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@  Method  and  apparatus  for  stock  deflocculation  on  the  Fourdrinler  machine  wire. 

Paper  stock  is  deflocculated  on  the  machine  wire  by 
laying  down  a  ridged  layer  of  stock  and  phase-shifting  the 
ridges  without  substantial  dewatering.  This  phase  shifting 
creates  cross-machine  direction  (MCD)  mass  transfer  of  the 
stock  and  deflocculating  CMD  shear  forces  within  it.  Ap- 
paratus  comprises  a  serrated  slice  or  other  means  for  de- 
livering  ridged-stock  to  the  wire  in  combination  with  a  series 
of  foil  blades  beneath  the  machine  wire  adjacent  to  the 
headbox,  each  blade  having  a  recessed  land  inclined  first 
downward  and  then  upward  in  the  direction  of  machine 
motion  and  with  substantially  no  dewatering  of  the  stock  on 
the  wire  until  the  stock  reaches  a  location  downward  form 
the  blades,  causing  water  to  be  repeatedly  drawn  through 
the  wire  and  directed  upwardly  by  the  inclined  land,  causing 
phase  shifting  of  the  ridges  and  hence  CMD  shear  and 
significant  deflocculation  befor  any  web  formation  occurs. 



One  of  t h e   p e r e n n i a l   p r o b l e m s  i n   p a p e r m a k i n g   i s  

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

ges   f r o m   t h e   h e a d b o x   and  i s   d e p o s i t e d   on  t h e   m a c h i n e  

w i r e   in   t h e   f o r m i n g   b o a r d   a r e a .   A l m o s t   i n v a r i a b l y  

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

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

s t o c k ,   and   in   t h e  c a s e   of  n o z z l e - t y p e   h y d r a u l i c   h e a d -  

b o x e s ,   t u r b u l e n c e .  d i s a p p e a r s   w i t h i n  a   few  i n c h e s  o f  

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

m a t t e r   of  t u r b u l e n c e   i s   a n a l y z e d   in  a  p a p e r   i n   1 9 7 8  

TAPPI  p a g e s   115  t o  1 2 0   by  t h e   p r e s e n t   i n v e n t o r .  

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

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

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

m e n t   o n  t h e   F o u r d r i n i e r   w i r e   and   t h e   l i k e .   A  p r i o r  

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

was  t o   u s e   an  e l o n g a t e d   n o n - d e w a t e r i n g   f o r m i n g   b o a r d ,  

as  d i s c l o s e d   in   t h e   TAPPI  r e f e r e n c e ,   and   a g i t a t o r  



b l a d e s   w h i c h   c r e a t e   p r e s s u r e   p u l s e s ,   t h e r e b y   c a u -  

s i n g   s t o c k   j u m p - t y p e   t u r b u l e n c e   as  d e s c r i b e d   i n  

US  p a t e n t   3 , 5 7 3 , 1 5 9   by  0.  S e p a l l ,   and  3 , 8 7 4 , 9 9 8  

by  D.  J o h n s o n .   B o t h   of  t h e s e   p a t e n t s   r e f e r   t o   t u r -  

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

t h a n   p r i o r   to   i t   when  i t   i s   m o s t   n e e d e d .   T h i s   i s   b e -  

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

r o l l   h e a d b o x e s   i s   b a d l y   d i s p e r s e d   due  to   t h e i r   l a c k  

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

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

ce  d i s s i p a t e s   in   a  few  c e n t i m e t e r s   of  t r a v e l   d o w n  

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

l a t i o n   o c c u r s   v i r t u a l l y   i n s t a n t a n e o u s l y .   F i n a l l y ,  

s t o c k   j u m p - t y p e   t u r b u l e n c e   i s   l e s s   e f f e c t i v e   i n   r e -  

d i s p e r s i n g   s t o c k   t h a n   CMD  s h e a r   as  c r e a t e d  b y   w i r e  

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

u n d e r   200  m . / m i n   T h e s e   s l o w   p a p e r m a c h i n e s ,   w i t h  

t h e i r   C M D - s h e a r   i n d u c i n g   s h a k e s ,   p r o d u c e  b y   f a r   t h e  

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

t h e i r   a l m o s t   c o m p l e t e   l a c k   of  s t o c k - j u m p   t y p e   t u r b u -  

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

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

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

r e m a i n s ,   and  f l o c c u l a t i o n   c o n t i n u e s   to   r e s u l t   in   a  

f a r   f r o m   o p t i m u m   p a p e r .  

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

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

p r i o r   t o   any  s u b s t a n t i a l   web  f o r m a t i o n   and   t h r o u g h o u t   i t .  

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

t y   of   r i d g e s   r u n n i n g   in   t h e   m a c h i n e   d i r e c t i o n   ( M D ) ,  

and  i s   r e d i s p e r s e d   on  t h e   F o u r d r i n i e r   w i r e   b o t h   b e -  

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

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

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



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

n i n g   in   t h e   MD  a t   or   as  s o o n   as  p o s s i b l e   a f t e r   t h e  

s l i c e   of  t h e   h e a d b o x ,   and  CMD  s h e a r   i s   p r o d u c e d   i n  

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

a  p h a s e   s h i f t   of  t h e   r i d g e s .  

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

p h a s e s h i f t i n g   of  t h e   MD  r i d g e s   i s   as  f o l l o w s :  

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

s t r u c t u r e s ,   c o l l a p s e   on  t h e i r   own,  l i k e   w a v e s   on  a  

p o n d ,   or  a r e   f o r c e d   to   do  so  by  b e i n g   b o u n c e d   o f f   a  

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

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

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

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

h a l f   m i x e s   w i t h   h a l f   of  t h e   f l u i d   f rom  t h e   c o l l a p -  

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

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

in  t h e   MD  w h e r e   t h e r e   o r i g i n a l l y   w e r e   r i d g e s ,   a n d  

v i c e   v e r s a ,   i s   r e f e r r e d   to   as  a  p h a s e   s h i f t .   T h e  

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

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

mass   t r a n s f e r ,   and  h e n c e   s t r o n g   f i b e r   d i s p e r s i n g   CMD 

s h e a r .  

The  m o r e   p h a s e   s h i f t s   w h i c h   can   be  p r o d u c e d   on  t h e   w i r e  

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

ming   b o a r d   a r e a ,   and  d u r i n g   d e w a t e r i n g   and   web  f o r m a -  

t i o n   t h e r e a f t e r ,   t h e   f u r t h e r   down  t h e   t a b l e   i s   t h e  

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

t e d ,   and  t h e   more   u n i f o r m   t h e   s h e e t   p r o d u c e d .  

In  one  e m b o d i m e n t   of  t h e   i n v e n t i o n   t h e   r e s u l t   i s   a c h i -  

ved   by  a  s e r r a t e d   s l i c e   or   o t h e r   means   t o   p r o d u c e   a  



s t o c k   f l o w   o n t o   t h e   w i r e   w i t h   MD  r i d g e s ,   t h i s   f l o w  

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

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

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

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

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

b l a d e s  i s   t h a t   t h e y   do  n o t   g e n e r a t e   any  s t o c k - j u m p  

t y p e   t u r b u l e n c e .   T h i s   i s   t h e   f o r m   of  t u r b u l e n c e   f o i l s  

a r e   g e n e r a l l y   d e s i g n e d   t o   c r e a t e .   S t o c k - j u m p   t y p e  

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

and   t h e r e b y   p r e v e n t s   p h a s e   s h i f t i n g ,   and  h e n c e   CMD 

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

and  e v e n   i m p r o v e d ,   and  s t o c k   jump  t u r b u l e n c e   p r e v e n -  

t e d ,   by  c a u s i n g   t h e   c h a n g e   in   t h e   d i r e c t i o n   of   t h e  

f l o w   of  f l u i d   u n d e r   t h e   w i r e   f rom  d o w n w a r d   t o   u p w a r d  

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

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

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

f o r t h ,   t h e   i n v e n t i o n   i s   more  f u l l y   d e s c r i b e d   i n   c o n n e c -  

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

F o u r d r i n i e r   m a c h i n e   a c c o r d i n g   to   o n e  

. e m b o d i m e n t   of  t h e   i n v e n t i o n .  

F i g .   2  i s   a  s i m i l a r   v i e w   of  a  s i m i l a r   a r e a  

a c c o r d i n g   to   a n o t h e r   e m b o d i m e n t   of  t h e  

i n v e n t i o n .  

F i g .   3  i s   a  s i m i l a r   v i e w   of  s t i l l   a n o t h e r   e m -  

b o d i m e n t   of  t h e   i n v e n t i o n .  

F i g .   4  i s   a  s i m i l a r   v i e w   of  s t i l l   a n o t h e r  



e m b o d i m e n t   of  t h e   i n v e n t i o n .  

F i g .   5  i s   a  p e r s p e c t i v e   v i e w   of  a  s e r r a t e d  

s l i c e   a c c o r d i n g   to   one  e m b o d i m e n t   o f  

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

F i g .   6  i s   a  d i a g r a m m a t i c   t o p   v i e w   of  a  p o r -  
t i o n   of  p a p e r   s t o c k   on  a  m a c h i n e   w i r e   i n  

one  e m b o d i m e n t   of  t h e   i n v e n t i o n .  

In  F i g .   1  i s   shown  a  F o u r d r i n i e r   m a c h i n e   w i r e   11  p a s -  

s i n g   o v e r   a  f o r m i n g   b o a r d   14  in   t h e   m a c h i n e   d i r e c t i o n  

i n d i c a t e d   by  a r r o w   13.   The  b o a r d   14  c o m p r i s e s   a  s e r i e s  

of  f o i l   b l a d e s   12,  e a c h   h a v i n g   a  r e c e s s e d   z o n e   15  w h i c h  

f a l l s   and  r i s e s   t o w a r d   t h e   n e x t   b l a d e   12.   The  d o w n -  

ward   e d g e   16  or   b o t t o m   w a l l   of  t h e   r e c e s s e d   l a n d   m a y  
be  a  v e r t i c a l   s t e p  o r ,   as  s h o w n ,   a  d o w n w a r d l y   i n c l i n e d  

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

b l a d e .   The  g r a d u a l l y   r i s i n g   p o r t i o n   of  t h e   b l a d e   12  h a s  

a  s l o p i n g   a n g l e   17  l i k e   t h a t   of  a  c o n v e n t i o n a l   f o i l  

b l a d e   s e t   in  a  r e v e r s e d   p o s i t i o n ,   and  b u t t i n g   up  a g a i n s t  

t h e   f o l l o w i n g   d o u b l e   a n g l e d   f o i l   b l a d e s   12.  S p a c e d  

b e y o n d   b o a r d   14  i s   t h e   f i r s t   r e g u l a r   b l a d e   29  o f   a  c o n -  

v e n t i o n a l   f o i l   box  of  t h e   F o u r d r i n i e r   m a c h i n e .  

A  s e r r a t e d   t o p   s l i c e   l i p   20  ( s e e   F i g .   5)  i s   p o s i t i o n e d  

b e f o r e   t h e   a r e a   of  b o a r d   14  to   d e l i v e r   a  f l o w   o f   s t o c k  

21  f rom  t h e   h e a d b o x   ( n o t   shown)   to   t h e   w i r e   11 .   T h i s  

s l i c e   20  d e l i v e r s   t h e   s t o c k   21  to   t h e   w i r e   11  i n   a  l a y e r  

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

t i o n   ( s e e   a l s o   F i g .   6 ) .   As  t h e   m a c h i n e   w i r e   m o v e s   a l o n g  

t h e   f o r m i n g   b o a r d   14  t h e   l a y e r   i s   l a i d   down  on  t h e   w i r e  

11  and  as  i t   p a s s e s   t h e   f i r s t   p a r t   16  of   t h e   b l a d e   1 2  

and  moves   o v e r   t h e   r e c e s s e d   l a n d   15,  w a t e r   i s   d r a w n  

t h r o u g h   t h e   w i r e   11  and  i n t o   t h e   r e c e s s .   The  m a c h i n e  



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

l a n d   of  t h e   u p w a r d   f a c i n g   l a n d   a r e a   17,  d i r e c t i n g  

t h e   w a t e r   t h r o u g h   w i r e   11  and  i n t o   t h e   l a y e r   o f  

s t o c k   21.   As  i s   shown  in  F i g .   1,  t h e   l e v e l   of  t h e  

s t o c k   on  t h e   w i r e   11  r i s e s   and  f a l l s   as   i t   p a s s e s  

o v e r   and  b e y o n d   t h e   v a r i o u s   b l a d e s   1 2 .  

In  F i g u r e   2  i s   shown  a  F o u r d r i n i e r   w i r e   11  p a s s i n g  

o v e r   a  f o r m i n g   b o a r d   14  in   t h e   m a c h i n e   d i r e c t i o n  

i n d i c a t e d   by  t h e   a r r o w   13.  I n s t e a d   of  a  s e r r a t e d  

s l i c e   l i p   to   c r e a t e   t h e   MD  r i d g e s   in   t h e   s t o c k ,   w h i c h  

c o u l d   h a v e   b e e n   u s e d ,   a  f o r m a t i o n   s h o w e r   34  i s   e m -  

p l o y e d   to   fo rm  t h e   MD  r i d g e s   ( s e e   F i g .   4 ) .   The  b o a r d  

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

d e s   b u t t e d   up  a g a i n s t   one  a n o t h e r .   The  f i r s t   f o i l  

b l a d e   18  i s   a  c o n v e n t i o n a l   f o r w a r d   f a c i n g   b l a d e   h a -  

v i n g   a  d o w n w a r d   f a c i n g   l a n d   a r e a   16,  f o l l o w e d   i n  

c o n t a c t   w i t h   i t   by  a  r e v e r s e d   b l a d e   19  w i t h   an  u p w a r d  

f a c i n g   l a n d   a r e a   17,  t h e   two  b l a d e s   in   c o m b i n a t i o n  

c r e a t i n g   t h e   r e c e s s e d   zone   15.  B u t t i n g   up  a g a i n s t   t h e  

r e v e r s e d   b l a d e   19  i s   a n o t h e r   f o r w a r d   f a c i n g   b l a d e   1 8 ,  

t h e n   a  r e v e r s e d   b l a d e   19,  and  so  f o r t h .   B e y o n d   t h e  

l a s t   r e v e r s e d   b l a d e   19  i s   a  gap  28  f o l l o w e d   by  t h e  

f i r s t   c o n v e n t i o n a l l y - d e w a t e r i n g   f o i l   b l a d e   2 9 .  

In  F i g .   3  i s   i l l u s t r a t e d   a  d i f f e r e n t   f o r m   of  t h e   i n -  

v e n t i o n   h a v i n g   a  m a c h i n e   w i r e   11  r e c e i v i n g   a  l a y e r  

of  s t o c k   21,  a g a i n   f rom  a  s e r r a t e d   s l i c e   20.   P o s i t i o -  

ned   b e n e a t h   w i r e   11  a t   t h e   b o a r d   a r e a   a r e   t h e   s e v e -  

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

a  r e c e s s e d   l a n d   a r e a   25  w h i c h   has   a  d o w n w a r d   s l a n t i n g  

zone   24  of  t h e   c o n v e n t i o n a l   f o i l   22  f o l l o w e d   by  a  

r e v e r s e d   c o n v e n t i o n a l   f o i l   c r e a t i n g   an  u p w a r d   w a l l   27  

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

d i r e c t i o n   of  m a c h i n e   m o t i o n .   B e t w e e n   e a c h   s u c c e s s i v e  



p a i r   of  b l a d e s   22  and  23  i s   a  v e r y   s m a l l   gap  26  p e r -  

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

w a t e r   to   t h e   box  b e n e a t h   t h e   b l a d e s   22  and  23.  T h i s  

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

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

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

s t o c k   21.  The  e x t r e m e l y   t h i n   l a y e r   of  s h e e t   f o r m e d  

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

s l o p i n g   l a n d   a r e a   27  i n t o   t h e   l a y e r   of  s t o c k   21  a b o v e  

t h e   w i r e   1 1 .  

In  t h e   c a s e   of  e i t h e r   t h e   fo rm  in  F i g .   1  or  t h e   f o r m  

in  F i g .   2,  or  t h e   f o rm  in  F i g .   3,  or  in  a  c o m b i n a t i o n  

of  t h e   t h r e e   f o r m s ,   t h e   w i r e   11  p a s s e s   f rom  t h e   b l a -  

des   12  or  18  and  19  or  22  and  23  to  t h e   f i r s t   r e g u l a r  

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

gap  28  b e f o r e   b l a d e   29  w h e r e   d e w a t e r i n g   b e g i n s .  

F i g .   4  i l l u s t r a t e s   an  e m b o d i m e n t   of  t h e   i n v e n t i o n  

f u r t h e r   on  down  t h e   F o u r d r i n i e r   w i r e   w h e r e i n  a   s i n g l e  

f o i l   box  c o m b i n e s   a  n o n - d e w a t e r i n g   b o a r d   32  w i t h   s u b -  

s e q u e n t   d e w a t e r i n g   f o i l   b l a d e s .   As  i l l u s t r a t e d ,   box  31 

has   a  b o a r d   32  w i t h   a  p l u r a l i t y   of  b l a d e s   23  w i t h  

r i s i n g   r e c e s s e d   l a n d s   17.  P o s i t i o n e d   f u r t h e r   a l o n g   i n  

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

b l a d e s   39  w i t h   s u p p o r t   s u r f a c e s   36  a t   t h e i r   i n i t i a l  

e n d s .   A  f o r m a t i o n   s h o w e r   34  d i r e c t s   a  s e r i e s   of  j e t s  

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

of  s t o c k   21,  w h i c h   t h e r e b y   b e c o m e s   r i d g e s .   In  t h i s  

f o r m ,   as  in  t h e   o t h e r s ,   t h e   r i d g e s   u n d e r g o   s u c c e s s i v e  

p h a s e   s h i f t s   a c r o s s   b o a r d   32  b e f o r e   d e w a t e r i n g   a t  

b l a d e s   3 9 .  

In  F i g .   5  i s   shown  a  s e r r a t e d   s l i c e   20  h a v i n g   a  d e c l i n e d  



f r o n t   f a c e  4 1   t e r m i n a t i n g   a t   i t s   l o w e r   e d g e   in  a  s e -  

r i e s   of  s e r r a t i o n s   42  or   c u r v e d   e d g e s   c o m p r i s i n g   a  

s u c c e s s i o n   of  p r o t r u s i o n s   43  and  r e c e s s i o n s   44.  T h i s  

s l i c e  2 0   i s   of  c o n v e n t i o n a l   d i m e n s i o n s   and  s h a p e  

e x c e p t   f o r   t h e s e   s e r r a t i o n s   42.   The  s l i c e   20  i s - p o s i -  

t i o n e d   a t   t h e   d e l i v e r y   of  t h e   s t o c k   21  to   t h e   m a c h i -  

ne  w i r e   11  ( s e e   F i g s . l ,   2  a n d  3 )   and  i s   a d a p t e d  t o  

d e l i v e r   a  l a y e r  o f   s t o c k  w h i c h   i s   t h i n n e r   a t   t h e   c e n t e r '  

of  t h e   p r o t r u s i o n s   43  and  t h i c k e r   a t   t h e   r e c e s s i o n s  

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

s t o c k   b e i n g   d e l i v e r e d .  

F i g .   6  i s   a  d i a g r a m m a t i c   t o p   v i e w   of  a  l a y e r   of  s t o c k  

21  on  a  m a c h i n e   w i r e   ( n o t   v i s i b l e )   a c c o r d i n g   to   a n y  
of  t h e   F i g s .   1  t h r o u g h   4.  T h i s   l a y e r   of  s t o c k   21  h a s  

a  s e r i e s   of  r i d g e s   51  r u n n i n g   l o n g i t u d i n a l l y   a l o n g  
t h e   d i r e c t i o n   of  m a c h i n e   m o t i o n ,   as  d e l i v e r e d   to   t h e  

w i r e   by  t h e   s e r r a t e d   s l i c e   20  or  a  f o r m a t i o n   s h o w e r  

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

t h e   s t o c k   l a n d s   on  t h e   w i r e .   A t  a   p o i n t   g e n e r a l l y  

c o i n c i d i n g   w i t h   t h e   end  of  a  b l a d e   ( s e e ,   f o r   e x a m p l e ,  

b l a d e   12  in  F i g .   1)  t h e s e   r i d g e s   t r a i l   away ,   d e c a y i n g  

and  r e f o r m i n g   as  new  r i d g e s   52  d i s p l a c e d   or   p h a s e - s h i f -  

t e d   b e t w e e n   e a c h   of  t h e   o r i g i n a l   r i d g e s   51.  The  r e s u l t  

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

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

The  d e c a y   and  r e f o r m a t i o n   of  t h e s e  r i d g e s   51  and  52  

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

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

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

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

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

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

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



t h e s e   r i d g e s   51  and  52  as  shown  in  F i g .   6.  The  c o n -  

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

of  s u c h   r i d g e s   i s ,   on  t h e   f a s t   m o v i n g   w i r e   of  a  F o u r -  
d r i n i e r   m a c h i n e ,   CMD  s h e a r   of  s u c h   n a t u r e   as  to   r e -  

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

of  i m p r o v e d   s m o o t h n e s s   and  e v e n n e s s .  



1.  In  a  p a p e r   m a c h i n e   h a v i n g   a  F o u r d r i n i e r   w i r e  a n d  

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

f o r m i n g   b o a r d  a d j a c e n t   t o  t h e   h e a d b o x  p r i o r   t o  

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

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

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

w a r d  s t e p ,   s a i d  s t e p   b e i n g   a d a p t e d  t o   c r e a t e   v a -  

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

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

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

w i r e ,   w h e r e b y   w a t e r   a t   s a i d   l a n d   a r e a   i s   d i r e c -  

t e d   u p w a r d l y   t o w a r d   s a i d   w i r e ,  s a i d   b l a d e   a n d   r i -  

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

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

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

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



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

r e c e s s e d   a r e a s   f o r m e d   by  s a i d   d o w n w a r d   s t e p   a n d  

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

2.  The  a p p a r a t u s   of  C l a i m   1,  h a v i n g   a  p l u r a l i t y   o f  

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

l a n d   a r e a .  

3.  The  a p p a r a t u s   of  C l a i m   I  w h e r e i n   s a i d   m e a n s   t o  

d e l i v e r   s t o c k   to   s a i d   w i r e   i n c l u d e s   a  s e r r a t e d  

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

4.  The  a p p a r a t u s   of  C l a i m   2,  w h e r e i n   s a i d   b l a d e s   a r e  

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

t i a l   d e w a t e r i n g   in   t h e   b l a d e   a r e a .  

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

v e r e d   f r o m   a  h e a d b o x   to   t h e   F o u r d r i n i e r   w i r e   o f  

a  p a p e r   m a c h i n e   a d j a c e n t   to   t h e   h e a d b o x ,   t h e   c o m -  

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

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

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

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

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

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

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

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

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

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

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

r e t a i n   w a t e r   t h e r e i n ,   and  b a s e   s u r f a c e s   in   s a i d  

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

t i o n ,   w h e r e b y   c r o s s   m a c h i n e   d i r e c t i o n   s h e a r   i s  

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

ged  s u r f a c e .  



6.  The  a p p a r a t u s   of  C l a i m   5,  w h e r e i n   s a i d   r i d g e d  

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

f l o w   t h e r e t h r o u g h .  

7.  The  a p p a r a t u s   of  C l a i m   5,  w h e r e i n   s a i d   r i d g e d  

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

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

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

s t o c k .  

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

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

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

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

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

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

w a t e r   b e n e a t h   t h e   w i r e   and  in   c o n t a c t   w i t h   t h e  

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

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

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

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

v e r s e  t h e   r i d g e s   and   t h e   v a l l e y s   b e t w e e n   t h e   r i d -  

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

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

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

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

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

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

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

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

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

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