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f4)  Improvements  in  or  relating  to  grinding  mills. 
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©  The  invention  concerns  grinding  mills  of  the  kind  that 
comprises  a  circle  of  grinding  rings  (1)  held  between  a  fixed 
upper  grinding  ring  (2)  and  a  lower  rotatable  grinding  ring 
(3a).  The  lower  ring  (3a)  rests  on  a  support  table  (4)  through 
a  hump  (10)  projecting  from  the  lower  surface  of  the  ring  (3a). 
If  the  edge  of  the  table  should  tilt,  due  to  load,  say,  then  the 
point  of  contact  of  the  hump  (10)  and  the  table  (4)  will  move 
along  the  hump  (10),  so  that  the  moment  acting  on  the  ring 
(3a)  will  remain  approximately  constant.  The  centre  of  the 
hump  (10)  may  lie  on  the  vertical  passing  through  the  centre 
of  the  balls  (1)  or  just  radially  outwardly  of  this,  to  take  ac- 
count  of  the  centrifugal  action  in  operation  on  the  balls. 

An  alternative  form  of  hump  is  in  the  form  of  aflat  bottom 
and  two  sides  that  incline  gradually  away  from  the  plane 
containing  the  bottom. 
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T h i s   i n v e n t i o n   r e l a t e s   to   g r i n d i n g   m i l l s .   A 

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

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

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

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

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

i s   r o t a t e d   a b o u t   i t s   a x i s .   To  e n a b l e   t h e   l o w e r   r i n g  

to   be  r o t a t e d ,   in  a  w i d e l y   u s e d   d e s i g n   i t   i n i t i a l l y  

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

a  c e n t r a l   means   by  w h i c h   t h e   t a b l e   can  be  r o t a t e d .  

The  d e v e l o p m e n t   o f   s u c h   m i l l s   has   p r o g r e s s e d   t o -  

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

g r i n d i n g   r i n g s   ( i n   o r d e r   of  3 . 8 m . i n   d i a m e t e r )   a n d  

g r i n d i n g   b a l l s   t h a t   a r e   in   t h e   o r d e r   of  98  cms.   i n  

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

a p p l i e d   on  t h e   g r i n d i n g   b a l l s   a r e   g r e a t l y   i n c r e a s e d  

so  t h a t   t h e   l o a d s   t h a t   m u s t   be  s u p p o r t e d   by  t h e  

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

I t   was  f o u n d   t h a t   t h e   i n c r e a s e   in  l o a d s   t e n d e d   t o  

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

i n g   r i n g   to  b r e a k .   An  i n v e s t i g a t i o n   of  t h i s   p h e n o m e n o n  

l e d   to   t h e   p r e s e n t   i n v e n t i o n .  

I t   was  o b s e r v e d   t h a t   as  t h e   l o a d   on  t h e   s u p p o r t  

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

t o .  b e   d e f l e c t e d   to  an  e x t e n t   t h a t   i n c r e a s e d   w i t h   t h e  

d i s t a n c e   f r o m   t h e   m e a n s   by  w h i c h   i t   can  be  r o t a t e d .  

W i t h   t h e   l o w e r   g r i n d i n g   r i n g   i n i t i a l l y   r e s t i n g   f l a t  



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

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

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

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

Now  i t   i s   n o t   good   t e c h n i c a l   l o g i c   to   h a v e   r e c o u r s e  

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

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

e n e r g y   to   be  a b s o r b e d   e a s i l y .   F u r t h e r ,   t h e   r e s u l t a n t l y  

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

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

b r e a k a g e s ,   What  i s   m o r e ,   a s s e m b l i e s   of  h e a v i e r   m a s s e s  

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

and   can   l e a d   t o   i n c r e a s e d   w e a r   and  g r e a t e r   i m p a c t   a t  

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

m a i n   m i l l   h o u s i n g   and  t h e   m i l l   h o u s i n g   s u p p o r t .   I n  

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

be   i n c r e a s e d .  

What  t h e   p r e s e n t   i n v e n t i o n   p r o v i d e s   i s   a  g r i n d i n g  

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

a  f i x e d   u p p e r   g r i n d i n g   r i n g   and   a  l o w e r   r o t a t a b l e  

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

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

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

t a b l e   b e i n g   t h r o u g h   a  hump,  c o n c e n t r i c   w i t h   t h e   c i r c l e ,  

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

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

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

r e s u l t s   in   m o v e m e n t ,   s e e n   in   a  v e r t i c a l   a x i a l   s e c t i o n ,  

o f   t h e   p o i n t   of   c o n t a c t   f r o m   one   p o i n t   on  t h e   hump  t o  

a n o t h e r .  



By  way  of  e x a m p l e ,   e m b o d i m e n t s   of  t h e   i n v e n t i o n  

w i l l   now  be  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  
s o m e w h a t   d i a g r a m m a t i c   d r a w i n g s   in   w h i c h :  

F i g u r e   1  s h o w s   a  s e c t i o n   t h r o u g h   t h e   b a l l s - a n d - r i n g s  

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

i n d i c a t i n g   t h e   s t a n d a r d   a r r a n g e m e n t   and  t h e   r i g h t   h a n d  

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

i n v e n t i o n ;  

F i g u r e   2  i l l u s t r a t e s   an  a l t e r n a t i v e   to   t h i s  

m o d i f i c a t i o n ;  

F i g u r e   3  i l l u s t r a t e s   t h a t   m o d i f i c a t i o n   in   r e l a t i o n  

to   t h e   s u p p o r t   t a b l e   in   one   of  t h e   p o s i t i o n s   t h a t   t h e  

s u p p o r t   t a b l e   may  a c h i e v e ;  

F i g u r e   4  i l l u s t r a t e s   t h a t   m o d i f i c a t i o n   in   r e l a t i o n  

to   t h e   s u p p o r t   t a b l e   in   a n o t h e r   p o s i t i o n   t h a t   t h e   s u p p o r t  

t a b l e   may  a c h i e v e ;   a n d  

F i g u r e   5  i l l u s t r a t e s   y e t   a n o t h e r   m o d i f i c a t i o n   t h a t  

may  be  i n t r o d u c e d   by  t h e   i n v e n t i o n .  

F i g u r e   1  i l l u s t r a t e s   a  r i n g   of  g r i n d i n g   b a l l s   1 

a c t i n g   b e t w e e n   a  f i x e d   u p p e r   g r i n d i n g   r i n g   2  and  a  l o w e r ,  

r o t a t a b l e ,   g r i n d i n g   r i n g   3.  The  r i n g   3  r e s t s   on  a  

s u p p o r t   t a b l e   4,  i n t e g r a l l y   c o n n e c t e d   to  m e a n s   5  b y  

w h i c h   t h e   t a b l e   can   be  r o t a t e d   a b o u t   i t s   v e r t i c a l   a x i s .  

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

of  t h e   s u p p o r t   t a b l e   4  i s   h o r i z o n t a l .   M a t e r i a l   t o   b e  

g r o u n d   i s   d i s c h a r g e d   t h r o u g h   t h e   c h u t e   6 .   A  s e a l  

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

r i n g   3  to   p r e v e n t   t h e   i n g r e s s   of  p u l v e r u l e n t  

m a t e r i a l   to   t h e   s p a c e   b e t w e e n   t h e   r i n g   3  and  t h e   t a b l e  

4 .  

In  t h e   s t a n d a r d   a r r a n g e m e n t   ( i . e .   t h e   a r r a n g e m e n t  

t h a t   i s   i l l u s t r a t e d   in   t h e   l e f t   of  F i g u r e   1)  t h e   r i n g  

3  r e s t s   f l a t   on  t h e   s u p p o r t   t a b l e   4  when  t h e   m i l l   i s  

a t   r e s t   and  u n l o a d e d .   When  t h e   m i l l   i s   o p e r a t i n g ,   t h e  



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

so  t h a t   s u p p o r t   f o r   t h e   l o w e r   r i n g   3  i s   p r o v i d e d   o n l y  

a t   t h e   e d g e   A  of   t h e   r i n g   and   t h e   moment   a c t i n g  

t h e r e   on  t h e   r i n g   i s   d e p e n d e n t   upon   a l l   of   t h e   d i s -  

t a n c e   b e t w e e n   A  and  t h e   d i r e c t i o n   of  t h e   f o r c e s  

a c t i n g   on  t h e   r i n g .  

The  e s s e n t i a l   d i f f e r e n c e   b e t w e e n   t h e   s t a n d a r d  

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

on  t h e   r i g h t   o f   F i g u r e   1  i s   t h a t   in   t h e   l a t t e r   c o n -  

t a c t   b e t w e e n   t h e   r i n g   3a  and   t h e   s u p p o r t   t a b l e   4  i s  

made  o n l y   t h r o u g h   t h e   hump  10.   T h i s   e x t e n d s   c o n t i n -  

u o u s l y   a r o u n d , c o n c e n t r i c a l l y   w i t h ,   t h e   r i n g  3 a  a n d  

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

a t   t h e   c i r c l e   t h a t   c o n t a i n s   t h e   c e n t r e s   of   t h e   b a l l s   1 .  

When  t h e   m i l l   i s   u n l o a d e d ,   t h e   a r c   e x t e n d s   by  e q u a l  

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

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

b a l l s .   I f ,   t h e n ,   t h e   s u r f a c e   o f   t h e   s u p p o r t   t a b l e   4  

t i l t s ,   t h e   p o i n t   o f   c o n t a c t   b e t w e e n   t h e   r i n g  3 a  a n d   t h e  

s u p p o r t   t a b l e   4  w i l l  ( s e e n   in   t h e   v e r t i c a l   a x i a l  

s e c t i o n   i l l u s t r a t e d )   r o l l   a l o n g   t h e   hump  10,  r e m a i n i n g ,  

t h r o u g h o u t   a  c e r t a i n   a n g l e   o f   t i l t ,   on  t h e   v e r t i c a l  

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

of   t h e   b a l l s .   As  a  r e s u l t   t h e r e   i s ,   i d e a l l y ,   c o n s t a n t l y ,  

no  moment   e x e r t e d   on  t h e   r i n g .  

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

on  t h e   b a l l s   w i l l   t e n d   to   mean  t h a t   t h e   r e s u l t a n t  

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

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

a c c o u n t   o f   t h i s ,   t h e   c e n t r e   o f   t h e   bump  10  may  l i e  

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

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



T h i s   c o n s i d e r a t i o n   i s   e m b o d i e d   in   t h e   m o d i f i c a t i o n  

shown  in  F i g u r e s   2 , 3   and  4.  H e r e   t h e   hump  20  i s   n o t  

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

b o t t o m   21  and  two  f l a t   s i d e s   22  and  23  t h a t   s l o p e  

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

e d g e s   of  t h e   b o t t o m   s u r f a c e   2 1 .  

When  t h e   m i l l   i s   a t   r e s t   and   u n l o a d e d ,   t h e  

b o t t o m   s u r f a c e   21  i s   h o r i z o n t a l   and  r e s t s   f l a t   o n  

t h e   t o p   of  t h e   s u p p o r t   t a b l e   4.  S h o u l d   a  t e m p e r a t u r e  

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

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

s u p p o r t   t a b l e   4  to   t i l t   u p w a r d l y ,   t h e n   c o n t a c t   b e t w e e n  

t h e   hump  20  and   t h e   s u p p o r t   t a b l e   4  w i l l   o c c u r   o n l y  

at   t h e   c o r n e r   X  u n l e s s   t h e   t i l t   of  t h e   t a b l e   4  w e r e  

so  e x c e s s i v e   as  to   b r i n g   t h e   t a b l e   4  i n t o   c o n t a c t  

w i t h   t h e   o u t e r   e d g e   of  t h e   s u r f a c e   2 3  

S h o u l d   t h e   t a b l e   4  t i l t   d o w n w a r d l y ,   due  to  t h e  

l o a d i n g   of   t h e   r i n g   3a  and  t h e   t a b l e   4,  s a y ,   t h e n  

c o n t a c t   b e t w e e n   t h e   hump  20  and   t h e   s u p p o r t   t a b l e   4  

w i l l   o c c u r   o n l y   a t   t h e   c o r n e r   Y  u n l e s s   t h e   t i l t   of  t h e  

t a b l e   4  w e r e   so  e x c e s s i v e   as  to   b r i n g   t h e   t a b l e   4 

i n t o   c o n t a c t   w i t h   t h e   i n n e r   e d g e   of   t h e   s u r f a c e   2 2 .  

As  i s   a p p a r e n t   f rom  F i g u r e s   2  to   4,  t h e   c e n t r e  

of   t h e   hump  20  i s   s l i g h t l y   d i s p l a c e d   o u t w a r d l y   f r o m  

t h e   c i r c l e   t h a t   c o n t a i n s   t h e   c e n t r e s   of   t h e   b a l l s   1 

to   m a i n t a i n ,   d u r i n g   t h e   l i f e   of  t h e   m i l l ,   a t   a  l o w  

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

a c t i n g   on  t h e   r i n g   3 a .  

An  a d v a n t a g e   of   t h e   u se   of  a  hump  in  t h e   f o r m  

as  shown  a t   20  i s   t h a t   t h e   l o w e r   s u r f a c e   21  can   b e  



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

hump  and  t h e   s u p p o r t   t a b l e   4  t h r o u g h o u t   i t s   e x t e n t .  

In  t h e   m o d i f i c a t i o n   i l l u s t r a t e d   in   F i g u r e   5  t h e r e  

a r e   two  c o n c e n t r i c   humps   30  and  31,  w h i c h   may  be  i n  

e i t h e r   of   t h e   f o r m s   shown  to   t h e   r i g h t   of   F i g u r e   1 

or   in   F i g u r e s   2  t o   4.  The  hump  30  i s   n o r m a l l y   o p e r -  

a t i v e ,   w i t h   a  s m a l l   gap  b e t w e e n   t h e   hump  31  and  t h e  

s u p p o r t   t a b l e   4.  S h o u l d   t h e   s u p p o r t   4  b e c o m e   s l i g h t l y  

d e f l e c t e d ,   t h e n   t h e   hump  31  w i l l   b e c o m e   o p e r a t i v e  

to   s h a r e   t h e   l o a d   w i t h   t h e   hump  3 0 .  

As  an  a l t e r n a t i v e   to   a  s u p p o r t   t a b l e   in   t h e   f o r m  

t h a t   h a s   b e e n   d e s c r i b e d ,   t h e   u se   of  a  y o k e   on  w h i c h  

t h e   r i n g   3a  r e s t s ,   and   c o n n e c t e d   to   t h e   r o t a t i n g   m e a n s   5  

by  a  s p i d e r , i s   e n v i s a g e d .  

W h i l s t   c o n v e n i e n c e   may  d i c a t e   t h a t   t h e   hump  s h o u l d  

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

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



1.  A  g r i n d i n g   m i l l   c o m p r i s i n g   a  c i r c l e   of  g r i n d i n g  

b a l l s   h e l d   b e t w e e n   a .  f i x e d   u p p e r   g r i n d i n g   r i n g   and   a  

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

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

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

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

c o n c e n t r i c   w i t h   t h e   c i r c l e ,   on  t h e   r i n g   or   t h e   t a b l e  

and   a  s u r f a c e   on  t h e   o t h e r   s u c h   t h a t   v a r i a t i o n   i n  

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

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

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

c o n t a c t   f r o m   one  p o i n t   on  t h e   hump  to   a n o t h e r .  

2  A  g r i n d i n g   m i l l   as  c l a i m e d   in   c l a i m   1  in   w h i c h  

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

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

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

o p e r a t e s   i s   f l a t .  

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

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

i s   h o r i z o n t a l   when  t h e   m i l l   i s   u n l o a d e d .  

4.  A  g r i n d i n g   m i l l   as  c l a i m e d   in   e i t h e r   of   c l a i m s  

2  and  3  in   w h i c h   t h e   hump,   in   a x i a l   c r o s s   s e c t i o n  

of  t h e   m i l l ,   i s   in   t h e   f o r m   of  an  a r c   of  a  c i r c l e  

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

t h e   c e n t r e s   of   t h e   b a l l s .  



5.  A  g r i n d i n g   m i l l   as  c l a i m e d   in   c l a i m   3  in  w h i c h  

t h e   hump,   in   a x i a l   c r o s s   s e c t i o n   o f   t h e   m i l l ,   c o m p r i s e s  

a  s u r f a c e   t h a t   i s   h o r i z o n t a l   when  t h e   m i l l   i s   u n l o a d e d  

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

f r o m   t h e   e d g e s   of   t h a t   s u r f a c e .  

6.  A  g r i n d i n g   m i l l   as  c l a i m e d   in   e i t h e r   of  c l a i m s  

4  and   5  i n   w h i c h   t h e   c e n t r e   of   t h e   hump  l i e s   o u t w a r d l y  

of   t h e   c i r c l e   on  w h i c h   t h e   c e n t r e s   of   t h e   b a l l s   l i e  

so  t h a t   t h e   r e s u l t a n t   f o r c e   a c t i n g   on  t h e   r i n g   w h e n  

t h e   m i l l   i s   o p e r a t i n g   a c t s   more   n e a r l y   on  t h e   c e n t r e  

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

of   t h e   hump  l a y   v e r t i c a l l y   b e l o w   t h e   c i r c l e   on  w h i c h  

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

7.  A  g r i n d i n g   m i l l   as  c l a i m e d   in   any  of   t h e   p r e c e d i n g  

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

c o n c e n t r i c   w i t h ,   t h e   hump  s p e c i f i e d   in   any  of   t h e   p r e -  

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

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

i t   m a k e s   c o n t a c t   o n l y   a f t e r   t h e   v a r i a t i o n   in  t h e   a n g l e  

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