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©  Refiner  disk  assembly. 
©  A  cartridge  assembly  (10)  for  loading  into  a  multiple  disk 
refiner  which  includes  a  plurality  of  coaxially  al'rgned  rotor 
disks  (24,25,26),  a  plurality  of  coaxially  aligned  stator  disks 
(28,  33)  interleaved  with  the  rotor  disks  (24,25,26)  and  an 
open-ended  casing  (58)  holding  the  rotor  disks  (24,25,26)  and 
stator  disks  (28,33)  in  axial  alignment.  A  plurality  of  retaining 
clips  (50)  are  provided  each  of  which  has  one  end  (55) 
received  in  a  wall  (57)  of  the  casing  (58)  and  has  a 
pressure-applying  opposite  end  (53)  acting  against  the 
outermost  stator  disk  (33)  to  hold  the  rotor  disks  (24,25,26) 
and  stator  disks  (28,33)  in  proper  alignment  for  transit  and 
for  simplifying  installation. 
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The  p r e s e n t   i n v e n t i o n   i s   in  t h e   f i e l d   of  r o t o r   a n d  

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

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

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

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

r e f i n e r   s i t e .  

When  p a p e r   s t o c k   comes   f rom  b e a t e r s ,   d i g e s t e r s ,   o r  

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

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

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

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

d i s c l o s e d   in  Thomas  U.S .   P a t e n t   No.  3  3 7 1   873.   T h i s   t y p e  

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

r e f i n i n g   s u r f a c e s   on  one  or  b o t h   s i d e s .   The  d i s k  

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

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

zone   t h e r e b e t w e e n   in  w h i c h   t h e   p u l p   i s   w o r k e d .   T h e  

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

s u b s t a n t i a l l y   i n f l e x i b l e   m a t e r i a l   s u c h   as  c a s t   i r o n   or  a  
h a r d   s t a i n l e s s   s t e e l .   The  n o n - r o t a t i n g   g r i n d i n g   s u r f a c e s  

a r e   made  of   s i m i l a r   m a t e r i a l   and  a r e   r i g i d l y   m o u n t e d   s o  

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

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

t h e   r e f i n i n g  z o n e   g a p .   A x i a l   a d j u s t m e n t   of  t h e   r e f i n i n g  

zone   g a p s   i s   a c c o m p l i s h e d   by  a x i a l   s h i f t i n g   of  t h e   s h a f t  

on  w h i c h   t h e   d i s k   i s  m o u n t e d .  

R i g i d   d i s k   r e f i n e r s   of  t h i s   t y p e   m u s t   be  m a n u f a c t u r -  

ed  and  a s s e m b l e d   to   c l o s e   t o l e r a n c e s  i n   o r d e r   t o   s e t   t h e  

r e f i n i n g   zone   gap  w i d t h   c o r r e c t l y .   B e c a u s e   t h e   l o a d s  

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

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

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

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

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

c l o s e   t o l e r a n c e   m a c h i n i n g ,   t h e   need   f o r   l a r g e   q u a n t i t i e s  

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



s t r u c t u r e ,   t h e   r e s t r i c t i v e   m a c h i n e   c a p a c i t y ,   and  t h e  

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

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

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

Fo r   e x a m p l e ,   in   M a t t h e w   and   K i r c h n e r   p e n d i n g   U . S .  

S e r i a l   No.  486  006  e n t i t l e d   " F l e x i b l e   D i s k   R e f i n e r   a n d  

M e t h o d "   a s s i g n e d   to   t h e   same  a s s i g n e e   as   t h e   p r e s e n t  

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

r e l a t i v e l y   r o t a t a b l e   and   a x i a l l y   c o n f r o n t i n g   r e f i n i n g  

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

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

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

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

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

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

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

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

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

s u r f a c e s .  

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

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

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

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

r e s i l i e n t l y   f l e x i b l e   or   d e f l e c t a b l e   d i s k   e l e m e n t s .   D i s k  

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

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

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

or   c o u n t e r - r o t a t a b l y .   The  r e f i n i n g   s u r f a c e   p l a t e s   a r e  

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

The  d i s k   e l e m e n t s ,   on  t h e   o t h e r   h a n d ,   a r e   made  o f  

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

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

B e c a u s e   of   t h e   m a n n e r   in   w h i c h   t h e   a x i a l l y   f l e x i b l e   d i s k  



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

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

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

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

r e f i n i n g   a c t i o n   by  t h e   r e l a t i v e l y   r o t a t i n g   r e f i n i n g  

s u r f a c e s .  

The  m u l t i p l e . d i s k   r e f i n e r   has   made  a  s u b s t a n t i a l  

i m p r o v e m e n t   in   t h e   a r t   of   r e f i n i n g .   I t   h a s   b e e n   s h o w n  

t h a t   w i t h   t h e   u s e   of  a  low  i n t e n s i t y ,   m u l t i p l e   d i s k  

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

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

I t   was  f o u n d   n e c e s s a r y ,   in   p r a c t i c e ,   to   u n c o m p l i c a t e  

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

d i s k   m a c h i n e s   can   u t i l i z e   up  to  16  r e f i n i n g   d i s k s ,   s o  

t h e   d o w n t i m e   r e q u i r e d   to   c h a n g e   a  d i s k   in  t h e   c o n v e n -  

t i o n a l   m a n n e r   can   be  c o n s i d e r a b l e .   T h e r e   i s   a l s o   t h e  

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

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

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  

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

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

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

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

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

i n s t a l l a t i o n   e r r o r s .  

In  a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n  ,   we  

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

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

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

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

r o t o r   d i s k s ,   b o t h   s e t s   of   d i s k s   b e i n g   r e c e i v e d   in  a n  

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

s t a t o r   d i s k s   in  a l i g n m e n t .   A  p l u r a l i t y   of  r e t a i n i n g  

c l i p s   h a v i n g   one  end  r e c e i v e d   in   a  w a l l   of   t h e  

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

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



t o   h o l d   t h e   r o t o r   d i s k s   and  s t a t o r   d i s k s   in  a l i g n m e n t  .  

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

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

d i s k s .   In  a  p r e f e r r e d   f o r m   of   t h e   i n v e n t i o n ,   t h e   b o t t o m  

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

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

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

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

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

t h e   a s s e m b l e d   d i s k s .   E a c h   of   t h e   c l i p s   may  h a v e   a n  

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

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

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

a p e r t u r e   in   t h e   r i n g .   P r e f e r a b l y ,   e a c h   c l i p   has   a  p r e s s u -  

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

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

d i s k s   c o n f i n e d   w i t h i n   t h e   c a s i n g .  

A  f u r t h e r   d e s c r i p 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   w i l l  

be  made   in   c o n j u n c t i o n   w i t h   t h e   a t t a c h e d   s h e e t s   o f  

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

F i g .   1  i s   a  s i d e   e l e v a t i o n a l   v i e w   of  t h e   c a r t r i d g e  

in   a s s e m b l e d   r e l a t i o n ;  

F i g .   2  i s   a  v i e w   in   p e r s p e c t i v e   of  one  of  t h e   c l i p s  

u s e d   in   t h e   c a r t r i d g e   of   F i g .   l ;  

F i g .   3  i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   s u b s t a n t i a l l y  

a l o n g  t h e   l i n e   I I I - I I I   of   F i g . l  ;   a n d  

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   v i e w   t a k e n  

s u b s t a n t i a l l y   a l o n g   t h e   l i n e   I V - I V   of   F i g .   3 .  

In   F i g .   1,  r e f e r e n c e   n u m e r a l   10  i n d i c a t e s   g e n e r a l l y  

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

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

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

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

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

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



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

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

s t o r a g e .  

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

" r o t o r "   and  " s t a t o r "   w i l l   be  u s e d   to   d i f f e r e n t i a t e  

t h e   two  r e f i n i n g   d i s k   s e t s .   I t   s h o u l d   be  u n d e r s t o o d ,  

h o w e v e r ,   t h a t   t h e   p r e s e n t   i n v e n t i o n   can   be  u s e d   f o r  

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

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

r e f i n i n g   s u r f a c e s .  

The  c a r t r i d g e   10  i n c l u d e s   a  hub  p o r t i o n   11  w h i c h   i s  

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

i n d i c a t e d   in  d a s h   l i n e s   in  F i q .   3  and  i n c l u d e   a  s h a f t   12  

h a v i n g   a  s h o u l d e r   13  t h e r e o n   as  w e l l   as  a  hub  l o c k i n g  

r i n g   14  on  t h e   o p p o s i t e   s i d e   t h e r e o f .   The  hub  p o r t i o n  
11  is  c o n f i n e d   a g a i n s t   a x i a l   m o v e m e n t   by  i t s   l o c a t i o n  

b e t w e e n   t h e   s h o u l d e r   s e a t   13  and  t h e   hub  l o c k i n g   r i n g   1 4 .  

A  t h r u s t   p l a t e   15a  c l o s e s   o f f   t h e   f o r w a r d   end  of  t h e  

a s s e m b l y .  

The  hub  11  i s   p r o v i d e d   w i t h   a  r o t o r   c o n s i s t i n g   o f  

s p o k e d   p o r t i o n s   15  t h r o u g h   19  a s  i l l u s t r a t e d   in  F i g .   1 .  

A r c u a t e   d e p r e s s i o n s   20  e x t e n d   b e t w e e n   t h e   i n d i v i d u a l  

s p o k e s   to   p e r m i t   t h e   f l o w   of  t h e   s u s p e n s i o n   i n t o   t h e  

w o r k i n g   c a v i t y   of  t h e   r e f i n e r .   The  s p o k e s   15  t h r o u g h  

19  may  be  c o m p o s e d   o f   a  f i b e r g l a s s   r e i n f o r c e d   r e s i n   s u c h  

as  an  e p o x y   r e s i n   or   t h e y   may  be  c o m p o s e d   o f  a   h a r d  

s t a i n l e s s   s t e e l .  

The  s p o k e d   r o t o r s   a r e   s e c u r e d   to   t h e   hub  b y  

means   of  b o l t s   21  w h i c h   a r e   r e c e i v e d   in   t h r e a d e d  

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

p o r t i o n   22  c o n s t i t u t i n g   p a r t   of  t h e   hub  a s s e m b l y .  

The  s p o k e d   r o t o r s   p r o v i d e   a  d r i v i n g   c o n n e c t i o n  

b e t w e e n   t h e   hub  11  and  a  p l u r a l i t y   of  s p a c e d   r e f i n e r   r o t o r  

d i s k s   s u c h   as  d i s k s   24,   25  and  26  shown  in  F i g .   3.  I n  

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



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

b e t w e e n   t h e   hub  and  t h e   r e f i n i n g   d i s k s ,   can  be  u s e d   t o  

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

l i m i t e d   a x i a l   m o v e m e n t   o f   t h e   d i s k s .   The  t y p e   of  c o n n e c t i o n  

b e t w e e n   t h e   hub  and   t h e   d i s k s   i s   n o t   l i m i t i n g   on  t h e  

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

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

c o n n e c t i o n   u s e d .   The  s p o k e d   r o t o r   shown  in   t h e   d r a w i n g s  

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

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

i n g   on  t h e   i n v e n t i o n .   The  r o t o r   d i s k   24  i s   l o c a t e d  

b e t w e e n   a  s t a t i o n a r y   end  p l a t e   27  and  a  f i r s t   s t a t o r  

d i s k   28.  The  r o t o r   d i s k s   2 4 , 2 5   and  26  a r e   in   t h e   f o r m  

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

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

a c t i o n .   The  r o t o r   d i s k . 2 4   a b u t s   t h e   end  p l a t e   2 7  

a l o n g   an  i n t e r f a c e   29.   When  c l a m p i n g   p r e s s u r e   i s  

r e l e a s e d ,   t h e   d i s k   24  by  v i r t u e   o f   i t s   f l e x i b l y  

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

a  gap  b e t w e e n   t h e   d i s k   and   t h e   end  p l a t e   27.  The  o t h e r  

f a c e   of   t h e   r o t o r   d i s k   24  has   r i b s   on  i t   w h i c h   a b u t  

c o r r e s p o n d i n g   r i b s   of   s t a t o r   d i s k   28  a l o n g   an  i n t e r f a c e  

30  when  t h e   r e f i n e r   d i s k s   a r e   c l a m p e d   t o g e t h e r .  

L i k e w i s e ,   r i b s   on  t h e   r o t o r   d i s k   25  c o n f r o n t  

c o r r e s p o n d i n g   r i b s   on  t h e   s t a t o r   d i s k   28  a l o n g   a n  

i n t e r f a c e   31.  On  t h e   o p p o s i t e   s i d e ,   r o t o r   d i s k   25  i s  

c l a m p e d   a g a i n s t   a  s t a t o r   d i s k   33  a l o n g   an  i n t e r f a c e  

32.  In  a  s i m i l a r   m a n n e r ,   a  r o t o r   d i s k   26  a b u t s   t h e  

s t a t o r   d i s k   33  a l o n g   an  i n t e r f a c e   34,   and  i s   c l a m p e d  

a g a i n s t   t h e   s t a t o r   p l a t e   36  a l o n g   an  i n t e r f a c e   35.  When  

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

a x i a l l y   to   p r o v i d e   a  r e f i n i n g   gap  b e t w e e n   c o n f r o n t i n g  

s u r f a c e s .  

T h e   s t a t o r   d i s k s   28  and  33  a r e   c l a m p e d   in  p o s i -  

t i o n   by  m e a n s   of   b o l t s   37  b e s t   s e e n   in   F i g .   1.  F l e x i b l e  

f i n g e r s   39  and  40  a r e   t i g h t l y   r e c e i v e d   w i t h i n   r e c e s s e s  



(no t   shown)   in  t h e   s t a t o r   d i s k s   a n d  s e r v e   to   s u p p o r t  

t h e   s t a t o r   d i s k s   w h i l e   a l l o w i n g   some  d e g r e e   of  a x i a l  

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

a p e r t u r e d   s p a c e r   41  i s   p r o v i d e d   to   f i x e d l y   s e c u r e   t h e  

o u t e r   e n d s   of   t h e  f i n g e r s   39  and  4 0 .  

Hub  s p a c e r s   42  and  43  a r e   p r o v i d e d   b e t w e e n   t h e  

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

b e t w e e n   t h e   r e f i n i n g   d i s k s .  

As  b e s t   s e e n   in  F i g .   1,  t h e   c a r t r i d g e   i s  

p r o v i d e d   w i t h   a p e r t u r e s   44  w h i c h   s e r v e   to   r e c e i v e   b o l t s  

( n o t   shown)  or  o t h e r   s e c u r i n g   m e a n s   to  s e c u r e   t h e   c a r -  

t r i d g e   to   t h e   s t a t i o n a r y   h e a d   of   t h e   r e f i n e r .  

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

makes   u se   of  an  i m p r o v e d   t y p e   of   c l i p   50  w h i c h   i s   b e s t  

i l l u s t r a t e d   in  F i g .   2.  T h e  c l i p   50  i n c l u d e s   an  a p e r t u r e d  

f l a n g e   p o r t i o n  5 1   h a v i n g   an  a p e r t u r e  5 2   e x t e n d i n g  

t h e r e t h r o u g h .   Each   c l i p   a l s o   h a s   a  p r e s s u r e - a p p l y i n g  
f l a t   p o r t i o n   53  o p p o s i t e   f r o m   t h e   a p e r t u r e d   f l a n g e  

p o r t i o n   51  f o r   a p p l y i n g   p r e s s u r e   to   t h e   r o t o r   and  s t a t o r  

d i s k s .   A  t a p e r e d   s h a n k   p o r t i o n   54  c o n n e c t s   t h e   a n n u l a r  

f l a n g e   p o r t i o n   51  w i t h   a  c y l i n d r i c a l   end  p o r t i o n   5 5 .  

T h i s   end  p o r t i o n   i s   s n u g l y   r e c e i v e d   t h r o u g h   an  a p e r t u r e  
56  in  t h e   b o t t o m   w a l l  5 7   of  a  g e n e r a l l y   c u p - s h a p e d  

o p e n - e n d e d   c a s i n g   g e n e r a l l y   i n d i c a t e d   a t   r e f e r e n c e   n u m e "  
r a l   58.  P r e f e r a b l y   t h e   c l i p s   50  a r e   p o s i t i o n e d   i n  

s e v e r a l   of  t h e   a p e r t u r e s   44,  a n d  t h e   number   of   c l i p s  
u s e d   may  be  v a r i e d ,   d e p e n d i n g   t o   some  d e g r e e   on  t h e   s i z e  

of  t h e   r e f i n e r .  

A  r i n g   59  i s   p o s i t i o n e d   b e t w e e n   t h e   s p a c e r   41  a n d  

t h e   a n n u l a r   f l a n g e   p o r t i o n  5 1   o f   t h e   c l i p .   The  r i n g   59 

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

s u c h   as  t h e   b o l t   60  w h i c h   r e l e a s a b l y   c o n n e c t s   t h e   c l i p  

to  t h e   r i n g   51.  A d d i t i o n a l l y ,   b o l t s   37  e x t e n d   t h r o u g h  

r i n g   59  and  s p a c e r   41  and   a r e   t h r e a d e d l y   e n g a g e d   i n  

t h e   s i d e w a l l   of   c u p - s h a p e d   c a s i n g   58.  In  some  e m b o d i m e n t s ,  



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

p r e v i o u s l y ,   i t   may  be  d e s i r a b l e   to   f o r m   r i n g   59,  s p a c e r  

41  and   c a s i n g   58  as  one   p i e c e .   In  s u c h   an  a r r a n g e m e n t ,  

t h e   b o l t s   37  c an   be  e l i m i n a t e d .  

As  b e s t   i l l u s t r a t e d   in  F i g .   3,  e a c h   of  t h e   c l i p s  

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

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

t i g h t n e s s   o f   t h e   b o l t   60.  W i t h   b o l t s   37  h o l d i n g   t h e  

c a s i n g   58,  s p a c e r   41  and  r i n g   59  as  one   u n i t ,   t h e   c l i p s  

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

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

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

t h e   c l i p s   5 0  a r e   b o l t e d   i n t o   t h e   o u t b o a r d   r i n g   59  a n d  

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

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

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

r o t a t i n g   and  s t a t i o n a r y   d i s k s   d u r i n g   i n s t a l l a t i o n .  

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

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

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

c l e a r a n c e s .  

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

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

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

c a r t r i d g e   i n t o   t h e   u s e r ' s   m a c h i n e .   T h i s   r e d u c e s   t h e  

m a i n t e n a n c e   t i m e   r e q u i r e d   as   w e l l   as   e l i m i n a t i n g   t h e  

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

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

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

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

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

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

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

When  a  r e f i n e r   r e q u i r e s   r e p l a c e m e n t   of   r e f i n i n g  

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

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



of  t h e   p r e s e n t   i n v e n t i o n   i s   i n s e r t e d   i n t o   t h e   r e f i n e r ,  

s l i d i n g   hub  11  on  s h a f t   12  and  i n t o   b u t t i n g   e n g a g e m e n t  

w i t h   s h o u l d e r   13.  The  hub  l o c k i n g   r i n g   14  and  t h r u s t  

p l a t e   15a  a r e   s e c u r e d   in   p l a c e ,   r e s t r i c t i n g   a x i a l  

m o v e m e n t   of  t h e   hub .   B o l t s   a r e   i n s e r t e d   in  t h e   o p e n  
h o l e s   44,  e x t e n d i n g   t h r o u g h   r i n g   59,  s p a c e r   41,  and  c a s i n g  

58,  and  b e i n g   s e c u r e d   a t   t h e   back   of  t h e   r e f i n e r .   At  t h i s  

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

c l i p s   can   be  r e m o v e d .   B o l t s   60  a r e   d i s e n g a g e d   and  t h e  c l i p s  

a r e   r e m o v e d .   P l a t e   36  w i l l  f a l l   f r e e   and  c an   be  a t t a c h e d  

to   t h e   r e f i n e r   d o o r   in  known  f a s h i o n .   A d d i t i o n a l   t h r o u g h  

b o l t s   a r e   s e c u r e d   t h r o u g h   t h e   h o l e s   44  f r o m   w h i c h   t h e   c l i p s  

50  we re   r e m o v e d ,   and  t h e   r e f i n e r   d o o r   i s   c l o s e d .  

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

made  to   t h e   d e s c r i b e d   e m b o d i m e n t s   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   p r e s e n t   i n v e n t i o n .  



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

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

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

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

d i s k s   i n t e r l e a v e d   w i t h   s a i d   r o t o r   d i s k s ,  

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

d i s k s   and  s t a t o r   d i s k s   in   a l i g n m e n t ,   a n d  

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

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

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

m o s t   s t a t o r   d i s k   to   h o l d   s a i d   r o t o r   d i s k s   and  s t a t o r  

d i s k s   in   a l i g n m e n t .  

2.  A  c a r t r i d g e   a s s e m b l y   a c c o r d i n g   to   c l a i m   1 

w h i c h   i n c l u d e s :  

s p a c e r   means   b e t w e e n   s a i d   s t a t o r   d i s k s   p r o v i d -  

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

3.  A  c a r t r i d g e   a s s e m b l y   a c c o r d i n g   to   c l a i m   1 

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

t h e r e i n ,   and   s a i d   c l i p s   h a v e   c y l i n d r i c a l   end  p o r t i o n s  

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

4.  A  c a r t r i d g e   a s s e m b l y   a c c o r d i n g   to   c l a i m   2 

w h i c h   i n c l u d e s :  

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

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

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

5.  A  c a r t r i d g e   a s s e m b l y   a c c o r d i n g   t o   c l a i m   4 

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

p o r t i o n   a b u t t i n g   s a i d   r i n g ,   a n d  

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

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

e n g a g e d   in   s a i d   r i n g .  

6.  A  c a r t r i d g e   a s s e m b l y   a c c o r d i n g   t o   c l a i m   5 

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

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

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

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



7.  A  c a r t r i d g e   a s s e m b l y   a c c o r d i n g   t o   c l a i m   5 

w h e r e i n   e a c h   of   s a i d   c l i p s   has  a  t a p e r e d   s h a n k   p o r t i o n  

e x t e n d i n g   i n w a r d l y   f rom  s a i d   a p e r t u r e d   f l a n g e  

p o r t i o n .  

8.  A  c a r t r i d g e   a s s e m b l y   a c c o r d i n g   to   c l a i m   5 

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

t h e   o u t e r   p e r i m e t e r   of   t h e   r e f i n i n g   d i s k s .  

9.  A  r e f i n e r   d i s k   a s s e m b l y   f o r   a  m u l t i p l e  

d i s k   r e f i n e r   c o m p r i s i n g :  

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

r e f i n i n g   z o n e ;   f i r s t   and  s e c o n d   s e t s   of  r e f i n e r  

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

s h i p   w i t h i n   s a i d   c a s i n g   d e f i n e d   r e f i n i n g   z o n e ;  
f i r s t   l i n k a g e   means   c o n n e c t i n g   s a i d   f i r s t  

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

s e c o n d   l i n k a g e   means   c o n n e c t i n g   s a i d   s e c o n d  

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

i n g   s u b s t a n t i a l l y   a x i a l   m o v e m e n t   of  s a i d   d i s k s ;   a n d  

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

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

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

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

r e l a t i v e   to   s a i d   c a s i n g   and  i n c l u d i n g   a  p r e s s u r e  

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

d i s k s .  

10.  A  r e f i n e r   d i s k   a s s e m b l y   as  d e f i n e d   in  c l a i m  

9  in   w h i c h   s a i d   f i r s t   l i n k a g e   means   c o n n e c t s   s a i d  

f i r s t   s e t   of  r e f i n e r   p l a t e s   to   a  r o t a t a b l e   h u b .  

l l .   A  r e f i n e r   d i s k   a s s e m b l y   as  d e f i n e d   i n  

c l a i m   9  in   w h i c h   s a i d   s e c o n d   l i n k a g e   m e a n s   c o n n e c t s  

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

12.  A  r e f i n e r   d i s k   a s s e m b l y   as  d e f i n e d   in  c l a i m  

9  in  w h i c h   a t   l e a s t   some  of  s a i d   c l i p s   i n c l u d e   a  

s h a n k   e x t e n d i n g   t h r o u g h   s a i d   r e f i n i n g   z o n e   and  h a v i n g  

an  end  p o r t i o n   r e c e i v e d   in  an  a p e r t u r e   f o r m e d   in  t h e  

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



13.  A  r e f i n e r   d i s k   a s s e m b l y   as  d e f i n e d   in  c l a i m   12  

in  w h i c h   s a i d   c l i p s   i n c l u d e   an  a n c h o r   f l a n g e   and  a  

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

s a i d   s h a n k .  

14.  A  r e f i n e r   d i s k   a s s e m b l y   as  d e f i n e d   in  c l a i m   12  

in   w h i c h   s a i d   s h a n k   t a p e r s   i n w a r d l y   t o w a r d   s a i d   end  p o r -  
t i o n .  
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