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©  Impact  crusher. 
(st)  An  anvil  (50)  for  use  in  a  centrifugal  impact  rock  crusher 
is  disclosed.  The  crusher  includes  a  cylindrical  housing  (10) 
with  a  vertically  disposed  central  axis.  A  plurality  of  the 
anvils  (50)  are  supported  radially  around  the  interior  of  the 
housing  (10)  in  a  band  transverse  to  the  central  axis,  and  an 
impeller  (30)  is  disposed  for  rotation  concentrically  within 
the  housing  (10)  and  is  adapted  to  throw  rock  to  be  crushed 
against  the  anvils.  Each  anvil  (50)  inclu  '  ' 
cylindrical  body  having  an  end  (52),  and  i: 
housing  (10)  such  that  the  rock  thrown  tf  FIG—  1 
es  substantially  on  the  end  (52).  The 
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 A n   anvil  (50)  for  use  in  a  centrifugal  impact  rock  crusher 
is  disclosed.  The  crusher  includes  a  cylindrical  housing  (10) 
with  a  vertically  disposed  central  axis.  A  plurality  of  the 
anvils  (50)  are  supported  radially  around  the  interior  of  the 
housing  (10)  in  a  band  transverse  to  the  central  axis,  and  an 
impeller  (30)  is  disposed  for  rotation  concentrically  within 
the  housing  (10)  and  is  adapted  to  throw  rock  to  be  crushed 
against  the  anvils.  Each  anvil  (50)  includes  a  substantially 
cylindrical  body  having  an  end  (52),  and  is  secured  within  the 
housing  (10)  such  that  the  rock  thrown  thereagainst  imping- 
es  substantially  on  the  end  (52).  The  anvil  bodies  are 
selectively  rotated  about  their  cylindrical  axes. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  i m p a c t - t y p e  

c r u s h e r s ,   and  more   p a r t i c u l a r l y ,   to   t h o s e   w h i c h   u t i l i z e  

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

p l u r a l i t y   of  a n v i l s .  

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

h u r l   r o c k s   to   be  c r u s h e d   a g a i n s t   a n v i l s   a r e   g e n e r a l l y   k n o w n .  

S e v e r a l   e x a m p l e s   of  s u c h   d e v i c e s   a r e   d i s c l o s e d   in   U.  S .  

P a t e n t s   Nos .   4 , 1 2 6 , 2 8 0 ;   3 , 7 6 7 , 1 2 7 ;   3 , 6 5 2 , 0 2 3 ;   and  3 , 5 7 8 , 2 5 4 .  

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

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

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

in  c o n t a c t   w i t h   t h e   r o c k   as  i t   i s   h u r l e d .   For  e x a m p l e ,  

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

and  l o w e r   w e a r   p l a t e s   a r e   s u b j e c t   to   a  g r e a t   d e a l   of  w e a r  

w h i l e   t h e y   a r e   a c c e l e r a t i n g   t h e   r o c k .   I t   is   t h e r e f o r e  

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

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

Of  c o u r s e ,   t h e   wear   p r o b l e m   i s   v e r y   s e v e r e   on  t h e  

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

t h e r e a g a i n s t   as   i t   i s   h u r l e d .   In   i m p a c t   c r u s h e r s   s u c h   a s  

t h o s e   d i s c l o s e d   in  t h e   a b o v e - n o t e d   p a t e n t s ,   t h e   r o c k   i s  

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

h o r i z o n t a l   p l a n e ,   w h i c h   r e s u l t s   in   a  h o r i z o n t a l   wea r   p a t h  

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

T y p i c a l l y ,   as  shown  f o r   e x a m p l e   in  U.  S.  P a t e n t   N o .  

4 , 1 2 6 , 2 8 0 ,   t h e   a n v i l s   a r e   r e c t a n g u l a r   or  s q u a r e   in  c r o s s -  

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

i m p a c t i n g   on  e a c h   a n v i l .   Due  to   t h e   h o r i z o n t a l   p l a n e   w i t h i n  

wh ich   t h e   r o c k   i s   t h r o w n ,   e a c h   a n v i l   g r a d u a l l y   a c q u i r e s   a  

h o r i z o n t a l ,   c o n c a v e   wea r   p a t h   a c r o s s   i t s   end  s u r f a c e .   T h i s  

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

e d g e s   of  t h e   a n v i l   s u r f a c e .   As  wea r   c o n t i n u e s ,   t h e s e  l i p s  



w i l l   f r e q u e n t l y   b r e a k   o f f   and  be  c a r r i e d   a l o n g   w i t h   t h e  

c r u s h e d   r o c k .   Not   o n l y   do  s u c h   b r o k e n   p i e c e s   r e s u l t   i n  

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

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

s t r e a m   f rom  t h e   c r u s h e r .  

In  o r d e r   to   a v o i d   s u c h   p r o b l e m s ,   some  o p e r a t o r s  

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

f r a g i l e .   In  any  c a s e ,   l o s s   of   t h e s e   l i p s   w a s t e s   a n v i l  

m a t e r i a l   and  d i s c o u r a g e s   use   of   l o n g   a n v i l s   w h i c h   may  r e q u i r e  

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

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

in  a  s t a g g e r e d   m a n n e r   so  t h a t   t h e i r   e n d s   c r e a t e   s t e p p e d  

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

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

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

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

p e r f o r m a n c e .  

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

an  i m p a c t   c r u s h e r   t h a t   a r e   l e s s   s u b j e c t   to   b r e a k a g e   as  t h e  

a n v i l s   w e a r ,   t h a t   c a n   r e a s o n a b l y   be  made  and  u s e d   in  l o n g  

l e n g t h s ,   and  t h a t   can   be  a d j u s t e d   t o   m a i n t a i n   s t e p p e d  

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

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

of  t he   c r u s h e r   i t s e l f .  

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   an  i m p r o v e d   a n v i l   f o r  

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

b r e a k a g e   p r o b l e m   d e s c r i b e d   a b o v e ,   c a n   r e a s o n a b l y   be  made  a n d  

u s e d   in  l o n g   l e n g t h s ,   and  can   be  a d j u s t e d   to  m a i n t a i n   s t e p p e d  

s u r f a c e s .   S u c h   an  a n v i l   i s   d e s i g n e d   f o r   use   w i t h i n   a  

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

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

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

c e n t r a l   a x i s .   A  p l u r a l i t y   of   t h e   r o c k - c r u s h i n g   a n v i l s   a r e  



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

i m p e l l e r   in  a  band   t r a n s v e r s e   to  t h e   c e n t r a l   a x i s .   T h e  

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

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

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

s e c u r i n g   t h e   body  w i t h   r e s p e c t   to   t h e   h o u s i n g .   Each   body  i s  

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

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

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

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

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

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

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

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

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

i m p i n g e m e n t   upon   t h e   a n v i l s .   D u r i n g   o p e r a t i o n   of   t h e  

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

a x i s .  

R o t a t i o n   of   t h e   c y l i n d r i c a l   a n v i l s   may  be  p e r f o r m e d  

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

B e t w e e n   s u c h   t i m e s ,   t h e   a n v i l s   r e m a i n   s t a t i o n a r y   w i t h i n   a  

p a r t i c u l a r   o r i e n t a t i o n .   A l t e r n a t i v e l y ,   t he   a n v i l s   may  b e  

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

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 e   p r e s e n t   i n v e n -  

t i o n   to   p r o v i d e   an  a n v i l   f o r   use   in  an  i m p a c t   c r u s h e r   h a v i n g  

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

r o c k   to   be  h u r l e d   a g a i n s t   t h e   a n v i l s ,   in   w h i c h   e a c h   a n v i l  

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

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

c i r c u l a r   end  of  t h e   a n v i l ;   to   p r o v i d e   s u c h   an  a n v i l   t h a t   m a y  

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

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

t h a t   may  be  m o u n t e d   w i t h i n   e x i s t i n g   i m p a c t   c r u s h e r s   w i t h o u t  



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

In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  more   r e a d i l y  

u n d e r s t o o d ,   r e f e r e n c e   w i l l   now  be  made  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 :  

F i g .   1  i s   an  e l e v a t i o n a l   v i e w   in  p a r t i a l   c r o s s  

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

F i g .   2  i s   a  t o p   p l a n   v i e w   w i t h   p o r t i o n s   b r o k e n   a w a y  

of  t h e   e m b o d i m e n t   of  F i g .   1 ;  

F i g .   3  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   e l e v a t i o n a l  

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

t a k e n   a l o n g   l i n e   3 - - 3   of   F i g .   5 ;  

F i g .   4  i s   a  f r a g m e n t a r y   c r o s s - s e c t i o n a l   e l e v a t i o n a l  

v i e w   of  t h e   i m p e l l e r   a s s e m b l y   t a k e n   a l o n e   l i n e   4 - - 4   of   F i g .   5 

i l l u s t r a t i n g   a  p o r t i o n   of   t h e   l a n d i n g   cone   and  u p p e r   a n d  

l o w e r   wea r   s u r f a c e s   a d j a c e n t   an  i m p e l l e r   v a n e   m e m b e r ;  

F i g .  5   i s   a  v i e w   g e n e r a l l y   a l o n g   l i n e   5 - - 5   of   F i g .   3 

w i t h   p o r t i o n s   b r o k e n   a w a y ;  

F i g .   6  i s   a  f r a g m e n t a r y   c r o s s - s e c t i o n a l   e l e v a t i o n a l  

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

d i r e c t i o n   of  l i n e   6 - - 6   of  F i g .   5 ;  

F i g .   7  i s   a  f r a g m e n t a r y   v i e w   of  t h e   c y l i n d r i c a l  

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

t h e   p r e f e r r e d   e m b o d i m e n t ;  

F i g .   8  i s   an  e l e v a t i o n a l   v i e w   t a k e n   g e n e r a l l y   a l o n g  

l i n e   8 - - 8   of  F i g .   7 ;  

F i g .   9  i s   a  s e c t i o n a l   v i e w   t a k e n   g e n e r a l l y   a l o n g  

l i n e   9 - - 9   of  F i g .   7;  a n d  

F i g .   10  i s   an  end   v i e w   of  an  a n v i l   b o d y ,   s h o w i n g   a n  
a l t e r n a t i v e   e m b o d i m e n t   t h e r e f o r .  



As  b e s t   i l l u s t r a t e d   in  F i g s .   1  and  2,  t h e   r o c k  

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

u s e d   i n c l u d e s   c y l i n d r i c a l   h o u s i n g   10  w i t h   c o n c e n t r i c   u p p e r  
and  l o w e r   p o r t i o n s   12  and  14.   U p p e r   p o r t i o n   12  i s   o f  

s o m e w h a t   l a r g e r   d i a m e t e r   t h a n   l o w e r   p o r t i o n   14  and  i s  

p r o v i d e d   w i t h   a  t o p   c a p p i n g   p l a t e   16  c a r r y i n g   a  c e n t r a l  

c y l i n d r i c a l   f e e d   t u b e   18  t h r o u g h   w h i c h   r o c k   to   be  c r u s h e d   i s  

f ed   i n t o   t h e   a p p a r a t u s .   The  s m a l l e r   d i a m e t e r   l o w e r   p o r t i o n  

14  of  h o u s i n g   10  i s   open   a t   t h e   b o t t o m   20  in  o r d e r   to   p e r m i t  

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

c r u s h e d .   The  c y l i n d r i c a l   h o u s i n g   10  i s   u s u a l l y   p o s i t i o n e d   o n  

t o p   of  a  f r a m e w o r k   ( n o t   shown)   w h i c h   p e r m i t s   t h e   r o c k   to   f a l l  

f rom  t h e   o p e n   b o t t o m   2 0 .  

D i s p o s e d   c o n c e n t r i c a l l y   w i t h i n   h o u s i n g   10  b e n e a t h  

t h e   f e e d   t u b e   18  i s   t h e   i m p e l l e r   a s s e m b l y   30  w h i c h   i s   m o u n t e d  

f o r   r o t a t i o n   in  b e a r i n g   s u p p o r t   membr  32 .   The  i m p e l l e r  

a s s e m b l y   30  i s   d r i v e n   by  a  c e n t r a l   d r i v e   s h a f t   34  h a v i n g   o n e  

end  e x t e n d i n g   down  t h r o u g h   b e a r i n g   s u p p o r t   member  32  i n t o   t h e  

l o w e r   p o r t i o n   of  h o u s i n g   10  w h e r e   i t   i s   c o n n e c t e d   by  p u l l e y s  

36  and  38  and  V - b e l t   40  to  t h e   d r i v e   m o t o r   4 2 .  

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

30  w i t h i n   t h e   u p p e r   p o r t i o n   12  of  h o u s i n g   10  a r e   a  p l u r a l i t y  

of  a d j u s t a b l y   p o s i t i o n a b l e   a n v i l s   50.   The  a n v i l s   a r e  

d i s p o s e d   in  two  c o n c e n t r i c   rows   w i t h   a d j a c e n t   a n v i l s   b e i n g   i n  

d i f f e r e n t   r ows   to   p r o v i d e   a  s t a g g e r e d   p o s i t i o n i n g   as  s e e n   i n  

F i g .   2.  The  end  f a c e s   52  of  t h e   a n v i l s   fo rm  a  band   o f  

c r u s h i n g   s u r f a c e s   a r o u n d   t h e   i m p e l l e r   a s s e m b l y   30  a g a i n s t  

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

i m p e l l e r   a s s e m b l y .  

Each   a n v i l   50  i s   s u p p o r t e d   by  a  s h e l f   54 ,   and  a  

c y l i n d r i c a l   l i n e r   member   56  i s   p o s i t i o n e d   w i t h i n   t h e   h o u s i n g  

10  to  p r o t e c t   t h e   w a l l   of  h o u s i n g   10  f rom  w e a r .   In  a d d i t i o n ,  

f i x e d   a n v i l s   57  a r e   m o u n t e d   to   t h e   i n n e r   w a l l   of   l o w e r  



h o u s i n g   14 ,   p r o v i d i n g   f u r t h e r   p r o t e c t i o n   f o r   h o u s i n g   10  a n d  

p a r t i a l l y   s u p p o r t i n g   a n v i l s   5 0 .  

As  w i l l   be  d i s c u s s e d   in   d e t a i l   b e l o w ,   a  t h r e a d e d  

b o l t   58  i s   s e c u r e d   to   t h e   r e a r   p o r t i o n   of  t h e   b o d y   of  e a c h  

a n v i l   50  and  e x t e n d s   t h r o u g h   a  c o r r e s p o n d i n g   h o l e   in   t h e   w a l l  

of  u p p e r   p o r t i o n   12.   I n n e r   and  o u t e r   n u t s   60  a n d   62  t h r e a d -  

a b l y   e n g a g e   t h e   b o l t   58  on  e a c h   s i d e   of  t h e   w a l l   of   u p p e r  

p o r t i o n   12  in  o r d e r   to  p o s i t i o n   e a c h   a n v i l   50  i n   a  d e s i r e d  

r a d i a l   l o c a t i o n   and  h o l d   t h e   a n v i l   in  t h a t   p o s i t i o n .   N u t s   60  

and  62  a r e   in   t u r n   s e c u r e d   by  jam  n u t s   64  and   6 6 ,   r e s p e c -  

t i v e l y .  

A  c o n i c a l   s h i e l d   r i n g   68  i s   m o u n t e d   w i t h i n   l o w e r  

h o u s i n g   14  a d j a c e n t   i m p e l l e r   a s s e m b l y   30,   s u p p o r t e d   by  a  

p l u r a l i t y   of  b r a c k e t s   69.   The  c o n i c a l   s h a p e   o f   r i n g   68  

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

20  to   p r e v e n t   j a m m i n g   of  i m p e l l e r   a s s e m b l y   30  by  p e b b l e s   a n d  

o t h e r   r o c k   p a r t i c l e s   w o r k i n g   to   t h e   i n s i d e   of   r i n g   6 8 .  

R e f e r r i n g   to   t h e   i m p e l l e r   a s s e m b l y   30  as   b e s t   s e e n  

in  F i g s .   3 - 6 ,   a  l a n d i n g   c o n e   70  of  c i r c u l a r   h o r i z o n t a l   c r o s s  

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

a s s e m b l y   and  s e c u r e d   t o   t h e   u p p e r   p o r t i o n   o f   d r i v e   s h a f t   34 

f o r   r o t a t i o n   t h e r e w i t h .   L a n d i n g   c o n e   70  i s   p o s i t i o n e d  

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

r o c k   to   be  c r u s h e d   i s   d e l i v e r e d   o n t o   t he   s u r f a c e   71  of  t h e  

l a n d i n g   c o n e .  

An  u p p e r   d i s c - s h a p e d   member   72  and  a  l o w e r   d i s c -  

s h a p e d   member   74  a r e   d i s p o s e d   in  v e r t i c a l l y   s p a c e d   r e l a t i o n  

c o n c e n t r i c a l l y   w i t h   t h e   d r i v e   s h a f t   34.  Lower   d i s c - s h a p e d  

member  74  i s   s e c u r e d   t o   t h e   d r i v e   s h a f t   34  f o r   r o t a t i o n  

t h e r e w i t h   and  u p p e r   d i s c - s h a p e d   member  72  i s   s e c u r e d   to   t h e  

l o w e r   d i s c - s h a p e d   member   by  a  p l u r a l i t y   of   b o l t s   76 .   T h e  

c e n t r a l   p o r t i o n   of  u p p e r   d i s c - s h a p e d   member  72  d e f i n e s   a  

c y l i n d r i c a l   o p e n i n g   78  t h r o u g h   w h i c h   t h e   r o c k s   t o   be  c r u s h e d  



c a n   p a s s   to   i m p i n g e   on  t h e   l a n d i n g   c o n e   7 0 .  

A  p l u r a l i t y   of  i m p e l l e r   v a n e s   80  of  g e n e r a l l y  

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

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

l o w e r   d i s c - s h a p e d   m e m b e r s   72  and  74  and  a r e   h e l d   b e t w e e n  

t h e s e   m e m b e r s   by  t h e   b o l t s   76  w h i c h   e x t e n d   t h r o u g h   t h e  

i m p e l l e r   v a n e s   80.  The  a p e x e s   of  v a n e s   80  e x t e n d i n g   r a d i a l l y  

i n w a r d   t o w a r d s   l a n d i n g   c o n e   70  a r e   r o u n d e d   a t   82  to  r e d u c e  

t h e   wear   on  t h e   v a n e s   t h a t   o t h e r w i s e   o c c u r s   due   to   i m p i n g e -  

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

o u t w a r d s   f r o m   t h e   l a n d i n g   c o n e   70.   The  o p p o s i t e   s i d e s   84  a n d  

86  of  e a c h   v a n e   80  a r e   of  e q u a l   l e n g t h   and  w i t h   t h e   w a l l s   o f  

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

t h e   i m p e l l e r   a s s e m b l y   30  t h r o u g h   w h i c h   t h e   r o c k   p a s s e s .  

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

r e s p e c t i v e l y ,   u p p e r   and  l o w e r   wear   p l a t e s   90  and   92.  As  c a n  

be  s e e n   in   F i g .   6,  u p p e r   and  l o w e r   w e a r   p l a t e s   90  and  92  a r e  

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

t h e   t o p   and  b o t t o m   of   e a c h   v a n e   80  so  t h a t   when  b o l t s   76  a r e  

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

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

m e m b e r s   72  and  74.   The  o u t e r   s u r f a c e s   94  and  96  of  u p p e r   a n d  

l o w e r   w e a r   p l a t e s   90  and  92,   r e s p e c t i v e l y ,   a r e   a n g l e d  

d o w n w a r d l y   f rom  a  h o r i z o n t a l   p l a n e   and  o u t w a r d l y   f rom  t h e  

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

r o c k   on  a p p r o p r i a t e   t r a j e c t o r i e s   to   be  h u r l e d   f r o m   t h e  

i m p e l l e r   a s s e m b l y   a g a i n s t   t h e   a n v i l   f a c e s   5 2 .  

As  b e s t   s e e n   in  F i g .   4,  t h e   u p p e r   s u r f a c e   of  t h e  

l o w e r   w e a r   p l a t e   92  w h i c h   f o r m s   t he   f l o o r   of  a  c h a n n e l   h a s  

i t s   o u t e r m o s t   p o r t i o n   a t   an  a n g l e   p a r a l l e l   to   t h e   o u t e r  

s u r f a c e   94  of   t h e   u p p e r   wear   p l a t e   90 ,   and  has   i t s   i n n e r m o s t  

p o r t i o n   98  d i s p o s e d   a t   an  a n g l e   s u b s t a n t i a l l y   t h e   same  as  t h e  

a n g l e   of  t h e   u p p r   s u r f a c e   71  of  c o n e   70.   The  a n g l e   of  t h e  



o u t e r   s u r f a c e s   94  and  96  r e l a t i v e   to  t h e   h o r i z o n t a l   p l a n e   i s  

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

f rom  t h e   i m p e l l e r   a s s e m b l y   30  h a s   a  r e l a t i v e l y   f l a t   t r a j e c -  

t o r y   and  i m p i n g e s   on  t h e   a n v i l s   50  c e n t r a l l y   t h e r e o f ,   c a u s i n g  

more   e v e n   wear   and  i n c r e a s i n g   a n v i l   l i f e .  

The  u p p e r   s u r f a c e   71  of  l a n d i n g   cone   70  i s   s l a n t e d  

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

d e l i v e r e d   t h r o u g h   t h e   f e e d   t u b e   18  to   m i g r a t e   o u t w a r d l y   i n t o  

t h e   c h a n n e l s   of   t h e   i m p e l l e r   a s s e m b l y   f rom  w h i c h   t h e y   a r e  

t h r o w n   a g a i n s t   t h e   a n v i l   f a c e s .   The  a n g l e   of  t h e   s u r f a c e   7 1  

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

r a d i a l l y   o u t w a r d   t o o   q u i c k l y   and  c a u s e   s u b s t a n t i a l   wear   o n  

t h e   a p e x e s   and  s i d e   s u r f a c e s   of   t h e   v a n e s   80.  On  t h e   o t h e r  

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

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

t u b e   t e n d   to   s t a y   on  t h e   l a n d i n g   cone   70  and  wear   g r o o v e s  

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

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

By  h a v i n g   t h e   i n n e r m o s t   p o r t i o n   98  of  t h e   o u t e r  

s u r f a c e   of  l o w e r   w e a r   p l a t e s   92  w i t h   t h e   same  a n g l e   as  t h e  

s u r f a c e   71  of  c o n e   70 ,   a  s m o o t h   t r a n s i t i o n   s u r f a c e   i s  

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

f l o w   of  r o c k   i s   n o t   d i s t u r b e d .  

R e f e r r i n g   now  t o   F i g .   7,  a n v i l s   50  may  be  s e e n   i n  

g r e a t e r   d e t a i l .   E a c h   a n v i l   50  i n c l u d e s   a  s u b s t a n t i a l l y  

c y l i n d r i c a l   body   100  o r i e n t e d   so  t h a t   t h e   a n v i l   50  p r e s e n t s   a  

s u b s t a n t i a l l y   c i r c u l a r   f a c e   52  to   t h e   r o c k   i m p i n g i n g   t h e r e -  

on.   A n v i l s   50  a r e   a r r a n g e d   in  s t a g g e r e d   f a s h i o n ,   so  as  t o  

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

a r e a ,   as  s e e n   in  F i g .   8 .  

Each  a n v i l   50  i s   s u p p o r t e d   as  shown  in  F i g .   1  b y  

s h e l f   54 ,   and  i s   s e c u r e d   w i t h i n   t h e   h o u s i n g   12  by  b o l t   58.  A 

s l e e v e   102  i s   m o u n t e d   w i t h i n   t h e   body  100  o p p o s i t e   f a c e   5 2  



and  a  n u t   104  i s   f a s t e n e d   by  w e l d i n g   or  t he   l i k e   to   t h e   e n d  

of  s l e e v e   1 0 2 .   B o l t   58 ,   w h i c h   p a s s e s   t h r o u g h   u p p e r   p o r t i o n  

12,   i s   e n g a g e d   w i t h   n u t   104  and  d r i v e n   i n t o   t h e   i n t e r i o r   o f  

s l e e v e   102  u n t i l   b o l t   58  b o t t o m s   a g a i n s t   t h e   body   100 .   A  j a m  

n u t   106  may  be  f a s t e n e d   a g a i n s t   n u t   104  on  b o l t   58  to   j a m  

b o l t   58  to   p r e v e n t   r o t a t i o n   or  v i b r a t i o n   of  b o l t   58  f r o m  

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

In  o r d e r   to   p r e v e n t   t h e   f o r m a t i o n   of  l i p s   on  t h e  

e d g e s   of   a n v i l   f a c e   52  as   a n v i l   50  i s   w o r n ,   b o d y   100  i s  

r o t a t e d   a b o u t   i t s   c y l i n d r i c a l   a x i s .   S i n c e   b o l t   58  i s   d r i v e n  

i n t o   s l e e v e   102  so  as   t o   b o t t o m   a g a i n s t   body  1 0 0 ,   or  may  b e  

f i x e d l y   s e c u r e d   to   s l e e v e   102  by  n u t   104  and  jam  n u t   106 ,   i t  

w i l l   be  s e e n   t h a t   r o t a t i o n   of  b o l t   58  in  a  c l o c k w i s e   d i r e c -  

t i o n   w i l l   n o t   c a u s e   b o l t   58  to   a d v a n c e   w i t h   r e s p e c t   to   b o d y  

100 ,   b u t   r a t h e r   w i l l   r o t a t e   body   100 .   The  a m o u n t   of   s u c h  

r o t a t i o n   n e c e s s a r y   a t   a n y  o n e   t i m e   i s   u s u a l l y   q u i t e   s m a l l ,  

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

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

n e c e s s a r y   to  c h a n g e   t h e   c i r c u l a r   o r i e n t a t i o n   of   e a c h   a n v i l   50  

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

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

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

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

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

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

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

a n v i l   b o d y   100  d u r i n g   c r u s h e r   o p e r a t i o n   by  a p p r o p r i a t e  

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

As  t h e   f a c e s   52  of   a n v i l s   50  wear   down  due  to   u s e ,  
t h e   a n v i l s   50  may  r e q u i r e   p e r i o d i c   r a d i a l l y   i n w a r d   a d j u s t m e n t  

t o w a r d s   t h e   i m p e l l e r   a s s e m b l y   30.   An  a n v i l   50  i s   a d v a n c e d  

i n w a r d l y   by  l o o s e n i n g   jam  n u t   106  and  r o t a t i n g   b o l t   58  in  a  

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 .   S i n c e   b o l t   58  i s   h e l d   i n  



r e l a t i v e   p o s i t i o n   w i t h   r e s p e c t   to   u p p e r   h o u s i n g   p o r t i o n   1 2 ,  

body  100  i s   moved  i n w a r d l y .   Nut   104  and  jam  n u t   106  a r e   t h e n  

r e t i g h t e n e d .   S i n c e   jam  n u t   106  p r o v i d e s   a  f i x e d   c o n n e c t i o n  

b e t w e e n   b o l t   58  and  a n v i l   50,   i t   i s   u n n e c e s s a r y   to   b o t t o m  

b o l t   58  a g a i n s t   body   1 0 0 .  

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

jam  n u t   106  f o r   p r e v e n t i o n   of   r o t a t i o n   or  v i b r a t i o n   of   b o l t  

58.  In  s u c h   c a s e ,   f o l l o w i n g   i n w a r d   a d v a n c e m e n t   o f   b o d y   1 0 0  

by  r o t a t i o n   of  b o l t   58 ,   t h e   b o l t s   m u s t   be  r e - b o t t o m e d .  

A c c o r d i n g l y ,   o u t e r   n u t   62  and   o u t e r   jam  n u t   66  a r e   l o o s e n e d ,  

b o l t   58  i s   r o t a t e d   in  a  c l o c k w i s e   d i r e c t i o n   t o   b o t t o m   i t  

w i t h i n   b o d y   1 0 0 ,   and  n u t s   60  and  62  and  jam  n u t s   64  and  66  

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

W i t h   e i t h e r   m e t h o d ,   t h e r e   may  be  s u f f i c i e n t   f r i c t i o n  

b e t w e e n   b o d y   100  and  s h e l f   54  and  o t h e r   p a r t s   in   c o n t a c t   w i t h  

body  100  to   p r e v e n t   u n w a n t e d   r o t a t i o n   of  body   100  w h i l e   i t   i s  

a d v a n c e d .   In  t h e   e v e n t   t h e   f r i c t i o n   i s   n o t   s u f f i c i e n t ,   n u t  

104  can   be  e n g a g e d   w i t h   an  o p e n - e n d e d   w r e n c h   to   h o l d   body   1 0 0  

w h i l e   b o l t   58  i s   r o t a t e d .  

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

c h a n g i n g   of  a n v i l   b o d i e s   100  when  worn   o u t .   L o o s e n i n g   o f  

i n n e r   n u t   60  and  jam  n u t   64  f o l l o w e d   by  r o t a t i o n   of   b o l t s   58  

in  a  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   w i l l   d i s e n g a g e   e a c h   b o l t   58 

f rom  i t s   c o r r e s p o n d i n g   n u t   1 0 4 ,   f r e e i n g   t h e   b o d y   100  f o r  

r e p l a c e m e n t .  

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

t h e   i m p a c t   c r u s h e r ,   i t   i s   n e c e s s a r y   to   m a i n t a i n   t h e   a n v i l s   50  

in  t h e i r   s t a g g e r e d   r e l a t i o n s h i p .   As  t h e   a n v i l s   50  w e a r ,   t h e  

s t e p s   c r e a t e d   b e t w e e n   t h e   s t a g g e r e d   f a c e s   52  a r e   g r a d u a l l y  

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

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

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

can  be  r e g a i n e d   a f t e r   wear   o c c u r s   o n l y   by  m o v i n g   e v e r y   o t h e r  



a n v i l   50  r a d i a l l y   i n w a r d .  

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

s t a g g e r e d   s t e p s   c an   be  r e g a i n e d   n o t   o n l y   by  m o v i n g   e v e r y  
o t h e r   a n v i l   r a d i a l l y   i n w a r d ,   b u t   a l s o   to  a  p a r t i a l   e x t e n t   b y  

r o t a t i n g   e a c h   a n v i l   90  d e g r e e s   a b o u t   i t s   a x i s .   T h i s   p r o c e -  

d u r e ,   h o w e v e r ,   i s   c u m b e r s o m e   and  t i m e   c o n s u m i n g   in  t h e  

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

for   r o t a t i o n   and  t h e n   r e i n s t a l l e d .   M o r e o v e r ,   a f t e r   9 0 °  

r o t a t i o n ,   a  s q u a r e   a n v i l   w i l l   wear   in  a  m a n n e r   t h a t   c r e a t e s  

f o u r   p r o j e c t i n g   s p i k e s   t h a t   a r e   more   f r a g i l e   t h a n   t h e   l i p s  

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

t r o u b l e s o m e .  

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

t i o n ,   t h e   s t e p s   c an   be  r e g a i n e d   by  m o v i n g   e v e r y   o t h e r   a n v i l  

r a d i a l l y   i n w a r d ,   of   c o u r s e ,   and  a l s o   to   a  p a r t i a l   e x t e n t   b y  

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

by  t h e   o p e r a t o r ,   w h i c h   can   be  done   q u i c k l y   and  e a s i l y .   T h e  

amoun t   and   f r e q u e n c y   of   r o t a t i o n   can   be  c o n t r o l l e d   by  t h e  

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

s p i k e s   w h i l e   a t   t h e   same  t i m e   m a i n t a i n i n g   w e l l   d e f i n e d   s t e p s  

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

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

The  c y l i n d r i c a l   a n v i l s   50  t h e r e f o r e   p r o v i d e   a  n u m b e r  

of  a d v a n t a g e s .   The  f o r m a t i o n   and  b r e a k a g e   of  l i p s   or  s p i k e s  

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

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

r e g a i n e d   by  r o t a t i o n ,   and  i n w a r d   a d v a n c e   a d j u s t m e n t s   t o  

c o m p e n s a t e   f o r   wear   can   be  l e s s   f r e q u e n t .   A n v i l   m a t e r i a l  

wh ich   o t h e r w i s e   w o u l d   h a v e   b e e n   w a s t e d   as  b r o k e n   l i p s   o r  

s p i k e s   i s   p u t   to   u s e   in  c r u s h i n g   r o c k s   so  t h a t   more   r o c k   i s  

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

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

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



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

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

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

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

as  h o u s i n g   10  and  i t s   c o m p o n e n t s .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   s u b s t a n t i a l l y   c y l i n d r i -  

c a l   b o d i e s   100  of   t h e   a n v i l s   50  a r e   n o t   l i m i t e d   to   b o d i e s  

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

c i r c u l a r   c r o s s - s e c t i o n   as  shown  in  F i g .   9.  W h i l e   i t   i s  

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

u s e d ,   i t   i s   to   be  u n d e r s t o o d   t h a t   t h e   t e r m   " s u b s t a n t i a l l y  

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

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

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

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

t h a t   shown   in  F i g .   10.  O t h e r   e x a m p l e s   may  i n c l u d e   a  p o l y -  

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

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

d e s c r i b e d   h e r e i n ,   and  s u c h   e m b o d i m e n t s   s h o u l d   be  u n d e r s t o o d  

to  be  w i t h i n   t h e   s c o p e   of  t h e   p r e s e n t   i n v e n t i o n .  

R e f e r r i n g   to   t h e   m a n n e r   of  o p e r a t i o n   o f   t h e   p r e s e n t  

i n v e n t i o n ,   r o c k s   a r e   d e p o s i t e d   t h r o u g h   t h e   f e e d   t u b e   18  a t   a  

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

l a n d i n g   c o n e   70.   From  t h e r e   t h e y   p r o g r e s s   o u t w a r d l y   due  t o  

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

a s s e m b l y   30  v i a   m o t o r   42  t h r o u g h   d r i v e   s h a f t   34 .   The  r o c k s  

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

80  and  u p p e r   and  l o w e r   wear   p l a t e s   90  and  92.   As  t h e  

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

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

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

t h e y   a r e   t h e n   f l u n g   o u t w a r d l y   a g a i n s t   t h e   f a c e s   52  of  a n v i l s  

50  w h e r e   t h e y   a r e   c r u s h e d .   The  c r u s h e d   r o c k s   t h e n   d r o p  



t h r o u g h   t h e   b o t t o m   20  of  t h e   h o u s i n g   10  and  a r e   c o l l e c t e d .  

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

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

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

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

may  be  made  in  e i t h e r   w i t h o u t   d e p a r t i n g   f rom  t h e   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   a p p e n d e d   c l a i m s .  



1.  A  c e n t r i f u g a l   i m p a c t   r ock   c r u s h e r   i n c l u d i n g   a  g e n e r a l l y  

c y l i n d r i c a l   h o u s i n g   (10)  w i t h   a  v e r t i c a l l y   d i s p o s e d   c e n t r a l  

a x i s ,   a  p l u r a l i t y   of  r o c k   c r u s h i n g   a n v i l s   (50)  p o s i t i o n e d  

r a d i a l l y   a r o u n d   t h e   i n t e r i o r   of  s a i d   h o u s i n g   (10)  in  a  b a n d  

t r a n v e r s e   to   s a i d   c e n t r a l   a x i s ,   and  i m p e l l e r   m e a n s   ( 3 0 )  

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

(10)  and  a d a p t e d   to   t h r o w   r o c k   to   be  c r u s h e d   a g a i n s t   s a i d  

a n v i l s   ( 5 0 ) ,   c h a r a c t e r i z e d   b y :  

e a c h   of  s a i d   a n v i l s   (50)  i n c l u d i n g   a  s u b s t a n t i a l l y  

c y l i n d r i c a l   body   (100)   h a v i n g   an  e n d ,  

means   (58)  f o r   s e c u r i n g   s a i d   body   (100)   w i t h i n   s a i d  

h o u s i n g   ( 1 0 ) ,   e a c h   s a i d   body   (100)   b e i n g   s e c u r e d   s u c h   t h a t  

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

e n d ,  

means   (58)  f o r   r o t a t i n g   s a i d   body   (100)   a b o u t   i t s  

c y l i n d r i c a l   a x i s ,   a n d  

means   (60 ,   62)  f o r   s e l e c t i v e l y   c a u s i n g   r a d i a l  

i n w a r d   a d v a n c e m e n t   of   s a i d   body   (100)   t o w a r d   s a i d   i m p e l l e r  

m e a n s   ( 3 0 ) .  

2.  A  rock   c r u s h e r   as  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  

r o t a t i n g   means   i n c l u d e s   a  b o l t   (58)  e n g a g e a b l e   w i t h   a n  

o p e n i n g   d e f i n e d   in  s a i d   body  (100)  so  t h a t ,   upon   f u l l  

e n g a g e m e n t   of  s a i d   b o l t   (58)  w i t h i n   s a i d   o p e n i n g ,   r o t a t i o n  

of  s a i d   b o l t   (58)  in   a  f i r s t   d i r e c t i o n   c a u s e s   r o t a t i o n   o f  

s a i d   body   ( 1 0 0 ) .  

3.  A  r o c k   c r u s h e r   as  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  

r o t a t i n g   means   i n c l u d e s   a  b o l t   (58)  e n g a g e a b l e   w i t h   a n  

o p e n i n g   d e f i n e d   in  s a i d   body  (100)  and  jam  n u t   means   ( 1 0 4 ,  

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

b o l t   to  s a i d   body  (100)  so  t h a t   r o t a t i o n   of  s a i d   b o l t   ( 5 8 )  

in  a  f i r s t   d i r e c t i o n   c a u s e s   r o t a t i o n   of  s a i d   body   ( 1 0 0 ) .  



4.  A  r o c k   c r u s h e r   as  d e f i n e d   in  c l a i m s   2  or  3,  w h e r e i n  

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

i n c l u d e   s a i d   b o l t   (58)  e n g a g e a b l e   w i t h   s a i d   o p e n i n g   in  s a i d  

body  ( 1 0 0 ) ,   s a i d   h o u s i n g   (10)  h a v i n g   an  o p e n i n g   a d a p t e d   f o r  

p a s s a g e   of   s a i d   b o l t   (58)  t h e r e t h r o u g h ,   s a i d   b o d y   s e c u r i n g  

m e a n s   and   s a i d   i n w a r d   a d v a n c e m e n t   m e a n s   ( 6 4 ,   66)  f u r t h e r  

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

o p e n i n g   f o r   r o t a t i o n   t h e r e i n   w h i l e   m a i n t a i n i n g   f i x e d  

r e l a t i v e   p o s i t i o n s   b e t w e e n   s a i d   b o l t   (58)  and   s a i d   h o u s i n g ,  

so  t h a t   r o t a t i o n   of   s a i d   b o l t   (58)  in  a  s e c o n d ,   o p p o s i t e  

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

(100)   t o w a r d   s a i d   i m p e l l e r   means   ( 3 0 ) .  

5.  A  r o c k   c r u s h e r   as  d e f i n e d   in  c l a i m   4,  w h e r e i n   s a i d  

m e a n s   f o r   s e c u r i n g   s a i d   b o l t   (58)  w i t h i n   s a i d   h o u s i n g  

o p e n i n g   i n c l u d e s   a  p a i r   of  n u t   means   (60 ,   62)  e n g a g e a b l e   o n e  

e a c h   on  s a i d   b o l t   on  e a c h   s i d e   of  and  a d j a c e n t   to   s a i d  

h o u s i n g   o p e n i n g ,   and  a  p a i r   of  jam  n u t   m e a n s   ( 6 4 ,   6 6 ) ,   o n e  

e a c h   e n g a g e a b l e   on  s a i d   b o l t   (58)  a g a i n s t   e a c h   one  of   s a i d  

p a i r   of   n u t   means   ( 60 ,   6 2 ) .  

any  p r e c e d i n g  
6.  A  r o c k   c r u s h e r   as  d e f i n e d   i n  c l a i m  ,   w h e r e i n   e a c h  

of  s a i d   a n v i l s   (50)  i s   c i r c u l a r   in  c r o s s   s e c t i o n .  

any  p r e c e d i n g   to   5 
7.  A  r o c k   c r u s h e r   as  d e f i n e d   i n / c l a i m   j ,   w h e r e i n   e a c h  

of  s a i d   a n v i l s   (50)  h a s   a  c r o s s   s e c t i o n   of   a  r e g u l a r   p o l y g o n  

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

of  s a i d   a n v i l   a b o u t   i t s   a x i s   w h i l e   p o s i t i o n e d   in   s a i d  

h o u s i n g   ( 1 0 ) .  



8.  A  r o c k   c r u s h e r   as  d e f i n e d   in  c l a i m   7,  w h e r e i n  

e a c h   of  s a i d   a n v i l s   (50)   has   a  c r o s s   s e c t i o n   of  a  

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

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

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

r o t a t i o n   of  s a i d   a n v i l   (50)   a b o u t   i t s   a x i s   w h i l e  

p o s i t i o n e d   in  s a i d   h o u s i n g   ( 1 0 ) .  

9.  An  a n v i l   ( 50 )   f o r   use   in  a  c e n t r i f u g a l   i m p a c t  

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

(10)   w i t h   a  p l u r a l i t y   of  s a i d   a n v i l s   ( 50 )   s u p p o r t e d  

in  a  band   a r o u n d   t h e   i n t e r i o r   of  s a i d   h o u s i n g   ( 1 0 )  

and  i m p e l l e r   means   (30)   d i s p o s e d   w i t h i n   t h e   h o u s i n g  

(10)   and  a d a p t e d   to   t h r o w   r o c k   to   be  c r u s h e d   a g a i n s t  

s a i d   a n v i l s   ( 5 0 ) ,   e a c h   of   s a i d   a n v i l s   b e i n g   c h a r a c -  

t e r i z e d   b y :  

a  s u b s t a n t i a l l y   c y l i n d r i c a l   body   ( 1 0 0 )   h a v i n g  

an  e n d ;  

means   ( 5 8 , 1 0 2 )   m o u n t e d   t h e r e t o   f o r   s e c u r i n g  

s a i d   body  ( 1 0 0 )   w i t h i n   s a i d   h o u s i n g   ( 1 0 ) ,   e a c h   s a i d  

body  ( 1 0 0 )   b e i n g   s e c u r e d   s u c h   t h a t   t h e   r o c k   t h r o w n  

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

a n d  

means   (58)   f o r   r o t a t i n g   s a i d   body   ( 1 0 0 )   a b o u t  

i t s   c y l i n d r i c a l   a x i s .  



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

i m p a c t   r o c k   c r u s h e r   h a v i n g   a  c y l i n d r i c a l   h o u s i n g   (10)  w i t h   a  

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

a n v i l s   (50)  p o s i t i o n e d   r a d i a l l y   a r o u n d   t h e   i n t e r i o r   of  s a i d  

h o u s i n g   in   a  band   t r a n s v e r s e   to   s a i d   c e n t r a l   a x i s ,   a n d  

i m p e l l e r   m e a n s   (30)  d i s p o s e d   f o r   r o t a t i o n   c o n c e n t r i c a l l y  

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

r o t a t i n g   s a i d   i m p e l l e r   m e a n s   ( 3 0 ) ;  

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

means   ( 3 0 ) ,   w h e r e b y   r o t a t i o n   of   s a i d   i m p e l l e r   m e a n s   t h r o w s  

t he   r o c k   a g a i n s t   s a i d   c y l i n d r i c a l   a n v i l s   ( 5 0 ) ;  

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

t h e r e o f   upon   s a i d   a n v i l s   ( 5 0 ) ;   a n d  

r o t a t i n g   e a c h   of  s a i d   a n v i l s   (50)  a b o u t   i t s  

c y l i n d r i c a l   a x i s .  

l l .   A  m e t h o d   as  d e f i n e d   in   c l a i m   10,   w h e r e i n   r o t a t i o n  

of  e a c h   of  s a i d   a n v i l s   (50)  i s   n o n - c o n t i n u o u s .  

12.  A  m e t h o d   as  d e f i n e d   in  c l a i m   10  or  11 ,   c o m p r i s i n g  

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

(50)  r a d i a l l y   i n w a r d   t o w a r d   s a i d   i m p e l l e r   m e a n s   ( 3 0 ) .  

1 0 , 1 1   o r  
13.  The  m e t h o d   as  d e f i n e d   in   c l a i m / 1 2 ,   w h e r e i n   e a c h   o f  

s a i d   c y l i n d r i c a l   a n v i l s   (50)  i n c l u d e s   a  c y l i n d r i c a l   b o d y  

(100)  and  a  b o l t   (58)  e n g a g e d   t h e r e w i t h   f o r   e x t e n s i o n   a l o n g  

the   c y l i n d r i c a l   a x i s   of  s a i d   b o d y   and  t h r o u g h   s a i d   h o u s i n g  

(10)  to   t h e   e x t e r i o r   t h e r e o f ,   and  w h e r e i n   r o t a t i o n   of  s a i d  

a n v i l   (50)  i s   p e r f o r m e d   by  r o t a t i n g   s a i d   b o l t   (58)  in  a  

f i r s t   d i r e c t i o n .  

12  a n d  
14.  The  m e t h o d   as  d e f i n e d   in  c l a i m s  1 3 ,   w h e r e i n   i n w a r d  

a d v a n c e   of   s a i d   a n v i l   (50)  i s   p e r f o r m e d  b y   r o t a t i n g   s a i d  

b o l t   (58)  in  a  s e c o n d ,   o p p o s i t e   d i r e c t i o n .  
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