g r e e  

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

p r e s s u r e ,   i . e .   l e s s   t h a n   3  k g / c m 2 .   When  a  b l e n d   of   s u c h  

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

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

r e s i n   i s   l ow,   t h e   d e g r e e   of  t h i s   s o f t e n i n g   a l l o w s   t h e  

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

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

p r e s s u r e s   as  c o m p a r e d   to  t h o s e   w h i c h   a r e   u s e d   in   t h e  

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

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

u s e d   as  t h e   bond   in   t h e   c o n v e n t i o n a l   c o l d   p r e s s i n g  

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

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

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

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

p r o d u c t .  

The  e x a c t   p r e s s u r e   u s e d   in   t h e   m e t h o d   of   t h e   i n v e n t i o n  



w i l l   be  d e p e n d e n t   on  t h e   f l o w   c h a r a c t e r i s t i c s   of   t h e  

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

The  p r e s s u r e   w i l l   h o w e v e r   be  l e s s   t h a n   3  k g / c m 2 ,   p r e f e r a b l y  

l e s s  t h a n   2 . 5   k g / c m   and  w i l l   m o s t   u s u a l l y   be  l e s s   t h a n  

1 . 8   k g / c m 2 .   In  f a c t   t h e   p r e f e r r e d   p r e s s u r e   r a n g e   i s   0 . 1  

to  1 . 8   k g / c m 2   w i t h   a  p r e s s u r e   of   a b o u t   0 . 3   k g / c m 2   b e i n g  

s u i t a b l e   f o r   m o s t   c a s e s .   The  low  p r e s s u r e s   r e q u i r e d   m a y  

be  a p p l i e d   by  means   of   w e i g h t s   or   c o m p r e s s e d   s p r i n g s   o r  

by  low  p r e s s u r e   h y d r a u l i c   or   p n e u m a t i c   m e t h o d s ,   or   by  a n y  

o t h e r   c o n v e n i e n t   m e t h o d .  

The  p r e d o m i n a n t l y   p o w d e r e d   r e s i n   b o n d   may  be  any  s u c h  

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

t h a t   a t   w h i c h   t h e   r a t e   and  d e g r e e   of   c r o s s - l i n k i n g   w i l l  

i n t e r f e r e   w i t h   t h e   c o m p a c t i o n   p r o c e s s .   W i t h i n   t h e s e  

c r i t e r i a ,   t h e   b o n d   m a y  h a v e   a  w i d e   v a r i e t y   of   f l o w ' c h a r a c -  

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

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

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

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

The  b o n d   u s e d   may  be  b a s e d   on  p o w d e r e d   p h e n o l i c  

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

( e . g .   r e s o l e s )   or   w e t t i n g   a g e n t s   w h i c h   can   c o m b i n e   w i t h  

t h e   r e s i n s .   E x a m p l e s   of  s u c h   w e t t i n g   a g e n t s   a r e   f u r f u r a l  

or   f u r f u r a l   i n   c o m b i n a t i o n   w i t h   c r e s o l s   or  x y l e n o l s ,   o r  

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

p r o c e s s   t e m p e r a t u r e s .   In  t h e   c a s e   of   d e n s e   w h e e l s   u t i l i -  

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

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

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

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



r a n g e   of  f l o w   c h a r a c t e r i s t i c s ,   w h i c h   makes   s u c h   r e s i n s  

p a r t i c u l a r l y   u s e f u l   f o r   t h e   i n v e n t i o n .   T y p i c a l   e x a m p l e s  

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

v a r y i n g   b e t w e e n   l5   mm  ( l o w   f l o w )   and  100  mm  ( h i g h   f l o w )   a s  

d e t e r m i n e d   by  a  common  f l o w   t e s t   u s e d   by  p h e n o l i c   r e s i n  

m a n u f a c t u r e r s   and  g r i n d i n g   w h e e l   P r o d u c e r s .   The  f l o w   t e s t '  

u s e s   a  0 . 5   g  p e l l e t   of  r e s i n   p l a c e d   on  a  l e v e l   g l a s s   p l a t e  

in   an  o v e n ,   h e l d   a t   120°C  f o r   5  m i n s ,   and  t h e   p l a t e   i s   t h e n  

t i l t e d   a t   an  a n g l e   of   60°C.   The  l e n g t h   of   t h e   p e l l e t   in   mm. 

a f t e r   10  m i n u t e s   i s   m e a s u r e d   and  c o n s t i t u t e s   t h e   f l o w   v a l u e .  

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

a v a i l a b l e   and  can  be  u t i l i s e d   in   t h e   i n v e n t i o n .   In  t h e   c a s e  

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

t h a t   l o w e r   t e m p e r a t u r e s   and  p r e s s u r e s   w i l l   be  r e q u i r e d   t o  

c o n s o l i d a t e   t h e   bond   in  t h e   p r o c e s s   of  t h e   i n v e n t i o n ,   t h a n  

w o u l d   be  r e q u i r e d   f o r   low  f l o w   r e s i n s .  

I t   i s   a l s o   common  p r a c t i c e   in   p r o d u c i n g   r e s i n   b o n d e d  

.  g r i n d i n g   w h e e l s   to  i n c l u d e   f i l l e r s   w h i c h   i n f l u e n c e   t h e  

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

p e r f o r m a n c e .   T h e s e   m a t e r i a l s  r e d u c e   t h e   f l o w   of   t h e   bond   t o  

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

u s e d , . a n d   a l s o   t h e   p a r t i c l e   s i z e   of   t h e   f i l l e r .   I t   w i l l   b e  

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

w h e e l s   made  by  t h e   p r o c e s s   of  t h e   i n v e n t i o n   n e c e s s i t a t e s   t h e  

u s e   of  h i g h e r   f l o w   r e s i n s   to  o f f s e t   t h e   r e s t r i c t i o n   on  f l o w  

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

in  t h e   c o m p a c t i o n   p r o c e s s   a t   a  low  l e v e l .  

Any  p a r t i c u l a t e   a b r a s i v e   m a t e r i a l   of  s u i t a b l e   g r i t  

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

i n v e n t i o n .   E x a m p l e s   of  v a r i o u s   t y p e s   of   a b r a s i v e   a r e  



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

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

i n d i v i d u a l l y   or   i n   c o m b i n a t i o n   as  c o m m o n l y   u s e d  



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

The  b l e n d   of  t he   p a r t i c u l a t e   a b r a s i v e   m a t e r i a l  

and  p r e d o m i n a n t l y   p o w d e r e d   r e s i n   bond   may  be  p r o d u c e d  

i n  a n y   c o n v e n i e n t   way.  In  one  m e t h o d ,   t h e   a b r a s i v e  

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

of  t h e   b o n d ,   and  t h e n   t h e   p o w d e r e d   r e s i n ,   o p t i o n a l l y  

i n c l u d i n g   f i l l e r s ,   i s   a d d e d   and  b l e n d e d   so  t h a t   t h e  

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

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

d e n s e   or  low  p o r o s i t y   g r i n d i n g   w h e e l s   w h e r e   t h e  

bond  c o n t e n t   i s   h i g h ,   t he   f o r m u l a t i o n   may  be  s u c h  

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

e x i s t   r e s i n   p a r t i c l e s   w e t t e d   w i t h   a  l i q u i d   w h i c h   i s  

a  n o n - s o l v e n t   f o r   t he   r e s i n   at   room  t e m p e r a t u r e ,   b u t  

w h i c h   c o m b i n e s   w i t h   the   r e s i n   d u r i n g   c u r i n g .  

Once  t he   b l e n d   has   b e e n   p r e p a r e d ,   t he   n e x t   s t e p   i s  

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

r e s i n .   For   t h i s   o p e r a t i o n   t h e   b l e n d   may  be  i n t r o d u c e d  

i n t o   a  s u i t a b l e   m o u l d ,   in  w h i c h   i t   i s   s o f t e n e d   by  h e a t i n g  

and  c o m p a c t e d   to  g i v e   a  b o d y   of  t h e   r e q u i r e d   s h a p e .  

The  m o u l d   f o r   p r o d u c i n g   a  w h e e l   may  c o m p r i s e   a  r i n g  

and  a  p i n   on  a  m e t a l   p l a t e   a n d ,   a f t e r   t h e   c a v i t y   i s  

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

mould   and  t he   a s s e m b l y   h e a t e d   to  a  t e m p e r a t u r e   a t  

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

low  p r e s s u r e .   G e n e r a l l y   t h i s   t e m p e r a t u r e   w i l l  b e   i n  

t h e   r a n g e   of  3 0 - 1 0 0 ° C ,   t he   e x a c t   v a l u e   d e p e n d i n g   o n  

t h e   f l o w   c h a r a c t e r i s t i c s   and  c r o s s - l i n k i n g   r a t e   o f  

t he   b o n d .  

Once  t he   a b r a s i v e   b l e n d   has   been   c o m p a c t e d ,   t h e  



c o m p o s i t e   p r o d u c e d   i s   h e a t e d   to  a  h i g h e r   t e m p e r a t u r e   t o  

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

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

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

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

a r e   c o n v e n i e n t l y   e f f e c t e d   in   a  s i n g l e   oven   w i t h   a  

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

of  t h e   oven   to   be  r a i s e d   f i r s t l y   to  t h e   s o f t e n i n g /  

c o m p a c t i o n   t e m p e r a t u r e   a n d ,   a f t e r   a  p r e d e t e r m i n e d   t i m e ,  

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

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

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

of  t h e   oven  may  be  s l o w l y   and  c o n t i n u o u s l y   r a i s e d   t o  

t h e   c u r i n g   t e m p e r a t u r e ,   t hp   oven  b e i n g   a t   a  t e m p e r a t u r e  

a t   w h i c h   t h e   r e s i n   i s   s o f t   f o r   a  s u f f i c i e n t   t i m e   t o  

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

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

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

The  mou ld   and  a l s o   t h e   p l u n g e r   can  be  p r e h e a t e d  

to  t h e   r e q u i r e d   t e m p e r a t u r e   p r i o r   to  a d d i n g   t h e  

b l e n d   and  t h e   low  p r e s s u r e   can  be  a p p l i e d   a f t e r   t h e  

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

t h e   m o u l d   t e m p e r a t u r e .  

A l t e r n a t i v e l y ,   t h e   b o t t o m   p l a t e   of  t h e   m o u l d  

can  be  a  t h i n   m e t a l   p l a t e   and ,   a f t e r   d i s t r i b u t i n g   t h e  

b l e n d   i n t o   t h e   m o u l d ,   t h e   b a r r e l   and  p i n   can  be  r e m o v e d  

l e a v i n g   t h e   b l e n d   in   a  t h i n   l a y e r   on  t h e   p l a t e .   A 

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

of  b l e n d   can  be  s t a c k e d   on  t op   of  e a c h   o t h e r   and  c o v e r e d  

w i t h   a  p l a t e   on  t o p   of  w h i c h   a re   p l a c e d   f u r t h e r   p l a t e s  



of  a  w e i g h t   s u f f i c i e n t   to  p r o v i d e   t he   low  p r e s s u r e  

r e q u i r e d   f o r   c o n s o l i d a t i o n .   The  w h o l e   a s s e m b l y   i s  

t h e n   h e a t e d   in  an  oven  i n i t i a l l y   at   t he   t e m p e r a t u r e  

r e q u i r e d   f o r   c o n s o l i d a t i o n   to  t a k e   p l a c e ,   and  once   t h i s  

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

c u r e   t h e   w h e e l s .   In  o r d e r   to  e n s u r e   t h a t   a l l   w h e e l s  

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

t h r e e   s p a c e r s   of  a  p r e d e t e r m i n e d   t h i c k n e s s   may  b e  

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

s t a c k ,   
s o  t h a t   when  t he   r e q u i r e d   d e g r e e   of  c o n s o l i d a t i o n  

h a s   t a k e n  p l a c e   t h e   top   p l a t e   r e s t s   on  t h e   s p a c e r s .  

By  u s i n g   s p a c e r s   of  i d e n t i c a l   t h i c k n e s s ,   a  h i g h   d e g r e e  

of  c o n t r o l   of  t h e   t h i c k n e s s   v a r i a t i o n   w i t h i n   t h e   w h e e l  

can  a l s o   be  a c h i e v e d .  

A l t e r n a t i v e l y   t he   b l e n d   can  be  d i s t r i b u t e d   o n t o  

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

m i c r o w a v e   p r e h e a t i n g   oven  f o r   t h e   p e r i o d   r e q u i r e d  

to  r a i s e   t he   t e m p e r a t u r e   to  t h e   r e q u i r e d   d e g r e e .   T h e  

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

p l a t e   p l a c e d   on  t op   of  t he   b l e n d   t h e   r e q u i r e d   l o w  

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

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

p l a t e s   or  b a t s .  

In  a l l   of  t h e   above   c a s e s ,   t h e   f i n a l l y   f o r m e d   c u r e d  

whee l   may  be  p r o d u c e d   d i r e c t l y   in  t h e   m o u l d ,   o r  

a l t e r n a t i v e l y   t h e   c u r e d   d i s c   may  be  m a c h i n e d   to  s i z e .  

A l t e r n a t i v e l y   t h e   b l e n d   may  be  s p r e a d   o n t o   a  

p l a t e ,   s i m i l a r   in  s i z e   to  t he   d e s i r e d   w h e e l   s i z e ,  

c o v e r e d   w i t h   a  s i m i l a r   s i z e d   p l a t e ,   and  a f t e r   t he   l o w  

t e m p e r a t u r e   and  p r e s s u r e   have   b e e n   a p p l i e d   to  c o n s o l i d a t e  



t h e   b o n d ,   t h e   e x c e s s   mix  w h i c h   e x u d e s   f r o m   b e t w e e n   t h e  

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

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

By  t h i s   p r o c e s s   t h e   b o r e   of   t h e   w h e e l   can   be  f o r m e d  

by  p l a c i n g   a  p i n   t h r o u g h   a  h o l e   in   t h e   p l a t e   to   g i v e  

t h e   d e s i r e d   h o l e   s i z e .   M e t a l   b u s h e s   to   g i v e   t h e  

d e s i r e d   a r b o r   s i z e   can   a l s o   be  i n c o r p o r a t e d   i n t o   t h e  

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

b o r e .   The  p r o c e s s   d e s c r i b e d   can   be  a p p l i e d   e q u a l l y   t o  

t he   p r o d u c t i o n   of   b o t h   r e i n f o r c e d   and  n o n - r e i n f o r c e d  

r e s i n   b o n d e d   b o d i e s ,   e . g .   c u t - o f f   w h e e l s .   T h e  

r e i n f o r c e m e n t ,   w h i c h   w i l l   be  one  or   more  f a b r i c   l a y e r s ,  

may  be  p l a c e d   e x t e r n a l l y   a n d / o r   i n t e r n a l l y   of   t h e   w h e e l .  

The  r e i n f o r c i n g   l a y e r s   c o m m o n l y   u s e d   a r e   d i s c s   o f  

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

f a b r i c .  

In  t h e   c o n v e n t i o n a l   m a n u f a c t u r e   of   c u t - o f f   w h e e l s ,  

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

c u t t i n g   a b i l i t y .   For   e x a m p l e   t h e   w h e e l s  a r e   p r o d u c e d  

w i t h   a  t a p e r   f rom  p e r i p h e r y   to   a r b o r   or   w i t h   m o u l d e d - i n '  

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

d u r i n g   t h e   c u t t i n g ,   as  d e s c r i b e d   in   U.K.  P a t e n t   No.  1 , 0 5 7 , 7 0 6  

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

f o r   t h e   w h e e l   by  t h e   u se   of   k n u r l e d   or   g r o o v e d   m o u l d  

p l a t e s   or   b a t s   or   by  m o u l d i n g   two  open   mesh  r e i n f o r c i n g  

f a b r i c s   w i t h   a  s e p a r a t i n g   p o l y e s t e r   f i l m   ( s u c h   as  M y l a r  

( T r a d e   Mark)   p o l y e s t e r )   or  p a p e r   l a y e r   as  in  U.K.  P a t e n t  

N o .  1 , 2 3 6 , 1 3 5 ,   or  by  m o u l d i n g   and  c u r i n g   b e t w e e n  

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

on  t h e   w h e e l   f a c e s .   I t   i s   a l s o   known  to   use   b l a c k  



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

and  to  s u p p o r t i n g   b a t s   d u r i n g   c u r i n g .  

The  above   d e s c r i b e d   m o d i f i c a t i o n s   f o r   c u t - o f f  

w h e e l s   may  bc  u t i l i s e d   in   t h e   m e t h o d   of  t h e   i n v e n t i o n  

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

One  of   t h e   p r o b l e m s   e x p e r i e n c e d   in   t h e   p r o d u c t i o n   o f  

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

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

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

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

In  t h e   p r o c e s s   of  t h e   i n v e n t i o n ,   w h e r e   t he   b l e n d   w i l l   f l o w  

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

tendency  for  f low  to  t a k e   p l a c e   f rom  t h e   d e n s e r   h i g h   p r e s s u r e  

a r e a   i n t o   t he   l e s s   d e n s e   low  p r e s s u r e   a r e a ,   r e s u l t i n g   i n  

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

p r o d u c e d   by  u n e v e n   m o u l d   f i l l i n g .  

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

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

i s   e x p e r i e n c e d   due  to  t h e   i n a d e q u a t e   a d h e s i o n   of  t h e  

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

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

u n e v e n   mould   f i l l i n g .  

T h i s   i n a d e q u a t e   a d h e s i o n   can   r e s u l t   in   l o w  

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

in  o p e r a t i o n .   In  e x t r e m e   c a s e s   w h e e l   b r e a k a g e   r e s u l t s .  

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

i n v e n t i o n ,   t h e   r e s i n   i m p r e g n a t i o n   of  t he   r e i n f o r c i n g  

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

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

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



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

p r o c e s s .   T h i s   w i l l   r e s u l t   i n   an  i m p r o v e m e n t   in   t h e  

s t r e n g t h   and  s a f e t y  o f   t h e   w h e e l .  

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

d e s c r i p t i o n   t h a t   t h e   m e t h o d   of   t h e   i n v e n t i o n   p r o v i d e s  

a  c o n v e n i e n t   and  e a s y   way  of  p r o d u c i n g   a  wide   r a n g e   o f  

r e s i n   b o n d e d   a b r a s i v e   b o d i e s   w i t h o u t   t h e   n e e d   f o r  

e x p e n s i v e   p r e s s e s .   I t   i s   a  f u r t h e r   a d v a n t a g e   of   t h e  

i n v e n t i o n   t h a t   t h e   m e t h o d   a l l o w s   t h e   use   r e l a t i v e l y  

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

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

w h i c h   e x p e n s i v e   h e a v y   d u t y   m o u l d s   a re   r e q u i r e d   in   o r d e r  

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

r e q u i r e   f r e q u e n t   r e p l a c e m e n t   due  to   a  h i g h   wea r   r a t e  

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

p r e s s u r e   to  t h e   m o u l d   s u r f a c e .  



The  i n v e n t i o n   i s   i l l u s t r a t e d   by  t h e   f o l l o w i n g   E x a m p l e s  

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

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

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

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

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

a n n u l a r   r e c e s s   on  t h e   u p p e r   s u r f a c e   of   t h e   b o t t o m   p l a t e ,  

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

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

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

b a r r e l .   The  p l u n g e r   p l a t e   s e r v e s   to  a p p l y   p r e s s u r e   t o  

t h e   c o n t e n t s   of   t h e   mou ld   to  e f f e c t   c o n s o l i d a t i o n   t h e r e o f .  

E x a m p l e   1  

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

w h e e l   h a v i n g   a  d i a m e t e r   of  1220  mm,  a  t h i c k n e s s   of   10  mm, 

and  an  a r b o r  h o l e   of  1 5 2 . 4   mm.  by  t h e   m e t h o d   of  t h e  

i n v e n t i o n .   The  m o u l d   u s e d   had   a  b o t t o m   p l a t e   of  d i a m e t e r  

1370   mm,  a  b a r r e l   h a v i n g   an  i n n e r   d i a m e t e r   of   1 2 3 5 m m . ,   a n d  

a  c e n t r e   p i n   of  150  mm  d i a m e t e r .  

The  c u t   o f f   w h e e l   was  p r e p a r e d   f r o m   t h e   f o l l o w i n g  

i n g r e d i e n t s : -  

The  CS  14  and  CL50  r e s i n s   a r e   p r o d u c e d   by  T h e  

C a r b o r u n d u m   Co.  L i m i t e d ,   C h e m i c a l   P r o d u c t s   D i v i s i o n .  



A  b o n d   c o a t e d   g r a n u l a r   mix   was  p r e p a r e d   by  f i r s t  

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

p h e n o l i c   
r e s i n .   The  p o w d e r e d   r e s i n   and  f i l l e r s   w e r e   t h e n  

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

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

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

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

a t   room  t e m p e r a t u r e .  

The  c u t   o f f   w h e e l   was  p r e p a r e d   as  f o l l o w s .  

A  c i r c u l a r   b l a c k   t i s s u e   p a p e r   of   1235  mm  d i a m e t e r   a n d  

w i t h   an  a p e r t u r e   to   l o c a t e   o v e r   t h e   c e n t r e   p i n   was  p l a c e d  

in   t h e   b a s e   of   t h e   m o u l d   f o l l o w e d   by  a  750  mm  d i a m e t e r  

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

( e x t e r n a l   r e i n f o r c e m e n t   f o r   t h e   f i n i s h e d   w h e e l ) .   O n e  

t h i r d   of   t h e   a b r a s i v e   mix  r e q u i r e d   to  g i v e   a  f i n i s h e d   w h e e l  

o f  1 0   mm  t h i c k n e s s   was  d i s t r i b u t e d   in   t h e   m o u l d   a n d  

l e v e l l e d   to   g i v e   an  e v e n   l a y e r .   A  f u l l   d i a m e t e r   p l y   o f  

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

r e i n f o r c e m e n t   f o r   t h e   f i n i s h e d   w h e e l )   was  p l a c e d   on  t o p  

of   t h e   l a y e r   and  f l a t t e n e d .   A  s e c o n d   l a y e r   of   one  t h i r d  

of  t h e   a b r a s i v e   mix  was  d i s t r i b u t e d   on  t o p   of   t h e   g l a s s  

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

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

mix  l a y e r   f o l l o w e d   by  t h e   f i n a l   one  t h i r d   of   t h e   m i x ,  

w h i c h   was  t h e n   l e v e l l e d   to   f o r m   an  e v e n   l a y e r .   N e x t ,  

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

m o u l d   was  l o c a t e d   on  t o p   of   t h e   u p p e r   mix  l a y e r   and  a  

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

The  p l u n g e r   was  t h e n   p l a c e d   on  t h e   u p p e r   l a y e r   of  t i s s u e  

p a p e r ,   and  t h e   b a r r e l   and  c e n t r e   p i n   r e m o v e d .  



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

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

was  a p p l i e d   to  t h e   p l u n g e r   so  as  to   a p p l y   a  p r e s s u r e   o f  

0 . 3   kg  cm-2  to   t h e   w h e e l   a r e a .   The  l o a d   may  f o r   e x a m p l e  

be  a p p l i e d   by  w e i g h t s .  

The  o v e n   was  h e a t e d   f o r   a  p e r i o d   of  s i x   h o u r s   a t  

7 0 ° C .   D u r i n g   t h i s   h e a t i n g   t h e   r e s i n   s o f t e n e d   and  t h e  

p l u n g e r   moved  d o w n w a r d l y   to  c o n s o l i d a t e   t h e   b o n d .  

C o n s o l i d a t i o n   was  c o m p l e t e   a f t e r   s i x   h o u r s .  

C u r i n g   of  t h e   r e s i n   was  e f f e c t e d   by  r a i s i n g   t h e  

t e m p e r a t u r e   of  t h e   oven  to  175°C  o v e r   a  p e r i o d   of   2 0  

h o u r s   and  h o l d i n g   t h i s   t e m p e r a t u r e   f o r   9  h o u r s .   S u b s e q u e n t l y  

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

of  24  h o u r s .  

The  a r b o r   a p e r t u r e s   of   t h e   c u r e d   w h e e l s   were   t h e n  

g r o u n d   to  t h e   r e q u i r e d   d i a m e t e r   o f   1 5 2 . 4   mm  and  t h e  

w h e e l   p e r i p h e r y   was  g r o u n d   c o n c e n t r i c   w i t h   t h e   a r b o r   t o  

1220   mm  d i a m e t e r .  

E x a m p l e   2  

T h i s   E x a m p l e   d e s c r i b e s   t h e   p r o d u c t i o n   of  a  c u t   o f f  

w h e e l   of  s i m i l a r   d i m e n s i o n s   to  t h a t   p r o d u c e d   in   E x a m p l e   1  

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

The  p r o c e d u r e   of  E x a m p l e   1  was  f o l l o w e d   up  to   t h e  

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

t h e n   t r a n s f e r r e d   to  a  p r e s s   c a p a b l e   of  t a k i n g   a  mou ld   o f  

1370  mm  d i a m e t e r .   A  p r e s s u r e   of   70  kg  cm-2  of  w h e e l   a r e a  

( a p p r o x i m a t e   t o t a l   p r e s s u r e   800  t o n n e s )   was  a p p l i e d   f o r  

15  s e c o n d s   to  c o n s o l i d a t e   t h e   w h e e l .  

A f t e r   m o u l d i n g ,   t he   c e n t r e   p i n   and  b a r r e l   w e r e  

r e m o v e d ,   and  t he   g r e e n   w h e e l   was  t r a n s f e r r e d   to  a n  



a l u m i n i u m   support ing  b a t t   and   c o v e r e d   w i t h   a  s t e e l   p l a t e   of  a  

t h i c k h e s s   s u f f i c i e n t   to   g i v e   a  l o a d   of   0 . 0 3   kg  cm-2  o f  

w h e e l  a r e a   to   m a i n t a i n   t h e   w h e e l   f l a t .  

h e   w h e e l   was  c u r e d   i n   an  o v e n   i n   w h i c h   t h e   t e m p e r a t u r e  

was  i n c r e a s e d   a t   a  s low  r a t e   f r o m   room  t e m p e r a t u r e   to   7 0 ° C  

o v e r   a  p e r i o d   of  8  h o u r s   and  t h e n   to   a  t e m p e r a t u r e   o f  

175°C  o v e r   20  h o u r s .   The  oven   was  h e l d   a t   t h i s   t e m p e r a t u r e  

f o r   9  h o u r s .   As  i n   E x a m p l e   1  t h e   w h e e l   was  c o o l e d   to   r o o m  

t e m p e r a t u r e   o v e r   a  p e r i o d   of  24  h o u r s   and  t h e n   g r o u n d   t o  

t h e   r e q u i r e d   d i m e n s i o n s .  

P r o p e r t i e s   of  Cut   Of f   W h e e l s  

W h e e l s   p r e p a r e d   by  t h e   m e t h o d s   of  E x a m p l e s   1  and  2  

h a d   s i m i l a r   d e n s i t i e s   of   2 . 3 3   g r a m s / c c .  

The  w h e e l s   w e r e   e v a l u a t e d   by  c u t t i n g   t h r o u g h   20  cm 

d i a m e t e r   I n c a l l o y   i n g o t s   w i t h  a   c u t t i n g   s p e e d   o f   80  m / s e c .  

The  w h e e l   p r o d u c e d   i n   E x a m p l e   1  gave   a  g r i n d i n g   r a t i o  

( i . e .   r a t i o   of  a r e a   of   m e t a l   c u t   to  a r e a   of   w h e e l   w o r n )  

of   1 . 1 8   c o m p a r e d   w i t h   a  v a l u e   o f   1 . 0 0   f o r   w h e e l s   p r o d u c e d  

by  E x a m p l e   2 .  

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

A d d i t i o n a l l y   t h e " s q u a r e n e s s   of  c u t "   was  s i m i l a r   f o r   b o t h   w h e e l s .  

The  " s q u a r e n e s s   of   c u t "   i s   an  i n d i c a t i o n   of   t h e   e x t e n t   t o  

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

a x e s .   Any  d e v i a t i o n   f r o m   a  r i g h t   a n g l e d   c u t   i n d i c a t e s  

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

T h e s e   t e s t s   d e m o n s t r a t e   t h a t   t h e   m e t h o d   o f   t h e  

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

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

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



E x a m p l e  3  

T h i s   E x a m p l e   d e s c r i b e s   t h e   p r o d u c t i o n   of  a  w h e e l  

u s i n g   t h e   m e t h o d   of  t he   i n v e n t i o n   and  h a v i n g   a  d i a m e t e r  

of   1800   mm,  a  t h i c k n e s s   of   18  mm.  and  an  a r b o r  

h o l e   of  450  mm  d i a m e t e r .   As  p r e v i o u s l y   a  m o u l d   was  u s e d  

w h i c h   gave   an  u n d e r s i z e d   a r b o r   h o l e   and  o v e r s i z e   w h e e l  

d i a m e t e r   so  t h a t   t h e   w h e e l   c o u l d   be  f i n i s h e d   by  g r i n d i n g .  

The  w h e e l   was  p r e p a r e d   f r o m   t h e   i n g r e d i e n t s   l i s t e d  

in   E x a m p l e   1  s a v e   t h a t   t h e   6 9 . 5   p a r t s   by  w e i g h t   of  w h i t e  

f u s e d   a l u m i n i u m   o x i d e   was  r e p l a c e d   by  t h e   f o l l o w i n g  

m i x t u r e   of  a b r a s i v e s .  

The  w h e e l   was  to  be  e x t e r n a l l y   r e i n f o r c e d   w i t h   f l a n g e  

' p l i e s   of   1220  mm  d i a m e t e r   and  i n t e r n a l l y   r e i n f o r c e d   w i t h  

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

( P R I G F ) .   As  f u l l   d i a m e t e r   PRIGF  p l i e s   we re   n o t   c o m m e r c i a l l y  

a v a i l a b l e ,   s e m i - c i r c u l a r   s e c t i o n s   we re   c u t   f r o m   a  r o l l   o f  

t h e   f a b r i c   to  f i t   i n t o   t h e   m o u l d   w i t h   a  5  cm  o v e r l a p .  

The  p o s i t i o n   of  t he   o v e r l a p   on  t h e   f i v e   l a y e r s   of   P R I G F  

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

l a y e r   we re   p o s i t i o n e d   a t   an  a n g l e   of  60  d e g r e e s   in   a  

c l o c k w i s e   d i r e c t i o n .  

The  a b r a s i v e ,   r e s i n   and  f i l l e r   were   m i x e d   t o g e t h e r  

as  in  E x a m p l e   1 .  

The  mould,  was  f i l l e d   u s i n g   t h e   f o l l o w i n g   s e q u e n c e  

of   o p e r a t i o n s .  

1.  Two  o v e r l a p p i n g   s e m i c i r c l e s   of  b l a c k   t i s s u e   p a p e r .  



2.  One  1 2 2 0   f l a n g e   p l y .  

3.  One  s i x t h   o f   t h e   t o t a l  g r a n u l a r   a b r a s i v e   mix  r e q u i r e d .  

4.  Two  o v e r l a p p i n g   s e m i c i r c l e s   of   P R I G F .  

5.  A  f u r t h e r   one  s i x t h   of  t h e   a b r a s i v e   m i x .  

6.  Two  o v e r l a p p i n g   s e m i c i r c l e s   of   P R I G F .  

7.  A  f u r t h e r   one  s i x t h   of  t h e   a b r a s i v e   m i x .  

8 . .   Two  o v e r l a p p i n g   s e m i c i r c l e s   of   P R I G F .  

9.  A  f u r t h e r   one   s i x t h   of   t h e   a b r a s i v e   m i x .  

10.   T w o   o v e r l a p p i n g   s e m i c i r c l e s   of   P R I G F .  

11 .   A  f u r t h e r   one  s i x t h   of   t h e   a b r a s i v e   m i x .  

12.   Two  o v e r l a p p i n g   s e m i c i r c l e s   of   P R I G F .  

13.   T h e   f i n a l   one  s i x t h   of  t h e   a b r a s i v e   m i x .  

1 4 .  O n e   1220   mm  d i a m e t e r   f l a n g e   p l y .  

15 .   Two  o v e r l a p p i n g   s e m i c i r c l e s   of  b l a c k   t i s s u e   p a p e r .  

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

p l a c e d   on  a  s t a n d ,   t h e   p l u n g e r   p l a c e d   in   p o s i t i o n   and  t h e  

b a r r e l   and  c e n t r e   p i n   r e m o v e d .  

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

and  a  l o a d   a p p l i e d   to  t h e   p l u n g e r   to   g i v e   a  w e i g h t   o f  

0 . 3   k g / c m . - 2   o v e r   t h e   w h e e l   a r e a .   The  w e i g h t e d  w h e e l  

was  t h e n   c o n s o l i d a t e d   and  c a r e d   u n d e r   t h e   c o n d i t i o n s  

e m p l o y e d   in  E x a m p l e   1.  The  a r b o r   h o l e   and  t h e   p e r i p h e r y  

were   t h e n   g r o u n d   to   t h e   r e q u i r e d   d i m e n s i o n s .  

T h r e e   w h e e l s   p r e p a r e d   by  t h e   a b o v e   m e t h o d   w e r e   t e s t  

s p e e d e d   to   d e s t r u c t i o n   and  b u r s t   a t   s p e e d s   of   170  t o  

1 7 4 m / s e c .   T h i s   was  w e l l   in   e x c e s s   of  t h e   min imum  b u r s t i n g  

s p e e d  o f   140  m / s e c .   as  s p e c i f i e d   f o r   a  maximum  o p e r a t i n g  

s p e e d   of   100  m / s e c .   by  t h e   G e r m a n   G r i n d i n g   W h e e l  

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

s t a n d a r d   a u t h o r i t y   in   E u r o p e .  



A  w h e e l   as  d e s c r i b e d   was  u s e d   to   c u t   80  mm  d i a m e t e r  

b i l l e t s   a t   a  t e m p e r a t u r e   of  8 0 0 - 9 0 0 ° C   on  a  c o n v e r t e d   c o l d  

saw  w i t h   a  250  KW  m o t o r .   A  c u t t i n g   t i m e   of   1 . 7   s e c o n d s  

was  o b t a i n e d   and  a  g r i n d i n g   r a t i o   of   1 1 . 9   a t   an  o p e r a t i n g  

s p e e d   o f . 1 0 0   m / s e c .  



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

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

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

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

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

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

b e l o w   3  k g / c m 2   to   t h e   h e a t e d   b l e n d   to   e f f e c t   c o m p a c t i o n   o f  

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

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

2.  A  m e t h o d   as  c l a i m e d   in   c l a i m   1  w h e r e i n   c o m p a c t i o n   i s  

e f f e c t e d   w i t h   a  p r e s s u r e   of   l e s s   t h a n   2 . 5   k g / c m 2 .  

3.  A  m e t h o d   as  c l a i m e d   in   c l a i m   2  w h e r e i n   c o m p a c t i o n  

i s   e f f e c t e d   w i t h   a  p r e s s u r e   of   l e s s   t h a n   1 . 8   k g / c m 2 .  

4.  A  m e t h o d   as  c l a i m e d   i n   c l a i m   3  w h e r e i n   c o m p a c t i o n  

i s   e f f e c t e d   w i t h   a  p r e s s u r e   of  a b o u t   0 . 3   k g / c m 2 .  

5.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of   c l a i m s   1  to   4  

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

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

s o f t e n e d   a t   a  t e m p e r a t u r e   of   30  to   1 0 0 ° C .  

6.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to   5  

w h e r e i n   t h e   p o w d e r   of   t h e   t h e r m o s e t t i n g   r e s i n   b o n d   i s  

a  p h e n o l i c   n o v a l a c   r e s i n .  

7.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to   6  



w h e r e i n   t h e   l i q u i d   of   t h e   t h e r m o s e t t i n g   r e s i n   bond   i s  

a  l i q u i d   p h e n o l i c   r e s i n .  

8.  A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to  6  

w h e r e i n  . t h e   l i q u i d   of   t h e   t h e r m o s e t t i n g   b o n d   c o m p r i s e s  

f u r f u r a l .  

9.  A  m e t h o d   as  c l a i m e d   in   c l a i m   8  w h e r e i n   a  x y l e n o l  

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

10.   A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to  9  

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

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

11.   A  m e t h o d   as  c l a i m e d   in   a n y  o n e   of  c l a i m s   1  to  1 0  

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

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

c u r i n g   o p e r a t i o n .  

12.   A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of   c l a i m s   1  to   1 1  

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

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

13.   A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of   c l a i m s   1  to  1 2  

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

a l u m i n a ,   s i l i c o n   c a r b i d e   and  f u s e d   z i r c o m i a - a l u m i n a .  

14.  A  m e t h o d   as  c l a i m e d   in  a n y  o n e   of  t h e   c l a i m s   1  t o  

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

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