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®  Media  mill  outlet  assembly. 
Disclosed  is  a  horizontal  media  mill  comprising  a 

cantilevered  shaft  extending  from  a  motor  into  a  vessel  in 
which  rotor  discs  mounted  on  the  shaft  agitate  the  grinding 
media  and  the  product  being  milled.  A  cup-shaped  screen 
and  a  cup-shaped  end  cover  fit  over  the  free  end  of  the  rotor 
and  are  removably  mounted  on  the  end  of  the  vessel.  The 
screen  retains  the  grinding  media  in  the  vessel  while 
permitting  the  milled  product  to  flow  therethrough  to  an 
outlet  in  the  end  cover.  The  vessel  is  tiltable  towards  the 
screen  end  to  facilitate  cleaning  and  removal  of  the  grinding 
media  or  screen  elements.  The  stack  of  screen  elements  is 
radially  positioned  by  ribs  on  the  surrounding  housing  and 
axially  clamped  against  lugs  by  an  externally  threaded  nut. 
Also  disclosed  is  a  similar  screen  and  outlet  construction  for 
a  vertically  oriented  sand  mill. 





R e l a t e d   A p p l i c a t i o n s  

T h i s   a p p l i c a t i o n   is  a  c o n t i n u a t i o n - i n - p a r t   o f  

c o p e n d i n g   U . S .   P a t e n t   A p p l i c a t i o n   6 2 7 , 9 1 8 ,   f i l e d   J u l y   5 ,  

1984 ,   and  c o p e n d i n g   U.S .   P a t e n t   A p p l i c a t i o n   6 6 3 , 0 4 9 ,   f i l e d  

O c t o b e r   19,   1 9 8 4 .  

B a c k g r o u n d   of  t h e   I n v e n t i o n  

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

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

o f t e n   r e f e r r e d   to  as  a  sand   m i l l .   The  o u t l e t   s t r u c t u r e  

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

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

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

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

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

p r o d u c t s .   Some  of   t h e   p r o d u c t s   in  w h i c h   the   sand   m i l l i n g  

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

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

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

f i n e n e s s   i s   r e q u i r e d .  

In  a  t y p i c a l   s a n d   m i l l i n g   p r o c e s s ,   t he   m a t e r i a l   o r  

s l u r r y   to  be  p r o c e s s e d   is  i n t r o d u c e d   a t   one  end  of  t h e  

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

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

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

of  s m a l l   p a r t i c l e s   in  t he   l i q u i d   or  s l u r r y   b e i n g  

p r o c e s s e d .   A l t h o u g h   t he   g r i n d i n g   m e d i a   in  y e a r s   p a s t   w a s  

s a n d ;   more   c u r r e n t l y   a  s m a l l   m a n u f a c t u r e d   p r o d u c t   o f  

s t e e l ,   g l a s s   or  o t h e r   m a t e r i a l   is  u s e d .  

The  p r o c e s s e d   l i q u i d   e x i t s   f rom  t h e   v e s s e l ,   b u t   t h e  

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

v e s s e l .   To  a c c o m p l i s h   t h i s ,   t he   o u t l e t   s t r u c t u r e  

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

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

f l o w s   t h r o u g h   the   s c r e e n .   U .S .   P a t e n t   4 , 4 4 1 , 6 5 8 ,   i s s u e d  



A p r i l   10,  1984  d e s c r i b e s   a  c u p - s h a p e d   a s s e m b l y   t h a t   f i t s  

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

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

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

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

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

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

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

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

l a r g e   e n o u g h   to  a l l o w   p a s s a g e   of   t he   g r i n d i n g   m e d i a . . T h i s  

r e q u i r e s   e a r l y   r e p l a c e m e n t   of  t h e   s c r e e n .  

T h u s ,   a  need   e x i s t s   f o r   an  i m p r o v e d   l o n g e r   l a s t i n g  

s c r e e n   c o n s t r u c t i o n .   The  s c r e e n   t o g e t h e r   w i t h   t he   v e s s e l  

o u t l e t   s t r u c t u r e   m u s t   a l s o   be  a r r a n g e d   so  as  to  p r o v i d e  

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

c o m p o n e n t s .  

I t   is   a l s o   d e s i r a b l e   t h a t   t he   s c r e e n   and  o u t l e t  

c o n s t r u c t i o n   be  s u f f i c i e n t l y   v e r s a t i l e   to  be  u s e f u l   f o r  

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

o r i e n t e d   s a n d   m i l l s .   In  t h i s   c o n n e c t i o n ,   t h e r e   is  a l s o   a  

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

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

a c c o m p l i s h e d   f a i r l y   r e a d i l y   by  means   f o r   a  dump  v a l v e  

l o c a t e d   a t   t h e   l o w e r   end  of  t h e   v e s s e l .   H o w e v e r ,  . w i t h  

h o r i z o n t a l l y   o r i e n t e d   v e s s e l s   t he   p r o b l e m   is   m o r e  

c o m p l e x .   S i n c e   t he   m e d i a   l a y s   a l o n g   t he   b o t t o m   of  t h e  

h o r i z o n t a l   v e s s e l   f o r   t h e   e n t i r e   l e n g t h   of  t he   v e s s e l ,  

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

b e e n   t r o u b l e s o m e .   P r i o r   h o r i z o n t a l   m i l l s   a r e   t y p i c a l l y  

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

s e c t i o n s   m u s t   be  d i s c o n n e c t e d .   To  a c c e s s   a l l   of  t h e  

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

e n t i r e   l e n g t h   of  t he   v e s s e l .   To  a id   in  t h i s   p r o c e s s ,   a  

l a r g e   pan  or  t r a y   may  be  u t i l i z e d ,   w i t h   t h e   r e s u l t   t h a t  

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



c o n t a i n e r .   The  e n t i r e   o p e r a t i o n   is  m e s s y   and  t i m e  

c o n s u m i n g .   T h u s ,   a  need   e x i s t s   f o r   a  s i m p l i f i e d  
h o r i z o n t a l   m e d i a   m i l l   w h i c h   is  e a s i l y   c l e a n e d   and  y e t   i s  

l o n g   l a s t i n g   and  d u r a b l e .  

Summary   of  t he   I n v e n t i o n  

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

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

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

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

p r o d u c t   to  be  p r o c e s s e d   is  pumped  or   o t h e r w i s e   p r o c e s s e d  

t h r o u g h   t h e   v e s s e l .   To  r e t a i n   t he   m e d i a   w i t h i n   the  v e s s e l  

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

v e s s e l ,   t h e r e   i s   p r o v i d e d   an  i m p r o v e d   s c r e e n   and  o u t l e t  

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

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

t h e   c y l i n d r i c a l   w a l l   to  form  an  a n n u l a r   s t a c k .   T h e  

c y l i n d r i c a l   e x t e r i o r   of   the   s t a c k   is   s p a c e d   i n w a r d l y   f r o m  

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

p a s s a g e .   The  s c r e e n   e l e m e n t s   form  an  i n t e r i o r  c y l i n d r i c a l  

s p a c e .   An  end  p l a t e   p o s i t i o n e d   on  one  end  of   t h e   s t a c k   o f  

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

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

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

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

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

c h a n n e l s   f o r m e d   in  an  end  f a c e   of   t h e   e l e m e n t s   s u c h  t h a t  

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

w i t h   t he   g r o o v e s   to  form  a  w a l l   of  t h e   o p e n i n g .   T h e s e  -  

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

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

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

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

d i r e c t   t h r o u g h   t h e   s c r e e n   e l e m e n t s   so  as  to  m i n i m i z e   a n y  

p r e s s u r e   d r o p   a c r o s s   t he   o p e n i n g s .   P r e f e r a b l y ,   one  end  o f  

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

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



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

t h e   c y l i n d r i c a l   h o u s i n g   so  t h a t   the   a s s e m b l y   can  b e  

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

c l e a n e d .   H o w e v e r ,   due  to  t he   r a d i a l   t h i c k n e s s   of  t h e  

s c r e e n   e l e m e n t s   e s s e n t i a l l y   e l i m i n a t e   t h e   need   f o r  

r e p l a c e m e n t   f rom  a  wear   s t a n d p o i n t .   H o w e v e r ,   t h e y   may  b e  

r e a d i l y   r e p l a c e d   in  t he   e v e n t   a  m e d i a   of  d i f f e r e n t   s i z e   i s  

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

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

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

or   m o r e   r i b s   e x t e n d i n g   i n w a r d l y   from  t h e   c y l i n d r i c a l   w a l l  

to  p o s i t i o n   the   s c r e e n   e l e m e n t s   s p a c e d   f rom  the   w a l l .  

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

r a d i a l l y   i n w a r d l y   f u r t h e r   t h a n   t he   r i b s   to  be  e n g a g e d   b y  

t h e   end  p l a t e .   A  s u i t a b l e   c l a m p   or  r e t a i n e r   in  t he   f o r m  

of  an  a n n u l a r   member   h a v i n g   a  t h r e a d e d   e x t e r i o r   i s  

t h r e a d e d   i n t o   one  end  of  t h e   c y l i n d r i c a l   w a l l   to  c lamp  t h e  

s c r e e n   e l e m e n t s   and  t h e   end  p l a t e   a g a i n s t   t h e   l u g s .   T h i s  

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

and  d i s a s s e m b l e .  

In  one  form  of  t he   i n v e n t i o n ,   t h e   s t a c k   of  s c r e e n  

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

w i t h i n   t h e   e l e m e n t s   is  open   to  t he   l i q u i d   b e i n g   p r o c e s s e d  

in  t h e   v e s s e l   and  to  t he   g r i n d i n g   m e d i a ,   and  t h e   end  p l a t e  

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

t h e   o u t l e t   end  w a l l .   T h i s   o u t l e t   end  w a l l   m a y  

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

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

p o s i t i o n i n g   t h e   end  p l a t e   may  l i k e w i s e   be  f o r m e d   i n t e g r a l  

w i t h   t h e   c y l i n d r i c a l   s i d e   w a l l   and  w i t h   t h e   end  w a l l .   T h e  

l u g s   s p a c e   t h e   end  p l a t e   f rom  the   end  w a l l   and  t h u s - p l a c e  

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

c o m m u n i c a t i o n   w i t h   t h e   l i q u i d   o u t l e t .   Wi th   t h i s  

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

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

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



w i t h i n   t he   v e s s e l   and  t he   c y l i n d r i c a l   s p a c e   w i t h i n   t h e  

s c r e e n   a s s e m b l y .   The  c u p - s h a p e d   h o u s i n g   may  c o n v e n i e n t l y  
be  f o r m e d   w i t h   an  o u t w a r d l y - e x t e n d i n g   f l a n g e   which   m a t e s  

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

o u t l e t   h o u s i n g   may  be  q u i c k l y   c o n n e c t e d   or  d i s c o n n e c t e d   t o  

t h e   v e s s e l   f l a n g e   by  means   of  a  q u i c k / d i s c o n n e c t   c l a m p  

r i n g .  

The  a r r a n g e m e n t   d e s c r i b e d   in  the   p r e c e d i n g   p a r a g r a p h  

i s   p a r t i c u l a r l y   a d v a n t a g e o u s   in  c o n n e c t i o n   wi th   a  

h o r i z o n t a l l y   o r i e n t e d   s and   m i l l .   In  t h i s   a p p r o a c h ,   t h e  

s c r e e n   a s s e m b l y   e s s e n t i a l l y   forms  an  e x t e n s i o n   of  t h e   s a n d  

m i l l   v e s s e l   w i t h   t h e   r o t o r   w i t h i n   t h e   v e s s e l   e x t e n d i n g  

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

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

a c t i o n   of  t h e   g r i n d i n g   m e d i a   d i r e c t l y   a d j a c e n t   to  t h e  

m o v i n g   r o t o r .   M o r e o v e r ,   t he   w e a r i n g   of  t h e   i n t e r i o r   w a l l  

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

m e d i a ,   does   no t   i n c r e a s e   t he   s c r e e n   s i z e   of  t h e   o p e n i n g s  

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

p r e v e n t e d   from  p a s s i n g   i n t o   such  o p e n i n g s .  

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

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

sand   m i l l   is  t h a t   by  p r o v i d i n g   t h e   m i l l   w i t h   means  f o r  

t i l t i n g   t h e   v e s s e l   so  t h a t   t he   o u t l e t   end  is  l o w e r   t h a n  

t h e   o p p o s i t e   end ,   t h e   g r i n d i n g   med ia   may  be  e a s i l y   r e m o v e d  

from  the   m i l l   by  s i m p l y   r e m o v i n g   the   o u t l e t   h o u s i n g   on  t h e  

v e s s e l   l o w e r   end .   T h i s   a l l o w s   the   g r i n d i n g   m e d i a   to  f a l l  

i n t o   a  s u i t a b l e   r e c e p t a c l e .   F u r t h e r ,   t h e   s c r e e n   e l e m e n t s  

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

f o r   c l e a n i n g   or  r e p l a c e m e n t   i f   such  is  d e s i r e d .  

In  a  v e r t i c a l l y   o r i e n t e d   sand   m i l l ,   t h e "  o u t l e t   i s  

t y p i c a l l y   o r i e n t e d   t r a n s v e r s e l y   w i t h   r e s p e c t   to  the  a x i s  

of  t h e   v e s s e l .   An  o p e n i n g   in  t h e   e x t e r i o r   wa l l   of  t h e  

v e s s e l   n e a r   i t s   u p p e r   end  may  h o w e v e r   be  p r o v i d e d   w i th   a  

s u i t a b l e   f l a n g e   fo r   m a t i n g   wi th   t h e   f l a n g e   of  a  s c r e e n  

o u t l e t   h o u s i n g   of  t h e   t ype   d i s c u s s e d   above   in  c o n n e c t i o n  



w i t h   the   h o r i z o n t a l   sand   m i l l .   H o w e v e r ,   as  an  a l t e r n a t i v e  

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

m i l l ,   t h e   f l o w   t h r o u g h   the   s c r e e n   e l e m e n t s   may  b e  

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

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

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

e x t e n d i n g   g e n e r a l l y   t r a n s v e r s e   to  t h e   a x i s   of  t h e  

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

end  p l a t e   i s   l o c a t e d   a t   t he   end  c l o s e s t   to  t h e   v e s s e l  

r o t o r .   The  l u g s   f o r   p o s i t i o n i n g   t h e   end  p l a t e   e x t e n d  

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

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

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

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

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

t h e   s t a c k   of   s c r e e n   e l e m e n t s   is   open   to  an  o u t l e t   in  a  

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

h o u s i n g .   C o n s e q u e n t l y ,   t he   p r o d u c t   f l o w   t h r o u g h   t h e  

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

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

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

o u t l e t   in  t h e   end  c o v e r .   The  s c r e e n   e l e m e n t s   a r e  

c o m p r e s s e d   or  h e l d   a g a i n s t   the   end  p l a t e   and  t h e  

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

t h e   o u t e r   end  o f   t he   c y l i n d r i c a l   w a l l ,   a d j a c e n t  t h e  

c o v e r .  

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

p r e f e r a b l y   made  by  a  c u t t i n g   or   g r i n d i n g   o p e r a t i o n  

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

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

e l e m e n t   d i a m e t r i c a l l y   o p p o s i t e   f rom  e a c h   o t h e r .   A  s e c o n d  

c u t   90°  f rom  t h e   f i r s t   is  t h e n   made  a c r o s s   t h e   f a c e   of  t h e  

e l e m e n t   to  fo rm  a  s e c o n d   p a i r   of  w i d e   d i a m e t r i c a l l y   s p a c e <  

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

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

c o m p r e s s i v e   f o r c e   on  the   s t a c k   of  s c r e e n   e l e m e n t s .   W i t  



s u c h   an  a p p r o a c h ,   t he   w i d t h   of  t he   s l o t s   o p e n i n g s   t h r o u g h  
t h e   s c r e e n   e l e m e n t s   r e m a i n s   c o n s t a n t .   Thus ,   i t   does   n o t  
m a t t e r   f rom  a  f u n c t i o n   s t a n d p o i n t   w h e t h e r   the  f l ow  i s  

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

o u t w a r d l y .  

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

F i g u r e   1  is   a  p e r s p e c t i v e   v i e w   of  a  h o r i z o n t a l   s a n d  

m i l l   on  a  r o l l i n g   b a s e ;  

F i g u r e   2  is   a  s i d e   e l e v a t i o n   s h o w i n g   the   m i l l   o f  

F i g u r e   1  in  a  t i l t e d   p o s i t i o n ;  

F i g u r e   3  is   a  c r o s s - s e c t i o n a l   v i e w   of  t he   m i l l   on  l i n e  

3-3  of  F i g u r e   1 ;  

F i g u r e   4  is  a  c r o s s - s e c t i o n a l   v i e w   of   a  p r e f e r r e d   f o r m  

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

of  t he   t y p e   i l l u s t r a t e d   in  F i g u r e s   1 - 3 ;  

F i g u r e   5  i s   an  e x p l o d e d ,   p e r s p e c t i v e ,   p a r t i a l l y   c u t -  

away  v i e w   of   t h e   s c r e e n   and  o u t l e t   c o n s t r u c t i o n   of  t h e  

a r r a n g e m e n t   in  F i g u r e   4 ;  

F i g u r e   6  i s   a  p e r s p e c t i v e ,   s c h e m a t i c   v i ew   of  a  s a n d  

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

F i g u r e   7  is   an  e x p l o d e d ,   p e r s p e c t i v e   v i ew   of  t h e  s a n d  

m i l l   of  F i g u r e   6,  i l l u s t r a t i n g   t h e   s c r e e n   a s s e m b l y   a n d  

o u t l e t   c o n s t r u c t i o n ;  

F i g u r e   8  is   a  c r o s s - s e c t i o n a l   v i e w   of  the   o u t l e t  

c o n s t r u c t i o n   of  the   a r r a n g e m e n t   F i g u r e s   6  and  7 ;  

F i g u r e   9  is  a  p l a n   v i e w   of  one  s c r e e n   e l e m e n t ;   a n d  

F i g u r e   10  is  a  s i d e   v i e w   of  t he   s c r e e n .  

D e t a i l e d   D e s c r i p t i o n   of  t he   P r e f e r r e d   E m b o d i m e n t  

.  S h o w n   in  F i g u r e   3  is   a  h o r i z o n t a l   media   m i l l  

c o m p r i s i n g   a  m i l l   m o t o r   10  w h i c h   has   a  s h a f t   12  w h i c h  

r o t a t e s   a  r o t o r   16.  P r e f e r a b l y ,   t h e   s h a f t   12  w h i c h  d r i v e s  

t h e   r o t o r   16  e x t e n d s   c a n t i l e v e r e d   d i r e c t l y  f r o m   the   m i l l  

m o t o r   10.  The  p o r t i o n   14  of   t h e   s h a f t   12  on  wh ich   t h e  

r o t o r   16  is   s l i d e a b l y   m o u n t e d   is   p r e f e r a b l y   s q u a r e   i n  

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

t h e   r o t o r   to  p r e v e n t   r o t a t i o n a l   s l i p p a g e   of  the  r o t o r  



1 6 . -   A l t e r n a t i v e l y ,   t h e   s h a f t   p o r t i o n   14  and  the   r o t o r   m a y  
be  any  s y m m e t r i c a l   s h a p e   w h i c h   has  a  s t r a i g h t   p o r t i o n   t o  

p r e v e n t   s l i p p a g e ,   or  t he   r o t o r   16  may  be  k e y e d   to  t h e  

s h a f t   12.   The  r o t o r   16  e x t e n d s   t h r o u g h   a  c y l i n d r i c a l  

v e s s e l   18,   in  w h i c h   m e d i a   20  and  p r o d u c t   a r e   a g i t a t e d   b y  

t h e   r o t o r   16.  P r o d u c t   is  i n t r o d u c e d   to  t he   v e s s e l   t h r o u g h  

p r o d u c t   i n l e t  1 9   a t   t h e   m o t o r   end  of   t he   v e s s e l .  

The  r o t o r   16  is   p r e f e r a b l y   f a b r i c a t e d   f rom  a  w e a r  

r e s i s t a n t   p o l y m e r ,   and  is   m a c h i n e d   from  a  s o l i d   b a r   of  t h e  

p o l y m e r .   One  s u i t a b l e   p o l y m e r   w h i c h   is  a b r a s i v e l y   t o u g h e r  

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

In  a c c o r d a n c e   w i t h   one  f e a t u r e   of   t h e   i n v e n t i o n ,  

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

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

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

t h e   p i l o t   h o l e .   A l t e r n a t i v e l y ,   f a b r i c a t i o n   may  b e g i n   w i t h  

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

s t e p   i s   b r o a c h i n g   t h e   s q u a r e   c r o s s   s e c t i o n   in  t he   c e n t e r  

h o l e   of   t h e   t u b e .   N e x t ,   t h e   p i e c e   is  t u r n e d   on  a  l a t h e   t o  

be  t r i m m e d   i n t o  -   a  c y l i n d e r   of  a  d e s i r e d   o u t s i d e  

d i a m e t e r .   The  c y l i n d e r   is  t h e n   c u t   r a d i a l l y   to  form  a  

s m a l l e r   d i a m e t e r   c y l i n d r i c a l   p o r t i o n   22  w i t h   a  s e r i e s   o f  

a x i a l l y   s p a c e d ,   a n n u l a r   d i s c s   24  w h i c h   a r e   i n t e g r a l   w i t h  

and  s u r r o u n d   t he   c y l i n d r i c a l   p o r t i o n   22 .   F i n a l l y ,   e a c h  

d i s c   24  i s   u n d e r c u t   on  b o t h   a x i a l   f a c e s   to  c r e a t e   a n n u l a r  

g r o o v e s   26  in  t he   a r e a   w h e r e   the   d i s c s   24  j o i n   t h e  

c y l i n d r i c a l   p o r t i o n   2 2 .  

The  r o t o r   is  s l i d e a b l y   m o u n t e d   on  t h e   s q u a r e   p o r t i o n  

14  of   t h e   s h a f t   12,  and  is  s i m p l y   s e c u r e d   in  p l a c e   by  a  

n u t   28  s c r e w e d   on  a  t h r e a d e d   p o r t i o n   30  on  the   end  of  t h e  

s h a f t   12.   The  n u t   28  is  of  s u f f i c i e n t   d i a m e t e r   to  a b u t  

t h e   end  of  t he   r o t o r ,   so  t h a t   i t   does   n o t  s l i d e   o f f   t h e  

s h a f t .  

The  s h a f t   and  r o t o r   p r o t r u d e   t h r o u g h   the   open  end  o f  

t h e   v e s s e l   18,  w h i c h   is   e n c l o s e d   by  a  s c r e e n   a s s e m b l y  

32.   The  open   end  of   t he   v e s s e l   is   o p p o s i t e   t h e   end  of  t h e  



v e s s e l   a d j a c e n t   t he   p r o d u c t   i n l e t   19.  T h e  s c r e e n   a s s e m b l y  
32  is  c u p - s h a p e d ,   and  i n c l u d e s   a  t u b u l a r   s c r e e n   u n i t   34,  a  

c i r c u l a r   end  p l a t e   36,  and  an  a n n u l a r   f l a n g e   38  on  t h e  

open   o p p o s i t e   e n d .   The  m i l l e d   p r o d u c t   can  p a s s   t h r o u g h  
t h e   s c r e e n   u n i t   34  w h i l e   t h e   m e d i a   is  r e t a i n e d   in  t h e  

v e s s e l .   The  s c r e e n   a s s e m b l y   32  is  a l i g n e d   and  t e m p o r a r i l y  

s u p p o r t e d   -on   t he   v e s s e l   a s s e m b l y   40  by  means   of  a  

p l u r a l i t y   of   d o w e l   p i n s   47  p o s i t i o n e d   in  t h e   s c r e e n   f l a n g e  

38  and  a  l a r g e   a n n u l a r   f l a n g e   48  s e c u r e d   to  t he   v e s s e l   a n d  

a  s u r r o u n d i n g   c y l i n d r i c a l   o u t e r   s h e l l   58.  A  c u p - s h a p e d  

end  c o v e r   a s s e m b l y   44  e n c l o s e s   t he   s c r e e n   a s s e m b l y  3 2   a n d  

is   m o u n t e d   to  t h e   v e s s e l   a s s e m b l y   40  w i t h   a  r e t a i n e r   r i n g  

46  w h i c h   s u r r o u n d s   and  c l a m p s   t o g e t h e r   w i t h   a  f l a n g e   55  o n  

t h e   c o v e r   a s s e m b l y   w h i c h   m a t e s   w i t h   f l a n g e   48  of  t h e  

v e s s e l   a s s e m b l y .   =  T h e  e n d   c o v e r   a s s e m b l y   is  a l s o   r e t a i n e d  

in  e n g a g e m e n t   w i t h   t h e   v e s s e l   a s s e m b l y  f l a n g e   48  by  d o w e l  

p i n s   51  in  m a t i n g   h o l e s   in  t h e   f l a n g e s   48  and  5 5 .  

The  c o v e r   f l a n g e   55  i n c l u d e s   a  s h o u l d e r   42  wh ich   m o r e  

p o s i t i v e l y   h o l d s   t h e   s c r e e n   f l a n g e   38  in  e n g a g e m e n t   w i t h  

t h e   v e s s e l   f l a n g e   4 8 .  

The  r e t a i n e r   r i n g   46  c o n s i s t s   of  a  c i r c u l a r   r i n g   w h i c h  

is   s p l i t   in  a t   l e a s t   one  p l a c e   to  e n a b l e   e x p a n s i o n ,   a n d  

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

r e l e a s a b l e   f a s t e n i n g   m e a n s ,   n o t   s h o w n .   In  t he   p r e f e r r e d  

e m b o d i m e n t ,   t h e   r e t a i n e r   r i n g   46  is   f a s t e n e d   by  a  c lamp  o f  

t h e   g e n e r a l   t y p e   shown  in  t he   a b o v e - r e f e r e n c e d   U.S.   P a t e n t  

No.  4 , 1 4 0 , 2 8 3 .  

The  end  c o v e r   a s s e m b l y   40  i n c l u d e s   a   p a i r   o f  .  

d i a m e t r i c a l l y   s p a c e d ,   u p p e r   and  l o w e r   p r o d u c t   o u t l e t s   4 9 ,  

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

s c r e e n   e l e m e n t   34  can   f l o w .  

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

a  t u b u l a r   p o r t i o n   of   t he   s c r e e n   a s s e m b l y ,   and  is  b o l t e d   a t  

one  end  to  t h e   s c r e e n   f l a n g e   38  and  a t   t he   o t h e r   end  t o  

t h e   c i r c u l a r   end  p l a t e   36.   The  s c r e e n   u n i t   c o m p r i s e s   a  

p l u r a l i t y   of  r i n g s   or  a n n u l a r   d i s c s   35,  e ach   h a v i n g   a  



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

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

t u b e   or  c y l i n d e r   h a v i n g   a  c e n t r a l   a x i a l   s p a c e .   This   s p a c e  
s u r r o u n d s   a  p o r t i o n   of  t he   r o t o r   w h i c h   p r o t r u d e s   t h r o u g h  
t he   v e s s e l .   The  o p p o s e d   f a c e s   fo rm  a  p l u r a l i t y   of  r a d i a l  

o p e n i n g s   in  t he   c y l i n d e r   b e t w e e n   a d j a c e n t   d i s c s   to  a l l o w  

the   p a s s a g e   of   p r o c e s s e d   l i q u i d   f rom  t he   v e s s e l ,   o r  

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

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

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

t h e   p a s s a g e ,   so  o n l y   l i q u i d   p r o d u c t   l e a v e s   t he   v e s s e l .  

The  v e s s e l   a s s e m b l y   is  a l s o   r e m o v a b l y   m o u n t e d   a t   i t s  

i n l e t   end  to  a  h o u s i n g   a s s e m b l y   50  w h i c h   is  b o l t e d   to  t h e  

m i l l   m o t o r   10  a t   one  end  and  i s   c o u p l e d   to  t he   v e s s e l  

a s s e m b l y   a t   t h e   o t h e r   end ,   e n c a s i n g   t he   s h a f t   12  

t h r o u g h o u t   i t s   l e n g t h .   Q u i c k l y   r e m o v a b l e   r e t a i n e r   r i n g   4 6  

c l a m p s   t h e   r a d i a l l y   e x t e n d i n g   f l a n g e   57  of  t h e   v e s s e l  

a s s e m b l y   to  t h e   f l a n g e - 5 9   of  t h e   h o u s i n g   a s s e m b l y   5 0 .  

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

s y s t e m   h a v i n g   a  s i n g l e   e l e c t r i c   m o t o r   72  w h i c h   d r i v e s   a  

c i r c u l a t i n g   pump  74;  t h e   w o r k i n g   f l u i d   p r e s s u r i z e d   b y .  t h a t  

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

p r o v i d e   p r e s s u r e   to  a  s e a l   52,   d r i v e   a  h y d r a u l i c   m o t o r   7 5  

w h i c h   r o t a t e s   a  p r o d u c t   pump  76,   and  h y d r a u l i c a l l y   t i l t  

t h e   m i l l   when  i t   is  to  be  c l e a n e d .   The  m o t o r   7 2 ,  

c i r c u l a t i n g   pump  74,  m o t o r   75,   and  p r o d u c t   pump  76  a r e  

l o c a t e d   w i t h i n   t he   b a s e   66,  as  s c h e m a t i c a l l y   shown  i n  

F i g u r e   1 .  

T h e   v e s s e l   i s   s e a l e d   from  t h e   e x t e r i o r   by  t he   p r e s s u r e  

s e a l   52  w h i c h   is   a  c a r t r i d g e   t h a t   is  b o l t e d   to  the   h o u s i n g  

a s s e m b l y   50  and   s u r r o u n d s   t h e   s h a f t   12.  P r e s s u r i z e d  

w o r k i n g   f l u i d   is  pumped  i n t o   t h e   s e a l   52  t h r o u g h   a  s e a l  

i n l e t   53  to  p r o v i d e   a  p r e s s u r e   g r e a t e r   t h a n   t h a t   on  t h e  

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

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

t he   v e s s e l   a t   a  d e s i r e d   p r e s s u r e   and  f l o w   r a t e .  



P r e s s u r i z e d   f l u i d   a l s o   a c t s   as  a  c o o l a n t   f o r   t h e  

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

54  and  i n t o   t h e   c o o l i n g   j a c k e t   56  d e f i n e d   by  the   o u t e r  
wall   of  t h e  v e s s e l   18  and  the  sur rounding   c y l i n d r i c a l   outer   s h e l l  

58.  The  v e s s e l   has  a  p l u r a l i t y   of  f ins   60  p r o t r u d i n g   r a d i a l l y   i n t o  

the  c o o l i n g  j a c k e t   56  to  f a c i l i t a t e   the  t r a n s f e r   of  f r i c t i o n  

g e n e r a t e d   hea t   w i t h i n   the  v e s s e l   to  the  c o o l a n t .   Not  shown  is  a  

c o o l i n g  j a c k e t   o u t l e t ,   through  which  the  coo lan t   is  r e tu rned   to  a  
hea t   exchanger   78  where  i t   is  c i r c u l a t e d   and  cooled  i t s e l f   by  c o o l i n g  

water ,   be fo re   being  r e t u r n e d   to  a  r e s e r v o i r   7 7 .  

The  p r e s s u r i z e d   working  f l u id   from  the  pump  74  is  also  used  t o  

power  a  h y d r a u l i c   motor  75  d r i v i n g   a  product   pump  76,  which  pumps  t h e  

p roduc t   through  the  v e s s e l ,   thus  e l i m i n a t i n g   the  need  for  a  s e p a r a t e  
e l e c t r i c   p roduc t   pump  motor  and  a s s o c i a t e d   e x p l o s i o n - p r o o f   s w i t c h .  

The  f l u i d   a l s o   p o w e r s   t h e   h y d r a u l i c   ram  62  shown  i n  

F i g u r e   2,  w h i c h   e x t e n d s   to  t i l t   t he   m i l l   a b o u t   a  t r u n i o n  

.64,  f a c i l i t a t i n g   t h e   c l e a n i n g   of  t he   v e s s e l .   A  h o r i z o n t a l  

m i l l   h a v i n g   a  c a n t i l e v e r e d   s h a f t ,   as  shown,   i s  

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

1  shows  t h e   m i l l   in  i t s   n o r m a l   h o r i z o n t a l   o p e r a t i n g   s t a t e ,  

and  F i g u r e   2  shows  t h e   m i l l   in  i t s   t i l t e d   p o s i t i o n .   Two 

m o u n t s   80  e x t e n d   f rom  t he   s u p e r s t r u c t u r e   82,  on  e i t h e r  

s i d e   of  t he   h o u s i n g   a s s e m b l y   50.  The  t r u n i o n s   64  a r e  

f i x e d   to  and  p r o t r u d e   r a d i a l l y   o u t w a r d   f rom  t h e   s i d e s   o f  

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

h o l e s   in  t he   m o u n t s   80.  The  h y d r a u l i c   ram  62  i s   l o c a t e d  

w i t h i n   t he   s u p e r s t r u c t u r e   82,  and  is  p i v o t a b l y   s e c u r e d   t o  .  

t h e   b a s e   66,  a t   one   end ,   and  is   p i v o t a b l y   s e c u r e d   to  a  

m o t o r   m o u n t i n g   p l a t e   68  a t   the   o t h e r   e n d .   The  m o t o r  

m o u n t i n g   p l a t e   68  i s   f a s t e n e d   to  the   m i l l   m o t o r   1 0 .  

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

and  the   e l e c t r i c   m i l l   m o t o r   a r e   r e g u l a t e d   by  a  p n e u m a t i c  

c o n t r o l   s y s t e m   ( n o t   s h o w n ) ,   w h i c h   r u n s   on  c o m p r e s s e d   s h o p  

a i r .   A  s u i t a b l e   c o n t r o l   p a n e l   84  f o r   c o n t r o l l i n g   t h e  

o p e r a t i o n   of  t he   s y s t e m   is   c o n v e n i e n t l y   s u p p o r t e d   on  t h e  

s u p e r s t r u c t u r e   82 .   The  p n e u m a t i c   s y s t e m   s a v e s   the   e x p e n s e  



of  e x p l o s i o n - p r o o f   e l e c t r i c a l   s w i t c h e s   wh ich   mus t   be  u s e d  

when  a  f l a m m a b l e   p r o d u c t   is  b e i n g   m i l l e d .  

In  o p e r a t i o n ,   a  l i q u i d   p r o d u c t   or  s l u r r y   i s   pumped  b y  

t he   h y d r a u l i c a l l y   d r i v e n   p r o d u c t   pump  76  t h r o u g h   t h e  

p r o d u c t   i n l e t   19  to  the   v e s s e l   18  and  is   d i s p e r s e d  

t h r o u g h o u t   t h e   g r i n d i n g   m e d i a   20  by  t h e   r o t a t i n g   r o t o r  

16.  In  a  s m a l l   w o r k i n g   v e r s i o n   of  t h e   p r e s e n t   e m b o d i m e n t ,  

a  s i n g l e   s p e e d ,   3600  rpm  e l e c t r i c   m i l l   m o t o r   t u r n s   2 - 3 / 4  

i n c h   d i a m e t e r   r o t o r   d i s c s   2 4   a t   a  r im  s p e e d   of  2 5 9 0  

f t . / m i n .   The  m i l l e d   p r o d u c t   f i l t e r s   t h r o u g h   t he   s c r e e n  

u n i t   34  to  t h e   p r o d u c t   o u t l e t   49 .   S i m u l t a n e o u s l y ,   t h e  

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

c i r c u l a t i n g   t h r o u g h   the   c o o l i n g   j a c k e t   56.  The  w o r k i n g  

f l u i d   p r o v i d e s   p r e s s u r e   to  t h e   s e a l   52  s u r r o u n d i n g  

t h e   s h a f t   12  w h e r e   i t   e n t e r s   t h e   v e s s e l .  

When  t h e   v e s s e l   is  to  be  c l e a n e d ,   t he   m i l l   is   t i l t e d  

a b o u t   t h e   t r u n i o n   64  by  t h e   e x t e n s i o n   o f   t he   h y d r a u l i c   r a m  

62,  l o w e r i n g   t h e   o u t l e t   end  of   t h e   v e s s e l .   The  end  c o v e r  

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

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

r e t a i n e r   r i n g .   The  p i n s   47  and  51  p r e v e n t   t he   end  c o v e r  

and  s c r e e n   a s s e m b l i e s   from  b o t h   i n s t a n t l y   f a l l i n g  o f f .   To 

u n c o u p l e   t h e   a s s e m b l i e s ,   an  a x i a l   p u l l   on  t h e   end  c o v e r ,  

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

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

the   m e d i a   to  c o n v e n i e n t l y   d r a i n   o u t   t h e   t h e n   open  end  o f  

t h e   v e s s e l ,   and  i n t o   a  s u i t a b l e   c o n t a i n e r   70.   Wi th   t h e  .  

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

e a s i l y   w i t h d r a w n   by  r e m o v i n g   the   n u t   28  f rom  the   t h r e a d e d  

p o r t i o n   30,   s l i d i n g   the   r o t o r   o f f   t he   s h a f t   to  be  r e p l a c e d  

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

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

when  t h e   r o t o r   is  i n s t a l l e d   and  t h e   s c r e e n   and  end  c o v e r  

r e - i n s t a l l e d ,   and  the   u n i t   r e t u r n e d   to  i t s   h o r i z o n t a l  

p o s i t i o n .  



T h e   g r i n d i n g   m e d i a   i s   u s u a l l y   a d d e d   t h r o u g h   t h e  

p r o d u c t   i n l e t   19,  bu t   i t   may  a l s o   be  a d d e d   t h r o u g h   t h e  

o p e n   end  of  t h e   v e s s e l   when  i t s   s c r e e n   is  r e m o v e d .   I n  

t h i s   r e g a r d ,   t h e   ram  62  may  be  u s e f u l   in  t i l t i n g   t h e  

v e s s e l   to  d i s t r i b u t e   m e d i a .   The  u n i t   may  be  d e s i g n e d   t o  

l o w e r   t h e   m o t o r   end  of  t h e   v e s s e l  s l i g h t l y ,   i f   d e s i r e d .  

W h i l e   t h e   s c r e e n   a s s e m b l y   i l l u s t r a t e d   in  F i g u r e   3 

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

in  p l a c e   is   u s e f u l ,   F i g u r e s   4  and  5  i l l u s t r a t e   a  m u c h  

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

c o v e r   a s s e m b l y   or  o u t l e t   c o n s t r u c t i o n   144,   h a v i n g   a  

h o u s i n g   143  w i t h   a  c y l i n d r i c a l   w a l l   145  and  an  i n t e g r a l  

end  w a l l   147 .   An  o u t w a r d l y - e x t e n d i n g   f l a n g e   155  i s   f o r m e d  

on  t h e   o p e n   end  of  t he   c y l i n d r i c a l   w a l l   and  m a t e s   w i t h   a  

l a r g e   a n n u l a r   f l a n g e   48  f o r m e d   on  t h e   o p e n   end  of  t he   s a n d  

m i l l   v e s s e l   18.   A  c y l i n d r i c a l   or  t u b u l a r   s c r e e n   134  i s  

f o r m e d   by  a  p l u r a l i t y   of  r i n g - s h a p e d   e l e m e n t s   or  d i s k s   1 3 5  

p o s i t i o n e d   w i t h i n   t he   c y l i n d r i c a l   w a l l   145 .   M o r e  

s p e c i f i c a l l y ,   t h e s e   s c r e e n   e l e m e n t s   135  a r e   p o s i t i o n e d   o r  

s p a c e d   i n w a r d l y   f rom  t h e   c y l i n d r i c a l   w a l l   145  by  t h r e e  

r i b s   160  w h i c h   e x t e n d   r a d i a l l y   i n w a r d l y   and  e x t e n d  a x i a l l y  

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

135.   P r e f e r a b l y   t he   r i b s   160  a r e   f o r m e d   i n t e g r a l   w i t h   t h e  

w a l l   145  s u c h   t h a t   t he   e n t i r e   c u p - s h a p e d   h o u s i n g   may  b e  

c a s t   and  t h e   r i b s   t h a n   m a c h i n e d   on  t h e i r   i n n e r   edge   t o  

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

e l e m e n t s   in  a l i g n m e n t .   The  r i b s   160  s p a c e   t h e   s c r e e n  

e l e m e n t s   135  f rom  t h e   c y l i n d r i c a l   145  so  as  to  form  a n  

a n n u l a r   p a s s a g e   162  i n t e r r u p t e d   o n l y   by  t h e   r i b s .  

A  c l o s e d   end  p l a t e   136  i s   l o c a t e d   on  t h e   d o w n s t r e a m  

end  of  t h e   s t a c k   of  s c r e e n   e l e m e n t s ,   b e i n g   r a d i a l l y  

p o s i t i o n e d   by  the   r i b s   160 .   The  end  p l a t e   i s   f u r t h e r  

c o n f i n e d   by  t h r e e   l u g s   164  w h i c h   form  a x i a l   e x t e n s i o n s   o f  

r i b s   160  b u t   e x t e n d   r a d i a l l y   i n w a r d l y   f u r t h e r   t h a n   t h e  

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

of  t h e   end  p l a t e   136  a t   t h r e e   c i r c u m f e r e n t i a l l y   s p a c e d  



l o c a t i o n s ,   as  may  be  v i s u a l i z e d   from  F i g u r e s   4  and  5.  T h e  

l u g s   164  s p a c e   the   end  p l a t e   136  from  the   h o u s i n g   end  w a l l  

147  so  as  to  form  a  d i s k   s h a p e d   s p a c e   166  wh ich   i s   i n  

c o m m u n i c a t i o n   w i t h   t he   a n n u l a r   s p a c e   162  t h r o u g h   a r c u a t e  

w i n d o w s   b e t w e e n   t h e   l u g s   164.   The  s t a c k   f o r m e d   by  t h e  

s c r e e n   e l e m e n t s   and  t h e   end  p l a t e   136  i s   a x i a l l y   p r e s s e d  

or   h e l d   a g a i n s t   t h e   l u g s   164  by  means   o f   a  r i n g - s h a p e d  

member   f o r m i n g   a  c l a m p   or  t h r e a d e d   f a s t e n e r   168.  T h e  

m e m b e r   168  has   an  i n t e r n a l   d i a m e t e r   e q u a l   to  t h e   i n t e r n a l  

d i a m e t e r   of  t h e   s c r e e n   e l e m e n t s   and  t h e   v e s s e l .   T h e  

e x t e r n a l   d i a m e t e r   of   t h e   member   168  i s   t h r e a d e d   to  t h r e a d  

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

w a l l   145  a d j a c e n t   t h e   open   end  of  t h e   h o u s i n g ,   r a d i a l l y  

a l i g n e d   w i t h   t he   f l a n g e  1 5 5 .   The  f a s t e n e r   member   168  i s  

r e a d i l y   r o t a t a b l e   by  u s e   of  a  p a i r   of   s o c k e t s   168a  f o r m e d  

on  t h e   o u t e r   f a c e   as  shown  in  F i g u r e   5 .  

A  p l u r a l i t y   of   o p e n i n g s   170  a r e   f o r m e d   b e t w e e n   e a c h  

a d j a c e n t -   p a i r   of   s c r e e n   e l e m e n t s   135  c o n n e c t i n g   t h e  

c y l i n d r i c a l   i n t e r i o r   s p a c e   172  w i t h i n   t h e   s c r e e n   a s s e m b l y  

w i t h   t h e   a n n u l a r   p a s s a g e   162  s u r r o u n d i n g   t he   s c r e e n  

e l e m e n t s .   As  may  be  s e e n   from  F i g u r e s   5  a n d  9 ,  t h e  

o p e n i n g s   170  a r e   in  t h e   form  of   s h a l l o w   c u t s   or  g r o o v e s  
made  in  one  a x i a l   f a c e   of  e a c h   s c r e e n   e l e m e n t .   P r e f e r a b l y  

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

h a v i n g   s i d e   w a l l s   170a  and  b  w h i c h   a r e   p a r a l l e l   to  e a c h  

o t h e r .   T h a t   i s ,   t h e y   a r e   n o n - r a d i a l .   W i t h   such  a n  

a r r a n g e m e n t ,   the   c r o s s - s e c t i o n   of  e a c h   o p e n i n g   170  i s  

c o n s t a n t .   As  can   be  s e e n   f rom  F i g u r e   5  and  F i g u r e   9,  t h e  

a x i a l   d e p t h   of   e a c h   c u t   or  o p e n i n g   i s   v e r y   s m a l l .   I t   i s  

s i z e d   to  p r e v e n t   g r i n d i n g   m e d i a   f rom  m o v i n g   i n t o   t h e  

o p e n i n g .   W i t h   t he   a x i a l   d i m e n s i o n   p r e v e n t i n g   the  m e d i a  

f rom  e n t e r i n g   t he   o p e n i n g ,   t he   c i r c u m f e r e n t i a l   or  l a t e r a l  

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

p r e f e r a b l e   t h a t   t h e y   be  as  w ide   as  p o s s i b l e ,   c o n s i s t e n t  

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

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



t h a n   the   i n l e t   a r e a   to  t he   m i l l   so  t h a t   the   s c r e e n   d o e s  

no t   p r o d u c e   a  r e s t r i c t i o n .  

R e l a t e d   to  t h i s ,   i t   s h o u l d   be  n o t e d   t h a t   t he   s t r a i g h t  
s i d e d   c u t s   and  w i d e   o p e n i n g s   m i n i m i z e   any  p r e s s u r e   d r o p  

a c r o s s   the   s c r e e n   e l e m e n t s   a l s o ,   any  b r o k e n   or  worn  m e d i a  

p a r t i c l e s   t h a t   s h o u l d   e n t e r   a  s c r e e n   o p e n i n g   170  a re   n o t  

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

c l o g g i n g   of  the   s c r e e n .   The  p u r p o s e   of  t he   s c r e e n   is  t o  

keep   m e d i a   in  t he   m i l l ,   and  n o t   to  c a p t u r e   p a r t i c l e s   i n  

t h e   s c r e e n   p a s s a g e s .  

A d v a n t a g e o u s l y ,   t h e   o p e n i n g   70  may  be  f o r m e d   by  c u t s  

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

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

made  90°  w i t h   r e s p e c t   to  t h e   f i r s t   cu t   to  form  the   o t h e r  

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

a r c u a t e l y - s p a c e d ,   w e d g e - s h a p e d   pads   or  s e g m e n t s   1 7 4 .  

T h e s e   pads   174  r e c e i v e   t h e   a x i a l   l oad   when  t he   s c r e e n  

e l e m e n t s   135  a r e   c l a m p e d   w i t h i n   the   h o u s i n g   by  t h e  

t h r e a d e d   f a s t e n e r   168 .   When  i n s t a l l i n g   t h i s   s c r e e n  

e l e m e n t   i n t o   t h e   h o u s i n g ,   the   pads   174  a r e   p r e f e r a b l e  

p l a c e d   i n t o   a x i a l   a l i g n m e n t ;   h o w e v e r ,   i t   s h o u l d   be  n o t e d  

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

a l i g n m e n t   is  n o t   c r i t i c a l .   Thus ,   the   s c r e e n   e l e m e n t s  m a y  

be  q u i c k l y   i n s t a l l e d   and  p o s i t i o n e d   by  t he   r i b s  1 6 0  

w i t h o u t   c r i t i c a l   c o n c e r n   f o r   a n g u l a r   o r i e n t a t i o n .  

The  s c r e e n   e l e m e n t s   may  be  made  o f   v a r y i n g  

t h i c k e n e s s e s ,   as  s t r e n g t h   and  o t h e r   d e s i g n   r e q u i r e m e n t s  

d i c t a t e .   L i k e w i s e ,   t he   s c r e e n   e l e m e n t s   may  be  made  of  a n y  
d e s i r e d   m a t e r i a l ,   s u c h   as  s t a i n l e s s   s t e e l   or  an  a b r a s i v e -  

r e s i s t a n t   p o l y m e r   m a t e r i a l .   The  a x i a l   d e p t h  o f   t he   s l o t s  

or  o p e n i n g s   170  i s ,   of  c o u r s e ,   to  be  c o n s i s t e n t   w i t h   t h e  

s i z e   of  the   m e d i a   to  be  u t i l i z e d   in  the  m i l l .   F u r t h e r ,   a s  

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

may  be  u t i l i z e d   f o r   d i f f e r e n t   m e d i a   s i z e ,   and  the   s c r e e n  

a s s e m b l y   d e s i g n   is  s u c h   t h a t   a  s t a c k   of  e l e m e n t s   may  b e  



q u i c k l y   and  c o n v e n i e n t l y   r e p l a c e d   by  a  d i f f e r e n t   s t a c k   a s  
n e e d e d .   Of  c o u r s e ,   t h e   r e m o v e d   s t a c k   c an   be  r e u s e d   a t   a  
l a t e r   t i m e   i f   t he   m e d i a   is  to  be  c h a n g e d   a g a i n .  

T u r n i n g   now  to  F i g u r e s   6,  7,  and  8,  t h e r e   i s  

s u b s t a n t i a l l y   i l l u s t r a t e d   a  v e r t i c a l   s a n d   m i l l   200  h a v i n g  

a  v e r t i c a l l y   o r i e n t e d   v e s s e l   202  w i t h   a  p r o d u c t   i n l e t   2 0 4  

a t   t he   l o w e r   end  and  a  p r o d u c t   o u t l e t   206  n e a r   the   u p p e r  
e n d .   A  r o t o r   ( n o t   shown)   is  v e r t i c a l l y   m o u n t e d   in  t h e  

v e s s e l   w i t h   the   r o t o r   s h a f t   e x t e n d i n g   u p w a r d l y   out   of  t h e  

u p p e r   end  of  t h e   v e s s e l   t h r o u g h   a  t u b u l a r   s l e e v e   108.  A 

r o t o r   s i m i l a r   to  t h a t   shown  in  the   a r r a n g e m e n t   of  F i g u r e  

3,  or  any  w e l l - k n o w n   p r i o r   a r t   r o t o r ,   may  be  u t i l i z e d .  

The  u p p e r   end  of   t h e   v e s s e l   and  an  o u t l e t   s t r u c t u r e  

f o r   t h e   v e s s e l   i n c l u d e s   a  g e n e r a l l y   T - s h a p e d   c a s t i n g   2 1 0  

h a v i n g   a  v e r t i c a l l y   o r i e n t e d   c y l i n d r i c a l   p o r t i o n   212  w h i c h  

f o r m s   a  p a r t   of  t h e   v e s s e l   202  and  a  g e n e r a l l y   h o r i z o n t a l  

p o r t i o n   f o r m i n g   an  o u t l e t   h o u s i n g   2 4 5 .   The  v e r t i c a l  

p o r t i o n   212  i n c l u d e s   u p p e r   and  l o w e r   f l a n g e s   214  and  2 1 6  

f o r   c o n v e n i e n t   c o n n e c t i o n   to  t he   r e m a i n d e r   of  t h e  

v e s s e l .   As  can   be  s e e n   f rom  F i g u r e s   7  and  8,  t h e   i n t e r i o r  

c y l i n d r i c a l   w a l l   245  is  f o r m e d   w i t h   t h r e e   a x i a l l y  

e x t e n d i n g   r i b s   260 .   At  t h e   v e s s e l   end  o f   t h e   r i b s ,   t h e r e  

is   p r o v i d e d   t h r e e   l u g s   264  w h i c h   a r e   a x i a l l y   a l i g n e d   w i t h  

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

a x i a l   s u p p o r t   s u r f a c e s   f o r   an  end  p l a t e   136  and  a  

p l u r a l i t y   of  s c r e e n   e l e m e n t s   135  t h a t   fo rm  a  s c r e e n  

a s s e m b l y   234.   The  end  p l a t e   and  t h e   s t a c k   of  s c r e e n  

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

a n  e x t e r n a l l y   t h r e a d e d   a n n u l a r   f a s t e n e r   168  w h i c h   t h r e a d s  

i n t o   m a t i n g   t h r e a d s   f o r m e d   in  the  open   o u t e r   e n d  o f   t h e  

h o u s i n g   245 .   A  c o v e r   p l a t e   280  c l o s e s   t h e   o u t e r   open  e n d  

of   t h e   s c r e e n   a s s e m b l y   234  and  an  o u t e r   p e r i p h e r a l   f l a n g e  

281  of  t h e   c o v e r  p l a t e   m a t e s   w i t h   a  s i m i l a r   f l a n g e   2 5 5  

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

2 4 5 .   T h e s e   f l a n g e s   a r e   h e l d   in  p l a c e   by  a  s u i t a b l e   q u i c k  

c o n n e c t / d i s c o n n e c t   c l a m p   a r r a n g e m e n t   46  as  d e s c r i b e d  

a b o v e .  



The  r i b s   260  s p a c e   the   s c r e e n   e l e m e n t s   135  r a d i a l l y  

i n w a r d l y   f rom  t h e   o u t e r   c y l i n d r i c a l   w a l l   245  c r e a t i n g   a n  

a n n u l a r   p a s s a g e   262  w h i c h   is  in  d i r e c t   c o m m u n i c a t i o n   w i t h  

t he   s a n d   m i l l   v e s s e l .   Thus  the   p r o d u c t   can  f l o w   a x i a l l y  
i n t o   t h i s   p a s s a g e ,   r a d i a l l y   i n w a r d l y ,   as   i n d i c a t e d   by  t h e  

a r r o w s   284  shown  in  F i g u r e   8,  t h r o u g h   the  o p e n i n g s   1 7 0  

i n t o   the   c y l i n d r i c a l   s p a c e  2 7 2 ,   and  t h e n   f l o w s   a x i a l l y  

t h r o u g h   an  o u t l e t   206  in  t he   c o v e r   p l a t e .  

The  f l o w   t h r o u g h   t h e   s c r e e n   a s s e m b l y   of  F i g u r e s   7  a n d  

8  is   t h u s   j u s t   t h e   o p p o s i t e   from  t h a t   shown  fo r   t h e  

a s s e m b l y   in  F i g u r e s   4  and  5.  N e v e r t h e l e s s ,   the  f l o w  

c h a r a c t e r i s t i c s   r e m a i n   t h e   same  fo r   t h e   two  a p p r o a c h e s   i n  

v i e w   of   t h e   c o n s t a n t   c r o s s   s e c t i o n   o f   the  o p e n i n g s   1 7 0  

t h r o u g h   t h e   s c r e e n   a s s e m b l y .   Thus   the  same  s c r e e n  

e l e m e n t s   can  be  u s e d   in  e i t h e r   a p p r o a c h ,   and  a d d i t i o n a l  

d e s i g n   need   n o t   be  c o n d u c t e d .  

A l t h o u g h   w i t h   t h e   a r r a n g e m e n t   s h o w n   in  F i g u r e s   7  a n d  

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

n o t   r e m o v a b l e ,   t h e   s c r e e n   e l e m e n t s   may   n e v e r t h e l e s s   b e  

e a s i l y   r e m o v e d   or  i n s t a l l e d   by  s i m p l y   r e m o v i n g   the  q u i c k  

d i s c o n n e c t   c o u p l i n g ,   u n t h r e a d i n g   the:   f a s t e n e r   168  a n d  

r e m o v i n g   t h e   s c r e e n   e l e m e n t s   as  w e l l   a s   t he   end  p l a t e ,   a s  

d e s i r e d .   Of  c o u r s e ,   i f   d e s i r e d ,   a  f l a n g e   cou ld   b e  

p o s i t i o n e d   a t   t h e   v e s s e l   end  of  t h e   h o u s i n g   so  t h a t   a n  

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

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



1 .  M i l l i n g   a p p a r a t u s   c o m p r i s i n g :  

a  g e n e r a l l y   c y l i n d r i c a l   v e s s e l   fo r   r e c e i v i n g  

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

t h e r e i n   wh ich   a re   to  be  m i l l e d   or  r e d u c e d   in  s i z e  

w i t h i n   t h e   v e s s e l ;  

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

t he   g r i n d i n g   m e d i a ;  

a  l i q u i d   i n l e t   t h r o u g h   which   s a i d   l i q u i d   i s  

i n t r o d u c e d   as  t he   g r i n d i n g   media   is  a g i t a t e d   by  t h e  

r o t o r ;  

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

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

s i d e   w a l l   and  an  end  w a l l ;  

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

a r r a n g e d   in  a  s t a c k   w i t h i n   s a i d   c y l i n d r i c a l   w a l l  

d e f i n i n g   a  c y l i n d r i c a l   s p a c e ;  

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

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

c y l i n d r i c a l   w a l l   to  d e f i n e   an  a n n u l a r   p a s s a g e ;  

means  for   a x i a l l y   h o l d i n g   s a i d   s t a c k   w i t h i n   s a i d  

h o u s i n g ;  

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

a x i a l   f a c e s   so  t h a t   t he   s l o t s   and  the   a d j a c e n t   s c r e e n  

e l e m e n t s   d e f i n e   o p e n i n g s   e x t e n d i n g   b e t w e e n   s a i d  

a n n u l a r   p a s s a g e   and  s a i d   c y l i n d r i c a l   s p a c e ,   s a i d  

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

from  p a s s i n g   i n t o   t he   o p e n i n g s ,   and  s a i d   o p e n i n g s  

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

p r e s s u r e   d rop   a c r o s s   t he   o p e n i n g   and  to  m i n i m i z e  

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

p r o d u c t ;   a n d  

an  o u t l e t   in  s a i d   h o u s i n g   t h r o u g h   which   t h e  

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

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



2.  The  a p p a r a t u s   of  Claim  1  w h e r e i n   s a i d   s t a c k  

i n c l u d e s   an  end  p l a t e   on  the   end  of  s a i d   s t a c k   a d j a c e n t  
s a i d   end  w a l l ,   w i t h   s a i d   end  p l a t e   b e i n g   s p a c e d   from  s a i d  

end  w a l l   to  p r o v i d e   an  end  p a s s a g e   which   is  i n  

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

p a s s a g e ,   s a i d   o u t l e t   b e i n g   in  s a i d   end  w a l l   and  i n  

c o m m u n i c a t i o n   w i t h   s a i d   end  p a s s a g e ,   and  the   o p p o s i t e   e n d  

of  s a i d   s t a c k   of  e l e m e n t s   is  in  open  c o m m u n i c a t i o n   w i t h  

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

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

l i q u i d   f low  t h r o u g h   t h e   s c r e e n   o p e n i n g s   is  from  s a i d  

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

o u t w a r d l y   t h r o u g h   s a i d   o p e n i n g s   i n t o   s a id   a n n u l a r   p a s s a g e .  
3.  The  a p p a r a t u s   of  C la im   2  w h e r e i n   s a i d   c y l i n d r i c a l  

w a l l   is  c o n n e c t e d   d i r e c t l y   to  an  end  of  s a i d   v e s s e l   s u c h  

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

c y l i n d r i c a l   w a l l   e s s e n t i a l l y   form  the   end  of  t h e   v e s s e l .  

4.  The  a p p a r a t u s   of  Cla im  3  w h e r e i n   s a i d   a x i a l  

h o l d i n g   means  i n c l u d e s   an  a n n u l a r   f a s t e n e r   wh ich   i s  

e x t e r n a l l y   t h r e a d e d   and  t h r e a d s   i n t o   t h e   end  of  s a i d  

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

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

from  the   end  w a l l   and  t h e   p o r t i o n   of  t he   c y l i n d r i c a l   w a l l  

j o i n i n g   the   end  w a l l ,   t h e   f a s t e n e r   c l a m p i n g   s a i d   s t a c k  

a g a i n s t   s a i d   l u g s .  

5.  The  a p p a r a t u s   of  Claim  1  w h e r e i n   s a i d   c y l i n d r i c a l  

w a l l   e x t e n d s   g e n e r a l l y   t r a n s v e r s e l y   to  t he   v e s s e l   w i t h  

s a i d   s t a c k   i n c l u d i n g   an  end  p l a t e   on  t he   end  f a c i n g   t h e  

v e s s e l   and  w i t h   s a i d   end  p l a t e   b e i n g   s p a c e d   from  t h e  

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

c o m m u n i c a t i o n   w i th   s a i d   v e s s e l ,   the   o p p o s i t e   end  of  s a i d  

s t a c k   of  s c r e e n   e l e m e n t s   b e i n g   open  to  s a i d   o u t l e t   in  s a i d  

end  w a l l ,   s a i d   o u t l e t   b e i n g   in  s a i d   end  w a l l   so  t h a t   t h e  

l i q u i d   f low  t h r o u g h   s a i d   s c r e e n   o p e n i n g s   is  from  s a i d  

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



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

e l e m e n t s   to  s a i d   o u t l e t .  

6.  The  a p p a r a t u s   of  Cla im  5  w h e r e i n   s a i d   h o l d i n g :  

means  i n c l u d e s   i n w a r d l y   e x t e n d i n g   l ugs   a d j a c e n t   t he   v e s s e l  

end  of  t he   c y l i n d r i c a l   w a l l ,   s a i d   lugs   b e i n g   e n g a g e d   b y  

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

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

i n w a r d l y   e x t e n d i n g   r i b s   wh ich   r a d i a l l y   p o s i t i o n   s a i d   e n d  

p l a t e   and  s a i d   s c r e e n   e l e m e n t s .  

7.  The  a p p a r a t u s   of  Claim  6  or  13  w h e r e i n   s a i d  

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

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

ho ld   t he   s c r e e n   e l e m e n t s   and  end  p l a t e   a g a i n s t   s a i d   l u g s .  

8.  The  a p p a r a t u s   of  Claim  7  i n c l u d i n g   an  end  c a p  

h a v i n g   an  o u t l e t   t h e r e i n   wh ich   c o o p e r a t e s   w i t h   s a i d  

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

a s s e m b l y .  

9.  The  a p p a r a t u s   of  Claim  1  w h e r e i n   s a i d   s c r e e n  

e l e m e n t s   have   a  p l u r a l i t y   of  g e n e r a l l y   r a d i a l l y   e x t e n d i n g  

g r o o v e s   wh ich   form  s a i d   o p e n i n g s   in  c o m b i n a t i o n   w i t h   t h e  

a d j a c e n t   s c r e e n   e l e m e n t s .  

10.  The  a p p a r a t u s   of  Claim  9  w h e r e i n   s a i d   o p e n i n g s  

i n c l u d e   at   l e a s t   one  p a i r   of  d i a m e t r i c a l l y   o p p o s i t e  

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

11.  The  a p p a r a t u s   of  any  of  C l a i m s   1-10  w h e r e i n   s a i d  

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

i n w a r d l y   from  s a i d   s i d e   w a l l .  

12.  The  a p p a r a t u s   of  Claim  11  w h e r e i n   s a i d   h o l d i n g  

means  i n c l u d e s   a  p l u r a l i t y   of  lugs   e x t e n d i n g   r a d i a l l y  

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

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

13.  The  a p p a r a t u s   of  Claim  1  w h e r e i n   s a i d   v e s s e l   i s  

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

i s   c o n n e c t e d   to  an  end  of  s a i d   v e s s e l   w i t h   t he   a x i s   of  t h e  

c y l i n d r i c a l   w a l l   b e i n g   a l i g n e d   wi th   the  a x i s   of  s a i d  

v e s s e l ,   and  the   i n t e r i o r   of  one  end  of  s a i d   s t a c k   is  o p e n  



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

form  the   d o w n s t r e a m   end  of  t he   v e s s e l ,   and  i n c l u d i n g   m e a n s  
f o r   t i l t i n g   t h e   s c r e e n   end  of  the   v e s s e l   d o w n w a r d l y   s o  

t h a t   when  t he   c u p - s h a p e d   h o u s i n g   is  r emoved   s a i d   med ia   c a n  

be  r e a d i l y   r e m o v e d .  

14.   The  a p p a r a t u s   of  Claim  13  w h e r e i n   s a id   r o t o r  

e x t e n d s   i n t o   s a i d   s c r e e n   e l e m e n t s .  
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