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(b4)  Anti-spin  device  for  cone  crusher. 

Anti-spin  device  for  a  gyrating  rock  crusher  including  a 
stationary  spindle  (62)  and  a  crusher  head  (36)  driven  by  an 
eccentric  (20)  and  running  in  a  stationary  crusher  bowl  (48). 
A  clutch  member  (70)  having  a  square  cross-section  fastened 
to  the  top  of  the  spindle  (62),  and  a  polyurethane  body  (80)  is 
fastened  to  the  crusher  head  (36)  and  having  a  square 
opening  (81)  receiving  the  clutch  member  (70).  The  clutch 
exerts  sufficient  resistive  torque  on  the  crusher  head  (36)  to 
prevent  it  from  spinning  with  the  eccentric  (20)  in  the 
unloaded  condition,  but  allows  the  head  to  counter-rotate 
slowly  during  crushing  operations. 





T h i s   i n v e n t i o n   r e l a t e s   to  an  a n t i - s p i n   d e v i c e   f o r   a  

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

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

t o r q u e   to  p r e v e n t   t h e   c r u s h e r   head   f rom  s p i n n i n g   w i t h   t h e  

c r u s h e r   e c c e n t r i c   when  t h e   c r u s h e r   i s   o p e r a t e d   a t   no  l o a d ,  

i . e .   w i t h   no  m a t e r i a l   b e i n g   c r u s h e d   in  t h e   c r u s h i n g   c a v i t y .  

A  g y r a t o r y   cone   r o c k   c r u s h e r   u t i l i z e s   a  c o n e - s h a p e d  

c r u s h e r   head   n o r m a l l y   d r i v e n   by  an  e c c e n t r i c .   The  head   g y -  
r a t e s   w i t h i n   a  s t a t i o n a r y ,   c o n i c a l   s h a p e d   c r u s h e r   bowl  t o  

p r o v i d e   a  r o t a t i n g   a l t e r n a t i n g   c o n v e r g i n g   and  d i v e r g i n g   c a -  

v i t y   c o n i c a l l y   e x t e n d i n g   b e t w e e n   t h e   bowl  and  t h e   head   i n  

w h i c h   t h e   f e e d   m a t e r i a l   is   c r u s h e d   d u r i n g   t h e   c o n v e r g e n c e  
and  r e l e a s e d   to  f a l l   f u r t h e r   down  t h e   c a v i t y   d u r i n g   t h e  

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

s p e e d   of  r o t a t i o n   of  t he   e c c e n t r i c   and  o t h e r   f a c t o r s .   T h e  

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

power   s o u r c e   s u c h   as  a  l a r g e   e l e c t r i c   m o t o r   c o u p l e d   d i -  

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

t h e   bowl  and  head   c r u s h e r   a r e   f u r n i s h e d   w i t h   w e a r - r e s i s t a n t  

l i n e r s ,   r e f e r r e d   to  as  bowl  l i n e r   (or  c o n c a v e )   and  m a n t l e ,  

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

b e t w e e n   t he   c o n c a v e   s u r f a c e   of  t h e   bowl  l i n e r   and  t h e  

c o n v e x   s u r f a c e   of  t h e   m a n t l e .  

Due  to  t h e   i n h e r e n t   d e s i g n   of  t h e   c r u s h e r ,   t h e   g y -  

r a t i n g   head   has   a  t e n d e n c y   to  r o t a t e   in  t h e   d i r e c t i o n   o f  

r o t a t i o n   of  t h e   e c c e n t r i c   when  t h e   c r u s h e r   i s   no t   u n d e r  

l o a d ,   a  p h e n o m e n o n   known  as  "head   s p i n " .   D u r i n g   n o r m a l   o p e -  
r a t i o n   when  t h e   c r u s h e r   bowl  is   f i l l e d   w i t h   r o c k ,   t h e  

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

by  e n g a g e m e n t   w i t h   t h e   s t a t i o n a r y   c r u s h e r   bowl  t h r o u g h   t h e  

r o c k   p a r t i c l e s ,   due  to  s u r f a c e   f r i c t i o n .   I n d e e d ,   in  s o m e  

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

c a u s e s   a  s low  r e v e r s e   r o t a t i o n   of  t h e   c r u s h e r   head   r e l a -  

t i v e   to  t h e   bowl  due  to  t he   d i f f e r e n t i a l   r a d i i   a t   t h e   o p -  

p o s e d   c r u s h i n g   s u r f a c e s .   Howeve r ,   when  t h e   c r u s h e r   bowl  i s  



e m p t y ,   b e c a u s e   of  some  i n t e r r u p t i o n   in   t h e   f l o w   of  r o c k   t o  

t h e   c r u s h e r ,   t h e   o n l y   r e s i s t i v e   t o r q u e   t h a t   i s   a v a i l a b l e  

to  p r e v e n t   head   s p i n   i s   in  t h e   t h r u s t   and  j o u r n a l   b e a r i n g s  

w h i c h   s u p p o r t   t h e   c r u s h e r   head   in  t h e   f r a m e .   In  s o m e  

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

t h e   c r u s h e r   h e a d ,   as  in  t h e   Symons  c o n e   c r u s h e r ,   t h e   r e -  

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

c i e n t   to  p r e v e n t   head   s p i n .  

In  c r u s h e r s   s u p p o r t e d   by  a n t i f r i c t i o n   t y p e   t h r u s t  

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

c o u n t e r t o r q u e   to  p r e v e n t   t h e   head   f rom  r o t a t i n g   u n d e r   t h e  

f r i c t i o n a l   t o r q u e   e x e r t e d   by  t h e   e c c e n t r i c   and  t h e r e f o r e  

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

an  " a n t i - s p i n   d e v i c e "   to  r e t a r d   or  p r e v e n t   h e a d - s p i n   w h i l e ,  

a t   t h e   same  t i m e ,   a l l o w i n g   t h e   s low  r e v e r s e   r o t a t i o n   t o  

o c c u r   u n d e r   n o r m a l   c r u s h i n g   l o a d .   S i m i l a r l y ,   in  c r u s h e r s  

in  w h i c h   t h e   c r u s h i n g   head   is   s u p p o r t e d   on  a  r e l a t i v e l y  

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

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

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

to   p r e v e n t   head   s p i n .   The  d e v i c e   i s   e q u a l l y   a p p l i c a b l e   i n  

s u c h   c a s e s .  

S p i n n i n g   of  t h e   c r u s h e r   head   i s   h i g h l y   u n d e s i r a b l e  

f o r   s e v e r a l   r e a s o n s :  

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

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

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

2)  The  l a r g e   d i a m e t e r   of  t h e   b e a r i n g s   and  t h e   h i g h  

r e l a t i v e   r o t a t i o n a l   v e l o c i t y   of  t h e   c r u s h e r   head   can  p r o -  

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

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

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

r i n g   due  to  h e a t i n g   or  even   c a u s e   i t   to   s e i z e   up  a l t o -  

g e t h e r ,   n e c e s s i t a t i n g   e x p e n s i v e   r e p a i r s .  

3)  Rocks  f a l l i n g   i n t o   t h e   c r u s h i n g   c h a m b e r   of  a  c o n e  

c r u s h e r   when  t h e   c r u s h i n g   head  is   s p i n n i n g   a t   h i g h   s p e e d  

can   be  t h r o w n   c l e a r   of  t h e   c r u s h e r   and  p r e s e n t   a  s a f e t y  



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

t y .  

4)  The  l i n e r   and  m a n t l e   f o r   t h e   c r u s h i n g   bowl  and  t h e  

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

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

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

t h e   s t a t i o n a r y   bowl  when  t h e   r o c k   f a l l s   i n t o   t h e   c r u s h i n g  

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

of  t h e   head   l i n e r   and  bowl  l i n e r   t h r o u g h   e x c e s s i v e   f r i c t i o -  

na l   w e a r .  

5)  Rocks   s t r i k i n g   the   s p i n n i n g   head   of  t h e   c r u s h e r  

can  damage   t h e   e q u i p m e n t   by  e x e r t i n g   a  s u r f a c e   s h e a r   o n  

t he   l i n e r s   w h i c h   t e n d s   to  l o o s e n   t he   bond  b e t w e e n   t h e   l i -  

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

them  to  become   l o o s e   and  s u f f e r   e a r l y   f a i l u r e .  

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

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

f r e e   r u n n i n g   o p e r a t i o n .   They  i n c l u d e   one  way  c l u t c h e s ,  

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

ve  or  r e t a r d i n g   d e v i c e s   of  v a r i o u s   k i n d .   T h e s e   d e v i c e s   a r e  

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

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

b i l i t y ,   s e r v i c e a b i l i t y ,   and  e x t e n s i v e   down  t i m e   of  t h e  

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

One  way  c l u t c h e s ,   wh ich   a r e   t h e   m o s t   f r e q u e n t l y   u s e d  

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

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

r e v e r s e   d i r e c t i o n .   When  b e a r i n g   d i s t r e s s   o c c u r s   due  t o  

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

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

even  a t   no  l o a d ,   may  be  s u f f i c i e n t   to  o v e r c o m e   t h e   t o r q u e  

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

c l u t c h   c o m p o n e n t s   and ,   v e r y   o f t e n   as  a  s e c o n d a r y   r e s u l t ,  

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

t h e   c r u s h e r   and  o t h e r   e x t e r n a l   d a m a g e .   In  a d d i t i o n ,   i t   i s  

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



c r u s h e r   head   and  t he   c l u t c h   to   a c c o m m o d a t e   t h e   l a t e r a l  

t r a n s l a t i o n s   of  t h e   head   and  p r e v e n t   damage   to  t h e   c l u t c h .  

T h e s e   c o u p l i n g s   a r e   e x p e n s i v e   and  a r e   t h e m s e l v e s   s u b j e c t   t o  

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

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

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

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

r e q u i r e d   a c t i o n   d e p e n d e n t   on  w h e t h e r   t h e r e   i s   l o a d   or  n o t  

w i t h i n   t h e   c r u s h e r .   A l l   of  t h e   m e c h a n i c a l   a r r a n g e m e n t s  

a r e   s u s c e p t i b l e   to  i m p a c t ,   s h o c k   and  v i b r a t i o n   damage   i n -  

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

The  p r o b l e m s c r e a t e d   by  v i b r a t i o n   have   n o t   p r e v i o u s l y  

been   r e c o g n i z e d   in  t h e   a r t .   The  c r u s h i n g   o p e r a t i o n   i n h e -  

r e n t l y   i n v o l v e s   c o n s i d e r a b l e   v i b r a t i o n   as  r o c k s   f a l l   i n t o  

t h e   c r u s h e r   and  s h a t t e r   in  t h e   c r u s h i n g   c h a m b e r .   To  s o m e  

e x t e n t   t h i s   v i b r a t i o n   i s   damped   by  t h e   o t h e r   r o c k s   in   t h e  

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

t h e   c r u s h e r .   N e t h e r t h e l e s s ,   to   t h e   e x t e n t   t h a t   t h e   v i b r a -  

t i o n   i s   t r a n s m i t t e d   t h r o u g h   t h e   c r u s h e r   to   t h e   more   s e n s i -  

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

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

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

T h u s ,   t h e   c r u s h e r   a r t   has   l o n g   b e e n   in  need   of  a n  

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

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

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

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

m a n u a l .  

A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   t o  

p r o v i d e   an  a n t i - s p i n   d e v i c e   f o r   a  cone   c r u s h e r   w h i c h   i s  

i n e x p e n s i v e ,   d u r a b l e   and  r e l i a b l e .   I t   i s   a n o t h e r   o b j e c t  

of  t h i s   i n v e n t i o n   to  p r o v i d e   an  a n t i - s p i n   d e v i c e   w h i c h   i s  

q u i c k l y   and  e a s i l y   r e p l a c e d   w i t h   m i n i m a l   m a c h i n e   d i s a s s e m -  

b l y   and  m i n i m a l   m a c h i n e   down  t i m e .   I t   i s   y e t   a n o t h e r   o b j e c t  

of  t h e   i n v e n t i o n   to  p r o v i d e   an  a n t i - s p i n   d e v i c e   f o r   a  c o n e  

c r u s h e r   t h a t   does   no t   r e q u i r e   a  s e p a r a t e   c o u p l i n g   b e t w e e n  

i t   and  t h e   c r u s h e r  h e a d .   I t   i s   a  f u r t h e r   o b j e c t   of  t h i s   i n -  



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

t h a t   t e n d s   to  damp  v i b r a t i o n .   I t   i s   y e t   a  f u r t h e r   o b j e c t   o f  

t h i s   i n v e n t i o n   to  p r o v i d e   an  a n t i - s p i n   d e v i c e ,   t h e   m a l f u n c -  

t i o n   of  w h i c h   w i l l   no t   r e s u l t   in  d i r e c t l y   or   i n d i r e c t l y  
r e l a t e d   damage   to   t h e   i n t e r n a l   c o m p o n e n t s .   I t   i s   an  i m p o r -  
t a n t   o b j e c t   of  t h i s   i n v e n t i o n   to   p r o v i d e   an  i m p r o v e d   a n t i -  

s p i n   d e v i c e   n o t   s u b j e c t   to  t h e   d r a w b a c k s   and  d i s a d v a n t a g e s  
of  p r i o r   a r t   a n t i - s p i n   d e v i c e s .  

T h e s e   and  o t h e r   o b j e c t s   of  t h e   i n v e n t i o n   a r e   a t t a i n e d  

in  an  a n t i - s p i n   d e v i c e   h a v i n g   an  e l a s t o m e r i c   body  and  a  r e -  

l a t i v e l y   r o t a t i n g   member  e n g a g e d   a t   a  n o n c i r c u l a r   r a d i a l l y  

f a c i n g   p e r i p h e r a l   i n t e r f a c e   w h i c h   m a y  o r   may  n o t   be  l u b r i -  

c a t e d   and  w h i c h   i s   g e n e r a l l y   a r r a n g e d   on  an  a x i s   p a r a l l e l  

to  t h e   c r u s h e r   a x i s .   The  member  or   t h e   e l a s t o m e r   body   i s  

a t t a c h e d   to  t h e   c r u s h e r   h e a d ,   and  t h e   o t h e r   i s   a t t a c h e d   t o  

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

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

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

The  e l a s t o m e r i c   body  and  t h e   r e l a t i v e l y   r o t a t i n g  

e n g a g i n g   member  in  t h e   c r u s h e r   e x p e r i e n c e   a  c y c l i c   r i s e  

and  f a l l   of  t h e   t o r q u e   h a v i n g   s o m e w h a t   t h e   n a t u r e   of  a  s i n e  

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

d e p e n d e n t   on  the   c r o s s - s e c t i o n a l   s h a p e   of  t h e   e n g a g i n g  

member  and  e l a s t o m e r i c   body  i n t e r f a c e .   The  a m p l i t u d e   r e -  

p r e s e n t s   t h e   t o r q u e ,   and  the   f r e q u e n c y   r e p r e s e n t s   t h e   d e -  

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

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

d e p e n d   upon  t h e   p h y s i c a l   p r o p e r t i e s   of  t h e   e l a s t o m e r i c  

m a t e r i a l ,   i t s   t h i c k n e s s ,   s i z e   and  s h a p e   of  i n t e r f a c e ,   a n d  

t h e   e n v i r o n m e n t a l   f a c t o r s   such   as  t e m p e r a t u r e   and  l u b r i -  

c a t i o n .  

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

r e s i s t i v e   t o r q u e   c a p a b i l i t y   i t   w i l l   be  c l e a r   t h a t   t h e   p e a k  

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

d i s t a n c e   b e t w e e n   t o r q u e   p e a k s   r e p r e s e n t s   a  r o t a t i o n a l   e x -  

c u r s i o n   t h r o u g h   an  a n g l e   d e f i n e d   by  t h e   e q u a t i o n   E=  3 6 0 ° / n  

w h e r e   n  i s   r e p r e s e n t a t i v e   of  t h e   number   of  s i d e s   or  l o b e s  



in  t h e   i n t e r f a c e .  

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

body   on  t h e   e n g a g i n g   member  d e r i v e s   f rom  two  s o u r c e s .   O n e  

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

on  t h e   e n g a g i n g   i n t e r f a c e s ;   t h e   o t h e r   s o u r c e   is   due  t o  

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

m e m b e r s .   The  l a t t e r   m a g n i t u d e   i s   i n f l u e n c e d   by  t h e   p r e s e n c e  
of  l u b r i c a t i o n   in  t h e   i n t e r f a c e ,   as   w e l l   as  by  t h e   a f o r e -  

m e n t i o n e d   p a r a m e t e r s   of  t h e   d e s i g n .   The  p e a k   t o r q u e   r e s i s -  

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

t a t i o n   b e t w e e n   t h e   e n g a g i n g   m e m b e r s .  

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

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

on  two  d i f f e r e n t   t o r q u e s   e x e r t e d   on  t h e   head   in  o p p o s i t e  

d i r e c t i o n s ,   u n d e r   l o a d   and  u n d e r   no  l o a d   c o n d i t i o n s .   U n d e r  

no  l o a d   o p e r a t i o n ,   t h e   a n t i - s p i n   d e v i c e   m u s t   be  d e s i g n e d  

to   e x e r t   a  r e s i s t i v e   t o r q u e   e q u a l   a t   l e a s t   to   t h e   f r i c t i o -  

n a l   t o r q u e   e x e r t e d   by  t h e   r a p i d l y   r o t a t i n g   e c c e n t r i c .   U n d e r  

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

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

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

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

p e a k - r e s i s t i v e   t o r q u e   in  e x c e s s   of  t h e   e c c e n t r i c   f r i c t i o n a l  

t o r q u e   i s   a v a i l a b l e   f o r   no  l o a d   o p e r a t i o n   and ,   c o n v e r s e l y ,  

t h a t   t h e   p e a k - r e s i s t i v e   t o r q u e   i s   of   low  e n o u g h   m a g n i t u d e  

to  a l l o w   t h e   head   to   r o t a t e   b a c k w a r d s   s l o w l y   in  n o r m a l  

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

t o r q u e   on  t h e   head   of  s u f f i c i e n t   m a g n i t u d e   to   o v e r c o m e   t h e  

p e a k   r e s i s t i v e   t o r q u e .   D e p e n d e n t   on  t h e   n a t u r e   and  g r a d a -  

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

c r u s h i n g   may  be  i n s u f f i c i e n t   to   " s n a p "   the  head   t h r o u g h  

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

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

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

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

when  a p p l i e d   in  t h e   u s u a l l y   p r e v a i l i n g   m a n n e r   of  o p e r a t i o n .  

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   i s   t h e   r e t a r d i n g  



e f f e c t ,   in  t h e   p r e s e n c e   of  b e a r i n g   d i s t r e s s ,   a g a i n s t   h e a d  

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

p o n e n t   f a i l u r e .   The  t e n d e n c y   f o r   t h e   head   to   a c c e l e r a t e  

i n t o   s y n c h r o n i s m   w i t h   t h e   e c c e n t r i c ,   in  c a s e   of  b e a r i n g  

d i s t r e s s ,   i s   t a k e n   as  an  i n d i c a t i o n   of  c r u s h e r   b e a r i n g   f a i -  

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

o n l y   a f t e r   c o n s i d e r a b l e   damage   has   been   d o n e .   The  i n v e n t i o n  

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

e c c e n t r i c ,   to  keep   t h e   s p i n   a t   a  low  l e v e l   of  r o t a t i o n a l  

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

t h e   c r u s h e r   s h u t   d o w n .  

E l i m i n a t i o n   of  head   s p i n   r e d u c e s   t h e   no  l o a d   ( t a r e )  

power   d raw  of  t he   c r u s h e r .   The  power   l o s s   of  t h e   a n t i - s p i n  
d e v i c e   d u r i n g   c r u s h i n g   i s   n e g l i g i b l y   s m a l l   due   to  t h e   v e r y  
s low  b a c k w a r d   r o t a t i o n ,   even   t h o u g h   t h e   t o r q u e   may  be  h i g h  

as  t h e   power   d rawn  is   t h e   p r o d u c t   of  t h e   t o r q u e   by  t h e  

r o t a t i v e   s p e e d .  

The  r e s i l i e n c e   of  t h e   e l a s t o m e r   body  e n a b l e s   t h e  

a n t i - s p i n   d e v i c e   to  f u n c t i o n   a l s o   as  an  i n t e g r a l   c o u p l i n g .  

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

t h e   head   i s   e a s i l y   a c c o m m o d a t e d   by  t h e   r e s i l i e n t   m a t e r i a l  

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

any  c o m p o n e n t   of  t h e   c r u s h e r .   I n d e e d ,   t h i s   f e a t u r e   of  t h e  

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

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

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

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

of  t h e   p r e f e r r e d   e m b o d i m e n t s   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 s   in  w h i c h :  

The  i n v e n t i o n   and  i t s   many  a t t e n d a n t   o b j e c t s   and  a d -  

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

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

when  r e a d   in  c o n j u n c t i o n   w i t h   t h e   f o l l o w i n g   d r a w i n g s ,  

w h e r e i n :  

F i g u r e   1  i s   a  s e c t i o n a l   e l e v a t i o n   of  a  c r u s h e r   i n c o r -  

p o r a t i n g   t h e   a n t i - s p i n   d e v i c e   of  t h i s   i n v e n t i o n ;  

F i g u r e   2  i s   a  s e c t i o n a l   p l a n   of  t h e   c r u s h e r   b a s e   i n  



F i g u r e   1 ;  

F i g u r e   3  i s   an  e n l a r g e d   s e c t i o n a l   e l e v a t i o n   of  t h e  

c r u s h e r   shown  in  F i g u r e   1  in  t h e   r e g i o n   of  t h e   t o p   of  t h e  

c r u s h e r   h e a d ;  

F i g u r e   4  is   a  p l a n   v i e w   a l o n g   l i n e s   4-4  in  F i g u r e   3 ;  

F i g u r e   5  is   a  p l a n   v i e w   of  a  p o r t i o n   of  a  s e c o n d   e m -  

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

e l a s t o m e r i c   c l u t c h   member ;   a n d  

F i g u r e   6  i s   a  p l a n   v i e w   of  a  p o r t i o n   of  a  t h i r d   e m -  

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

R e f e r r i n g   now  to  t h e   d r a w i n g s ,   w h e r e i n   l i k e   r e f e r e n c e  

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

more  p a r t i c u l a r l y   to  F i g u r e s   1  and  2  t h e r e o f ,   a  c o n e  

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

S.N.   1 9 6 , 5 0 9   f i l e d   on  O c t o b e r   14,  1980  is   shown  h a v i n g   a  

s t a t i o n a r y   f r a m e   10  w i t h   a  p e r i p h e r a l   m o u n t i n g   f l a n g e   1 2  

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

(no t   s h o w n ) .   A  c e n t r a l   hub  14  i s   s u p p o r t e d   on  t h e   f r a m e  

by  a  s e r i e s   of  r a d i a l   arms  15.  A  t a p e r e d   a x i a l   b o r e   1 6  

f o r m e d   v e r t i c a l l y   t h r o u g h   t h e   hub  14  r e c e i v e s   a  s i m i l a r l y  

t a p e r e d   end  of  t h e   a x i a l l y   e x t e n d i n g   v e r t i c a l   s h a f t   18  o n  

w h i c h   i s   m o u n t e d   an  e c c e n t r i c   20  h a v i n g   an  a t t a c h e d   b e v e l  

g e a r   21  d r i v e n   by  a  b e v e l   p i n i o n   22  m o u n t e d   on  t h e   end  o f  

a  d r i v e   s h a f t   24  by  way  of  a  s h e a v e   26  c o n n e c t e d   by  d r i v e  

b e l t s   to   a  m o t o r   (no t   s h o w n ) .   A  b e a r i n g   b u s h i n g   28  i s  

m o u n t e d   in  t he   b o r e   of  e c c e n t r i c   20  to  p r o v i d e   a  j o u r n a l  

b e a r i n g   f o r   t h e   e c c e n t r i c   20  on  t h e   s h a f t   18,  and  a  t h r u s t  

b e a r i n g   30  s u p p o r t s   t h e   e c c e n t r i c   20  in   t h e   a x i a l   d i r e c -  

t i o n .   The  s h a f t   18  has  l u b r i c a t i o n   c h a n n e l s   32  and  34  w h i c h  

c a r r y   o i l   u n d e r   p r e s s u r e   to   t h e   b e a r i n g   b u s h i n g   28  and  t h e  

t h r u s t   b e a r i n g   30  so  t h a t   t h e   e c c e n t r i c   20  can  be  d r i v e n  

f o r   r o t a t i o n   a b o u t   t h e   s h a f t   18  w i t h   m a x i m a l   l i f e   and  m i n i -  

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

A  c r u s h e r   head   36  i s   m o u n t e d   on  a  s p h e r i c a l   b e a r i n g  

38  f a s t e n e d   to  t h e   top   end  of  t h e   s h a f t   18.  The  c r u s h e r  

h e a d   i n c l u d e s   a  l o w e r   t r a n s v e r s e   web  40  h a v i n g   a  c e n t r a l  



a x i a l   b o s s   42  t h r o u g h   w h i c h   e x t e n d s   a  c y l i n d r i c a l   a x i a l  

b o r e   44  l i n e d   w i t h   a  b e a r i n g   b u s h i n g   46.  R o t a t i o n   of  t h e  

e c c e n t r i c   20  on  t he   s h a f t   18  and  in  t h e   b e a r i n g   b u s h i n g  

46  c a u s e s   t h e   a x i s   of  t he   b o r e   44  to   f o l l o w   t h e   g y r a t i n g  

a x i s   of  t h e   e c c e n t r i c   20.  The  a x i s   of  t h e   b o r e   44  i s   c o i n -  

c i d e n t   w i t h   t h e   a x i s   of  t h e   c r u s h e r   head   36,  so  t he   c r u s h e r  

head   e x e c u t e s   a  g y r a t i n g   m o t i o n   as  t h e   e c c e n t r i c   20  r o t a t e s  

on  t h e   s h a f t   18.  The  g y r a t i n g   m o t i o n   of  t h e   c r u s h e r   h e a d  

i s   a c c o m m o d a t e d   by  t h e   c y l i n d r i c a l   b e a r i n g   38  whose   c e n t e r  

of  c u r v a t u r e   is   e q u a l   to  i t s   d i s t a n c e   f rom  t h e   apex   of  g y -  
r a t i o n   of  t he   c r u s h e r   head  3 6 .  

The  c r u s h e r   head   36  g y r a t e s   w i t h i n   a  s t a t i o n a r y  

c r u s h e r   bowl  48  f a s t e n e d   to  t h e   f r a m e   10  of  t h e   c r u s h e r .  

The  s p a c i n g   b e t w e e n   t h e   c r u s h e r   head   36  and  t h e   c r u s h e r  

bowl  48  d e t e r m i n e s   t h e   s i z e   of  t h e   o u t p u t   m a t e r i a l   a n d  

can   be  a d j u s t e d   by  an  a d j u s t m e n t   m e c h a n i s m   50  w h i c h   r o t a t e s  

t h e   c r u s h e r   bowl  in  a  t h r e a d e d   a d j u s t m e n t   r i n g   52.  A  t r a m p  

i r o n   r e l e a s e   c y l i n d e r   53  can   be  o p e r a t e d   to  l i f t   t h e   a d -  

j u s t m e n t   r i n g   52  and  t h e   e n t i r e   bowl  o f f   a  b e v e l e d   s u p p o r t  

r i n g   54  a t   t h e   t o p   of  t h e   f r a m e   10  to   a l l o w   t h e   u n c r u s h a b l e  

t r a m p   i r o n   or  o t h e r   m a t e r i a l   to  f a l l  o u t   b e t w e e n   t h e   b o w l  

and  t h e   c r u s h e r   h e a d .  

M a t e r i a l   to  be  c r u s h e d ,   commonly   r o c k   f o r   c o n s t r u c -  

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

i n t o   a  h o p p e r   56  a t t a c h e d   a t   t he   t o p   of  t h e   c r u s h e r   b o w l  

48.  The  r o c k   f a l l s   i n t o   t h e   c o n v e r g i n g   gap  b e t w e e n   t h e  

c r u s h e r   bowl  and  t h e   c r u s h e r   head   36  and  is   c r u s h e d   by  t h e  

g y r a t i n g   a c t i o n   of  t he   c r u s h e r   h e a d .   The  c r u s h e d   r o c k   f a l l s  

down  b e t w e e n   t h e   m o u n t i n g   f l a n g e   12  and  t h e   c e n t r a l   h u b  

14  and  t h e n c e   o u t   of  t h e   m a c h i n e .   When  the   c r u s h i n g   gap  i s  

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

is   r e a c t e d   by  a  f o r c e   f rom  t h e   c r u s h e r   bowl  48  t h r o u g h   t h e  

r o c k   on  t h e   c r u s h e r   h e a d .   The  r e a c t i o n   f o r c e   e x e r t e d   o n  

t h e   head   t e n d s   to  r o t a t e   t h e   c r u s h e r   head   r e l a t i v e   to  t h e  

c r u s h e r   bowl  48  w i t h   a  s low  r o t a t i o n   c o u n t e r   to  t h e   d i r e c -  

t i o n   of  r o t a t i o n   of  t h e   e c c e n t r i c   20.  A l t h o u g h   t h i s   c o u n -  

t e r   r o t a t i o n   is   no t   a b s o l u t e l y   n e c e s s a r y ,   i t   i s   d e s i r a b l e  



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

head   a r o u n d   t h e   i n s i d e   of  t h e   bowl  and  t h e r e b y   p r e v e n t s  

e x c e s s i v e   a b r a s i o n   of  t h e   l i n e r   of  t h e   bowl  and  t h e   h e a d  

t h e r e b y   p r e s e r v i n g   t h e   l i f e   of  t h e   l i n e r .  

When  t h e   h o p p e r   56  and  t h e   c r u s h i n g   gap  b e t w e e n   t h e  

c r u s h e r   bowl  48  and  t h e   c r u s h i n g   head   36  i s   empty   b e c a u s e  

of   some  i n t e r r u p t i o n   in  t h e   f l o w   of  r o c k   to  t h e   c r u s h e r ,  

t h e   f r i c t i o n   b e t w e e n   t h e   r o t a t i n g   e c c e n t r i c   20  and  t h e  

b e a r i n g   b u s h i n g   44  on  t h e   c r u s h e r   head   i s   g r e a t e r   t h a n   t h e  

r e s i s t i v e   t o r q u e   e x e r t e d   by  t h e   s p h e r i c a l   b e a r i n g   38.  I n  

t h e s e   c i r c u m s t a n c e s ,   t h e   c r u s h e r   h e a d ,   i f   n o t   p r e v e n t e d  
f rom  d o i n g   so,   wou ld   g r a d u a l l y   b e g i n   to  s p i n   in   t h e   d i r e c -  

t i o n   of  t h e   r o t a t i n g   e c c e n t r i c   and  f i n a l l y   a p p r o a c h   o r  

r e a c h   t h e   e c c e n t r i c   r o t a t i o n   s p e e d .   T h i s   i s   an  e x t r e m e l y  

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

s a f e t y   h a z a r d   to  t h e   o p e r a t i n g   p e r s o n n e l .   The  f i r s t   r o c k s  

f a l l i n g   i n t o   t he   h o p p e r   56  o n t o   a  c r u s h i n g   head   36  s p i n n i n g  

a t   h i g h   s p e e d   can  be  t h r o w n   v i o l e n t l y   ou t   of  t h e   h o p p e r  

and  a g a i n s t   p e r s o n s   or  e q u i p m e n t   w o r k i n g   or  i n s t a l l e d   n e a r -  

by.  In  a d d i t i o n ,   damage   to   t h e   b e a r i n g   38  can   o c c u r   i f  

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

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

t h e   s p i n n i n g   c r u s h e r   head   or  w e d g i n g   of  r o c k   i n t o   t h e   c o n -  

v e r g i n g   gap  b e t w e e n   t h e   s p i n n i n g   c r u s h e r   head   and  t h e  

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

of  t h e   wear   s u r f a c e s   of  t h e   head   and  b o w l .   Such   w e d g i n g   o f  

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

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

w h i c h   may  d e s t r o y   t h e   bond   b e t w e e n   l i n e r   and  t h e   bowl  o r  

c r u s h i n g   h e a d .   The  bond  is   f o r m e d   by  b a c k i n g   m a t e r i a l ,  

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

and  t h e   a f o r e s a i d   head  or  bowl .   D e s t r u c t i o n   of   t h i s   b o n d  

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

b e f o r e   t h e   wear   l i f e   has   been   e x h a u s t e d .  

To  p r e v e n t   t h e   c r u s h e r   head   36  f rom  s p i n n i n g   in  t h e  

u n l o a d e d   c o n d i t i o n   w i t h   t h e   e c c e n t r i c   20  and  to  a l l o w   t h e  

c r u s h e r   head   to  r o t a t e   b a c k w a r d   or  r e m a i n   r o t a t i v e l y   s t a -  



t i o n a r y   r e l a t i v e   to  t he   c r u s h e r   bowl  48  d u r i n g   c r u s h i n g  

o p e r a t i o n s ,   an  a n t i - s p i n   d e v i c e   60  i s   c o u p l e d   b e t w e e n   t h e  

c r u s h e r   head   36  and  t he   s t a t i o n a r y   v e r t i c a l   s h a f t   18.  T h e  

a n t i - s p i n   d e v i c e ,   most   c l e a r l y   shown  in  F i g u r e   3  and  4 ,  
i n c l u d e s   a  s p i n d l e   62  f a s t e n e d   to   t h e   t o p   of  t h e   s t a t i o n a r y  
s h a f t   18  and  e x t e n d i n g   a x i a l l y   u p w a r d   t h e r e f r o m .   The  u p p e r  
end  of  t h e   s p i n d l e   62  i s   r e d u c e d   in  d i a m e t e r   a t   63,  and  t h e  

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

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

t h r o u g h   f o r   r e c e i v i n g   s u i t a b l e   f a s t e n e r s   s u c h   as  s c r e w s   65 

f o r   f a s t e n i n g   t h e   s p i n d l e   62  to   t h e   t o p   of  t h e   s t a t i o n a r y  

s h a f t   18  in   s u i t a b l e   a l i g n e d   t h r e a d e d   h o l e s   in  t h e   f l o o r  

of  a  s h a f t   c o u n t e r b o r e   66  w h i c h   r e c e i v e s   t h e   s p i n d l e   f l a n g e  

6 4 .  

The  s p i n d l e   62  has  an  a x i a l   l u b r i c a t i o n   c h a n n e l   68 

a l i g n e d   w i t h   t h e   l u b r i c a t i o n   c h a n n e l   32  in  t h e   s h a f t   18  

and  t h r o u g h   w h i c h   l u b r i c a t i o n   may  be  c o n v e y e d   to   t h e   a n t i -  

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

c h a n n e l   68  i s   s e a l e d   by  an  O - r i n g   69  in  an  O - r i n g   g r o o v e  
in  t h e   f l o o r   of   t h e   s h a f t   c o u n t e r b o r e   6 6 .  

A  c l u t c h   b l o c k   member  70  i s   f a s t e n e d   to   t h e   r e d u c e d  

d i a m e t e r   t o p   end  63  of  t h e   s p i n d l e   62  by  an  a t t a c h m e n t  

m e c h a n i s m ,   s u c h   as  a  key  72  h e l d   in  a  s l o t   73  in  t h e   m e m b e r  

70  by  a  s c r e w   or  t h e   l i k e ,   w h i c h   p r e v e n t s   t h e   member   7 0  

f rom  r o t a t i n g   r e l a t i v e   to  t h e   s p i n d l e   62.  The  member   7o  h a s  

a  c r o s s - s e c t i o n   on  a  h o r i z o n t a l   p l a n e   w h i c h   i s   s q u a r e   w i t h  

r o u n d e d   c o r n e r s .   O t h e r   c o n f i g u r a t i o n s   may  be  u s e d   i n s t e a d ,  

and  a r e   s p e c i f i c a l l y   c o n t e m p l a t e d ,   such   as  s y m m e t r i c a l   o r  

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

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

o c c u r   to   one  s k i l l e d   in  t he   a r t   upon  r e a d i n g   t h i s   d i s c l o -  

s u r e .   The  member  70  has  an  a x i a l   b o r e   74  f o r   r e c e i v i n g   t h e  

r e d u c e d   d i a m e t e r   end  p o r t i o n   63  of  t h e   s p i n d l e   62.  A  s p i n -  

d l e   p l a t e   76  i s   s c r e w e d   to  t h e   t o p   of  t h e   r e d u c e d   d i a m e t e r  

p o r t i o n   63  of  t h e   s p i n d l e   to  i n s u r e   t h a t   t h e   member  70  d o e s  

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

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



s p i n   d e v i c e ,   as  d e s c r i b e d   b e l o w .   An  a x i a l   h o l e   78  in  t h e  

s p i n d l e   p l a t e   a l i g n s   w i t h   t h e   c h a n n e l   68  in  t h e   s p i n d l e   62 

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

t h r o u g h   t h e   l u b r i c a t i o n   c h a n n e l   68  in   t h e   s p i n d l e   6 2 .  

An  e l a s t o m e r i c   body  80  h a v i n g   an  a x i a l   o p e n i n g   81  i s  

a t t a c h e d   to  t h e   i n t e r i o r   of  t h e   c r u s h e r   head   46  in  r a d i a l  

a l i g n m e n t   w i t h   t h e   member  70.  The  a x i a l   o p e n i n g   81  i s   t h e  

same  s h a p e   and  s i z e   in  h o r i z o n t a l   c r o s s - s e c t i o n   as  t h e   mem-  

b e r   70.  The  r a d i a l l y   f a c i n g   w a l l s   of  t h e   o p e n i n g   81  e n g a g e  
t h e   c o r r e s p o n d i n g   r a d i a l l y   f a c i n g   w a l l s   of  t h e   member  7 0  

when  t h e   c r u s h e r   head   36  r o t a t e s   to   p r o v i d e   t h e   r e s i s t i v e  

t o r q u e   to  s p i n n i n g ,   as  e x p l a i n e d   b e l o w .  

The  e l a s t o m e r i c   body  80  i s   f a s t e n e d   to  a  l o c k i n g  

c o l l a r   82  w h i c h   in  t u r n   is   t h r e a d e d l y   e n g a g e d   in  an  i n t e r -  

n a l l y   t h r e a d e d   w a l l   84  of  an  a x i a l   w e l l   86  i n  t h e   t o p   o f  

t h e   c r u s h e r   head   36.  The  l o c k i n g   c o l l a r   82  has   a  c e n t r a l  

i n w a r d l y   e x t e n d i n g   a n n u l a r   f l a n g e   88  h a v i n g   an  u p w a r d l y  

f a c i n g   a n n u l a r   s u r f a c e   90  w h i c h   s u p p o r t s   t h e   e l a s t o m e r i c  

body  80  b e t w e e n   a  p a i r   of  c l a m p i n g   r i n g s   92  and  94.  T h e  

r i n g s   92  and  94,  and  t h e   e l a s t o m e r i c   body  80  c l a m p e d   b e t -  

ween  t h e   r i n g s ,   a r e   f a s t e n e d   to   t h e   f l a n g e   88  by  a  s u i t a b l e  

f a s t e n i n g   a r r a n g e m e n t   such   as  a  s e r i e s   of  s c r e w s   96  w h i c h  

p a s s   t h r o u g h   a l i g n e d   h o l e s   in  t h e   c l a m p i n g   r i n g s   92  and  94 

and  t he   e l a s t o m e r i c   body  80  and  a r e   t h r e a d e d   i n t o   s u i t a b l y  

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

s u r f a c e   90  of  t h e   f l a n g e   88.  A  c o v e r   p l a t e   98  is   r e m o v a b l y  

f a s t e n e d   to   t h e   t o p   s u r f a c e   of  t h e   u p p e r   c l a m p i n g   r i n g   92 

to  e x c l u d e   d i r t   and  c o n f i n e   t h e   l u b r i c a t i n g   o i l   e n t e r i n g  

t h e   a n t i - s p i n   d e v i c e   to  t h e   c a v i t y   d e f i n e d   w i t h i n   t h e   c l a m -  

p i n g   r i n g s   92  and  94  and  t h e   body  80  to  i n s u r e   t h a t   t h e  

o i l   r e m a i n s   c l e a n .  

An  a n n u l a r   l o c k i n g   nu t   100  h a v i n g   a  l o w e r   p o r t i o n   1 0 2  

i n t e r n a l l y   t h r e a d e d   a t   103  i s   t h r e a d e d   o n t o   t h e   e x t e r n a l l y  

t h r e a d e d   u p p e r   p o r t i o n   of  t h e   l o c k i n g   c o l l a r   82  e x t e n d i n g  

a b o v e   t h e   t o p   of  t h e   c r u s h e r   head   36.  The  t o p   of  t h e  

l o c k i n g   nu t   100  i s   f o r m e d   as  an  o u t w a r d l y   e x t e n d i n g   r a d i a l  

f l a n g e   104  to   w h i c h   a  f e e d   p l a t e   106  i s   f a s t e n e d   by  s u i t -  



a b l e   f a s t e n e r s   s u c h   as  b o l t s   108.   The  p u r p o s e   of  t h e   f e e d  

p l a t e   106  i s   to  c a t c h   t h e   r o c k   f a l l i n g   i n t o   t h e   h o p p e r   56 

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

gap  b e t w e e n   t h e   g y r a t i n g   c r u s h e r   head   36  and  t he   s t a t i o n a r y  
c r u s h e r   bowl  48.  O t h e r   l o c k i n g   n u t   and  f e e d   p l a t e   a r r a n g e -  
m e n t s   a r e   f e a s i b l e   and  in  use   and  a r e   t o o   v a r i e d   to  d e s -  

c r i b e   h e r e .  

In  o p e r a t i o n ,   t h e   c r u s h e r   head   36  moves  r e l a t i v e   t o  

t h e   c r u s h e r   bowl  48  in  a  g y r a t i n g   m o t i o n   by  v i r t u e   of  i t s  

j o u r n a l   on  t h e   e c c e n t r i c   20  and  t h r u s t   b e a r i n g   on  t h e  

s p h e r i c a l   b e a r i n g   38.  When  r o c k   i s   in  t h e   c r u s h i n g   g a p  
b e t w e e n   t h e   g y r a t i n g   head  36  and  t h e   s t a t i o n a r y   bowl  4 8 ,  

t h e   r e a c t i v e   t o r q u e   e x e r t e d   on  t h e   head   36  t h r o u g h   t h e  

r o c k   in  t h e   c r u s h i n g   gap  by  t h e   c r u s h e r   bowl  48  t e n d s   t o  

c a u s e   t h e   c r u s h e r   head   36  to  e x e c u t e   a  s low  c o u n t e r r o t a t i o n  

r e l a t i v e   to   t h e   bowl  48.  In  e f f e c t ,   t h e   c r u s h e r   head   36  

r o l l s   a r o u n d   t h e   i n s i d e   of  t h e   c r u s h e r   bowl  48.  T h i s   r o l -  

l i n g   m o t i o n   of  t h e   c r u s h e r   head   36  a r o u n d   t h e   i n s i d e   o f  

t h e   bowl  48  i s   d e s i r a b l e   b e c a u s e   i t   m i n i m i z e s   a b r a s i o n   o f  

t h e   c r u s h e r   head   l i n e r   and  the   bowl  l i n e r   w h i c h   c o u l d   o c c u r  

i f   t h e   c r u s h e r   head   g y r a t e d   w i t h o u t   t h i s   s low  c o u n t e r r o t a -  

t i o n   r e l a t i v e   to   t h e   s h a f t   1 8 .  

The  t o r q u e   e x e r t e d   by  t h e   e c c e n t r i c   20  in  t h e   d i r e c -  

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

c o n s i d e r a b l y   l e s s   t h a n   the   r e a c t i v e   t o r q u e   e x e r t e d   by  t h e  

bowl  on  t h e   c r u s h e r   head   36.  T h i s   l a r g e   d i f f e r e n t i a l   i n  

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

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

t h a t   t h e   t o r q u e   n e c e s s a r y   to  t u r n   t h e   member  70  in  t h e  

a x i a l   o p e n i n g   81  of  t h e   e l a s t o m e r i c   body   is   g r e a t e r   t h a n  

t h e   t o r q u e   e x e r t e d   by  the   r o t a t i n g   e c c e n t r i c   20  on  t h e  

b e a r i n g   44  in  t h e   b o s s   42,  bu t   l e s s   t h a n   t h e   t o r q u e   e x e r -  

t e d   by  t h e   bowl  48  t h r o u g h   t h e   r o c k   in  t h e   c r u s h i n g   g a p  

on  t h e   head   36.  T h u s ,   t h e   head  i s   e n a b l e d   to  r o t a t e   in  a  

s low  r o l l i n g   m o t i o n   b a c k w a r d   r e l a t i v e   to  t he   d i r e c t i o n   o f  

r o t a t i o n   of  t h e   e c c e n t r i c   20  b u t   d o e s   n o t   s p i n   in  t h e   d i -  

r e c t i o n   of  t h e   e c c e n t r i c   r o t a t i o n   when  t h e   h o p p e r   i s   u n -  



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

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

t o r q u e   e x e r t e d   t h r o u g h   t h e   b e a r i n g   i n t e r f a c e   by  t h e   e c c e n -  
t r i c   20  on  t h e   c r u s h e r   head   b e a r i n g   44  i s   h i g h e r   t h a n   i t   i s  

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

of  t e m p e r a t u r e ,   e t c .   T h e r e f o r e ,   to   p r e v e n t   or  s low  down  t h e  

head   s p i n   d u r i n g   s t a r t - u p ,   t h e   a n t i - s p i n   d e v i c e   i s   d e s i g n e d  

to  e x e r t   a  s o m e w h a t   h i g h e r   r e s i s t i v e   t o r q u e   t h a n   t h e   t o r q u e  

e x e r t e d   t h r o u g h   t h e   b e a r i n g   i n t e r f a c e   2 0 / 4 4 .  

A  s e c o n d   e m b o d i m e n t   of  t h e   a n t i - s p i n   d e v i c e ,   shown  i n  

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

body  80'  c o a c t i n g   w i t h   a  s q u a r e   member  7 0 ' .   The  a x i a l   o p e -  

n i n g   81'  has   a  s e r i e s   of  f o u r   c o n c a v e   r e c e s s e s   110  f o r m e d  

in  one  s i d e   of  e a c h   f a c e   of  t h e   o p e n i n g   81'  so  t h a t   t h e  

o p e n i n g   81'  i s   s y m m e t r i c a l   a b o u t   t h e   m a c h i n e   a x i s .   The  r e -  

c e s s e s   s t a r t   a t   one  c o r n e r   of  t h e   o p e n i n g   81'  and  e n d  

a b o u t   midway  a c r o s s   t he   f a c e   of  t h e   r e c e s s   in  a  s l o p i n g  

s u r f a c e   t h a t   a l l o w s   t h e   c l u t c h   member  70 '   to  r o t a t e   i n  

one  d i r e c t i o n   ( c l o c k w i s e   in  F i g u r e   5)  more  e a s i l y   t h a n   i n  

t h e   o t h e r   d i r e c t i o n .   T h i s   a r r a n g e m e n t   i s   f o r   t h e   p u r p o s e  
of   r e d u c i n g   t h e   r e s i s t i v e   t o r q u e   e x e r t e d   by  t h e   a n t i - s p i n  

d e v i c e   in  t h e   d i r e c t i o n   c o u n t e r   to  t h e   r o t a t i o n   of  t h e   e c -  

c e n t r i c ,   so  t h e   d e s i r a b l e   s low  c o u n t e r - r o t a t i o n   of  t h e   h e a d  

i s   p e r m i t t e d ,   w h i l e   p e r m i t t i n g   t he   a n t i - r o t a t i o n   t o r q u e   t o  

be  i n c r e a s e d   by  m a t e r i a l   and  d i m e n s i o n   c h a n g e s ,   as  n o t e d  

p r e v i o u s l y .  

A  t h i r d   e m b o d i m e n t   of  t h e   a n t i - s p i n   d e v i c e ,   shown  i n  

F i g u r e   6,  u t i l i z e s   an  e l a s t o m e r   body  8 0 "   s i m i l a r   to   t h a t  

of   t h e   f i r s t   e m b o d i m e n t ,   and  a  c l u t c h   member  7 0 "   h a v i n g   a  

p a i r   of  s p r i n g   l o a d e d   cam  e l e m e n t s   s u c h   as  s p r a g s   112  p i -  

v o t a l l y   c o n n e c t e d   to  t h e   c l u t c h   member  7 0 "   in  h o r i z o n t a l  

s l o t s   114  t h e r e i n   by  p i v o t   p i n s   116  and  u r g e d   o u t w a r d l y   o f  

t h e   s l o t s   114  by  l e a f   s p r i n g s   118.   When  t h e   c r u s h e r   h e a d  

e x e c u t e s   i t s   s low  r o l l i n g   r o t a t i o n   in  t h e   d i r e c t i o n   ( c l o c k -  

w i s e   in  F i g u r e   6)  c o u n t e r   to  t h e   d i r e c t i o n   of  e c c e n t r i c  

r o t a t i o n ,   t he   r o t a t i o n   of   t h e   c l u t c h   member  7 0 "   p u s h e s  

t h e   s p r a g s   112  a g a i n s t   t h e   w a l l s   of  t h e   e l a s t o m e r   body  8 0 "  



to   r e t r a c t   t h e   s p r a g s   ou t   of  i n t e r f e r i n g   r e l a t i o n s h i p   w i t h  
t h e   e l a s t o m e r   body  81'  by  r o t a t i n g   them  a g a i n s t   t h e   l e a f  

s p r i n g s   118  i n t o   t h e   s l o t s   114,   so  t h e   s p r a g s   112  do  n o t  

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

c r u s h e r   i s   r u n n i n g   f r e e ,   t h e   f r i c t i o n a l   t o r q u e   of  t h e   e c -  
c e n t r i c   on  t h e   head   b e a r i n g   t e n d s   to  r o t a t e   t h e   head   a n d  

t h e   c l u t c h   member  7 0 "   in  t h e   c o u n t e r - c l o c k w i s e   d i r e c t i o n .  

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

s p r a g s   112  i n t o   t he   c o r n e r s   120  of  t h e   a x i a l   o p e n i n g   8 1 "  

in  t h e   e l a s t o m e r   body  8 0 " .  

The  use   of  o t h e r   means   f o r   m o v i n g   and  r e t r a c t i n g   t h e  

cam  e l e m e n t s   i n t o   and  o u t   of  i n t e r f e r i n g   e n g a g e m e n t   is   s p e -  
c i f i c a l l y   e n v i s i o n e d .   P o s i t i v e l y   a c t i n g   m e c h a n i c a l ,   e l e c -  

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

cam  e l e m e n t s   such   as  s p r a g s   and  p a w l s   a r e   w e l l   known  a n d  

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

p r o b l e m .  

The  r e s i l i e n c e   of  t h e   e l a s t o m e r   body  8 0 "   a c c o m m o d a -  

t e s   t h e   s l i g h t   n u t a t i n g   m o t i o n   of  t h e   c l u t c h   member   7 0 "  

and  t h e   s p r a g s   112  to  p r o t e c t   them  f rom  damage   and  t h e r e b y  

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

c l u t c h   and  t h e   f r a m e .   L i k e w i s e ,   t h e   s h o c k s   and  v i b r a t i o n  

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

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

m o d a t e d   by  t h e   e l a s t o m e r   body  8 0 "   and  do  n o t   c a u s e   d a m a g e  

to  t h e   s p r a g s   112  or  p i v o t s   1 1 6 .  

A  c o r o l l a r y   b e n e f i t   o b t a i n e d   f rom  t h e   d e s c r i b e d   i n -  

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

to  a b s o r b   and  dampen  i m p a c t ,   s h o c k   and  v i b r a t i o n   f o r c e s .  

D u r i n g   c r u s h i n g ,   s u d d e n   b r e a k a g e   of  t h e   r o c k   t e n d s   to  p r o -  
d u c e   i n t e r n a l   d y n a m i c   f o r c e s   w h i c h   can  c a u s e   r e l a t i v e   m i c r o  

m o t i o n   or  m i c r o - d e f o r m a t i o n   b e t w e e n   m a j o r   c o m p o n e n t s   o f  

t h e   c r u s h e r .   As  an  e x a m p l e   of   t h e s e   p h e n o m e n a e ,   t h e   a d j u s t -  

men t   r i n g   may  jump  or  " j i t t e r "   r e l a t i v e   to  t h e   m a i n f r a m e  

on  w h i c h   i t   is   s e a t e d   or  t h e   bowl  may  e x p e r i e n c e   m o t i o n  

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

e n g a g e d   and  h y d r a u l i c a l l y   or  m e c h a n i c a l l y   c l a m p e d .   S u c h  



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

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

f a i l u r e .   The  d e s c r i b e d   i n v e n t i o n   has   t h e   e f f e c t   of  p r o v i -  

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

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

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

w h i c h   i s   s u p p o r t e d   by  t he   head  and  t h e   i n t e r f a c i a l l y   e n g a -  

ged  member   (70)  w h i c h   is  s u p p o r t e d   by  c r u s h e r   s h a f t ,   f r a m e  

and  t h e n c e   to  g r o u n d .   Any  v i b r a t i o n   of  t h e   c r u s h i n g   h e a d  

t e n d s   to  be  d a m p e n e d   by  t he   f r i c t i o n a l   c o n t a c t   and  f r i c t i o n  

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

The  s e r v i c i n g   p r o c e d u r e s   f o r   t he   a n t i - s p i n   d e v i c e   o f  

t h i s   i n v e n t i o n   a r e   e x t r e m e l y   s i m p l e   and  can  be  p e r f o r m e d  

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

c h i n e .   I t   i s   m e r e l y   n e c e s s a r y   to  r e m o v e   t h e   f e e d   p l a t e  

106  by  r e m o v i n g   t h e   b o l t s   108  and  t h e n   r e m o v e   t h e   c o v e r  

p l a t e   98  f rom  t h e   t o p   of  t h e   c l a m p i n g   r i n g   92.  T h i s   e x p o -  

ses   t h e   a n t i - s p i n   d e v i c e   f o r   i n s p e c t i o n   and  any  n e c e s s a r y  

r e p a i r   or   r e p l a c e m e n t .   I f   t h e   e l a s t o m e r i c   body   80  b e c o m e s  

worn  or  n e e d s   r e p l a c e m e n t   a f t e r   a  number   of  y e a r s   or  c y c l e s  

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

96  w h i c h   h o l d   t h e   c l a m p i n g   r i n g   92,  and  r e p l a c e   t h e   b o d y  

80  w i t h   a  new  o n e .   L i k e w i s e ,   t h e   member  70  can  be  s i m i l a r -  

ly  i n s p e c t e d   and  r e p l a c e d   i f   n e c e s s a r y .   The  c o s t   of  t h e s e  

i t e m s   i s   q u i t e   low  c o m p a r e d   to  t h e   p r i o r   a r t   o n e - w a y  
c l u t c h   and  c o u p l i n g   d e v i c e s ,   and  i t   i s   e x t r e m e l y   d u r a b l e  

and  t o l e r a n t   of   s h o c k ,   wea r ,   and  d i r t   c o n t a m i n a t i o n .   T h e  

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

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

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

t o l e r a t e d   b e c a u s e   of  t he   e l a s t o m e r i c   body   s i m p l y   d e f o r m s  

l o c a l l y   and  a l l o w s   t he   d i r t   p a r t i c l e   to   embed  i t s e l f   t e m -  

p o r a r i l y   i n t o   t h e   e l a s t o m e r   w a l l   as  t h e   member  70  r o t a t e s  

o v e r   i t .   Then ,   when  t h e   c o r n e r   of  t h e   member  70  has   r o t a -  

t e d   p a s t   t h e   d i r t   p a r t i c l e   i t   i s   e x p e l l e d   f rom  t h e   e l a s t o -  

mer  body   w a l l   and  w a s h e d   down  by  t h e   l u b r i c a n t   f l o w i n g  

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



68  and  7 4 .  

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

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

t h o s e   s k i l l e d   in  t he   a r t   upon  r e a d i n g   t h e   f o r e g o i n g   d i s c l o -  

s u r e .   For   e x a m p l e ,   t h e   r e l a t i v e   p o s i t i o n   of  t h e   number   7 0  

and  t h e   e l a s t o m e r i c   body  80  c o u l d   be  s w i t c h e d   so  t h a t   t h e  

e l a s t o m e r   body   80  is   f a s t e n e d   to  t h e   s t a t i o n a r y   s p i n d l e  

and  t h e   member  70  i s   f a s t e n e d   to   and  r o t a t e s   w i t h   t h e  

c r u s h e r   head   36.  A l s o ,   t he   p o s i t i o n   of  t h e   a n t i - s p i n   d e v i c e  

in  t h e   d i s c l o s e d   m a c h i n e   may  be  v a r i e d .   The  l o c a t i o n   i n  

t h i s   d i s c l o s e d   m a c h i n e   is   c h o s e n   a t   t h e   apex   of  g y r a t i o n  

of  t h e   c r u s h e r   head   ( t h e   i n t e r s e c t i o n   of  c r u s h e r   a n d  

c r u s h e r   head   a x e s )   so  t h a t   t h e   l a t e r a l   m o v e m e n t   c o m p o n e n t  

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

is   a  min imum  and  t h e   l a t e r a l   b e n d i n g   on  t h e   s p i n d l e   62  i s  

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

t h e   e l a s t o m e r   body  p r o d u c e s   a  r e s i s t i v e   t o r q u e   on  t h e   h e a d  

36  to  p r e v e n t   i t   s p i n n i n g   w i t h   t h e   e c c e n t r i c   20.  H o w e v e r ,  

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

t i v e   t o r q u e   on  t he   head   36  a r e   p o s s i b l e   and  a r e   i n t e n d e d  

to  be  e n c o m p a s s e d   by  t h e   s p i r i t   and  s c o p e   of  t h e   i n v e n t i o n  

as  d e f i n e d   in  t h e   c l a i m s .  



1.  An  a n t i - s p i n   d e v i c e   f o r   a  cone   c r u s h e r   h a v i n g   a  

s t a t i o n a r y   s p i n d l e   (62)  and  a  g y r a t i n g   c r u s h e r   h e a d   ( 3 6 )  
d r i v e n   by  an  e c c e n t r i c   (20)  and  r u n n i n g   w i t h i n   a  s t a t i o n a r y  
c r u s h e r   bowl  ( 4 8 ) ,   s a i d   a n t i - s p i n   d e v i c e   c o m p r i s i n g :  

an  e l a s t o m e r i c   body  (80)  f a s t e n e d   to   one   of  s a i d  

s p i n d l e   and  s a i d   c r u s h e r   h e a d ;  

a  member  (70)  f i x e d   to  t h e   o t h e r   of  s a i d   s p i n d l e   a n d  

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

r e l a t i o n   to   s a i d   b o d y ;  

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

s u r f a c e   ( 8 1 ) ;  

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

s u r f a c e   in  r a d i a l l y   o p p o s e d ,   a p p r o x i m a t e l y   c o a x i a l ,   j u x t a -  

p o s e d   r e l a t i o n   to  s a i d   body  s u r f a c e ;  

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

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

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

v i b r a t i o n s   in  s a i d   c r u s h e r   and  w i l l   e x e r t   s u f f i c i e n t   r e -  

s i s t i v e   t o r q u e   d u r i n g   f r e e   r u n n i n g   o p e r a t i o n   to   p r e v e n t  
s a i d   c r u s h e r   head   f rom  s p i n n i n g   w i t h   t h e   e c c e n t r i c .  

2.  The  a n t i - s p i n   d e v i c e   d e f i n e d   in  c l a i m   1,  w h e r e i n  

s a i d   c r u s h e r   head   g y r a t e s   a b o u t   an  apex   of  g y r a t i o n ,   a n d  

s a i d   j u x t a p o s e d   s u r f a c e s   of  s a i d   member  and  s a i d   body   l i e  

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

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

s a i d   body   is   m i n i m i z e d ,   and  t h e   p r i m a r y   a c t i o n   i s   r e l a t i v e  

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

s a i d   b o d y .  

3.  The  a n t i - s p i n   d e v i c e   d e f i n e d   in  c l a i m   2,  w h e r e i n  

s a i d   e l a s t o m e r   body  is   f i x e d   to  s a i d   c r u s h e r   head   and  i n -  

c l u d e s   an  a x i a l   o p e n i n g   (81)  t h e r e i n   d e f i n e d   by  s a i d   p e r i -  

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

s i m i l a r   and  s l i g h t l y   d i f f e r i n g   in   s i z e   to  t h e   c r o s s - s e c -  

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

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

a r e   t h e   t o t a l   r e s i s t i v e   t o r q u e .  



4.  The  a n t i - s p i n   d e v i c e   d e f i n e d   in  c l a i m   3,  w h e r e i n  

s a i d   member  is  mounted  on  an  a x i a l l y   ex tending   s t a t i o n a r y   s p i n d l e   r i -  

g i d l y   m o u n t e d   to   a  f r a m e   (10)  of  s a i d   c r u s h e r ,   and  sa id   s p i n -  
dle  i nc ludes   an  a x i a l l y   e x t e n d i n g   d u c t   (68)  f o r   c o n v e y i n g l u b r i -  

c a n t   to  t h e   i n t e r f a c e   of  s a i d   member  and  s a i d   b o d y .  

5.  The  a n t i - s p i n   d e v i c e   d e f i n e d   in  c l a i m   3,  w h e r e i n  

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

6.  The  a n t i - s p i n   d e v i c e   f o r   a  cone   c r u s h e r   h a v i n g   a  

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

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

f o r   g y r a t i o n   w i t h i n   s a i d   c r u s h e r   bowl  a b o u t   an  a p e x   of  g y -  
r a t i o n   to  c r u s h   r o c k   b e t w e e n   t h e   head   and  b o w l ,   and  an  e c -  

c e n t r i c   d r i v e n   a b o u t   an  a x i s   and  h a v i n g   an  e c c e n t r i c   s u r -  

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

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

to  s p i n   s a i d   h e a d   r e l a t i v e   to   s a i d   bowl  in  t h e   d i r e c t i o n  

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

p r i s i n g :  

an  e l a s t o m e r   body   a t t a c h e d   to   s a i d   one  of  s a i d   s t a -  

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

s u r f a c e   t h e r e i n ;  

a  member   c o u p l e d   to   t h e   o t h e r   of  s a i d   s t a t i o n a r y   a s -  

s e m b l y  a n d   s a i d   head   and  h a v i n g   a n  e n g a g e m e n t   s u r f a c e   f a -  

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

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

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

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

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

t a t e   r e l a t i v e   to   e a c h   o t h e r ;  

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

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

t o r q u e   g r e a t e r   t h a n   s a i d   p r e d e t e r m i n e d   t o r q u e   e x e r t e d   b y  

s a i d   bowl  t h r o u g h   t h e   c r u s h e d   r o c k   on  s a i d   head   by  d e f o r -  

m a t i o n   of  s a i d   e l a s t o m e r   b o d y ,   and  s a i d   e l a s t o m e r   b o d y  

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

t o r q u e   to   p r e v e n t   s a i d   head   f rom  s p i n n i n g   w i t h   s a i d   e c c e n -  

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