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©  Four  high  mill  of  paired-roll-crossing  type. 

A  four  high  mill  of  a  paired-roll-crossing  type  comprises 
an  upper  and  a  lower  equalizer  beams  (21,21')  held  in 
contact,  respectively,  with  the  uppermost  and  lowermost 
surfaces  of  upper  and  lower  backup  roll  (3,3')  bearing  cases 
(7,7')  and  made  movable  upwardly  and  downwardly  within  a 
housing,  (8)  roll-crossing  devices  mounted  in  the  housing  to 
turn  the  bearing  cases  that  contain  upper  and  lower  work 
chocks  (6,6')  about  a  common  vertical  axis  on  the  same 
horizontal  plane  so  that  upper  and  lower  pairs  of  rolls  can 
cross  each  other,  and  devices  for  separately  setting  the  left 
and  right  roll  gaps  (ε1,  f2)  between  upper  and  lower  work 
rolls  (2,  2').  The  mill  further  comprises  work  roll-bending 
devices  mounted  at  both  ends  of  the  work  rolls  (2,  2'). 



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

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

In  r e c e n t   y e a r s   t h e   demand   f o r   a c c u r a c y   of  t h i c k n e s s  

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

and  more  e x a c t i n g .   The  demand   has   b e e n   m e t   by  i n i t i a l  

c r o w n i n g   of  r o l l s   f o r   r o l l i n g   m i l l s   to   make  up  f o r   t h e  

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

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

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

by  t h o s e   c r o w n e d   o t h e r w i s e   w h e n e v e r   t h e   r o l l i n g   c o n d i t i o n ,  

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

a r e   to  be  c h a n g e d .   The  r e p l a c e m e n t   of   r o l l s   l o w e r s   t h e   r a t e  

of  m i l l   o p e r a t i o n .   M o r e o v e r ,   t h e   c r o w n i n g   e f f e c t   on  r o l l s  

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

of   t h e   r o l l s   w i t h   t h e   p r o g r e s s   of  r o l l i n g   o p e r a t i o n .   F o r  

t h e s e   r e a s o n s   t h e r e   has   b e e n   an  i n c e s s a n t   n e e d   in  t h e   a r t  

f o r   means   of  c o n t r o l l i n g   t h e   t h i c k n e s s   of   t h e   w o r k p i e c e  

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

ing   t h e   r o l l s .  

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

work  r o l l s   has   b e e n   p r o p o s e d   and  has   p r o v e d   f a i r l y   e f f e c -  

t i v e .   H o w e v e r ,   t h e   s t r e n g t h s   of  t h e   work   r o l l   s h a f t s   p l a c e  

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

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

t h e   t h i c k n e s s   u n u n i f o r m i t y   in   t h e ' w i d t h   d i r e c t i o n   of  t h e  



w o r k p i e c e .   E s p e c i a l l y   w h e r e   t h e   m i l l   has   a  r e l a t i v e l y  

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

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

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

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

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

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

r o l l i n g   c o n d i t i o n s ,   w h i l e   u s i n g   t h e   same  r o l l s .  

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

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

t h e   work   r o l l s ,   due   to   r a p i d   w e a r   on  r o l l i n g   o p e r a t i o n s .  

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

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

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

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

t h e   end  p o r t i o n s ,   and  a  common  p r a c t i c e   h a s   b e e n   to  r e m o v e  

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

b e y o n d   a  p r e d e t e r m i n e d   l i m i t .   T h i s   means   t h a t   t h e   r o l l  

m u s t   be  d i s m o u n t e d   when  i t s   b o t h   e n d s   a r e   y e t   to   r e a c h  

t h e   wea r   l i m i t s .   The  s h o r t   l i f e   and  f r e q u e n t   r e p l a c e m e n t  

of   t h e   r o l l s   have   l o w e r e d   t h e   r a t e   of   m i l l   o p e r a t i o n ,   a n d  

t h i s   has   c o m b i n e d   w i t h   t h e   e c o n o m i c a l   l o s s   due  to   r o l l  

w e a r   to  have   a  s e r i o u s   e f f e c t   upon   t h e   c o s t   of  p r o d u c t .  

T h u s ,   w i t h   t h e   v i e w   to  e l i m i n a t i n g   t h e   d i s a d v a n t a g e s  

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



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

t he   s p e c i f i c a t i o n s   ( w i t h   d r a w i n g s )   of  c o p e n d i n g   J a p a n e s e  

P a t e n t   A p p l i c a t i o n   Nos.   1 3 8 8 3 7 / 1 9 7 8   and  5 9 3 2 7 / 1 9 7 9 ,   w h i c h  

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

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

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

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

means   f o r   s e p a r a t e l y   s e t t i n g   t h e   l e f t   and  r i g h t   r o l l   g a p s ,  

o i l   h y d r a u l i c   j a c k s   f o r   r o l l   b e n d i n g ,   and  a  p a i r e d - r o l l -  

c r o s s i n g   m e c h a n i s m   w h i c h   can  be  a d j u s t e d   to   move  t h e   p a i r  

of  t h e   u p p e r   work   r o l l   and  b a c k u p   r o l l   and  t h e   p a i r   of   t h e  

l o w e r   work   r o l l   and  b a c k u p   r o l l   to   c r o s s   e a c h   o t h e r   a t  

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

r o l l i n g   d i r e c t i o n .   In  t h i s   way  t h e y   can  a t t a i n   t h e   e n d  

d e s c r i b e d   a b o v e .  

H o w e v e r ,   when  t he   p a i r e d - r o l l - c r o s s i n g   m e c h a n i s m   i s  

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

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

to  t h e   r o l l i n g   d i r e c t i o n ,   t h e r e   w i l l   o c c u r   h o r i z o n t a l  

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

b e a r i n g s   and  t h o s e   of  t he   r e d u c t i o n   s c r e w s ,   away  f r o m   e a c h  

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

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

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

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



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

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

a b l e   e f f e c t s   upon  t h e   s a m e .  

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

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

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

and  a  l o w e r   e q u a l i z e r   beams   a r e   h e l d   in  c o n t a c t ,   r e s p e c t i v e -  

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

l o w e r   b a c k u p   r o l l   b e a r i n g   c a s e s   and   made  m o v a b l e   u p w a r d l y  

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

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

c o n t a i n   u p p e r   and   l o w e r   work   r o l l   c h o c k s   a b o u t   a  common  

v e r t i c a l   a x i s   on  t h e   same  h o r i z o n t a l   p l a n e   so  t h a t   u p p e r  

and  l o w e r   p a i r s   of  r o l l s   can   c r o s s   e a c h   o t h e r ,   and  d e v i c e s  

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

gaps   b e t w e e n   u p p e r   and  l o w e r   work   r o l l s .  

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

p a i r e d - r o l l - c r o s s i n g   t y p e   c o m p r i s i n g   an  u p p e r   and  a  l o w e r  

e q u a l i z e r   beams   h e l d   in   c o n t a c t ,   r e s p e c t i v e l y ,   w i t h   t h e  

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

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

c r o s s i n g   d e v i c e s   m o u n t e d   in   t h e   h o u s i n g   to   t u r n   t h e  

b e a r i n g   c a s e s   t h a t   c o n t a i n   work   r o l l   c h o c k s   a b o u t   a  common  

v e r t i c a l   a x i s   on  t h e   same  h o r i z o n t a l   p l a n e   so  t h a t   u p p e r  

and  l o w e r   p a i r s   of  r o l l s   can  c r o s s   e a c h   o t h e r ,   and  d e v i c e s  



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

u p p e r   and  l o w e r   work  r o l l s ,   c h a r a c t e r i z e d   in   t h a t   work   r o l l  

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

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

w i l l   become  a p p a r e n t   when  an  e m b o d i m e n t   t h e r e o f   is   c o n s i d e r -  

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

FIG.  1  i s   a  d i a g r a m m a t i c   f r o n t   v i e w   of  an  e m b o d i m e n t  

of   t h e   i n v e n t i o n ;  

FIG.  2  i s   a  d i a g r a m m a t i c   s i d e   v i e w   of  t h e   e m b o d i m e n t ;  

a n d  

FIG.  3  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   l i n e   I I I - I I I  

of  FIG.  1 .  

T h r o u g h o u t   t h e   f i g u r e s   t h e   n u m e r a l   1  i n d i c a t e s   a  

s l a b   or  s t r i p   of   s t e e l   to   be  r o l l e d   by  a  p a i r   of   work  r o l l s  

2,  2 ' ,   w h i c h   a r e   h e l d   one  a b o v e   a n o t h e r   and  s u p p o r t e d ,  

r e s p e c t i v e l y ,   by  work  r o l l   c h o c k s   6,  6'  as  shown .   A  p a i r  

of  b a c k u p   r o l l s   3,  3 ' ,   in   r o l l i n g   c o n t a c t   w i t h   t he   n o n -  

w o r k i n g   s i d e s   of  t h e   work   r o l l s   2,  2 ' ,   a r e   h e l d   w i t h i n  

u p p e r   and  l o w e r   b e a r i n g   c a s e s   7,  7'  f o r   t h e   b a c k u p   r o l l s .  

On  t o p s   of  h o u s i n g   f r a m e s   8,  j o i n e d   t o g e t h e r   a t   t he   b o t t o m s  

by  shoe   p l a t e s   9,  a r e   m o u n t e d   a  p a i r   of   s c r e w - d o w n   d e v i c e s  

11  e q u i p p e d   w i t h   a  s c r e w   4  e a c h .   Nea r   t h e   l o w e r   ends   o f  

t h e   h o u s i n g   f r a m e s   8,  t h e r e   a r e   i n s t a l l e d   a  p a i r   of  h y d -  

r a u l i c   r e d u c t i o n   c y l i n d e r s   1 0 .  

The  p a i r   of   s c r e w - d o w n   d e v i c e s   11  e q u i p p e d   w i t h   t h e  



s c r e w s   4  c o n s t i t u t e   means   f o r   s e p a r a t e l y   s e t t i n g   t he   l e f t  

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

work   r o l l s   2,  2 ' .  

The  u p p e r   and  l o w e r   b a c k u p   r o l l   b e a r i n g   c a s e s  7 ,   7 '  

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

8  so  t h e y   may  move  u p w a r d l y   and  d o w n w a r d l y   a l o n g   t h e   h o u s i n g  

f r a m e s   and  a l s o ,   as  w i l l   be  d e s c r i b e d   l a t e r ,   t h e y   may  t u r n  

a b o u t   t h e i r   common  v e r t i c a l   a x i s .   As  i l l u s t r a t e d ,   t h e   u p p e r  

and  l o w e r   work   r o l l   c h o c k s   6,  6'  a r e   v e r t i c a l l y   s l i d a b l y  

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

7,  7 ' .   B e t w e e n   t h e   b o t h   e n d s   of   t h e   b a c k u p   r o l l   b e a r i n g  

c a s e s   7,  7'  and  t h o s e   of   t h e   work   r o l l   c h o c k s   6,  6'  a r e  

i n t e r p o s e d   r o l l - b e n d i n g   d e v i c e s   ( o i l   h y d r a u l i c   j a c k s )   5 ,  

as  shown  in  FIG.   1 .  

A l s o ,   b e t w e e n   t h e   u p p e r   b a c k u p   r o l l   b e a r i n g   c a s e   7 

and  t h e   s c r e w s   4  and   b e t w e e n   t h e   l o w e r   b e a r i n g   c a s e   7'  a n d  

t h e   h y d r a u l i c   r e d u c t i o n   c y l i n d e r s   10,  t h e r e   a r e   d i s p o s e d  

e q u a l i z e r   beams   21,  2 1 ' ,   r e s p e c t i v e l y ,   w h i c h   a r e   m o v a b l e  

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

u n m o v a b l y   by  t h e   i n n e r   w a l l s   of  t h e   h o u s i n g   8 .  

J a c k s   1 3 a ,   13b ,   13c ,   and  13d  a r e   s u p p o r t e d   by  b r a c k e t s  

20,  2 0 ' ,   w h i c h   in   t u r n   a r e   p r o v i d e d ,   as  s h o w n ,   on  t h e   u p p e r  

and  l o w e r   p o r t i o n s   on  b o t h   s i d e s   of  t h e   h o u s i n g   8.  T h e s e  

j a c k s   a r e   o p e r a t e d   so  as  to   t u r n   t h e   u p p e r   and  l o w e r  b a c k -  

up  r o l l   b e a r i n g   c a s e s   7,  7'  on  t he   same  h o r i z o n t a l   p l a n e s  



a b o u t   t h e i r   common  v e r t i c a l   a x i s .   The  b r a c k e t s   20,  2 0 '  

c o m b i n e   w i t h   t h e   j a c k s   13a  to  13d  to  c o n s t i t u t e   r o l l -  

c r o s s i n g   d e v i c e s   d i s p o s e d   in  t he   h o u s i n g   8 .  

The  n u m e r a l   15  d e s i g n a t e s   a  c y l i n d e r   f o r   b a l a n c i n g  

t h e   i n n e r   h o u s i n g ,   m o u n t e d   on  top   of  t h e   h o u s i n g   8,  w i t h   a  

r o d   14  s u s p e n d i n g   t h e   t op   r o l l   a s s e m b l y .   R a d i a l   b e a r i n g s  

16,  16'   f o r   t h e   work   r o l l s   2,  2'  a r e   s u p p o r t e d   t h e m s e l v e s  

by  t h e   work  r o l l   c h o c k s   6,  6 ' .   The  work   r o l l s   2,  2'  ( F I G .  

3  s h o w i n g   o n l y   t h e   r o l l   2'  f o r   s i m p l i c i t y )   a r e   s u p p o r t e d  

a t   one  e n d s   by  t h r u s t   p a d s   18  t h r o u g h   t h r u s t   b e a r i n g s   1 7 .  

The  t h r u s t   p a d s   18  a r e   s e c u r e d   to  t h e   u p p e r   and  l o w e r  

b a c k u p   r o l l   b e a r i n g   c a s e s   7,  7'  w i t h   c h o c k   p l a t e s   1 9 .  

T h r o u g h o u t   t h e   f i g u r e s   t he   n u m e r a l s   12,   12 '   i n d i c a t e  

u p p e r   and  l o w e r   i n n e r   h o u s i n g s .  

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

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

d e s c r i b e d .   Now  as  i n d i c a t e d   in  FIG.  3,  l e t   t h e   l i n e   V - V  

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

t h r o u g h   t h e   r o l l s   ( h e r e i n a f t e r   c a l l e d   t h e   " p a s s i n g   l i n e " ) ,  

t h e   l i n e   X-X  be  a  s t r a i g h t   l i n e   t h a t   e x t e n d s   a c r o s s   t h e  

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

p a s s i n g   l i n e   V-V,  t h e   l i n e   Y-Y  be  a  s t r a i g h t   l i n e   a t   r i g h t  

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

l i n e   V-V  and  t h e   l i n e   Y-Y  be  W.  T h e n ,   t h e   o p e r a t i o n   o f  

t h e   j a c k s   13a ,   13b ,   13c ,   and  1 3 d  f o r   r e s p e c t i v e   s t r o k e s  



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

b a c k u p   r o l l   b e a r i n g   c a s e s   7,  7'  to  t u r n   h o r i z o n t a l l y   w i t h  

r e s p e c t   to   t h e   g i v e n   p o i n t   W  on  t h e   l i n e   Y-Y,  t h u s   t u r n i n g  

t h e   u p p e r   and  l o w e r   r o l l s   2 , 2 '   and  3,  3'  i n   p a i r s   r e l a t i v e  

to   e a c h   o t h e r   t h r o u g h   an  a n g l e   a .   ( R e f e r   to   FIG.  3 . )  

The  i n i t i a l   r o l l   g a p s   ε1,  E2  b e t w e e n   t h e   u p p e r   a n d  

l o w e r   work   r o l l s   2,  2'  can  be  a d j u s t e d   by  s u i t a b l y   o p e r a t -  

i n g   t h e   l e f t   and   r i g h t   s c r e w - d o w n   d e v i c e s   11.   A l s o ,   p r o p e r  

c o n t r o l   of   t h e   r o l l - b e n d i n g   f o r c e s   F1 ,   F2  i s   made  p o s s i b l e  

by  t h e   r o l l - b e n d i n g   d e v i c e s   5 .  

T h u s ,   by  a d j u s t i n g   t h e   t u r n i n g   a n g l e   a ° ,   i n i t i a l  

r o l l   g a p s   ε1 ,   ε2  o f   t h e   u p p e r   and  l o w e r   work   r o l l s   2 ,  2 ' ,  

and   t h e   r o l l - b e n d i n g   f o r c e s   F1,  F2,  t h e   s e c t i o n a l   c o n t o u r  

a c r o s s   t h e   w o r k p i e c e   1  b e i n g   r o l l e d   can   be  a d j u s t e d   o v e r  

a  b r o a d   r a n g e   of   w i d t h .  

S i n c e   t h e   p a i r s   of  u p p e r   and  l o w e r   r o l l s   2 ,  3   and  2 ' ,  

3'  can   c r o s s   a t   t h e   p o i n t   W,  t h e   r o l l   c r o w n i n g   e f f e c t s   c a n  

be  made  e q u a l   on  t h e   l e f t   and  r i g h t   p o r t i o n s   of  t h e   r o l l s .  

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

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

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

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

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

p o r t i o n s   i s   p o s s i b l e ,   t h e   work  r o l l s   may  b e  w o r n   w h i l e  

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



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

h a l v e d   i n t e r v a l s   of  work   r o l l   c h a n g i n g   and  more  t h a n   d o u b l e d  

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

f a b r i c a t i n g   and  r e g r i n d i n g   t h e   r o l l s   2,  2 ' ,   3,  3 ' ,   w h i c h  

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

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



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

c o m p r i s e s   a  h o u s i n g ,   an  u p p e r   and   a  l o w e r   b a c k u p   r o l l  

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

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

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

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

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

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

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

c a s e s   a b o u t   a  common  v e r t i c a l   a x i s   on  t h e   same  h o r i z o n t a l  

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

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

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

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

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

s a i d   work   r o l l s .  
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