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©  Flexible  link  disk  drive  for  multiple  disk  refiner. 

(57)  A  multiple  disk  refiner  (10)  which  includes  a  housing  (11) 
having  an  inlet  (12)  and  an  outlet  (13)  for  a  fiber  suspension 
passing  therethrough.  Within  the  housing  (11)  there  is  8 
plurality  of  rotary  refiner  disks  (20  to  25)  positioned  for 
rotation  in  the  housing  (11)  and  having  refiner  surfaces  for 
providing  a  refining  action  on  the  fiber  suspension  as  it 
passes  from  the  inlet  (12)  to  the  outlet  (13).  A  second  plurality 
of  refiner  disks  (28,  31,  33,  35,  36,  39)  interleaved  with  the 
rotary  refiner  disks  (20  to  25)  and  having  refiner  surfaces 
confronting  the  refiner  surfaces  of  the  rotary  refiner  disks  (20 
to  25)  are  positioned  to  provide  narrow  working  gaps  (30,  32, 
34,  37,  38,  40)  between  the  sets  of  disks.  In  accordance  with 
the  present  invention,  a  plurality  of  flexible  links  (51,  58) 
interconnect  a  drive  with  the  rotary  refiner  disks  (20  to  25)  to 
provide  rotational  drive  to  the  disks  while  accomodating 
axial  deflection  between  the  rotary  refiner  disks  (20  to  25) 
and  the  drive. 
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(D A  multiple  disk  refiner  (10)  which  includes  a  housing  (11) 
having  an  inlet  (12)  and  an  outlet  (13)  for  a  fiber  suspension 
passing  therethrough.  Within  the  housing  (11)  there  is  a 
plurality  of  rotary  refiner  disks  (20  to  25)  positioned  for 
rotation  in  the  housing  (11)  and  having  refiner  surfaces  for 
providing  a  refining  action  on  the  fiber  suspension  as  it 
passes  from  the  inlet  (12)  to  the  outlet  (13).  A  second  plurality 
of  refiner  disks  (28,  31,  33,  35,  36,  39)  interleaved  with  the 
rotary  refiner  disks  (20  to  25)  and  having  refiner  surfaces 
confronting  the  refiner  surfaces  of  the  rotary  refiner  disks  (20 
to  25)  are  positioned  to  provide  narrow  working  gaps  (30,  32, 
34,  37,  38,  40)  between  the  sets  of  disks.  In  accordance  with 
the  present  invention,  a  plurality  of  flexible  links  (51,  58) 
interconnect  a  drive  with  the  rotary  refiner  disks  (20  to  25)  to 
provide  rotational  drive  to  the  disks  while  accomodating 
axial  deflection  between  the  rotary  refiner  disks  (20  to  25) 
and  the  drive. 



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

a p p a r a t u s   of  t h e   t y p e   u s e d   in  t h e   t r e a t m e n t   of  f i b r o u s  

s u s p e n s i o n s   in  p a p e r   m a k i n g   and  i n v o l v e s   a  f l e x i b l e   l i n k  

i n t e r c o n n e c t i o n   b e t w e e n   a  r o t a r y   d r i v e   means   and  r e f i n e r  

d i s k s   w h i c h   p r o v i d e   t he   r e f i n i n g   a c t i o n .  

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

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

s t o c k   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  

up  t he   f i b r o u s   m a t e r i a l s   and  s e r v e   to  c r e a t 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 he   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   i s   d i s c l o s e d   in  T h o m a s  

U.S.   P a t e n t   No.  3 , 3 7 1 , 8 7 3 .   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   o n  

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   i n  

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   t h e r e b e t w e e n   a  r e f i n i n g   zone   i n  

w h i c h   t h e   p u l p   i s   w o r k e d .   The  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   a  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   so  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   zone  gap .   A x i a l   a d j u s t m e n t   of  t he   r e f i n i n g   z o n e  

gaps   i s   e f f e c t 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   b e  

m a n u f a c t u r e d   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   in  o r d e r  

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



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 .  

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   h a v e  

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

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 .   F o 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   N o .  

4 8 6 , 0 0 6   e n t i t l e d   " F l e x i b l e   D i sk   R e f i n e r   and  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   i n c l u d i n g   a  

p l u r a l i t y   of  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 he   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   a n d  

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 a t  

a p p l i c a t i o n   c o m p r i s 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   means   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  

to  e a c h   o t h e r   d e p e n d i n g   upon  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   a t t a i n i n g   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  any  low  c o n s i s t e n c y   r e f i n e r ,   s e v e r a l  

r o t a t i n g   r e f i n i n g   d i s k s   a r e   d r i v e n   f rom  a  common  c e n t r a l  

d r i v e   h u b .   D u r i n g   o p e r a t i o n ,   t h e   d i s k s   mus t   be  f r e e   t o  

f l o a t   b a c k   and  f o r t h   a x i a l l y   by  a  m a t t e r   of  s e v e r a l  

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

a r e   s u b j e c t   to   b l o c k a g e   and  b i n d i n g   by  a c c u m u l a t i o n s  

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

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

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

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

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

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

H o w e v e r ,   a f t e r   t h e   d i a p h r a g m s   have   been   in  o p e r a t i o n   f o r  



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

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

and  fo r   p r o m o t i n g   a x i a l   f l e x i b i l i t y   become   e n l a r g e d   d u e  

to  t h e   a b r a s i v e   n a t u r e   of  t he   p a r t i c l e s   in  t h e   s l u r r y .  

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

to   f a i l u r e   a t   t h e   l a m i n a t e   d i a p h r a g m 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   a  r e f i n e r  

a s s e m b l y   u t i l i z i n g   a  m u l t i p l e   a r r a y   of  d i s k s .   One  s e t  

of  d i s k s   may  be  r o t a t i n g   and  t he   o t h e r   s t a t i o n a r y ,   o r  

b o t h   s e t s   may  be  r o t a t i n g   in  o p p o s i t e   d i r e c t i o n s .   T h e  

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

i n l e t   and  an  o u t l e t   f o r   a  f i b e r   s u s p e n s i o n   p a s s i n g  

t h e r e t h r o u g h .   D r i v e   means   a r e   p r o v i d e d   f o r   r o t a t i n g   o n e  

or  b o t h   s e t s   of   d i s k s   in  t h e   h o u s i n g .   The  two  s e t s   o f  

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

to   p r o v i d e   a  s l i g h t   w o r k i n g   gap  t h e r e b e t w e e n   i n t o  

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

i n l e t   to   o u t l e t .   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 ,  

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

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

to  p r o v i d e   r o t a t i o n a l   d r i v e   to  t he   r o t a r y   r e f i n e r   d i s k s  

w h i l e   a c c o m o d a t i n g   some  a x i a l   d e f l e c t i o n   or  f l o a t i n g  

in  t h e   a x i a l   d i r e c t i o n .  

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

means   a r e   p r o v i d e d   f o r   p i v o t a l l y   c o n n e c t i n g   one  end  o f  

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

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

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

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

t h e   r o t a r y   r e f i n e r   d i s k s .  

In  t h e   p r e f e r r e d   a r r a n g e m e n t ,   t h e r e   a r e   a t  

l e a s t   two  p a i r s   of   t h e   f l e x i b l e   l i n k s   in  q u a d r a t u r e  

w i t h   e a c h   o t h e r .  

A  f u r t h e r   d e s c r i p t i o n   of  t h e   p r e s e n t   i n v e n t i o n  

w i l l   be  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  

of  d r a w i n g   in  w h i c h :  



F i g u r e   1  i s   a  f r a g m e n t a r y   v iew  of  a  m u l t i -  

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

i n v e n t i o n ,  

F i g u r e   2  i s   a  p a r t i a l   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   of  F i g .   1,  a n d  

F i g u r e   3  i s   a  f r a g m e n t a r y   v i ew  p a r t l y   in  c r o s s  

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

d i a g r a m m a t i c a l l y   t h e   m a n n e r   in  w h i c h   t he   f l e x i b l e  

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

r e f i n e r .  

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

t h e   i m p r o v e m e n t s   of   t h e   p r e s e n t   i n v e n t i o n   can  b e  

e m p l o y e d .   The  r e f i n e r   i n c l u d e s   a  h o u s i n g   11  h a v i n g   a n  

i n l e t   p o r t i o n   12  and  a  d i s c h a r g e   p o r t i o n   13.  A  s h a f t   14 

i s   m o u n t e d   f o r   r o t a t i o n   w i t h i n   t he   h o u s i n g   11  w h i c h  

i s   k e y e d   to   a  hub  15  by  means   of  a  key  16.  A  c o v e r   p l a t e  

17  i s   s e c u r e d   to   t h e   hub  by  means   of  b o l t s   1 8 .  

In  p a s s i n g   b e t w e e n   t h e   i n l e t   12  and  t h e   o u t l e t  

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

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

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

s m a l l e r ,   d i s c r e t e   f i b e r s .   I l l u s t r a t e d   in  t h e   d r a w i n g s  

a r e   p a i r s   of  r o t o r   d i s k s   20  and  21;  22  and  23;  and  24  

and  25.  The  r o t o r   d i s k   20  has   r i b s   26  w h i c h   c o n f r o n t  

r i b s   27  f o r m e d   in   an  end  p l a t e   28  w h i c h   i s   s e c u r e d   t o  

t h e   h o u s i n g   11  by  means   of   s c r e w s   29.  The  w o r k i n g   g a p  
b e t w e e n   t h e   c o n f r o n t i n g   s e t s   of  r i b s   i s   i d e n t i f i e d   a t  

r e f e r e n c e   n u m e r a l   3 0 .  

R e f i n e r   d i s k   21  has   r e f i n i n g   r i b s   w h i c h  

c o n f r o n t   r i b s   f o r m e d   in  a  s t a t o r   d i s k   31  to   p r o v i d e   a  

w o r k i n g   gap  32  t h e r e b e t w e e n .   A n o t h e r   s t a t o r   d i s k   33  i s  

m e c h a n i c a l l y   c o n n e c t e d   to   t h e   s t a t o r   d i s k   31  and  p r o v i d e s  

c o n f r o n t i n g   r i b s   to   t h e   r o t o r   d i s k   22,  t h e r e b y   p r o v i d i n g  

a  w o r k i n g   gap  34  t h e r e b e t w e e n .  

A  s e c o n d   p a i r   of  s t a t o r   d i s k s   35  and  36 



c o o p e r a t e   w i t h   t he   c o n f r o n t i n g   r o t o r   d i s k s   23  and  2 4 ,  

r e s p e c t i v e l y ,   to  p r o v i d e   w o r k i n g   gaps   37  and  38,  r e -  

s p e c t i v e l y .   F i n a l l y ,   r e f i n e r   r i b s   on  t h e   r o t o r   d i s k   25  

c o o p e r a t e   w i t h   a  s t a t i o n a r y   end  p l a t e   39  to  p r o v i d e   a  

w o r k i n g   gap  4 0 .  

The  s t a t o r   d i s k s   a re   s u p p o r t e d   w i t h i n   t h e  

h o u s i n g   by  means   of  f l e x i b l e   d i a p h r a g m s   41  and  42 

i l l u s t r a t e d   in  F i g .   1.  T h e s e   d i a p h r a g m s   a r e   c o m p o s e d  

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

The  e n d s   of  t h e   m e m b r a n e s   41  and  42  a r e   s e c u r e d   to   t h e  

h o u s i n g   on  o p p o s i t e   s i d e s   of  a  r i n g   43  h e l d   in  p l a c e  

by  means   of  d o u b l e - t h r e a d e d   p i n s   44  w h i c h   a r e   s e c u r e l y  

h e l d   by  n u t s   4 5 .  

W h i l e   t h e   f o rm  of  t he   i n v e n t i o n   i l l u s t r a t e d   i n  

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

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

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

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

of  d i s k s   r o t a t i n g   in  o p p o s i t e   d i r e c t i o n s .  

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

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

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

some  l i m i t e d   a x i a l   f l e x i b i l i t y   to  a c c o m o d a t e   a x i a l  

d e f l e c t i o n   b e t w e e n   t h e   d i s k   and  t h e   d r i v e   hub .   As  

i l l u s t r a t e d ,   t h e r e   i s   p r o v i d e d   a  f l e x i b l e   l i n k   51  

h a v i n g   one  end  r e c e i v e d   a b o u t   an  e l o n g a t e d   p i v o t   p i n  

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

p i v o t   p i n   53.  The  end   of  t he   l i n k   51  e n g a g i n g   t h e   p i n   52 

is   r e c e i v e d   b e t w e e n   a  p a i r   of  w a s h e r s   54.  S p a c i n g  

r i n g s   55  and  56  t o g e t h e r   w i t h   w a s h e r s   57  s e r v e   t o  

p o s i t i o n   c e n t r a l l y   d i s p o s e d   f l e x i b l e   l i n k s   58  h a v i n g  

t h e i r   t e r m i n a l   e n d s   e m b r a c i n g   p i v o t   p i n s   59.  As  b e s t  

i l l u s t r a t e d   in  F i g .   2,  t h e   c o n f r o n t i n g   f a c e s   of   t h e  

r e f i n e r   d i s k s   22  and  23  a r e   r e l i e v e d   as  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   60  to   a c c o m o d a t e   s h i f t i n g   m o v e m e n t  



of  t h e   l i n k s .  

In  t he   form  of  t h e   i n v e n t i o n   i l l u s t r a t e d ,  

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

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

d r i v e   hub .   Each  l i n k   may  c o n s i s t   of  s e v e r a l   t h i c k n e s s e s  

of  t h i n ,   h e a t - t r e a t e d   s t e e l   w h i c h   a c c o m o d a t e   a x i a l  

d e f l e c t i o n   b e t w e e n   the   d i s k   and  t h e   hub  by  b e n d i n g  

a b o u t   t h e i r   f l a t   a x e s ,   in  t h e   same  m a n n e r   as  a  f l a t  

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

t h e   same  t i m e ,  a   t e n s i l e   l o a d   a l o n g   t h e   l i n k   a x i s  

t r a n s m i t s   r o t a t i o n a l   power   f rom  t h e   hub  to  t h e   d i s k .  

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

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

p i n s   of  t he   hub  and  t he   p a i r s   of   p i v o t   p i n s   in   t h e  

d i s k   ( p i n s   59  and  52)  d e c r e a s e s   w h i c h   c a u s e s   a  s l i g h t  

a n g u l a r   s h i f t   b e t w e e n   t h e   hub  and  t h e   d i s k   w h i c h   i s  

e a s i l y   a c c o m o d a t e d   by  t he   p i n   e n d s   of  t h e   l i n k s .  

C o n c e n t r i c   a l i g n m e n t   b e t w e e n   hub  and  d i s k   i s   m a i n t a i n e d  

by  a  min imum  of  two  p a i r s   of  o p p o s i n g   l i n k s   in   q u a d r a -  

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

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

c o n c e n t r i c i t y .  
The  a b i l i t y   of  t h e   f l e x i b l e   l i n k   to   a c c o m o d a t e  

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

s t r a t e d   in  F i g .   3.  The  l i n k   58  i s   shown  w i t h   an  a r c u a t e  

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

t h a t   t he   f l e x i n g   of  t he   l i n k s   i s   s u f f i c i e n t   to   a u t o m a -  

t i c a l l y   a d j u s t   t h e   w i d t h   of  t h e   w o r k i n g   g a p s   34  and  37 

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

The  f l e x i b l e   l i n k   m e c h a n i s m   of  t h e   p r e s e n t  

i n v e n t i o n   t h u s   t r a n s m i t s   r o t a r y   m o t i o n   f r o m   a  common 

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

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

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

w h i c h   we re   s u b j e c t   to   e r o s i o n   by  t h e   f i b e r   s l u r r y  

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



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  be  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  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  h o u s i n g   h a v i n g  

an  i n l e t   and  an  o u t l e t   f o r   a  f i b e r   s u s p e n s i o n   p a s s i n g  

t h e r e t h r o u g h ,   a  d r i v e   means   m o u n t e d   f o r   r o t a t i o n   i n  

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

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

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

s a i d   f i b e r   s u s p e n s i o n   as  i t   p a s s e s   f rom  s a i d   i n l e t   t o  

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

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

r o t a r y   r e f i n e r   d i s k s   a l o n g   n a r r o w   w o r k i n g   g a p s ,   and  a  

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

means   w i t h   s a i d   r o t a r y   r e f i n e r   d i s k s   to   p r o v i d e   r o t a -  

t i o n a l   d r i v e   to   s a i d   r o t a r y   r e f i n e r   d i s k s   w h i l e   a c c o -  

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

d i s k s   and  s a i d   d r i v e   m e a n s .  

2.  A  r e f i n e r   a c c o r i d n g   to   c l a i m   1  w h i c h   i n c l u d e s :  

means   p i v o t a l l y   c o n n e c t i n g   one  end  of  e a c h   l i n k   t o  

s a i d   d r i v e   means   and  p i v o t   p i n s   in  s a i d   r o t a r y   r e f i n e r  

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

l i m i t e d   p i v o t a l   m o v e m e n t   t h e r e a b o u t .  

3.  A  r e f i n e r   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 e r e i n  

s a i d   p i v o t   p i n s   e x t e n d   b e t w e e n   an  o p p o s i t e l y   f a c i n g  

p a i r   of   r o t a r y   r e f i n e r   d i s k s .  

4.  A  r e f i n e r   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   s e c o n d  

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

s a i d   h o u s i n g .  

5.  A  r e f i n e r   a c c o r d i n g   to   c l a i m   4  w h i c h   i n c l u d e s  

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

of  r e f i n e r   d i s k s   to   s a i d   h o u s i n g .  

6.  A  r e f i n e r   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   a t   l e a s t   two  p a i r s   of  s a i d   f l e x i b l e   l i n k s   i n  

q u a d r a t u r e   w i t h   e a c h   o t h e r .  

7.  A  r e f i n e r   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  

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

8.  A  r e f i n e r   a s s e m b l y   a c c o r d i n g   to   c l a i m   3  w h e r e i n  



s a i d   p a i r s   of  r o t a r y   r e f i n e r   d i s k s   have   r e c e s s e s  

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

s a i d   p i v o t   p i n s .  

9.  In  a  m u l t i p l e   d i s k   r e f i n e r   i n c l u d i n g   a  d r i v e  

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

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

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

means   i n t e r c o n n e c t i n g   s a i d   d r i v e   s h a f t   w i t h   s a i d   d i s k s ,  

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

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

i t s   o p p o s i t e   end  s e c u r e d   to   s a i d   d i s k s ,   s a i d   l i n k s  

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

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

d i s k s .  

10.  A  r e f i n e r   a c c o r d i n g   to  c l a i m   9  w h e r e i n   e a c h  

f l e x i b l e   l i n k   is  c a p a b l e   of   s p r i n g - l i k e   b e n d i n g  

a b o u t   i t s   f l a t   a x i s .  

11.   A  r e f i n e r   a c c o r d i n g   to   c l a i m   9  w h i c h   i n c l u d e s :  

p i n   means   in  s a i d   d i s k s   a n c h o r i n g   s a i d   o p p o s i t e   e n d s  

of  s a i d   l i n k s .  

12.  A  r e f i n e r   a c c o r d i n g   to   c l a i m   11  w h e r e i n :   s a i d  

r e f i n e r   d i s k s   a r e   p o s i t i o n e d   in  back   to  b a c k   r e l a t i o n -  

s h i p ,   w i t h   one  of  s a i d   p i n s   e x t e n d i n g   b e t w e e n   a n  

a d j o i n i n g   p a i r   of  d i s k s .  

13.  A  m u l t i p l e   d i s k   r e f i n e r   i n c l u d i n g :   a  h o u s i n g  

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

s u s p e n s i o n   t h e r e t h r o u g h ,   a  d r i v e   means   a r r a n g e d   t o  

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

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

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

and  r e l a t i v e l y   f l a t   a b u t t i n g   i n n e r   s u r f a c e s ,   a  p l u r a -  

l i t y   of  r e f i n e r   d i s k s   i n t e r l e a v e d   b e t w e e n   s a i d   p a i r s  

of   r o t a r y   r e f i n e r   d i s k s   and  p r e s e n t i n g   o p p o s e d  

r e f i n i n g   s u r f a c e s   to  s a i d   r e f i n i n g   s u r f a c e s   on  s a i d  

r o t a r y   r e f i n e r   d i s k s   w h i l e   l e a v i n g   a  w o r k i n g   gap  t h e r e -  

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



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

d r i v e   means   to  s a i d   p a i r s   of  r o t a r y   r e f i n e r   d i s k s .  

14.  A  r e f i n e r   a c c o r d i n g   to   c l a i m   13  w h i c h   i n c l u d e s :  

p i n   means   e x t e n d i n g   b e t w e e n   e a c h   p a i r   of  r o t a r y  

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

t h e   e n d s   of  s a i d   l i n k s .  

15.  A  r e f i n e r   a c c o r d i n g   to  c l a i m   13  w h e r e i n   e a c h  

f l e x i b l e   f l a t   l i n k   i s   c a p a b l e   of  s p r i n g - l i k e   b e n d i n g  

a b o u t   i t s   f l a t   a x i s .  
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