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©  Differential  rate  screening. 

Disclosed  are  differential  rate  screening  processes  and 
apparatuses  for  continuously  screening  undersize  particles 
in  different  size  classes  to  different  degrees  of  incompletion 
to  provide  a  product  having  a  preselected  distribution  of 
particle  sizes  substantially  different  from  the  distribution  of 
particle  sizes  in  a  feed  of  particulate  material.  An  input 
stream  of  feed  material  (62')  is  introduced  onto  a  screening 
member  (60')  having  apertures  of  sufficient  size  to  pass  a 
plurality  of  size  classes,  and  is  separated  into  at  least  a 
throughs  stream  (250')  and  one  other  stream  (252')  by 
causing  undersize  classes  to  pass  through  screen  apertures 
(64')  and  into  a  throughs  stream  (250')  in  proportions  relative 
to  one  another  substantially  different  from  the  proportions  of 
the  same  undersize  classes  relative  to  one  another  in  the 
input  stream  (62').  The  overs,  throughs  or  both  from  one  rate 
screening  member  (60')  may  be  introduced  as  an  input 
stream  onto  another  rate  screening  member  (68').  A  suffi- 
cient  population  of  undersize  particles  are  provided  in  each 
undersize  class  and  differentials  between  relative  propor- 
tions  of  undersize  classes  in  an  input  stream  (62')  and 
relative  proportions  of  undersize  classes  in  a  throughs 
stream  (250')  are  controlled  so  as  to  provide  a  product 
having  substantially  the  desired  particle  size  distribution. 
Various  means  such  as  a  shroud  (130')  are  provided  for 

causing  differentials  between  relative  proportions  of  under- 
size  classes  in  an  input  stream  (62')  and  relative  proportions 
of  undersize  classes  passing  through  a  screening  member 
(60',  68')  and  into  a  throughs  stream  (250',  258'),  and  for 
controlling  these  differentials.  An  output  stream  from  one 
rate  screening  member  (60')  may  be  blended  with  an  output 
stream  from  another  rate  screening  member  (68')  and  at 
least  a  portion  of  an  output  stream  from  one  rate  screening 
member  may  be  recycled  to  a  crusher  and  then  sent  to  the 
same  or  a  different  rate  screening  member. 





The  p r e s e n t   i n v e n t i o n   r e l a t e s   t o  

t h e   s i z i n g   p a r t i c u l a t e s   and  more   p a r t i c u l a r l y   to   a d j u s t i n g  

t h e   s i z e   d i s t r i b u t i o n   of  p a r t i c u l a t e   m a t e r i a l s ,   s u c h   as  a r t i -  

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

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

BACKGROUND  OF  THE  INVENTION 

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

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

s a n d s ,   o r e s ,   m i n e r a l s ,   powdered  m e t a l s ,   seeds  and  g r a i n s .   The  i n v e n t i o n  

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

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

i n g   or   g r i n d i n g .   C r u s h e d   f i n e   a g g r e g a t e   i s   r e f e r r e d   to   i n  

t h e   a r t   by  v a r i o u s   t e r m s   s u c h   as  s t o n e   s a n d ,   c r u s h e r   s a n d ,  

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

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

r e f e r r e d   to   as  " s t o n e s a n d " .   An  a c c e p t e d   s t a n d a r d   f o r   s t o n e -  

s a n d   u s e d   i n   c o n c r e t e   i s   s e t   f o r t h   in  S t a n d a r d   S p e c i f i c a t i o n  

C-33  f o r   C o n c r e t e   A g g r e g a t e s   as  p u b l i s h e d   by  t h e   A m e r i c a n  

S o c i e t y   f o r   T e s t i n g   and  M a t e r i a l s   (ASTM).  S t o n e s a n d   may  b e  

p r o d u c e d   f rom  a l m o s t   a l l   r o c k   t y p e s   w h i c h   a r e   c o m m o n l y   q u a r -  
r i e d   to   make  c o a r s e   a g g r e g a t e   f o r   r o a d b e d s   and  t h e   l i k e .   A s  

n a t u r a l   sand  d e p o s i t s   become  d e p l e t e d   or   u n a v a i l a b l e   t h r o u g h   l a n d  

d e v e l o p m e n t ,   the  demand  for  s tonesand   has  i n c r e a s e d   in  r e c e n t   y e a r s .  

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

r o c k   t y p e s   y i e l d i n g   s t o n e s a n d .   J aw,   g y r a t o r y   and  c o n e   c r u s h -  

i n g   a r e   c o m p r e s s i o n   t y p e s   d e p e n d i n g   upon  c o m p r e s s i o n   ( s q u e e z -  

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

down  t he   l a r g e r   r o c k   p a r t i c l e s .   R o l l ,   rod   m i l l ,   hammer   m i l l  

and  c e n t r i f u g a l   a r e   i m p a c t   t y p e s   w h i c h   r e l y   l a r g e l y   upon  i m -  

p a c t   ( h i t t i n g )   f o r   b r e a k a g e .   D e p e n d i n g   on  t h e   r o c k   t y p e ,  

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



p a r t i c l e   t h a n   the   c o m p r e s s i o n   c r u s h e r s .   On ly   l i m i t e d   c o n -  

t r o l   of   p a r t i c l e   s h a p e   or  s i z e   can  be  r e a l i z e d   in  a  c o m m u n i -  

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

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

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

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

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

s i z e   c l a s s e s   (No.  30  to   No.  100  m e s h ) ,   r e l a t i v e   to   s a n d s   w h i c h  

w i l l   s a t i s f y   t h e   ASTM  C-33  s p e c i f i c a t i o n   and  to   c o n t a i n   m o r e  

f r a c t u r e   d u s t   or  f i n e s   ( m i n u s   100  mesh)   t h a n   n a t u r a l   s a n d s .  

On  t h e   o t h e r   h a n d ,   t h e   f r a c t u r e d   c u b i c a l   s h a p e   of  some  s t o n e -  

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

and   g r e a t e r   d u r a b i l i t y   (more  r e s i s t a n t   to   f r e e z i n g   and   t h a w -  

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

r o u n d e d   in   s h a p e .  

In  o r d e r   to   o b t a i n   g o o d   q u a l i t y   s t o n e s a n d s ,   i t   i s   t h e r e f o r e  

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

100  and   m i n u s   200  mesh   m a t e r i a l ,   as  w e l l   as  some  of  t h e  

l a r g e r   s i z e s   n e a r   3 /8   i n c h   m e s h .   To  a c c o m p l i s h   t h i s   and  i m -  

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

s i f e r   i s   u s u a l l y   e m p l o y e d .   C l a s s i f i e r s   a r e   a l s o   g e n e r a l l y  

of  two  t y p e s ,   n a m e l y   we t   c l a s s i f i e r s   and  d r y   c l a s s i f i e r s .  

C l a s s i f i c a t i o n ,   w h e t h e r   by  we t   or  d ry   p r o c e s s e s ,   i s   p o s s i b l y  

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

s a n d   p r o d u c t   of  a c c e p t a b l e   q u a l i t y .   A l t h o u g h   wet   c l a s s i f i -  

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

s i z e   d i s t r i b u t i o n s ,   s u c h   s y s t e m s   a re   of  r e l a t i v e l y   low  c a -  

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

to   o p e r a t e .   On  t h e   o t h e r   h a n d ,   dry   c l a s s i f i c a t i o n   s y s t e m s   o f  

t h e   p r i o r   a r t   r e q u i r e   t h a t   t h e   a g g r e g a t e   f e e d   be  a d e q u a t e l y  

p o p u l a t e d   in  t he   p a r t i c l e   s i z e s   of  i n t e r e s t   and  be  u n i f o r m   i n  

m o i s t u r e   c o n t e n t   b e c a u s e   any  s i g n i f i c a n t   v a r i a t i o n s ,   p a r t i -  

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

d o e s   n o t   meet   t h e   n e e d e d   c r i t e r i a .   E x c e s s i v e   m o i s t u r e   c o n -  

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

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



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

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

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

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

i n d i v i d u a l   s i z e   f r a c t i o n s   and  t h e n   r e c o m b i n i n g   two  or   more   o f  

t h o s e   f r a c t i o n s   in  t h e   p r o p o r t i o n s   n e c e s s a r y   to   o b t a i n   t h e  

r e l a t i v e   q u a n t i t i e s   of   e a c h   f r a c t i o n   d e s i r e d   in  a  f i n a l   p r o -  
d u c t .   The  m u l t i p l e   p r o c e s s i n g   s t a g e s   r e q u i r e d   by  t h e s e   p r i o r  

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

The  n e c e s s i t y   f o r   b l e n d i n g   two  or  more   f r a c t i o n s   o f t e n   c a u s e s  

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

t h e   d i f f e r e n t   s i z e   f r a c t i o n s   to  a c h i e v e   t h e   r e q u i r e d   u n i f o r m i -  

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

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

s c r e e n s   may  be  in   t h e   fo rm  of  b a t c h   s i e v i n g   or   c o n t i n u o u s  

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

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

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

n e a r l y   a l l   ( t y p i c a l l y   g r e a t e r   t h a n   99  mass   p e r c e n t )   of   t h e  

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

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

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

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

the  ba tch   feed  i n to   mass  f r a c t i o n s   c o r r e s p o n d i n g   to  d i f f e r e n t   s i z e   c l a s s e s ,  
where  each  s i ze   c l a s s   c o n s i s t s   of  a l l   p a r t i c l e   s i ze s   between  the   mesh  s i z e s  
of  two  s u c c e s s i v e   s i eves   (or  s c r e e n s ) .   Each  such  mass  f r a c t i o n   r e p r e s e n t s  
the  r a t i o   o f  mass   of  p a r t i c l e s   in  t h e   g i v e n   s i z e   c l a s s   t o   t h e   t o -  

t a l   mass   of  a l l   p a r t i c l e s   in  t h e   s a m p l e   of  t h e   p a r e n t   s i z e  

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

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

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

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

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

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

be  r e b l e n d e d   in  t h e   d e s i r e d   p r o p o r t i o n s   to  p r o v i d e   a  f i n i s h e d  

p r o d u c t   h a v i n g   t h e   s i z e   d i s t r i b u t i o n   d e s i r e d   for  a  given  a p p l i c a t i c n .  



In  c o n t i n u o u s   s c r e e n i n g ,   t h e   s c r e e n   s i z e s   and  l e n g t h s   a r e   s e -  

l e c t e d   as  i f   e a c h   s c r e e n i n g   s t a g e   were   to  be  c a r r i e d   o u t   in  a. 

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

l e s s e r   d e g r e e   of  c o m p l e t e   s c r e e n i n g   ( t y p i c a l l y   85  to   95  m a s s  

p e r c e n t ) .   The  mesh  s i z e   of  t h e   s c r e e n ,   t h e   s c r e e n   l e n g t h ,  

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

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

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

s c r e e n i n g   c h o s e n   on  t h e   b a s i s   of  t he   e s t i m a t e d   c h a r a c t e r i s t i c s  

of  a  c o n s t a n t   p a r t i c l e   s i z e   d i s t r i b u t i o n   of  f e e d   m a t e r i a l   u n -  

der   f i x e d   c o n d i t i o n s   of  s c r e e n i n g .   The  85  to   95%  c o m p l e t i o n  

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

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

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

t i o n   c l o s e   to   c o m p l e t e   s c r e e n i n g   c o n d i t i o n s   ( g r e a t e r   t h a n   95  

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

t h r o u g h   t h e   s c r e e n ) .  

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

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

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

m o i s t u r e   c o n t e n t ,   s i z e   d i s t r i b u t i o n   and  o t h e r   c h a r a c t e r i s t i c s  

of  t he   f e e d   b e c a u s e   s i g n i f i c a n t   v a r i a t i o n s   in   f e e d   a n d / o r  

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

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

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

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

c o n t r o l s   a r e   n o t   u s e d   and  s o m e t i m e s   i t   i s   n o t   e v e n   r e c o g n i z e d  

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

ing  s y s t e m s   a r e   o f t e n   t a i l o r - m a d e   f o r   a  g i v e n   f e e d   and  s e t   o f  

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

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

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

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

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

d e s i r e d   s i z e   d i s t r i b u t i o n   in  t he   f i n i s h e d   p r o d u c t .   An  e x a m -  

p le   of  one  such   p r i o r   a r t   p r o c e s s   is   i l l u s t r a t e d   by  p a t e n t  

No.  4 , 0 3 2 , 4 3 6   to  J o h n s o n ,   t h e   e n t i r e   c o n t e n t s   of   w h i c h   a r e  



i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   Such  c l a s s i f i e r s   may  b e  

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

s c r e e n   a r e a   i s   b l o c k e d   by  n e a r   s i z e   p a r t i c l e s .   V a r i a t i o n s   i n  

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

b e c a u s e   of  b l i n d i n g   may  c a u s e   e x c e s s i v e   w a s t e   a n d / o r   t he   f i n -  

i s h e d   p r o d u c t   to   be  o u t   of  s p e c i f i c a t i o n .  

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

c r e t e   or   a s p h a l t ,   may  r e q u i r e   a  c l o s e l y   d e f i n e d   s i e v e   a n a l y -  

s i s   and  f i n e n e s s   m o d u l u s   ( F . M . ) .   In  o t h e r   w o r d s ,   t h e   s t o n e -  

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

g r a d a t i o n   and  a  c o n s i s t e n t   F.M.  as  n e c e s s a r y   t o   m e e t   a p p l i -  

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

a s p h a l t   c o m p o s i t i o n   with  good  w o r k a b i l i t y ,   f l o w a b i l i t y   and  f i n i s h a b i l i t y .  

ASTM  S t a n d a r d   S p e c i f i c a t i o n   C-33  (ASTM  C - 3 3 )   as  a p p l i e d   t o  

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

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

i n d i c a t e d   upon   s c r e e n i n g   s u b s t a n t i a l l y   to   c o m p l e t i o n :   100% 

p a s s i n g   3 /8   i n c h ,   95  to   100%  p a s s i n g   N o .  4 ,   80  to   100s  p a s s -  

ing  N o .  8 ,   50  t o   85%  p a s s i n g   No.  16,   25  to   60%  p a s s i n g   No.  3 0 ,  

10  to   30%  p a s s i n g   No.  50,  2  t o  1 5 %   p a s s i n g   No.  100  and  0  t o  

7%  p a s s i n g   No.  200 .   ASTM  C-33  f u r t h e r   r e q u i r e s   t h a t   n o t   m o r e  

t h a n   45%  of  t h e   s a m p l e   be  r e t a i n e d   b e t w e e n   any  two  c o n s e c u -  

t i v e   s i e v e s ,   t h a t   t h e   F.M.  n o t   be  l e s s   t h a n   2 . 5 0   nor   m o r e  

t h a n   3 . 1 0   and  t h a t  t h e   F.M.  n o t   v a r y   by  more   t h a n   0 .20   u n l e s s  

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

to  c o m p e n s a t e   f o r   t h e   d i f f e r e n c e   in  g r a d i n g .   T h u s ,   once   t h e  

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

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



To  d e t e r m i n e   w h e t h e r   a  s t o n e s a n d   p r o d u c t   m e e t s   ASTM  C - 3 3 ,   a  

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

b a t c h   s i e v i n g   t h r o u g h   a  s e t   of  t e s t   s i e v e s   h a v i n g   t h e   s i z e s  

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

t he   s i e v e s .   The  F.M.  v a l u e   i s   t h e n   d e t e r m i n e d   by  s u m m i n g   t h e  

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

s i e v e s   and  the   r e s u l t i n g   n u m b e r   w h i c h   i s   in  e x c e s s   of  100% 

is   d i v i d e d   by  100  to   p r o d u c e   a  n u m b e r   w h i c h   i s   t h e   f i n e n e s s  

m o d u l u s .   A  more  d e t a i l e d   e x p l a n a t i o n   of   t h e   F.M.  i n d i c a t o r  

is   s e t   f o r t h   in  t h e   J o h n s o n   p a t e n t   r e f e r e n c e d   a b o v e .  



A  p r i n c i p a l   o b j e c t   of  t h e   i n v e n t i o n   i s   to  i m p r o v e   on  t h e   p r i o r  

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

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

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

s y s t e m s .  

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   p r o v i d e   a  d i f f e r e n t i a l  

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

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

f e e d   m a t e r i a l s   so  as  to   o b t a i n   d i r e c t l y   an  o u t p u t   p r o d u c t  

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

p r o p o r t i o n s .  

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   p r o v i d e   a  d i f f e r e n t i a l  

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

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

s e l e c t i v e l y   a l t e r   the  r e l a t i v e   r a t e s   a t   w h i c h   u n d e r s i z e   p a r t i -  

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

an  o u t p u t   p r o d u c t .  

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   p r o v i d e   a  c o m m e r c i a l l y  

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

f i n e   a g g r e g a t e   so  as  to   m i n i m i z e   t h e   n e c e s s i t y   of  b l e n d i n g  

two  or  more   s t r e a m s   of   d i f f e r e n t   p a r t i c l e   s i z e   d i s t r i b u t i o n s  

and  p r o v i d e   a  p r o d u c t   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   p a r t i -  

c l e   s i z e   d i s t r i b u t i o n .  

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

dry  s c r e e n i n g   p r o c e s s   c a p a b l e   of   b e i n g   a d j u s t e d   so  as  t o  

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

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

in  f e e d   a n d / o r   s c r e e n i n g   c o n d i t i o n s .  

S t i l l   a n o t h e r   o b j e c t   of  t he   i n v e n t i o n   i s   to   p r o v i d e   a  c o n -  

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

or  c o n t i n u o u s l y   a d j u s t e d   in  r e s p o n s e   to  one  or  more  m e a s u r e d  

c h a r a c t e r i s t i c s   of  one  or  more  i n p u t   a n d / o r   o u t p u t   s t r e a m s  



a n d / o r   in   r e s p o n s e   to   one   or  more  m e a s u r e d   c h a r a c t e r i s t i c s  

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

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

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

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

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

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

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

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

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

g r e e   of   i n c o m p l e t e   s c r e e n i n g   is   so  c o n t r o l l e d   as  to  p r o v i d e  

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

p a r t i c l e   s i z e   d i s t r i b u t i o n   of  t he   f e e d .   More  p a r t i c u l a r l y ,  

u n d e r s i z e   p a r t i c l e s   in   d i f f e r e n t   s i z e   c l a s s e s   a r e   s c r e e n e d  

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

c o n t r o l l e d   f a s h i o n   so  t h a t   t he   p r o d u c t   o b t a i n e d   h a s   t h e   d e -  

s i r e d   d i s t r i b u t i o n   of   d i f f e r e n t   p a r t i c l e   s i z e s .  

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

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

p a s s   t h r o u g h   a  s c r e e n   h a v i n g   g i v e n   s i z e   o p e n i n g s   a t   s u c c e s -  

s i v e l y   h i g h e r   m a s s   f l o w   r a t e s .   The  t e r m i n o l o g y   "mass   f l o w  

r a t e "   as  u s e d   in  t h i s   s p e c i f i c a t i o n   d e n o t e s   t h e   mass   of  m a -  

t e r i a l   p e r   u n i t   t i m e   w h i c h   moves  as  a  c o m p l e t e   s t r e a m   or  a s  

a  c o m p o n e n t   of  a  c o m p l e t e   s t r e a m   of  p a r t i c l e s .   By  a p p r o p r i -  

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

t i m e   of  d i f f e r e n t   p a r t i c l e   s i z e   c l a s s e s   on  t h e   s c r e e n ,   t h e  

s c r e e n   i s   u s e d   as  an  a d j u s t a b l e   c o m p o n e n t   in   a  c o n t i n u o u s  

s i z e   c l a s s i f i c a t i o n   s y s t e m .   One  t e n d s   to   t h i n k   of  one  o r  

more  " v a r i a b l e "   s c r e e n s   r a t h e r   t h a n   one  or  more   " f i x e d "  

s c r e e n s   s i n c e   t h e   i n v e n t i o n   c a u s e s   a  g i v e n   s c r e e n   to   a c t   a s  

i f   i t   we re   a  f a m i l y   of  s c r e e n s   r a t h e r   t h a n   a  s i n g l e ,   f i x e d  

s c r e e n i n g   c o m p o n e n t .   T h i s   s y s t e m   is   in  m a r k e d   c o n t r a s t   t o  

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

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

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



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

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

t w e e n   d i f f e r e n t   s i z e   c l a s s e s   so  as  to  a c h i e v e   a  p r e s e l e c t e d  

s i z e   d i s t r i b u t i o n   in  t h e   p r o d u c t .  

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

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

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

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

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

l e a s t   two  of  t h e   u n d e r s i z e   c l a s s e s   in  t h e   f e e d   to   p a s s  

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

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

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

t h e   a t   l e a s t   two  u n d e r s i z e   c l a s s e s   in  t h e   f e e d   s t r e a m .   T h e  

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

c l e s   in  t h e   f e e d   s t r e a m   and  t h e   mass  f l o w   r a t e   of   u n d e r s i z e  

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

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

s t a n t i a l l y   a  p r e s e l e c t e d   d i s t r i b u t i o n   of  p a r t i c l e   s i z e s   in  a  

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

s t r e a m   a n d / o r   t h e   o v e r s   s t r e a m .   A  p o r t i o n   of   t h e   p a r t i c l e s   p a s -  

s i n g   t h r o u g h   t h e   s c r e e n i n g   member   may  be  i n t e r c e p t e d   b e f o r e  

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

a r a t e   s t r e a m   or   c o m b i n e d   w i t h   t h e   overs  s t ream  as  a  " r e t a i n e d "   s t r e a m .  

The  a p p a r a t u s   of  t h e   i n v e n t i o n   c o m p r i s e s   a  s c r e e n   means   h a v -  

i ng   a t   l e a s t   one  s c r e e n i n g   member   w i t h   a p e r t u r e s   of  s u f f i -  

c i e n t   s i z e   to   p a s s   a  p l u r a l i t y   of  s i z e   c l a s s e s   in   a  f e e d  

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

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

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

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

s t r e a m   in  p r o p o r t i o n s   r e l a t i v e   to  one  a n o t h e r   w h i c h   a r e   s u b -  

s t a n t i a l l y   d i f f e r e n t   f rom  t h e   p r o p o r t i o n s   of  t h e   at   l e a s t  

two  u n d e r s i z e   c l a s s e s   r e l a t i v e   to  one  a n o t h e r   in  t he   f e e d  

s t r e a m   so  as  to  s e p a r a t e   t h e   f e e d   s t r e a m   i n t o   a t   l e a s t   t h e  

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



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

r a t e   of  u n d e r s i z e   p a r t i c l e s   in  t h e   f e e d   s t r e a m   and  t h e   m a s s  

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

i n g   member  and  i n t o   t h e   f i r s t   t h r o u g h s   s t r e a m   so  as  to   c o n -  

t r o l   t he   p r o p o r t i o n s   of   t h e   a t   l e a s t   two  u n d e r s i z e   c l a s s e s  

r e l a t i v e   to  one  a n o t h e r   in   t h e   f i r s t   t h r o u g h s   s t r e a m   and  p r o -  
v i d e   s u b s t a n t i a l l y   a  p r e s e l e c t e d   d i s t r i b u t i o n   of   p a r t i c l e  

s i z e s   in  a  p a r t i c u l a t e   p r o d u c t   c o m p r i s e d   of  a t   l e a s t   a  p o r -  
t i o n   of  t he   f i r s t   t h r o u g h s   s t r e a m   a n d / o r   a  p o r t i o n   of   t h e  

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

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

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

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

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

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

i t   may  c o m p r i s e   a  s c r e e n   of   a p e r t u r e s   whose   c h a r a c t e r i s t i c s  

of  s i z e ,   s h a p e ,   o r i e n t a t i o n   and  p o s i t i o n   may  i n d i v i d u a l l y  

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

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

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

of  t h e   s c r e e n ,   w h e r e   t h e   l a t t e r   i s   t a k e n   to   be  in   t h e   d i r e c -  

t i o n   of  the   n o r m a l   f l o w   of  m a t e r i a l   o v e r   t h e   s c r e e n .   T h e  

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

t h e   s c r e e n i n g   member   may  c o m p r i s e   some  t y p e   of   c o n v e y o r   or  a  

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

c l e s   to  p a s s   t h r o u g h   t h e   s c r e e n i n g   member  may  c o m p r i s e   i n c l i n -  

i ng   and  v i b r a t i n g   t h e   s c r e e n i n g   m e m b e r .  

A  w ide   v a r i e t y   of  a d j u s t m e n t   means   may  be  p r o v i d e d   f o r   c o n -  

t r o l l i n g   the   d i f f e r e n t i a l   b e t w e e n   the   mass   f l o w   r a t e   of  u n -  

d e r s i z e   p a r t i c l e s   in  t h e   f e e d   s t r e a m   and  t h e   m a s s   f l o w   r a t e  

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

and  i n t o   the   t h r o u g h s   s t r e a m .   T h e s e   may  i n c l u d e   an  a d j u s t -  

a b l e   c h u t e ,   an  a d j u s t a b l e   p l a t e ,   pan  or  t r a y ,   or   an  a d j u s t -  

a b l e   c o n v e y o r   so  as  to   v a r y   t h e   l o c a t i o n   at   w h i c h   f e e d   i s  

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

c o m b i n a t i o n ,   an  a d j u s t a b l e   r e t e n t i o n   means   may  be  p r o v i d e d  



s u c h   as  an  a d j u s t a b l e   c o v e r   f o r   r e c e i v i n g   o v e r s   f r o m   a b o v e  

t h e   s c r e e n   or  an  a d j u s t a b l e   p l a t e ,   t r a y   or  pan  f o r   i n t e r c e p t -  

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

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

c o n t r o l l e d   p r o p o r t i o n   of  t he   r e s p e c t i v e   u n d e r s i z e   c l a s s e s .  

Each   of  t h e s e   s e v e r a l   a d j u s t m e n t   s c h e m e s   can  be  c h a r a c t e r i z e d  

by  a  p a r a m e t e r   c a l l e d   "open   l e n g t h   of  t he   s c r e e n "   in   t h i s  

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

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

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

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

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

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

means   f o r   a d j u s t i n g   t h e   v i b r a t o r y   m o t i o n   of  t h e   s c r e e n i n g   m e m -  

b e r .   The  means   of  v i b r a t o r y   a d j u s t m e n t   may  i n c l u d e   a d j u s t i n g  

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

s c r e e n ,   or  t h e   wave   f o r m   f o l l o w e d   by  t he   s c r e e n ' s   v i b r a t o r y  

m o t i o n ,   or   a  c o m b i n a t i o n   of  t h e s e   v i b r a t o r y   s c r e e n i n g   p a r a -  
m e t e r s .   The  s c r e e n   i n c l i n a t i o n ,   t h a t   i s   t he   a n g l e   b e t w e e n  

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

a d j u s t a b l e .  

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

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

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

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

member .   Such  m e a n s   may  i n c l u d e   an  a d j u s t a b l e   s p e e d   c o n v e y o r  

or  a  f e e d e r   of  a  t y p e   w h e r e i n   t h e   mass   f l ow  of  f e e d   f rom  a  

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

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

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

t h e   p a r t i c l e   s i z e   d i s t r i b u t i o n   of  t h e   f e e d ,   such   as  by  p r e -  

s c r e e n i n g   an  a d j u s t a b l e   p o r t i o n   of  t he   f e e d   on  a  c o n v e n t i o n a l  

s c a l p i n g   s c r e e n ,   or   by  p r e s c r e e n i n g   on  a n o t h e r   s c r e e n   o p e r a t -  

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

or  by  a d j u s t i n g   t h e   p a r t i c l e   s i z e   r e d u c t i o n   p r o v i d e d   by  a  



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

a n o t h e r   way  t o   a d j u s t   t h e   p a r t i c l e   s i z e   d i s t r i b u t i o n   of  t h e  

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

t h e   s c r e e n i n g   member   w i t h   l a r g e r   p a r t i c u l a t e   m a t e r i a l   to   a  

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

The  i n v e n t i o n   a l s o   c o n t e m p l a t e s   c o m b i n a t i o n s   of  two  or   m o r e  

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

a c h i e v e   t h e   d e s i r e d   d i s t r i b u t i o n   of  p a r t i c l e   s i z e s   in   t h e   f i -  

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

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

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

s t r e a m ,   (b)  c o n v e y i n g   t h r o u g h s   p a s s i n g   t h r o u g h   a  f i r s t   s c r e e n  

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

s e c o n d   s c r e e n   as  a  p r o d u c t   s t r e a m ,   (c)  c o n v e y i n g   o v e r s   f r o m  

a  f i r s t   s c r e e n   to   a  s e c o n d   s c r e e n   and  t a k i n g   o v e r s   f rom  t h e  

s e c o n d   s c r e e n   as  a  p r o d u c t   s t r e a m ,   and  (d)  c o n v e y i n g   o v e r s  

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

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

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

s c r e e n i n g   may  be  u s e d   in   c o m b i n a t i o n   w i t h   t h e   two  d i f f e r e n t -  

t i a l   r a t e   s c r e e n s .   For   e x a m p l e ,   a  t h i r d   s c r e e n   may  be  o p e r a -  

t e d   u p s t r e a m   or  d o w n s t r e a m   of   t h e   two  d i f f e r e n t i a l   r a t e  

s c r e e n s .   T h u s ,   a  s c a l p i n g   s c r e e n   may  be  u s e d   u p s t r e a m   of  t h e  

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

of  a  s i z e   n e a r   or  a b o v e   t h e   mesh  s i z e   of   t h e   f i r s t   d i f f e r e n -  

t i a l   r a t e   s c r e e n ,   or  a  f i n e s   s c r e e n   may  be  u s e d   d o w n s t r e a m  

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

d u s t - l i k e   m a t e r i a l   much  b e l o w   t h e   mesh  s i z e   of  t h e   s e c o n d  

d i f f e r e n t i a l   r a t e   s c r e e n .   Where   more  t h a n   one  s c r e e n   i s   e m -  

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

v e r t e d   to   a  s u b s e q u e n t   s c r e e n   or  a  p o r t i o n   of  t h e   o u t p u t  

f rom  a  g i v e n   s c r e e n   may  be  r e t u r n e d   to  a  p r e c e d i n g   s c r e e n .  

W h i l e   t h e   i n v e n t i o n   w i l l   u s u a l l y   a v o i d   t h e   n e e d   f o r   any  b l e n d -  

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

d i s t r i b u t i o n   in  t he   p r o d u c t ,   i t   may  s o m e t i m e s   be  d e s i r a b l e  t o  

b l e n d   one  or  more   o u t p u t   s t r e a m s   from  a  d i f f e r e n t i a l   r a t e   s c r e e n -  



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

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

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

tem  may  be  b l e n d e d   w i t h   a n o t h e r   s u c h   s t r e a m   to  fo rm  a  p r o d u c t .  

In  a d d i t i o n ,   a  p o r t i o n   of  t h e   f e e d   to   a  g i v e n   s c r e e n   may  b e  

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

same  or  a  d i f f e r e n t   s c r e e n   of  t h e   s c r e e n i n g   s y s t e m .   As  a  
f u r t h e r   a l t e r n a t i v e ,   two  s e p a r a t e   s c r e e n i n g   s y s t e m s   w i t h   d i f -  

f e r e n t   s c r e e n   s e t u p s   may  be  o p e r a t e d   in   p a r a l l e l   and  one  o r  

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

to  p r o v i d e  a   p r o d u c t .  

V a r i o u s   s e t u p   p r o c e d u r e s   a r e   d e s c r i b e d   in  t h e   d e t a i l e d   d e -  

s c r i p t i o n   b e l o w   f o r   s e l e c t i n g   an  a p p r o p r i a t e   mesh  s i z e ,   t h e  

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

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

t i o n   and  o t h e r   c h a r a c t e r i s t i c s   of  t h e   f e e d   to  be  p r o c e s s e d .  

T h e s e   p r o c e d u r e s   a r e   b a s e d   u p o n   e s t i m a t e s   or  m e a s u r e m e n t s  

(or  a  c o m b i n a t i o n   of  b o t h )   of  w h a t   a r e   r e f e r r e d   to  h e r e i n   a s  

t r a n s f e r   f u n c t i o n s   (A).  A  t r a n s f e r   f u n c t i o n   may  a p p l y   e i t h e r  

to  t he   t o t a l   mass   f l o w   r a t e   of  u n d e r s i z e   p a r t i c l e s   b e i n g  

s c r e e n e d   or   to   t h e   mass   f l o w   r a t e   of  a  s p e c i f i c   s i z e   c l a s s  

of  u n d e r s i z e   p a r t i c l e s ,   and  i s   d e f i n e d   as  t h e   r a t i o   of  t h e  

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

to  t h e   t o t a l   mass   f l o w   r a t e   of  u n d e r s i z e   m a t e r i a l   t h a t   w o u l d  

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

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

In  c e r t a i n   e m b o d i m e n t s   of  t h e   i n v e n t i o n ,   one  or  more   s c r e e n i n g  

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

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

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

r e f e r r e d   to   as  " c o n t r o l l a b l y   v a r i a b l e "   in  t h i s   s p e c i f i c a -  

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

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

or  i n t e r r u p t i o n   of  t he   s c r e e n i n g   p r o c e s s   or  a p p a r a t u s .  

At  l e a s t   one  of   t h e   " v a r i a b l e "   s c r e e n i n g   p a r a m e t e r s   i s  

s e l e c t e d   in  a c c o r d a n c e -   w i t h   t h e   p r e s e n t   i n v e n t i o n   so  t h a t  



t h e   c o m b i n a t i o n   of  t he   s c r e e n i n g   p a r a m e t e r s   o p e r a t i v e   on  t h e  
f e e d   s t r e a m   i s   such   t ha t   the  " d i f f e r e n t i a l   r a t e "   s c r e e n   does  not  p r o v i d e  

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

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

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

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

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

means   may  be  p r o v i d e d   to  a u t o m a t i c a l l y   v a r y   one   or   more   o f  

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

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

d i s t r i b u t i o n   of  p a r t i c l e s   in   t h e   p r o d u c t   s t r e a m .   One  o b j e c -  

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

s y s t e m   i s   to   a s s u r e   t h a t   t h e   s i z e   d i s t r i b u t i o n   of   t h e   p r o -  
d u c t   s t r e a m   m e e t s   t h e   d e s i r e d   s p e c i f i c a t i o n s ,   s u c h   as  t h e  

r e q u i r e m e n t s   of  t he   ASTM  C-33   s p e c i f i c a t i o n   f o r   s t o n e s a n d .  

A  f u r t h e r   o b j e c t i v e   i s   to   m i n i m i z e   t h e   q u a n t i t i e s   of  w a s t e  

m a t e r i a l s   t h a t   mus t   be  d i s p o s e d   of  e i t h e r   as  low  e c o n o m i c  

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

in  c o s t s .   I t   i s   a l s o   d e s i r a b l e   to   a c h i e v e   t h e s e   r e s u l t s  

w i t h   t h e   l e a s t   e f f o r t   and   e x p e n s e   p r a c t i c a b l e .  

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

c o n t r o l   i s   t o   be  a c h i e v e d   in   a  c l o s e d - l o o p   s e n s e ,   i t   i s   e s -  
s e n t i a l   t h a t   some  f u n c t i o n   of   t h e   s i z e   d i s t r i b u t i o n   b e  

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

can  be  b a s e d .   E i t h e r  t h e   p r o d u c t   s ize   d i s t r i b u t i o n   or  the  feed  s i z e  

d i s t r i b u t i o n   can   p r o v i d e   t h i s   e r r o r   s i g n a l .   The  u se   of  p r o -  
d u c t   s i z e   d i s t r i b u t i o n   c o n n o t e s   some  form  of  f e e d b a c k   c o n t r o l ,  
w h e r e a s   t h e   u s e   of  f e e d   s i z e   d i s t r i b u t i o n   c o n n o t e s   sane  form  o f  

f e e d - f o r w a r d   c o n t r o l .   B e c a u s e   of  d i f f i c u l t i e s   and  e x p e n s e  
i n v o l v e d   in  d i r e c t   s e n s i n g   of  t h e   s i z e   d i s t r i b u t i o n   o f  

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

e r r o r   s i g n a l   was  d e v e l o p e d .   I t   was  f o u n d   t h a t   t h e   f l o w  

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

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



s a t i s f a c t o r y   c o n t r o l ,   e i t h e r   w i t h   or  w i t h o u t   some  i n t e r m i t -  

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

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

and  c o n s t i t u t e s   a  fo rm  of  a d a p t i v e   or  h i e r a r c h i c a l   c o n t r o l .  

T h r e e   b a s i c   t y p e s   of  c o n t r o l   s y s t e m s   may  t h e r e f o r e   be  u t i -  

l i z e d ,   n a m e l y ,  f e e d b a c k   c o n t r o l ,   f e e d f o r w a r d   c o n t r o l   and  a d a p -  
t i v e   c o n t r o l .  

In  f e e d b a c k   c o n t r o l ,   a t   l e a s t   one  c h a r a c t e r i s t i c   of  an  o u t p u t  

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

a  s e t   p o i n t .   An  e r r o r   s i g n a l   i s   t h e n   g e n e r a t e d   and  u s e d   t o  

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

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

n a l .   The  f e e d b a c k   s i g n a l   may  a l s o   be  u s e d   to   r e t u r n   a  f l o w  

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

f o r   r e c r u s h i n g .  

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

t h e   c r u s h e r   o u t p u t   or  o t h e r   s o u r c e   of  f e e d   to   t h e   a d j u s t a b l e  

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

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

d i s t r i b u t i o n   so  t h a t   i t   comes  w i t h i n   s p e c i f i c a t i o n s .   In  t h i s  

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

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

m o n i t o r i n g   o p e r a t i o n   so  t h a t   an  a d j u s t m e n t   s i g n a l   can   be  s e n t  

f o r w a r d   and  a r r i v e   a t   t h e   s c r e e n   in   p h a s e   w i t h   t h e   c o r r e s -  

ponding  m a t e r i a l   flow.  Although  m a t e r i a l   p a r t i t i o n i n g   by  the  s c r e e n  

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

t i n g   a d j u s t m e n t s   on  t h e   b a s i s   of  s c r e e n   o u t p u t ,   s u c h   a  

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

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

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

may  be  u s e d   to  g e n e r a t e   a  f e e d - f o r w a r d   s i g n a l   to   t h e   a d j u s t -  

a b l e   s c r e e n   a n d / o r   a  f e e d b a c k   s i g n a l   to   t h e   c r u s h e r .   M a n y  

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

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



An  a d a p t i v e   c o n t r o l   s y s t e m   e m p l o y s   more  t h a n   one  c o n t r o l   l o o p .  

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

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

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

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

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

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

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

p a r t i c l e - s i z e   c h a r a c t e r i s t i c s   of  t h e   f e e d ,   as  w e l l   as  t h e   f e e d  

m a s s   f l o w   r a t e ,   r e m a i n s   r e l a t i v e l y   c o n s t a n t .   The  s e t   p o i n t   i s  

u s e d   as  t h e   b a s i s  f o r  m a k i n g   o p e r a t i o n a l   a d j u s t m e n t s   to   t h e   a d -  

j u s t a b l e   s c r e e n ,   s u c h   as  a d j u s t m e n t   to   open   s c r e e n   l e n g t h ,   s o  

as  to   m a i n t a i n   t h e   m a s s   f l o w   r a t e   n e e d e d   to   s a t i s f y   t h e   s i z e  

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

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

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

e x p e r i e n c e   a  s i g n i f i c a n t   c h a n g e   in   p a r t i c l e   s i z e   d i s t r i b u t i o n .  

As  a  r e s u l t ,   t h e   o p e n   s c r e e n  l e n g t h   w o u l d   u n d e r g o   an  e x c u r -  

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

w o u l d   s i g n a l   t h e   n e e d   f o r   s e t   p o i n t   a d j u s t m e n t .   By  m o n i t o r -  

ing   open   s c r e e n   l e n g t h   as  w e l l   as  s t r e a m   mass   f l o w   r a t e ,  

the  system  can  be  prograirmed  to  perform  an  "on-demand"  sampl ing  a n d  

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

P a r t i c l e   s i z e   a n a l y s i s   may  be  p e r f o r m e d   e i t h e r   m a n u a l l y   b y  

c o n v e n t i o n a l   s i e v e   a n a l y s i s   or  a u t o m a t i c a l l y   by  a  p a r t i c l e -  

s i z e   a n a l y z e r   of  a  t y p e   a v a i l a b l e   in   t he   i n d u s t r y .   The  r e -  

s u l t s   of  t h i s   a n a l y s i s   can   t h e n   be  u s e d   to   m a n u a l l y   or   a u t o -  

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

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

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

j u s t m e n t .   T h u s ,   t h e   s y s t e m   " a d a p t s "   to  s i g n i f i c a n t   c h a n g e s  

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

As  i n d i c a t e d   a b o v e ,   t h e   s e n s e d   ( m e a s u r e d )   c h a r a c t e r i s t i c   o r  

c o n t r o l   f u n c t i o n   may  be  t h a t   of  e i t h e r   an  i n p u t   or   an  o u t p u t  

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

t he   mass   f l o w   r a t e   of   t h e   s t r e a m .   A  n u m b e r   of  o t h e r   s t r e a m  

c h a r a c t e r i s t i c s  m a y   be  m e a s u r e d   and  u s e d   to  g e n e r a t e   an  i n p u t  



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

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

above   or  b e l o w   a  s e l e c t e d   s i z e ,   t h e   r e l a t i v e   mass   f l o w   r a t e s  

of  two  or   more   s t r e a m s   c o n t a i n i n g   d i f f e r e n t   p a r t i c l e   s i z e   d i s -  

t r i b u t i o n s ,   t h e   mean  p a r t i c l e   s i z e ,   f i n e n e s s   m o d u l u s ,   or  s o m e  

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

c l e   s i z e   d i s t r i b u t i o n ,   s u c h   as  t h e   n o i s e   l e v e l   or   i m p a c t   e n e r -  

gy  g e n e r a t e d   by  p a r t i c l e   momentum  on  a  c o n v e y o r   or  in   f r e e  

f a l l .   A  p a r t i c u l a r l y   p r e f e r r e d   c h a r a c t e r i s t i c   w h i c h   i s   m e a -  

s u r e d   and  u s e d   f o r   g e n e r a t i n g   a  c o n t r o l   s i g n a l   i s   a  mass   f l o w  

r a t e   r a t i o  b e t w e e n   two  or  more   o u t p u t   s t r e a m s   or   b e t w e e n   t h e  

i n p u t   f e e d   s t r e a m   and  one  or  more   o u t p u t   s t r e a m s ,   s u c h   as  t h e  

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

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

f rom  one  or  more   s c r e e n s   w i t h i n   t h e   a d j u s t a b l e   s c r e e n i n g   s y s t e m .  

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

c u l a t e   s t r e a m   i s   u s e d   as  an  i n p u t   to   t h e   c o n t r o l   s y s t e m   f o r  

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

f r o m . t h e   c o n t r o l   s y s t e m   may  be  u s e d   to  a d j u s t   any  of  t h e   c o n -  

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

r a t e   s c r e e n i n g   s y s t e m ,   n a m e l y ,   f e e d   mass   f l o w   r a t e   (by  a d j u s t -  

ing   f e e d   c o n v e y o r   a n d / o r   o t h e r   f e e d e r   d e v i c e ) ,   f e e d   s i z e   d i s -  

t r i b u t i o n   (by  a d j u s t i n g   c r u s h e r ,   p r e - s c r e e n i n g   d e v i c e   a n d / o r  

r e t u r n   mass   f l o w   r a t e   to   c r u s h e r ) ,   e f f e c t i v e   s c r e e n   o p e n i n g  

s i z e   ( b y  a d j u s t i n g   l o c a t i o n   of  f e e d   d i s c h a r g e   o n t o   a  s c r e e n  

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

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

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

p o s i t i o n   of  a  s c r e e n   c o v e r ,   an  i n t e r c e p t o r   pan  b e n e a t h   s c r e e n ,  

a n d / o r   a  f e e d e r   d e v i c e ) ,   s c r e e n - i n c l i n a t i o n   (by  d i r e c t   a d j u s t -  

m e n t ) ,   v i b r a t o r y   m o t i o n   (by  d i r e c t   a d j u s t m e n t   of  f r e q u e n c y ,  

a m p l i t u d e   a n d / o r   wave  f o r m ) ,   f e e d   d i v e r s i o n   r a t e   (by  a d j u s t -  

ing   mass   f l o w   r a t e   of  f e e d   d i v e r t e d   to  a  p r i o r   or   s u b s e q u e n t  

s c r e e n   or  to   an  o u t p u t   s t r e a m ) ,   and  b l e n d i n g   r a t i o s   (by  a d -  

j u s t i n g   r e l a t i v e   mass   f l o w   r a t e s   of  m ixed   o u t p u t   s t r e a m s   o r  

p a r a l l e l   s c r e e n i n g   s y s t e m s ) .  



The  i n v e n t i o n   may  be  f u r t h e r   u n d e r s t o o d   by  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  i s   a  d i a g r a m a t i c   i l l u s t r a t i o n   of  a  p r o c e s s   and  a p p a r a -  
t u s   f o r   d i f f e r e n t i a l   r a t e   s c r e e n i n g   in  a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n .  

F i g .   2  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i ew   a l o n g   l i n e s   2-2  of  F i g .  

1  i l l u s t r a t i n g   in   more   d e t a i l   t h e   means   f o r   c o n t r o l l a b l y   v a r y -  

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

a p p a r a t u s .  

F i g .   3  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i ew  a l o n g   l i n e s   3-3  of  F i g .  

1  i l l u s t r a t i n g   in  more   d e t a i l   t h e   means   f o r   c o n t r o l l a b l y   v a r y -  

i ng   t h e   o p e n   s c r e e n   l e n g t h   a n d / o r   t h e   e f f e c t i v e   s c r e e n   a p e r -  
t u r e   s i z e   of  t h e   d i f f e r e n t i a l   r a t e   s c r e e n i n g   a p p a r a t u s .  

F i g .   4  i s   a  d i a g r a m a t i c   i l l u s t r a t i o n   of  a  s i m p l i f y i n g   m o d i f i -  

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

t u s   of  F i g .   1 .  

F i g .   5  i s   a  p l o t   of  c u m u l a t i v e   s i z e   d i s t r i b u t i o n s   f o r   ASTM 

C-33  S p e c i f i c a t i o n   s t o n e s a n d   and  s a m p l e   f e e d   m a t e r i a l s .  

F i g .  6   i s   a  d i a g r a m a t i c   i l l u s t r a t i o n   of  a n o t h e r   m o d i f i c a t i o n  

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

F i g .   1 .  

F i g .   7  i s   a  b l o c k   d i a g r a m   of  t h e   c o n t r o l   s y s t e m   f o r   t h e   d i f -  

f e r e n t i a l   r a t e   s c r e e n i n g   p r o c e s s   and  a p p a r a t u s   of  F i g .   4 .  

F i g .   8  i s   a  c i r c u i t   d i a g r a m   of  the   m a n u a l   c o n t r o l - s a f e t y   i n -  

t e r l o c k   c o m p o n e n t   of  F i g .   7 .  

F i g .   9  i s   a  w i r i n g   d i a g r a m   f o r   p r o v i d i n g   p o w e r   to   and  i n t e r -  

c o n n e c t i n g   t h e   c o n t r o l   c o m p o n e n t s   of  F i g .   7  and  t h e   r e m o t e l y  

a d j u s t a b l e   s c r e e n i n g   c o m p o n e n t s   of  F i g .   4 .  



F i g .   10  i s   a  c i r c u i t   d i a g r a m   of  t h e   i n t e r f a c e   c i r c u i t   f o r   i n -  

t e g r a t i n g   t h e   AIM-65  m i n i c o m p u t e r   i n t o   t h e   c o n t r o l   s y s t e m   o f  

F i g .   7 .  

F i g .   11  i s   a  c i r c u i t   d i a g r a m   f o r   i n t e r f a c i n g   c o n t r o l   of  f e e d  

f l o w   r a t e   w i t h   t h e   AIM-65   m i n i c o m p u t e r .  

F i g .   12  i s   a  b l o c k   d i a g r a m   of  t h e   c o m p u t e r   p r o g r a m   f o r   c o n -  

t r o l l i n g   t h e   p r o c e s s   and  a p p a r a t u s   of  F i g .   4 .  

F i g .   13  i s   a  b l o c k   d i a g r a m   of  a  h i e r a r c h i a l   c o n t r o l   m e a n s   f o r  

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

F i g .   14  i s   a  b l o c k   d i a g r a m   of  a  f e e d b a c k   c o n t r o l   m e a n s   f o r   t h e  

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

F i g .   15  i s   a  b l o c k   d i a g r a m   of  a  f e e d b a c k   c o n t r o l   m e a n s   p r o v i d -  

i ng   a  r e t u r n   s t r e a m   of   o v e r s i z e   m a t e r i a l   in   a c c o r d a n c e   w i t h  

t h e   i n v e n t i o n .  

F i g .   16  i s   a  b l o c k   d i a g r a m   of  a  f e e d - f o r w a r d   c o n t r o l   m e a n s  

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

F i g .   17  i s   a  b l o c k   d i a g r a m   of  a  c o n t r o l   means   i n c o r p o r a t i n g  

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

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

F i g .   18  i s   a  d i a g r a m a t i c   i l l u s t r a t i o n   of  t h e   mass   f l o w   r a t e  

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

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

F i g .   19  i s   a  d i a g r a m a t i c   i l l u s t r a t i o n   of  t he   mass   f l o w   r a t e  

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

in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .  

F i g .   20  i l l u s t r a t e s   a  s t a t i c   s e t u p   p r o c e d u r e   f o r   t h e   t o p  

s c r e e n   of  t h e   d i f f e r e n t i a l   r a t e   s c r e e n i n g   s y s t e m   of  F i g .   4 .  



F i g .   21  i l l u s t r a t e s   a  s t a t i c   s e t u p   p r o c e d u r e   f o r   t h e   b o t t o m  

s c r e e n   of  t h e   d i f f e r e n t i a l   r a t e   s c r e e n i n g   s y s t e m   of  F i g .   4 .  

F i g .   22  i s   a  p l o t   of  t h e   c u m u l a t i v e   s i z e   d i s t r i b u t i o n   p r e d i c -  

t e d   by  t h e   s t a t i c   s e t u p   p r o c e d u r e s   of  F i g s .   20  and  2 1 .  

F i g .   23  i l l u s t r a t e s   a  d y n a m i c   s e t u p   p r o c e d u r e   f o r   t h e   t o p  

s c r e e n   of  t h e   d i f f e r e n t i a l   r a t e   s c r e e n i n g   s y s t e m   of  F i g .   4 .  

F i g .   24  i l l u s t r a t e s   a  d y n a m i c   s e t u p   p r o c e d u r e   f o r   t h e   b o t t o m  

s c r e e n   of  t h e   d i f f e r e n t i a l   r a t e   s c r e e n i n g   s y s t e m   of  F i g .   4 .  

F i g .   25  i s   a  p l o t   of  c l a s s   t r a n s f e r   f u n c t i o n s ,   A i r  f o r   t h e   t o p  

s c r e e n   of  t h e   d i f f e r e n t i a l   r a t e   s c r e e n i n g   s y s t e m   of  F i g .   4 .  

F i g .   26  i s   a  p l o t   of  t h e   c u m u l a t i v e   s i z e   d i s t r i b u t i o n   p r e d i c -  

t e d   by  t h e   d y n a m i c   s e t u p   p r o c e d u r e s   of  F i g s .   23  and  2 4 .  

F i g .   27  i s   a  p l o t   of  a  c u m u l a t i v e   t r a n s f e r   f u n c t i o n ,   A  ,   o b -  

t a i n e d   f rom  l a b o r a t o r y   t e s t s   u s i n g   a  3 0 - m e s h   d i f f e r e n t i a l  

r a t e   s c r e e n   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .  

F i g .   28  i s   a  p l o t   of  c l a s s   t r a n s f e r   f u n c t i o n s ,   Aj ,   o b t a i n e d  

by  l a b o r a t o r y   t e s t s   u s i n g   a  3 0 - m e s h   d i f f e r e n t i a l   r a t e   s c r e e n  

in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .  

F i g .   29  i s   a  c l a s s   t r a n s f e r   f u n c t i o n   p l o t   s i m i l a r   to   F i g .   28  

b u t   a t   a  d i f f e r e n t   f e e d   r a t e .  

F i g .   30  i s   a  p l o t   of  c l a s s   t r a n s f e r   f u n c t i o n s   Aj ,   f o r   a  s i n g l e  

3 0 - m e s h   s c r e e n   u s e d   in  t he   d i f f e r e n t i a l   r a t e   s c r e e n i n g   s y s t e m  

of  F i g .   4 

F i g .   31  i s   a  c l a s s   t r a n s f e r   f u n c t i o n   p l o t   s i m i l a r   to   F i g .   30 

b u t   a t   a  d i f f e r e n t   f e e d   r a t e .  

F i g .   32  i s   a  c l a s s   t r a n s f e r   f u n c t i o n   p l o t   s i m i l a r   to   F i g s .   30 

and  31  b u t   a t   a  d i f f e r e n t   f e e d   r a t e .  



F i g s .   33  and  34  a r e   d i a g r a m a t i c   i l l u s t r a t i o n s   of  r e l a t i o n s h i p s  

b e t w e e n   c l a s s   t r a n s f e r   f u n c t i o n s ,   A. ,   and  c u m u l a t i v e   t r a n s f e r  

f u n c t i o n s ,   A  ,   a t   d i f f e r e n t   f e e d   r a t e s .  

F i g s .   35,  36,  37  and  38  a r e   p l o t s   of  c u m u l a t i v e   s i z e   d i s t r i b u -  

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

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

t r a t e d   d i a g r a m a t i c a l l y   in   F i g .   4 .  

F i g .   1  i s   a  d i a g r a m a t i c   i l l u s t r a t i o n   of  t h e   p r o c e s s   and  a p -  

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

Wi th   r e f e r e n c e   to   t h i s   f i g u r e ,   r e l a t i v e l y   l a r g e   q u a r r i e d   r o c k s  

a r e   f e d   by  c o n v e y o r   20  to   a  c e n t r i f u g a l   c r u s h e r   22,  w h i c h   may  
be  of  a  r o t a r y   i m p a c t   t y p e   s u c h   as  d e s c r i b e d   in   U .S .   P a t e n t  

No.  4 , 0 6 1 , 2 7 9   to   S a u t t e r   of  D e c e m b e r   6,  1977 ,   t h e   e n t i r e   d i s -  

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

The  mass   f l o w   r a t e   of  q u a r r i e d   r o c k s   to  c r u s h e r   22  may  b e  

v a r i e d   by  a  v a r i a b l e   s p e e d   m o t o r   24  w h i c h   d r i v e s   b e l t   c o n v e y -  

or   20  in   r e s p o n s e   to   a  c o n t r o l   s i g n a l   2 5 .  

The  c e n t r i f u g a l   c r u s h e r   i n c l u d e s   a  v a r i a b l e   s p e e d   m o t o r   26 

f o r   d r i v i n g   t h e   c r u s h e r   i m p e l l e r   28  in   r e s p o n s e   to   a  c o n t r o l  

s i g n a l   27.  V a r i a b l e   s p e e d   i m p e l l e r   28  p r o v i d e s   a  m e a n s   f o r  

c o n t r o l l a b l y   v a r y i n g   t h e   mean  p a r t i c l e   s i z e   and  p a r t i c l e   s i z e  

d i s t r i b u t i o n   of  t h e   s t o n e s a n d   30  p r o d u c e d   by  c r u s h e r   22.  I t  

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

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

t h e   c r u s h e d   o u t p u t   may  be  u s e d   i n s t e a d   of  c r u s h e r s   of  t h e   c e n -  

t r i f u g a l   t y p e   i l l u s t r a t e d .  

The  s t o n e s a n d   p r o d u c e d   by  c r u s h i n g   t h e   much  l a r g e r   q u a r r i e d  

r o c k s   i s   c o n v e y e d   to   a  f e e d   b i n   32  by  means   of  a  b e l t   c o n v e y -  

or   34  d r i v e n   by  a  v a r i a b l e   s p e e d   m o t o r   36  in  r e s p o n s e   to  a  

c o n t r o l   s i g n a l   37.  M o t o r   36  may  be  s y n c h r o n i z e d   w i t h   m o t o r  

24  to  e q u a l i z e   t h e   c a p a c i t i e s   of  c o n v e y o r   20  s u p p l y i n g   q u a r -  

r i e d   r o c k s   t o ,   and  c o n v e y o r   34  r e m o v i n g   s t o n e s a n d   f r o m ,   c r u s h -  

er  22.  As  t h e   s t o n e s a n d   f a l l s   f rom  c o n v e y o r   34  i n t o   b i n   3 2 ,  



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

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

s e l e c t e d   s i z e ,   f i n e n e s s   m o d u l u s ,   a n d / o r   mean  p a r t i c l e   s i z e  

may  be  d e t e r m i n e d   by  a  m e a s u r i n g   d e v i c e   38  p r o v i d i n g   an  i n -  

p u t   s i g n a l   40  to   a  c o n t r o l   s y s t e m ,   g e n e r a l l y   d e s i g n a t e d   4 5 .  

F e e d   m e a s u r i n g   d e v i c e   38  may  a l s o   c o m p r i s e   a  w e i g h   b e l t  

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

r a t e   of  s t o n e s a n d   c o n v e y e d   to   b i n   32.  Bin  32  i s   p r e f e r a b l y  

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

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

s i d e s   e a c h   i n c l i n e d   a t   a b o u t   70°  u p w a r d l y   f rom  t h e   h o r i z o n t a l .  

M o u n t e d   u n d e r   t he   d i s c h a r g e   o p e n i n g   of  b i n   32  i s   a  b i n   d i s -  

c h a r g i n g   f e e d e r   52,  such   as  a  l i v e   b o t t o m   " S i l e t t a "   f e e d e r  

m a n u f a c t u r e d   by  S o l i d s   F low  C o n t r o l   (SFC)  C o r p o r a t i o n   o f  

West   C a l d w e l l ,   New  J e r s e y .   The  S i l e t t a   f e e d e r   has   a  " v e n e -  

t i a n   b l i n d "  f e e d e r   t r a y   c o m p r i s e d   of  e l o n g a t e d   s l a t s   53 

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

in  t h e   s i z e   r a n g e   f rom  a b o u t   3 /8   i n c h   to   f i n e s   ( m i n u s   2 0 0  

m e s h ) .   Wi th   a  f e e d   d e n s i t y   in   t h e   r a n g e   of  a b o u t   80  to   a b o u t  

100  p o u n d s   p e r   c u b i c   f o o t ,   f e e d e r   52  can   p r o v i d e   a  c o n t r o l -  

l a b l y   v a r i a b l e   f e e d   r a t e   in   t h e   r a n g e   of  a b o u t   2  to   a b o u t  

25  t o n s   p e r   h o u r .   The  f e e d e r   t r a y   i s   v i b r a t e d   h o r i z o n t a l l y  

in  a  d i r e c t i o n   p e r p e n d i c u l a r   to   t h e   l e n g t h   of  s l a t s   53  b y  

an  a d j u s t a b l e   a m p l i t u d e   m a g n e t i c   d r i v e   u n i t   54,   s u c h   as  t h a t  

m a n u f a c t u r e d   by  E r i e z   M a g n e t i c s   of  E r i e ,   P e n n s y l v a n i a .   In  a  

p r e f e r r e d   e m b o d i m e n t ,   d r i v e   u n i t   54  v i b r a t e s   t h e   f e e d e r   t r a y  

a t   a  c o n s t a n t   f r e q u e n c y   of  a b o u t   60  h e r t z   and  has   an  a d j u s t a -  

b l e   a m p l i t u d e   w i t h   a  maximum  a m p l i t u d e   of  a b o u t   1  mm.  T h e  

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

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

t h e   v i b r a t o r y   a m p l i t u d e   in  r e s p o n s e   to   t he   i n p u t   of  an  e x -  

t e r n a l   a n a l o g   s i g n a l   55.  S i n c e   t h e   s l a t   o p e n i n g   s i z e   and  v i -  

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

f rom  b i n   32,  a n a l o g   s i g n a l   55  can   be  u s e d   to  v a r y   t he   i n s t a n -  

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



56  and  t h e r e b y   p r o v i d e s   one  means   f o r   a c h i e v i n g   r e l a t i v e l y  

p r e c i s e   c o n t r o l   o v e r   t h e   mass   f e e d   r a t e .   I f   t h e r e   i s   no  n e e d  

f o r   t h e   s u r g e   c a p a c i t y   p r o v i d e d   by  b i n   32,  b o t h   t h e   b i n   a n d  

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

v a r i a b l e   s p e e d   c o n v e y o r   m o t o r s   24  and  3 6 .  

B e n e a t h   f e e d e r   52  i s   a  s c r e e n i n g   u n i t ,   g e n e r a l l y   d e s i g n a t e d  

60,  h a v i n g   m u l t i p l e   s c r e e n s   or   " s c r e e n   d e c k s " .   A  S i l e t t a  

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

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

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

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

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

t u d i n a l   d i r e c t i o n   of  t h e   " s l a t s "   and  d i s c h a r g e   c h u t e   56  i s  

p r e f e r a b l y   of  t h e   f u l l - w i d t h   t y p e   so  as  to  m a i n t a i n   t h i s  

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

ing   s c r e e n   d e c k .   D i s c h a r g e   c h u t e   56  i s   m a n u a l l y   or   a u t o m a t i -  

c a l l y   a d j u s t a b l e   t h r o u g h   an  a r c   of  a b o u t   90°  i n  t h e   d i r e c t i o n  

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

e x p l a i n e d   in  more   d e t a i l   b e l o w .  

The  s c r e e n i n g   u n i t   60  r e c e i v i n g   s t o n e s a n d   f e e d   62  f rom  c h u t e  

56  may  be  c o m p r i s e d   of  one  or  more   s c r e e n   d e c k s .   In  t h e   e m -  
b o d i m e n t   shown  in  F i g .   1,  t h e   s c r e e n i n g   u n i t   has   t h r e e   ( 3 )  

s c r e e n   d e c k s ,   n a m e l y ,   a  t op   s c r e e n   64  of  8 - m e s h   s i z e ,   an  i n -  

t e r m e d i a t e   s c r e e n   66  of  4 - m e s h   s i z e   and  a  b o t t o m   s c r e e n   68  

h a v i n g  a   5 0 - m e s h   s i z e   s e c t i o n   and  a  3 0 - m e s h   s i z e   s e c t i o n .  

S c r e e n   64  may  e x t e n d   f o r   a l m o s t   t h e   f u l l   l e n g t h   of  t h e   s c r e e n -  

i n g   u n i t ,   e . g . ,   a b o u t   84  i n c h e s ,   w h i l e   s c r e e n   66  and  e a c h   s e c -  

t i o n   of  s c r e e n   68  may  e x t e n d   a b o u t   o n e - h a l f   t h a t   l e n g t h ,   e . g . ,  

a b o u t   42  i n c h e s .   Each  of  t h e s e   s c r e e n s   may  be  a b o u t   46  i n c h e s  

in  w i d t h .   The  s u p p o r t   g r i d   ( no t   shown)  of  e a c h   s c r e e n   m a y  

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

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

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

c l e a n i n g   and  p r e v e n t i n g   s c r e e n   " b l i n d i n g " ,   a  c o a r s e   u n d e r -  



s c r e e n   h a v i n g   a  mesh  of  a b o u t   3/8  or  1 /2   i n c h e s   may  be  a t -  

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

u a l   c o m p a r t m e n t s   a b o u t   6  i n c h e s   s q u a r e   and  16  i n c h e s   t h i c k  

.a re   f o r m e d   a d j a c e n t   to   t h e   u n d e r   s u r f a c e   of  e a c h   s c r e e n .   H a r d  

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

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

An  a d j u s t a b l e   d e f l e c t o r   p l a t e   70  i s   p r o v i d e d   a l o n g   t h e   u p p e r  

t r a n s v e r s e   edge   of  t h e   s c r e e n i n g   u n i t   to   d i r e c t   i n p u t   f e e d  

m a t e r i a l   o n t o   s c r e e n   66,  o n t o   an  i n t e r s c r e e n   c o n v e y o r   72  o r  

t h r o u g h   a  f e e d   d i v e r t e r   74  h a v i n g   a  p a i r   of  c h u t e s ,   one  e x -  

t e n d i n g   d o w n w a r d   p a s t   e a c h   s i d e   of  c o n v e y o r   72.  A d j u s t a b l e  

c h u t e   56  c o o p e r a t e s   w i t h   d e f l e c t o r   p l a t e   70,  i n t e r s c r e e n  

c o n v e y o r   72  and  f e e d   d i v e r t e r   74  so  as  to  d i r e c t   f e e d   62  t o  

one  or  more  of  t h e   t h r e e   s c r e e n s   or  to   d i v e r t   a l l   or  a  p o r -  

t i o n   of  f e e d   62  a r o u n d   one  or   more  s c r e e n s .   A c c o r d i n g l y ,  

when  c h u t e   56  i s   in  p o s i t i o n   "A"  a l l   of   t he   f e e d   62  f a l l s  

o n t o   t o p   s c r e e n   64.  When  c h u t e   56  i s   in  p o s i t i o n   "B",   f e e d  

62  i s   d i v i d e d   b e t w e e n   t o p   s c r e e n   64  and  i n t e r m e d i a t e   s c r e e n  

66.  When  c h u t e   56  i s   in  p o s i t i o n   "C"  and  d e f l e c t o r   70  i s  

f u l l y   c l o s e d   to   s h u t   o f f   f l o w   to   d i v e r t e r   74,  a l l   of  f e e d  

62  i s   f ed   o n t o   s c r e e n   66.  When  c h u t e   56  i s   in   p o s i t i o n   "C"  

and  d e f l e c t o r   70  i s   o p e n ,   f e e d   62  i s   d i v i d e d   b e t w e e n   s c r e e n  

66  and  d i v e r t e r   74.  When  c h u t e   56  i s   in  p o s i t i o n   "D"  a n d  

d e f l e c t o r   70  i s   f u l l y   open   or  f u l l y   c l o s e d ,   a l l   of  f e e d   62 

b y p a s s e s   s c r e e n s   64  and  66  and  i s   c o n v e y e d   to  s c r e e n   68  b y  

i n t e r s c r e e n   c o n v e y o r   72,  f e e d   b e i n g   d i s c h a r g e d   o n t o   e i t h e r  

t h e   5 0 - m e s h   s e c t i o n   or   t h e   3 0 - m e s h   s e c t i o n   of  s c r e e n   68  d e -  

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

t h e   i n t e r s c r e e n   c o n v e y o r .   Bo th   c h u t e   56  and  d e f l e c t o r   70  

may  a l s o   have   i n t e r m e d i a t e   p o s i t i o n s   so  as  to   d i v i d e   f e e d  

62  b e t w e e n   s c r e e n   66  and  s c r e e n   68  and  b e t w e e n   s c r e e n   68 

and  f e e d   d i v e r t e r   7 4 .  

S c r e e n s   64,  66  and  68  a r e   a r r a n g e d   in  t he   form  of  s c r e e n  

d e c k s   c a r r i e d   by  v i b r a t o r y   f r a m e   80  w h i c h   is   d y n a m i c a l l y  

b a l a n c e d   and  r e s i l i e n t l y   m o u n t e d   on  a  f i x e d   f r a m e   82.  An 

a d j u s t a b l e   v i b r a t o r y   u n i t   84  i s   d r i v e n   by  a  v a r i a b l e   s p e e d  



m o t o r   86  in   r e s p o n s e   to  a  c o n t r o l   s i g n a l   87  f o r   v a r y i n g   t h e  

v i b r a t o r y   f r e q u e n c y .   W i t h   r e f e r e n c e   to   F i g .   2,  t h e   s c r e e n  

v i b r a t o r y   u n i t   84  i n c l u d e s   means   f o r   v a r y i n g   b o t h   t h e   v i b r a -  

t o r y   a m p l i t u d e   and  v i b r a t o r y   wave  f o rm  in  a d d i t i o n   to   t h e  

v i b r a t o r y   f r e q u e n c y .   A  r e c t a n g u l a r   v i b r a t o r y   cam  or  b e a r i n g  

member   88  p r o v i d e s   a  s a w - t o o t h   t y p e   of   wave  f o r m   and  an  e c -  

c e n t r i c   c y l i n d i r c a l   b e a r i n g   member   90  p r o v i d e s   a  s i n u s o i d a l  

t y p e   of  wave  f o r m .   A l t e r n a t e l y ,   cams  of  o t h e r   s h a p e s   c o u l d  

be  u s e d   to   g e n e r a t e   a  v a r i e t y   of  o t h e r   t y p e s   of   wave  f o r m s .  

M e m b e r s   88  and  90  a r e   a x i a l l y   m o u n t e d   f o r   r o t a t i o n   u p o n  

a  s h a f t   92  c a r r y i n g   a  p u l l e y   94  d r i v e n   by  a  b e l t   o f  

m o t o r   86.  P u l l e y   94  e n g a g e s   a  s p l i n e   p o r t i o n   96  o f  

s h a f t   92  so  t h a t   s h a f t   92  may  be  a d j u s t e d   l o n g i t u d i n a l l y  

by  m e a n s   of  a  b e a r i n g  d i s c   98  e n g a g a b l e   by  a  s l o t t e d   j o u r n a l  

member   100  t h r e a d e d   to   a  s h a f t   102  m o u n t e d   f o r   r o t a t i o n   p a r a l -  

l e l   to   s h a f t   92.  A  r e v e r s i b l e   e l e c t r i c   m o t o r   104  r o t a t a b l y  

e n g a g e s   s h a f t   102  so  as  to   r e c i p r o c a t e   j o u r n a l   member   100  a n d -  

s h a f t   92  in  t h e   d i r e c t i o n   of  a r r o w   "W"  in  r e s p o n s e   to  a  c o n -  

t r o l   s i g n a l   106 ,   d i s c   98  s e c u r e d   to   s h a f t   92  b e i n g   f r e e   to   r o -  

t a t e   w i t h i n   t h e   s l o t   of  j o u r n a l   member   100  d u r i n g   a d j u s t i n g  

e n g a g e m e n t   b e t w e e n   t h e s e   two  c o m p o n e n t s .   L o n g i t u d i n a l   a d j u s t -  

m e n t   of  s h a f t   92  c a u s e s   l o n g i t u d i n a l   d i s p l a c e m e n t   of  t h e   v i -  

b r a t o r y   m e m b e r s   88  and  90  w h i c h   a r e   r i g i d l y   s e c u r e d   to  s h a f t  

92  f o r   r o t a t i o n   t h e r e w i t h .   A  c h a n g e   in  wave  f o r m   i s   a c h i e v e d  

by  l o n g i t u d i n a l l y   d i s p l a c i n g   s h a f t   92  so  t h a t   c y l i n d r i c a l  

member   90  e n g a g e s   v i b r a t o r y   f r a m e   80  in   p l a c e   of   r e c t a n g u l a r  

member   88.  As  i l l u s t r a t e d   in  F i g .   2,  t h e   l o n g i t u d i n a l   a x i s  

of  member   90  i s   c a n t e d   r e l a t i v e   to  t h e   l o n g i t u d i n a l   a x i s   o f  

s h a f t   92  so  t h a t   l o n g i t u d i n a l   a d j u s t m e n t   of  member   90  r e l a -  

t i v e   to  v i b r a t o r y   f r a m e   80  w i l l   c h a n g e   t h e   a m p l i t u d e   a t   w h i c h  

f r a m e   80  i s   v i b r a t e d   by  i t s   e n g a g e m e n t   w i t h   t h e   e c c e n t r i c  

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

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

of  member   90.  S h a f t   92  i s   m o u n t e d   b o t h   f o r   r o t a t i o n   and  f o r  

l o n g i t u d i n a l   r e c i p r o c a t i o n   by  a  p a i r   of  j o u r n a l   m e m b e r s   108  

m o u n t e d   n e a r   o p p o s i t e   e d g e s   of  f i x e d   f r a m e   82,   one  such   j o u r -  

n a l   member   108  b e i n g   shown  in  F i g .   1  b u t   o m i t t e d   f rom  F i g .   2 

f o r   p u r p o s e s   of  c l a r i t y .  



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

h o r i z o n t a l   may  be  v a r i e d   s i n c e   one  end  of  t he   f i x e d   f r a m e   82 

i s   p i v o t a l l y   m o u n t e d   upon   a  f o u n d a t i o n   112  by  means   of   a  

p i v o t   c o n n e c t i o n   110.   The  o t h e r   end  of  f i x e d   f r a m e   82  i s   p i v -  

o t a l l y   c o n n e c t e d   to   a  v e r t i c a l l y   a d j u s t a b l e   s h a f t   114  w h i c h  

has   t h r e a d s   e n g a g e d   by  a  r e v e r s i b l e   e l e c t r i c   m o t o r   116  s o  

t h a t   a c t u a t i o n   of  m o t o r   116  in   r e s p o n s e   to   a  c o n t r o l   s i g n a l  

120  c a u s e s   l o n g i t u d i n a l   m o v e m e n t   of  t h r e a d e d   s h a f t   114 .   M o t o r  

116  i s   p i v o t a l l y   c o n n e c t e d   to   f o u n d a t i o n   112  by  a  p i v o t a l  

m o u n t i n g   l18  s i m i l a r   to   p i v o t a l   c o n n e c t i o n   1 1 0 .  

Each   of  t h e   s c r e e n s   64,  66  and  68  i s   c o n f i g u r e d   so  t h a t   t h e  

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

or  a u t o m a t i c a l l y .   Wi th   r e s p e c t   to  top   s c r e e n   64,  a  s h r o u d  

member   130  i s   a r r a n g e d   to  be  m o v a b l e   in  t h e   d i r e c t i o n   o f  

a r r o w   "U"  and  has   a  s o l i d   b o t t o m   pan  132  u n d e r l y i n g   s c r e e n  

64  as  i l l u s t r a t e d   in  F i g .   3.  A l s o   a t t a c h e d   a t  o r   n e a r   t h e  

b o t t o m   of  s h r o u d   member   130  i s   an  e l o n g a t e d   r a c k   134  e n g a g e d  

b y  a  p i n i o n   136  r o t a t a b l y   d r i v e n   by  a  r e v e r s i b l e   e l e c t r i c  

m o t o r   138 .   S h r o u d   130  i s   m o u n t e d   on  b a l l   b e a r i n g   r o l l e r s  

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

g l e   i r o n   s i d e   r a i l s   ( n o t   shown)   so  t h a t   s h r o u d   pan  132  m a y  
be  a d j u s t e d   r e l a t i v e   to  t h e   l o n g i t u d i n a l   l e n g t h   of  s c r e e n  

64  by  m o v e m e n t   of  r a c k   134  upon   r o t a t i o n   of  p i n i o n   136  b y  

m o t o r   138  in  r e s p o n s e   to  a  c o n t r o l   s i g n a l   140.   As  an  a l -  

t e r n a t i v e ,   pan  132  may  i t s e l f   i n c l u d e   a  s c r e e n   or  o t h e r  

a p e r t u r e d   s e c t i o n   139  a r r a n g e d   to  c o o p e r a t e   w i t h   t h e   a p e r -  

t u r e s   of  s c r e e n   64  so  as  to   v a r y   t h e   e f f e c t i v e   o p e n i n g   s i z e  

of  a t   l e a s t   some  of  t h e   a p e r t u r e s   s e e n   by  t h e   p a r t i c l e s   p a s s -  

i ng   a l o n g   t he   s c r e e n   d e c k   f o r m e d   by  such   a  p a r a l l e l   s t r u c t u r e .  

The  o p e n   l e n g t h   of  s c r e e n   66  i s   v a r i e d   by  means   of  a  

l o n g i t u d i n a l l y   a d j u s t a b l e   i n t e r s c r e e n   pan  150  c o n n e c t e d  

by  a  t e t h e r   152  to  a  c o u n t e r b a l a n c e   154.   The  t e t h e r   152  i s  

p r e f e r a b l y   in  t he   fo rm  of  a  c h a i n   e n g a g e d   by  a  s p r o c k e t   1 5 6  

of  a  r e v e r s i b l e   pan  p o s i t i o n i n g   m o t o r   158.   The  i n t e r s r c r e e n  

pan  150  i s   m o u n t e d   on  b a l l   b e a r i n g   r o l l e r s   t h a t   r ide   on  a  t r a c k  

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

shown)  m o u n t e d   on  v i b r a t o r y   f r a m e   80  so  as  to  be  v i b r a t e d  



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

i ng   t h e r e o n   t o w a r d   t h e   l o w e r ,   d i s c h a r g e   end .   A c t u a t i o n   o f  

m o t o r   158  in  r e s p o n s e   to  a  s i g n a l   160  c a u s e s   pan  150  to  m o v e  

in  e i t h e r   of  t h e   d i r e c t i o n s   i n d i c a t e d   by  a r r o w   "V"  d e p e n d i n g  

upon   t h e   d i r e c t i o n   of  m o t o r   r o t a t i o n   as  d e t e r m i n e d   by  t h e  

s i g n a l   160 .   P a r t i c u l a t e s   f a l l i n g   p a s t   t h e   u p p e r   end  of  p a n  
150  r e a c h   i n t e r s c r e e n   c o n v e y o r   72  as  a  f i r s t   t h r o u g h s   s t r e a m  

f o r   t r a n s p o r t   to  b o t t o m   s c r e e n   68.  The  p a r t i c u l a t e s   f a l l i n g  
on  pan  150  a r e   d i s c h a r g e d   f r o m   i t s   l o w e r   end  i n t o   a  c o l l e c -  

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

p a r a t u s   as  a  s e p a r a t e   s t r e a m   of  t h r o u g h s   a n d / o r   o v e r s   f rom  t h e  

s c r e e n   66  and  f a l l   on  an  o v e r s   d i s c h a r g e   c o n v e y o r   1 6 4 .  

Pan  150  i s   p r e f e r a b l y   a r r a n g e d   f o r   s u f f i c i e n t   u p w a r d   t r a v e l  

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

66  to   c o n v e y o r   72  and  f o r   s u f f i c i e n t   downward   t r a v e l   to   p e r -  
m i t   a l l   p a r t i c l e s   p a s s i n g   t h r o u g h   u p p e r   s c r e e n   64  to   r e a c h  

c o n v e y o r   72  e i t h e r   by  p a s s i n g   t h r o u g h   t h e   l a r g e r   mesh  o f  

s c r e e n   66  or  by  f a l l i n g   o f f   t h e   l o w e r   end  of  s c r e e n   66  d i -  

r e c t l y   o n t o   c o n v e y o r   72.  Pan  150  may  a l s o   i n c l u d e   an  a p e r -  
t u r e d   s e c t i o n   (no t   shown)  s i m i l a r   to   s e c t i o n   139  of  pan  1 3 2  

and  a r r a n g e d   so  as  to   a l t e r   t h e   p r o b a b i l i t y   of  p a s s a g e   f r o m  

s c r e e n s   64  a n d / o r   66  to  c o n v e y o r   72  f o r   a t   l e a s t   a  p o r t i o n  

of  t h e   p a r t i c u l a t e s   i n t e r c e p t e d   by  pan  1 5 0 .  

The  d i s c h a r g e   end  of  i n t e r s c r e e n   c o n v e y o r   72  i s   a d j u s t a b l e   i n  

e i t h e r   of   t h e   d i r e c t i o n s   i n d i c a t e d   by  a r r o w   "X"  by  means   of  a  

t e t h e r   170  c o n n e c t i n g   t h e   u p p e r   end  of  t h i s   c o n v e y o r   to   a  

c o u n t e r b a l a n c e   172.   T e t h e r   170  i s   p r e f e r a b l y   a  f l e x i b l e  

c h a i n   a r r a n g e d   to  be  e n g a g e d   by  a  s p r o c k e t   174  d r i v e n   by  a  

r e v e r s i b l e   e l e c t r i c   c o n v e y o r   p o s i t i o n i n g   m o t o r   176.   T h e  

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

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

178  and  a  t e n s i o n i n g   r o l l e r   180 .   D r i v e   r o l l e r   178  i s   d r i v e n  

by  an  a d j u s t a b l e   s p e e d   m o t o r   ( n o t   shown)  w h i c h   i s   p r e f e r a b l y  

s y n c h r o n i z e d   w i t h   t he   f e e d   r a t e   so  as  to  p r e v e n t   an  e x c e s s i v e  

b u i l d - u p   of  p a r t i c u l a t e s   on  or   n e a r   t he   d i s c h a r g e   end  of  t h e  



c o n v e y o r   b e l t .   A  v e r t i c a l l y   e x t e n d i n g   d e f l e c t o r   p l a t e   182  i s  

m o u n t e d   a d j a c e n t   to   t h e   d i s c h a r g e   end  183  of  c o n v e y o r   72  t o  

e n s u r e   t h a t   t h e   p a r t i c u l a t e s   a r e   f e d   to   s c r e e n   68  in  a  r e l a -  

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

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

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

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

l y i n g   s c r e e n .  

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

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

ing  to   a  t h r o u g h s   p a n  1 8 4   to   an  u p p e r   p o s i t i o n   d i s c h a r g i n g   t o  

t h e   u p p e r   p o r t i o n   of  t h e   5 0 - m e s h   s c r e e n   s e c t i o n   so  as  to   b e  

a b l e   to  t a k e   a d v a n t a g e   of  t h e   f u l l   open   l e n g t h   of  t h i s   s c r e e n  

s e c t i o n .   The  u p p e r   end  of  pan  184  i s   s p a c e d   l o n g i t u d i n a l l y  

d o w n s t r e a m   of  t h e   u p p e r   end  of  t h e   3 0 - m e s h   s c r e e n   s e c t i o n   s o  

t h a t   t h e   d i s c h a r g e   end  183  of  c o n v e y o r   72  may  be  p o s i t i o n e d  

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

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

b e t w e e n   t h e   5 0 - m e s h   and  3 0 - m e s h   s c r e e n   s e c t i o n s   i s   a  s i d e  

d i s c h a r g e   c h a n n e l   186  w i t h   a  h i n g e d   d o o r   187.   D i s c h a r g e   c h a n -  

n e l   186  c o n v e y s   p a r t i c u l a t e s   a r o u n d   t h e   3 0 - m e s h   s e c t i o n   d i -  

r e c t l y   to   a  c h u t e   190  i f   d o o r   187  i s   o p e n .   W i t h   d o o r   1 8 7  

c l o s e d ,   t h e   p a r t i c u l a t e s   p a s s i n g   o f f   of  t h e   end  of  t h e   5 0 -  

mesh  s e c t i o n   w i l l   a l s o   p a s s   o v e r   t h e   3 0 - m e s h   s e c t i o n   and  b e  

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

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

258  p a s s i n g   t h r o u g h   s c r e e n   68  and  a  b o t t o m   o v e r s   c o m p o n e n t  

256  p a s s i n g   o f f   of  t h e   end  of  s c r e e n   68  and  t h r o u g h   t h e   c h u t e  

190  to  a  c o n v e y o r   192.   The  f i n e s   c o m p o n e n t   258  f a l l s   on  a  

f i n e s   pan  194  and  i s   d i s c h a r g e d   f rom  t h e   l o w e r   end  of  t h i s  

pan  t h r o u g h   a  c h u t e   196  to   a  f i n e s   c o n v e y o r   198.   F i n e s   c o n -  

v e y o r   198  i s   of  t h e   w e i g h   b e l t   t y p e   h a v i n g   a  w e i g h t   and  c o n -  

v e y o r   s p e e d   s e n s i n g   e l e m e n t   200  p r o v i d i n g   a  mass   f l o w   r a t e  

s i g n a l   202  to   c o n t r o l   s y s t e m   4 5 .  



A  t o p  o v e r s   s t ream  252  f rom  s c r e e n   64  i s   d i s c h a r g e d   to   o v e r s -  

c o n v e y o r   164  and  t r a n s p o r t e d   to  a  w e i g h   b e l t   210  h a v i n g   a  

w e i g h t   and  c o n v e y o r   s p e e d   s e n s i n g   e l e m e n t   212  f o r   p r o v i d i n g  

a  mass   f l o w   r a t e   s i g n a l   214  to   c o n t r o l   s y s t e m   45.  I n t e r -  

m e d i a t e   o v e r s   a n d / o r   t h r o u g h s   254 ,   w h i c h   p a s s   t h r o u g h   s c r e e n  

64  a n d / o r   o v e r   or  t h r o u g h   s c r e e n   66  b u t   do  no t   r e a c h   a  s u b -  

s e q u e n t   s c r e e n   b e c a u s e   of  pan  150 ,   a r e   a l s o   d i s c h a r g e d   t o  

c o n v e y o r   164  and  t r a n s p o r t e d   to   w e i g h   b e l t   2 1 0 .  

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

b o t t o m   o v e r s   256  f rom  s c r e e n   68  a r e   d e s i g n a t e d   as  t h e   p r o d u c t  

s t r e a m   in  F i g .   1.  H o w e v e r ,   any  of  t h e   o u t p u t   s t r e a m s ,   s u c h  

as  t h o s e   r e c e i v e d   by  c o n v e y o r s   164  and  198,   may  be  d e s i g n a t e d  

as  " p r o d u c t " .   F u r t h e r m o r e ,   t h e   " p r o d u c t "   s t r e a m   may  be  c o m -  

p r i s e d   of  an  i n t i m a t e   m i x t u r e   of  two  or  more  o u t p u t   s t r e a m s  

or  one  or   more   o u t p u t   s t r e a m s   i n  i n t i m a t e   a d m i x t u r e   w i t h   u n -  

s c r e e n e d   f e e d   d i v e r t e d   t h r o u g h   f e e d   d i v e r t e r   74  to  a  w e i g h  

b e l t   220  h a v i n g   a  w e i g h t   and  c o n v e y o r   s p e e d   s e n s i n g   e l e m e n t  

222  f o r   p r o v i d i n g   a  mass   f l o w   r a t e   s i g n a l   224  to  c o n t r o l  

s y s t e m   4 5 .  

In  t h e   e m b o d i m e n t   of  F i g .   1,  t h e   p r o d u c t   s t r e a m   on  c o n v e y o r  
192  i s   d i s c h a r g e d   to   a  p r o d u c t   w e i g h   b e l t   230  e n c l o s e d   w i t h -  

in  a  h o u s i n g   232  h a v i n g   an  i n l e t   c h u t e   234  and  a  d i s c h a r g e  

c h u t e   236 .   The  w e i g h   b e l t   i n c l u d e s   a  w e i g h t   and  c o n v e y o r  

s p e e d   s e n s i n g   e l e m e n t   238  f o r   p r o v i d i n g   a  mass   f l o w   r a t e   s i g -  

n a l   240  to   c o n t r o l   s y s t e m   45.  H e a t e d   a i r   or  d i r e c t   h e a t   m a y  
be  p r o v i d e d   w i t h i n   h o u s i n g   232  so  as  to  c o n t r o l   t h e   m o i s t u r e  

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

t i n u o u s   mass  flow  r a t e   measurements .   S i m i l a r   h o u s i n g s   and  h e a t -  

ing  u n i t s   may  be  p r o v i d e d   f o r   w e i g h   b e l t s   198,   210  and  2 2 0 .  

A  m e a s u r i n g   d e v i c e   242  may  a l s o   be  e m p l o y e d   f o r   m e a s u r i n g   t h e  

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

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

p a r t i c l e   s i z e ,   and  for  p r o v i d i n g   an  input   s igna l   244  c o r r e s p o n d i n g  



to   t h e   m e a s u r e d   c h a r a c t e r i s t i c   to   c o n t r o l   s y s t e m   45.  M e a s -  

u r i n g   d e v i c e s   38  and  242  f o r   a u t o m a t i c a l l y   m e a s u r i n g   one  o r  

more   c h a r a c t e r i s t i c s   of  t h e   p a r t i c u l a t e s   may  p r o v i d e   e i t h e r  

an  i n t e r m i t e n t   or   c o n t i n o u s   i n p u t   s i g n a l   and  may  be  a  r a d i a n t  

a n d / o r   i m p a c t   e n e r g y   t y p e   as  i l l u s t r a t e d   by  U .S .   P a t e n t   N o .  

3 , 4 7 8 , 5 9 7   to   M e r i g o l d ,   e t   a l . ,   No.  3 , 7 9 7 , 3 1 9   to   Abe  and  N o .  

4 , 0 8 4 , 4 4 2   to   Kay;   a  s e d i m e n t a t i o n   r a t e   t y p e   as  i l l u s t r a t e d   b y  

U .S .   P a t e n t   No.  3 , 2 0 8 , 2 8 6   to   R i c h a r d ,   e t   a l . ,   and  No.  3 , 4 4 9 , 5 6 7  

to  O l i v i e r ,   e t   a l . ;   a  c e n t r i f u g a l   a i r   c l a s s i f i e r   t y p e   f o r   p r o -  

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

c l e s   a b o v e   or  b e l o w   a  s e l e c t e d   s i z e   as  i l l u s t r a t e d   by  U . S .  

P a t e n t   No.  2 , 9 7 3 , 8 6 1   to   J a g e r ;   a  s i e v i n g   t y p e   f o r   a u t o m a t i -  

c a l l y   m e a s u r i n g   f i n e n e s s   m o d u l u s   as  i l l u s t r a t e d   by  U .S .   P a t -  

e n t   No.  2 , 7 8 2 , 9 2 6   to   S a x e ;   a  m u l t i p l e   s c r e e n   c l a s s i f y i n g  

t y p e   as  i l l u s t r a t e d   by  U.S .   P a t e n t   No.  3 , 4 3 9 , 8 0 0   to  T o n j e s  

and  No.  3 , 5 4 5 , 2 8 1   to   J o h n s o n ;   a  c o n t i n u o u s   w e i g h t   c o m p a r i s o n  

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

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

by  U .S .   P a t e n t   No.  3 , 1 3 6 , 0 0 9 ,   No.  3 , 1 2 6 , 0 1 0 ,   No.  3 , 1 4 3 , 7 7 7 ,  

No.  3 , 1 5 1 , 3 6 8 ,   No.  3 , 1 6 9 , 1 0 8   and  No.  3 , 1 8 1 , 3 7 0   to   D i e t e r t  

a l o n e   or   w i t h   o t h e r s ;   a  f l u i d   e l u t r i a t o r   t y p e   as  i l l u s t r a t e d  

by  U .S .   P a t e n t   Nos .   3 , 4 7 8 , 5 9 9   and  3 , 4 9 4 , 2 1 7   to   T a n a k a ,   e t   a l . ;  

a  p i e z o e l e c t r i c   t y p e   as  i l l u s t r a t e d   by  U .S .   P a t e n t   N o .  

3 , 6 3 0 , 0 9 0   to   H e i n e m a n n ,   No.  3 , 8 4 4 , 1 7 4   to   C h a b r e   and  N o .  

4 , 9 7 3 , 1 9 3   to   M a s t a n d r e a ;   a  v o l u m e   m e a s u r i n g   t y p e   f o r   p r o v i d -  

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

of  one  or  more   s i z e   f r a c t i o n s   as  i l l u s t r a t e d   by  U.S .   P a t e n t  

No.  3 , 7 1 9 , 0 8 9   to   K e l s a l l ,   e t   a l . ;   a  r a d i a n t   e n e r g y   t y p e   f o r  

p r o v i d i n g   a  p r o c e s s   c o n t r o l   s i g n a l   as  i l l u s t r a t e d   by  U . S .  

P a t e n t   No.  3 , 7 1 9 , 0 9 0   to  H a t h a w a y ,   No.  3 , 8 3 6 , 8 5 0   to  C o u l t e r ,  

No.  3 , 9 0 8 , 4 6 5   to   B a r t l e t t ,   No.  4 , 1 7 8 , 7 9 6   to   Z w i c k e r   and  N o .  

4 , 2 0 5 , 3 8 4   to   M e r z ,   e t   a l . ;   a  p a r t i c l e   n o i s e   m e a s u r i n g   t y p e  

as  i l l u s t r a t e d   by  U .S .   P a t e n t   No.  4 , 0 2 4 , 7 6 8   to   L e a c h ,   e t   a l .  

and  No.  4 , 1 7 9 , 9 3 4   to   S v a r o v s k y ;   a  t r a j e c t o r y   t y p e   as  i l l u s -  

t r a t e d   by  U .S .   P a t e n t   No.  3 , 9 5 2 , 2 0 7   to   L e s c h o n s k i ,   e t   a l . ,  

and  No.  4 , 2 1 3 , 8 5 2   to  E t k i n ;   a  s e q u e n t i a l   w e i g h t   of  f r a c t i o n  

t y p e   as  i l l u s t r a t e d   by  U.S .   P a t e n t   No.  3 , 9 4 3 , 7 5 4   and  N o .  

4 , 1 3 5 , 3 8 8   to  O r r ;   or  any  o t h e r   t y p e   of  p r i o r   a r t   m e a s u r i n g  



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

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

p a r t i c l e   s i z e ,   f i n e n e s s   m o d u l u s ,   or   a  p o i n t   on  t h e   c u m u l a -  

t i v e   s i z e   d i s t r i b u t i o n .   The  e n t i r e   c o n t e n t s   of  e a c h   of  t h e  

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

r e f e r e n c e .  

As  a  f u r t h e r   e x a m p l e ,   i n p u t   s i g n a l s   40  a n d / o r   244  may  be  p r o -  

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

p a r t i c l e   s i z e   a n a l y s e s   p e r f o r m e d   m a n u a l l y   on  p a r t i c u l a t e  

s a m p l e s   t a k e n   e i t h e r   a u t o m a t i c a l l y   or  m a n u a l l y   f rom  an  i n p u t  

or  o u t p u t   s t r e a m   of  t h e   s c r e e n i n g   u n i t .   S i m i l a r l y ,   in   s o m e  

a p p l i c a t i o n s ,   a u t o m a t i c   c o n t r o l s   such   as  c o n t r o l   s y s t e m   45  

may  be  e l i m i n a t e d   e n t i r e l y   and  n e c e s s a r y   a d j u s t m e n t s   in  o n e  

or  more  v a r i a b l e   s c r e e n i n g   p a r a m e t e r s   may  be  made  m a n u a l l y  

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

a n a l y s e s .  

The  t o t a l   of  t h e   mass   f l o w   r a t e   on  w e i g h   b e l t s   198,   210 ,   2 2 0  

and  230  e q u a l s   t h e   mass   f l o w   r a t e   of  t h e   f e e d .   Where   a  f e e d -  

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

t h e   mass   f l o w   r a t e   in   a l l   of  t h e   o u t p u t   s t r e a m s   may  n o t   b e  

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

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

of  2  to  25  t o n s   p e r   h o u r   by  a d j u s t m e n t   of  t h e   s l a t s   53  a n d  

t h e   v i b r a t o r y   a m p l i t u d e   p r o v i d e d   by  t h e   d r i v e   u n i t   54.  I n  

t h i s   r e g a r d ,   t h e   o u t p u t   of  t h e   S i l e t t a   f e e d e r   may  be  c a l i -  

b r a t e d   by  p l a c i n g   f e e d e r   c h u t e   56  in  p o s i t i o n   "D"  and  a d -  

j u s t i n g   i n t e r s c r e e n   c o n v e y o r   72  o v e r   p l a t e   184  so  as  to   d i s -  

c h a r g e   t h e   e n t i r e   f e e d   s t r e a m   i n t o   c h u t e   190  l e a d i n g   to  p r o -  

d u c t   w e i g h t   b e l t   230 .   A l t e r n a t i v e l y ,   t h e   S i l e t t a   f e e d e r   m a y  

be  c a l i b r a t e d   by  p l a c i n g   f e e d e r   c h u t e   56  in  p o s i t i o n   "A"  a n d  

a d j u s t i n g   i n t e r s c r e e n   pan  150  so  as  to   d i s c h a r g e   t h e   e n -  

t i r e   f e e d   s t r e a m   o n t o   c o n v e y o r   164  l e a d i n g   to   o v e r s   w e i g h  

b e l t   2 1 0 .  



As  i l l u s t r a t e d   in  F i g s .   1,  2  and  3,  t h e   s c r e e n i n g   a p p a r a t u s  

60  h a s   a  n u m b e r   of  s c r e e n i n g   p a r a m e t e r s   t h a t   may  be  v a r i e d  

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

c e s s   w i t h o u t   s t o p p i n g   t h e   e q u i p m e n t .   In  t h i s   s p e c i f i c a t i o n ,  

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

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

s c r e e n i n g   p a r a m e t e r s   may  a p p l y   to  e a c h   s c r e e n   d e c k   or   s c r e e n  
s e c t i o n   w h e r e   a  deck   i n c l u d e s   more   t h a n   one  s c r e e n   in   s e r i e s :  

f e e d   f l o w   r a t e ;   f e e d   p a r t i c l e   s i z e   d i s t r i b u t i o n ;   open   s c r e e n  

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

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

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

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

t o r y   a m p l i t u d e ;   and  s c r e e n   v i b r a t o r y   wave  f o r m .  

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

s e n s e   t h a t   t h e y   may  be  c h a n g e d   or  v a r i e d   d u r i n g   s h u t d o w n   o r  

i n t e r r u p t i o n   of  t h e   s c r e e n i n g   p r o c e s s .   In  t h i s   s p e c i f i c a t i o n ,  

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

" c o n t r o l l a b l y   v a r i a b l e " .   For   e x a m p l e ,   t h e   s c r e e n i n g   a p p a r a -  

t u s   may  be  s h u t   down  and  t h e   s c r e e n i n g   p r o c e s s   t h e r e b y   i n t e r -  

r u p t e d   to   c h a n g e   t h e   s c r e e n s   on  one  or  more  s c r e e n   d e c k s .   I n  

t h i s   m a n n e r ,   t h e   a p e r t u r e   s i z e   or  s i z e s   of  t h e   s c r e e n   c o m p o n -  
e n t   on  a  g i v e n   s c r e e n   d e c k   may  be  v a r i e d .   S i m i l a r l y ,   t h e   s p a -  
t i a l   d i s t r i b u t i o n   of  s c r e e n   a p e r t u r e s   as  w e l l   as  t h e   s i z e   d i s -  

t r i b u t i o n   of  a p e r t u r e s   may  be  v a r i e d   s u c h   as  w h e r e   t h e   a l t e r -  

n a t e   s c r e e n   c o n t a i n s   more   t h a n   one  s i z e   a p e r t u r e   and  t h e   m i x -  

t u r e   of  a p e r t u r e   s i z e s   i s   e i t h e r   c o n s t a n t   or  v a r i e s   down  t h e  

l e n g t h   of  t h e   s c r e e n .  

Each  of  t h e   f o r e g o i n g   " v a r i a b l e "   s c r e e n i n g   p a r a m e t e r s   i s   s e -  

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

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

s t r e a m   i s   such   t h a t   one  or  more   s c r e e n s   do  n o t   p r o v i d e   e s -  

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

ly  " i n c o m p l e t e "   s c r e e n i n g .   For   p u r p o s e s   of  t h i s   s p e c i f i c a t i o n  

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

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



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

same  s c r e e n   i f   t h e   f e e d   w e r e   s c r e e n e d   to  c o m p l e t i o n .   The  d e -  

g r e e   of  i n c o m p l e t e   s c r e e n i n g   i s   d e f i n e d   as  one  m i n u s   t he   d e -  

g r e e   of   c o m p l e t e   s c r e e n i n g .  

In  a d d i t i o n ,   one  or   more   of  t h e   s c r e e n i n g   s t e p s   may  be  s e t   u p  
to   o p e r a t e   so  t h a t   t h e   d e g r e e   of  i n c o m p l e t e   s c r e e n i n g   i s   " s u b -  

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

" s u b s t a n t i a l l y   v a r i a b l e "   when  i t   i s   a t   a  l e v e l   t h a t   can  b e  

v a r i e d   by  a  s u b s t a n t i a l   a m o u n t   by  v a r y i n g   one  or  more  of  t h e  

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

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

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

" s u b s t a n t i a l l y   v a r i a b l e " ,   i . e . ,   t he   d i f f e r e n t i a l   s c r e e n i n g  

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

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

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

or   m o r e   s i z e   f r a c t i o n s   of  t h e   feed  s t ream,   e . g . ,   -4+8  mesh,  -8+16  mesh ,  

- 1 6 + 3 0  m e s h ,   - 3 0 + 5 0   m e s h ,   - 5 0 + 1 0 0   mesh  a n d / o r   - 1 0 0 + 2 0 0   m e s h .  

D e p e n d i n g   on  t h e   s i z e   d i s t r i b u t i o n   of  t h e   f e e d ,   i t   may  be  t h a t  -  

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

c i p l e s   of  t h e   i n v e n t i o n   may  be  s u f f i c i e n t   to   p r o v i d e   e i t h e r  

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

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

s i r e d   in   t h e   s t o n e s a n d   p r o d u c t .   Any  of  t h e   p r e v i o u s l y   n o t e d  

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

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

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

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

i s   s i g n i f i c a n t l y   l e s s   t h a n   t h a t   w h i c h   can   be  a c h i e v e d   w i t h  

two  or  more  s c r e e n s .   I n a s m u c h   as  s y s t e m   c o m p l e x i t y   i s   e x -  

p e c t e d   to   i n c r e a s e   r a p i d l y   w i t h   i n c r e a s e   in  number   of  s c r e e n s ,  

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

and  f l e x i b i l i t y   i s   a t t a i n e d   w i t h   t h e   use   of  two  or  t h r e e   s u c -  

c e s s i v e   s c r e e n   d e c k s   of  d i f f e r e n t   mesh  s i z e s .   The  s c r e e n  

d e c k s   a r e   c o n s i d e r e d   to   be  " s u c c e s s i v e "   when  t h e   t h r o u g h s  

or  o v e r s   f rom  one  a r e   f ed   o n t o   t h e   o t h e r .  



The  n u m b e r   of  s u c c e s s i v e   s c r e e n s   or  s c r e e n   d e c k s   i s   a n o t h e r  

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

t h e   p r e s e n t   i n v e n t i o n .   The  s c r e e n i n g   a p p a r a t u s   and  p r o c e s s  

i l l u s t r a t e d   in   F i g .   1  p r o v i d e   a  n u m b e r   of  d i f f e r e n t   f l o w  

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

c o n t r o l l a b l y   v a r i a b l e   mass   f l o w   r a t e s .   The  f l o w   p a t h s   i n -  

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

Wi th   a d j u s t a b l e   c h u t e   56  in   p o s i t i o n   "A",   f e e d   62  w i l l   f a l l  

i n i t i a l l y   on  t h e   o p e n  l e n g t h  o f   t o p   s c r e e n   64  and  be  s e p a r a t e d  

t h e r e   a n d  o n   i n t e r m e d i a t e   s c r e e n   66  by  i n c o m p l e t e   s c r e e n i n g  

i n t o   a  t h r o u g h s   s t r e a m   250  p a s s i n g   t h r o u g h   s c r e e n   66  and  f a l l -  

ing  on  i n t e r s c r e e n   c o n v e y o r   72  and  an  o v e r s   s t r e a m   252  r e a c h -  

ing  t h e   s o l i d   b o t t o m   132  of   s h r o u d   130  w i t h o u t   p a s s i n g   t h r o u g h  

the   o p e n i n g s   or  a p e r t u r e s   of  s c r e e n   64.  In  t h i s   mode  of  o p -  
e r a t i o n ,   i n t e r s c r e e n   pan  150  may  be  p o s i t i o n e d   so  as  n o t   t o  

i n t e r c e p t   any  of  t h e   p a r t i c u l a t e s   p a s s i n g   t h r o u g h   s c r e e n   6 4 ,  

and  t h e   s h r o u d   130  may  be  a d j u s t e d   to   v a r y   t h e   o p e n  l e n g t h  o f  

s c r e e n   64  and  t h e r e b y   v a r y   t h e   d e g r e e   of  i n c o m p l e t e   s c r e e n i n g  

p r o v i d e d   by  t h i s   s c r e e n .   S i n c e   t h e   mesh  s i z e   of  i n t e r m e d i a t e  

s c r e e n   66  i s   l a r g e r   t h a n   t h a t   of  t o p   s c r e e n   64  in   t h e   e m b o d i -  

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

t h r o u g h   s c r e e n   64  w i l l   p a s s   e v e n   more   r a p i d l y   t h r o u g h   s c r e e n  

66  and  n o t   b u i l d   up  on  t h e   l a t t e r .   H o w e v e r ,   when  pan  150  i s  

in  i t s   l o w e r m o s t   p o s i t i o n ,   i t s   u p p e r   end  i s   s p a c e d   d o w n w a r d l y  

b e y o n d   t h e   l o w e r   end  of  s c r e e n   66  so  t h a t   any  b u i l d u p   of  p a r -  
t i c u l a t e s   may  be  d i s c h a r g e d   f r o m   t h e   l o w e r   end  of  s c r e e n   66 

d i r e c t l y   o n t o   c o n v e y o r   72.  A l t e r n a t e l y ,   t h e   p o s i t i o n   of  p a n  
150  may  be  v a r i e d ,   e i t h e r   a l o n e   or  in  c o m b i n a t i o n   w i t h   t h e  

p o s i t i o n   of  s h r o u d   130,   to   v a r y   t h e   d e g r e e   of  i n c o m p l e t e  

s c r e e n i n g   p r o v i d e d   by  s c r e e n   64  and  t h e r e b y   g e n e r a t e   a n o t h e r  

t h r o u g h s   s t r e a m   254  w h i c h   may  be  c o m b i n e d   w i t h   o v e r s   s t r e a m  

252  on  c o n v e y o r   1 6 4 .  



T h r o u g h s   s t r e a m   250  u p o n   r e a c h i n g   i n t e r s c r e e n   c o n v e y o r   72  i s  

d i s c h a r g e d   f rom  l o w e r   end  183  of  t h i s   c o n v e y o r   o n t o   b o t t o m  

s c r e e n   68  w h e r e   t h e s e   t h r o u g h s   a r e   f u r t h e r   s e p a r a t e d   by  i n -  

c o m p l e t e   s c r e e n i n g   i n t o   two  f r a c t i o n s ,   n a m e l y   an  o v e r s   s t r e a m  

256  d i s c h a r g e d   t h r o u g h   c h u t e   190  to   c o n v e y o r   192  and  a  

t h r o u g h s   s t r e a m   258  ( f i n e s )   d i s c h a r g e d   t h r o u g h   c h u t e   196  t o  

c o n v e y o r   198 .   The  d e g r e e   of  i n c o m p l e t e   s c r e e n i n g   p r o v i d e d   b y  

b o t t o m   s c r e e n   68  may  be  v a r i e d   by  a d j u s t i n g   t h e   l o n g i t u d i n a l  

p o s i t i o n   of  l o w e r   end  183  of  i n t e r s c r e e n   c o n v e y o r   72  a n d  

t h e r e b y   c h a n g i n g   t h e   l o c a t i o n   a t   w h i c h   t h r o u g h s   s t r e a m   2 5 0  

f a l l s   o n t o   s c r e e n   68.  T h i s   in   e f f e c t   v a r i e s   t h e   open   l e n g t h  

of  s c r e e n   68  e x p o s e d   to   t h r o u g h s   2 5 0 .  

I n t e r s c r e e n   c o n v e y o r   72  may  a l s o   be  a d j u s t e d   l o n g i t u d i n a l l y  

so  as  to   d i s c h a r g e   t h r o u g h s   250  e i t h e r   a b o v e   or  b e l o w   c h a n n e l  

186  d i v i d i n g   s c r e e n   68  i n t o   two  s c r e e n i n g   c o m p o n e n t s   of  d i f -  

f e r e n t   mesh   s i z e s ,   n a m e l y   a n  u p p e r   5 0 - m e s h   s c r e e n   and  a  l o w e r  

3 0 - m e s h   s c r e e n   in  s e r i e s .   A d j u s t a b l e   d o o r   187  may  e i t h e r   a l -  

low  o v e r s   f rom  t h e   u p p e r   s c r e e n   s e c t i o n   to  p a s s   u n o b s t r u c t e d  

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

n e l   186  p r o v i d i n g   a  f l o w   p a t h   f o r   c o n v e y i n g   t h e   u p p e r   s e c t i o n  

o v e r s   d i r e c t l y   to   b o t t o m   o v e r s   c h u t e   190.   The  f i r s t   of  t h e s e  

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

i n v e n t i o n ,   n a m e l y ,   t h a t   one  or  more  of  t he   s c r e e n   d e c k s   may  
be  c o m p r i s e d   of  a  s e r i e s   of  d i f f e r e n t   s c r e e n s   e a c h   of  a  d i f -  

f e r e n t   mesh  s i z e   or  of   a  d i f f e r e n t   s i z e   d i s t r i b u t i o n   a n d / o r  

s p a t i a l   d i s t r i b u t i o n   of   s c r e e n   o p e n i n g s   so  as  to   c o n t r o l l a -  

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

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

of  an  i n p u t   s t r e a m   to  or  an  o u t p u t   s t r e a m   f rom  t h e   s c r e e n -  

ing   a p p a r a t u s   and  p r o c e s s .  

The  e f f e c t i v e   s c r e e n   a p e r t u r e   s i z e   a n d / o r   s c r e e n   a p e r t u r e  

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

t r o l l a b l y   v a r i e d   by  p o s i t i o n i n g   f e e d e r   c h u t e   56  in  p o s i t i o n  

"B"  so  t h a t   t he   f e e d   s t r e a m   62  i s   s p l i t   b e t w e e n   t op   s c r e e n  



64  and  i n t e r m e d i a t e   s c r e e n   66  h a v i n g   d i f f e r e n t   mesh  s i z e s  

a n d / o r   d i f f e r e n t   a p e r t u r e   s p a t i a l   d i s t r i b u t i o n s .   P o s i t i o n  

"B"  r e p r e s e n t s   any  c h u t e   p o s i t i o n   b e t w e e n   p o s i t i o n   "A"  ( e n -  

t i r e   f e e d   to   s c r e e n   64)  and  p o s i t i o n   "C"  ( e n t i r e   f e e d   t o  

s c r e e n   66)  so  t h a t   t h e   f l o w   r a t e   of  f e e d   to   one  of  t h e s e  

s c r e e n s   may  be  v a r i e d   r e l a t i v e   to  f l o w   r a t e   of  f e e d   to   t h e  

o t h e r .  

As  a n o t h e r   a l t e r n a t i v e ,   i f   t h r o u g h s   250  h a v e   t h e   d e s i r e d   s i z e  

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

d i s c h a r g e d   as  p r o d u c t   by  p o s i t i o n i n g   t h e   d i s c h a r g e   end   183  o f  

i n t e r s c r e e n   c o n v e y o r   72  o v e r   p l a t e   184  l e a d i n g   to   c h u t e   1 9 0 .  

As  i n t e r s c r e e n   c o n v e y o r   72  i s   p r e f e r a b l y   m o u n t e d   on  f i x e d  

f r a m e   82  so  as  n o t   to   be  v i b r a t e d ,   s t r e a m   250  may  a l s o   b e  

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

of  t h e   b e l t   of  c o n v e y o r - 7 2   and  p r o v i d i n g   means   ( n o t   s h o w n )  

f o r   d i s c h a r g i n g   s t r e a m   250  f r o m   t h e   u p p e r   end  of  t h e   c o n -  

v e y o r ,   s u c h   as  to   w e i g h   b e l t   2 2 0 .  

With   c h u t e   56  in   p o s i t i o n   "C" ,   a l l   of  t h e   f e e d   62  f a l l s   o n  
i n t e r m e d i a t e   s c r e e n   66.  In  t h i s   mode  of  o p e r a t i o n ,   t h e  
open  l e n g t h   of  s c r e e n   66  and  t h e r e b y   t h e   d e g r e e  
of  i n c o m p l e t e   s c r e e n i n g   p r o v i d e d   by  t h i s   s c r e e n   i s   c o n t r o l -  
l a b l y   v a r i e d   by  p o s i t i o n i n g   i n t e r s c r e e n   pan  150  to   i n t e r c e p t  
more  or   l e s s   of  t h e   t h r o u g h s   s t r e a m   250.   As  i n d i c a t e d   a b o v e ,  
t h e   t h r o u g h s   s t r e a m   250  i s   d e f i n e d   as  t h o s e   t h r o u g h s   p a s s i n g  
t h r o u g h   e i t h e r   or   b o t h   s c r e e n   64  and  66  and  r e a c h i n g   i n t e r -  
s c r e e n   c o n v e y o r   72  w i t h o u t   b e i n g   i n t e r c e p t e d   by  pan  1 5 0 .  
Upon  r e a c h i n g   t h e   b e l t   of  c o n v e y o r   72,  t h r o u g h s   250  may  b e  
s u b j e c t e d   to   a  s e c o n d   i n c o m p l e t e   s c r e e n i n g   s t e p   upon   b e i n g  
d i s c h a r g e d   to   b o t t o m   s c r e e n   68  in  a c c o r d a n c e   w i t h   t h e   s c r e e n -  
ing  a l t e r n a t i v e s   p r o v i d e d   by  t h i s   s c r e e n   as  d e s c r i b e d   a b o v e .  

As  an  a l t e r n a t i v e   to  d i s c h a r g i n g   a l l   of  t h e   f e e d   to   s c r e e n  
66,  c h u t e   56  may  be  l e f t   in  p o s i t i o n   "C"  and  h i n g e d   d e f l e c t o r  



p l a t e   70  o p e n e d   so  as  to  d i v i d e   f e e d   62  b e t w e e n   s c r e e n   66  a n d  

d i v e r t e r   74.  The  r e l a t i v e   f l o w   r a t e s   to   s c r e e n   66  and  d i -  

v e r t e r   74  a r e   v a r i a b l e   in  a c c o r d a n c e   w i t h   t h e   p r e c i s e   p o s i -  

t i o n i n g   of  t h e   d i s c h a r g e   o p e n i n g   of  c h u t e   56  r e l a t i v e   t o  

t h e   s p l i t t i n g   edge   f o r m e d   by  t h e   j u n c t u r e   b e t w e e n   t h e   s c r e e n  

and  t h e   d i v e r t e r   p a s s a g e w a y .   In  t h i s   mode  of  o p e r a t i o n ,   t h e  

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

by  m i x i n g   t h e   d i v e r t e d   f e e d   d o w n s t r e a m   of  w e i g h   b e l t   2 2 0  

w i t h   one   or  more  of  t h e   o u t p u t   s t r e a m s   a v a i l a b l e   f rom  t h e  

s c r e e n i n g   a p p a r a t u s ,   n a m e l y ,   t h e   t h r o u g h s   a n d / o r   o v e r s   254  

f rom  c h u t e   162,   t h e   t h r o u g h s   250  f rom  p l a t e   184  and  c h u t e  

190,   t h e   b o t t o m   o v e r s   256  f rom  c h u t e   190  a n d / o r   t h e   f i n e s  

258  f rom  c h u t e   1 9 6 .  

Wi th   c h u t e   56  in  p o s i t i o n   "D"  and  d e f l e c t o r   p l a t e   70  in  f u l l y  

open   p o s i t i o n   70B,  t h e   e n t i r e   f e e d   62  i s   d i s c h a r g e d   o n t o   i n -  

t e r s c r e e n   c o n v e y o r   72.   In  t h i s   mode  of  o p e r a t i o n ,   t h e   e n -  

t i r e   f e e d   may  be  s u b j e c t e d   to   a  s i n g l e   s c r e e n i n g   s t e p   o n  

s c r e e n   d e c k   68,  t h i s   s c r e e n i n g   s t e p   p r o v i d i n g   i n c o m p l e t e  

s c r e e n i n g   by  e i t h e r   t h e   5 0 - m e s h   s e c t i o n   or  t h e   3 0 - m e s h   s e c -  

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

d i s c h a r g e   r e l a t i v e   to   t h e s e   s c r e e n   s e c t i o n s .   When  t h e   5 0 -  

mesh  s e c t i o n   i s   to   be  u s e d   a l o n e ,   c h a n n e l   d o o r   187  i s   in  t h e  

o p e n   p o s i t i o n   shown  in  F i g .   1  to   d i v e r t   o v e r s   i n t o   t h e   t r a n s -  

v e r s e   c h a n n e l   186.   A l t e r n a t e l y ,   d o o r   187  i s   c l o s e d   so  t h a t  

s c r e e n i n g   may  t a k e   p l a c e   b o t h   on  t h e   5 0 - m e s h   s e c t i o n   and  t h e  

3 0 - m e s h   s e c t i o n ,   t h e   5 0 - m e s h   s c r e e n i n g   b e i n g   s u b s t a n t i a l l y  

v a r i e d   in  r e s p o n s e   to   t h e   p o s i t i o n   of  t h e   i n t e r s c r e e n   c o n -  

v e y o r   d i s c h a r g e   w h i l e   t h e   3 0 - m e s h   s c r e e n i n g   may  be  c a r r i e d  

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

v e r s i n g   t h e   e n t i r e   a v a i l a b l e   l e n g t h   of  t h e   3 0 - m e s h   s e c t i o n .  

In  t h i s   mode  of  o p e r a t i o n ,   i n t e r s c r e e n   c o n v e y o r   72  may  b e  

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

to  c h u t e   190  v i a   f i x e d   p l a t e   184  so  as  to  o b t a i n   m e a s u r e m e n t s  



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

p r o v i d e d   by  t h e   S i l e t t a   f e e d e r   52,  or   to  p r o v i d e   p e r i o d i c  

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

ing   a  r e l a t i v e l y   f i x e d   mass   f l o w   r a t e .  

Yet  a n o t h e r   a l t e r n a t i v e   i s   p r o v i d e d   by  p l a c i n g   c h u t e   56  i n  

p o s i t i o n   "D"  and  t h e   d i v e r t e r   d o o r   in  p o s i t i o n   70A  so  t h a t  

f e e d   62  i s   d i v i d e d   b e t w e e n   d i v e r t e r   74  and  i n t e r s c r e e n   c o n -  

v e y o r   72.  In  t h i s   mode  of  o p e r a t i o n ,   s c r e e n i n g   of   t h e   f e e d  

p o r t i o n   on  c o n v e y o r   72  i s   p r o v i d e d   by  s c r e e n   d e c k   68  in   a c -  
c o r d a n c e   w i t h   a n y  o n e   of  t h e   s c r e e n i n g   o p t i o n s   p r o v i d e d  

t h e r e b y   as  d e s c r i b e d   a b o v e .   A  p r o d u c t   may  t h e n   be  p r o v i d e d  

by  c o m b i n i n g   t h e   d i v e r t e d   f e e d   w i t h   one  or  more  of  t h e  

s c r e e n e d   o u t p u t   s t r e a m s ,   n a m e l y ,   b o t t o m   o v e r s  2 5 6  a n d / o r   f i n e s  

2 5 8 .  

A  number   of  o t h e r   f l o w   o p t i o n s   a r e   a v a i l a b l e   w i t h i n   t h e   c o n -  

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

to  d e s c r i b e   a l l   of  them  h e r e .   For   e x a m p l e ,   pan  150  may  b e  

u s e d   to   d i v i d e   t h e   o v e r s   d i s c h a r g e d   f rom  t h e   l o w e r   end   o f  

s c r e e n   66  and  p l a t e   184  may  be  u s e d   to  d i v i d e   t h e   t h r o u g h s  

d i s c h a r g e d   f rom  t h e   l o w e r   end  of  c o n v e y o r   72,  s u c h   d i v i s i o n s  

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

l o w e r   s c r e e n   d e c k   68  and  t h e r e b y   b e i n g   c a p a b l e   of  c h a n g i n g  

t he   p a r t i c l e   s i z e   d i s t r i b u t i o n   in   t h e   o v e r s   or  t h r o u g h s  

s t r e a m   f rom  t h e   30  mesh  p o r t i o n   of  t h i s   d e c k .   A d d i t i o n a l  

s c r e e n i n g   d e c k s   may  be  u t i l i z e d   or  a d j u s t a b l e   pan  c o m p o n -  

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

f e r e n t   s c r e e n   t h a n   t h a t   i l l u s t r a t e d   in  F i g .   1.  A l l   s u c h  

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

or  one  or  more   i n t e r m e d i a t e   f e e d s   to  a  s c r e e n i n g   s u r f a c e .  

The  p a r t i c l e   s i z e   d i s t r i b u t i o n   of  b o t h   t h r o u q h s   and  o v e r s  

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

c o n d i t i o n s   can  be  a l t e r e d   by  c h a n g i n g   t he   p a r t i c l e   s i z e   d i s -  

t r i b u t i o n   ( t h e   r e l a t i v e   a m o u n t s   of  p a r t i c l e s   in  d i f f e r e n t   s i z e  

r a n g e s )   of  t he   f e e d   to  t he   s c r e e n   or  s c r e e n s   of  t h a t   d e c k .  

As  i n d i c a t e d   a b o v e ,   t h e   s i z e   d i s t r i b u t i o n   of  f e e d   62  may  b e  



c o n t r o l l a b l y   v a r i e d   by  c h a n g i n g   t h e   d e g r e e   or  t y p e   of  s i z e   r e -  

d u c t i o n   p r o v i d e d   by  c r u s h e r   2 2 .  

The  c o n t r o l   s y s t e m   45  and  t h e   i n p u t   s i g n a l s   t h e r e t o   and  t h e  

o u t p u t   s i g n a l s   t h e r e f o r m   w i l l   now  be  d e s c r i b e d   in  more   d e t a i l .  

Wi th   r e f e r e n c e   to   F i g .   1,  c o n t r o l   s y s t e m   45  may  i n c l u d e   i n -  

p u t   s i g n a l   40  r e s p o n s i v e   to   some  s c a l a r   f u n c t i o n   of  p a r t i c l e  

s i z e   d i s t r i b u t i o n   s u c h   as  mean  p a r t i c l e   s i z e ,   f i n e n e s s   m o d u -  

l u s ,   or  a  p o i n t   on  t h e   c u m u l a t i v e   s i z e   d i s t r i b u t i o n   a n d / o r  

mass   f l o w   r a t e   of  f e e d ;   i n p u t   s i g n a l   202  r e s p o n s i v e   to   m a s s  

f l o w   r a t e   of  t h r o u g h s ;   i n p u t   s i g n a l   214  r e s p o n s i v e   to  t h e  

mass   f l o w   r a t e   of  o v e r s ;   i n p u t   s i g n a l   224  r e s p o n s i v e   to   m a s s  

f l o w   r a t e   of  d i v e r t e d   f e e d ;   i n p u t   s i g n a l   240  r e s p o n s i v e   t o  

mass   f l o w   r a t e   of  p r o d u c t ;   a n d / o r   i n p u t   s i g n a l   244  r e s p o n s i v e  

to  some  s c a l a r   f u n c t i o n   of  p a r t i c l e   s i z e   d i s t r i b u t i o n   o f  

p r o d u c t .   In  t h i s   c o n t e x t ,   i t   i s   e m p h a s i z e d   a g a i n   t h a t   t h e  

p r o d u c t   may  be  c o m p r i s e d   of  o u t p u t   s t r e a m s   o t h e r   t h a n   o v e r s  

f rom  t he   l o w e s t   s c r e e n   or  of  m i x t u r e s   of  one  or  more  o f  

t he   o u t p u t   s t r e a m s   and  t h a t   t h e   m e a s u r i n g   d e v i c e   242  o r  

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

c a t e d   a t   p o s i t i o n s   o t h e r   t h a n   t h o s e   shown  in  F i g .   1  as  a p -  

p r o p r i a t e   to   m e a s u r e   t h e   c h a r a c t e r i s t c s   of  t h e   s t r e a m  

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

t i o n .  

O u t p u t s   f rom  c o n t r o l   s y s t e m   45  may  i n c l u d e ,   w i t h o u t   l i m i t a -  

t i o n ,   o u t p u t   s i g n a l   25  f o r   r e g u l a t i n g   t h e   s p e e d   of  r o c k   c o n -  

v e y o r   m o t o r   24;  o u t p u t   s i g n a l   27  f o r   r e g u l a t i n g   t h e   s p e e d  
of  c r u s h e r   m o t o r   26  and  t h e r e b y   t h e   mean  p a r t i c l e   s i z e   a n d / o r  

p a r t i c l e   s i z e   d i s t r i b u t i o n   of   t h e   f e e d   30;  o u t p u t   s i g n a l   37 

f o r   r e g u l a t i n g   t h e   s p e e d   of  c o n v e y o r   m o t o r   36;  o u t p u t   s i g n a l  

55  f o r   r e g u l a t i n g   t h e   t r a n s v e r s e   o p e n i n g s   b e t w e e n   s l a t s   53  

a n d / o r   t h e   v i b r a t o r y   a m p l i t u d e   of  S i l e t t a   f e e d e r   52,  t h e r e -  

by  r e g u l a t i n g   t he   mass   f l o w   r a t e   of  f e e d   62;  o u t p u t   s i g n a l  

57  f o r   r e g u l a t i n g   t h e   p o s i t i o n   of  c h u t e   56  and  t h e r e b y   t h e  

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

t h e   f e e d   62;  o u t p u t   s i g n a l   87  to  r e g u l a t e   t he   v i b r a t o r y   f r e -  

q u e n c y   of  t he   s c r e e n   d e c k s ;   o u t p u t   s i g n a l   106  to  r e g u l a t e  

the   v i b r a t o r y   wave  form  a n d / o r   a m p l i t u d e   of  t h e   s c r e e n   d e c k s ;  



o u t p u t   s i g n a l   120  to   r e g u l a t e   t h e   a n g l e   of  i n c l i n a t i o n   of  t h e  

s c r e e n   d e c k s ;   o u t p u t   s i g n a l   140  to   r e g u l a t e   t h e   p o s i t i o n   o f  

s h r o u d   130  and  t h e r e b y   t h e   o p e n   l e n g t h   of  s c r e e n   64;  o u t p u t  

160  to   m o t o r   158  to  r e g u l a t e   t h e   p o s i t i o n   of  i n t e r s c r e e n   p a n  

150  and  t h e r e b y   t h e   o p e n   l e n g t h   of  s c r e e n   66;  a n d / o r   o u t p u t  

177  to   m o t o r   176  to   r e g u l a t e   t h e   p o s i t i o n   of  i n t e r s c r e e n   c o n -  

v e y o r   72  and  t h e r e b y   t h e   o p e n   s c r e e n   l e n g t h   of  bot tom  s c r een   68.  

For  g i v e n   r a n g e s   of  f e e d   r a t e   and  f e e d   s i z e   d i s t r i b u t i o n ,   a  

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

t i o n   may  be  r e q u i r e d   to   p r o v i d e   p a r t i c u l a t e   p r o d u c t   of   a  p r e -  
s e l e c t e d   s i z e   d i s t r i b u t i o n   or  r a n g e   of  s i z e   d i s t r i b u t i o n .   A c -  

c o r d i n g l y ,   s e t   p o i n t s   f o r - c o n t r o l   s y s t e m   45  may  i n c l u d e   a  f e e d  

r a t e   s e t   p o i n t   270 ,   a  f e e d   mean  p a r t i c l e   s i z e   s e t   p o i n t   2 7 2  

and  a  p r o d u c t   mean  p a r t i c l e   s i z e   s e t   p o i n t   274 .   T h e s e   s e t  

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

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

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

p a t i b l e   w i t h   t h e   e q u i p m e n t   s e t   up ,   and  f o r   c o n t r o l l i n g   t h e  

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

m i t s   by  r e g u l a t i n g   one  or  more   s c r e e n i n g   p a r a m e t e r s   a f f e c t -  

ing   p a r t i c l e   s i z e   d i s t r i b u t i o n   of  t h e   p r o d u c t   as  p r e v i o u s l y  

d e s c r i b e d .  

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

e q u i p m e n t ,   t h e   p a r t i c l e   s i z e   d i s t r i b u t i o n   of  s t o n e s a n d   p r o -  
v i d e d   by  such   e q u i p m e n t   can  be  m a i n t a i n e d   r e l a t i v e l y   c o n s t a n t  

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

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

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

t h e r m o r e ,   in  many  a p p l i c a t i o n s ,   o n l y   one   or  two  s c r e e n s   a n d  

one  or  two  v a r i a b l e   s c r e e n i n g   p a r a m e t e r s   may  be  n e e d e d   t o  

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

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

and  p r o c e s s   i s   i l l u s t r a t e d   in  F i g .   4  w h e r e i n   t h e   same  n u m b e r s  

a r e   u s e d   f o l l o w e d   by  a  p r i m e   ( ' )   s y m b o l   to  d e s i g n a t e   t h e   s a m e  
e l e m e n t   or  c o m p o n e n t   as  p r e v i o u s l y   d e s c r i b e d .  



With   r e f e r e n c e   to  F i g .   4,  a  f e e d   m a t e r i a l   62 '   i s   p r o v i d e d   t o  

b i n   32'   so  as  to   k e e p   t h e   b i n   r e l a t i v e l y   f u l l   w i t h   a  s u b s t a n -  

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

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

by  c u r v e   F  in   F i g .   5.  A l s o   i l l u s t r a t e d   in  F i g .   5  by  d o t t e d  

l i n e   c u r v e s   H,  M  and  L  a r e   t h e   h i g h ,   m i d p o i n t   and  low  c u m u l a -  

t i v e   s i z e   d i s t r i b u t i o n s ,   r e s p e c t i v e l y ,   of  t h e   ASTM  C-33  S t a n -  

d a r d   S p e c i f i c a t i o n   f o r   C o n c r e t e   A g g r e g a t e s   as  a d a p t e d   f o r  

s t o n e s a n d   and  s e t   f o r t h   in   " S t o n e s a n d   f o r   P o r t l a n d   C e m e n t  

C o n c r e t e " ,   T a b l e   C,  S t o n e   P r o d u c t s   U p d a t e   1,  N a t i o n a l   C r u s h e d  

S t o n e   A s s o c i a t i o n ,   F e b r u a r y   1 9 7 6 .   The  p a r t i c u l a t e s   in  the  feed  were  

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

c r u s h e r   of  t h e   t y p e   d e s c r i b e d   in  t he   S a u t t e r   p a t e n t   r e f e r e n c e d  

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

t h e   p a r t i c l e   s i z e s  o f  t h e   a g g r e g a t e   to  l e s s   t h a n   3/8  i n c h   a n d  

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

o v e r   of  3/8  i n c h   or  l a r g e r   m a t e r i a l   b e f o r e   b e i n g   d i s c h a r g e d  

to  b i n   3 2 ' .  

The  p r i n c i p a l   c o m p o n e n t s   of  t h e   s y s t e m   of  F i g .   4  i n c l u d e   a  

f e e d   b i n   3 2 ' ,   b i n   d i s c h a r g e r / f e e d e r   5 2 ' ,   a  m o d i f i e d   t w o - d e c k  

s c r e e n i n g   u n i t   6 0 ' ,   a  w e i g h   b e l t   2 3 0 ' ,   an  i n t e r s c r e e n   c o n v e y -  

or  72'   and  a  c o n t r o l   s y s t e m   4 5 ' .   The  e n t i r e   t w o - d e c k   s c r e e n  

i s   m o u n t e d   on  a  s u p p o r t   f r a m e w o k   (no t   shown)  w h i c h   p e r m i t s  

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

z o n t a l   o v e r   t h e   r a n g e   f rom  21°  to   36° ,   in  3°  i n c r e m e n t s .  

B i n - d i s c h a r g i n g   f e e d e r   52'  i s   a  " S i l e t t a "   3 0 - i n c h   l i v e   b o t t o m  

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

s t e e l   u n i t   w i t h   a  " V e n e t i a n   b l i n d "   t y p e  f e e d   t r a y   s i z e d   t o  

p a s s   c r u s h e d   s t o n e   w i t h   a  d e n s i t y   in  t he   r a n g e   of  80  to  1 0 0  

l b / f t 3   and  p a r t i c l e   s i z e s   3/8  i n c h   and  s m a l l e r   a t   a  

f e e d   r a t e   in  t he   r a n g e   of  a p p r o x i m a t e l y   2  to  25  t o n s   p e r   h o u r .  

The  f e e d   t r a y   i s   v i b r a t e d   h o r i z o n t a l l y   in  a  d i r e c t i o n   p e r p e n -  

d i c u l a r   to   t he   l e n g t h   of  s l a t s   53'  w i t h   an  a d j u s t a b l e   a m p l i -  

t u d e   m a g n e t i c   d r i v e   u n i t   54'  m a n u f a c t u r e d   by  E r i e z   M a g n e t i c s  



of  E r i e ,   PA.  The  d r i v e   u n i t   v i b r a t e s   t h e   f e e d   t r a y   a t   a  c o n -  

s t a n t   f r e q u e n c y   of  60  Hz  and  a  v a r i a b l e   a m p l i t u d e   up  to   a b o u t  

1  mm,  and  i n c l u d e s   a  Mode l   F S - 7 5 A   c o n t r o l l e r   c o n f i g u r e d   t o  

p e r m i t   c o n t r o l   b o t h   m a n u a l l y   and  in  r e s p o n s e   to   an  e x t e r n a l  

a n a l o g   s i g n a l   5 5 ' .   T h i s   a n a l o g   s i g n a l   can   be  u s e d   to   v a r y  

t h e   f e e d   mass   f l o w   r a t e   and  t h e r e b y   p r o v i d e s   one  m e a n s   o f  

a c h i e v i n g   a u t o m a t i c   c o n t r o l   over  the  p roduc t   p a r t i c l e   s i ze   d i s t r i b u -  

t i o n .   The  S i l e t t a   u n i t   i s   m o u n t e d   so  t h e   l e n g t h   of  s l a t s - 5 3 '  

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

s c r e e n   6 4 ' .   A l t h o u g h   t h e   c a n t   of  t h e s e   s l a n t s   may  be  a d j u s t -  

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

f l o w   r a t e   of  m a t e r i a l   d i s c h a r g e d   f rom  t h e   S i l e t t a   i s   q u i t e  

u n i f o r m   f rom  one  e l e m e n t   of  l e n g t h   to  t h e  n e x t  o v e r   t h e   f u l l  

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

t i o n ,   t h e   f e e d   m a t e r i a l   62 '   i s   fed   i n t o   a  f u l l - w i d t h   d i s c h a r g e  

c h u t e   5 6 ' .   D i s c h a r g e   c h u t e   56'  i s   m a n u a l l y   a d j u s t a b l e   t h r o u g h  

an  a r c   R'  of  a b o u t   90°  so  t h a t   f e e d   can  be  d i r e c t e d   to   t h e  

s c r e e n   or  t o  a n   i n t e r s c r e e n   c o n v e y o r   7 2 ' ,   or  d i v i d e d   b e t w e e n  

t h e   s c r e e n   and  c o n v e y o r .  

The  s c r e e n i n g   u n i t   60 '   i s   p r e f e r a b l y   a  Mode l   4 6 - 8 4 0 0 ,   l i g h t -  

w e i g h t ,   t w o - d e c k   s c r e e n i n g   s y s t e m   m a n u f a c t u r e d   by  F o r s b e r g s ,  

I n c . ,   of  T h i e f   R i v e r   F a l l s ,   MN.  Each  of  t h e   s c r e e n s   in  t h i s  

s y s t e m   has   a  s c r e e n   s i z e   of  46  x  84  i n c h e s .   U n i t   60'   i s   d y -  

n a m i c a l l y   b a l a n c e d   and   m o u n t e d   upon  a  f i x e d   f r a m e   ( n o t   s h o w n )  

by  f o u r   e c c e n t r i c   b e a r i n g   a s s e m b l i e s   having  a  f ixed   t h r o w  o f   a b o u t  

3 / 1 6 - i n c h   and  a  c o r r e s p o n d i n g   v i b r a t i o n   a m p l i t u d e  o f   about  3 / 3 2 -  

i n c h .   An  a d j u s t a b l e   s h e a v e   d r i v e   u n i t   p e r m i t s   t h e   s c r e e n i n g  

u n i t   to   o p e r a t e   o v e r   t h e   s p e e d   r a n g e   of  a p p r o x i m a t e l y   8 0 0  

to  1200  rpm.  Each   s c r e e n   has   an  i n d e p e n d e n t   s u p p o r t   g r i d  

b u i l t   as  an  open   w a f f l e - l i k e   s t r u c t u r e   w i t h   o n l y   l o n g i t u d i n a l  

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

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

i n d i v i d u a l   c o m p a r t m e n t s   a b o u t   6 - i n c h e s   s q u a r e   by  16  i n c h e s  

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

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



v e n t   s c r e e n   b l i n d i n g .   S e p a r a t e   d i s c h a r g e   c h u t e s   1 3 1 ' ,   1 9 0 '  

and  196 '   r e c e i v e   t h e   o v e r s   252 '   f rom  t o p   s c r e e n   6 4 ' ,   t h e  

o v e r s   256 '   f r o m   b o t t o m   s c r e e n   68'   and  t h e   t h r o u g h s   258 '   f r o m  

b o t t o m   s c r e e n   6 8 ' ,   r e s p e c t i v e l y .  

Each  s c r e e n   i s   c o n f i g u r e d   so  t h a t   i t s   open   l e n g t h   can   b e  

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

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

f i t t i n g   t o p   s c r e e n   64'   w i t h   a  t h i n   o v e r l y i n g   a d j u s t a b l e   p l a t e  

132 '   p l a c e d   i n   s u c h   a  m a n n e r   t h a t   t h e   p l a t e  a n d   s c r e e n   s a n d -  

which  can  be  t i g h t e n e d   down  a g a i n s t   t h e   s u p p o r t   d e c k   w i t h   s i d e  

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

t he   open   l e n g t h   of  t h e   u p p e r   s c r e e n ,   p r e f e r a b l y   o v e r   t h e  

l e n g t h   r a n g e   of   a b o u t   0  to  24  i n c h e s .   T h i s   open   l e n g t h  o f  

t op   s c r e e n   64'   i s   m e a s u r e d   f rom  t h e   l i p   of  an  o v e r l y i n g  

d i s c h a r g e   d e f l e c t o r   p l a t e   70'   a t   i t s   u p p e r   end  to   t h e   u p p e r  

edge   133 '   of  c o v e r   p l a t e   132 '   a t   i t s   l o w e r   end .   The  o p e n  

s c r e e n   l e n g t h   r a n g e   may  be  e x t e n d e d   e a s i l y   i f   n e c e s s a r y   b y  

c h a n g i n g   t h e   r e l a t i v e   l e n g t h s   of  s c r e e n   64'  and  c o v e r   p l a t e  
1 3 2 ' .  

The  open   l e n g t h   of  b o t t o m   s c r e e n   6 8 ' ,   whose   e n t i r e   l e n g t h   r e -  
m a i n s   u n c o v e r e d   a t   a l l   t i m e s ,   i s   m e a s u r e d   f rom  t h e   p o s i t i o n  
w h e r e   i n t e r s c r e e n   c o n v e y o r   72 '   dumps  m a t e r i a l   o n t o   t h e   s c r e e n  
s u r f a c e   to   t h e   d o w n s t r e a m   end  of  t h i s   s c r e e n .   T h i s   e f f e c t i v e  

l e n g t h   p r e f e r a b l y   v a r i e s   f rom  a b o u t   0  to   a b o u t   70  i n c h e s .   I n -  
a smuch   as  t h e   p o s i t i o n   of  t h e   i n t e r s c r e e n   c o n v e y o r   can   be  a d -  
j u s t e d   by  a  r e v e r s i b l e   m o t o r   d r i v e   u n i t   1 7 6 ' ,   t h e   e f f e c t i v e  

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

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



I n t e r s c r e e n   c o n v e y o r   u n i t   72 '   i s   p r e f e r a b l y   a  low  p r o f i l e   f l a t -  

b e l t   t y p e   c o n v e y o r   w i t h   an  a d j u s t a b l e   DC  s p e e d   c o n t r o l   d r i v e  

a v a i l a b l e   f rom  P r o c e s s i n g   E q u i p m e n t   C o . ,   I n c .   The  t o t a l   t h i c k -  

n e s s   of  t h e   c o n v e y o r   may  be  as  l i t t l e   as  a p p r o x i m a t e l y   3 . 0  

i n c h e s ,   and  i t s   u s a b l e   f l a t   b e l t   s u r f a c e   i s   a t   l e a s t   a b o u t   1 2  

i n c h e s   l o n g e r   t h a n   t h e   s c r e e n s .   A  c o n v e y o r   of  r e l a t i v e   s m a l l  

t h i c k n e s s   may  be  n e c e s s a r y   in   o r d e r   f o r   i t   to   f i t   b e t w e e n   t h e  

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

s u p p o r t   s h a f t   and  t h e   l o w e r   s c r e e n   of  a  F o r s b e r g s   u n i t .   R u b -  

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

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

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

t h e   i n t e r s c r e e n   c o n v e y o r .   The  e n t i r e   i n t e r s c r e e n   c o n v e y o r  

72'   i s   m o u n t e d   on  b a l l   b e a r i n g   r o l l e r s   t h a t   r i d e   on  a  p a i r  o f  

a n g l e i r o n   s i d e   r a i l s   ( n o t   s h o w n ) .   The  r a i l s   a r e   e n d - s u p p o r t e d  

o u t s i d e   of   s c r e e n i n g   u n i t   60 '   and  e x t e n d   down  b e t w e e n   t h e  

s c r e e n   d e c k s   w i t h o u t   a t t a c h m e n t   to   t h e - s c r e e n i n g   u n i t .   T h u s  

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

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

t h e   b o t t o m   s c r e e n .   A  v e r t i c a l   d e f l e c t o r   p l a t e   1 8 2 '   i s   m o u n t e d  

a t   d i s c h a r g e   end  183 '   of  t h e   c o n v e y o r   to  i n s u r e   t h a t   p a r t i -  

c l e s   250 '   f a l l   o n t o   b o t t o m   s c r e e n   68'  in  a  r e l a t i v e l y   n a r r o w  

b a n d   i n s t e a d   of  b e i n g   t h r o w n   o f f   t he   end  of  t h e   c o n v e y o r  

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

The  s y s t e m   l a y o u t   of   F i g .   4  in  c o m b i n a t i o n   w i t h   a  c r u s h e r   o f  
v a r i a b l e   s i z e   o u t p u t   p e r m i t s   t h e   f o l l o w i n g   s c r e e n i n g   p a r a m e -  
t e r s   to  be  v a r i e d   f o r   c o n t r o l   of  p a r t i c l e   s i z e   d i s t r i b u t i o n  
in  t h e   p r o d u c t :   s c r e e n   o p e n i n g   s i z e ( s )   a n d / o r   s i z e   d i s t r i -  
b u t i o n   a n d / o r   s p a t i a l   d i s t r i b u t i o n   of  s c r e e n   o p e n i n g s   ( b y  
m a n u a l l y   c h a n g i n g   s c r e e n s   on  one  or  b o t h   s c r e e n   d e c k s ) ,   o p e n  
s c r e e n   l e n g t h s   (by  m a n u a l l y   c h a n g i n g   t h e   p o s i t i o n   of  s h r o u d  
130 '   a n d / o r   m a n u a l l y   or  a u t o m a t i c a l l y   c h a n g i n g   t h e   p o s i t i o n  
of  c o n v e y o r   d i s c h a r g e   1 8 3 ' ) ,   s c r e e n   i n c l i n a t i o n   (by  m a n u a l  

a d j u s t m e n t   of  f r a m e ) ,   s c r e e n   v i b r a t o r y   f r e q u e n c y   (by  m a n u a l  

a d j u s t m e n t   of  v i b r a t o r   d r i v e ) ,   f e e d   f l o w   r a t e   (by  m a n u a l   o r  



a u t o m a t i c   a d j u s t m e n t   of  S i l e t t a   f e e d e r ) ,   f e e d   s i z e   d i s t r i b u -  

t i o n   (by  m a n u a l   a d j u s t m e n t   of   c r u s h e r ) ,   a n d / o r   f e e d   d i v i s i o n  

b e t w e e n   t o p   and  b o t t o m   s c r e e n s   (by  m a n u a l   a d j u s t m e n t   of  c h u t e  

5 6 ' ) .   Of  t h e s e ,   t h e   o p e n   l e n g t h   of  s c r e e n   6 8 ' ,   t h e   i n c l i n a -  

t i o n   and  v i b r a t o r y   f r e q u e n c y   of  b o t h   s c r e e n s ,   and  t h e   f l o w  

r a t e ,   s i z e   d i s t r i b u t i o n   and  d i v i s i o n   of  f e e d   62'   a r e   c o n t r o l -  

l a b l y   v a r i a b l e   w h i l e   t h e   p r o c e s s   i s   in  o p e r a t i o n .  

When  c o n v e y o r   7 2 '  i s   a t   i t s   l o w e s t   p o s i t i o n ,   m a t e r i a l   c a n  b e  

fed   d i r e c t l y   f r o m   t h e   f e e d e r   5 2 '  ' o n t o   t h e   u p p e r   end  of   t h i s  

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

o u t   s c r e e n i n g   to   b o t t o m   o v e r s   d i s c h a r g e   c h u t e   1 9 0 ' .   T h i s   a r -  

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

b e l t   u n i t   230 '   f o r   c a l i b r a t i n g   or  p e r i o d i c a l l y   c h e c k i n g   t h e  

i n p u t   mass   f l o w   r a t e   to   t h e   s c r e e n i n g   u n i t .   L i k e w i s e ,   m a t e -  

r i a l   w h i c h   has   gone   t h r o u g h   t h e   top   s c r e e n   a l o n e   can   be  d i -  

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

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

s e q u e n c e ,   a  s c r e e n e d   p r o d u c t   may  be  t a k e n   f rom  f o u r   b a s i c  

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

a  s e c o n d   s c r e e n   and  a  p r o d u c t   s t r e a m   may  be  c o m p r i s e d   of  e i -  

t h e r   t h e   o v e r s   or  t h e   t h r o u g h s   f rom  t h e   s e c o n d   s c r e e n .   T h e s e  

two  o p e r a t i o n a l   p o s s i b i l i t i e s   a r e   i l l u s t r a t e d   by  t h e   s c r e e n -  

ing   s y s t e m s   of  F i g s .   1  a n d   4.  A l t e r n a t e l y ,   t h e   o v e r s   f rom  a  

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

s t r e a m   may  be  c o m p r i s e d   of  e i t h e r   t he   o v e r s   or  t h e   t h r o u g h s  

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

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

t r a t e d   in  t h e   s i m p l i f i e d   a p p a r a t u s   and  p r o c e s s   shown  in  F i g .  

6  w h e r e i n   t h e   same  n u m b e r s   a r e   u s e d   f o l l o w e d   by  a  d o u b l e  

p r i m e   (")  s y m b o l   to   d e s i g n a t e   s i m i l a r   e l e m e n t s   or  c o m p o n e n t s  

as  p r e v i o u s l y   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 .   1  a n d   4 .  

S i n c e   t h e   c o m p o n e n t s   b e a r i n g   t h e   same  number   o p e r a t e   in   t h e  

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

in  e q u i p m e n t   s e t u p   w i l l   be  d e s c r i b e d   b e l o w .  



The  p r i n c i p a l   c o m p o n e n t s   of  t h e   s y s t e m   of  F i g .   6  i n c l u d e   a  

S i l e t t a   f e e d e r   5 2 " ,   a  m o d i f i e d   s c r e e n i n g   u n i t   60"  h a v i n g   a  

f i r s t   s c r e e n i n g   d e c k   64"  and  s e c o n d   s c r e e n i n g   d e c k   68"  a r -  

r a n g e d   so  as  to   r e c e i v e   t h e   o v e r s   252"  f rom  t h e   f i r s t   s c r e e n -  

ing   d e c k ,   an  i n t e r s c r e e n   c o n v e y o r   7 2 " ,   a  p r o d u c t   c o n v e y o r  

1 9 2 " ,   a  p r o d u c t   w e i g h   b e l t   2 3 0 " ,   and  a  c o n t r o l   s y s t e m   4 5 " .  

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

t h e y   may  be  m o u n t e d   e i t h e r   on  t h e   same  s u p p o r t   f r a m e w o r k   o r  

on  s e p a r a t e   s u p p o r t   f r a m e w o r k s .   S e p a r a t e   s u p p o r t   f r a m e w o r k s  

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

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

o t h e r   w o r d s ,   e a c h   s c r e e n   d e c k   may  h a v e   i t s   own  m e a n s   f o r   c o n -  

t r o l l a b l y   v a r y i n g   s c r e e n   i n c l i n a t i o n   ( s i m i l a r   t o   e l e m e n t s  

114,   116 ,   118  and  120  of  F i g .   1)  a n d / o r   i t s   own  m e a n s   of  c o n -  

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

or  wave  f o rm  ( s i m i l a r   to   e l e m e n t s   84,  86  and  87  of   F i g .   1  a n d  

t h e   e l e m e n t s   of  F i g .   2 ) .   In  a d d i t i o n ,   a d j u s t a b l e   s c r e e n  

s h r o u d   130"  may  be  e i t h e r   t h e   m a n u a l l y   a d j u s t a b l e   t y p e   o f  

F i g .   4  or   t h e   a u t o m a t i c a l l y   a d j u s t a b l e   t y p e   of  F i g s .   1  and  3 .  

In  t h e   e m b o d i m e n t   of   F i g .   6,  t h e   t h r o u g h s   of  f i r s t   s c r e e n   6 4 "  

a r e   d e s i g n a t e d   as  f i r s t   th roughs   250" and  a r e   c o l l e c t e d   on  a  

f i r s t   t h roughs   c o n v e y o r   300"  h a v i n g   a  w e i g h t   and  c o n v e y o r   s p e e d  

s e n s i n g   e l e m e n t  3 0 2 "   p r o v i d i n g   a  m a s s   f l o w   r a t e   s i g n a l   304"  t o  

c o n t r o l   s y s t e m   4 5 " .   The  o v e r s   252"  f rom  f i r s t   s c r e e n   6 4 "  

a r e   r e t a i n e d   by  t h e   pan  p o r t i o n   of   s h r o u d   130"  and   f a l l   f r o m  

t h e   l o w e r   end  of  t h i s   pan  o n t o   i n t e r s c r e e n   c o n v e y o r   7 2 " .  

I n t e r s c r e e n   c o n v e y o r   72"  has   an  a d j u s t a b l e   d i s c h a r g e   l o c a t i o n  

as  p r e v i o u s l y   d e s c r i b e d .   The  o v e r s   252"  on  t h e   i n t e r s c r e e n  

c o n v e y o r   a r e   t h e n   d i s c h a r g e d   b e n e a t h   d e f l e c t o r   p l a t e   182"   o n -  

to  t h e   s e c o n d   s c r e e n   68"  w h i c h   s e p a r a t e s   t h i s   f e e d   i n t o   a  
second  th roughs   c o m p o n e n t   258"  and  a  s e c o n d   o v e r s   c o m p o n e n t   2 5 6 " .  

The  s e c o n d  t h r o u g h s   componen t  i s   c o l l e c t e d   by  a  s e c o n d   t h r o u g h s   c o n -  

v e y o r   1 9 8 " .   The  s e c o n d   o v e r s   c o m p o n e n t   256"  i s   c o l l e c t e d   o n  

a  s e c o n d   o v e r s   c o n v e y o r   192"  f rom  w h i c h   t h e s e   o v e r s   a r e   d i s -  

c h a r g e d   as  p r o d u c t   o n t o   t h e   p r o d u c t   w e i g h   b e l t   s y s t e m   2 3 0 " .  



T o t a l   p a r t i c u l a t e   flow  r a t e   from  the  S i l e t t a   feeder   may  be  m e a s u r e d  

by  a d j u s t i n g   i n t e r s c r e e n   c o n v e y o r   72"  so  as  to   b y p a s s   s c r e e n  
68"  e n t i r e l y   and  d i s c h a r g e   d i r e c t l y   to   t h e   p r o d u c t   w e i g h   b e l t  

s y s t e m .   T o t a l   mass  flow  r a t e   i s   t h e n   o b t a i n e d   by  a d d i n g  t h e   o u t p u t  
of  w e i g h   b e l t   300"  t o  t h a t   of  t h e   p r o d u c t   w e i g h   b e l t 2 3 0 " .   The 
t o t a l   mass   f l o w  r a t e   so  o b t a i n e d   may  t h e n   be  u s e d   to   c a l i b r a t e  

S i l e t t a   f e e d e r   5 2 " .   T h i s   p a r t i c u l a t e   f l o w   p a t h   may  a l s o   b e  

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

c i f i c a t i o n   so  t h a t   f u r t h e r   s c r e e n i n g   i s   u n n e c e s s a r y .  

With   f u r t h e r   r e f e r e n c e   to   F i g .   6,  second  throughs   c o n v e y o r   1 9 8 "  

may  be  e x c h a n g e d   w i t h   w e i g h   b e l t   s y s t e m   230"  and  a s s o c i a t e d  

c o n v e y o r   192"  so  t h a t   t h e   p r o d u c t   c o m p r i s e s   t h e   s e c o n d   t h r o u g h s  

s t r e a m   i n s t e a d   of  t h e   s e c o n d   o v e r s   s t r e a m .   In  t h e   c a s e   w h e r e  

t he   second  t h roughs   c o m p r i s e   t h e   p r o d u c t ,   t h e   d i s c h a r g e   end  1 8 3 "  

may  be  p o s i t i o n e d   o v e r   a  gap  or  open   a r e a   306  in   s c r e e n   6 8 "  

so  as  to   d i s c h a r g e   a l l   of  t h e   f i r s t   o v e r s   d i r e c t l y   onto  t h r o u g h s  

pan  194"  and  t h e n c e   to  t h e   second  t h r o u g h s  c o n v e y o r   w h i c h   i n  

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

lows  t h e   second  th roughs   s y s t e m   to  m e a s u r e   e i t h e r   t o t a l   f i r s t  

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

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

S c r e e n   64"  and  68"  a r e   e a c h   c o n f i g u r e d   so  t h a t   i t s   o p e n  

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

ing   p r o v i d e d   by  e a c h   c o r r e s p o n d i n g   s c r e e n i n g   s t a g e .   T h e  

open  s c r e e n   l e n g t h   of  s c r e e n   64"  may  be  a d j u s t e d   by  f i t -  

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

p l a t e   ( s u c h   as  p l a t e   132"  of  F i g .   4)  or  by  an  a u t o m a t i c a l l y  

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

s c r e e n   ( s u c h   as  pan  132  of  F i g s .   1  a n d   3 ) .   A d j u s t m e n t s   i n  

t h e   open   s c r e e n   l e n g t h   of  t h e   s e c o n d   s c r e e n   68"  i s   a c -  

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

c o n v e y o r   72"  w i t h   r e s p e c t   to  t h e   l e n g t h   of  t h i s   s c r e e n   i n  

t he   same  m a n n e r   t h a t   i n t e r s c r e e n   c o n v e y o r   72'  i s   a d j u s t e d   i n  

r e l a t i o n   to  b o t t o m   s c r e e n   68'  as  d e s c r i b e d   a b o v e   in  r e f e r e n c e  

to  F i g .   4 .  



A n o t h e r   a d v a n t a g e   of  t h e   F i g .   6  e m b o d i m e n t   o v e r   t h e   o t h e r   e m -  

b o d i m e n t s   shown  i s   t h a t   t h e   h e i g h t   or  t h i c k n e s s   of   t h e   c o n -  

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

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

men t   f o r   t r a n s p o r t i n g   p a r t i c u l a t e s   f rom  t h e   f i r s t   ( u p s t r e a m )  

s c r e e n   to   t h e   s e c o n d   ( d o w n s t r e a m )   s c r e e n .  

P r o d u c t   m a t e r i a l   256 '   ( t h e   o v e r s   of  b o t t o m   s c r e e n   68 '   in   t h e  

s c r e e n i n g   u n i t   of  F i g .   4)  and  p r o d u c t   m a t e r i a l   256"  ( t h e   o v e r s  

of  s e c o n d   s c r e e n   68"  in   t he   s c r e e n i n g   u n i t   of  F i g .   6)  p a s s  

o n t o   c o n t i n u o u s   w e i g h   b e l t s   230 '   and  2 3 0 " ,   r e s p e c t i v e l y .  

T h e s e   w e i g h   b e l t   u n i t s   may  be  of  t h e   t y p e   m a n u f a c t u r e d   b y  

A u t o w e i g h   I n c . ,   of  M o d e s t o ,   CA.  T h i s   w e i g h   b e l t   has   a  2 4 -  

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

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

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

of  a b o u t   2  to   20  t o n s   p e r   h o u r   f o r   m a t e r i a l   w i t h   a  b u l k   d e n -  

s i t y   or  a p p r o x i m a t e l y   100  l b / f t 3 .   T h i s   s y s t e m   p r e f e r a b l y   i n -  

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

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

a r e   l a b e l l e d   " t o t a l "   and  "mass   r a t e " ,   r e s p e c t i v e l y ) ,   and  a n  
e l e c t r o n i c s   p a c k a g e   c a p a b l e   of  s u p p l y i n g   a  s i g n a l   in  t h e   0 - 1 0  
v o l t   r a n g e   p r o p o r t i o n a l   to   t h e   i n s t a n t a n e o u s   mass   f l o w   r a t e .  
T h i s   o u t p u t   s i g n a l   i s   p r e f e r a b l y   i n t r o d u c e d   d i r e c t l y   i n t o   a n  
a n a l o g   d i g i t a l   (A/D)  c o n v e r t e r ,   s u c h   as  i s   a v a i l a b l e   in   a  
R o c k w e l l   AIM-65  m i n i c o m p u t e r .  

In  t h e   e m b o d i m e n t s   of  F i g s .   4  and  6,  t h e   w e i g h   b e l t   p r o v i d e s  
t h e   o n l y   o n - l i n e   m e a s u r e m e n t   s i g n a l   f o r   c o n t r o l l i n g   t h e   o v e r -  
a l l   s c r e e n i n g   s y s t e m .   I t s   c a l i b r a t i o n , . p e r f o r m a n c e   and  i n p u t  
to   t h e   c o n t r o l   s y s t e m   i s   t h e r e f o r e   of   p r i m e   i m p o r t a n c e .   T h e  

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

t e g r a t e d   w e i g h   b e l t   s y s t e m   a r e   g i v e n   in  t h e   m a n u f a c t u r e r ' s  
h a r d w a r e   m a n u a l .  



A  key  e l e m e n t   of  t h e   p r e f e r r e d   c o n t r o l   s y s t e m   i s   a  R o c k w e l l  

AIM-65  m i n i c o m p u t e r   w h i c h   has   a  4 , 0 0 0   b y t e s   of  m e m o r y ,   a  

BASIC  l a n g u a g e   c a p a b i l i t y ,   a  t h e r m a l   p r i n t e r   and  a  f u l l   k e y -  

b o a r d .   P r o g r a m s   f o r   t h e   AIM-65  can   be  s t o r e d   p e r m a n e n t l y   o n  

c a s s e t t e   t a p e   b u t   m u s t   be  r e l o a d e d   any  t i m e   t h e   AIM-65   l o s e s  

p o w e r .   The  AIM-65  r e c e i v e s   i t s   p r i n c i p a l   m e a s u r e d   s i g n a l   a s  

a  mass   f l o w   r a t e   i n p u t   f rom  t h e   w e i g h   b e l t   t h r o u g h   an  a n a l o g  

to  d i g i t a l   (A/D)  c o n v e r t e r   i n t e r f a c e   and  c o n t r o l s   t h e   p o s i t i o n -  

ing   m o t o r   of  t h e   i n t e r s c r e e n   c o n v e y o r   a n d / o r   t h e   d r i v e   u n i t  

of  t h e   S i l e t t a   f e e d e r ,   e a c h   t h r o u g h   a  d i g i t a l   to   a n a l o g   (D/A)  

c o n v e r t e r .   A l l   c o n v e r s i o n s   a r e   q u a n t i z e d   a t   8  b i t s ,   and  a c -  

c e p t   a  1 0 - v o l t   s i g n a l   r a n g e .  

The  p o s i t i o n i n g   m o t o r   u n i t   f o r   i n t e r s c r e e n   c o n v e y o r   72 '   p r e f -  

e r a b l y   i n c l u d e s   a  1 /4   HP,  1750  RPM,  p e r m a n e n t   m a g n e t ,   b a l l  

b e a r i n g ,   DC  m o t o r   w i t h   a  0 -90   VDC  a r m a t u r e ,   and  a  W i n s m i t h  

3 0 0 : 1   r a t i o ,   d o u b l e - r e d u c t i o n   worm  g e a r   r e d u c e r .   T h i s   m o t o r  

u n i t   i s   p r e f e r a b l y   c o n t r o l l e d   by  a  P o l y s p e d e   E l e c t r o n i c s  

C o r p o r a t i o n   Mode l   RPD2-16  DC  r e g e n e r a t i v e   d r i v e .   The  c o m p l e t e  

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

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

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

l a r l y   a d v a n t a g e o u s .  

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

w i t h   i t s   own  s e p a r a t e   f e e d b a c k   l o o p .   T h a t   i s ,   a  p o s i t i o n -  

c o r r e c t i o n   s i g n a l   i s   g e n e r a t e d   by  t h e   AIM-65  m i n i c o m p u t e r ,  

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

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



w e i g h   b e l t   s i g n a l   f r o m   a  s e t   p o i n t   v a l u e .   In  e i t h e r   c a s e ,  
t h i s   c o r r e c t i o n   s i g n a l   c o n s i s t s   of  two  p a r t s ;   n a m e l y ,   a  d i -  

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

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

p o s i t i o n i n g   d r i v e   m o t o r   in   t h e   p r o p e r   d i r e c t i o n   f o r   t h e   c o r -  
r e c t i o n .   A  s e t   of  p o i n t s   on  t h e   m o t o r   s h a f t   g e n e r a t e s   a  

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

p u l s e s   a r e   c o u n t e d   by  t h e   AIM-65  m i n i c o m p u t e r .   When  t h e  

c o u n t   e q u a l s   t h e   p r e s e t   c o u n t   t h e   m o t o r   s t o p s .   For   e x a m p l e ,  

t h e   c o n t r o l   s y s t e m   may  r e g i s t e r   2 2 . 6 5   c o u n t s   p e r   i n c h   o f  

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

u r a t i o n ,   an  a u t o / m a n u a l   and  s a f e t y   i n t e r l o c k   s y s t e m   p r o v i d e s  

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

t h e   i n t e r s c r e e n   c o n v e y o r   f rom  o v e r r u n n i n g   t h e   e n d s   of  i t s  

t r a c k .  

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

AIM-65  m i n i c o m p u t e r   i s   shown  in  F i g .   7.  W i t h   r e f e r e n c e   t o  

t h i s   f i g u r e ,   t h e   m a s s   f l o w   r a t e   measuring  component  310  feeds  on  

a n a l o g   s i g n a l   3 1 2  t o   an  a n a l o g   to  d i g i t a l   (A-D)  c o n v e r t e r  

314  of  t h e   AIM-65  c o m p u t e r   316.   The  o u t p u t   of  t h e   AIM-65  i s  

u s e d   as  an  i n p u t   e i t h e r   to  t h e   S i l e t t a   c o n t r o l   54  or  to   t h e  

c o n v e y o r   p o s i t i o n i n g   c o n t r o l   320,   e a c h   of  t h e s e   a l t e r n a t i v e  

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

a n a l o g   (D-A)  c o n v e r t e r .   S i l e t t a   c o n t r o l   54  d i r e c t l y   r e g u -  

l a t e s   t h e   mass   flow  r a t e   p rov ided   by  S i l e t t a   f eede r   52.  Conveyor  

c o n t r o l   320  d i r e c t l y   r e g u l a t e s   t h e   p o s i t i o n   of  t h e   d i s c h a r g e  

e n d  1 8 3 "  o f   i n t e r s c r e e n   c o n v e y o r   7 2 "  b y   c o n t r o l l i n g   m o v e m e n t  

of  c o n v e y o r   p o s i t i o n i n g   m o t o r  1 7 6 "  a s   p r e v i o u s l y   d e s c r i b e d .  

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

i s   s e n s e d   by  a  m o t o r   r o t a t i o n   s e n s o r   322  w h i c h   p r o v i d e s   a n  

o u t p u t   s i g n a l   to  t h e   AIM-65  t h r o u g h   a  S c h m i t t   t r i g g e r   3 2 4 .  

The  c o n t r o l   s y s t e m   of   F i g .   7  p r o v i d e s   p r o p o r t i o n a l   c o n t r o l   f o r  
e i t h e r   feeder   mass  flow  r a t e   or  i n t e r s c r e e n   c o n v e y o r   d i s c h a r g e  

p o s i t i o n ,   s t a b l e   c o n t r o l   b e i n g   a v a i l a b l e   f o r   o n l y   one  o f  
t h e s e   f u n c t i o n s   a t   a  t i m e   s i n c e   o n l y   one  d o w n s t r e a m   c h a r -  
a c t e r i s t i c   i s   m e a s u r e d   in  t he   e m b o d i m e n t s   of  F i g s .   4  and  6 ,  
n a m e l y   p r o d u c t   mass   f l o w   r a t e .   H o w e v e r ,   t h e   i n v e n t i o n   c o n -  



t e m p l a t e s   m e a s u r i n g   two  or  more   o u t p u t   c h a r a c t e r i s t i c s   so  t h a t  

f e e d   f l o w   r a t e .   and  c o n v e y o r   d i s c h a r g e   p o s i t i o n   may  be  c o n -  

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

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

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

f e e d   f l o w   r a t e   a n d / o r   f e e d   c o n d i t i o n s .   P e r i o d i c   or   c o n t i n u -  

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

d e s i r a b l e   to   c o n t r o l   open   s c r e e n   l e n g t h   so  as  to   m a i n t a i n  t h e  

p r e s e l e c t e d   o u t p u t   s i z e   d i s t r i b u t i o n   in   t h e   p r e s e n c e   of  changes  

in  t h e   f e e d   a n d / o r   s c r e e n i n g   c o n d i t i o n s ,   s u c h   as  c o m p e n s a t i n g  

f o r   s c r e e n   b l i n d i n g   c a u s e d   by  c o h e s i v e   ( e . g . ,   m o i s t )   f e e d   m a -  

t e r i a l .   C o m p l e t e   c o m p e n s a t i o n   f o r   s c r e e n   b l i n d i n g   may  no t   b e  

p o s s i b l e   when  t h e   b l i n d i n g   i s   due  to  m o i s t u r e .   I t   i s   e x p e c -  
t e d   t h a t   t h e   m a t e r i a l   f l o w   r a t e   can   be  c o m p e n s a t e d   f o r ,   b u t  

t h i s   may  n o t   make  t h e   a p p r o p r i a t e   c o m p e n s a t i o n   in   p a r t i c l e  

s i z e   d i s t r i b u t i o n .   Some  of  t h e   c o h e s i v e   m a t e r i a l   w o u l d   b e  

e x p e c t e d   to   p a s s   t h r o u g h   t h e   s c r e e n   as  a g g l o m e r a t e s   r a t h e r  

t h a n   as  i n d i v i d u a l   p a r t i c l e s   and  t he   r e s u l t i n g   s i z e   d i s t r i -  

b u t i o n   may  v e r y   w e l l   d i f f e r   f rom  t he   one  e x p e c t e d   i f   no  a g -  

g l o m e r a t e s   w e r e   p r e s e n t .   D e v i a t i o n s   in   t h e   o u t p u t   s i z e   d i s -  

t r i b u t i o n   may  a l s o   be  c o r r e c t e d   by  c h a n g i n g   t h e   r a t e   of  i n -  

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

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

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

t i o n   of   t h e   i n t e r s c r e e n   c o n v e y o r .  

In  a  p r e f e r r e d   c o n f i g u r a t i o n ,   an  a u t o / m a n u a l   and  s a f e t y   i n -  

t e r l o c k   s y s t e m   326  p r o v i d e s   f o r   m a n u a l   o p e r a t i o n   of  t h e   c o n -  

v e y o r   p o s i t i o n i n g   s y s t e m   and  p r e v e n t s   i n t e r s c r e e n   c o n v e y o r  

72"  f r o m   o v e r r u n n i n g   t h e   e n d s   of  i t s   t r a c k .   A  c i r c u i t   d i a -  

gram  of  t h e   a u t o / m a n u a l   and  s a f e t y   i n t e r l o c k   s y s t e m   i s   s h o w n  

in  F i g .   8.  The  i n t e r l o c k   s y s t e m   i n c l u d e s   a  m a n u a l   c o n t r o l  

334  and  u p p e r   and  l o w e r   l i m i t   s e n s o r s   328  and  330  w h i c h   a c t u -  

a t e   an  a u t o m a t i c   d i s a b l i n g   c i r c u i t   3 3 2 .  

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

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

shown  in  F i g .   9.  In  a d d i t i o n   to   the   c o m p o n e n t s   a l r e a d y   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 .   7,  t he   d i a g r a m   of  F i g .   9  i n -  



e l u d e s   a  p o w e r   supply  336  for  the  AIH-65,  a  power  supply   338  for  t h e  

c o n v e y o r   p o s i t i o n i n g   c o n t r o l   c i r c u i t r y ,   a  master   i n t e r f a c e   board   340 

and  a  f l o w   c o n t r o l   b o a r d   342 .   The  AIM-65  i n t e r f a c e   c i r c u i t s  

on  i n t e r f a c e   b o a r d   340  a r e   shown  in  F i g .   10  and  t h e   f l o w   c o n -  

t r o l   c i r c u i t s   on  f l o w   c o n t r o l   b o a r d   342  a r e   s h o w n   in  F i g .   1 1 .  

In  s e t t i n g   up  t h e   v a r i o u s   m e a s u r i n g   and  c o n t r o l   s y s t e m   c o m -  

p o n e n t s ,   s u c h   as  t h e   w e i g h   b e l t   and  i n t e g r a t o r   c o m p o n e n t s ' o f  

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

o u t   in   t h e   m a n u f a c t u r e r ' s   e q u i p m e n t   m a n u a l s   s h o u l d   be  f o l -  

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

be  c a r e f u l l y   c h e c k e d   and  a c c u r a t e l y   c a l i b r a t e d .  

W h i l e   t h e   AIM-65  i s   v e r y   v e r s a t i l e   and  can  be  p r o g r a m m e d   t o  

do  a  w i d e   v a r i e t y   of  t a s k s ,   t h e r e   i s   a  memory  l i m i t a t i o n   o f  

a b o u t   100  b a s i c   s t a t e m e n t s .   A  p r e f e r r e d   s e t   of  p r o g r a m s   f o r  

o p e r a t i n g   t h e   AIM-65  as  p a r t   of  t h e   c o n t r o l   s y s t e m   i s   l i s t e d  

in  T a b l e   1.  The  M a s t e r   C o n t r o l   P r o g r a m   i s   a  r e a l - t i m e   c o n -  

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

m e n t s   1  t o   155  f o r   i n p u t s   and  i n i t i a l i z a t i o n ,   i n c l u d i n g   f l o w  

s t a b i l i z a t i o n ,   and  s t a t e m e n t s   200  to   250  f o r   c o n t r o l l i n g   t h e  

n o r m a l   o p e r a t i n g   c y c l e .   S t a t e m e n t s   200  to  250  c a l l   upon   s u b -  

r o u t i n e s   400  to   475  to   c o n v e r t   t h e   A u t o w e i g h   i n p u t ,   s u b r o u -  

t i n e s   601  to   680  to   c o n t r o l   t h e   i n t e r s c r e e n   c o n v e y o r   d i s -  

c h a r g e   p o s i t i o n  ,   and   s u b r o u t i n e s   800  to  900  to   p r o v i d e   o p -  

e r a t i o n a l   d a t a   o u t p u t   i f   d e s i r e d .   S u b r o u t i n e s   2000  to   2 0 6 0  

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

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

c o n t r o l   p r o g r a m   i s   shown  in  F i g .   12  w h e r e   t h e   " low  p a s s   f i l -  

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

s i g n a l s .   T h i s   f i l t e r   i s   c o n t a i n e d   in  s t a t e m e n t s   42  t h r o u g h  

44  of  T a b l e   1 .  
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The  p r e f e r r e d   c o n t r o l   s c h e m e   d e s c r i b e d   a b o v e   i s   a  fo rm  of  a -  

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

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

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

s a m p l i n g   and  a n a l y s i s   s t e p   to   u p d a t e   e x i s t i n g   s e t - p o i n t   v a l u e s  

and  to   h a n d l e   l o n g   t e r m   d r i f t   or  known  p r o c e s s   a l t e r a t i o n s .  

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

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

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

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

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

t h e   mass   f l o w   r a t e   of  t h e   f e e d .  

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

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

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

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

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

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

f i n a l   p r o d u c t   may  be  j u d g e d .   The  h i e r a r c h i c a l   c o n c e p t   of  c o n -  

t r o l   is  a p p l i c a b l e   to  the  c o n t r o l   systems  of  F igs .   1,  4  and  6  and  i s  

i l l u s t r a t e d   more   g e n e r i c a l l y   in  F i g .   13.   The  s y s t e m   shown  i n  

F i g .   13  i s   d e s i g n e d   to   a c c o m m o d a t e   m a t e r i a l   w h i c h   h a s   e x c e s -  

s i v e   f i n e s .   H o w e v e r ,   a  r e t u r n   l o o p   f o r   r e t u r n i n g   o v e r s i z e  

p a r t i c l e s   to   t h e   c r u s h e r   s u p p l y i n g   t h e   f e e d   ( n o t   shown)   m a y  

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

o v e r s   r e t u r n e d   to   t h e   c r u s h e r   b e i n g   f u r t h e r   r e d u c e d   in   s i z e .  

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

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

in  r e s p o n s e   to   an  a p p r o p r i a t e   demand  s i g n a l ,   t h e   o r i g i n   o f  

w h i c h   i s   n o t   shown  in  t h e   f i g u r e .   T h i s   s i g n a l   may  be  p r e p r o -  

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

i t   may  be  in  r e s p o n s e   to  some  m o n i t o r e d   o p e r a t i n g   p a r a m e t e r  

of  t h e   s y s t e m ,   s u c h   as  open   s c r e e n   l e n g t h .   Open  s c r e e n   l e n g t h  



can   be  m o n i t o r e d   by  m o n i t o r i n g   t h e   p o s i t i o n   of   t h e   s c r e e n  

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

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

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

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

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

t r o l   s c h e m e .  

In  t h e   e m b o d i m e n t   of  F i g .   13,   t h e   c h a r a c t e r i s t i c s   of  t h e   i n -  

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

m i n e d   and  t h e   c r u s h e r   and  a d j u s t a b l e   s c r e e n   a r e   s e t   up  to   p r o -  
v i d e   a  b a s i c   s i z e   d i s t r i b u t i o n   r a n g e   in   t h e   f e e d   and  p r o d u c t ,  

r e s p e c t i v e l y .   T r i m m i n g   c o n t r o l   of  t h e   s i z e   d i s t r i b u t i o n   w i t h -  

in  t h e s e   r a n g e s   to   m a i n t a i n   a  d e s i r e d   s i z e   d i s t r i b u t i o n   s p e -  
c i f i c a t i o n   a n d / o r   f i n e n e s s   m o d u l u s   in  t h e   p r o d u c t   i s   a c h i e v e d  

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

n a l   g e n e r a t e d   by  c h a n g e s   in   t h e   mass   f l o w   r a t e   of  o v e r s   c o m -  

ing   o f f   t h e   s c r e e n .   In  o t h e r   w o r d s ,   t h e   mass   f l o w   r a t e   i n -  

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

mass   f l o w   r a t e   s e t   p o i n t   and  an  e r r o r   s i g n a l   i s   u s e d   as  t h e  

b a s i s   f o r   s c r e e n   a d j u s t m e n t .   - 

I f   t h e r e   is   a  s u b s t a n t i a l   c h a n g e   in  t h e   n a t u r e   of   t h e   f e e d  

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

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

r a t e   r e q u i r e d   to   m a i n t a i n   t h e   d e s i r e d   p a r t i c l e   s i z e   d i s t r i b u -  

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

s i z e   a n a l y s i s   i s   to   d e t e c t   t h e   c o n s e q u e n c e s   of  s u c h   a  s u b -  

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

p o i n t   can   be  i m p l e m e n t e d   to   c o m p e n s a t e   f o r   t h a t   c h a n g e .   I n  

t h i s   way,   t h e   s y s t e m   " a d a p t s "   to   c h a n g e s   in   t h e   c h a r a c t e r   o f  

t he   i n c o m i n g   f e e d   to   t h e   a d j u s t a b l e   s c r e e n .   In  t h e   e m b o d i m e n t  

of  F i g .   13,  t h e   a d v a n t a g e s   of  " a d a p t i v e   c o n t r o l "   i n c l u d e   k e e p -  

ing  t h e   n e e d   f o r   a  c o m p l e t e   s i z e   a n a l y s i s   to   a  min imum  w h i l e  

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

demand  c h e c k s   f o r   p a r t i c l e   s i z e   d i s t r i b u t i o n   c an   be  made  a t  

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



c h e c k   can   be  r e c o g n i z e d   i f   i t   i s   o b s e r v e d   t h a t   t h e   s c r e e n -  

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

o p e r a t i n g   p o s i t i o n .   To  t h o s e   s k i l l e d   in   t h e   a r t   i t   w i l l   b e  

e v i d e n t   t h a t   o t h e r   means   e x i s t   f o r   r e s t o r i n g   t h e   s y s t e m   t o  

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

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

The  o b j e c t i v e   of  h o l d i n g   to  a  p r e s e l e c t e d   p r o d u c t   s i z e   d i s t r i -  

b u t i o n   can   be  a s s u r e d   mos t   e v i d e n t l y   by  m o n i t o r i n g   and  e v a l u -  

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

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

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

t u r e d   in   a c c o r d a n c e   w i t h   t he   ASTM  C-33  S p e c i f i c a t i o n .   The  a t -  

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

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

d i s t r i b u t i o n .   The  s c o p e   of  t he   p r e s e n t   i n v e n t i o n   e n c o m p a s s e s  

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

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

n a t i v e s ,   w i t h   or   w i t h o u t   u t i l i z a t i o n   of  t h e   a d a p t i v e - c o n t r o l  

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

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

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

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

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

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

e r r o r   s i g n a l .   A  r e t u r n   f low  of  m a t e r i a l   f o r   e i t h e r   r e s c r e e n -  

i ng   or  r e c r u s h i n g   may  a l s o   be  p r o v i d e d .   B e c a u s e   t h e r e   may  b e  

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

t h e   s y s t e m ,   as  w e l l   as  t ime   l a g s   a s s o c i a t e d   w i t h   p a r t i c l e   s i z e  

a n a l y s i s   ( d e p e n d i n g   on  the   m e t h o d   u s e d ) ,   i t   may  be  n e c e s s a r y  

to  i n c o r p o r a t e   in   t h e   s y s t e m   some  form  of  " c a p a c i t a n c e , "   s u c h  

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

f e r .  



F i g .   14  i l l u s t r a t e s   a  c o n t r o l   s y s t e m   e m p l o y i n g   c l o s e d - l o o p  

c o n t r o l   of   t h e   a d j u s t a b l e   d i f f e r e n t i a l   r a t e   s c r e e n i n g   o p e r a -  
t i o n   b u t   o p e n - l o o p   c o n t r o l   of  t h e   c r u s h e r .   O s t e n s i b l y ,   t h e  

c r u s h e r   w o u l d   be  s e t   a t   a  f i x e d   s p e e d   and  a t   f i x e d   t h r o u g h p u t  
r a t e .   C l o s e d - l o o p   c o n t r o l   m i g h t   be  u s e d   to   m a i n t a i n   t h e s e  

o p e r a t i n g   c o n d i t i o n s ,   b u t   t h e   c r u s h e r   o p e r a t e s   o p e n - l o o p   s o  
f a r   as  i n f o r m a t i o n   f e e d b a c k   f rom  t he   p r o d u c t   s i z e   d i s t r i b u -  

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

The  s y s t e m   of  F i g .   14  p r e s u p p o s e s   t h a t   t h e   c r u s h i n g   m a c h i n e  

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

t h a t   i s ,   m a t e r i a l   w h i c h   c o n t a i n s   e x c e s s   f i n e s .   The  e x c e s s  

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

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

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

p r o d u c t .   The  o v e r s   a r e   s a m p l e d   by  means   of   a  s a m p l e r   o r  

s p l i t t i n g   d e v i c e ,   and  t h e   s a m p l e   i s   f ed   to   a  p a r t i c l e   s i z e  

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

c o n t r o l   p u r p o s e s .  

The  a n a l y z e r   may  be  as  s i m p l e   as  an  a c c e l e r a t e d   s i e v e   a n a l y -  

s i s   e m p l o y i n g   a  s y s t e m   c a p a b l e   of  s i e v i n g   a  s a m p l e   to   c o m -  

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

more   c o m p l e x   d e v i c e s   p r e v i o u s l y   d e s c r i b e d   f o r   d i r e c t l y   m e a -  

s u r i n g   p a r t i c l e   s i z e   d i s t r i b u t i o n   on  a  c o n t i n u o u s   b a s i s .   Of  

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

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

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

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

can   be  c o r r e c t e d .   For   e x a m p l e ,   i f   5  m i n u t e s   i s   r e q u i r e d   t o  

s i e v e   a  s a m p l e ,   as  much  as  a  t o n   or  so  of  m a t e r i a l   c o u l d   g o  

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

a p p r o x i m a t e l y   10  t o n s   p e r   h o u r .   H o w e v e r ,   i f   t h i s   m a t e r i a l   i s  

f ed   to   a  m i x e r   by  way  of  a  r e s e r v o i r   or  s u r g e   b i n ,   as  s h o w n ,  

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

c a p a c i t y ,   t he   p r o d u c t   s t r e a m   can  be  " s m o o t h e d "   to   e l i m i n a t e  

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



The  o p e r a t i o n   of  t h e   c o n t r o l   s y s t e m   of  F i g .   14  i s   as  f o l l o w s .  

An  a p p r o p r i a t e   s e t   p o i n t   i s   d e t e r m i n e d   as  some  s c a l a r   f u n c t i o n  

of  t h e   d e s i r e d ,   p r e s e l e c t e d   p a r t i c l e   s i z e   d i s t r i b u t i o n .   T h i s  

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

on  t h e   c u m u l a t i v e   s i z e   d i s t r i b u t i o n ,  o r   o t h e r   p a r a m e t e r   a s  

may  o c c u r   to   t h o s e   s k i l l e d   in   t h e   a r t .   A  p a r t i c l e - s i z e   a n a l y -  

z e r   o p e r a t e s   in   c o n j u n c t i o n   w i t h   a  s a m p l i n g   u n i t ,   p r e s u m e d   i n  

F i g .   14  to   be  of  t h e   i n t e r m i t t e n t   v a r i e t y .   C o o p e r a t i n g   w i t h  

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

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

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

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

m e t e r e d   o u t   by  t h e   f e e d e r   a t   a  r a t e   w h i c h   p e r m i t s   i t   to   b e  

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

s c r e e n   a f t e r   t h e   e r r o r   c o r r e c t i o n   has   b e e n   i m p l e m e n t e d .   I t  

w i l l   be  e v i d e n t   t h a t   i f   t h e   p a r t i c l e   s i z e   a n a l y z e r   i s   of  t h e  

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

t h e   m i x e r ,   f e e d e r ,   r e s e r v o i r   and  a s s o c i a t e d   g a t i n g   u n i t   m a y  

be  e l i m i n a t e d .  

In  t h e   e v e n t   t h a t   m a t e r i a l   r e t a i n e d   on  t h e   s c r e e n   i s   t o o  

c o a r s e   to   m e e t   s p e c i f i c a t i o n s ,   a  means   may  be  p r o v i d e d   t o  

e l i m i n a t e   e x c e s s i v e   o v e r s .   One  o p t i o n   i s   to   s c r e e n   t h e   o v e r s  

on  a  s e c o n d   s c r e e n   and  t a k e   t h e   f i n e s   of  t h a t   s c r e e n   as  t h e  

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

c r u s h i n g .   An  a l t e r n a t i v e   s c h e m e   and  one  w h i c h   h a s   c e r t a i n   a d -  

v a n t a g e s   i s  s h o w n   in  F i g .   15.  T h i s   f i g u r e   shows   i n f o r m a t i o n  

f rom  a  s i z e   a n a l y z e r   b e i n g   f e d   to  a  l o g i c   e l e m e n t   or  c o m p u t e r  

( s u c h   as  an  AIM-65  m i c r o p r o c e s s o r ) .   T h i s   a r r a n g e m e n t   g e n e -  

r a t e s   c o n t r o l   s i g n a l s   f o r   t h r e e   p u r p o s e s :   (1)  c o n t r o l   of  t h e  

a d j u s t a b l e   s c r e e n ;   (2)  d i v e r t i n g   s c r e e n   o u t p u t   as  a  r e t u r n  

s t r e a m   to   t he   c r u s h e r ;   and  (3)  c o n t r o l   of  t h e   r a t e   of  f e e d   o f  

u n g r o u n d   s t o n e   to  t he   c r u s h e r .   A  s u r g e   b i n   in   t h e   o v e r s   r e -  

t u r n   l o o p   may  be  r e q u i r e d ,   b u t   i t   i s   o m i t t e d   h e r e .   I t   i s .  a s -  

sumed  t h a t   t he   s a m p l i n g   and  p a r t i c l e   s i z e   a n a l y s i s   s y s t e m   i s  

of  t h e   c o n t i n u o u s l y   m o n i t o r i n g   v a r i e t y ,   b u t   i t   i s   to  be  r e -  

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

s u c h   a  s y s t e m .  



The  s y s t e m   shown  s c h e m a t i c a l l y   in  F i g .   15  o p e r a t e s   as  f o l l o w s .  

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

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

s i z e   d i s t r i b u t i o n ,   and  no  r e t u r n s   w o u l d   go  to   t h e   c r u s h e r   f o r  

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

d i m i n i s h i n g   w a s t e   f i n e s   by  i n c r e a s i n g   t h e   r a t e   of  f e e d   to   t h e  

c r u s h e r   a n d / o r   by  d e c r e a s i n g   t h e   c r u s h e r   s p e e d .   S h o u l d   e x -  
c e s s i v e   a d j u s t m e n t   r e s u l t   in  e x c e s s   o v e r s ,   t h i s   w o u l d   be  d e -  

t e c t e d   by  t h e   p a r t i c l e   s i z e   a n a l y z e r   as  soon   as  t h e   e f f e c t s  

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

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

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

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

a  s u r g e   b i n   may  be  r e q u i r e d   in  t h e   r e t u r n   l i n e ,   b u t   i s   o m i t t e d  

h e r e .  

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

c r u s h e d   s t o n e ,   t h e   s y s t e m   can  be  made  to   m a i n t a i n   a  d e s i r e d  

r a t e   of  t h r o u g h p u t   to  t h e   c r u s h e r .   One  o t h e r   o p t i o n   of  m a n y  

w o u l d   be  to   do  a  t h r e e - w a y   s p l i t ,   w i t h   a  r e t u r n   s t r e a m   g o i n g  

to  t h e   s c r e e n   as  w e l l   as  to   t h e   c r u s h e r .   I f   m a t e r i a l   w i t h  

e x c e s s   f i n e s   comes   o f f   t h e   s c r e e n ,   a  p o r t i o n   may  be  s e n t   b a c k  

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

b i n   may  be  n e c e s s a r y ) .   I f   m a t e r i a l   w i t h   e x c e s s   o v e r s   c o m e s  

o f f   t h e   s c r e e n ,   a  p o r t i o n   may  be  s e n t   b a c k   to   t h e   c r u s h e r   f o r  

f u r t h e r   c r u s h i n g .  

C l e a r l y   many  p o s s i b i l i t i e s   f o r   f e e d b a c k   c o n t r o l   e x i s t ,   and  i t  

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

of  s o p h i s t i c a t i o n .   I t   i s   n o t   t h e   i n t e n t   h e r e   to   be  e x h a u s t i v e ,  

b u t   to   d i s c l o s e   a d d i t i o n a l   modes   of  s i z e   d i s t r i b u t i o n   c o n t r o l .  

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

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

i f   c o n t r o l   c o r r e c t i o n s   a r e   made  a t   d i s c r e t e   and  r e l a t i v e l y  

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

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

u n s t a b l e .   In  o t h e r   w o r d s ,   a  c o r r e c t i o n   d i c t a t e d   by  a  c u r r e n t  

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



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

d u c e   o s c i l l a t i o n s   or  e v e r  i n c r e a s i n g   e r r o r   s i g n a l s .   A  d e l a y  

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

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

A l t e r n a t i v e l y ,   some  v e r s i o n   of  f e e d f o r w a r d   c o n t r o l   may  b e  

e m p l o y e d .  

FEEDFORWARD  CONTROL 

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

p r o v i d e d   in  F i g .   16.  In  t h e   f i g u r e ,   i t   i s   p r e s u m e d   t h a t   a  

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

by  r e m o v i n g   f i n e   p a r t i c u l a t e s   f rom  an  e x c e s s i v e l y   g r o u n d  
c r u s h e r   o u t p u t .   R a t h e r   t h a n   m o n i t o r i n g   t h e   s i z e   d i s t r i b u t i o n  

of  t h e   s c r e e n   o u t p u t ,   t h e   s i z e   d i s t r i b u t i o n   of  t h e   c r u s h e r  

o u t p u t   ( i . e . ,   t h e   f e e d   to   t h e   s c r e e n )   i s   m o n i t o r e d .   K n o w l e d g e  

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

m u s t   be  done  in  o r d e r   to   a d j u s t   t h e   p r o d u c t   s i z e   d i s t r i b u t i o n  

so  t h a t   i t   comes  w i t h i n   s p e c i f i c a t i o n s .   By  d e l a y i n g   t h e   o u t -  

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

s i e v e   a n a l y s i s ,   an  a d j u s t m e n t   s i g n a l   can   be  s e n t   f o r w a r d   t o  

t h e   s c r e e n   so  as  to   a r r i v e   in   p h a s e   w i t h   t h e   c o r r e s p o n d i n g  

m a t e r i a l   f l o w .   Such  d e l a y   may  be  a c c o m p l i s h e d   by  d i s c h a r g i n g  

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

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

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

I t   w i l l   be  e v i d e n t   t h a t   a  t i m i n g   e l e m e n t ,   n o t   shown  in  t h e  

f i g u r e ,   may  be  r e q u i r e d   to   s y n c h r o n i z e   t h e   t h r o u g h p u t   of  m a -  

t e r i a l   w i t h   i n f o r m a t i o n   f rom  t h e   p a r t i c l e   s i z e   a n a l y z e r .   I n  

F i g .   16  i t   i s   p r e s u m e d   t h a t   t h e   s a m p l e r   and  p a r t i c l e   s i z e  

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

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

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

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

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

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

p a r t i c l e   s i z e   a n a l y s i s   can  be  a c c o m m o d a t e d   by  i n c o r p o r a t i n g  

t h e   m i x i n g   c o n c e p t s   s e t   f o r t h   in  F i g .   1 4 .  



I t   w i l l   be  f u r t h e r   e v i d e n t   to   t h o s e   s k i l l e d   in   t h e   a r t   t h a t  

b o t h   f e e d b a c k   and  f e e d f o r w a r d   p r i n c i p l e s   can   be  i n c o r p o r a t e d  

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

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

c o n t r o l   c a n   be  r e l i e d   upon   to   s a t i s f y   t h e   p a r t i c l e   s i z e   d i s -  

t r i b u t i o n   in   t h e   p r o d u c t .   In  some  c a s e s ,   h o w e v e r ,   i t   may  b e  

n e c e s s a r y   to   m o n i t o r   t h e   o u t p u t   of  t h e   s c r e e n   and  make  c o m -  

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

I t   w i l l   be  f u r t h e r   e v i d e n t   t h a t   t h e   u s e   of   an  a d a p t i v e   c o n -  

t r o l   c o n c e p t   in   c o n j u n c t i o n   w i t h   t h e   f e e d b a c k   and  f e e d f o r w a r d  

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

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

f e e d f o r w a r d   c o n t r o l   i s   i l l u s t r a t e d   in   F i g .   17.   A c t i n g   on  i n -  

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

u n i t   of  F i g .   17  g e n e r a t e s   a  f e e d f o r w a r d   s i g n a l   to  t h e   s c r e e n  

a n d / o r   a  f e e d b a c k   s i g n a l   to   t h e   c r u s h e r .   So  l o n g   as  t h e   o u t -  

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

s c r e e n   a d j u s t m e n t   to   r e m o v e   t h o s e   f i n e s .   I f   t h e   o u t p u t  

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

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

I n s t e a d ,   t h e   c o m p u t e r   c a l l s   f o r   more  c o m p l e t e   c r u s h i n g .   A l -  

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

i z e d   e l e m e n t ,   i t s   f u n c t i o n   may  be  r e a l i z e d   by  e m p l o y i n g   a  c o n -  

t r o l l e d   f e e d e r   to  t h e   c r u s h e r   or   a  s p e e d   or   o t h e r   s i z e   r e d u c -  

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

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

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

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

A l t h o u g h   no  r e c y c l e   s t r e a m   i s   shown  in  F i g .   17,   a  r e t u r n   l i n e  

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

by  m e a n s   of  a  s p l i t t e r   f e e d e r ,   as  in  F i g .   15:   The  s c o p e   o f  

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

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

s c r e e n i n g   w o u l d   be  a d v a n t a g e o u s .   I t   i s   c l e a r   t h a t   many  o t h e r  

o p t i o n s   f o r   c o n t r o l   by  means   of  f e e d b a c k ,   f e e d f o r w a r d   or  a -  

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

o c c u r   to   t h o s e   s k i l l e d   in  t h e   a r t .  



PRINCIPLES  OF  DIFFERENTIAL  RATE  SCREENING 

In  o r d e r   to   s e l e c t   t h e   mesh  s i z e   and  l e n g t h   f o r   e a c h   s c r e e n ,  

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

m e t e r ,   and  s e t   up  t h e   a d j u s t a b l e   c o m p o n e n t s   of  t h e   s y s t e m   s o  

as  to   a c h i e v e   and  c o n t r o l   t h e   a l t e r a t i o n   in  s i z e   d i s t r i b u t i o n  

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

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

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

s c r e e n i n g   p r o c e s s   may  be  n e c e s s a r y .   C o n s i d e r a t i o n   i s   t h e r e -  

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

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

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

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

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

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

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

In  o r d e r   t o   q u a n t i f y   c e r t a i n - f e a t u r e s   of  t h e   d i f f e r e n t i a l   r a t e  

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

i s   c o n v e n i e n t   to  i n d i c a t e   r e l e v a n t   mass   f l o w   r a t e   b a l a n c e   r e -  

l a t i o n s   and  i n t r o d u c e   g e n e r a l i z e d   mass   t r a n s f e r   f u n c t i o n s .  

F i r s t   c o n s i d e r   t h e   c a s e   of  a  s i n g l e   s c r e e n   as  shown  in   F i g .  

18.  The  m a s s   f l o w   r a t e   b a l a n c e   f o r   t o t a l   f l o w ,   F i g .   1 8 ( a ) ,  

b e c o m e s  

w h e r e  

m   =  mass   f l o w   r a t e   of  i n p u t ,  

mO =  mass   f l o w   r a t e   of  o v e r s ,  

m   =  mass   f l o w   r a t e   of  t h r o u g h s .  

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

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

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

p u t   to   t h e   s c r e e n i n g   s y s t e m .  



Two  m a s s   f l o w   r a t e   r a t i o s   f  and  g  a r e   d e f i n e d   b y :  

From  e q u a t i o n s   ( 1 ) ,   (2)  and  (3)  i t   f o l l o w s   t h a t :  

N e x t   c o n s i d e r   t h e   mass   f l o w   r a t e   b a l a n c e   f o r   e a c h   i n d i v i d u a l  

s i z e   c l a s s .   F o l l o w i n g   c u s t o m a r y   p r o c e d u r e   an  i n d i v i d u a l   s i z e  

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

s i z e s   b e t w e e n   t h e   mesh  s i z e s   of  two  s u c c e s s i v e   c l a s s i f i c a t i o n  

s c r e e n s .   Here   t h e   i n d e x  j   i s   u s e d   to   d e n o t e   a  p a r t i c u l a r  

s i z e   c l a s s .   F u r t h e r ,   t h e   r a t i o   of   m a s s   of  p a r t i c l e s   in  a  

s i z e   c l a s s  j   to   t h e   t o t a l   m a s s   of  a l l   p a r t i c l e s   in  t h e  

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

t h e   d i s t r i b u t i o n   in  s i z e   c l a s s   j .   T h i s   mass   f r a c t i o n   i s  

d e s i g n a t e d   by  Ci j   f o r   t h e   i n p u t ,   COj  f o r   t h e   o v e r s   a n d  

CTj  f o r   t h e   t h r o u g h s .  

S u p p o s e   t h e   s i z e   d i s t r i b u t i o n   of  i n p u t   m a t e r i a l   has   a  m a s s  

f r a c t i o n   CI j   in  s i z e   c l a s s   j .   Then   t h e   i n p u t   mass   f l o w  

r a t e   in  s i z e   c l a s s  j   i s   m I C I j .   T h i s   i s   b a l a n c e d   by  t h e  

sum  of  t h e   mass   f l o w   r a t e s   f o r   p a r t i c l e s   in  t h e   same  s i z e  

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

i s   w r i t t e n :  

w h e r e   COj  and  CTj  a r e   t he   mass   f r a c t i o n s   of  t h e   o v e r s   a n d  

t h r o u g h s ,   r e s p e c t i v e l y ,   in  t h e   s i z e   c l a s s   j .   I t   s h o u l d   b e  

n o t e d   t h a t   t he   mass   f r a c t i o n s   f o r   a l l   t h e   s i z e   c l a s s e s  j  

sum  to  u n i t y   f o r   e a c h   s e p a r a t e   s t r e a m   ( i . e . ,   i n p u t ,   o v e r s   o r  
t h r o u g h s )   c o n s i s t e n t   w i t h   t h e   way  e a c h   s i z e   d i s t r i b u t i o n   i s  



d e t e r m i n e d   by  s i e v e   a n a l y s i s :  

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

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

s t r e a m s .   The  c u m u l a t i v e   s i z e   d i s t r i b u t i o n   i n d i c a t e s   t h e   m a s s  
f r a c t i o n   of  p a r t i c l e s   w i t h   s i z e s   l e s s   t h a n _ a   g i v e n   s c r e e n  
mesh  s i z e .   E q u i v a l e n t l y   t h i s   m a s s   f r a c t i o n   can   be  e x p r e s s e d  

as  a  sum  of  t h e   mass   f r a c t i o n s   of  t h e   c o n s t i t u e n t   s i z e   c l a s s e s  

j  s m a l l e r   t h a n   the   g i v e n   mesh   s i z e .   In  p a r t i c u l a r   i f   t h e  

s i z e   c l a s s e s  j   a r e   a r r a n g e d   in   o r d e r   of  i n c r e a s i n g   p a r t i -  

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

d e f i n e   s i z e   c l a s s   j=n   i s   t h e   same  as  t h e   g i v e n   s c r e e n   m e s h  

s i z e ,   t h e n   t h e   s u m m a t i o n   w i l l   r u n   o v e r   t h e   s i z e   i n d e x   v a l u e s  

j  =  1  to  n.  The  g i v e n   mesh   s i z e   in  t h i s   c a s e   w i l l   be  r e f e r r e d  

to  as  " t h e   mesh  s i z e   w i t h   (or   c o r r e s p o n d i n g   to)   i n d e x   n . "  

The  mass   f l o w   r a t e   b a l a n c e   e x p r e s s i o n   i s   t h e n   o b t a i n e d   f r o m  

r e l a t i o n   (5)  by  f o r m i n g   t h e   f o l l o w i n g   s u m :  

A l t e r n a t e l y   t h i s   can  be  e x p r e s s e d   in   a  form  w h i c h   r e s e m b l e s  

e x p r e s s i o n   ( 5 ) ,   t h a t   i s  

w h e r e   t h e   c u m u l a t i v e   mass   f r a c t i o n s   of  m a t e r i a l   in  t h e   i n p u t ,  

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

t h e   mesh  s i z e   c o r r e s p o n d i n g   to   i n d e x   n  a r e   d e s i g n a t e d   b y  

I  ,   0  a n d   T  ,   r e s p e c t i v e l y ,   and  w h e r e  



I t   i s   a l s o   p o s s i b l e   to   c h a r a c t e r i z e   t h e   e f f e c t   of  t h e   s c r e e n -  

i ng   p roce s s   on  the  mass  flow  r a t e   w i t h i n   each  s ize   c l a s s  j   b y  

i n t r o d u c i n g   a  c l a s s   t r a n s f e r   f u n c t i o n   A. .   Here   A.  i s   d e -  

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

p a r a m e t e r s   s u c h   t h a t   when  i t   i s   m u l t i p l i e d   by  t he   i n p u t   m a s s  

flow  r a t e   in  s ize   c l a s s   j,  the  r e s u l t   is  the  mass  flow  ra te   of  o v e r s  
in  t h e   same  s i z e   c l a s s .   H e n c e ,   by  d e f i n i t i o n :  

S u b s t i t u t i n g   e q u a t i o n   (10)  in   (5)  g i v e s   a  c o r r e s p o n d i n g   e x -  

p r e s s i o n   f o r   t h e   mass  f l o w  r a t e   of  m a t e r i a l   of  s i z e   c l a s s  j   w h i c h  

p a s s e s   t h r o u g h   t h e   s c r e e n :  

Thus  t h e   t r a n s f e r   f u n c t i o n   f o r   t h e   mass   f l o w  r a t e   of  t h r o u g h s   f o r  

s i z e   c l a s s  j   i s  ( 1  -   A . ) .   Upon  d i v i d i n g   b o t h   s i d e s   of   e q u a -  
t i o n s   (10)  and  (11)  by  mO and   mT,  r e s p e c t i v e l y ,   and  u s i n g   e q u a -  
t i o n s   (2)  and  ( 3 ) ,   t h e   f o l l o w i n g   a l t e r n a t e   f o r m s   a r e   o b t a i n e d :  

T h e s e   f o r m s   now  r e f e r   to  t he   mass   f r a c t i o n s   of  t he   r e l e v a n t  

s i z e   d i s t r i b u t i o n s .   In  e f f e c t ,   A j / g   can   be  t h o u g h t   of   a s  



t h e   t r a n s f e r   f u n c t i o n   w h i c h   c h a r a c t e r i z e s   t h e   a c t i o n   of  t h e  

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

s i z e   d i s t r i b u t i o n   of  t h e   o v e r s .   L i k e w i s e ,   ( 1  -   A . ) / f   can  b e  

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

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

s c r e e n .   T h e s e   t r a n s f e r   f u n c t i o n s   can  be  v i e w e d   in  an  o p e r a -  
t i o n a l   s e n s e   as  shown  in  F i g .   1 8 ( b ) ,   w h e r e   A j / g   i s   t h e   f a c -  

t o r   w h i c h   c h a n g e s   CIj  i n t o   COj,   and  ( 1  -   A j ) / f   i s   t h e   f a c t o r  

w h i c h   c h a n g e s   CIj   i n t o   C T j .  

E q u a t i o n s   (12)  and  (13)  when  r e a r r a n g e d   a r e   c o n v e n i e n t   to   u s e  

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

c o m e :  

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

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

c a t i o n ,   to   c h a r a c t e r i z e   t h e   e f f e c t   of  t h e   s c r e e n i n g   p r o c e s s .  

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

t h e   m a s s   f l o w   r a t e   of  t h e   o v e r s   in  t h e   c a t e g o r y   of  s i z e s  

s m a l l e r   t h a n   t h e   mesh  s i z e   w i t h   i n d e x   n.  In  o t h e r   w o r d s ,  

t h e   t r a n s f e r   f u n c t i o n   A n  a c t s   on  t h e   p o r t i o n   of  t h e   i n p u t  

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

s i z e   w i t h   i n d e x   n  ( w h i c h   may  be  of  mesh  s i z e   l e s s   t h a n   o r  

e q u a l   t o   t h a t   of  t h e   s c r e e n   w i t h   i n d e x   S  a c t u a l l y   u s e d   f o r  

d i f f e r e n t i a l   r a t e   s c r e e n i n g )   to   g i v e   t h e   mass   f l o w   r a t e   o f  

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

s t r e a m .   H e n c e ,   by  d e f i n i t i o n :  

T h i s   r e l a t i o n   i s   s i m i l a r   in  fo rm  to  r e l a t i o n   ( 1 0 ) ,   b u t   e x -  

p r e s s i o n   (15)  a p p l i e s   to  t h e   c u m u l a t i v e   s i z e   d i s t r i b u t i o n s  

r a t h e r   t h a n   to  i n d i v i d u a l   s i z e   c l a s s e s .  

From  r e l a t i o n s   (8)  and  (15)  a  c o r r e s p o n d i n g   e x p r e s s i o n   is   o b -  

t a i n e d   f o r   t he   mass  f l o w   r a t e   of  p a r t i c l e s   in  t h e   same  s i z e  

r a n g e   w h i c h   p a s s   t h r o u g h   t h e   s c r e e n :  



T h e s e   c u m u l a t i v e   t r a n s f e r   f u n c t i o n s   a r e   shown  in  an  o p e r a -  
t i o n a l   s e n s e   in  F i g .   1 8 ( c ) .  

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

to   a  p a r t i c u l a r   d i f f e r e n t i a l   r a t e   s c r e e n   w i t h   s i z e   i n d e x   S .  

I f   a  d i f f e r e n t   s c r e e n   w i t h   s i z e   i n d e x   S'  i s   u s e d   as  b a s i s ,  t h e  

v a l u e   of  t h e   t r a n s f e r   f u n c t i o n   An'  f o r   t h e   c u m u l a t i v e   s i z e  

of   i n d e x   n  w i l l   d i f f e r   f rom  t h e   v a l u e   o f  t h e   f u n c t i o n   A 

b a s e d   on  a  s c r e e n   w i t h   i n d e x   S .  

The  f o l l o w i n g   r e a r r a n g e m e n t   of  e q u a t i o n s   (15)  and  (16)  a r e  

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

t i o n   e x p e r i m e n t a l l y :  

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

t r a n s f e r   f u n c t i o n   A  and  t h e   c l a s s   t r a n s f e r   f u n c t i o n   A j :  

as  can   be  r e a d i l y   s h o w n .  

The  p r e c e d i n g   f o r m u l a t i o n s   can   be  r e a d i l y   e x t e n d e d   to   t h e   c a s e  

of   two  or  more   s c r e e n s   as  may  be  u s e d   in   t h e   d i f f e r e n t i a l   r a t e  

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

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

f e r r e d   t o ,   e . g . ,  

(  ) ( 1 )  =   S c r e e n   No.  1  ( t h e   t o p   s c r e e n   in  F i g .   4)  

(  ) ( 2 )  =   S c r e e n   N o .  2   ( t h e   b o t t o m   s c r e e n   in  F i g .   4) 



The  c o n f i g u r a t i o n s   shown  in  F i g s .   1 9 ( a ) ,   1 9 ( b )   and  1 9 ( c )   a p p l y .  

The  m a s s   f l o w   r a t e   b a l a n c e   r e l a t i o n s   f o r   t o t a l   f l o w   b e c o m e :  

In  e q u a t i o n   (20)  t h e   f a c t   h a s   b e e n   u s e d   t h a t   t h e   mass   f l o w   r a t e  

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

f l o w   r a t e   to   t he   s e c o n d   s c r e e n .   W h i l e   t h i s   i s   t h e   c a s e   in   t h e  

c o n f i g u r a t i o n   of  F i g .   4,  i t   w o u l d   n o t   be  t h e   c a s e   in   t h e   c o n -  

f i g u r a t i o n   of  F i g .   6  w h e r e   t h e   i n p u t   mass   f l o w   r a t e   to   t h e  

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

s c r e e n .   The  mass   f l o w   r a t e   r a t i o s   f o r   F i g .   4  a r e   now  g i v e n  b y :  

a n d  

The  b a l a n c e   of  mass   f l o w   r a t e s   in   a  g i v e n   s i z e   c l a s s  j   b e c o m e s :  

The  t r a n s f e r   f u n c t i o n s   f o r   e a c h   s i z e   c l a s s  j   now  n e e d   to  b e  

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



As  in   t h e   c a s e   of   a  s i n g l e   s c r e e n ,   t h e s e   can   be  r e a r r a n g e d   i n t o  

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

p u t   s i z e   d i s t r i b u t i o n   to   t h a t   of  t h e   o v e r s   and  t h r o u g h s .  T h e  

c o n f i g u r a t i o n   of   F i g .   1 9 ( b )   a p p l i e s   and  one  f i n d s :  

The  c u m u l a t i v e   t r a n s f e r   f u n c t i o n s   f o r   mass   f l o w   r a t e   of  p a r t i -  

c l e s   s m a l l e r   t h a n   t h e   mesh  s i z e   w i t h   i n d e x   n  can   a l s o   be  d e -  

f i n e d   f o r   e a c h   s c r e e n   by  p a r t i c u l a r i z i n g   t h e   r e l a t i o n s   ( 1 5 )  

and  ( 1 6 ) .  

In  t e r m s   of  t h e   c u m u l a t i v e   t r a n s f e r   f u n c t i o n s   An(1)   and  A n  ( 2 )  

d e f i n e d   r e l a t i v e   to   s c r e e n s   S(1)   and  S(2)   r e s p e c t i v e l y ,   t h e  

p a r t i c l e s   s m a l l e r   t h a n   t h e   mesh  s i z e   w i t h   i n d e x   n  w h i c h   p a s s  

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

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



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

f i g u r a t i o n   of  F i g .   4,  i s   t h e   i n p u t   to   t h e   s e c o n d   s c r e e n ,   t h e  

f o l l o w i n g   r e l a t i o n s   h o l d :  

a n d  

a n d  

C o m b i n i n g   t h e   a b o v e   g i v e s :  

H e n c e ,   t h e   c u m u l a t i v e   mass   f r a c t i o n   f o r   mesh   s i z e   w i t h   i n d e x  

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

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

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

t h e   two  s c r e e n s ,   and  t h e   mass   f l o w   r a t i o s   f o r   b o t h   s c r e e n s .  

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

v e r y   d i f f i c u l t   t o  d e f i n e   p r e c i s e l y   t h e   f r a c t i o n a l   v a l u e s   r e p -  
r e s e n t e d   by  e i t h e r   t y p e   of  t r a n s f e r   f u n c t i o n   as  an  e x p l i c i t  

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

l i n e   e x p e r i m e n t a l   m e a s u r e m e n t s   and  s i m p l e   a p p r o x i m a t i o n   p r o -  
c e d u r e s   to  s e t   up  t h e   d i f f e r e n t i a l   r a t e   s c r e e n i n g   s y s t e m .  

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

d i f f e r e n t i a l   r a t e   s c r e e n s ,   two  p e r f o r m a n c e   r e p r e s e n t a t i o n  

t e c h n i q u e s   a r e   u s e d .   The  f i r s t   i s   an  e x p o n e n t i a l   m o d e l   (which 

can  be  a p p l i e d   g r a p h i c a l l y ) ,   and  t h e   s e c o n d   is   a  g r a p h i c a l  

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



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

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

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

p o n e n t i a l   m o d e l :  

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

m a s s   f l o w   r a t e   of  p a r t i c l e s   in   s i z e   c l a s s   j ,   w h o s e   l o c u s   o f  

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

s c r e e n   l e n g t h   L ( 1 ) .   T h i s   s t r a i g h t   l i n e   l o c u s   p a s s e s   t h r o u g h  

t h e   " o r i g i n "   w h e r e   A j  =   1 .0   and  L  =  0.  Use  of  t h i s   m o d e l   i s  

d i s c u s s e d   in   t h e   f o l l o w i n g   s e c t i o n s   in   c o n n e c t i o n   w i t h   s y s t e m  

s e t u p .  

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

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

t h e   ( a p p r o x i m a t e )   c l a s s   t r a n s f e r   f u n c t i o n s   A.  f o r   p a r t i c l e s   o f  

s i z e   c l a s s e s  j   =  1  to   n,  w h i c h   c o r r e s p o n d   to   t h e   c o m p o n e n t s  

of  t h e   c u m u l a t i v e   t r a n s f e r   f u n c t i o n   An,  a r e   p l o t t e d   as  f u n c -  

t i o n s   of  An.  T h i s   p a r t i c u l a r   p l o t   i s   m o s t   u s e f u l   when  t h e  

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

t h e   l o w e r   s c r e e n   of  F i g .   4.  As  an  a l t e r n a t i v e   fo rm  of  t h i s  

s e c o n d   r e p r e s e n t a t i o n ,   t h e   t r a n s f e r   f u n c t i o n s   ( 1  -   A.)  f o r  

p a r t i c l e s   of  s i z e   c l a s s e s  j  =   1  to  n  may  be  p l o t t e d   as  f u n c -  

t i o n s   of   ( 1  -   An) ,   w h e r e   a g a i n   t h e   A.  c o r r e s p o n d   to   t h e   c o m -  

p o n e n t s   of  t h e   c u m u l a t i v e   t r a n s f e r   f u n c t i o n   An.  T h i s   form  i s  

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

t h r o u g h   a  s c r e e n ,   s u c h   as  t h e   t o p   s c r e e n   in  t h e   s y s t e m   of  F i g .  

4.  I t   i s   p a r t i c u l a r l y   c o n v e n i e n t   in  b o t h   r e p r e s e n t a t i o n s   t o  

t a k e   t h e   mesh  s i z e   w i t h   i n d e x   n  of  t h e   c u m u l a t i v e   t r a n s f e r  

f u n c t i o n   An  e q u a l   to   t h e   mesh   s i z e   (of  i n d e x   S)  of  t h e   s c r e e n  

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

t i o n   A   i s   d e n o t e d   by  A  .  



SYSTEM  SETUP 

In  any  s c r e e n i n g   o p e r a t i o n   t h e   f e e d   to   t h e   s c r e e n   i s   d e c o m -  

p o s e d   i n t o   a  t h r o u g h s   s t r e a m   and  an  o v e r s   s t r e a m .   In  d i f f -  

e r e n t i a l   r a t e   s c r e e n i n g ,   t h e   s c r e e n   o p e r a t e s   in  an  a d j u s t a b l e  

m o d e ,   and  i t s   a c t i o n   can   be  m o d i f i e d   in  r e s p o n s e   to   one  o r  

more   m e a s u r e d   c h a r a c t e r i s t i c s   of  one  or   more   of  t h e s e   s t r e a m s .  

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

a b l y   so  as  to   p r o d u c e   a  p r e s e l e c t e d   p a r t i c l e   s i z e   d i s t r i b u t i o n  

in   one   of  t h e   e f f l u e n t   s t r e a m s ,   m e a n s   m u s t   be  p r o v i d e d   f o r  

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

e f f e c t   on  t h e   s i z e   d i s t r i b u t i o n   of  t h e   s e l e c t e d   o u t p u t   s t r e a m .  

C o n v e r s e l y ,   i f   a  g i v e n   c h a n g e   in   o u t p u t   s i z e   d i s t r i b u t i o n   i s  

s p e c i f i e d ,   means   mus t   be  p r o v i d e d   f o r   t r a n s l a t i n g   t h a t   c h a n g e  

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

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

j u s t m e n t   and  p a r t i c l e   s i z e   d i s t r i b u t i o n   m o d i f i c a t i o n   and  s p e -  

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

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

to   h e r e i n   as  t h e   s e t u p   p r o b l e m .  

A  f i r s t   t a s k   in   s e t t i n g   up  a  d i f f e r e n t i a l   r a t e   s c r e e n i n g  

s y s t e m   i s   to   d e t e r m i n e   t h e   n u m b e r   of  s c r e e n s   to   be  u s e d   a n d  

to   make  a  p r o v i s i o n a l   s e l e c t i o n   of   s c r e e n   mesh   s i z e s .   T h o u g h  

i t   i s   p o s s i b l e . t o   e n v i s i o n   p r o d u c t   p a r t i c l e   s i z e   s p e c i f i c a -  

t i o n s   and  f e e d   s i z e   d i s t r i b u t i o n s   f o r   w h i c h   more   t h a n   t w o  

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

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

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

The  s c r e e n   mesh  s i z e s   can  o f t e n   be  s e l e c t e d   by  e x a m i n a t i o n  

of  t h e   f e e d   and  t he   d e s i r e d   s p e c i f i c a t i o n   s i z e   d i s t r i b u t i o n .  

An  e x a m p l e   w i l l   s u f f i c e   to  i l l u s t r a t e   t h i s   p o i n t .   F i g .   5 

i l l u s t r a t e s   t h e   m a s s - s i z e   d i s t r i b u t i o n   l i m i t s   and  t h e   m i d -  

or  c e n t e r l i n e   of  t he   ASTM  C-33  S t a n d a r d   S p e c i f i c a t i o n   f o r  

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

t h e   s i z e   d i s t r i b u t i o n   f o r   a  s a m p l e   of  - 3 / 8   i n c h   c r u s h e d   l i m e -  

s t o n e   u s e d   in  some  of  t h e   o p e r a t i o n a l   t e s t s   to  be  d e s c r i b e d  

b e l o w .   I t   is   e v i d e n t   t h a t   t h i s   m a t e r i a l ,   i f   u s e d   as  t he   f e e d  



to   a  s c r e e n i n g   p r o c e s s ,   i s   t o o   c o a r s e   and  t h a t   s i z e   d i s t r i -  

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

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

By  r e f e r e n c e   to   t h e   c e n t e r l i n e   of  t h e   C-33  S p e c i f i c a t i o n ,  

i t   i s   e v i d e n t   t h a t   l e s s   t h a n   3%  of   t h e   m a t e r i a l   in   t h e   p r o -  

d u c t   can   be  a l l o w e d   to   e x c e e d   4 - m e s h   and  t h a t   t h e   p e r c e n t a g e  

of   m a t e r i a l   c o a r s e r   t h a n   4 - m e s h   m u s t   l i e   w i t h i n   b o u n d s   o f  

0%  to   5%  e v e n   i f   t h e   e x t r e m e s   of  t h e   C-33  S p e c i f i c a t i o n   a r e  

a l l o w e d .   S i n c e   t h e   f e e d   m a t e r i a l   c o n t a i n s   a b o u t   25%  of  i t s  

m a s s   in   s i z e s   g r e a t e r   t h a n   4 - m e s h ,   i t   i s   e v i d e n t   t h a t   a  4 -  

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

m a t e r i a l .   I t   w i l l   be  f u r t h e r   e v i d e n t ,   h o w e v e r ,   t h a t   c o m p l e t e  

removal  of  m a t e r i a l   c o a r s e r   than  4-mesh  w i l l   not  s a t i s f y   the  C-33  S p e c i -  
f i c a t i o n   and  t h a t   p o r t i o n s   of  m a t e r i a l   in   f i n e r   s i z e   f r a c -  

t i o n s   s u c h . a s   -4+8   m e s h ,   - 8 + 1 6   mesh ,   and  so  on  w i l l   a l s o   h a v e  

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

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

s c r e e n i n g   on  a  4 - m e s h   s c r e e n   i s   c a p a b l e   of  r e m o v i n g   m a t e r i a l  

f i n e r   t h a n   4 - m e s h .  

I t   w i l l   be  e v i d e n t   to   t h o s e   f a m i l i a r   w i t h   t h e   a d j u s t m e n t   o f  

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

f rom  a  s i z e   d i s t r i b u t i o n   has   t h e   e f f e c t   of  e n r i c h i n g   t h e   f i n -  

er   f r a c t i o n s   in  t h e   a d j u s t e d   d i s t r i b u t i o n .   To  p r e v e n t   t h i s  

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

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

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

t o p   s c r e e n .   I t   i s   f o r   t h i s   r e a s o n   t h a t   a  t w o - s c r e e n   s y s t e m  

i s   f o u n d   to  be  w i d e l y   a p p l i c a b l e   in  p r a c t i c e .   In  t h e   p r e s e n t  

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

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

S e l e c t i o n   of  t h e   mesh  s i z e   of  t h e   b o t t o m   s c r e e n   i s   n o t   o b -  

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

f rom  e x p e r i e n c e   w i t h   t h e   i n c o m p l e t e   s c r e e n i n g   p r i n c i p l e .  

O f t e n   t h e   mesh  s i z e   of  t h e   b o t t o m   s c r e e n   i s   a d v a n t a g e o u s l y  



s e l e c t e d   to   be  n e a r   t h e   s i z e   of  t h e   s m a l l e s t   p a r t i c l e s   d e -  

s i r e d   in   t h e   p r o d u c t   b u t   n o t   so  f i n e   as  to   c a u s e   s c r e e n  

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

of  s a t i s f y i n g   t h e   C-33   S p e c i f i c a t i o n ,   t h e   b o t t o m   s c r e e n   i s  

o f t e n   a d v a n t a g e o u s l y   s e l e c t e d   as  e i t h e r   3 0 - m e s h   or   5 0 - m e s h .  

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

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

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

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

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

s p e c i f i c a t i o n .   T h e r e   a r e ,   of  c o u r s e ,   a s s o c i a t e d   q u e s t i o n s  

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

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

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

a  m i n i m u m   a m o u n t   of  c o n t r o l   to   k e e p   t h e   p r o d u c t " w i t h i n  

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

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

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

In  one  e m b o d i m e n t ,   t h e   c o n t r o l   f u n c t i o n   f o r   t h e   a d j u s t a b l e  

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

c h a n g e s   can   be  made  in   t h e   o p e r a t i n g   v a l u e s   of  t h e   a d j u s t a b l e  

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

s i z e   d i s t r i b u t i o n   a r e   o b s e r v e d   a n d ,   by  i n t e r p o l a t i o n ,   a  s e t -  

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

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

in  s u b s t a n t i a l   a g r e e m e n t   w i t h   t h e   one  d e s i r e d .   The  c o n t r o l  

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

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

can  be  r e f e r r e d   to  as  t h e   s t a t i c   a p p r o a c h   to  s e t - p o i n t   d e t e r -  

m i n a t i o n .   In  a n o t h e r   e m b o d i m e n t ,   w h i c h   can  be  r e f e r r e d   t o  

as  t h e   d y n a m i c   a p p r o a c h   to   s e t - p o i n t   d e t e r m i n a t i o n ,   t h e   c o n -  

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

t h e   means   by  w h i c h   t h e   o p e r a t i n g   v a l u e   of  t h e   a d j u s t a b l e  

s c r e e n   p a r a m e t e r   i s   d e t e r m i n e d .   The  p r e f e r r e d   e m b o d i m e n t  



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

t i o n ,   as  w i l l   b e c o m e   e v i d e n t   in   t h e   f o l l o w i n g   to  one  v e r s e d  

in  p r o c e s s - c o n t r o l   p r i n c i p l e s .  

STATIC  SET-POINT  DETERMINATION 

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

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

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

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

The  s c h e m e   can   be  u s e d   in  s e t t i n g   up  a  d i f f e r e n t i a l   r a t e  

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

w i t h   a  c a p a b i l i t y   f o r   m e a s u r i n g   mass   f l o w   r a t e   or   f o r   a u t o -  

m a t i c a l l y   c o n t r o l l i n g   f l o w   r a t e   or  s c r e e n   open   l e n g t h .   I n  

o t h e r   w o r d s ,   i t   c o u l d   be  e f f e c t i v e   f o r   u se   w i t h   a  s y s t e m  

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

and  no  w e i g h b e l t   or   c o n t r o l   s y s t e m .   T h e s e   p r o c e d u r a l   a l t e r -  

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

by  use   of  d i r e c t   m e a s u r e m e n t   r e s u l t s .   C h a n g e s   in   how  t h e  

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

p r i n c i p a l l y   on  t h e   mass   f l o w   r a t e   r a t i o s   r a t h e r   t h a n   t h e  

a b s o l u t e   v a l u e s   of  mass   f l o w   r a t e s .   The  n e e d e d   mass   f l o w  

r a t e   r a t i o   i n f o r m a t i o n   can  be  o b t a i n e d   d u r i n g   s e t u p   by  t a k i n g  

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

and  s i z i n g   b o t h   by  s i e v e   a n a l y s i s .   As  c o n f i r m a t i o n   t h a t   t h i s  

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

t h r o u g h   w i t h o u t   u s i n g   mass   f l o w   r a t e   d a t a   p r o v i d e d   by  t h e  

A u t o w e i g h   u n i t .  

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

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

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

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

F i g .   4,  b u t   may  be  r e a d i l y   a d a p t e d   to   o t h e r   s y s t e m   c o n f i g u r -  

a t i o n s .   The  p r o c e d u r e ,   i t s e l f ,   t r e a t s   f i r s t   t h e   t op   s c r e e n  

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

a  c o m p l e t e   s y s t e m .  

(a)  Se t   t h e   t o p   s c r e e n   a t   a  t r i a l   open   s c r e e n   l e n g t h   L ( 1 ) = e 1  



and  c l o s e   t h e   b o t t o m   s c r e e n .   Se t   t h e   f e e d   mass   f l o w  

r a t e   a t   a  d e s i r e d   v a l u e ,   i f   such   a  v a l u e   i s   k n o w n .   I f  

t h e   f e e d   r a t e   m u s t   be  d e t e r m i n e d   as  w e l l ,   t h e n   two  f l o w  

r a t e   c o n d i t i o n s   may  n e e d   to   be  run   so  t h a t   a  s u i t a b l e  

v a l u e   can  u l t i m a t e l y   be  a t t a i n e d   v i a   i n t e r p o l a t i o n   o r  

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

p u t   s t r e a m .   In  t h e   l a t t e r   c a s e ,   s e t   t h e   f e e d   r a t e   t o  

a  v a l u e   t h a t   r e p r e s e n t s   a  l i k e l y   l o w e r   or  u p p e r   b o u n d .  

(b)  W i t h   t h e   s y s t e m   o p e r a t i n g ,   m e a s u r e   t h e   f e e d   mass   f l o w  

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

p a r t i c l e   s i z e   d i s t r i b u t i o n .   S h i f t   t h e   f e e d   f l o w   o n t o  

t h e   top   s c r e e n ,   m e a s u r e   t h e   mass   f l o w   r a t e   of  t h e  

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

a n a l y s i s .   I f   no  f l o w   r a t e   m e a s u r e m e n t s   a r e   m a d e ,   t h e  

o v e r s   m u s t   a l s o   be  s a m p l e d   so  t h e   mass   f l o w   r a t e   r a t i o s  

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

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

b o t t o m   s c r e e n   to   a  p r e d e t e r m i n e d   v a l u e   L ( 2 ) = e 2   o f  

open   s c r e e n   l e n g t h ,   m e a s u r e   t h e   mass   f l o w   r a t e   of   t h e  

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

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

in  t h i s   c a s e .  

(c)  T h i s   w i l l   r e s u l t   in   3  (or   5)  s a m p l e s   f o r   s i e v e   a n a l y s i s .  

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

( 1  -   A j ( 1 ) )   and  A. (2)  f o r   t h e   u p p e r   and  l o w e r   s c r e e n s  

f o r   a  g i v e n   f e e d   r a t e .   To  o b t a i n   i n f o r m a t i o n   f o r   e s t a b -  

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

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

i n p u t   s i z e   d i s t r i b u t i o n ,   t h i s   w i l l   r e s u l t   in  an  a d d i t i o n -  

al   2  (or  4)  s a m p l e s ,   a t   t h e   s e c o n d   f e e d   r a t e   f o r   s i e v e  

a n a l y s i s .   The  r e s u l t i n g   d a t a   w i l l   a l l o w   d e t e r m i n a t i o n  

of  t r a n s f e r   f u n c t i o n s   as  above   a t   t h e   s e c o n d   f e e d  r a t e .  

(d)  P l o t   t he   t r a n s f e r   f u n c t i o n s   on  a  s e m i - l o g   p l o t ,   w i t h  



-  

A j ( 1 )   on  t h e   l o g   s c a l e   a g a i n s t   open   s c r e e n   l e n g t h   L ( 1 )  

on  t h e   l i n e a r   s c a l e .   ( 2 )  S i m i l a r l y ,   p l o t   A. J  
(2)  

v e r s u s  

open  s c r e e n   l e n g t h   L  .   C o n s t r u c t   e x p o n e n t i a l   m o d e l  

a p p r o x i m a t i o n s   to   t h e   t r a n s f e r   f u n c t i o n s   in   e a c h   c a s e  

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

j  w i t h   t h e   " o r i g i n "   a t   Aj  (1)  =1 .  0  ,   L ( i ) = 0   u s i n g  

s t r a i g h t   l i n e s .  

(e)  From  t h e s e   s t r a i g h t   l i n e s   d e t e r m i n e   a p p r o x i m a t e   t r a n s -  

f e r   f u n c t i o n   v a l u e s   ( 1  -   A j ( 1 ) )   and  Aj (2)  f o r   i n t e r -  

m e d i a t e   s c r e e n   l e n g t h s   of   L(1)   = l1 2  and  L ( 2 ) =  l 2  2 .  

(f)  S e l e c t   two  m a s s - f r a c t i o n   v a l u e s   c o r r e s p o n d i n g   to   g i v e n  

s c r e e n   s i z e s   on  a  p a r t i c u l a r   ( e . g . ,  m e d i a n )   c u m u l a t i v e  

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

a s s o c i a t e d   w i t h   t h e   s i z e   d i s t r i b u t i o n   s p e c i f i c a t i o n .  

T h e s e   two  mass   f r a c t i o n s , '   t o g e t h e r   w i t h   t h e   s e l e c t e d  

t o p   s c r e e n   mesh  s i z e ,   e f f e c t i v e l y   c o n s t i t u t e   t h r e e  

c o n s t r a i n t s   to   be  i m p o s e d   on  t h e   p r o d u c t   s i z e   d i s t r i b u -  

t i o n .   L i m i t e d   e x p e r i e n c e   s u g g e s t s   t h a t   one  of  t h e  

s e l e c t e d   m a s s - f r a c t i o n   v a l u e s   s h o u l d   be  n e a r   0 . 2 5   a n d  

t h e   o t h e r   n e a r   0 . 7 5 .   I f   t h e   s m a l l   p a r t i c l e   s i z e   end  o f  

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

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

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

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

and  a  l a r g e r   p a r t i c l e   s i z e   w i t h   t h e   l a r g e r   mass   f r a c t i o n  

v a l u e .   L e t   "a"  r e f e r   to   t h e   c u m u l a t i v e   mass   f r a c t i o n  

c o r r e s p o n d i n g   to   t h e   s m a l l   p a r t i c l e  s i z e ,   and  "b"  r e f e r  

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

l a r g e r   p a r t i c l e   s i z e .   N o t e   how  many  and  w h i c h   e x p l i c i t  

s i z e   c l a s s e s  j   s p a n   t h e   s i z e   r a n g e   l e s s   t h a n   t h e   s m a l l  

p a r t i c l e   s i z e   a s s o c i a t e d   w i t h   " a " ,   and  t h o s e   w h i c h   s p a n  

t he   s i z e   r a n g e   g r e a t e r   t h a n   t h e   l a r g e r   p a r t i c l e   s i z e  

a s s o c i a t e d   w i t h   " b " .   The  q u a n t i t i e s   "a"  and  "b"  e a c h  



r e p r e s e n t   a  sum  of  s p e c i f i c   mass   f r a c t i o n s   C O  ( 2 )   o f  

t h e   d e s i r e d   p r o d u c t   s i z e   d i s t r i b u t i o n .   Each  s u c h  

sum  can  be  e x p r e s s e d   in  t e r m s   of  t h e   c o r r e s p o n d i n g  

v a l u e s   C I j  ( 1 )   o f   t he   f e e d ,   t o g e t h e r   w i t h   t h e   t r a n s f e r  

f u n c t i o n s   ( 1  -   A j  ( 1 ) )   and  Aj (2)  u s i n g   f o r m u l a   ( 3 0 ) .  

(g)  Fo r   e x a m p l e ,   i f   t h e   l a r g e s t   two  s i z e   c l a s s e s ,   s a y  

j  =  6,  7  c o n t r i b u t e   to  t h e   v a l u e   of  " b " ,   t h e n   t h e  

e x p l i c i t   e q u a t i o n   f o r   t h i s   c o n s t r a i n t   i s :  

b  [CI6 -  
(1)  

( 1  -   A  ( 1 ) )  +   CI7  
(1)  ( 1  -   A 7  ( 1 ) ) ] ·   1 / r   ( 3 9 )  

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

p a r t i c l e s   in  s i z e   c l a s s e s  j   =  6  or   7  and  t h e r e f o r e   t h a t  

A 6  ( 2 )  =   A 7  ( 2 )  =   1 . 0 .  

(h)  L i k e w i s e ,   i f   t h e   s m a l l e s t   t h r e e   s i z e   c l a s s e s  

j= l ,   2,  3 . . .   c o n t r i b u t e   to  t he   v a l u e   of  " a " ,   t h e n   t h e  

e x p l i c i t   e q u a t i o n   fo r   t h i s   c o n s t r a i n t   i s :  

a   [CI 2 (1)  ( 1 - A l ( 1 ) ) A 1 ( 2 ) + C I  2 ( 1 ) ( 1 - A 2 ( 1 ) ) A 2 ( 2 ) + C I  3 ( 1 ) ( 1 - A 3 ( 1 ) ) A 3 ( 2 ) ] ·   1 / r   (40) 

Bo th   of  t h e s e   e q u a t i o n s   a re   e x a c t ,   and  can  r e a d i l y   b e  

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

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

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

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

s a t i s f y   t h e   c o n s t r a i n t   e q u a t i o n s   a r e   u n k n o w n .   A  g r a p h -  

i c a l   means   f o r   o b t a i n i n g   a  s o l u t i o n   f o l l o w s .  

(i)  U s i n g   t h e   t r a n s f e r   f u n c t i o n   v a l u e s   Aj (1)  and  A j  ( 2 )  

m e a s u r e d   f o r   t h e   g i v e n   v a l u e s   of  L ( 1 )  =   l 1  a n d  
L  ( 2 )  =   

l 2 ,   a p p r o x i m a t e d   f o r   L (1)  =  l 1 / 2   a n d  
L  ( 2 )  =   l 2 , / 2 ,   and  known  a n a l y t i c a l l y   to  be  u n i t y   f o r  

L ( 1 )  =   L ( 2 )  =   0,  t o g e t h e r   w i t h   t h e   c o r r e s p o n d i n g  



m e a s u r e d   v a l u e   of   r ,   and  t he   v a l u e s   CI6  and  C I 7  
o b t a i n e d   f rom  t h e   f e e d   s i z e   d i s t r i b u t i o n ,   t h e  

r i g h t   h a n d   s i d e   of  e q u a t i o n s   (38)  and  (40)  can  b e  

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

b u t   t h e s e   c h a n g e s   can  u s u a l l y   be  n e g l e c t e d   w i t h o u t  

s e r i o u s   e r r o r .   C o n s i d e r   t h e   "b"  e q u a t i o n   f i r s t .  

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

o r d i n a t e   and  c o r r e s p o n d i n g   open   s c r e e n   l e n g t h   L ( 1 )  

v a l u e s   as  a b s c i s s a .   C o n s t r u c t   a  s i m p l e   s m o o t h   c u r v e  

t h r o u g h   t h e s e   p o i n t s .   D e t e r m i n e   the   a b s c i s s a  

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

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

( b ) .   T h i s   g i v e s   a  s o l u t i o n   L ( 1 )  =   
L1.  I f   t h e   c u r v e  

d o e s   n o t   i n t e r s e c t   t h e   l i n e ,   t h e n   no  e x a c t   s o l u t i o n  

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

a  s e c o n d   f e e d   f l o w   v a l u e   mus t   t h e n   be  u s e d ,   a n d ,   i n  

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

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

L1,  a p p r o x i m a t e   t h e   c o r r e s p o n d i n g   t r a n s f e r   f u n c t i o n s  

( 1  -   A j ( 1 ) )   f r o m   t h e   p r e v i o u s   s e m i - l o g   t r a n s f e r  

f u n c t i o n   p l o t s .   N e x t ,   d e t e r m i n e   a  s o l u t i o n   f o r   L ( 2 ) =  

L2  in  a  s i m i l a r   m a n n e r ,   u t i l i z i n g   t h e   "a"  e q u a t i o n  

and  t he   a p p r o x i m a t e   ( 1  -   A   j ( 1 ) )   j u s t   o b t a i n e d .  

( j )   From  t h e   a p p r o x i m a t e   s o l u t i o n s   Ll  and  L2'   t h e i r  

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

and  t h e   s i z e   d i s t r i b u t i o n   of  t he   f e e d ,   t h e   p r e d i c t e d  

m a s s - s i z e   d i s t r i b u t i o n   o f   t h e   p r o d u c t   can  be  e v a l u a t e d .  

An  e x a m p l e   i s   g i v e n   in  T a b l e   2  and  in  F i g s .   20,  21  

and  22  to  i l l u s t r a t e   t h i s   s e t u p   s c h e m e   in  d e t a i l .  

In  t h i s   e x a m p l e ,   a  4 - m e s h   top   s c r e e n   and  5 0 - m e s h  

b o t t o m   s c r e e n   we re   u s e d   t o g e t h e r   w i t h   t h e   C-33  s i z e  

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

was  u s e d ;   t h i s   was  i n d e p e n d e n t l y   m e a s u r e d   at   9 .8   t o n s  





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

p a s s e d   o v e r   t h e   t o p   s c r e e n   w e r e   t a k e n   and  s i z e d   b y  

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

( f o r   L ( 1 )  =   10  i n c h e s ,   L ( 2 )  =   0  i n c h e s )   w e r e   u s e d  

in   e v a l u a t i n g   t h e   f l o w   r a t e   r a t i o   f ( 1 ) .   The  f l o w  

r a t e   r a t i o   f ( 1 )   a r i s e s   f r o m   c a l c u l a t i o n   of   t h e   m a s s -  

f r a c t i o n   r a t i o   C o j ( 1 ) / C I j ( 1 )   f o r   t h e   s i z e   c l a s s e s   - 

j  t h a t   c a n n o t   p a s s   t h r o u g h  t h e   t o p   s c r e e n .   By  e q u a -  

t i o n   (28)  t h i s   r a t i o   is   e q u a l   to  A j ( 1 ) / g ( 1 ) ,   b u t   f o r  

t h e   p a r t i c u l a r   s i z e   c l a s s e s   u s e d   A j ( 1 ) ≡   1,  so  t h e  

r a t i o   i s   d i r e c t l y   e q u a l   to   1 / g ( 1 ) .   The  v a l u e   o f   f ( 1 )  

f o l l o w s   u s i n g   e q u a t i o n   ( 4  ) .   A  c o r r e s p o n d i n g   s c h e m e  

i s   u s e d   to   e v a l u a t e   1 / g ( 2 )   and  f ( 2 )   u s i n g   t h e   r a t i o  

Coj  ( 2 ) / C T j  ( 1 ) .   In  t h i s   c a s e   an  a v e r a g e   o f   t h e   r a t i o s  

f o r   t h e   s e v e r a l   s i z e   c l a s s e s   l a r g e r   t h a n   t h e   s c r e e n  

a r e   u s e d .  

The  c o n s t r a i n t   v a l u e s   a d o p t e d   w e r e   a  =  .20  a n d  

b  =  . 3 2 5 .   The  c o r r e s p o n d i n g   p o i n t s   on  t h e   C-33  s i z e  

s p e c i f i c a t i o n   c e n t e r l i n e   a r e   shown  c i r c l e d   in   F i g .   2 2 .  

G r a p h i c a l   s o l u t i o n s   g i v e   s e t u p   l e n g t h s   of   L ( 1 )  =   
L1  = 

8 .5   i n c h e s   and  L  ( 2 )  =   
L2  =  0  i n c h e s .   T h e s e   l e n g t h  

v a l u e s   r e p r e s e n t   a p p r o x i m a t i o n s ,   s i n c e   a p p r o x i m a t e  

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

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

t h a t ,   f o r   t h e   e x a m p l e   s h o w n ,   one  s c r e e n   ( i . e . ,   t h e  

t o p   s c r e e n )   s h o u l d   be  a d e q u a t e .  

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

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

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

was  c a l c u l a t e d   and  p l o t t e d   in  F i g .   22  t o g e t h e r   w i t h  

t h e   c e n t e r l i n e   C-33  d i s t r i b u t i o n .   The  p r e d i c t e d  
d i s t r i b u t i o n   c o m p a r e s   f a v o r a b l y   w i t h   t h e   s i z e   s p e c i f i -  

c a t i o n .  



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

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

and  mass   f l o w   r a t e   r a t i o s   r e q u i r e d   to   p r o d u c e  

s c r e e n e d   m a t e r i a l   c l o s e   to   s p e c i f i c a t i o n s .   I f   t h e  

p r o d u c t   s i z e   d i s t r i b u t i o n   o b t a i n e d   f r o m   a  c o n f i r m a t o r y  

run   u s i n g   t h e s e   a p p r o x i m a t e   s e t u p   v a l u e s   i s   n o t   a s  

c l o s e   as  d e s i r e d   to  t h e   s i z e   s p e c i f i c a t i o n ,   t h e n   t h e  

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

r e f i n e   t h e   s o l u t i o n .   In  such   a  c a s e ,   t h e   s e t u p  

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

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

a p p r o x i m a t i o n   s h o u l d   be  q u i t e   r a p i d   so  t h a t   no  m o r e  

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

be  r e q u i r e d .  



DYNAMIC  SET-POINT  DETERMINATION 

As  in  t h e   s t a t i c   t e c h n i q u e ,   t h i s   scheme  p r e s u p p o s e s   t h a t  

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

s i z e   d i s t r i b u t i o n   and   t h a t   i t s   mass   f low  r a t e   to   t h e   s c r e e n  

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

s i z e   d i s t r i b u t i o n   of  t h e   f e e d   h a s   b e e n   d e t e r m i n e d   and  t h a t  

t h e   p r o d u c t   ( a t   l e a s t )   can  be  s a m p l e d   and  s u b j e c t e d   to   s i e v e  

a n a l y s i s   upon   d e m a n d .  

The  d y n a m i c   a p p r o a c h   to   s e t - p o i n t   d e t e r m i n a t i o n   i s   b a s e d   o n  

t he   a s s u m p t i o n   t h a t   mass   f l o w   r a t e   i s   a v a i l a b l e   as  a  m e a s u r e d  

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

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

r a t e   and  t h e   mass   f l o w   r a t e   o f   t h e   f e e d .   The  c o n t r o l   s y s t e m  

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

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

t h a t   mass   f l o w   r a t e   r a t i o ,   I t   i s   t h e r e f o r e   n o t   n e c e s s a r y  

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

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

t r a n s f e r   f u n c t i o n   and  mass   f l o w   r a t e   r a t i o   i s   k n o w n .   T h e  

p o s i t i o n   c o n t r o l   s y s t e m   can   be  g i v e n   t he   b u r d e n   of   i n c r e a s i n g  

or  d e c r e a s i n g   t h e   o p e n   l e n g t h   of   t h e   s c r e e n   to   a t t a i n   t h e  

v a l u e   o f   t h e   t r a n s f e r   f u n c t i o n   r e q u i r e d   to  r e a l i z e   t h e   p r e -  
s e l e c t e d   p a r t i c l e - s i z e   d i s t r i b u t i o n   in  t h e   p r o d u c t .   T h e  

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

s c r e e n   a l o n e   and  t h e n   t r e a t s   t h e   s e t u p   of  t h e   o v e r a l l   s y s t e m .  

(a)  E s t a b l i s h   a  t r i a l   f e e d   r a t e   and  d e t e r m i n e   t h e   mass   f l o w  

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

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

a b o u t   midway  b e t w e e n   t h e   e x t r e m e   v a l u e s   o f   z e r o   a n d  

o n e .   The  r e q u i r e d   mass   f l o w   r a t e   r a t i o   can   be  c o m p u t e d  

d i r e c t l y   f r o m   t h e   f e e d   r a t e   and  t h e   known  p a r t i c l e   s i z e  

d i s t r i b u t i o n   of  t h e   f e e d .  



I t   i s   to   be  n o t e d   t h a t ,   a l t e r n a t i v e l y ,   a  t r i a l   o p e n  

l e n g t h   f o r   t he   s c r e e n   can   be  s e l e c t e d   and  t h e   c o r r e -  

s p o n d i n g   f low  r a t e   r a t i o   d e t e r m i n e d   by  d i r e c t   m e a s u r e -  

m e n t   of   t he   i n p u t   and  o u t p u t   f l ow  r a t e s ,  

(b.)  C a l c u l a t e   t h e   t r a n s f e r   f u n c t i o n s   ( 1  -   A j  (1 ) )   f o r  

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

c l a s s  j   u s i n g   e q u a t i o n   ( 2 9 ) .   For  t h i s   same  s a m p l e  

d e t e r m i n e   t h e   c u m u l a t i v e   t r a n s f e r   f u n c t i o n   ( 1  -   A S ( 1 ) )  

f r o m   e q u a t i o n   ( 1 7 ) .   P l o t   t h e   v a l u e s   of  ( 1  -  A j ( 1 ) )   a s  

o r d i n a t e   and  ( 1  -   AS (1))   as  a b s c i s s a   u s i n g   l i n e a r  

s c a l e s .   F a i r   a  s e t   of   c u r v e s   f rom  t h e   o r i g i n   ( 0 , 0 )  

t h r o u g h   t h e   s a m p l e   p o i n t s   and  to  t he   p o i n t   ( 1 , 1 ) .  

In  t h e   e v e n t   t h a t   t h e r e   i s   c o n s i d e r a b l e   l a t i t u d e   a s  

to   how  and  w h e r e   t h e   c u r v e s   s h o u l d   be  d r a w n ,   r e p e a t  

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

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

(c)  From  t h e   f e e d   d i s t r i b u t i o n   C I j ( 1 )   and  t h e   c e n t e r l i n e  

v a l u e s   (or   o t h e r   c h o s e n   l o c u s )   of  t he   d e s i r e d   s i z e  

s p e c i f i c a t i o n   ( d e n o t e d   by  S u b s c r i p t   "Sp")   [ C O j ( 2 ) ] S p   - 

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

[ C O j ( 2 ) ] S p / C I j   (1)  and  r e n o r m a l i z e   t h i s   s e t   of  v a l u e s   s o  

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

r e n o r m a l i z e d   r a t i o s   [COj  (2)]Sp  / C I j  ( 2 )   as  A j  (2 ) (1  -   Aj (1)) 

•  M,  w h e r e   M- i s   a  n o r m a l i z a t i o n   c o n s t a n t .   P l o t   t h e  

v a l u e s   Aj (2)  ( 1  -   A j  ( 1 ) ) ·   M  as  o r d i n a t e s   on  t h e   s a m e  

s c a l e   as  t h a t   p r e v i o u s l y   u s e d   f o r   ( 1  -   A j ( 1 ) )   v e r s u s  
s i z e   c l a s s   i n t e r v a l  j   as  a b s c i s s a .   I t   i s   c o n v e n i e n t  

to   a r r a n g e   t h e s e   p l o t s   s i d e   by  s i d e   as  shown  in  F i g .  
23.  S e l e c t   a  p a r t i c u l a r   t r i a l   v a l u e   of  As (1 )   a n d  

r e a d   t h e   c o r r e s p o n d i n g   v a l u e s   of  A j (1 )   f rom  t h e   s e v e r a l  

c u r v e s .   Once  t h e s e   v a l u e s   a re   known,   t h e   d i s t r i b u t i o n  

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

t o p   r a t e   s c r e e n   f o r   t h e   g i v e n   c o n d i t i o n s   can  be  p r e -  
d i c t e d .   If   the   d i s t r i b u t i o n   is   no t   as  d e s i r e d ,   a  



d i f f e r e n t   t r i a l   v a l u e   of  A s ( 1 )   can   be  e m p l o y e d   and  a  

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

(d)  Wi th   t h e   t o p   s c r e e n   s e t t i n g   d e t e r m i n e d   and  t h e   t o p  

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

c o r r e s p o n d i n g   c o n d i t i o n s   f o r   t h e   b o t t o m   s c r e e n .   T h i s  

can  be  done   in   e i t h e r   o f   two  w a y s .  

(e)  F i r s t ,   t h e   s y s t e m   i s   run   u s i n g   a  p r e s e l e c t e d   v a l u e   f o r  

A  ( 2 )   as  a  s e t   p o i n t   f o r   t h e   p o s i t i o n   c o n t r o l   s y s t e m .  

The  b u r d e n   in  t h i s   c a s e   i s   on  t h e   p o s i t i o n   c o n t r o l  

s y s t e m   to   e x t e n d   or   c l o s e   t h e   o p e n   l e n g t h   of   t h e  

s c r e e n   u n t i l   t h e   mass   f l o w   r a t i o   g (2)   (or   r)  i s   a t t a i n e d  

t h a t   c o r r e s p o n d s   to   t h e   p r e s e l e c t e d   v a l u e   of   A  s ( 2 ) .  

When  t h i s   c o n d i t i o n   i s   r e a c h e d ,   t h e   o u t p u t   p r o d u c t   i s  

s a m p l e d   and  s i z e   a n a l y z e d .   T h i s   p r o d u c t   o u t p u t   can   b e  

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

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

a d j u s t m e n t   a p p e a r s   n e c e s s a r y ,   a  new  v a l u e   of   A s ( 2 )  

mus t   be  d e t e r m i n e d   and  s e t   i n t o   t h e   l e n g t h   c o n t r o l  

s y s t e m .   In  m a k i n g   t h i s   d e t e r m i n a t i o n ,   i t   a p p e a r s   t o   b e  

c o n v e n i e n t   to   c o n s t r u c t   a  p l o t   of   A.  (2)   as  o r d i n a t e  

v e r s u s   t h e   c o r r e s p o n d i n g   As (s)  as  abscissa,  s i m i l a r   t o  

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

As (2 )   a n d  t h e   c o r r e s p o n d i n g   A j ( 2 )   c a l c u l a t e d   f r o m   t h e  

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

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

t h e   s e c o n d   s c r e e n .   U s i n g   t h e   a d j u s t e d   v a l u e   of   A s  ( 2 )  

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

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

(f)   A  s e c o n d   way  of   s e t t i n g   t h e   b o t t o m   r a t e   s c r e e n   w i t h i n  

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

or   two  f l o w   r a t e   r a t i o s   a r e   u s e d ,   s a m p l e s   t a k e n   a n d  

a n a l y z e d   and  v a l u e s   of  Aj  ( 2 )   v e r s u s   A s  
(2)  

p l o t t e d .  



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

and  t h e   ( l , l )   p o i n t   to  o b t a i n   r e s u l t s   of  t h e   g e n e r a l  

t y p e   shown  in  F i g .   24.  A  t r i a l   v a l u e   of  A s ( 2 )   ( o r  

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

A j ( 2 )   a r e   r e a d   f rom  t h e   c u r v e s .   Upon  c o m b i n i n g   t h e  

v a l u e s   of   1  -   A j ( 1 )   and  A j ( 2 )   f o r   t he   f u l l   s e t   o f  

s i z e   c l a s s e s   j ,   t h e   r e s u l t   f o r   e a c h  j   can  be  m u l t i - . .  

p l i e d   by  t h e   a p p r o p r i a t e   C I j ( 1 ) ,   to   o b t a i n   an  u n n o r -  

m a l i z e d   COj  
( 2 ) .   ( G e n e r a l l y ,   v a l u e s   of   1  -   Aj (1) 

and  A j ( 2 )   may  b o t h   o c c u r   f o r   some  of  t he   same  s i z e  

c l a s s e s   j .   T h e s e   mus t   be  m u l t i p l i e d   t o g e t h e r   in  t h a t  

c a s e . )   B y   a d d i n g   t h e   C O j ( 2 ) ' s   o v e r   a l l  j   and  r e n o r -  

m a l i z i n g   so  t h e   sum  e q u a l s   u n i t y ,   t h e   p r e d i c t e d  

C O j ( 2 )   f o r   t h e   s e l e c t e d   s y s t e m   s e t t i n g s   i s   o b t a i n e d .  

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

t r a t e d   in   a  s t a t i c   s e n s e   in  t h e   f o l l o w i n g   e x a m p l e .   The  s y s -  

tem  d y n a m i c s   of  a d j u s t i n g   t h e   open   s c r e e n   l e n g t h   to   s e e k   o u t  

and  m a i n t a i n   a  mass   f l o w   r a t e   r a t i o   s e t   p o i n t   a r e   n o t   i l l u s -  

t r a t e d   d i r e c t l y .   H o w e v e r ,   t h e   d y n a m i c   a s p e c t s   of  s y s t e m   b e -  

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

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

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

The  e x a m p l e   i s   g i v e n   in  T a b l e s   3  and  4  and  F i g s .   23,  24,  25 

and  26.  The  d y n a m i c   s e t u p   s cheme   was  c a r r i e d   o u t   as  i n d i c a t e d  

u s i n g   s a m p l e s   t a k e n   a t   two  l e n g t h s   f o r   e a c h   s c r e e n .   Only   o n e  

f e e d   r a t e   was  u s e d .   A  4 - m e s h   t o p   s c r e e n   and  5 0 - m e s h   b o t t o m  

s c r e e n   w e r e   u s e d   t o g e t h e r   w i t h   t h e   C-33  s i z e   d i s t r i b u t i o n  

s p e c i f i c a t i o n .   S i n c e   t h e   t e s t s   f o r   s e t u p   of  t h e   t o p   and  b o t -  

tom  s c r e e n s   we re   run   i n d e p e n d e n t l y ,   and  t h e   f e e d   s i z e   d i s t r i -  

b u t i o n s   m e a s u r e d   f o r   t h e   two  r u n s   w e r e   no t   i d e n t i c a l   a  s e p -  

a r a t e   f e e d   s i z e   d i s t r i b u t i o n   was  u s e d   in  r e d u c i n g   t he   t o p  

s c r e e n   d a t a .   The  r e s u l t s   of  s i e v e   a n a l y s i s   on  t h e   s a m p l e  

t a k e n   f o r   t h e   top   s c r e e n   a t   t h e   open   l e n g t h   L(1)   of  6  i n c h e s  

were   u s e d   as  a  b a s i s   f o r   c o n s t r u c t i n g   t h e   c u r v e s   in  F i g .   2 3 .  



E s t i m a t e s   of  A. (1)  f o r   L ( 1 ) =   10  i n c h e s   w e r e   r e a d   f rom  t h e  

c u r v e s   of   F i g .   25  and  u s e d   in   F i g .   23  to   h e l p   e s t a b l i s h   t h e  

c u r v e s .   A  v a l u e   of   L ( 1 ) =   10  i n c h e s   was  a d o p t e d   as  t h e   v a l u e  

to   u s e   f o r   s e t u p   of  t h e   b o t t o m   s c r e e n .   T h i s   s e l e c t i o n   w a s  

b a s e d   h e a v i l y   on  t h e   r e s u l t s   f o r   t h e   l a r g e s t   two  s i z e   c l a s s e s  

j  =  6  and  7 .  

A  s e c o n d   t e s t   was  made  and  s a m p l e s   of  t h e   o v e r s   f r o m   t h e   b o t -  

tom  s c r e e n   w e r e   t a k e n   f o r   L  (2)=   0,  5,  15  and  25  i n c h e s .   T h e  
L ( 2 )  =   0  s a m p l e  w a s  u s e d   to   d i r e c t l y   d e t e r m i n e   t h e   i n p u t   t o  

t h e   s e c o n d   s c r e e n .   The  s a m p l e s   y i e l d e d   u s e f u l   t r a n s f e r   f u n c -  

t i o n   v a l u e s   o n l y   f o r   s i z e   c l a s s e s  j   =  2  and  3.  S i n c e   t h e   f u l l  

s y s t e m   p e r f o r m a n c e   was  i n f l u e n t i a l   in  t h e   b o t t o m   s c r e e n   t e s t s ,  

t h e   c o m p o s i t e   t r a n s f e r   f u n c t i o n   was  r e c a l c u l a t e d   f o r   t h i s  

c a s e   u s i n g   t h e   a p p r o p r i a t e   f e e d   s i z e   d i s t r i b u t i o n .   The  s e t u p  

l e n g t h   L ( 2 ) =   2  i n c h e s   was  s e l e c t e d   w i t h   l i t t l e   a m b i g u i t y .  

U s i n g   t h e   i n d i v i d u a l   c l a s s   t r a n s f e r   f u n c t i o n   v a l u e s   and  t h e  

f e e d   f o r   t h e   b o t t o m   s c r e e n   t e s t s ,   t h e   p r e d i c t e d   p r o d u c t   s i z e  

d i s t r i b u t i o n   was  c a l c u l a t e d   and  p l o t t e d   in   F i g .   26  t o g e t h e r  
w i t h   t h e   c e n t e r l i n e   C-33  d i s t r i b u t i o n .   The  p r e d i c t e d   p r o -  
d u c t   d i s t r i b u t i o n   c o m p a r e s   f a v o r a b l y   w i t h   t h e   s i z e   s p e c i -  
f i c a t i o n .  







E x a m p l e s   1  -   5 

\  key   p h e n o m e n o l o g i c a l   a s p e c t   of  t h e   d i f f e r e n t i a l   r a t e   s c r e e n -  

Lng  p r o c e s s   i s   t h a t   t h e   mass   f r a c t i o n   of  m a t e r i a l   w h i c h   p a s s -  

as  t h r o u g h   a  s c r e e n   u n d e r   g i v e n   c o n d i t i o n s   c h a n g e s ,   o f t e n   e x -  

p o n e n t i a l l y ,   w i t h   o p e n   s c r e e n   l e n g t h   L.  The  f o l l o w i n g   e x a m -  

p l e s   i n d i c a t e   t h e   e x p e r i m e n t a l   b a s i s   f o r   t h i s   f e a t u r e   and  c e r -  

t a i n   o t h e r   c h a r a c t e r i s t i c s   of  d i f f e r e n t i a l   r a t e   s c r e e n i n g .  

F i g .   27  s h o w s ,   f o r   d i f f e r e n t   i n p u t   mass   f l o w   r a t e s ,   how  t h e  

c u m u l a t i v e   t r a n s f e r   f u n c t i o n   As  d e c a y s   as  a  f u n c t i o n   of   o p e n  

s c r e e n   l e n g t h   L.  R e c a l l   t h a t   t h i s   t r a n s f e r   f u n c t i o n   i s   t h e  

r a t i o   of  mass   f l o w   r a t e   of  u n d e r s i z e   m a t e r i a l   w h i c h   p a s s e s  

o v e r   t h e   s c r e e n   to   t h e   t o t a l   mass   f l o w   r a t e   of  m a t e r i a l   w h i c h  

c o u l d   p a s s   t h r o u g h   t h e   s c r e e n .   A l t h o u g h   t h e s e   d e c a y   c u r v e s  

do  n o t   f o l l o w   any  known  s i m p l e   m a t h e m a t i c a l   e x p r e s s i o n ,   t h e  

e x p o n e n t i a l   m o d e l   h a s   b e e n   f o u n d   to  a p p l y   a p p r o x i m a t e l y   t o  

p o r t i o n s   of  t h e s e   c u r v e s .   As  w i l l   be  s e e n   in  t h e   f o l l o w i n g  

e x a m p l e s ,   t h e   e x p o n e n t i a l   m o d e l   a p p l i e s   s o m e w h a t   b e t t e r   t o  

t h e   d e c a y   c u r v e s   f o r   t h e   c l a s s   t r a n s f e r   f u n c t i o n s   A.  t h a n   t o  

t he   c u m u l a t i v e   t r a n s f e r   f u n c t i o n s   A  .  
s  

The  d a t a   f o r   t h e   d e c a y   c u r v e s   of  F i g .   27  we re   o b t a i n e d   u s i n g  

a  s i n g l e   s c r e e n ,   l a b o r a t o r y   s c a l e   d i f f e r e n t i a l   r a t e   s c r e e n i n g  

s y s t e m   s i m i l a r   in   c o n c e p t   to   t h e   s y s t e m   of  F i g .   4 .  

F i g s .   28  and  29  show  how  t h e   c l a s s   t r a n s f e r   f u n c t i o n s   w h i c h  

a r e   c o m p o n e n t s   o f  t h e   c u m u l a t i v e   t r a n s f e r   f u n c t i o n s   of  F i g .  

27  d e c a y   as  f u n c t i o n s   of  open   s c r e e n   l e n g t h .   T h e s e   d e c a y  

d a t a   a r e   f o r   a  c o m m e r c i a l   s and   (SAKRETE  A l l   P u r p o s e   Sand)   c o n -  

t i n u o u s l y   s c r e e n e d   on  a  s q u a r e   mesh  s c r e e n   of  v a r i a b l e   o p e n  

l e n g t h   made  f rom  an  e x p e r i m e n t a l   No.  3 0 .  s t a i n l e s s   s t e e l   w i r e  

mesh  s c r e e n   ( d e s i g n a t e d   No.  30E) .   In  t h e s e   t e s t s ,   t h e   p a r -  

t i c u l a t e s   we re   f ed   o n t o   t h e   s c r e e n   w i t h   v e l o c i t i e s   p r i n c i p a l -  

ly  in   t h e   p l a n e   of  t h e   s c r e e n .  

E x a m p l e s   of  s i m i l a r   c l a s s   t r a n s f e r   f u n c t i o n   d e c a y   c u r v e s   a s  

d e t e r m i n e d   u s i n g   a  p i l o t   s c a l e   d i f f e r e n t i a l   r a t e   s c r e e n i n g  

s y s t e m   s i m i l a r   to  F i g .   4  a r e   shown  in  F i g s .   30,  31  and  3 2 .  



The  d a t a   p o i n t s   u s e d   to   c o n s t r u c t   t h e s e   p l o t s   c o v e r   a  m o r e  

r e s t r i c t e d   r a n g e   of  o p e n   s c r e e n   l e n g t h s   t h a n   i n   t h e   t h r e e  

p r e v i o u s   f i g u r e s .   The  d a t a   on  w h i c h   F i g s .   30,   31  and  32  a r e  

b a s e d   a r e   s i m i l a r   to   t h a t   g i v e n   in   T a b l e   2  and  w e r e   o b t a i n e d  

u s i n g   - 3 / 8   i n c h   c r u s h e d   l i m e s t o n e   s c r e e n e d   on  a  s q u a r e   m e s h  

s c r e e n   o f   v a r i a b l e   o p e n   l e n g t h   made  f r o m   s t a n d a r d   No.  30 

s t a i n l e s s   s t e e l   w i r e .   In  t h e s e   l a t t e r   t e s t s ,   t h e   p a r t i c u l a t e s  

w e r e   f e d   o n t o   t h e   s c r e e n   w i t h   v e l o c i t i e s   p r i n c i p a l l y   p e r p e n -  
d i c u l a r   t o  t h e  p l a n e   of   t h e   s c r e e n .  

The  s c r e e n i n g   d e c a y   c u r v e s   of   F i g .   29,  w h i l e   f o r   s p e c i f i c  

s c r e e n   s i z e s   and  t y p e s   of  m a t e r i a l ,   a r e   b e l i e v e d   to   be  r e p r e -  
s e n t a t i v e   of   t h e   g e n e r a l   t y p e   of   p h e n o m e n o l o g i c a l   b e h a v i o r   t o  

be  e x p e c t e d   in   r a t e   s c r e e n i n g   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  

d e c a y   c u r v e s   e x h i b i t   t h r e e   d i s t i n c t   r e g i o n s :   an  i n i t i a l   t r a n -  

s i e n t   r e g i o n   a t   s h o r t   o p e n   s c r e e n   l e n g t h s ,   a  c e n t r a l   r e g i o n  

w h e r e   t h e   d e c a y   i s   r o u g h l y   e x p o n e n t i a l ,   and  a  f i n a l   r e g i o n   o f  

( u s u a l l y )   r a p i d   d e c a y .  

I t   was  n o t e d   d u r i n g   t e s t i n g   t h a t   t h e   b e h a v i o r   of   t h e   c l a s s  

t r a n s f e r   f u n c t i o n s   a p p e a r s   to  be  i n f l u e n c e d   s o m e w h a t   by  t h e  

n a t u r e   o f   t h e   i n p u t   s i z e   d i s t r i b u t i o n   of  p a r t i c l e s   f e d   to   t h e  

r a t e   s c r e e n i n g   s y s t e m .   S m a l l   c h a n g e s   in   t h e   d i s t r i b u t i o n  

s e e m e d   t o   h a v e   n e g l i b l e   e f f e c t s   on  t h e   t r a n s f e r   f u n c t i o n s ,  

and  t h i s   i s   i m p o r t a n t   f o r   c o n t r o l   c o n s i d e r a t i o n s .   H o w e v e r ,  

l a r g e   c h a n g e s  n e e d   to   be  c o m p e n s a t e d   f o r .   Two  o b v i o u s   p r o b -  

l e m s   h e r e   a r e ,   f i r s t ,   to   d e c i d e   when  a  d i s t r i b u t i o n   c h a n g e   i s  

s u f f i c i e n t l y   l a r g e   to   r e q u i r e   a c t i o n ,   and  s e c o n d ,   to   d e c i d e  

w h a t   a c t i o n   to   t a k e .   T h e s e   q u e s t i o n s   a r e   g e n e r a l l y   c i r c u m -  

v e n t e d   by  t h e   s e t u p   and  c o n t r o l   t e c h n i q u e s   d i s c u s s e d   e l s e w h e r e .  

In  F i g s .   33  and  34,  t h e   t r a n s f e r   f u n c t i o n s   A.  f o r   p a r t i c l e s  

in   s i z e   c l a s s e s   j ,   w h i c h   c o r r e s p o n d   to   t h e   c o m p o n e n t s   of  c u m u -  

l a t i v e   t r a n s f e r   f u n c t i o n   A  ,   a r e   p l o t t e d   as  f u n c t i o n s   o f  

A .   T h i s   f i g u r e   i l l u s t r a t e s   t h e   s h a p e   c h a n g e s   in   t h e   r e s u l t -  

i n g   c u r v e s   in  r e s p o n s e   to   c h a n g e s   in  m a s s   f l o w   r a t e   to  the  s c r e e n .  



E x a m p l e s   6  -   29 

A  s e r i e s   of  t e s t s   w e r e   run   u s i n g   t he   e q u i p m e n t   s e t u p   of  F i g .   4 

to  d e m o n s t r a t e   t h a t   t h e   d i f f e r e n t i a l   r a t e   s c r e e n i n g   p r o c e s s   o f  

the   i n v e n t i o n   c o u l d   r e a d i l y   y i e l d   s c r e e n e d   p r o d u c t s   w h i c h   s a t -  

i s f y   t h e   ASTM  C-33  S p e c i f i c a t i o n   f o r   s t o n e s a n d .   The  f e e d   w a s  

c r u s h e d   l i m e s t o n e   o b t a i n e d   f rom  a  c e n t r i f u g a l   c r u s h e r .   T h e  

p a r t i c l e   s i z e s   in   t h e   f e e d   w e r e   a l l   - 3 / 8   i n c h .   The  o p e n i n g  

s i z e   of  t h e   u p p e r   s c r e e n   was  4 - m e s h   and  t h a t   of  t h e   l o w e r "  

s c r e e n   was  3 0 - m e s h .   The  r e s u l t s   of  t h e s e   t e s t s   a r e   s e t   f o r t h  

in  T a b l e   5 .  

Some  e x p l a n a t i o n   of  t h e   n o m e n c l a t u r e   u s e d   in  T a b l e   5  w i l l   b e  

h e l p f u l   in   u n d e r s t a n d i n g   t h i s   d a t a .   The  g r o u p s   of  n u m b e r s   a n d  

l e t t e r s   u s e d   in   d e s i g n a t i n g   e a c h   t e s t   s a m p l e   h a v e   t h e   f o l l o w -  

ing   m e a n i n g s .   The  f i r s t   two  n u m b e r s   s t a r t i n g   a t   t h e   l e f t   r e p -  

r e s e n t   t h e   i n c l i n a t i o n   of  t h e   s c r e e n ,   n a m e l y   2 7 ° ,   r e l a t i v e   t o  

t he   h o r i z o n t a l .   The  n e x t   two  n u m b e r s   r e p r e s e n t   t h e   o p e n  

l e n g t h   of  t h e   t o p   s c r e e n   ( L ( 1 ) )   in  i n c h e s ,   n a m e l y   6  i n c h e s .  

The  f i r s t   two  n u m b e r s   f o l l o w i n g   t h e   d a s h   (-)  r e p r e s e n t   t h e  

n o m i n a l   t o t a l   mass   f l o w   r a t e   of  t he   f e e d   in  t o n s   p e r   h o u r .  

For  e x a m p l e ,   - 0 4 ,   -10  and  -15  r e p r e s e n t   n o m i n a l   mass   f l o w  

r a t e s   of  4 ,  1 0   and  15  t o n s   p e r   h o u r   ( t p h ) ,   r e s p e c t i v e l y .   T h e  

a c t u a l   m e a s u r e d   or  c a l c u l a t e d   t o t a l   mass   f l o w   r a t e   f o r   e a c h  

t e s t   s a m p l e   i s   s e t   f o r t h   u n d e r   Column  I,   s u b c o l u m n   mI.   T h e  

f i n a l   g r o u p   of  two  n u m e r a l s   r e p r e s e n t s   t he   open   l e n g t h   of  t h e  

b o t t o m   s c r e e n   ( L ( 2 ) )   in   i n c h e s .   The  f i n a l   l e t t e r   d e s i g n a t i o n s  

a re   to   be  i n t e r p r e t e d   as  f o l l o w s .   Bl  d e n o t e s   s a m p l e s   of  t h e  

f e e d   t a k e n   a t   t h e   s t a r t   of  e a c h   t e s t   s e r i e s .   B2  d e n o t e s   s a m -  

p l e s   of  t h e   f e e d   t a k e n   a t   t h e   end  of  e a c h   t e s t   s e r i e s .   B3 
d e n o t e s   s a m p l e s   of  t h e   f e e d   t a k e n   upon  r e s t a r t   of  a  t e s t   s e -  

r i e s   w h i c h   was  i n t e r r u p t e d   to   r e f i l l   t he   f e e d   b i n .   B4  d e n o t e s  

s a m p l e s   of  t h e   f e e d   t a k e n   a t   t he   end  of  an  i n t e r r u p t e d   t e s t  

s e r i e s .   S  d e n o t e s   a  s e t   of  s a m p l e s   t a k e n   w h i l e   d i f f e r e n t i a l  

r a t e   s c r e e n i n g   was  o c c u r r i n g   on  e i t h e r   one  or  two  s c r e e n s .  

s1  and  S2  d e s i g n a t e   t h e   s e t   of  s a m p l e s   t a k e n   w i t h   t h e   t o p  

s c r e e n   c l o s e d   in  t he   f i r s t   and  s e c o n d   p o r t i o n s   of  an  i n t e r -  

r u p t e d   t e s t   s e r i e s .  



W i t h   r e f e r e n c e   to   T e s t   S a m p l e   No.  " 2 7 0 6 - 0 4 0 0 B  " ,   t h i s   t e s t  

s a m p l e   b y p a s s e d   b o t h   s c r e e n s   of  t h e   d i f f e r e n t i a l   r a t e   s c r e e n -  

i n g   s y s t e m   and   c o n s i s t e d   o n l y   of  t h e   f e e d   a t   t h e   b e g i n n i n g   o f  

t h e   t e s t   s e r i e s .   T h i s   s a m p l e   was  t a k e n   a t   a  n o m i n a l   f e e d   m a s s  

f l o w   r a t e   of   4  t p h .   From  t h i s   s a m p l e ,   t h e   m a s s - s i z e   d i s t r i -  

b u t i o n   of  t h e   f e e d   was  d e t e r m i n e d .   Wi th   r e f e r e n c e   to   T e s t  

S a m p l e   No.  " 2 7 0 6 - 0 4 0 0 S " ,   t h i s   s e t   of  t e s t   s a m p l e s   was  t a k e n  

w i t h   a  s c r e e n   i n c l i n a t i o n   of  27°  and  a  t op   s c r e e n   o p e n   l e n g t h  

of  6  i n c h e s .   The  n o m i n a l   m a s s - f l o w   r a t e   of  f e e d   f o r   t h i s   t e s t  

was  4  t p h   and   t h e   b o t t o m   s c r e e n   was  c l o s e d ,   i . e . ,   t h e   l o w e r  

s c r e e n   o p e n   l e n g t h   was  0  i n c h e s .   From  s a m p l e s   t a k e n   d u r i n g  

t h i s   t e s t   r u n ,   t h e   m a s s - s i z e   d i s t r i b u t i o n s   of  t h e   o v e r s   a n d  

t h r o u g h s   of   s c r e e n   No.  1  ( i . e . ,   t h e   t o p   s c r e e n )   w e r e   o b t a i n e d .  



















F i g .   35  i l l u s t r a t e s   t h a t   w i t h   t h e   p a r t i c u l a r   f e e d   t e s t e d ,  

ASTM  C-33  can   be  met   by  a  s i n g l e   s c r e e n   e m p l o y i n g   t h e   r a t e  

s c r e e n i n g   p r o c e s s   of  t h e   i n v e n t i o n .   In  t h i s   f i g u r e ,   t h e  d o t t e d  

l i n e s   r e p r e s e n t   t h e   u p p e r   and  l o w e r   l i m i t s   of   t h e   ASTM  C - 3 3  

s p e c i f i c a t i o n .   The  c u r v e   markcd "FEED"  i s   a  p l o t   of  t he   c u m u -  

l a t i v e   s i z e   d i s t r i b u t i o n   of  t e s t   s a m p l e   2 7 0 6 - 0 4 0 0 B 1   as  g i v e n  

in  T a b l e   5.  The  c u r v e   m a r k e d   "P1"  i s   a  p l o t   of  t h e   c u m u l a -  

t i v e   s i z e   d i s t r i b u t i o n   of  t h e   p r o d u c t   f rom  s c r e e n i n g   t e s t  

s a m p l e   2 7 0 6 - 0 4 0 0 S   and  i s   o b t a i n e d   f rom  t h e   d a t a   p r e s e n t e d   i n  

t h e   c o r r e s p o n d i n g   l i n e   of  c o l u m n   VI  in   T a b l e   5.  The  s o l i d  

c u r v e   m a r k e d   "P2"  i s   a  p l o t   of  t h e   c u m u l a t i v e   s i z e   d i s t r i b u -  

t i o n   of  t h e   p r o d u c t   p r o d u c e d   by  s c r e e n i n g   t e s t   s a m p l e   2 7 0 6 -  

l 5 0 0 S   and  i s   o b t a i n e d   f rom  t he   d a t a   p r e s e n t e d   in  t he   c o r r e -  

s p o n d i n g   l i n e   of  c o l u m n   VI  in  T a b l e   5 .  

F i g s .   36,  37  and  38  e a c h   i l l u s t r a t e   t h e   c h a n g e   in  p r o d u c t   s i z e  

d i s t r i b u t i o n   w h e r e   t h e   f i r s t   s c r e e n   i s   s e t   a t   s i x   i n c h e s   a n d  

t h e   s e c o n d   s c r e e n   i s   c h a n g e d   f rom  f i v e   i n c h e s   to   t w e n t y   i n c h e s  

of  open   l e n g t h .   The  d a t a   f o r   t h e s e   f i g u r e s   i s   g i v e n   in  T a b l e  

5  and  was  o b t a i n e d   a t   n o m i n a l   f e e d   r a t e s   of  4 . 5 ,   1 0 . 1   and  1 6 . 7  

t o n s   p e r   h o u r   ( t p h ) ,   r e s p e c t i v e l y .   In  t h e   u p p e r   r i g h t   c o r n e r  

of  e a c h   f i g u r e ,   t h e r e   i s   a l s o   g i v e n   t h e   mass   f l o w   r a t e   of  t h e  

f e e d   to  t h e   l o w e r   s c r e e n   in  t o n s   p e r   h o u r   per  i n c h  o f   lower  s c r e e n  

w i d t h ,   t h e   same  b e i n g   . 0 5 7 8 ,   .15.6  and  .244   t p h / i n .   f o r   F i g s .  

36,  37  and  3 8 ,   r e s p e c t i v e l y .   The  t e s t   s a m p l e s   s c r e e n e d   to   o b -  

t a i n   t h e   d a t a   p l o t t e d   on  t h e s e   f i g u r e s   a r e   i d e n t i f i e d   on  e a c h  

f i g u r e .   The  c o r r e s p o n d i n g   c u m u l a t i v e   s i z e   d i s t r i b u t i o n s   o f  

t h e  p r o d u c t   s t r e a m s   we re   c a l c u l a t e d   by  summing   a p p r o p r i a t e  

d a t a   l i n e s   in  Column  VI  of  T a b l e   5.  The  c u m u l a t i v e   s i z e   d i s -  

t r i b u t i o n   of  t h e   f e e d   s t r e a m   in  e a c h   of  t h e s e   f i g u r e s   was  o b -  

t a i n e d   f rom  t h e   a p p r o p r i a t e   d a t a   l i n e s   in  Column  I I I   of  T a b l e  

2.  The  s p e c i f i c   mass   f l o w s   f o r   e a c h   s a m p l e   t e s t e d   a p p e a r   i n  

Column  I  of  T a b l e   5 .  

A  c o m p a r i s o n   b e t w e e n   t h e   s e t s   of  c u r v e s   in  e a c h   of  t h e s e   f i g -  

u r e s   f u r t h e r   i l l u s t r a t e s   t h a t   f o r   t he   p a r t i c u l a r   f e e d   t e s t e d ,  

t he   C-33  s p e c i f i c a t i o n   can  be  met  by  i n c r e a s i n g   t he   f e e d   r a t e  

to  a b o u t   16  to  18  tph   w h i l e   m a i n t a i n i n g   the   open   l e n g t h s   o f  



b o t h   t h e   u p p e r   and  l o w e r   s c r e e n s   a t   t h e   v a l u e s   i n d i c a t e d .  

The  e x a m p l e s   p r e s e n t e d   and  t h e   s c r e e n i n g   d a t a   i n c o r p o r a t e d  

in  T a b l e   5  h a v e   d e m o n s t r a t e d   t h e   f e a s i b i l i t y   and  t e c h n i c a l  

m e r i t s   of   t h i s   n o v e l   d i f f e r e n t i a l   r a t e   s c r e e n i n g   p r o c e s s   a n d  

a p p a r a t u s .   In  a d d i t i o n ,   t h e   d a t a   n o t   o n l y   p r o v i d e   q u a l i t a -  

t i v e   and   q u a n t i t a t i v e   a s s u r a n c e   t h a t   t h e   s e t u p   and  c o n t r o l  

s c h e m e s   d e s c r i b e d   in  t h i s   s p e c i f i c a t i o n   p e r f o r m   s a t i s f a c -  

t o r i l y ,   b u t   a l s o   s u p p o r t   t h e   c l a i m s   of  t h i s   p a t e n t   w i t h   r e f -  

e r e n c e   to   c e r t a i n   p r e f e r r e d   e m b o d i m e n t s .  



INDUSTRIAL  A P P L I C A B I L I T Y  

The  i n v e n t i o n   has   a  wide   r a n g e   of  c o m m e r c i a l   u s e s   as  i l l u s -  

t r a t e d   by  t h e   s p e c i f i c   e m b o d i m e n t s   and  e x a m p l e s   s e t   f o r t h  

a b o v e .   T h e s e   e m b o d i m e n t s   and  e x a m p l e s   a r e   m e r e l y   e x e m p l a r y  

and  t h e   t r u e   s c o p e   of  t h e   i n v e n t i o n   i s   n o t   to   be  l i m i t e d   t o  

t h o s e   e m b o d i m e n t s   and  e x a m p l e s   b u t   i s   as  d e f i n e d   by  t h e  

c l a i m s   a t   t h e   end  of  t h i s   s p e c i f i c a t i o n .   A d d i t i o n a l  

e m b o d i m e n t s   and  m o d i f i c a t i o n s   w h i c h   may  p r o v e   to   h a v e   s i g -  

n i f i c a n t   c o m m e r c i a l   u t i l i t y   a r e   s e t   f o r t h   b e l o w .  

The  t h e o r y   of  d i f f e r e n t i a l   r a t e   s c r e e n i n g   t e a c h e s   t h a t   of  a l l  

t h e   p a r t i c l e s   c a p a b l e   of  p a s s i n g   t h r o u g h   a  s c r e e n ,   t h e   f i n e r  

p a r t i c l e s   p a s s   more  r e a d i l y   and  t h e   c o a r s e r   or  " n e a r - m e s h "  

p a r t i c l e s   p a s s   w i t h   g r e a t e r   d i f f i c u l t y .   C o n s e q u e n t l y ,   a  

s i z e - d i s t r i b u t i o n   g r a d i e n t   e x i s t s   a l o n g   t h e   s c r e e n   f rom  t h e  

p o i n t   a t   w h i c h   t h e   f e e d   i s   f i r s t   i n t r o d u c e d   o n t o   t h e   s c r e e n  

to  t h e   p o i n t   a t   w h i c h   the   o v e r s   e x i t   o f f   of  t h e   o p e n   a p e r -  

t u r e d   s c r e e n   l e n g t h .   If   one  s a m p l e s   t h e   m a t e r i a l   p a s s i n g  

t h r o u g h   t h e   s c r e e n   e a r l y   in   i t s   t r a v e r s e   a l o n g   t h e   s c r e e n ,  

t h a t   m a t e r i a l   w i l l   be  f o u n d   to   be  r i c h   in   f i n e   o r   " f a r - m e s h "  

m a t e r i a l .   For   e x a m p l e   i f   t h e   s c r e e n   w e r e   3 0 - m e s h ,   an  e a r l y  

s a m p l e   w o u l d   be  r i c h   in  -200   and  - 1 0 0 + 2 0 0   p a r t i c l e s   b u t   r e l a - '  

t i v e l y   l e a n   in  - 3 0 + 5 0   ( n e a r - m e s h )   p a r t i c l e s .   On  t h e  o t h e r  

h a n d ,   i f   t h e   m a t e r i a l   p a s s i n g   t h r o u g h   t h e   s c r e e n   i s   s a m p l e d  

a t   a  p o s i t i o n   n e a r   i t s   d o w n s t r e a m   e n d ,   t h a t   m a t e r i a l   w o u l d  

be  f o u n d   t o   be  r i c h   in  t he   r e l a t i v e l y   c o a r s e ,   n e a r - m e s h  

p a r t i c l e s   and  r e l a t i v e l y   d e f i c i e n t   in  v e r y   f i n e   p a r t i c l e s .  

For   t h e   3 0 - m e s h   s i e v e ,   f o r   e x a m p l e ,   t h e   l a t e   s a m -  

p l e   m i g h t   be  e x p e c t e d   to  c o n s i s t   m o s t l y   of  - 3 0 + 5 0   ( n e a r - m e s h )  

p a r t i c l e s .   T h i s   p o s t u l a t e d   b e h a v i o r   i s   in  accordance   with  t h e  

t r a n s f e r   f u n c t i o n s   f o r   d i f f e r e n t i a l   r a t e   s c r e e n i n g   as  p r e -  

v i o u s l y   g i v e n   in  t h i s   s p e c i f i c a t i o n .  

A  t y p i c a l   e m b o d i m e n t   of  t h i s   d i f f e r e n t i a l   r a t e   s c r e e n i n g   c o n -  

c e p t   i s   t h a t   of  s c r e e n   6 4 ' i n   F i g . . .  4 ,   in  w h i c h   t h e   l o w e r   e n d  

of  t h e   s c r e e n   i s   masked   by  a  p l a t e   1 3 2 ' a n d   t h e   e f f e c t i v e  

5  l e n g t h   of  t h e   s c r e e n   is   r e s t r i c t e d   so  t h a t   s o m e t h i n g   l e s s  

t h a n   e s s e n t i a l l y   c o m p l e t e   s c r e e n i n g   o c c u r s .   S c r e e n   6 4 '  



a v a i l s   i t s e l f   of  t h e   s i z e - d i s t r i b u t i o n   g r a d i e n t   c u m u l a t i v e l y  

up  to   t h e   p o i n t   of  s c r e e n   o b s t r u c t i o n   by  p l a t e   1 3 2 ' ,   w h i c h  

c o n s t i t u t e s   a  " c u t - o f f "   so  f a r   as  c o a r s e ,   n e a r - m e s h   p a r t i -  
c l e s   a r e   c o n c e r n e d .   The  p a r t i c l e s   d e p r i v e d   of  a c c e s s   to   t h e  

s c r e e n   c o m p r i s e   t h e   o v e r s   252 '   d i s c h a r g e d   t h r o u g h   c h u t e   1 3 1 ' ,  
w h i l e   t h e   t h r o u g h s   250 '   f a l l   o n t o   t h e   i n t e r s c r e e n   c o n v e y o r  
7 2 ' .  

An  a l t e r n a t i v e   a p p r o a c h   to   l i m i t i n g   t h e   e f f e c t i v e   o p e n  l e n g t h  

of   t h e   s c r e e n   i s   r e p r e s e n t e d   by  i n t e r s c r e e n   pan   150  in   F i g .  

1.  I n s t e a d   of  a  p l a t e   to   r e s t r i c t   a c c e s s   of  t h e   p a r t i c l e s  

t o   t h e   s c r e e n ,   a l l   p a r t i c l e s   a r e   a l l o w e d   to   p a s s   t h r o u g h  

s c r e e n   66,  b u t   a  p o r t i o n   of  t h e   t h r o u g h s   i s   r e t r i e v e d   by  i n -  

t e r s c r e e n   pan   150  and  t h e   r e t r i e v e d   or  " r e t a i n e d "   p a r t   i s  

r e c o m b i n e d   w i t h   t h e   o v e r s   c o m i n g   o f f   of  t h e   end   of   s c r e e n  

66.  T h e s e   c o m b i n e d   " o v e r s "   w o u l d   be  e q u i v a l e n t   i n   s i z e  

d i s t r i b u t i o n   to   o v e r s   e m e r g i n g   f rom  c o l l e c t i o n   c h u t e   1 6 2  

i f   a  m a s k i n g   p l a t e   was  u s e d   o v e r   t h e   same  p o r t i o n   of   s c r e e n  

66  as  i s   i n t e r c e p t e d   by  pan   1 5 0 .  

The  p r i n c i p l e s   d e s c r i b e d   a b o v e   do  no t   e x p l o i t   a l l   o f   t h e  

f l e x i b i l i t y   a v a i l a b l e   f o r   p r e f e r e n t i a l l y   s e l e c t i n g   r e g i o n s  

a l o n g   t h e   l e n g t h   of  t h e   s c r e e n   to   be  u s e d   as  t h e   e f f e c t i v e  

p o r t i o n   of   t h a t   s c r e e n .   For   e x a m p l e ,   a  c a t c h   t r a y   4 0 0  i s  

e m p l o y e d   in   F i g .   39  in  a  m a n n e r   s i m i l a r   to   pan   150  i n   F i g .  

1,  b u t   t h e   t h r o u g h s   r e c o v e r e d   by  c a t c h   t r a y   400  a r e   t r e a t e d  

as  a  s e p a r a t e   s t r e a m   405  and  a r e   n o t   c o m b i n e d   w i t h   t h e   o v e r s  

s t r e a m   407 .   T h e r e   can   t h e n   be  e m p l o y e d   as  a t   l e a s t   p a r t   o f  

t h e   p r o d u c t   s t r e a m   e i t h e r   t h r o u g h s   s t r e a m   409  or   t h r o u g h s  

s t r e a m   405 .   I f   t h r o u g h s   s t r e a m   409  i s   e l e c t e d ,   t h e   r e s u l t  

i s   s u b s t a n t i a l l y   t h e   same  as  in  t h e   p r e v i o u s   e m b o d i m e n t s ,  

t h a t   i s ,   t h e   e f f e c t i v e   l e n g t h   of  t h e   s c r e e n   i s   s i m p l y   s h o r t -  

e n e d .   I f   t h r o u g h s   s t r e a m   405  i s   s e l e c t e d ,   h o w e v e r ,   i t   i s  

p o s s i b l e   to   t a k e   a d v a n t a g e   of   t he   c o a r s e r   end  of  t h e   s i z e -  

d i s t r i b u t i o n   g r a d i e n t   and  to   e l i m i n a t e   f r o m   t h e   p r o d u c t   a n  

a p p r e c i a b l e   p o r t i o n   of  t h e   v e r y   f i n e   m a t e r i a l   w i t h o u t   h a v -  

i n g   to   s c r e e n   t h e   m a t e r i a l   on  a  s e c o n d ,   f i n e r   mesh   s c r e e n .  



A  s i m i l a r   e f f e c t   to   t h a t   a c h i e v e d   by  c a t c h   t r a y   400  of  F i g .  

39  c an   be  r e a l i z e d   by  t h e   use   of  a  m a s k i n g   p l a t e   410  as  s h o w n  

in   F i g .   40.  M a s k i n g   p l a t e   410  i s   m o v a b l e   in   e i t h e r   d i r e c t i o n  

r e l a t i v e   to   s c r e e n   412  as  i l l u s t r a t e d   by  t h e   a r r o w   P.  By 

m a s k i n g   a  c e n t r a l   p o r t i o n   of  t he   s c r e e n   412 ,   t h e r e   i s   f o r m e d  

an  i n l e t   e f f e c t i v e   p a r t   414  of  s c r e e n   412  w h i c h   y i e l d s   a  

t h r o u g h s   s t r e a m   415 ,   and  an  o u t l e t   e f f e c t i v e   p a r t   418  o f  

t h e   s c r e e n   y i e l d i n g   a  s e c o n d   t h r o u g h s   s t r e a m   419.   Through--., 

s t r e a m   419  may  be  s e p a r a t e d   f rom  o v e r s   s t r e a m   421  by  b a f f l e  

422  so  as  to   be  u t i l i z e d   as  a  s e p a r a t e   t h r o u g h s   s t r e a m   s i m i -  

l a r   to   t h r o u g h s   s t r e a m   405  of  F i g .   3 9 .  

Many  p o s s i b i l i t i e s   e x i s t   in  s e l e c t i n g   t h o s e   p o r t i o n s   of  a  

s c r e e n   a l o n g   i t s   l e n g t h   to  be  u s e d   in  g e n e r a t i n g   a l l   or  a  

p o r t i o n   of  a  p r o d u c t   s t r e a m .   A  f u r t h e r   e x a m p l e   of  t h i s   i s  

i l l u s t r a t e d   by  F i g .   41  in  w h i c h   a  c a t c h   t r a y   430  i s   p o s i -  

t i o n e d   a b o u t   midway   b e t w e e n   the   two  e n d s   of  a  s c r e e n   4 3 2 .  

T h r e e   (3)  t h r o u g h s   s t r e a m s   435,   436  and  4 3 7 ,   in  a d d i t i o n   t o  

an  o v e r s   s t r e a m   438 ,   a r e   g e n e r a t e d   by  t h i s   a r r a n g e m e n t .  

T h r o u g h s   s t r e a m s   435 ,   4 3 6  ' a n d   437  e a c h   e x p l o i t   a  u n i q u e   p o r -  
t i o n   of  t h e   s i z e - d i s t r i b u t i o n   g r a d i e n t .   I f   s t r e a m   435  w e r e  

to   be  u s e d   in  t h e   p r o d u c t ,   t h e   m a t e r i a l   w o u l d   c o n t a i n   a  h i g h  

p e r c e n t a g e   of  t h e   f i n e s t   p a r t i c l e s   a v a i l a b l e   in  t h e   f e e d .  

I f   s t r e a m   437  w e r e  t o  c o n s t i t u t e   t h e   p r o d u c t ,   v e r y   f i n e  p a r t i -  

c l e s   w o u l d   be  r e l a t i v e l y   s c a r c e .   I f   s t r e a m   436  w e r e  e m p l o y e d  

in   t h e   p r o d u c t ,   v e r y   f i n e   p a r t i c l e s   w o u l d   be  p r e s e n t   in  a n  

a m o u n t   i n t e r m e d i a t e   b e t w e e n   t he   a m o u n t s   of   t h o s e   p a r t i c l e s  

a v a i l a b l e   in   s t r e a m s   435  and  437.   I t   i s   a l s o   e v i d e n t   t h a t  

s i m i l a r   s e l e c t i v e   means   c o u l d   be  u s e d   to  a c q u i r e   s p e c i f i c  

p o r t i o n s   of  t h e   n e a r - s i z e   o v e r s   f o r   p u r p o s e s   of  t a i l o r i n g  

t h e   s i z e   d i s t r i b u t i o n   of  t h e   p r o d u c t   in   t h e   d e s i r e d   m a n n e r .  

A  l a r g e r   n u m b e r   of  a d d i t i o n a l   o p t i o n s   can   be  i m p l e m e n t e d   b y  

v a r y i n g   t h e   p o s i t i o n   of  c a t c h   t r a y   430  a l o n g   t h e   l e n g t h   o f  

s c r e e n   432  as  r e p r e s e n t e d   by  a r r o w   T.  I n s t e a d   of  v a r y i n g  t h e  

p o s i t i o n   of  c a t c h   t r a y   430  r e l a t i v e   to  s c r e e n   432,   the   e f -  

f e c t i v e   l e n g t h   of  t h e   c a t c h   t r a y   as  m e a s u r e d   in  t h e   d i r e c -  

t i o n   of  p a r t i c l e   f l o w   a l o n g   t he   s c r e e n   may  be  v a r i e d   so  a s  

to  r e c e i v e   t h r o u g h s   from  a  g r e a t e r   or  l e s s e r   a p e r t u r e d  



s c r e e n   l e n g t h .  

I t   i s   a l s o   e v i d e n t   t h a t   b o t h   t h e   m a s k i n g   p l a t e   410  and  t h e  

c a t c h   t r a y   430  may  be  moved  r e l a t i v e   to  t h e i r  c o r r e s p o n d i n g  

s c r e e n   e i t h e r   by  m a k i n g   t h e   p l a t e   or  t r a y   t h e   m o v a b l e   c o m -  

p o n e n t   a n d / o r   by  m a k i n g   t h e   c o r r e s p o n d i n g   s c r e e n   t h e   m o v a -  

b l e   c o m p o n e n t .   The  p o s s i b i l i t y   of  s t i l l   f u r t h e r   e m b o d i m e n t s  

e x i s t s   t h r o u g h   t h e   u se   of  more   t h a n   o n e  m a s k i n g   p l a t e ,   m o r e  

t h a n   one  c a t c h   t r a y ,   o t h e r   c o n f i g u r a t i o n s   of   m a s k i n g   p l a t e s  

a n d / o r   c a t c h   t r a y s ,   a n d / o r   c o m b i n a t i o n s   of  s u c h   m a s k i n g  

p l a t e s   and   c a t c h   t r a y s .  



1.  A  d i f f e r e n t i a l   rate  sc reen ing   process  for  c o n t i n u o u s l y   s c r e e n -  

ing  u n d e r s i z e   p a r t i c l e s   of  d i f f e r e n t   s ize  c l a s ses   to  d i f f e r e n t  

degrees  of  i ncomple t ion   to  provide  a  product   having  a  p r e s e l e c t e d  

d i s t r i b u t i o n   of  p a r t i c l e   s izes   s u b s t a n t i a l l y   d i f f e r e n t   from  t h e  

d i s t r i b u t i o n   of  p a r t i c l e   s izes   in  a  feed  of  p a r t i c u l a t e   m a t e r i a l ,  

said  s c r e e n i n g   process   comprising  i n t r o d u c i n g   a  stream  of  s a i d  

feed  onto  at  l e a s t   a  f i r s t   sc reen ing   member  having  a p e r t u r e s   o f  

s u f f i c i e n t   s i ze   to  pass  a  p l u r a l i t y   of  size  c l a s ses   in  said  f e e d  

s t ream;  s e p a r a t i n g   said  feed  stream  into  at  l e a s t   a  f i r s t  

throughs  s t ream  and  one  o ther   f i r s t   stream  by  causing  at  l e a s t   two 

of  said  u n d e r s i z e   c l a s ses   to  pass  through  the  a p e r t u r e s   of  s a i d  

f i r s t   s c r e e n i n g   member  and  into  said  f i r s t   throughs  stream  i n  

p r o p o r t i o n s   r e l a t i v e   to  one  another   which  are  s u b s t a n t i a l l y  

d i f f e r e n t   from  the  p ropo r t i ons   of  said  at  l e a s t   two  u n d e r s i z e  

c l a s s e s   r e l a t i v e   to  one  another   in  said  feed  s t ream;   and  p r o v i d -  

.ing  in  sa id   feed  stream  a  s u f f i c i e n t   popu la t ion   of  u n d e r s i z e  

p a r t i c l e s   in  each  of  said  p l u r a l i t y   of  unders ize   c l a s s e s   and  con-  

t r o l l i n g   the  d i f f e r e n t i a l   between  said  p ropo r t i ons   of  u n d e r s i z e  

c l a s s e s   in  sa id   feed  stream  and  said  p r o p o r t i o n s   of  u n d e r s i z e  

c l a s s e s   pass ing   through  said  f i r s t   sc reen ing   member  and  into  s a i d  

f i r s t   th roughs   stream  so  as  to  provide  s u b s t a n t i a l l y   a  p r e s e l e c t e d  

d i s t r i b u t i o n   of  p a r t i c l e   s izes   in  a  p a r t i c u l a t e   product   compr i s ed  

of  at  l e a s t   a  po r t ion   of  said  f i r s t   throughs  stream  and/or   a 

p o r t i o n  o f   said  other   f i r s t   s t r e a m .  

2.  The  s c r e e n i n g   process  of  claim  1  in  which  at  l e a s t   one  s c r e e n -  

ing  pa ramete r   of  said  sc reening   member  is  v a r i a b l e   so  as  to  v a r y  
the  r e l a t i v e   p ropo r t i ons   to  one  another   of  said  at  l e a s t   two 

unde r s i ze   c l a s s e s   passing  through  said  sc reening   member  and  i n t o  

said  throughs   s t r e a m .  

3.  The  s c r e e n i n g   process  of  claim  2  which  inc ludes   the  step  o f  

c o n t r o l l i n g   sa id   va r i ab l e   sc reen ing   parameter   so  as  to  m a i n t a i n  

said  s u b s t a n t i a l l y   p r e s e l e c t e d   d i s t r i b u t i o n   of  p a r t i c l e   s ize  i n  

said  product   s t r e a m .  

4.  The  s c r e e n i n g   process  of  claim  1  in  which  said  throughs  s t r e a m  



or  said  o the r   stream  is  an  ou tput   stream  from  said  s c r e e n i n g  

process   and  said  product   s t ream  is  comprised  of  at  l e a s t   one  o f  

sa id   ou tpu t   s t r e a m s .  

5.  The  sc reen ing   process  of  claim  1  in  which  said  d i f f e r e n t   s i z e  

c l a s s e s   are  def ined  by  the  cumula t ive   pe rcen tage   of  u n d e r s i z e  

p a r t i c l e s   pass ing  through  d i f f e r e n t   s tandard   s ieve  s i z e s ,   and  i n  

which  the  d i f f e r e n t i a l   between  the  mass  flow  ra te   of  at  l e a s t   one 

cumula t ive   unders i ze   c lass   in  sa id   f i r s t   throughs  stream  and  t h e  

mass  flow  rate   of  said  at  l e a s t   one  cumulat ive  unde r s i ze   c lass   i n  

said  feed  stream  is  a t .  l e a s t   f ive   percent   of  the  mass  flow  r a t e  

of  sa id   at  l e a s t   one  cumula t ive   unde r s i ze   c lass   in  said  f e e d  

s t r e a m .  

6.  The  s c r een ing   process   of  claim  1  in  which  at  l e a s t   one  s c r e e n -  

ing  pa ramete r   of  said  f i r s t   s c r een ing   member  is  v a r i a b l e   so  as  t o  

vary  a  d i f f e r e n t i a l   between  a  mass  flow  rate   of  said  u n d e r s i z e  

p a r t i c l e s   in  said  feed  s tream  and  a  mass  flow  ra te   of  said  u n d e r -  

s ize   p a r t i c l e s   passing  through  said  f i r s t   sc reen ing   member  and  i n t o  

said  f i r s t   th roughs   s tream,  and  in  which  said  s c reen ing   p r o c e s s  
f u r t h e r   inc ludes   the  step  of  c o n t r o l l i n g   said  v a r i a b l e   s c r e e n i n g  

paramete r   so  as  to  main ta in   sa id   s u b s t a n t i a l l y   p r e s e l e c t e d   d i s t r i -  

but ion  of  p a r t i c l e   s izes   in  said  product   s t r e a m .  

7.  The  s c reen ing   process  of  claim  6  in  which  said  v a r i a b l e   s c r e e n -  

ing  parameter   is  the  e f f e c t i v e   s c reen ing   length  of  said  f i r s t  

s c r een ing   member,  said  e f f e c t i v e   sc reen ing   length  compris ing  t h e  

a p e r t u r e d   length  of  said  f i r s t   s c reen ing   member  pass ing   u n d e r s i z e  

p a r t i c l e s   of  said  feed  stream  through  said  f i r s t   s c reen ing   member 

and  into  said  f i r s t   throughs  s t r e a m .  

8.  The  s c reen ing   process  of  claim  6  in  which  said  v a r i a b l e  

s c r een inq   parameter   is  the  d i s t r i b u t i o n   of  p a r t i c l e   s izes   i n  

said  feed  s t r e a m .  

9.  The  s c reen ing   process  of  claim  8  which  f u r t h e r   inc ludes   t h e  

step  of  c rush ing   rocks  to  reduce  the  s izes  of  said  rocks  to  t h e  

s izes   of  p a r t i c l e s   in  said  feed  s t ream,  the  p a r t i c l e   s ize   r e d u c -  

t ion  provided  by  said  c rushing   step  being  c o n t r o l l a b l y   v a r i a b l e  

so  as  to  mainta in   said  s u b s t a n t i a l l y   p r e s e l e c t e d   d i s t r i b u t i o n  



of  p a r t i c l e   s izes   in  said  product   s t r e a m .  

10.  The  sc reen ing   process  of  claim  6  in  which  said  v a r i a b l e  

s c r een ing   parameter   is  the  i n c l i n a t i o n   of  said  f i r s t   s c r e e n i n g  

member  r e l a t i v e   to  a  ho r i zon t a l   p l a n e .  

11.  The  sc reen ing   process  of  claim  6  in  which  said  at  l e a s t   one 

v a r i a b l e   sc reen ing   parameter   is  c o n t r o l l e d   in  response  to  a t  

l e a s t   one  measured  c h a r a c t e r i s t i c   of  said  product  stream  or  a t  

l e a s t   one  of  the  throughs  or  overs  s treams  of  said  s c r e e n i n g  

process   so  as  to  maintain  said  s u b s t a n t i a l l y   p r e s e l e c t e d   d i s t r i -  

but ion   of  p a r t i c l e   s izes  in  said  product   s t r e a m .  

12.  The  sc reening   process  of  claim  11  which  f u r t h e r   compr i se s  

c o n t r o l l a b l y   changing  said  at  l e a s t   one  v a r i a b l e   s c r e e n i n g  

parameter   in  response  to  changes  in  said  at  l e a s t   one  measured  

c h a r a c t e r i s t i c .  

13.  The  sc reening   process  of  claim  12  in  which  said  at  l e a s t  

one  v a r i a b l e   screening   parameter   is  a u t o m a t i c a l l y   var ied   i n  

response  to  said  at  l eas t   one  measured  c h a r a c t e r i s t i c .  -  

14.  The  screening   process  of  claim  12  in  which  said  at  l e a s t  

one  measured  c h a r a c t e r i s t i c   is  a  mass  flow  rate  of  at  l e a s t   one 

of  said  s t r e a m s .  

15.  The  sc reening   process  of  claim  12  in  which  said  at  l e a s t  

one  measured  c h a r a c t e r i s t i c   is  a  f unc t i on   of  a  d i s t r i b u t i o n   o f  

p a r t i c l e   s izes   in  said  s t r e a m .  

16.  The  sc reening   process  of  claim  1  which  f u r t h e r   inc ludes   t h e  

step  of  crushing  rocks  to  reduce  the  s izes   of  said  rocks  to  t h e  

s izes   or  p a r t i c l e s   in  said  feed  s t ream,   and  in  which  at  l eas t   a 

po r t ion   of  an  overs  stream  from  said  sc reen ing   process  i s  

r ecyc led   to  said  crushing  step  and  i n t roduced   onto  said  f i r s t  

s c reen ing   member  as  part  of  said  feed  s t r e a m .  

17.  The  screening   process  of  claim  1  in  which  said  feed  s t r e a m  

is  d i scharged   onto  said  f i r s t   s c r e e n i n g   member  so  as  to  be 

exposed  to  s u b s t a n t i a l l y   less  than  the  fu l l   ape r tu red   length  o f  

said  f i r s t   screening   member,  and  in  which  said  process  f u r t h e r  

inc ludes   the  step  of  c o n t r o l l a b l y   varying  the  amount  of  s a i d  

a p e r t u r e d   length  exposed  to  said  feed  stream  so  as  to  m a i n t a i n  



sa id   s u b s t a n t i a l l y   p r e s e l e c t e d   d i s t r i b u t i o n   of  p a r t i c l e   s izes   i n  

sa id   p roduc t   s t r e a m .  

18.  The  s c reen ing   process   of  claim  17  in  which  said  exposed  

sc reen   length   is  def ined  by  a  b locking  member  a r ranged   t o  

i n t e r c e p t   a  por t ion   of  said  feed  stream  a f t e r   sa id   feed  p o r t i o n  

is  i n t r o d u c e d   onto  the  a p e r t u r e d   length  of  sa id   f i r s t   s c r e e n i n g  

member  but  before   s u b s t a n t i a l l y   all  of  said  u n d e r s i z e   p a r t i c l e s  

in  s a i d   feed  por t ion   have  passed  through  the  a p e r t u r e s   of  s a i d  

f i r s t   s c r e e n i n g   member,  and  in  which  said  exposed  sc reen   l e n g t h  

is  v a r i e d   by  changing  the  l o c a t i o n   at  which  sa id   b lock ing   member 

i n t e r c e p t s   said  po r t ion   of  said  feed  s t r e a m .  

19.  A  d i f f e r e n t i a l   ra te   s c r e e n i n g   process   for   c o n t i n u o u s l y  

s c r e e n i n g   unders ize   p a r t i c l e s   of  d i f f e r e n t   s ize   c l a s s e s   t o  

d i f f e r e n t   degrees  of  i n c o m p l e t i o n   to  provide  a  p roduc t   hav ing  

a  p r e s e l e c t e d   d i s t r i b u t i o n   of  p a r t i c l e   s izes   s u b s t a n t i a l l y  

d i f f e r e n t   from  the  d i s t r i b u t i o n   of  p a r t i c l e   s i zes   in  a  feed  o f  

p a r t i c u l a t e   m a t e r i a l ,   said  s c r e e n i n g   process   compr i s ing   i n t r o -  

ducing  a  stream  of  said  feed  onto  at  l e a s t   a  f i r s t   s c r e e n i n g  

member  having  a p e r t u r e s   of  s u f f i c i e n t   s ize   to  pass  a  p l u r a l i t y  

ef  s i z e   c l a s s e s   in  said  feed  s t ream;   s e p a r a t i n g   sa id   feed  s t r e a m  

in to   at  l e a s t   a  f i r s t   th roughs   s tream  and  one  o the r   f i r s t   s t r e a m  

by  caus ing   at  l e a s t   two  of  sa id   unde r s i ze   c l a s s e s   to  p a s s  

th rough   the  a p e r t u r e s   of  sa id   f i r s t   s c r e e n i n g   member  and  i n t o  

sa id   f i r s t   throughs  stream  in  p r o p o r t i o n s   r e l a t i v e   to  one 

a n o t h e r   which  are  s u b s t a n t i a l l y   d i f f e r e n t   from  the  p r o p o r t i o n s  

of  s a id   at  l e a s t   two  u n d e r s i z e   c l a s s e s   r e l a t i v e   to  one  a n o t h e r  

in  s a id   feed  stream;  i n t r o d u c i n g   at  l e a s t   a  p o r t i o n   of  s a i d  

f i r s t   th roughs   stream  and/or   at  l e a s t   a  p o r t i o n   of  sa id   o t h e r  

f i r s t   s t ream  as  an  input   s t ream  to  a  second  s c r e e n i n g   means 

for   p r o v i d i n g   at  l e a s t   a  second  throughs  s t ream  and  one  o t h e r  

second  s t ream;   and  p rov id ing   in  said  feed  s t ream  a  s u f f i c i e n t  

p o p u l a t i o n   of  unders ize   p a r t i c l e s   in  each  of  said  p l u r a l i t y   o f  

u n d e r s i z e   c l a s se s   and  c o n t r o l l i n g   the  d i f f e r e n t i a l   between  s a i d  

p r o p o r t i o n s   of  unders i ze   c l a s s e s   in  said  feed  s t ream  and  s a i d  

p r o p o r t i o n s   of  unders i ze   c l a s s e s   pass ing   through  sa id   f i r s t  

s c r e e n i n g   member  and  into  said  f i r s t   throughs   s t ream  so  as  t o  



provide  s u b s t a n t i a l l y   a  p r e s e l e c t e d   d i s t r i b u t i o n   of  p a r t i c l e  

s izes   in  a  p a r t i c u l a t e   product   comprised  of  at  l e a s t   a  p o r t i o n  

of  said  second  throughs   stream  and/or  a  por t ion   of  said  o t h e r  

second  s t r e a m .  

20.  The  s c r een ing   process   of  claim  19  in  which  at  l e a s t   one 

screening   parameter   of  said  f i r s t   sc reen ing   member  is  v a r i a b l e  

so  as  to  vary  the  r e l a t i v e   p ropor t ions   to  one  another   of  s a i d  

at  l eas t   two  u n d e r s i z e   c lasses   passing  through  said  f i r s t  

screening   member  and  into  said  f i r s t   throughs  s t r e a m .  

21.  The  s c r een ing   process   of  claim  20  which  inc ludes   the  s t e p  

of  c o n t r o l l i n g   said  v a r i a b l e   sc reen ing   parameter   so  as  t o  

maintain  said  s u b s t a n t i a l l y   p r e s e l e c t e d   d i s t r i b u t i o n   o f  

p a r t i c l e   s izes   in  said  product  s t r e a m .  

22.  The  s c r een ing   process   of  claim  19  which  f u r t h e r   i n c l u d e s  

i n t roduc ing   said  input   stream  onto  the  su r face   of  a  s econd  

screening   member  having  ape r tu re s   of  s u f f i c i e n t   s ize  to  p a s s  

at  l e a s t   one  unde r s i ze   c lass   in  said  input  s t ream,  s e p a r a t i n g   s a i d  

input  stream  into  at  l e a s t   said  second  throughs  stream  and  s a i d  

other   second  stream  by  causing  said  at  l e a s t   one  unders i ze   c l a s s  

in  said  input   s tream  to  pass  through  the  a p e r t u r e s   of  s a i d  

second  sc reen ing   member  and  into  said  second  throughs  s t r e a m  

at  a  mass  flow  ra te   s u b s t a n t i a l l y   d i f f e r e n t   from  the  mass  f l o w  

rate  of  said  at  l e a s t   one  unders ize   c lass   in  said  input   s t r e a m ,  

and  providing  in  said  input  stream  s u f f i c i e n t   mass  flow  r a t e s  

of  p a r t i c l e s   in  each  of  said  p l u r a l i t y   of  unders ize   c l a s se s   and 

s u f f i c i e n t   d i f f e r e n t i a l   between  the  mass  flow  rate   of  said  a t  

l ea s t   one  unde r s i ze   c lass   in  said  input  stream  and  the  mass 

flow  rate  of  said  at  l e a s t   one  unders ize   c lass   pass ing  t h r o u g h  

said  second  s c r een ing   member  and  into  said  second  t h r o u g h s  

stream  to  provide  s u b s t a n t i a l l y   said  p r e s e l e c t e d   d i s t r i b u t i o n  

of  p a r t i c l e   s izes   in  said  product  s t r e a m .  

23.  The  sc reen ing   process  of  claim  22  in  which  at  l e a s t   one 

screening  parameter   of  said  second  sc reening   member  is  v a r i a b l e  

so  as  to  vary  the  amount  of  said  at  l e a s t   one  unders i ze   c l a s s  

passing  through  said  second  screening  member  and  into  s a i d  



second  th roughs   s t r e a m .  

24.  The  s c r e e n i n g   process   of  claim  23  in  which  said  v a r i a b l e  

s c r e e n i n g   pa ramete r   is  c o n t r o l l e d   so  as  to  mainta in   said  s u b s t a n -  

t i a l l y   p r e s e l e c t e d   d i s t r i b u t i o n   of  p a r t i c l e   s izes   in  s a i d  

p roduc t   s t r e a m .  

25.  The  s c r e e n i n g   process   of  claim  19  in  which  said  i n p u t  

s t ream  is  i n t r o d u c e d   onto  at  l e a s t   a  second  sc reen ing   member 

having  a p e r t u r e s   of  s u f f i c i e n t   s ize   to  pass  a  p l u r a l i t y   o f  

second  u n d e r s i z e   c l a s s e s   in  sa id   input   s t ream,  s e p a r a t i n g   s a i d  

input   s t ream  into  at  l e a s t   sa id   second  throughs  s tream  and  s a i d  

o the r   second  s t ream  by  causing  at  l e a s t   two  of  said  s e c o n d  

u n d e r s i z e   c l a s s e s   to  pass  through  the  a p e r t u r e s   of  said  s e c o n d  

s c r e e n i n g   member  and  into  sa id   second  throughs  stream  in  p r o -  

p o r t i o n s   r e l a t i v e   to  one  ano the r   s u b s t a n t i a l l y   d i f f e r e n t   from  t h e  

r e l a t i v e   p r o p o r t i o n s   of  said  at  l e a s t   two  second  unde r s i ze   c l a s s e s  

to  one  ano the r   in  said  input   s t ream,   and  providing  in  said  i n p u t  

s t ream  a  s u f f i c i e n t   p o p u l a t i o n   of  second  unde r s i ze   p a r t i c l e s  

in  each  of  said  p l u r a l i t y   of  second  unde r s i ze   c l a s s e s   and  con-  

t r o l l i n g   the  d i f f e r e n t i a l   between  a  mass  flow  ra te   of  s e c o n d  

u n d e r s i z e   p a r t i c l e s   in  said  input   stream  and  a  mass  flow  r a t e  

of  second  unde r s i ze   p a r t i c l e s   pass ing  through  said  s e c o n d  

s c r e e n i n g   member  and  into  said  second  throughs  stream  so  as  t o  

provide   s u b s t a n t i a l l y   said  p r e s e l e c t e d   d i s t r i b u t i o n   of  p a r t i c l e  

s i zes   in  sa id   product   s t r e a m .  

26.  The  s c r een ing   process   of  claim  25  in  which  at  l e a s t   one 

s c r e e n i n g   pa ramete r   of  said  f i r s t   s c reen ing   member  is  v a r i a b l e  

so  as  to  vary  the  r e l a t i v e   p r o p o r t i o n s   to  one  ano ther   of  sa id   a t  

l e a s t   two  u n d e r s i z e   c l a s s e s   pass ing   through  said  f i r s t   s c r e e n -  

ing  member  and  into  said  f i r s t   throughs  s t r e a m .  

27.  The  s c r e e n i n g   process   of  claim  25  in  which  at  l e a s t   one 

s c r e e n i n g   pa ramete r   of  said  second  s c reen ing   member  i s  

v a r i a b l e   so  as  to  vary  the  r e l a t i v e   p r o p o r t i o n s   to  one  a n o t h e r  

of  sa id   at  l e a s t   two  second  unde r s i ze   c l a s s e s   pass ing   t h r o u g h  

said  second  s c r e e n i n g   member  and  into  said  second  throughs  s t r e a m .  

28.  The  s c r e e n i n g   process   of  claim  19  in  which  said  feed  s t r e a m  



is  d i scharged   onto  said  f i r s t   s c reen ing   member  so  as  to  be 

exposed  to  s u b s t a n t i a l l y   less  than  the  fu l l   ape r tu r ed   length  o f  

said  f i r s t   s c r een ing   member  and  the  l o c a t i o n   of  said  d i s c h a r g e  

is  v a r i a b l e   so  as  to  vary  the  amount  of  said  ape r tu red   l e n g t h  

exposed  to  said  feed  s t r e a m .  

29.  The  s c reen ing   process  of  claim  19  in  which  said  input  s t r e a m  

is  d i scharged   onto  said  second  sc reen ing   member  so  as  to  be 

exposed  to  s u b s t a n t i a l l y   less  than  the  ful l   ape r tu r ed   length  o f  

said  second  s c reen ing   member  and  the  l o c a t i o n   of  said  d i s c h a r g e  

is  v a r i a b l e   so  as  to  vary  the  amount  of  said  ape r tu red   l e n g t h  

exposed  to  said  feed  s t r e a m .  

30.  The  sc reen ing   process  of  c laim 22  in  which  said  f i r s t   and 

second  sc reening   members  have  s u b s t a n t i a l l y   uniform  openings  o f  

a  s tandard   mesh  s ize  and  the  mesh  size  of  said  f i r s t   s c r e e n i n g  

member  d i f f e r s   from  the  mesh  size  of  said  second  s c r e e n i n g  

member  by  at  l e a s t   two  s tandard   mesh  s i z e s .  
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