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©  Method  of  milling  and  apparatus  for  carrying  out  the  method. 
  A  method  for  fractionating  milling  of  cereals  between 
two  milling  disks  (4,  5)  having  annular  working  surfaces  (10) 
facing  each  other  and  composed  of  serrated  segments  (11), 
such  that  the  desired  fraction,  for  instance  bakery  flour,  can 
be  recovered  by  sifting  even  after  single  passage  of  the 
milling  material  between  the  milling  disks.  The  invention  is 
characterized  in  that  the  serrate  pattern  of  said  segments 
comprises  a  plurality  of  straight,  parallel  ridges  acting  as 
cutting  teeth  alternating  with  parallel  grooves  and  being  so 
designed  that  the  cutting  teeth  (12)  of  each  segment  have  a 
constant  height  and  width  and  make  such  an  angle  with 
respect  to  the  line  of  symmety  (Rx)  of  the  segment  that  the 
cutting  teeth  of  each  milling  disk  will  intersect  the  lines  of 
symmetry  (Rx)  of  each  segment  of  the  other  milling  disk  at  an 
angle  of  +@1  for  one  milling  disk  and  +@2  for  the  other 
milling  disk,  such  that  the  first  cutting  tooth  of  each  segment 
(11)  of  one  milling  disk  will  intersect  the  cutting  teeth  of  the 
other  milling  disk  at  angles  of  intersection  K  which  vary 
according  to  the  relationship  K=(@1+@2)+x°  where  @1,  @2  is 
said  angle  between  one  cutting  tooth  of  each  segment  in 
relation  to  said  line  of  symmetry  R",  and  x  is the  sectoral  arc 
angle  of  the  segment. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   f o r   p r o -  

c e s s i n g   c e r e a l s ,   s e e d s   or  l i k e   p r o d u c t s   by  means   of  a  
d i s k   m i l l   i n t o   such   a  s t a t e   t h a t   t h e   b o t a n i c a l   c o n s t i -  

t u e n t s   of  s u c h   p r o d u c t s   a re   s e p a r a b l e   by  means  of  s i f t -  

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

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

B e f o r e   t h e   a p p e a r a n c e   of  r o l l e r   m i l l s ,   use  w a s  

g e n e r a l l y   made  of  m i l l s t o n e s   f o r   m i l l i n g   c e r e a l s .  

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

c u l a r   w o r k i n g   s u r f a c e   may  be  r e g a r d e d   as  a  d i s k ,   b u t  

no  one  w o u l d   h a r d l y   c o n t e n d   t h a t   our   o l d   m i l l s   w i t h  

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

Even  a t   t h e   t i m e   the   o ld   m i l l s   w i t h   m i l l s t o n e s  

were   u s e d ,   e f f o r t s   were   made  to  i m p r o v e   t he   m i l l i n g  

e f f i c i e n c y   in  o r d e r   to  r e d u c e   t he   number   of  p a s s a g e s  

r e q u i r e d   f o r   c o m p l e t e   m i l l i n g ,   by  g r o o v i n g   t he   w o r k i n g  

s u r f a c e s   of  t h e   m i l l s t o n e s .   The  b r e a k t h r o u g h   f o r   r o l -  

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

of  f l o u r   q u a l i t y ,   y i e l d   and  p r o d u c t i o n   c a p a c i t y ,   h o w -  

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

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

At  r e g u l a r   i n t e r v a l s ,   s u g g e s t i o n s   have   t h e r e f o r e  

been  made  to   r e p l a c e   t he   c o m p l i c a t e d   and  e x p e n s i v e  

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

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

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

p l i c a t e d   and  h a v i n g   a  h i g h   p r o d u c t i o n   c a p a c i t y .   U . S .  

p a t e n t   s p e c i f i c a t i o n   7 0 6 , 2 5 9   ( S c h w e i t z e r )   of  1902  is   a n  

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

c e r e a l s .   S c h w e i t z e r   s u g g e s t e d   t h e   use   of  a n n u l a r   m i l l i n g  

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

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

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



s a w t o o t h - s h a p e d   r i d g e s   w i t h   s h a r p   e d g e s   and  a  p r o -  
g r e s s i v e   t r a n s i t i o n   f rom  g r o o v e s   of  a  l a r g e   w i d t h  

and   a  l a r g e   d e p t h   a t   t h e   i n n e r   p e r i p h e r y   of  t h e   a n -  

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

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

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

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

w e r e   m e a n t   to   f a c i l i t a t e   t h e   e n t r a n c e   of  t h e   m a t e r i a l  

to   be  m i l l e d ,   and  in  t h e   r e g i o n   of  t h e s e   l a r g e r   g r o o v e s ,  
t h e   d e h u l l i n g   of  t h e   s e e d s   s h o u l d   s t a r t ,   w h e r e u p o n  

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

in   t h e   i n c r e a s i n g l y   f i n e r   g r o o v e s .   S c h w e i t z e r   a l s o  

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

g e n t s   to  a  s m a l l   c i r c l e   h a v i n g   t h e   same  c e n t e r   a s  

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

of  i n t e r s e c t i o n   of  t h e   g r o o v e s   in   two  c o o p e r a t i n g  

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

s h o u l d   v a r y   in   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   of  t h e  

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

in   a  s i n g l e   s t e p   w i t h   m i l l i n g   d i s k s   of  t h i s   t y p e   d i d  

n o t   m e e t   w i t h   much  s u c c e s s .   S h o r t l y   a f t e r w a r d s ,   i t  

was  h o w e v e r   s u g g e s t e d   in   U.S .   p a t e n t   s p e c i f i c a t i o n  

9 3 4 , 4 5 7   ( M c L a u g h l i n )   of  1905  to   u s e   a  v e r y   s i m i l a r  

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

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

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

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

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

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

M c L a u g h l i n ,   b e i n g   a w a r e   of  S c h w e i t z e r ' s   p r e v i o u s   m i l l i n g  

d i s k s ,   knew  t h a t   t h e y   were   n o t   s u i t e d   f o r   m i l l i n g  

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

Many  s u g g e s t i o n s   of  p r o v i d i n g   m i l l i n g   d i s k s   w i t h  

g r o o v e s   of  d i f f e r e n t   t y p e s   h a v e   t h e r e a f t e r   been   p u t  

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

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

h i g h - q u a l i t y   f l o u r   and  a t   a  low  c o s t .   K-E.  A.  J o h n s s o n  

s t a t e s   e . g .   in  SE  p a t e n t   s p e c i f i c a t i o n   4 1 9 , 9 4 5   a s  



l a t e   as  1981  t h a t   t h e r e   i s   n o t h i n g   in  a  d i s k   m i l l ,   a t   a  
c e r t a i n   s p e e d   of  r o t a t i o n   and  w i t h   a  c e r t a i n   m i l l i n g  
d i s k   t y p e ,   to  a f f e c t   t he   p a t t e r n   of  movemen t   and  r e s i -  

d e n c e   t i m e   of  t he   m i l l i n g   m a t e r i a l   b e t w e e n   two  c o a x i a l  

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

s e t t i n g   ou t   f rom  t h a t   c o n v i c t i o n ,   he  p r o p o s e d   an  e n t i r e -  

ly  n o v e l   t y p e   of  m i l l i n g   d i s k s   c h a r a c t e r i z e d   by  a r r a n g -  
ing   in  a  s t a t i o n a r y   m i l l i n g   d i s k   a  s e r i e s   of  s m a l l ,   s e -  

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

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

of  t h e s e   new  m i l l i n g   d i s k s   has   n o t   y e t   been   e v a l u a t e d ,  

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

v e r y   s e n s i t i v e   to  d i s t u r b a n c e s .  

A  f e a t u r e   common  to  a l l   m i l l s   w i t h   c o m p l i c a t e d  

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

c o r r e c t l y   a s s e s s i n g   the   i n f l u e n c e   of  e ach   s e p a r a t e  

f a c t o r   among  t h e   c o m p l e x   of  f a c t o r s   a f f e c t i n g   t h e  

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

t h e   m i l l i n g   r e s u l t   of  c o u r s e   i s   t h a t   t he   m i l l e d   p r o -  
d u c t   can  be  a n a l y z e d   and  t h a t   t h e   r e s u l t s   of  a n a l y s i s  

can  be  r e l a t e d   back   to  t he   d i f f e r e n t   f a c t o r s   w h i c h  

have   been   d e c i s i v e   o f  t h e   m i l l i n g   r e s u l t .   I t   is  a l s o  

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

as  q u i c k l y   as  p o s s i b l e   and  in  c l o s e   p r o x i m i t y   of  t h e  

e q u i p m e n t   u s e d   in  each   p a r t i c u l a r   c a s e .  

As  is   w e l l   known,   t h e   b o t a n i c a l   c o n s t i t u e n t s   o f  

c e r e a l s   ( s e e d s   and  k e r n e l s )   a r e   t h e   s t a r c h   body  ( e n d o -  

spe rm  m i n u s   a l e u r o n e   l a y e r ) ,   t h e   germ  and  the   a l e u r o n e  

and  h u l l   l a y e r s ,   s a i d   two  l a y e r s   b e i n g   c l a s s i f i e d  

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

t he   germ  f r a c t i o n   may  be  u s e d ,   e . g .   as  a n i m a l   f o d d e r  

or  as  an  a d d i t i v e   in  a  c e r t a i n   a m o u n t   to  t he   f l o u r  

as  an  a d d i t i o n   to  t he   f i b e r   c o n t e n t   and  f o r   i n c r e a s i n g  

t h e   m i n e r a l   and  v i t a m i n   c o n t e n t   of  t h e   f l o u r .   T h e  

h u l l   and  a l e u r o n e   l a y e r s   and  t h e   s t a r c h   body  of  t h e  

g r a i n   or  s e e d   k e r n e l s   a re   of  d i f f e r e n t   h a r d n e s s   a n d  

d e n s i t y ,   and  t he   v e r y   m i l l i n g   p r o c e s s   s e r v e s   to  b r e a k  



down  t h e   g r a i n   or  s e e d   k e r n e l s   to   such   an  e x t e n t   t h a t  

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

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

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

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

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

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

s t e p s .   C e r t a i n   i n i t i a l   s u c c e s s e s   in  t h e   a t t e m p t s   o f  

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

h o p e s   t h a t   i t   w o u l d   be  p o s s i b l e   to   make  t h e   e q u i p m e n t  

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

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

in  r o l l e r   m i l l s .   H o w e v e r ,   b e f o r e   t h e   c o n c e 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 ,   t h e s e   h o p e s   have   n o t   b e e n   r e -  

d e e m e d .   T h i s   has   b e e n   c o n f i r m e d   by  r e c e n t ,   h i g h l y  

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

In  SE  p a t e n t   s p e c i f i c a t i o n   4 1 9 , 9 4 5   m e n t i o n e d   a b o v e ,  

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

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

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

v i o u s l y   u s e d .   The  p r e s e n t   i n v e n t i o n   s e t s   o u t   f r o m   t h e  

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

son  i s   t h a t   i t   has   b e e n   c o n s i d e r e d   n e c e s s a r y   f o r   a  s u f -  

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

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

c o m p r i s e   a  p l u r a l i t y   of  more   or  l e s s   d i s t i n c t   g r o o v e d  

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

and  w i d t h .   M i l l i n g   d i s k s   c o m p r i s i n g   two  or  more   g r o o v e d  

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

f o r m l y   g r o o v e d   s i n g l e   z o n e .   The  d i f f e r e n t   g r o o v e d   z o n e s  

may  h o w e v e r   be  c o m p a r e d   to   s e v e r a l   m i l l i n g   s t e p s ,   and  i t  

i s   much  more   d i f f i c u l t ,   n o t   to   say   i m p o s s i b l e ,   by  a d j u s t -  

i n g   one  m i l l i n g   d i s k   w i t h   r e s p e c t   to   t h e   o t h e r ,   to   c o r -  

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

a d j a c e n t   a n n u l a r   g r o o v e d   z o n e s .   An  i m p r o v e m e n t   o f  

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

z o n e s   t h e r e f o r e   t e n d s   to   be  a c c o m p a n i e d   by  a  d e t e r i o -  



r a t i o n   of  t h e   p r o c e s s i n g   b e t w e e n   t he   n e x t   or  p r e c e d i n g  

g r o o v e d   z o n e .   Under   s u c h   c i r c u m s t a n c e s ,   i t   i s   v e r y  
d i f f i c u l t   to   f i n d   o u t   t h e   a c t u a l   r e a s o n   or  c o m b i n a t i o n  

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

A  mos t   l i k e l y   r e a s o n   m i g h t   be  the   d i f f i c u l t y  

to  c o m p l y   w i t h   t h e   r e q u i r e m e n t   f o r   an  e q u i v a l e n t   b r e a k -  

down  of  g r a i n s   or  s e e d s   of  v a r y i n g   s i z e   in  a  c e r t a i n  

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

more  g r o o v e d   z o n e s   w h e r e   t h e   g r o o v e   w i d t h   and  g r o o v e  

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

m o v e m e n t   of  t he   m a t e r i a l   when  b e i n g   m i l l e d .   B e s i d e s ,  

in  t h e   d i s k   m i l l s   h i t h e r t o   known  and  used   i t   i s   u s u a l l y  

n e c e s s a r y   f r e q u e n t l y   to   e x c h a n g e   the   m i l l i n g   d i s k s   e v e n  

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

r i a l   to   be  m i l l e d .  

One  of  t h e   o b j e c t s   of  t h e   i n v e n t i o n   i s   to   p r o v i d e  

a  m e t h o d   of  m i l l i n g   c e r e a l s   by  means  of  a  d i s k   m i l l  

w h i c h   c o m p r i s e s   a  p a i r   of  more   or  l e s s   p l a n a r   m i l l i n g  

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

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

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

o v e r c o m e   by  t h i s   m e t h o d   t h e   a b o v e - i n d i c a t e d   s h o r t c o m i n g s  

and  l i m i t a t i o n s   of  d i s k   m i l l s   and  to  a l l o w   u n o b j e c t i o n -  

a b l e   m i l l i n g   d u r i n g   a  s i n g l e   p a s s a g e   b e t w e e n   two  m i l l i n g  

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

w i t h   r e s p e c t   to  e a c h  o t h e r .  A   f u r t h e r   o b j e c t   of  t h e  

i n v e n t i o n   i s   to  make  i t   p o s s i b l e ,   by  a  r e l a t i v e l y   s i m p l e  

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

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

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

and  p r o d u c t   y i e l d   as  in  m i l l i n g   by  means  of  c o n v e n t i o n a l  

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

by  t he   use   of  a  m a c h i n e   e q u i p m e n t   wh ich   i s   s u b s t a n t i a l l y  

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

ment   w h i c h   is   n o r m a l   f o r  a   r o l l e r   m i l l .  

Yet  a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n   i s   to  a l l o w  

such   m i l l i n g   of  t h e   k i n d   m e n t i o n e d   above   in  a  s i n g l e  



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

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

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

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

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

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

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

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

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

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

of  u n s a t i s f a c t o r y   g r o o v e   c o n f i g u r a t i o n s   and  do  n o t  

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

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

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

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

b e f o r e   t h e   s u b s e q u e n t   s i f t i n g   o p e r a t i o n .   P a r t i c u l a r l y ,  

t h e   i n v e n t i o n   has   f o r   i t s   o b j e c t   to   d i s p e n s e   w i t h  

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

i n l e t   s i d e ,   and  i n c r e a s i n g l y   f i n e r   g r o o v e d   z o n e s   t o -  

w a r d s   t h e   o u t l e t   or  d i s c h a r g e   s i d e .  

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

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

r y i n g   o u t   t h e   m e t h o d   and   by  means   of  w h i c h   t h e   p r o -  

c e s s i n g   can   be  c a r r i e d   o u t   in   a  s i m p l e ,   a d j u s t a b l e  

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

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

s u b s e q u e n t   s e p a r a t i o n   i n t o   d e s i r e d   f r a c t i o n s   or  f r a c -  

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

s i m p l e   and  e f f i c i e n t   s i f t i n g   d e v i c e .  

T h e s e   o b j e c t s   h a v e   now  been   a c h i e v e d   by  a  m e t h o d  

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

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

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

p r e s e n t   i n v e n t i o n   w i l l   be  d e s c r i b e d   in  more   d e t a i l  

h e r e i n b e l o w   by  way  of  e x a m p l e s   w i t h   r e f e r e n c e   to  t h e  

a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h :  



F i g .   1  is   a  s c h e m a t i c   v i ew  of  a  s u b s t a n t i a l l y  

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

t i o n ;   F i g .   2  is  a  s c h e m a t i c   v i ew  of  a  d i s k   m i l l   a c c o r d -  

ing  to  t he   i n v e n t i o n   i n c l u d e d   in  the   p l a n t   of  F i g .   1 ;  

F i g .   3  i l l u s t r a t e s   t h e   i n t e r i o r   of  t he   m i l l   h o u s i n g  
w h e r e i n   is   m o u n t e d   a  s t a t i o n a r y   m i l l i n g   d i s k ,   t h e  

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

c o o p e r a t i o n   t h e r e w i t h   b e i n g   r e m o v e d ;   F i g .   4  i s   a  c r o s s -  
s e c t i o n a l   v iew  of  c o o p e r a t i n g   m i l l i n g   d i s k s   a c c o r d i n g  

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

z o n e s   w h i c h   a r e   f a c i n g   each   o t h e r   and  t he   c o n i c i t y   o f  

wh ich   is  i l l u s t r a t e d   in  an  e x a g g e r a t e d   m a n n e r   to  i l l u -  

s t r a t e   how  the   i n f e e d   p r o b l e m   is   s i m p l y   s o l v e d   in  d i s k  

m i l l s   a c c o r d i n g   to  t h e   i n v e n t i o n ;   F i g .   5  i s   a  s c h e m a t i c  

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

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

to  t he   i n v e n t i o n ;   F i g .   6  s c h e m a t i c a l l y   i l l u s t r a t e s  

two  d i f f e r e n t   or  r e v e r s e   c u t t i n g   or  s h e a r i n g   d i r e c t i o n s  

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

F i g .   7  i s   a  s c h e m a t i c   v iew  on  an  e x a g g e r a t e d   s c a l e   o f  

one  e x a m p l e   of  t h e   d e s i g n   of  t h e   c u t t i n g   t e e t h   or  g r o o v e s  
of  a  m i l l i n g   d i s k   a c c o r d i n g   to  t he   i n v e n t i o n ;   F i g .   8 

i s   a  s c h e m a t i c   v i ew  of  t h e   s h e a r   a n g l e s   f o r   and  t he   a n g l e  

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

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

s e g m e n t s   of  t h e   t y p e   i l l u s t r a t e d   in  F i g .   7  and  s h o w n  

when  c o o p e r a t i n g   a t   a  c e r t a i n   r e l a t i v e   r o t a r y   a n g l e ;  

and  F i g .   9  i s  a   s c h e m a t i c   v i ew   of  a  m i l l   w h i c h   c o m p r i s e s  

d i s t i n c t   c o n i c a l   m i l l i n g   d i s k s   of  t he   s t a t o r   and  r o t o r  

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

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

r a t i o n   as  the   m i l l i n g   d i s k s  i n   F i g s .   1 - 8 .  

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

a  d i s k   m i l l   g e n e r a l l y   d e s i g n a t e d   1  and  a  s i f t i n g   p l a n t  

g e n e r a l l y   d e s i g n a t e d   2  wh ich   is   c o n n e c t e d   to  t h e   o u t l e t  

3  of  t he   d i s k   m i l l .   The  d i s k   m i l l ,   shown  in  g r e a t e r  

d e t a i l   in  F i g s .   2  and  3,  i s   p r o v i d e d   w i t h   a  p a i r   o f  



m i l l i n g   d i s k s   4,  5  of  w h i c h   o n l y   one  i s   shown  in  F i g .   3 .  

One  m i l l i n g   d i s k   5  may  be  r o t a t a b l e   and  a x i a l l y   a d j u s t -  
a b l e  w h e r e a s   t h e   o t h e r   m i l l i n g   d i s k   4  may  be  s t a t i o n a r y .  

In  F i g .   2,  t h e   m i l l i n g   d i s k   5  i s   d e t a c h a b l y   m o u n t e d  

on  a  p l a t e   5a  w h i c h   i s   r o t a t a b l e   by  means   of  a  d r i v e  

s h a f t   6 .  

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

m o t o r   s h o u l d   be  a b l e   to   d r i v e   t h e   m i l l i n g   d i s k   5  a t  

an  a d j u s t a b l e   s p e e d   and  p r e f e r a b l y   a l s o   in   r e v e r s e  

d i r e c t i o n s   of  r o t a t i o n .  

O p t i o n a l l y ,   b o t h   m i l l i n g   d i s k s   may  be  r o t a t a b l e  

a t   a d j u s t a b l e   s p e e d s ,   and  p r e f e r a b l y   in   r e v e r s e   d i -  

r e c t i o n s   of  r o t a t i o n   f o r   one   or   b o t h   of  t h e   m i l l i n g  

d i s k s .  

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

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

a n d ,   t h e r e f o r e ,   i t   i s   e q u i p p e d   w i t h   a  f e e d   c o n d u i t   7 

o p e n i n g   c e n t r a l l y   i n t o   t h e   m i l l i n g   c h a m b e r   8  and  i n -  

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

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

m i l l i n g   d i s k .   The  m i l l i n g   p l a n t   now  d e s c r i b e d   i s   i n  

p r i n c i p l e   a l r e a d y   known  p e r   s e .   The  n o v e l t y   of  t h e  

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

t i o n   of  t h e   m i l l i n g   d i s k s .  

The  c o n s t r u c t i o n ,   g r o o v e   c o n f i g u r a t i o n   and  c o o p e r a -  
t i o n   of  t h e   m i l l i n g   d i s k s   a r e   i l l u s t r a t e d   in   F i g s .   4 - 7  

and  w i l l   be  d e s c r i b e d   h e r e i n b e l o w .  

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

t h e   i n v e n t i o n   i s   t h a t   i t   h a s   o n l y   one  a n n u l a r   g r o o v e d  

zone   10  w h i c h   i s   l o c a t e d   a d j a c e n t   or  a t   t h e   o u t e r  

c i r c u m f e r e n t i a l   edge   of  t h e   d i s k   and  i s   r e l a t i v e l y  

n a r r o w   in   r e l a t i o n   to  t h e   r a d i u s   of  t h e   d i s k   and  d i v i d e d  

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

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

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

a r e   p a r a l l e l   and  t h e   r i d g e s   12a ,   12b,   12c  of  e a c h  

s e g m e n t   f o r m   e q u a l l y   l a r g e   a n g l e s   in  r e l a t i o n   t o - t h e  



r i d g e s   of  a d j o i n i n g   s e g m e n t s .   F u r t h e r ,   in  t h e   p r e f e r r e d  

e m b o d i m e n t ,   t h e   f i r s t   r i d g e   as  c o u n t e d   in  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 ,   such   as  t h e   r i d g e   12a  of  t h e   s e g m e n t  

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

to  a  d i s k   r a d i u s ,   and  a c c o r d i n g   to  t he   i n v e n t i o n   t h e  

p a r a l l e l   g r o o v e s   of  each   s e g m e n t   have   e q u a l   w i d t h   a n d  

e q u a l   d e p t h   t h r o u g h o u t   t h e   e n t i r e   l e n g t h   of  t h e   g r o o v e s  
f rom  t h e   i n n e r   c i r c u m f e r e n c e   of  t he   g r o o v e d   zone   10  t o  

t h e   o u t e r   c i r c u m f e r e n c e   t h e r e o f .  

In  p r i n c i p l e ,   the   r i d g e s   d e f i n e d   by  t h e   g r o o v e s   a r e  

of  s a w t o o t h - s h a p e d   c r o s s - s e c t i o n ,   as  i l l s t r a t e d   in  F i g .   6 ,  

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

c r e s t s   of  t h e   r i d g e s   a re   p l a n a r   such   t h a t   e a c h   r i d g e  

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

t h e r e o f   i s   u s a b l e   as  c u t t i n g   s i d e   ( s e e   F i g .   7 ) .  

The  a n g l e   v  b e t w e e n   t h e   c u t t i n g   f l a n k s   and  t h e  

r e a r   f l a n k s   13  and  14,  r e s p e c t i v e l y ,   t h e   i n c l i n a t i o n  

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

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

β  of  t h e   c u t t i n g   f l a n k s   in  r e l a t i o n   to  t h e   r e l a t i v e  

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

w i d t h   of  t h e   p l a n a r   c r e s t   s u r f a c e   15  may  v a r y   a n d  

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

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

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

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

of  r o t a t i o n   of  one  d i s k   in  r e l a t i o n   to  t h e   o t h e r ,  

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

c u t t i n g   f l a n k   to   c u t t i n g   f l a n k   ( S / S ) ,   r e a r   f l a n k   t o  

r e a r   f l a n k   ( R / R ) ,   c u t t i n g   f l a n k   to  r e a r   f l a n k   ( S / R )  

or  r e a r   f l a n k   to  c u t t i n g   f l a n k   ( R / S ) ,   and  in  a  m a n n e r  

s i m i l a r   to   t h a t   known  from  m i l l i n g   in  r o l l e r   m i l l s ,  

t h e   a n g l e   of  i n t e r s e c t i o n   of  t h e   c u t t i n g   t e e t h ,   i . e .  

t h e   s h e a r   a n g l e ,   may  v a r y ,   w h e r e b y   d i f f e r e n t   m i l l i n g  

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

In  g e n e r a l   or  in  p r i n c i p l e ,   a  movement   of  t h e   t y p e  

c u t t i n g   f l a n k   to  c u t t i n g   f l a n k   ( S / S )   y i e l d s   a  c o a r s e -  



m i l l e d   p r o d u c t ,   a  m o v e m e n t   r e a r   f l a n k   to   r e a r   f l a n k  

(R/R)   y i e l d s   a  f i n e - m i l l e d   p r o d u c t   and  a  m o v e m e n t  

c u t t i n g   f l a n k   to   r e a r   f l a n k   (S/R)   or  r e a r   f l a n k   t o  

c u t t i n g   f l a n k   ( R / S )   y i e l d s   a  medium  f i n e   p r o d u c t   i n  

m i l l i n g .   H o w e v e r ,   d e p e n d i n g   upon  t h e   s i z e   of  t h e   g r o o v e s  
and  t h e   a d j u s t m e n t   of   t h e   d i s k s ,   t h e s e   c o m b i n a t i o n s  

can   a l s o   be  u s e d   f o r   d e h u l l i n g .   The  n u m b e r   of  g r o o v e s  
in   t h e   d i s k ,   i . e .   t h r o u g h o u t   t h e   e n t i r e   c i r c u m f e r e n c e  

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

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

d e r a t i o n   of  t h e   p r o d u c t   ( f l o u r ,   h u l l e d   k e r n e l s   e t c . )  

to   be  p r o d u c e d .  

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

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

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

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

on  e a c h   d i s k   i s   of  c o u r s e   d e p e n d e n t   on  t h e   s i z e   ( a r c  

l e n g t h )   of  t h e   s e g m e n t   and  t h e   d i a m e t e r   of  t h e   d i s k ,  

b u t   as  a  g u i d e l i n e   i t   may  be  m e n t i o n e d   t h a t   t h e   i n -  

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

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

of  a b o u t   4 0 0 - 6 0 0   mm  s h o u l d   be  so  s e l e c t e d   t h a t   t h e  

s e g m e n t   c o v e r s   15°  of  t h e   c i r c u m f e r e n c e   of  t h e   d i s k .  

Of  c o u r s e ,   i t   s h o u l d   be  e n s u r e d   t h a t   an  e q u a l   d i s t r i b u -  

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

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

c i r c u m f e r e n t i a l   a n g l e   150  f o r   e a c h   s e g m e n t ,   24  s e g m e n t s  

can   be  a r r a n g e d   on  e a c h   d i s k .  

F u r t h e r ,   as  a  g u i d e l i n e   a l s o   i t   may  be  m e n t i o n e d  

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

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

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

1  mm,  a  w i d t h   of  t h e   c r e s t   s u r f a c e   15  of  e a c h   r i d g e  

of  a b o u t   0 .3   mm,  and  a  c u t t i n g   a n g l e   β  of   a b o u t   9 0 ° .  

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

c o v e r s   15°  of  t h e   c i r c u m f e r e n c e   of  t h e   d i s k ,   t h e   n u m b e r  



of  c u t t i n g   t e e t h   pe r   cm  f o r   each   s e g m e n t   11  w i l l   b e  

a b o u t   4 . 1 .   The  a n g l e   a  of  t he   c u t t i n g  t e e t h   in  r e l a t i o n  

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

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

such   a  n a r r o w   r a n g e   as  a b o u t   3 - 1 5   or  more  p r e f e r a b l y  
5 - 1 0  .   I t   i s   p a r t i c u l a r l y   s u g g e s t e d   t h a t   t h i s   a n g l e  

a  f o r   t he   a b o v e - i n d i c a t e d   p r e f e r r e d   d i m e n s i o n s   o f  

b o t h   c u t t i n g   t e e t h  a n d   s e g m e n t s   be  7 . 5 ° .   The  a n g l e  

a  may  be  p o s i t i v e   or  n e g a t i v e   d e p e n d i n g   upon  t he   d i -  

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

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

ing  t he   r a d i u s   Rc  has   i t s   o u t e r   end  l o c a t e d   b e f o r e  

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

of  t he   d i s k .  

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

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

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

on  t he   b a s i s   of  p e r f o r m e d   a n a l y s e s   of  t he   r e s u l t s ,  

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

m i l l i n g   d i s k s   s h o u l d   be  s i m i l a r ,   wh ich   does   no t   e x c l u d e  

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

r e l a t i o n   to  t h a t   of  t h e   o t h e r   d i s k .   If   t he   a n g l e   a  

f o r   one  d i s k   i s   a s s u m e d   to   be  p o s i t i v e ,   t he   a n g l e  

a  f o r   t he   o t h e r   d i s k   may  t h u s   be  p o s i t i v e   or  n e g a t i v e  

and  s e l e c t e d   in  v i e w   of  t h e   m a t e r i a l   to  be  p r o c e s s e d  

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

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

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

as  in  F i g .   6,  a r e   c o m p a r e d ,   t h e   a n g l e   or  d i r e c t i o n  

β  o f   t he   c u t t i n g   t e e t h   may  be  c o n s i d e r e d   p o s i t i v e  
(β+)  f o r   one  d i s k   and  n e g a t i v e   (β - )   f o r   t he   o t h e r .  

I t   w i l l   be  u n d e r s t o o d   f rom  t he   above   t h a t   b o t h   f a c e s  

of  t he   d i s k s   may  be  p r o v i d e d   w i t h   c u t t i n g   t e e t h   w i t h  

t he   same  c u t t i n g   a n g l e   ( i n c l i n a t i o n   of  c u t t i n g   t e e t h  

in  r e l a t i o n   to  t h e   d i r e c t i o n   of  r o t a t i o n ) ,   i . e .   e i t h e r  

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

to  each   o t h e r   d e p e n d i n g   on  the   s e l e c t e d   d i r e c t i o n  



of  r o t a t i o n   of  one   d i s k   in   r e l a t i o n   to   t h e   o t h e r .  

The  f l a n k   i n c l i n a t i o n   β+  or  β-  of  t h e   c u t t i n g   t e e t h  

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

I f   i t   i s   a s s u m e d   t h a t   t h e   a b o v e - m e n t i o n e d   a n g l e  

a  i s   a1  f o r   one   m i l l i n g   d i s k   and  a2  f o r   t h e   o t h e r  

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

K  of  t h e   c u t t i n g   t e e t h   of  t h e   two  d i s k s   d u r i n g   r e l a -  

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

and  a  maximum  a c c o r d i n g   to   t h e   r e l a t i o n s h i p   K=(@1+@2)±x  
w h e r e   a1  and  a21  r e s p e c t i v e l y ,   i s   t h e   s h e a r   or  c u t  

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

c e n t e r   l i n e   of  t h e   s e g m e n t   and  w h e r e   x  i s   t h e   a r c   a n g l e  

of  t h e   s e g m e n t   a t   t h e   c e n t e r   of  t h e   d i s k .  

For   e a c h   a n g l e   x,  when  @1=-@2,  t h e   a n g l e   of  i n t e r -  

s e c t i o n   K  w i l l   be  ±x,   r e s u l t i n g   in   a  c o n c o r d a n t   p u l -  

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

of  o u t w a r d   m o v e m e n t s   and  i n w a r d   m o v e m e n t s .  

F u r t h e r ,   t h e   f o r m u l a   K = ( a l + a 2 ) + x   i s   a l w a y s   v a l i d  

and  a p p l i e s   to   t h e   f o l l o w i n g   r e l a t i o n s h i p :  

w h e n  

p u l s a t i o n   i s   a l w a y s   o b t a i n e d ,   and  i f   @1=@2,  t h e  

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

b u t   i f   @1  d i f f e r s   f r o m   a2 ,   t h e   i n w a r d   and  o u t w a r d  

p u l s a t i o n s   w i l l   be  u n e q u a l ,  

w h e n  

o n l y   o u t w a r d   o r  o n l y   i n w a r d   m o v e m e n t s   of  a n g u l a r  
i n t e r s e c t i o n   a r e   o b t a i n e d   a n d ,   c o n s e q u e n t l y ,   o n l y  

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

of  r o t a t i o n .  

As  w i l l   be  a p p r e c i a t e d   f rom  t h e   a b o v e   and  t h e  

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

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

d i s k ,   b u t   t h i s   i s   n o t   an  a b s o l u t e   r e q u i r e m e n t   f o r  

o b t a i n i n g   p u l s a t i o n .   In  s p e c i a l   c a s e s ,  

i f  

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

t h e   c e n t e r ,   a n d  



i f   a  =  | x  2 | ,  

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

edge   of  t h e   s e g m e n t .  

T h u s ,   i t   s h o u l d   be  o b s e r v e d   t h a t   i t   i s   in  p r i n c i p l e  
n o t   a b s o l u t e l y   n e c e s s a r y   t h a t   any  of  t h e   c u t t i n g   t e e t h  

e x t e n d   r a d i a l l y   t o w a r d s   t he   c e n t e r .  

T e s t s   h a v e   shown  t h a t   t he   a n g l e s   a  and  x  s h o u l d   l i e  

w i t h i n   r e l a t i v e l y   n a r r o w   r a n g e s   and  p r e f e r a b l y   such   t h a t  

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

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

t h e   f l a n k   a n g l e s  β 1   and  β2  of  t h e   c u t t i n g   t e e t h ,   a n d  

w i t h   r e s p e c t   to   t h e   d e p t h   d .  

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

If   a l l   t h e   r i d g e s   e x t e n d  t o w a r d s   t h e   c e n t e r   of  t h e  

m i l l i n g   d i s k   and  a r e   i d e n t i c a l ,   no  o u t w a r d ,   i n w a r d   o r  

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

r i g h t   on  one  d i s k   and  to  t he   l e f t   on  t h e   o t h e r ,   t h e  

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

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

i s   c h a n g e d   s t e p w i s e   f rom  one  r i d g e   to  t h e   n e x t   f r o m  

one  edge   of  t h e   s e g m e n t   to  t he   o t h e r ,   as  in   t h e   s e g m e n t s  

a c c o r d i n g   to   t h e   i n v e n t i o n .  

If   @1  and  a2  a r e   7 . 5 °   and  x  i s   15° ,   K = ( 7 . 5 ° + 7 . 5 ° )  

± 1 5 ° ,   i . e .   K  v a r i e s   b e t w e e n   0°  and  30° .   I f ,   on  t h e   o t h e r  

h a n d ,   t he   a n g l e s   a   and  a2  a re   7 . 5 ° ,   b u t   one  i s   p o s i t i v e  

and  t he   o t h e r   n e g a t i v e ,   t he   a n g l e   of  i n t e r s e c t i o n   K  v a -  
r i e s   a c c o r d i n g   to   t he   r e l a t i o n s h i p   K = ( 7 . 5 ° - 7 . 5 ° ) ± 1 5 ° ,  

i . e .   b e t w e e n   - 1 5 °   and  +15°  in  t h e   c a s e   a s s u m e d .   A c c o r d -  

i ng   to  t h e   i n v e n t i o n ,   t h i s   f a c t   may  be  u s e d   f o r   a d j u s t -  

i n g   t he   m i l l i n g   e f f e c t .  

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

a c c o r d i n g   to  t h e   i n v e n t i o n   may,  d e p e n d i n g   on  t h e   m o v e -  



m e n t s   ( R / R ) ,   ( S / S )   e t c . )   p e r f o r m e d   be  c o n s i d e r e d   t o  

be  c o n s t i t u t e d   by  t h e   edge   b e t w e e n   t h e   c r e s t   s u r f a c e  

and   e i t h e r   t h e   c u t t i n g   f l a n k   13  or  t h e   r e a r   f l a n k  

14  a c c o r d i n g   to   t h e   t e r m s   u s e d   a b o v e .   The  c u t t i n g  

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

t h e   i n v e n t i o n   h a v e   in  a  p e r   se  known  m a n n e r   t h e   s a m e  
e f f e c t   as  t h e   c u t t i n g   e d g e s   of  a  p a i r  o f   s c i s s o r s  

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

or   c u t t i n g   e f f e c t   on  t h e   m i l l i n g   m a t e r i a l   w h i l e   t h e  

m i l l i n g   d i s k s   a r e   p e r f o r m i n g   a  t e a r i n g   or   g r i n d i n g   o p e -  
r a t i o n .   Fo r   a  c e r t a i n   r e l a t i v e   d i r e c t i o n   of  r o t a t i o n  

of   t h e   m i l l i n g   d i s k s ,   t h e   a n g l e s   of  i n t e r s e c t i o n   K  b e -  

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

move  r a d i a l l y   o u t w a r d s   t o w a r d s   or   i n w a r d l y   away  f r o m  

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

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

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

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

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

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

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

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

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

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

D e p e n d i n g   upon   t h e   d e s i g n   of  t h e   c u t t i n g   t e e t h ,   t h e  

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

-  t e e t h   R / R ,   S /S   or   S/R  and  R/S  and  d e p e n d i n g   upon   t h e  

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

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

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

of  t h e   m i l l i n g   m a t e r i a l   b e t w e e n   t h e   m i l l i n g   d i s k s .  

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

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

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

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

as  S / S ,   R/R,   S/R  (R/S)   f o r   t h e   m o v e m e n t s   of  t h e   c u t t i n g  

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



t h e i r   s i g n s   (+  or  - ) ,   t he   c u t t i n g   t o o t h   d i r e c t i o n s  

a n d   t h e i r  s i g n s   (+  or  - ) ,   r e v e r s a l   or  not   of  t h e  

g r o o v e   c o n f i g u r a t i o n   of  one  m i l l i n g   d i s k   in  r e l a t i o n  

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

A t t e n t i o n   s h o u l d   p a r t i c u l a r l y   be  drawn  to  o n e  

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

to  t he   i n v e n t i o n .   In  f a c t ,   i f   t h e   c u t t i n g   t e e t h   of  o n e  

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

a n g l e   a,  such   t h a t  t h e   c u t t i n g   t e e t h   of  one  d i s k   a r e  

p a r a l l e l   to   t h e   c u t t i n g   t e e t h   of  t he   o t h e r   d i s k   t h r o u g h -  

ou t   t h e   e n t i r e   c i r c u m f e r e n c e   of  t h e   g r o o v e d   zone  d u r i n g  

a  s h o r t   moment  when  one  d i s k   a r r i v e s   in  a  c o n f o r m i n g  

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

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

ly  w i t h   r a d i a l   i n w a r d   and  o u t w a r d   movemen t   of  t h e   p o i n t s  

K  in  a  r o t a t i n g   p a t t e r n   of  p u l s a t i o n s   w i t h   i n s t a n t a n e o u s  

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

one  d i s k   p a s s   c o i n c i d i n g   a n g u l a r   p o s i t i o n s   in  r e l a t i o n  

to  t he   g r o o v e s   of  t he   o t h e r   d i s k .   Thus ,   d u r i n g   t h e s e   s h o r t  

m o m e n t s ,   when  a l s o   t h e   c u t t i n g   t e e t h   on  one  d i s k   a r e   p a -  

r a l l e l   to  t h o s e   on  the   o t h e r   d i s k ,   t he   g r o o v e s   in  t h e  

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

r a d i a l   c h a n n e l s .   The  o c c u r r e n c e   of  t h i s   e v e n t   pe r   r e v o l u -  

t i o n   e q u a l s   to  t h e   number   of  s e g m e n t s ,   when  the   two  d i s k s  

have  an  e q u a l l y   l a r g e   number   of  s e g m e n t s   and  t he   d i s t r i b u -  

t i o n   of  g r o o v e s   and  r i d g e s   i s   e q u a l   and  when  al  and  a 2  
f o r   t h e   two  d i s k s   a r e   e q u a l   b u t   of  o p p o s i t e   s i g n s .   T h e  

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

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

in  t h i s   c a s e   in  p r i n c i p l e   b e c o m e s   z e r o   and  the   f e e d   t a k e s  

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

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

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

t a t i o n   of  t h e   d i s k s .   The  m i l l i n g   m a t e r i a l   b e t w e e n   t h e  

d i s k s   a r e   c o n s t a n t l y   mixed   by  b e i n g   moved  by  t h e   c u t t i n g  

t e e t h   s i d e w a y s   f rom  one  g r o o v e   to  a n o t h e r   d u r i n g   t he   o u t -  

ward  movemen t   of  f e e d ,   t h i s   m i x i n g   b e i n g   i n c r e a s e d   i n  



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

ly   c h a n g e s   in   d e p e n d e n c e   upon  t h e   i n s t a n t a n e o u s   s p e e d s  

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

of  i n t e r s e c t i o n   of  t h e   c u t t i n g   t e e t h   and  in   d e p e n d e n c e  

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

w h i c h ,   as  a p p e a r s   f r o m   t h e   a b o v e ,   v a r i e s   b e t w e e n   a  

minimum  v a l u e ,   when  t h e   p o i n t s   of  i n t e r s e c t i o n   o f  

t h e   c u t t i n g   t e e t h   h a v e   r e a c h e d   t h e i r   maximum  v a l u e ,  

and  a  maximum  v a l u e   w h i c h   i s   e q u a l   to   t h e   r a d i u s   o f  

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

of  t h e   g r o o v e s   a t t a i n   t h e   z e r o   v a l u e .   The  same  a p p l i e s  

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

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

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

of  i n t e r s e c t i o n   of   t h e   c u t t i n g   t e e t h   move  e i t h e r   r a -  

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

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

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

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

t h e   e n t i r e   r a d i u s   of  t h e   g r o o v e d   z o n e .   The  " o p e n i n g  

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

t h e   r e l a t i v e   s p e e d   of  r o t a t i o n   of  t h e   d i s k s ,   can  be  u s e d  

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

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

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

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

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

d e c e l e r a t e d   t h e   n e x t   moment   by  c u t t i n g   t e e t h   i n t e r s e c t -  

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

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

and  t h e   s h e a r i n g   a n g l e s   of  t h e   c u t t i n g   t e e t h   a r e   l a r g e r .  

As  to  t h e   " f e e d   e f f e c t "   d e s c r i b e d   a b o v e ,   i t   s h o u l d  

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

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

on  t h e   c o a r s e r   m a t e r i a l   and ,   by  an  " e f f e c t   of  p u l s a t i o n " ,  

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

been   d i s i n t e g r a t e d .  



I t   i s   a l s o   p o s s i b l e   to  p r o f i t   f rom  t h e   a b o v e -  

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

to  t he   i n v e n t i o n   f o r   o b t a i n i n g   p u l s a t i n g   a e r a t i o n  

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

to  t he   i n v e n t i o n ,   e . g .   f o r   h u l l i n g .  

To  f u r t h e r   e l u c i d a t e   t he   e f f e c t   of  t h e   c u t t i n g  

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

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

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

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

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

and  s i z e   f rom  t r i a n g u l a r   s h a p e   w i t h   t h e   b a s e   o p e n  
f o r   f e e d   and  d i s c h a r g e ,   r e s p e c t i v e l y ,   a t   t he   i n t e -  

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

of  c l o s e d   q u a d r i l a t e r a l s .   M o r e o v e r ,   a  v a r y i n g   n u m -  

be r   of  c e l l s   w i l l   a l s o   p e r i o d i c a l l y   fo rm  r a d i a l l y  

open  c h a n n e l s   in   t h e   m a n n e r   w h i c h   w i l l   h ave   been   u n -  

d e r s t o o d   f rom  t h e   a b o v e .   The  c o r n e r   a n g l e s   and  l e n g t h  

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

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

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

r a d i a l   s p e e d   of  m o v e m e n t   of  t he   p o i n t s   K  of  i n t e r s e c -  

t i o n   of  t h e   c u t t i n g   t e e t h   is  d i f f e r e n t   in  d i f f e r e n t  

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

of  c o n v e y a n c e   t h e r e o f   w i l l   be  a d d e d   to   and  n o t   c o u n t e r -  

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

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

For  two  d i s k s   w i t h   p r e d e t e r m i n e d   g r o o v e d   z o n e  

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

a r e   t he   a n g l e s   a  and  a n d   t h e i r   s i g n s ,   t h e   a n g l e  

v,  the   g r o o v e   d e p t h   d  and  the   w i d t h   of  t h e   c r e s t   s u r f a c e  

15,  t he   p r o c e s s i n g   t i m e   b e t w e e n   t h e   d i s k s   can  be  a d j u s t -  

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

d i s k   in  r e l a t i o n   to  t h e   o t h e r   and  by  s e l e c t i n g   a  r e l a -  

t i v e   d i r e c t i o n   of  r o t a t i o n .  

I t   is   r e c o m m e n d e d   t h a t   a  number   of  m i l l i n g   d i s k s  

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



in   s t o c k   to   a l l o w   e x c h a n g e   of  d i s k s   f o r   p r o c e s s i n g  

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

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

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

z o n e   c o n f i g u r a t i o n s   need   h o w e v e r   be  k e p t   in  s t o c k .  

As  a l r e a d y   m e n t i o n e d   by  way  of  i n t r o d u c t i o n ,  

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

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

r e a s o n s   f o r   d e f i c i e n t   b r e a k d o w n .   The  e f f e c t   of  t h e  

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

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

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

i n f o r m a t i o n   on  t h e   c o n t e n t   of  t h e   d i f f e r e n t   c o n s t i -  

t u e n t s   in  t h e   r e s p e c t i v e   s i f t e d   f r a c t i o n .   A  p r i m a r y  

r e a s o n   f o r   t h i s   i s   t h a t   i t   has   n o t   b e e n   p o s s i b l e   o n  

t h e   b a s i s   of  t h e   r e s u l t s   of  a n a l y s i s   to   r e l a t e   t h e  

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

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

t e n t   of  e . g .   a s h   may  t h u s   d e p e n d   on  a  c o n c e n t r a t i o n  

of  h u l l   as  w e l l   as  a  c o n c e n t r a t i o n   of  a l e u r o n e   i n  

t h e   s a m p l e .   By  a  g r a d i n g   a n a l y s i s ,   in   w h i c h   t h e   p a r -  
t i c l e s   in   a  m i l l e d   s a m p l e   a r e   d i v i d e d   up  a c c o r d i n g  

to   s i z e ,   t h e r e   i s   o b t a i n e d   no  i n f o r m a t i o n   w h a t e v e r  

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

r i v e .   The  c o n c l u s i o n   b a s e d   on  c o n v e n t i o n a l   c o l o u r ,  

a s h   and  f i b e r   a n a l y s e s ,   and  g r a d i n g   a n a l y s e s   b a s e d  

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

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

c e r e a l   or  s e e d   k e r n e l s ,   may  t h e r e f o r e   g i v e   r i s e   t o  

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

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

f a c e s .   Not   u n t i l   r e c e n t l y   has   t h e   c o n v e n t i o n a l   t e c h -  

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

w h i c h   h a v e   made  i t   i s   p o s s i b l e   to   v e r i f y   in  a  r e l i a b l e  

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

t h e i r   o p e r a t i o n   a t   d i f f e r e n t   s e t t i n g s ,   e . g .   f o r   o b t a i n i n g  

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



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

SE  p a t e n t   s p e c i f i c a t i o n   7 8 1 1 3 0 7 - 3 ,   have   p r o v e d   p a r -  

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

use  of  m i l l i n g   d i s k s   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n .  

The  r e s u l t s   a c h i e v e d   w i t h   t he   m i l l i n g   d i s k s   of  t h i s   i n -  

v e n t i o n   h a v e   t u r n e d   ou t   to  be  s u r p r i s i n g l y   good .   A l s o ,  

i t   i s   h i g h l y   s u r p r i s i n g  t h a t   t h e s e   r e s u l t s   have   b e e n  

a c h i e v e d   by  means   of  a  g r o o v e   or  c u t t i n g   t o o t h   c o n f i g u -  

r a t i o n   t h a t   i s   e x t r e m e l y   e a s y   to  m a n u f a c t u r e .  

By  t h e   new  m e t h o d s   of  a n a l y s i s ,   i t   has  a l s o   b e e n  

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

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

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

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

s h o u l d   be  s e l e c t e d   so  as  to  be  e q u a l   f o r   a l l   s e g m e n t s  

and  so  t h a t   360°   d i v i d e d   by  t h e   number   of  s e c t o r s  

w i l l   g i v e   as  q u o t i e n t   an  i n t e g e r .   The  l a r g e r   t h e   s e c -  

t o r a l   a n g l e s   a r e ,   t h e   l a r g e r   become  t h e   s e g m e n t s ,  

w h i c h   m e a n s  t h a t   t h e   number   of  s e g m e n t s   t h a t   can  b e  

a r r a n g e d   on  one  m i l l i n g   d i s k   d e c r e a s e s   w i t h   t h e   s i z e  

of  t he   s e c t o r a l   a n g l e s ,   and  t h e   a n g l e s   of  i n t e r s e c t i o n  

of  t he   c u t t i n g   t e e t h   i n c r e a s e   on  an  a v e r a g e .   The  s m a l l e r  

the   s e c t o r a l   a n g l e s   a r e ,   t h e   l a r g e r   b e c o m e s   t h e   n u m -  

ber   of  s e g m e n t s   and  t h e   s m a l l e r   become   t he   a n g l e s  

of  i n t e r s e c t i o n   of  t h e   c u t t i n g   t e e t h   on  an  a v e r a g e .  
I t   has   b e e n   f o u n d   t h a t   t oo   l a r g e   or  t o o   s m a l l   a n g l e s  

of  i n t e r s e c t i o n   of  t h e   c u t t i n g   t e e t h   make  t h e   c u t t i n g  

t e e t h   l e s s   e f f i c i e n t .   P r a c t i c a l   t e s t s   and  r e s u l t s  

of  a n a l y s i s   have   shown  t h a t   t h e   number   of  s e g m e n t s  

s h o u l d   be  w i t h i n   t h e   r a n g e   of  1 2 - 4 8 ,   β1  w i t h i n   a b o u t  

0 - 2 5 ° ,   B2  w i t h i n   a b o u t   4 5 - 7 5 ° ,   and  a  w i t h i n   a b o u t  

3 - 1 5 ° ,   i . e .   t h e   a n g l e   e a c h   c u t t i n g   t o o t h   of  a  s e g m e n t  

makes  when  p a s s i n g   a c r o s s   t he   r a d i u s   of  s y m m e t r y   o f  

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

or  h u l l i n g .   I t   has   s u r p r i s i n g l y   been   f o u n d   t h a t   o p t i m u m  

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

r e s t r i c t e d   r a n g e ,   such   as  a b o u t   3 - 1 0 °   and  p r e f e r a b l y  



5 - 1 0 0 ,   e s p e c i a l l y   f o r   f l o u r   p r o d u c t i o n   by  means   o f  

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

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

t o   t h e   d a t a   r e c o m m e n d e d   a b o v e   f o r   t h e   i n d i c a t e d   p a r a -  
m e t e r s .   Any  d e v i a t i o n   f rom  t h e s e   p a r a m e t e r s   w h i c h   g i v e s  

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

m e t h o d s   of  a n a l y s i s   d e s c r i b e d ,   be  e s t i m a t e d   a t   +15% 

a t   m o s t .   A l s o ,   i t   s h o u l d   be  n o t e d   t h a t   t h e   a n g l e   a  i n  

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

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

be  r e c o m m e n d e d   f o r   s u c h   a  n a r r o w   r a n g e   as  6 - 9 ° ,   o p t i m a l -  

ly   7 . 5 ° ,   f o r   b a k e r y   m e a l .  

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

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

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

e a c h   d i s k   a t   t h e   i n l e t   s i d e   of  t h e   d i s k s .   When  f e e d i n g  

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

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

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

H o w e v e r ,   as   s t a t e d   a b o v e ,   t h e   a d j u s t m e n t   of  t h e   m i l l i n g  

d i s k s   i s   a  m a j o r   p r o b l e m ,   w h e t h e r   t h e s e   known  g r o o v e d  

z o n e s   a l t e r n a t e   or  v a r y   s t e p w i s e   or  s u c c e s s i v e l y   f r o m  

l a r g e   to   f i n e r   g r o o v e s .  

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

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

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

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

i n n e r   c i r c u m f e r e n c e   of  t h e   c u t t i n g   zone   to   t h e   o u t e r   c i r -  

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

s e g m e n t .   In  d i s k   m i l l s   a c c o r d i n g   to  t h e   i n v e n t i o n ,   t h e  

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

a n n u l a r   g r o o v e d   z o n e s   c o n i c a l ,   i . e .   t h e   c r e s t s   15  of  t h e  

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

f a c e   of  r o t a t i o n   w i t h   t h e   a p e x   of  t h e   cone   l o c a t e d   o n  

t h e   a x i s   of   r o t a t i o n   of  t h e   d i s k   in   t h e   p r e f e r r e d   e m b o -  

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

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



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

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

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

u s i n g   t he   f e e d   a c t i o n   of  t h e   c u t t i n g   t e e t h   when  t h e  

d i s k s   a r e   so  o p e r a t i n g   t h a t   t h e   p o i n t s   of  i n t e r s e c t i o n  

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

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

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

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

the   i n v e n t i o n   is   o p e r a b l e   in  a l l   p o s i t i o n s   and,   t h u s ,  

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

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

gap  b e t w e e n   the   d i s k s   is   l a r g e r   a t   t he   i n l e t  s i d e  

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

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

a d j u s t m e n t   of  one  m i l l i n g   d i s k ,   p r e f e r a b l y   the   r o t a t a b l e  

m i l l i n g   d i s k ,   in  r e l a t i o n   to   t h e   o t h e r   d i s k ,   t h e   m i l l -  

ing  gap  can  be  s e t   in  a  pe r   s e  k n o w n   m a n n e r .   S i n c e  

t h e   m i l l i n g   gap  i s   c o n i c a l ,   i t   i s   p o s s i b l e   to  a c h i e v e ,  

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

a  s u f f i c i e n t l y   l a r g e   i n l e t   a t   an  o p t i m a l   gap  a d j u s t m e n t  

f o r   any  s e l e c t e d   d e g r e e   of  m i l l i n g .   In  c o n n e c t i o n   w i t h  

t he   a d j u s t m e n t ,   t h e   gap  w i d t h   i s   u n i f o r m l y   c h a n g e d  

t h r o u g h o u t   t he   e n t i r e   r a d i a l  e x t e n t   t h e r e o f .   S i n c e  

the   c u t t i n g   t e e t h   and  t h e   g r o o v e s   have   c o n s t a n t   d i m e n -  

s i o n s   f rom  the   i n n e r   p e r i p h e r y   of  t h e   c u t t i n g   zone  t o  

the   o u t e r   p e r i p h e r y   t h e r e o f ,   t h e   c u t t i n g   t e e t h   w i l l  

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

e n t i r e   l e n g t h ,   i . e .  t h e   e f f e c t   of  t h e   c u t t i n g   r i d g e s  

on  t he   c e r e a l s   s u p p l i e d   and  t h e i r   e f f e c t   on  the   p a r t i c l e s  

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

t he   d i s c h a r g e   s i d e   w i l l   in  a c t u a l   p r a c t i c e   be  v e r y  

c o n s t a n t .  

The  d e v i c e   f o r   a d j u s t i n g   t h e   a x i a l l y   a d j u s t a b l e   d i s k  

is   no t   shown  s i n c e   any  s u i t a b l e   p r i o r   a r t   a d j u s t i n g  

d e v i c e   f o r   such   a d j u s t m e n t   of  d i s k   m i l l s   can  be  u s e d .  

P r e f e r a b l y ,   such   a d j u s t i n g   d e v i c e   s h o u l d   be  a r r a n g e d  



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

r e a s o n s   t h a t   one   s i d e   w a l l   of  t h e   h o u s i n g ,   such   a s  

t h e   r i g h t - h a n d   w a l l   17  as  shown  in   F i g .   2,  p r e f e r a b l y  

i s   r e a d i l y   r e m o v a b l e   or   o p e n a b l e   as   a  d o o r .   H o w e v e r ,  

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

d i s k   5  a d j u s t a b l e   by  means   of  a  h a n d w h e e l   a c c e s s i b l e  

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

to   s u c h   d i s k   by  means   of  a  t r a n s m i s s i o n   d e v i c e   w h i c h  

e x t e n d s   t h r o u g h   t h e   w a l l   18  of  t h e   m i l l   h o u s i n g .  

I t   i s   c o n c e i v a b l e   to  a s s e m b l e   t h e   c i r c u l a r   c u t t i n g  

z o n e   of  e a c h   d i s k   of  a  s e r i e s   of  s e g m e n t s   11  e a c h  

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

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

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

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

z o n e s   have   a  l a r g e r   a n g l e   of  c o n v e r g e n c e   on  t h e   i n l e t  

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

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

d i s t a n c e   f o r   f i n e   p r o c e s s i n g .   H o w e v e r ,   a n a l y s e s   o f  

m i l l e d   s a m p l e s   h a v e   shown  t h a t   t h e   g a i n   of  such   a  

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

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

A n a l y s e s   on  s a m p l e s   o b t a i n e d   in   m i l l i n g   w i t h   d i f -  

f e r e n t   s e t t i n g s   of  t h e   m i l l i n g   gap  and  in   o p e r a t i o n   a t  

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

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

r e n t   gap  s e t t i n g s   i s   f o r e s e e a b l e   and   t h a t   t h e   r e s u l t s  

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

w i t h   p r e s e n t - d a y   r o l l e r   m i l l s .   Among  t h e   m a j o r   a d v a n -  

t a g e s   a f f o r d e d   by  t h e   d i s k   m i l l   a c c o r d i n g   to  t h e   i n v e n -  

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

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

1)  a  s u b s t a n t i a l   i n c r e a s e   in   p r o d u c t   y i e l d ,   c o m p l y -  

i n g   w i t h   s p e c i f i e d   q u a l i t y   r e q u i r e m e n t s ,   pe r   t i m e   u n i t  

f o r   a  c o m p a r a b l e   m i l l i n g   a r e a ;  

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

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



s p a c e   r e q u i r e d   in  c o n v e n t i o n a l   r o l l e r   m i l l s ;  

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

o p e r a t i o n   and  m a i n t e n a n c e   as  c o m p a r e d   w i t h   a  r o l l e r  

m i l l   f o r   t h e ; s a m e   p r o d u c t   y i e l d   pe r   h o u r   and  t he   s a m e  

p r o d u c t   q u a l i t y ;  

4)  t h e  e f f e c t   of  b r e a k d o w n ,   i . e .   t h e   d i s i n t e g r a t i n g  

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

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

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

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

c o r d i n g   t o , ' t h e   i n v e n t i o n ;  

5)  t h e   d i s k   m i l l   a c c o r d i n g  t o   t he   i n v e n t i o n   c a n  

e a s i l y   b e  a d j u s t e d   f o r   d i f f e r e n t   t y p e s   of  m i l l i n g   m a -  

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

to  be  p r o d u c e d .   For  i n s t a n c e ,   i t   can  be  a d j u s t e d   r e l a -  

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

h i g h - q u a l i t y   b a k e r y   meal   by  s i f t i n g ;  

6 )  a   s e r i e s   of  d i s k   m i l l s   a c c o r d i n g   to  t h e   i n v e n t i o n  

can  o p e r a t e   in  p a r a l l e l   w i t h   each   o t h e r   f o r   i n d u s t r i a l  

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

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

o p e r a t i n g   in  p a r a l l e l   can  be  r e m o t e - c o n t r o l l e d   a c c o r d i n g  

to  p r o g r a m s   wh ich   b e c a u s e   of  t h e   f a c t   t h a t   t h e   r e s u l t   o f  

d i f f e r e n t   a d j u s t m e n t s   i s   p r e d i c t a b l e ,   can  e a s i l y   be  p r e -  

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

l i t y   f o r   a l l   of  t h e   m i l l s   o p e r a t i n g   in  p a r a l l e l ,   or  f o r  

d i f f e r e n t   p r o d u c t s   f rom  one  or  more  of  t h e   m i l l s .  

,The  i m p r o v e d   r e s u l t s   in  d i s k   m i l l s   a c c o r d i n g  

to  t he   i n v e n t i o n   a r e   so  s u b s t a n t i a l   t h a t   a  c o m p a r i s o n  

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

of  m i n o r   i n t e r e s t .   T h e r e f o r e ,   as  an  i l l u s t r a t i v e   e x a m p l e ,  

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

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

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

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

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

a  c a p a c i t y   of  5  t o n s / 2 4   h,  i . e .   a b o u t   200  k g / h ,   i t   w a s  

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



73%  and  an  a sh   c o n t e n t   of  a b o u t   0 .8   %. 

T h i s   s u b s t a n t i a l   a c c u m u l a t i o n   of  m a c h i n e s   o f  

a  c a p a c i t y   of  200  k g / h   i s   i l l u s t r a t i v e   of  r o l l e r   m i l l s  

a c c o r d i n g   to  t h e   p r i o r   a r t   t e c h n i q u e .  

F u r t h e r ,   t h e   f o l l o w i n g   a p p l i e s   to   t h e   a b o v e - m e n -  

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

s e v e r a l   r o l l e r   m i l l s :  

R e s u l t s   of  b a k i n g   f r o m   t e s t s   c o n d u c t e d   by  m e a n s  

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

l y s e s   Nos.   AH12  and  AD14  r e l a t e   to  f l o u r   p r o d u c e d  

w i t h   a  y i e l d   of  a b o u t   55-60%  f rom  t h e   a b o v e - m e n t i o n e d  

s h o r t   s i f t i n g   s y s t e m   a f t e r   o n l y   one  g r i n d i n g   p a s s a g e .  

A n a l y s i s   18  i s   p e r f o r m e d   w i t h   f l o u r   f rom  t h e  

s e c o n d   c o a r s e   p a s s a g e   in   a  s i n g l e   r o l l e r   m i l l .   T h e  

y i e l d   was  l e s s   t h a n   5%.  A n a l y s i s   No.  20  r e l a t e s   t o  

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

m i l l ,   t h e   y i e l d   b e i n g   l e s s   t h a n   a b o u t   1 - 2 % .  

I t   s h o u l d   be  n o t e d   t h a t   s a m p l e s   Nos .   3  and  4 ,  

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

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

w i t h   a  y i e l d   of  o n l y   a b o u t   1-2%,  m e r e l y   a r e   of  t h e o -  

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

d e s i r a b l e .   T e s t   N o .  5   r e l a t e s   to   common,   c o m m e r c i a l l y  

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

a b o u t   70%.  O t h e r w i s e ,   t h e   f i g u r e s   in   t h e   T a b l e   w i l l  

be  s e l f - e x p l a n a t o r y .  





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

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

s l i g h t l y   c o n i c a l ,   b u t   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  

to  more  p r o n o u n c e d l y   c o n i c a l   m i l l i n g   s u r f a c e s .  

I f   i t   i s   a s s u m e d   t h a t   t h e   c o n i c i t y   of  t he   r o t a r y  

m i l l i n g   d i s k   5  and  i t s   g r o o v e d   zone   10  in   F i g .   2  i s  

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

m i l l i n g   d i s k   4  i s   r e v e r s e d   and  i n c r e a s e d ,   i . e .   s u c h  

t h a t   t h e   a p e x   of  t h e   c o n e   i s   d i s p l a c e d   to   t h e   l e f t  

in  F i g .   2,  a  c o n i c a l   d i s k   m i l l   i s   o b t a i n e d ,   w h i c h  

s t i l l   has   s u b s t a n t i a l l y   t h e   same  c h a r a c t e r   and  t h e  

same  p o s s i b i l i t i e s   of  a d j u s t m e n t   as  t h e   m i l l   d e s c r i b e d  

a b o v e ,   i . e .   as  t h e   d i s k   m i l l   s c h e m a t i c a l l y   i l l u s t r a t e d  

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

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

of  F i g .   9.  In  t h i s   e m b o d i m e n t ,   t h e   r o t a r y   d i s k   i s  

in   t he   f o r m   of  a  c o n i c a l   r o t o r   5'   and  t h e   s t a t i o n a r y  

d i s k   in  t h e   f o r m   of  a  c o n i c a l   s t a t o r   4 ' .   The  f e e d  

i s   e f f e c t e d   t h r o u g h   a  c h a n n e l   7'  o p e n i n g   in  the   m i l l  

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

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

s i d e   of  t h e   r o t o r .   Of  c o u r s e ,   t h e   f e e d   may  i n s t e a d  

t a k e   p l a c e   a t   t h e   s m a l l   s i d e   and  t h e   d i s c h a r g e   a t  

t h e   b r o a d   s i d e   ( b a s e   s i d e   of  t h e   r o t o r ) .   In  F i g .   9 ,  

t h e   d r i v e   s h a f t   6  i s   i l l u s t r a t e d   as  a  h o r i z o n t a l   s h a f t ,  

b u t   t he   c o n i c a l   d i s k   m i l l   in   F i g .   9  i s   p a r t i c u l a r l y  

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

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

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

is   p o s s i b l e ,   b o t h   f o r   a  d i s k   m i l l   a c c o r d i n g   to  F i g .   9 

and  f o r   a  d i s k   m i l l   a c c o r d i n g   to   F i g .   2 .  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   t h e   g r o o v e d   z o n e s  

10  w i t h   t h e i r   m i l l i n g   s e g m e n t s   in  t h e   d i s k   m i l l   o f  

F i g .   9  in  p r i n c i p l e   have   t h e   same  c o n f i g u r a t i o n   a s  

d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g s .   4 - 8 ,   and  the   p r i n -  

c i p l e   of  o p e r a t i o n   i s   t h e   s ame ,   i . e .   d u r i n g   o p e r a -  

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



e n t i r e   m i l l i n g   a r e a   is   c o n s t a n t l y   w o r k i n g   as  o p p o s e d   t o  

r o l l e r   m i l l s   in  wh ich   o n l y   l i n e a r   c o n t a c t   z o n e s   of  t h e  

t o t a l   m i l l i n g   a r e a s   of  t he   r o l l e r s   c o o p e r a t i n g   p e r f o r m  
e f f e c t i v e   w o r k .  

As  a p p e a r s   f rom  F i g .   9,  i t   is   p o s s i b l e   in  t h e   t y p i -  

ca l   c o n i c a l   d i s k   m i l l   to  use  a  c o n i c a l   r o t o r   h a v i n g   a  

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

r o t o r ,   e . g .   b e i n g   one  t h i r d   of  t h e   r a d i u s ,   and  t h e   s a m e  

r a t i o   may  in  p r i n c i p l e   be  u s e d   f o r   t h e   r a d i u s   of  t h e  

g r o o v e d   and  t o o t h e d   c u t t i n g   zone   in  r e l a t i o n   to  t h e  

d i s k   r a d i u s   in  d i s k   m i l l s   of  t h e   t y p e   i l l u s t r a t e d   i n  

F i g .   2.  The  r e a s o n   f o r   s e l e c t i n g   such   a  s h o r t   p r o c e s s i n g  

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

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

e f f i c i e n t l y   t h a t   a  l a r g e r   p r o c e s s i n g   zone   i s   no t   r e -  

q u i r e d   f o r   " n o r m a l "   d i s k   d i a m e t e r s ,   as  in  t h e   d i s k  

d i a m e t e r   r a n g e   of  4 0 0 - 7 0 0   mm.  I f   m i l l i n g   d i s k s   o f  

a  d i a m e t e r   of  s u b s t a n t i a l l y   l e s s   t h a n   400  mm  a r e   u s e d ,  

t he   r a d i u s   of  t h e   c u t t i n g   zone  in  r e l a t i o n   to  t h e  

t o t a l   d i s k  r a d i u s   can  be  i n c r e a s e d   bu t   i f ,   on  t h e  

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

of  t he   c u t t i n g   zone  can  be  r e d u c e d   in  r e l a t i o n   t o  

the   d i s k   r a d i u s .   The  same  a p p l i e s   to  t he   c o n i c a l   d i s k  

m i l l   in  F i g .   9  w i t h   t he   d i f f e r e n c e   t h a t   i t   is   h e r e  

a  m a t t e r   of  t h e   r a t i o   of  t he   d i s k   r a d i u s   to  t he   a x i a l  

l e n g t h   of  t h e   c o n i c a l   c u t t i n g   z o n e .  

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

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

t i o n   is   m o s t   a d v a n t a g e o u s   s i n c e   i t   o v e r c o m e s   t h e   c r i t i -  

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

d i s k s .   In  f a c t ,   i t   has  been  f o u n d   t h a t   t h e   c o n i c i t y   may  

v a r y   w i t h i n   f a i r l y   wide  r a n g e s   w i t h o u t   any  d e t r i m e n t a l  

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

a c c o r d i n g   to   t h e   m i l l i n g   m a t e r i a l   such   t h a t   t he   m a t e r i a l  

w i l l   be  e f f e c t i v e l y   r e c e i v e d .   G r a i n s   w i t h   p o i n t e d   e n d s ,  

w h i c h   is   t h e   m o s t   common  s h a p e   of  g r a i n s ,   a r e   t h e n   s o  

o r i e n t e d   t h a t   t he   p o i n t e d   end  i s   d i r e c t e d   t o w a r d s   t h e  

m i l l i n g   gap  in  t he   d i r e c t i o n   of  t h e   g r o o v e s .  



As  e a r l i e r   m e n t i o n e d ,   i t   i s   p o s s i b l e   in  c o n n e c t i o n  

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

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

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

l u s t r a t e d   in   F i g .   1.  T h i s   s i f t i n g   a p p a r a t u s   w h i c h ,   a s  

i n d i c a t e d   a b o v e ,   i s   g e n e r a l l y   d e s i g n a t e d   2,  i s   c o n -  

n e c t e d   t h r o u g h   a  c o n d u i t   20  to   t he   o u t l e t   of  t h e   d i s k  

m i l l   1,  w h i c h   e x t e n d s   f r o m   t h e  o u t e r   c i r c u m f e r e n c e  

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

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

be  u s e d .   The  s i f t i n g   a p p a r a t u s   may  be  a  c e n t r i f u g a l  

b o l t e r   21  h a v i n g   a  b o l t i n g   c l o t h   means   2 1 a - 2 1 c   s e l e c t e d  

w i t h   r e s p e c t   to  t h e   f i n e n e s s   of  t he   f i n a l   f l o u r .   T h e  

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

or   d i f f e r e n t   c l o t h s   2 1 a - 2 1 c .   N o r m a l l y ,   t h e   b o l t i n g  

c l o t h s   a r e   s e l e c t e d   in   s u c h   an  o r d e r   t h a t   t h e   c l o t h s  

2 1 a  h a v e   a  mesh  of  e . g .   180  µm  and  t h e   c l o t h s   2 1 b - 2 1 c  

a  mesh  of  150  µm.  T h r o u g h   o u t l e t s   22a ,   22b  f r o m   t h e s e  

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

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

or   s t a g e s ,   i s   w i t h d r a w n   and  d i s c h a r g e d   f r o m   t h e   s i f t i n g  

a p p a r a t u s   t h r o u g h   a  c o n d u i t   23a .   A l s o   f r o m   t h e   i m -  

m e d i a t e l y   f o l l o w i n g   s i f t i n g   s t a g e ,   a  h i g h - q u a l i t y  

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

2 3 b .  

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

c l o t h s   2 1 a - 2 1 c ,   s u c h   as  h u l l   p a r t s   and  c o a r s e r   e n d o s p e r m  

p a r t i c l e s ,   a r e   c o n d u c t e d   t o   t h e   o u t l e t   24  and  c a n  

be  t r a n s p o r t e d   to   a  s e c o n d   c e n t r i f u g a l   b o l t e r   25  o r  

to   t h e   o t h e r   s i d e   of  t h e   s i f t i n g   a p p a r a t u s   21,   i f  

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

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

w i t h   a  n u m b e r   of  b o l t i n g   c l o t h s   2 5 a - 2 5 c   f rom  w h i c h  

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

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

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

t h e   b o l t i n g   c l o t h s   2 5 a - 2 5 c   i s   d i s c h a r g e d   as  a  r e s i d u a l  



p r o d u c t   t h r o u g h   t h e   o u t l e t   (drum)  27  and  c o n s i s t s  

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

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

p r o d u c t   can  be  s i f t e d   in  a  wind  or  s u c t i o n   s i f t e r  

w i t h   s e p a r a t e   o u t l e t s   29,  30  f o r   s e p a r a t i n g   t h e   c o a r s e r  

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

l e a v i n g   t h r o u g h   t h e   o u t l e t s   26a,   26b  and ,   p o s s i b l y ,  

30,  may  e i t h e r   be  u s e d   d i r e c t l y   as  p o l l a r d   or  f o d d e r  

meal   or  be  s u b s e q u e n t l y   t r e a t e d   in  a  s u i t a b l e   f i n i s h i n g  

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

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

f rom  e n d o s p e r m   p a r t i c l e s ,   and  c l e a n   g r a i n s ,   s e m o l i n a ,  

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

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

F i g .   10  h o w e v e r   s c h e m a t i c a l l y   shows  a  s y s t e m   f o r  

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

26a ,   26b  and  p o s s i b l y   a l s o   to  t he   o u t l e t   30  in  F i g .   1 

and  l e n g t h e n s   t h e   " s h o r t "   s i f t i n g   s y s t e m   in  F i g .   1 .  

From  t h e   o u t l e t s   26a ,   26b,  t he   a c c e p t s ,   w h i c h   m a i n l y  

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

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

f rom  t h e   s i f t i n g   a p p a r a t u s   25.  T h e s e   p r o d u c t s   a r e  

f i r s t   t r a n s p o r t e d   to   c l e a n s i n g   or  f r a c t i o n a t i n g   a p p a r a -  

t u s e s   36  w h i c h   may  c o m p r i s e  s e v e r a l   s t a g e s   c o n n e c t -  

ed  in  s e r i e s   to   e a c h   o u t l e t   26a ,   26b.   As  s u c h   a p p a -  

r a t u s e s   or  s t a g e s   may  be  u s e d   r e l a t i v e l y   s i m p l e ,   c o n -  

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

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

and  f rom  w h i c h   t h e   r e j e c t s   a r e   d i s c h a r g e d   as  b r a n  

t h r o u g h   o u t l e t s   38,  c l e a n   e n d o s p e r m   g r a i n s ,   i . e .   s e -  

m o l i n a ,   b e i n g   o b t a i n e d   as  a c c e p t s .   T h e s e   c l e a n   e n d o -  

spe rm  p a r t i c l e s   a r e   c o n d u c t e d ,   e . g .   t h r o u g h   t h e   c o n -  

d u i t   32,  to  t he   d i s k   m i l l   in  F i g .   1  or  to  any  o t h e r  

m i l l i n g   a p p a r a t u s   1'  ( F i g .   10)  w h i c h   p r e f e r a b l y   i s  

a  d i s k   m i l l   a c c o r d i n g   to  the   i n v e n t i o n   or  a  c o n v e n t i o n a l  

r o l l e r   m i l l   s t a g e .   I f   a  d i s k   m i l l   a c c o r d i n g   to  t h e  

i n v e n t i o n   i s   u s e d ,   i t   may  be  a d v a n t a g e o u s   to  use   d i s k s  



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

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

t h e   a b o u t   f o u r   g r o o v e s   p e r   c e n t i m e t e r   w h i c h   in  a v e r a g e -  
s i z e   m i l l i n g   d i s k s   a c c o r d i n g   to  the   i n v e n t i o n   h a v e  

p r o v e d   to   y i e l d   e x c e l l e n t   m i l l i n g   r e s u l t s   in  t he   p r o -  
d u c t i o n   of  b a k e r y   f l o u r .   I f   no  d i s k   m i l l   i s   a v a i l a b l e  

b u t   o n l y   a  r o l l e r   m i l l ,   t h i s   may  of  c o u r s e   be  u s e d .  

The  p r o d u c t s   f r o m   t h e   m i l l s   I '   a r e   t r a n s f e r r e d   t o  

a  s i f t i n g   a p p a r a t u s   21 '   w h i c h   may  be  of  t h e   same  t y p e  

as  t h e   s i f t i n g   a p p a r a t u s   21  in  F i g .   1 .  

In  t h e   use   of   a  d i s k   m i l l   and  a  " s h o r t "   s i f t i n g  

e q u i p m e n t   of  t h e   t y p e   d e s c r i b e d   a b o v e   ( F i g .   I ) ,   i . e .  

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

or   two  s i n g l e   c e n t r i f u g a l   b o l t e r s   2 1 / 2 1   or  21,  2 5 ,  

a  p r o d u c t i o n   r a t e   of  1  t o n / h   ( w h e a t )   may  r e a d i l y   b e  

a c h i e v e d   a n d  a   f l o u r   y i e l d   of  a b o u t   60%,  w h i c h   i s  

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

as  a  w h o l e   i s   e x t r e m e l y   s i m p l e   and  h i g h l y   c o m p a c t  

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

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

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

By  t h e   use   of  t h e   " l o n g "   s i f t i n g   and  s u b s e q u e n t  

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

F i g .   10,   i . e .   a  s y s t e m   in  w h i c h   t he   a c c e p t s   f rom  t h e  

s i f t i n g   a p p a r a t u s   25  a r e   t r a n s f e r r e d   to  an  a p p a r a t u s  
36  f o r   s e p a r a t i n g   h u l l   r e s i d u e s ,   and  t h e   a c c e p t s   f r o m  

t h e   a p p a r a t u s   36  a r e   s u b j e c t e d   to  a d d i t i o n a l   m i l l i n g ,  

t h e   f l o u r   y i e l d   may  be  i n c r e a s e d   to  a b o u t   75-80%  f o r  

t h e   same  p r o d u c t i o n   c a p a c i t y ,   i . e .   a b o u t   1  t o n / h .  

The  q u a l i t y   of  t h e   f l o u r   r e c e i v e d   f r o m   t h e   s i f t -  

i n g   a p p a r a t u s   21  or   21,   21 '   has   been   f o u n d   to   be  a s  

h i g h   as  t h a t   of  f l o u r   o b t a i n e d   in  r o l l e r   m i l l s ,   b o t h  

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

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

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

w i l l   g i v e   a t   l e a s t   t h e   same  or  even   a  l a r g e r   b r e a d  

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



F i g .   11  s c h e m a t i c a l l y   i l l u s t r a t e s   an  e x a m p l e  
of  a  p r e f e r r e d   c e n t r i f u g a l   b o l t e r   w h i c h   may  be  u s e d  

in  the   s i f t i n g   a p p a r a t u s e s   21,  25  and  21'   d e s c r i b e d  

a b o v e .   T h i s   c e n t r i f u g a l   b o l t e r ,   w h i c h   has  p r o v e d   t o  

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

in  p r i n c i p l e   o p e r a t e s   in  t he   f o l l o w i n g   m a n n e r .  

The  m i l l e d   p r o d u c t   i s   fed  by  means   of  a  s h o r t  

f e e d   s c r e w   40  i n t o   a  b o l t i n g   c y l i n d e r   41  in  w h i c h  

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

a g a i n s t   t he   c y l i n d r i c a l   b o l t i n g   c l o t h ,   e . g .   21a  i n  

F i g .   1,  by  means   of  r o t o r   b l a d e s   42.  The  a c c e p t s   p a s s i n g  

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

e . g .   t he   o u t l e t   23a  in  F i g .   1,  and  t h e   r e j e c t s   a r e  

t r a n s f e r r e d   to  a  r e j e c t s   o u t l e t ,   e . g .   t he   o u t l e t   24 

in  F i g .   1 .  

The  b o l t i n g   c l o t h   or  mesh ,   e . g .   21a ,   i s   f i x e d  

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

f r e e l y   so  as  to  be  a u t o m a t i c a l l y   c l e a n e d .   The  b o l t i n g  

mesh  may  c o n s i s t   of  any  s u i t a b l e   m a t e r i a l ,   such   a s  

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

I t   s h o u l d   be  a d d e d   t h a t   a  s i f t i n g   a p p a r a t u s   of  t h e  

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

i t s   c a p a c i t y .  

I t   goes   w i t h o u t   s a y i n g   t h a t   many  m o d i f i c a t i o n s  

and  v a r i a t i o n s   w h i c h   h a v e   no t   been   d e s c r i b e d   a b o v e  

or  i l l u s t r a t e d   in  t h e   d r a w i n g s   bu t   w h i c h   a r e   e v i d e n t  

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

a b l e   w i t h i n   t h e   s p i r i t   and  s c o p e   of  t h e   i n s t a n t   i n -  

v e n t i o n .  



1.  M e t h o d   of  p r o c e s s i n g   c e r e a l s ,   s u c h   as  g r a i n ,  
f o r   p r o d u c i n g   m i l l e d   p r o d u c t s   in   a  m i l l ,   c o m p r i s i n g  

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

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

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

s e r r a t e d   z o n e s   of  p a i r w i s e   c o o p e r a t i n g   p r o c e s s i n g  

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

on  a  common  s h a f t ,   s a i d   zone   of  e a c h   of  s a i d   c o o p e r a t -  

i ng   m e m b e r s   b e i n g   d i v i d e d   i n t o   a r c u a t e   s e g m e n t s   o f  

e q u a l   a r c   l e n g t h ,   and  each   of  s a i d   z o n e s   h a v i n g   a  

s e r r a t e   p a t t e r n   of  p a r a l l e l   r i d g e s   s e r v i n g   as  c u t t i n g  

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

c  h  a  r  a  c  t   e  r  i  z  e  d   in   t h a t   f o r   o b t a i n i n g   e a c h  

of  s a i d   c o o p e r a t i n g   z o n e s   ( 1 0 ) ,   t h e r e   i s   f o r m e d   i n  

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

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

p a r a l l e l   r i d g e s   (12)   and  a l t e r n a t i n g   g r o o v e s   i n t o  

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

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

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

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

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

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

t o o t h   p r e s e n t s   a  l o n g i t u d i n a l   c r e s t   (15)   and  two  o p p o -  
s i t e   l o n g i t u d i n a l   f l a n k s   (S,  R)  m a k i n g   d i f f e r e n t   a n g l e s  

( β 1 ,   82)  i n   r e l a t i o n   to  a  l o n g i t u d i n a l   p l a n e   p e r p e n -  

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

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

in  r e l a t i o n   to   t h e   l i n e   of  s y m m e t r y   ( R  )   of  s a i d   e a c h  

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

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

(11)   of  e a c h   s e r r a t e d   zone  w i l l   i n t e r s e c t   s a i d   l i n e  

of  s y m m e t r y   (R  )   of  e ach   s e g m e n t   of  t h e   o t h e r   s e r r a t e d  

zone   (10)   a t   an  a n g l e   ±@1  f o r   one  of  t h e   c o o p e r a t i n g  



p r o c e s s i n g   members   and  +a2  f o r   t h e   o t h e r   p r o c e s s i n g  

member ,   the   a n g l e   a  b e i n g   p o s i t i v e   on  one  s i d e   a n d  

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

(Rx) ,   and  such  t h a t   a t   l e a s t   t h e   f i r s t   c u t t i n g   t e e t h  

of  e a c h   s e g m e n t   of  one  of  t h e   c o o p e r a t i n g   p r o c e s s i n g  

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

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

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

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

K  =  (@1+@2) ±  x   w h e r e   K  i s   t h e   a n g l e s   of  i n t e r s e c t i o n  

of  t h e   c u t t i n g   t e e t h   w i t h   r e s p e c t   to  e a c h   o t h e r ,   a  
and  a2  b e i n g   s a i d   a n g l e ,   p o s i t i v e   or  n e g a t i v e ,   w h i c h  

a  c u t t i n g   t o o t h   of  e a c h   s e g m e n t   on  one  or  t h e   o t h e r  

p r o c e s s i n g   means  f o r m s   in   r e l a t i o n   to  t h e   c e n t e r   l i n e  

of  s y m m e t r y   (R )   of  t h e   r e s p e c t i v e   s e g m e n t ,   and  x  

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

by  p r o c e s s i n g   t he   c e r e a l s   c o n c e r n e d   b e t w e e n   s a i d   c o -  

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

of  t he   d i f f e r e n t   c o n s t i t u e n t s   of  t he   c e r e a l   s e e d s  

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

a  p r o d u c t   s u i t e d   f o r   f l o u r   p r o d u c t i o n   by  a  s u b s e q u e n t  

s i f t i n g   o p e r a t i o n .  

2.  Method  as  c l a i m e d   in  c l a i m   1,  c  h  a  r  a  c  -  

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

(10)  a r e   f o r m e d   on  b o t h   s i d e s   of  e a c h   of  s a i d   c o o p e r a t -  

i ng   members   and  a r e   so  a r r a n g e d   w i t h   r e s p e c t   to  e a c h  

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

a  d i r e c t i o n   away  f rom  t h e   d i s c h a r g e   s i d e   of  s a i d  s e r -  

r a t e d   zones   t o w a r d s   t h e   i n l e t   s i d e   t h e r e o f ,   and  t h a t  

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

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

of  s a i d   gap  and  c a u s i n g   t hem,   in  a  s i n g l e   p a s s a g e ,  

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

r a t e d   zones   of  o n l y   one  p a i r   of  c o o p e r a t i n g   p r o c e s s i n g  

member s   (4,  5)  f o r   p r o d u c i n g   s a i d   s i f t a b l e   p r o d u c t .  

3.  Method  as  c l a i m e d   in  c l a i m   2,  c  h  a  r  a  c  -  

t  e  r  i  z  e  d   in  t h a t   t he   d e g r e e   of  d i s i n t e g r a t i o n  



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

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

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

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

d i r e c t i o n   of  r o t a t i o n ,   f o r   o b t a i n i n g   an  o p t i o n a l   r e l a -  

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

a n g u l a r   f l a n k s   S  a n d   R,  r e s p e c t i v e l y ,   of  s a i d   c u t t i n g  
t e e t h   of  s a i d   one  and  s a i d   o t h e r   member   f a c i n g   e a c h  

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

S /R ,   R / S ,   S/S  or  R/R,   and  d i s p o s i n g   s a i d   c o o p e r a t i n g  

m e m b e r s   in   s u c h   r e l a t i o n   to   e a c h   o t h e r   t h a t   t h e   s e r -  

r a t e   p a t t e r n s   of  one  s i d e   of  s a i d   m e m b e r s   (4,  5)  i n  

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

a n d ,   in   t u r n e d   p o s i t i o n ,   a r e   m i r r o r   p a t t e r n s   of  e a c h  

o t h e r ,   so  as  to   p r o c e s s   t h e   m i l l i n g   m a t e r i a l   w i t h  

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

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

t o o t h   f l a n k   a n g l e s   β1,  β2,   t h e   r e l a t i v e   d i r e c t i o n s  

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

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

K =  (@1+@2) ±  x ° .  

4.  M e t h o d   as  c l a i m e d   in   c l a i m   3,  c  h  a  r  a  c  -  

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

c u t t i n g   t o o t h   f l a n k   m o v e m e n t   S/S  i s   s e l e c t e d .  

5.  M e t h o d   as  c l a i m e d   in   c l a i m   3,  c  h  a  r  a  c  -  

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

c u t t i n g   t o o t h   f l a n k   m o v e m e n t   R/R  i s   s e l e c t e d .  

6.  M e t h o d   as  c l a i m e d   in   c l a i m   2,  c  h  a  r  a  c  -  

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

made  of  p r o c e s s i n g   m e m b e r s   (4,   5)  h a v i n g   t h e i r   s e r r a t e  

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

to  e a c h   o t h e r   t h a t   s a i d   a n g l e  a   and  @ 2  i s   p o s i t i v e  

f o r   one  p r o c e s s i n g   member  and  n e g a t i v e   f o r   t h e   o t h e r  

p r o c e s s i n g   member ,   such   p a t t e r n s   b e i n g   s e l e c t e d  s o  

t h a t   a   i s   e q u a l   to   d 2 .  
7.  M e t h o d   as  c l a i m e d   in  c l a i m   2,  c  h  a  r  a  c  -  



t  e  r  i  z  e  d   in  t h a t   the   each   of  s a i d   c o o p e r a t i n g  

members   has   t he   form  of  a  g r i n d i n g   d i s k ,   and  s a i d  

s e r r a t e d   zone   (10)  of  each   g r i n d i n g   d i s k   i s   f o r m e d  

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

s a i d   p a r t   c o m p r i s i n g   a b o u t   1/3  of  t he   d i s k   r a d i u s .  

8.  M e t h o d   as  c l a i m e d   in  c l a i m   2,  c  h  a  r  a  c  -  

t  e  r  i  z  e  d   in  t h a t   one  f l a n k   of  e ach   c u t t i n g   t o o t h  

is   so  d e s i g n e d   t h a t   s a i d   a n g l e   β1  i s   0  - 2 5  .  

9.  Me thod   as  c l a i m e d   in  c l a i m   8,  c  h  a  r  a  c  -  

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

each   c u t t i n g   t o o t h   is   so  d e s i g n e d   t h a t   s a i d   a n g l e  

B2  is  4 5 ° - 7 5 ° .  

10.  Me thod   as  c l a i m e d   in  c l a i m   7,  c  h  a  r  a  c  -  

t  e  r  i  z  e  d   in  t h a t ,   f o r   f l o u r   p r o d u c t i o n   by  s u b -  

s e q u e n t   s i f t i n g ,   t h e   r i d g e s   and  g r o o v e s   of  each   o f  

s a i d   s e r r a t e d   z o n e s   (10)  of  e a c h   m i l l i n g   d i s k   a r e  

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

g r o o v e s   w i l l   a m o u n t   to  a b o u t   3 -12   p e r   cm  of  t he   c i r -  

c u m f e r e n c e   of  s a i d   z o n e .  

11.  Me thod   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   2 - 9 ,  

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

w i t h   g r a i n s   w h i c h   have   an  o b l o n g   s h a p e   and  one  e n d  

of  wh ich   i s   more  t a p e r e d   t h a n   t he   o t h e r ,   t he   gap  b e t w e e n  

the   c o o p e r a t i n g   m i l l i n g   members   i s   s e l e c t e d   by  a d j u s t -  

ment  so  n a r r o w   a t   t h e   i n l e t   s i d e   t h a t   t he   m i l l i n g  

members   i m p a r t   to  t h e   g r a i n s   a  t e n d e n c y   to  be  f e d  

i n t o   t he   i n l e t   w i t h   s a i d   more  t a p e r e d   end  f i r s t   s o  

as  to  be  e a s i l y   i n t r o d u c e d   i n t o   t h e   i n l e t   ends   o f  

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

b e r s .  

1 2 .  M e t h o d   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  a n d  

2,  c  h  a  r   a  c  t   e  r  i  z  e  d   in  t h a t   t he   p a t t e r n  

of  the   s e r r a t e d   zone   of  each   s e g m e n t   (11)  i s   d e t e r m i n e d  

on  the   b a s i s   of  t h e   f i r s t   g r o o v e   a t   one  edge  of  t h e  

s e g m e n t ,   and  t h a t   t h i s   f i r s t   g r o o v e   is   so  d e s i g n e d  

as  to  e x t e n d   p a r a l l e l   to  s a i d   edge   and  p a r a l l e l   t o  

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



13.  M e t h o d   as  c l a i m e d   in  a n y  o n e   of  t he   p r e c e d i n g  

c l a i m s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   in   t h a t   t h e   s e r r a t e  

p a t t e r n   of  e a c h   s e r r a t e d   zone  (10)   of  e a c h   p r o c e s s -  

i n g   member  i s   so  d e s i g n e d   t h a t   d u r i n g   r e l a t i v e   r o t a t i o n  

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

(K)  of  i n t e r s e c t i o n   of  t h e   c u t t i n g   t e e t h   v a r y   in  s u c h  

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

t h e   c u t t i n g   t e e t h   move  in   a  d i r e c t i o n   r a d i a l l y   o u t w a r d l y  

away  f rom  t h e   common  a x i s   of  r o t a t i o n   o f  s a i d   c o o p e r a t -  

i ng   m e m b e r s   and  t h a t   a t   t h e   same  t i m e   a n o t h e r   p l u r a l i t y  

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

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

of  o u t w a r d   and  i n w a r d   m o v e m e n t s .  

14.  M e t h o d   as  c l a i m e d   in  c l a i m   13,  c  h  a  r  a  c  -  

t  e  r  i  z  e  d  in  t h a t   t h e   s e r r a t e   p a t t e r n ,   i . e .   t h e  

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

t h a t   when  t h e   m i l l i n g   m a t e r i a l   i s   f e d   i n t o   t h e   g a p  
b e t w e e n  t h e   c o o p e r a t i n g   s e r r a t e d   z o n e s   (10)   a t   t h e  

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

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

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

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

by  means   of  c e n t r i f u g a l   f o r c e s   p r o d u c e d   by  t he   r e l a t i v e  

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

15.  M e t h o d   as  c l a i m e d   in   c l a i m   13,  c  h  a  r  a  c  -  

t  e  r  i  z  e  d   in   t h a t   t h e   s e r r a t e   p a t t e r n ,   in  c a s e s  

w h e r e   t h e   m i l l i n g   m a t e r i a l   i s   f e d   i n t o   t h e   gap  b e t w e e n .  

t h e   s e r r a t e d   z o n e s   (10)   a t   t h e   o u t e r   c i r c u m f e r e n c e  

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

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

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

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

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

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

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

16.  M e t h o d   as  c l a i m e d   in  c l a i m   1,  c  h  a  r  a  c  -  

t  e  r  i  z  e  d   in  t h a t   t h e   m i l l e d   p r o d u c t   i s   s i f t e d  

and  t h e   r e j e c t s ,   s u c h   as  h u l l   p a r t i c l e s   and  l a r g e r  



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

36,  1 ' ,   2 1 ' )   and  s i f t e d   fo r   o b t a i n i n g   a  v a l u a b l e   p r o d u c t ,  

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

17.  A p p a r a t u s   f o r   c a r r y i n g   ou t   t h e   m e t h o d   a s  

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

i n g ,   by  p r o c e s s i n g   c e r e a l s ,   such   as  g r a i n ,   a  s i f t a b l e  

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

t i o n   by  s u b s e q u e n t   s i f t i n g ,   s a i d   a p p a r a t u s   c o m p r i s i n g  

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

ing   s e r r a t e d   d i s i n t e g r a t i n g   z o n e s   f o r   t r e a t i n g   s a i d   c e -  
r e a l s   t h e r e b e t w e e n   and ,   in  t h e   c a s e   of  f l o u r   p r o d u c t i o n ,  

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

r a t i n g   m e m b e r s ,   s a i d   m e m b e r s ,   a t   l e a s t   one  of  w h i c h   i s  

r o t a t a b l e ,   h a v i n g   a  common  a x i s   of  r o t a t i o n ,   and  the   s e r -  

r a t e d   zone  of  e a c h   of  s a i d   c o o p e r a t i n g   members   b e i n g   c i r -  

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

t i n g   t e e t h   a l t e r n a t i n g   w i t h   p a r a l l e l   g r o o v e s ,   e ach   o f  

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

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

g r o o v e s ,   c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   e a c h   of  s a i d  

c o o p e r a t i n g   p r o c e s s i n g   m e m b e r s ,   a t   l e a s t   on  one  s i d e  

t h e r e o f ,   has  an  a n n u l a r   s e r r a t e d   zone  (10)  c o m p o s e d   o f  

s e g m e n t s   each   h a v i n g   a  s e r r a t e   p a t t e r n   of  c u t t i n g  

t e e t h   (12)  and  g r o o v e s   e x t e n d i n g   in  p a r a l l e l   t h r o u g h o u t  

t h e   w i d t h   of  s a i d   s e g m e n t   ( 1 1 ) ,   s a i d   t e e t h   h a v i n g  

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

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

t e e t h   (12)  h a v i n g   a  s u b s t a n t i a l l y   c o n s t a n t   and  m u t u a l l y  

e q u a l   w i d t h   and  m u t u a l l y   e q u a l   d e p t h ,   e a c h   c u t t i n g  

t o o t h   b e i n g   in  t h e   form  of  an  e l o n g a t e d   r i d g e   h a v i n g  

a  c r e s t   s u r f a c e   (15)  and ,   on  e i t h e r   s i d e   t h e r e o f ,  

two  o p p o s i t e   l o n g i t u d i n a l   f l a n k   s u r f a c e s   (S,  R)  w h i c h  

make  d i f f e r e n t   a n g l e s   ( S l ,   (32)  in  r e l a t i o n   to  a  p l a n e  

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

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

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



b e r s   when  in  o p e r a t i o n ,   one  of  t h e   c u t t i n g   t e e t h   o f  

e a c h   s e g m e n t   (11)   of  e a c h   of  s a i d   c o o p e r a t i n g   z o n e s  

(10)   of  e a c h   of  s a i d   p r o c e s s i n g   m e m b e r s   i n t e r s e c t s  

t h e   l i n e   of  s y m m e t r y   (R )   f o r   e a c h   of  s a i d   s e g m e n t s  

(11)   of  t h e   o t h e r   of  s a i d   c o o p e r a t i n g   z o n e s   (10)  a t  

an  a n g l e   + a l   f o r   t h e   s e r r a t e d   zone   (10)   of   one  p r o -  

c e s s i n g   member   and  +a2  f o r   t h e   s e r r a t e d   zone  ( 1 0 )  

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

p o s i t i v e   on  one  s i d e   and  n e g a t i v e   on  t h e   o p p o s i t e  

s i d e   of  s a i d   l i n e   of  s y m m e t r y   ( R x ) ,   and   f u r t h e r   i n  

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

e a c h   s e g m e n t   (11)   of  one  of  s a i d   p r o c e s s i n g   m e m b e r s  

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

(11)   of  t h e   o t h e r   p r o c e s s i n g   member   w i l l   i n t e r s e c t  

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

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

K =  (@1+@2)  ±   x°  w h e r e   K  i s   t h e   a n g l e s   of  i n t e r s e c t i o n  

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

o t h e r ,   a1  and  a2  r e p r e s e n t   s a i d   a n g l e ,   p o s i t i v e   o r  

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

one  or  t h e   o t h e r   of  t h e   p r o c e s s i n g   m e m b e r s   makes   i n  

r e l a t i o n   to   t h e   l i n e   of  s y m m e t r y   R   of  s a i d   s e g m e n t ,  

and  x  i s   t h e   s e c t o r a l   a r c   a n g l e   of  t h e   s e g m e n t .  

18.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   17,  c  h  a  -  

r  a  c  t   e  r  i  z  e  d   in  t h a t   e a c h   of  s a i d   c o o p e r a t -  

i n g   p r o c e s s i n g   m e m b e r s   has   a  s i n g l e   s e r r a t e d   z o n e  

(10)   and  t h a t   t h e   two  p r o c e s s i n g   m e m b e r s   and  t h e i r  

s e r r a t e d   z o n e s   a r e   so  f o r m e d   and  p o s i t i o n e d   in  r e l a -  

t i o n   to   e a c h   o t h e r   t h a t   t h e   p r o c e s s i n g   gap  t h e r e b e t w e e n  

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

s i d e   of  t h e   s e r r a t e d   z o n e s   t o w a r d s   t h e   i n l e t   s i d e  

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

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

w h i c h   i s   s i t u a t e d   on  t h e   common  a x i s   of  r o t a t i o n   o f  

s a i d   p r o c e s s i n g   m e m b e r s ,   and  in   t h a t   e a c h   s e r r a t e d  

zone   h a s   a  w i d t h ,   i . e .   r a d i a l   d i m e n s i o n ,   w h i c h   i s  

s u b s t a n t i a l l y   e q u a l   to   1/3  of  t h e   r a d i u s   of  t h e   p r o -  



c e s s i n g   member  f rom  s a i d   a x i s   to  t he   o u t e r   c i r c u m f e r e n c e  

of  t h e   s e r r a t e d   z o n e ,   and  f u r t h e r   in  t h a t   s a i d   s i f t i n g  

d e v i c e   c o m p r i s e s   c e n t r i f u g a l   a n d  w i n d   s i f t e r s   ( 2 ) .  

19.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   17  or  1 8 ,  

c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   f o r   a  f l a n k   a n g l e  

(β1)  of  b e t w e e n   0 °  a n d   25°  f o r   one  f l a n k   of  e a c h   c u t t i n g  

t o o t h ,   t he   f l a n k   a n g l e   (β2)   f o r   t he   o t h e r ,   o p p o s i t e  

f l a n k   of  t h e  c u t t i n g   t o o t h  i s  b e t w e e n   45°  and  7 5 ° .  

20.  A p p a r a t u s   as  c l a i m e d  i n  a n y   one  of  c l a i m s  

1 7 - 1 9 ,   c  h  a  r  a  c  t  e   r  i  z   e  d  i n   t h a t   t h e   s p a c i n g  

of  t h e   g r o o v e s   of  e a c h   of  t h e   s e r r a t e d   z o n e s   ( 1 0 )  

of  a t   l e a s t   e ach   s i d e   of  e a c h   p r o c e s s i n g   member  i s  

such   t h a t   t h e   number   of  g r o o v e s   and  r i d g e s ,   r e s p e c t i v e -  

ly ,   a m o u n t s   to  a b o u t   3 -12   p e r   cm  of  t he   c i r c u m f e r e n c e  

of  s a i d   z o n e .  

21.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1 7 - 1 9 ,   c  h  a  r  a  c  t   e  r   i  z   e  d   i n  t h a t   t h e   p r o c e s s -  
ing   members   have   t h e   fo rm  of  t y p i c a l   m i l l i n g   d i s k s  

bu t   d i f f e r   f rom  p l a n a r   c i r c u l a r  m i l l i n g   d i s k s   in  t h a t  

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

g e o m e t r i c a l   s u r f a c e s .  

2 2 .  A p p a r a t u s   as  c l a i m e d   i n  a n y   one  of  c l a i m s  

1 7 - 1 9 ,   c  h   a  r  a  c  t ' e   r  i  z   e  d  i n  t h a t   t h e   p r o -  
c e s s i n g   members   a r e  i n   t h e   fo rm  of  c o n i c a l   r o t o r s  

one  of  w h i c h   is   r o t a t a b l e   and  t h e  o t h e r   i s   s t a t i o n a r y  

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

23.  A p p a r a t u s   as  c l a i m e d   i n  a n y   one  of  c l a i m s  

1 7 - 1 9 ,   c  h  a  r  a  c  t   e  r  i  z  e  d   in  t h a t   t h e   a b s o l u t e  

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

+  or  -,  is   s e l e c t e d   w i t h i n   t h e   r a n g e   of  3 - 1 5 0 .  

24.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1 7 - 1 9 ,  c   h  a   r  a  c  t   e  r  i  z  e  d   in  t h a t ,   f o r   f l o u r  

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

i r r e s p e c t i v e   of  t he   s i g n   +  or  -,   is   s e l e c t e d   w i t h i n  

t h e   r a n g e   of  5 - 1 0 ° .  

25.  A p p a r a t u s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  



1 7 - 2 4 ,   c  h  a  r  a  c  t   e  r  i  z  e  d   in   t h a t   f o r   f l o u r  

p r o d u c t i o n   w i t h   a  h i g h   f l o u r   y i e l d ,   e . g .   a b o u t   6 0 - 8 0 % ,  

i t   c o m p r i s e s ,   in   a d d i t i o n   to  a  f i r s t   s i f t i n g   a p p a r a t u s  
(21)   f o r   s i f t i n g   t h e   m i l l e d   s i f t a b l e   p r o d u c t ,   a  s e c o n d  

s i f t i n g   a p p a r a t u s   (25)   f o r   r e c e i v i n g   r e j e c t s   f r o m  

s a i d   f i r s t   s i f t i n g   a p p a r a t u s ,   and  an  a p p a r a t u s   ( 3 6 ,  

1 ' ,  2 1 ' )   f o r   r e c e i v i n g   and  t r e a t i n g   a c c e p t s   f rom  s a i d  

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

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

c o m p r i s i n g   a  d e v i c e   (28  or   36)  f o r   s e p a r a t i n g   h u l l  

p a r t i c l e s   f rom  s a i d   a c c e p t s .  
26.  A p p a r a t u s   as  c l a i m e d   in  c l a i m   25,  c  h  a  -  

r  a  c  t  e   r  i  z  e  d   in   t h a t   s a i d  a p p a r a t u s   f o r   r e -  

c e i v i n g   and  t r e a t i n g   r e j e c t s   f rom  s a i d   s e c o n d   s i f t i n g  

a p p a r a t u s   (25)   i s   an  a p p a r a t u s   (28)   f o r   r e m o v i n g   a n d  

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

27.  A p p a r a t u s   as  c l a i m e d   i n  c l a i m   25,  c  h  a  -  

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

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

c o m p r i s e s   a  h u l l   r e m o v i n g   and  s e p a r a t i n g   d e v i c e   ( 3 6 ) ,  

a  s e c o n d   m i l l i n g   a p p a r a t u s   ( 1 ' ) ,   s u c h   as  a  s e c o n d  

m i l l   d i s k   of  t h e   t y p e   d e f i n e d   in  c l a i m   17,  f o r   c a r r y i n g  

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

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

a p p a r a t u s   ( 2 1 ' )   f o r   s i f t i n g   t h e   p r o d u c t   f rom  s a i d  

s e c o n d   m i l l i n g   a p p a r a t u s   ( 1 ' ) .  
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