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A  pair  of  rolls  (11,  12)  displaceable  axially  in  accordance 
with  the  rolled  sheet  width  are  arranged  at  the  upper  and/or 
lower sides  of  a  pair  of  work  rolls  (2,3)  having  a  high  flexural 
rigidity,  such  that  the axes  of  the  axially  displaceable  rolls 
(11,  12)  an  substantially  in  the  same  plane  as  the  axes  of  the 
work  rolls  (2,  3),  so  that  the  shape  control  of  the  rolled  sheet 
(1)  is  performed  by  the  axial  adjustment  of  the  axially 
displaceable  rolls  (11,  12).  Each  axially  displaceable  roll  (11, 
12)  has  an  axial  and  portion  the  diameter  of  which  is 
gradually  decreased  toward  the  axial  outer  extremity  with 
such  a rate  that  the  reduction  in  radius  of  said  axial  and 
portion  within  the  range  of  100  mm  is  at  least  0,3  mm.  Stress 
concentration  at  the  displaceable  roll  (11,  12)  end,  spalling 
and scoring  are  avoided,  and  the  shape  controllability  is 
improved considerably, 



BACKGROUND  OF  THE  INVENTION 

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

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

a x i a l   d i r e c t i o n   in  a c c o r d a n c e   w i t h   the   s h e e t   w i d t h   o f  

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

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

s i z e   of  the   a x i a l   end  p o r t i o n   of  such  d i s p l a c e a b l e  

r o l l s .  

In  r e c e n t   y e a r s ,   t h e r e   is   an  i n c r e a s i n g  

demand  f o r   an  e n h a n c e d   p r e c i s i o n   of  t h i c k n e s s   of  t h e  

r o l l e d   s h e e t   and  i m p r o v e d   f l a t n e s s   ( s h a p e )   of  t he   s a m e .  

To  cope  w i t h   t h i s   demand,   the   p r e s e n t   i n v e n t o r s  

have  a l r e a d y   p r o p o s e d   in  t he   s p e c i f i c a t i o n   of  the   U n i t e d  

S t a t e s   P a t e n t   No.  3818743  a  r o l l i n g   m i l l   h a v i n g   i n t e r -  

m e d i a t e   r o l l s   d i s p o s e d   b e t w e e n   an  u p p e r   work  r o l l   a n d  

an  u p p e r   backup  r o l l   and  b e t w e e n   a  l ower   work  r o l l   a n d  

a  l o w e r   backup  r o l l ,   r e s p e c t i v e l y ,   the   i n t e r m e d i a t e  

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

and  a  work  r o l l   b e n d e r .  

In  t h i s   r o l l i n g   m i l l ,   the   l e n g t h   of  c o n t a c t  

b e t w e e n   c o o p e r a t i n g   r o l l s   is  c h a n g e d   by  the   a x i a l  

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

c o n t r o l   of  the  d e f l e c t i o n   of  t he   work  r o l l .   T h i s  

r o l l i n g   m i l l ,   t h e r e f o r e ,   can  r e m a r k a b l y   improve   t h e  

q u a l i t y   of  c o n t r o l   of  the  shape   of  the  r o l l e d   p r o d u c t ,  



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

the   i n t e r m e d i a t e   r o l l s   and  the   o p e r a t i o n   of  the   w o r k  

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

v a r i o u s   a d d i t i o n a l  a d v a n t a g e s   such  as  i m p r o v e m e n t s   i n  

e f f i c i e n c y   of  the  r o l l i n g   e q u i p m e n t   as  a  who le ,   r a t e  

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

the   p r o d u c t ,   as  we l l   as  s a v i n g   of  l a b o u r   and  e n e r g y .  

In  the   r o l l i n g   m i l l   h a v i n g   a x i a l l y   d i s p l a c e -  

a b l e   r o l l s   of  the   k ind   d e s c r i b e d ,   r o l l s   a re   a r r a n g e d  

in  an  a s y m e t r i c   manner  w i th   r e s p e c t   to  the  c e n t r a l   a x i s  

of  the   r o l l i n g   m i l l ,   so  t h a t   an  a s y m m e t r i c   a x i a l   l o a d  

d i s t r i b u t i o n   is  formed  b e t w e e n   the  a x i a l l y   d i s p l a c e a b l e  

r o l l s   and  the   c o o p e r a t i n g   r o l l s   c o n t a c t i n g   the  l a t t e r .  

In  p a r t i c u l a r ,   the  g r e a t e s t   l oad   i s   p r o d u c e d   at  e a c h  

a x i a l   end  p o r t i o n   of  the   a x i a l l y   d i s p l a c e a b l e   r o l l s .  

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

the   a x i a l l y   d i s p l a c e a b l e   r o l l   has  end  p o r t i o n s   h a v i n g  

a  s t e p p e d   fo rm,   b e c a u s e   in  such  a  c a s e   an  e x t r e m e l y  

l a r g e   s t r e s s   c o n c e n t r a t i o n   t a k e s   p l a c e   in  the   p o r t i o n s  

of  t he   r o l l   s u r f a c e   n e a r   the  s t e p p e d   ends ,   b e c a u s e   t h e  

r o l l   i s   a b r u p t l y   r e l e a s e d   from  the   r o l l i n g   load  at  t h e  

s t e p p e d   a x i a l   e n d s .  

Thus ,   the   a x i a l   end  p o r t i o n s   of  the  a x i a l l y  

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

c o n n e c t i o n   w i th   the   l oad   as  c o m p a r e d   w i th   the  r o l l   o f  

the   c o n v e n t i o n a l   r o l l i n g   m i l l ,   r e s u l t i n g   in  a  s h o r t e n e d  

l i f e   of  the   r o l l   a n d / o r   g e n e r a t i o n   of   s p a l l i n g .  

In  a d d i t i o n ,   in  the  e v e n t   t h a t   the.  a x i a l l y  



d i s p l a c e a b l e   r o l l   has  s t e p p e d   end  p o r t i o n s ,   l i n e a r  

s u r f a c e   f l a w s   or  s c o r e s   a re   f o r m e d   in  the  s u r f a c e   o f  

the  a d j a c e n t   r o l l .   Such  s u r f a c e   f low  or  s c o r e   n o t  

on ly   s h o r t e n s   t he   l i f e   of  the   r o l l   but   a l s o   is   t r a n s -  

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

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

or  w i d t h   of  t he   r o l l e d   p r o d u c t .  

The  r o l l s   of  r o l l i n g   m i l l s   a r e   u s u a l l y   m a d e  

o f  f o r g e d   s t e e l   or  c a s t   s t e e l .   I t   i s ,   t h e r e f o r e ,  

e x t r e m e l y   d i f f i c u l t   to  o v e r c o m e   the   a b o v e - d e s c r i b e d  

p r o b l e m s   by  d r a s t i c a l l y   e n h a n c i n g   the   r o l l   s t r e n g t h .  

The  use  of  e x p e n s i v e   h a r d   m a t e r i a l s ,   n e e d l e s s   to  s a y ,  

u n e c o n o m i c a l l y   r a i s e s   t he   c o s t   of   the   r o l l .  

Under  t h e s e   c i r c u m s t a n c e s ,   i t   is  an  i m p o r t a n t  

t e c h n i c a l   s u b j e c t   to  be  a c h i e v e d   in  the  f i e l e d   o f  

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

p r o d u c t s   by  a v o i d i n g   f l aws   or  s c o r e s ,   wh i l e   r e a l i z i n g  

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

of  the  r o l l ,   u s i n g   the   c o n v e n t i o n a l   l e s s   e x p e n s i v e   r o l l  

m a t e r i a l s .  

The  r o l l i n g   m i l l   of   t he   k ind   d e s c r i b e d  

i n h e r e n t l y   has  a  s u p e r i o r   s h a p e   c o n t r o l l a b i l i t y .   T h u s ,  

i t   is  a l s o   an  i m p o r t a n t   t e c h n i c a l   s u b j e c t   to  o p t i m i z e  

the  shape   and  s i z e   of  the   a x i a l   end  p o r t i o n   of  t h e  

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

at   l e a s t   to  m a i n t a i n   the   s u p e r i o r   shape   c o n t r o l l a b i l i t y .  

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

on  an  a s s u m p t i o n   to  p r o v i d e   t he   a x i a l   end  p o r t i o n   o f  



t h e   a x i a l l y   d i s p l a c e a b l e   r o l l   w i t h   an  a r c u a t e   p r o f i l e ,  

to  r e p r e s e n t   the  r a d i u s   of  c u r v a t u r e   of  the   a r c u a t e  

p r o f i l e   by  a  v a l u e   of  no  d i m e n s i o n   in  r e l a t i o n   to  t h e  

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

b e  m a d e   to  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  1 6 7 8 4 / 1 9 7 8 .  

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

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

p o i n t   of  the  a x i a l   end  p o r t i o n   of  the   r o l l ,   i . e .   t h e  

- j u n c t i o n   b e t w e e n   the   c y l i n d r i c a l   r o l l   body  p o r t i o n   a n d  

t h e   a r c u a t e   a x i a l   end  p o r t i o n .  

I f   the  l o a d   i s   a p p l i e d   to  the   r o l l s   in   s u c h  

a  s t a t e   t h a t   an  a x i a l   end  p o r t i o n   of  the  d i s p l a c e a b l e  

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

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

r e g i o n s   of  b o t h   r o l l s ,   so  t h a t   the   a x i a l   c o n t a c t   l e n g t h  

is   i n c r e a s e d   as  c o m p a r e d   w i t h   t h a t   p r e s e n t e d   when  t h e r e  

i s   no  load   a p p l i e d   to  t h e   r o l l s .   I t   is  t r u e   t h a t   t h e  

s t r e s s   c o n c e n t r a t i o n   and  the   s c o r i n g   in  the   r o l l e d  

p r o d u c t   can  be  a v o i d e d   to  some  e x t e n t   by  a d o p t i n g   a n  

a r c u a t e   p r o f i l e   of  r a d i u s   R  of  c u r v a t u r e   at  t he   a x i a l  

end  p o r t i o n s   of  t he   d i s p l a c e a b l e   r o l l .   However ,   i f  

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

of  load  has  i n a d e q u a t e   shape   and  s i z e ,   the  c o n t a c t  

r e g i o n   be tween   two  r o l l s   is  a b r u p t l y   t e r m i n a t e d   so  t h a t  

the   p r o b l e m s   e x p e r i e n c e d   w i t h   the  use  of  d i s p l a c e a b l e  

r o l l   h a v i n g   s t e p p e d   a x i a l   end  p o r t i o n s   a re   e n c o u n t e r e d  

even   i f   the  d i s p l a c e a b l e   r o l l   has  a x i a l   end  p o r t i o n s  

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



The  r o l l i n g   m i l l   of  the  type   d e s c r i b e d   p e r m i t s  

good  r o l l i n g   fo r   v a r y i n g   r o l l i n g   load   and  r o l l i n g  

w i d t h .   In  f a c t ,   the   r o l l i n g   can  be  s a t i s f a c t o r i l y  

p e r f o r m e d   even  at  such  a  h igh   r e d u c t i o n   r a t i o   of  a b o u t  

50%.  In  the  r o l l i n g   o p e r a t i o n   at  such  a  h i g h   r e d u c t i o n  

r a t i o ,   the   amount  of  f l a t t e n i n g   d e f o r m a t i o n   b e t w e e n  

the   r o l l s   is  i n n e g l i g i b l y   l a r g e ,   and  the   a b o v e -  

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

i n g - a r c u a t e   p r o f i l e   of  the   a x i a l   end  p o r t i o n s   o f  

d i s p l a c e a b l e   r o l l .  

$UMMARY  OF  THE  INVENTION 

It   i s ,   t h e r e f o r e ,   an  o b j e c t   of  the   i n v e n t i o n  

to  p r o v i d e   a  r o l l   h a v i n g   a x i a l   end  p o r t i o n s   shaped   a n d  

s i z e d   to  a v o i d ,   even  i f   the  l e n g t h   of  c o n t a c t   r e g i o n  

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

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

c o n c e n t r a t i o n ,   as  we l l   as  g e n e r a t i o n   of  s p a l l i n g   a n d  

s c o r e   at  the  a x i a l   end  p o r t i o n   of  the   r o l l   to  i m p r o v e  

the   d u r a b i l i t y   of  the   r o l l   t h e r e b y   to  o v e r c o m e   t h e  

a b o v e - d e s c r i b e d   p r o b l e m s   of  the  p r i o r   a r t ,   w h i l e  

i m p r o v i n g   the  shape  c o n t r o l l a b i l i t y   of  the   r o l l i n g  

m i l l .  

I t   is  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   t o  

p r o v i d e   a  r o l l   which  can  e l i m i n a t e   the  g e n e r a t i o n   o f  

s u r f a c e   f law  or  s c o r e   in  the  c o n t a c t i n g   r o l l ,   t h e r e b y  

to  e n s u r e   a  good  q u a l i t y   of  the  r o l l e d   p r o d u c t s .  

I t   is  s t i l l   a n o t h e r   o b j e c t   of  the   i n v e n t i o n  



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

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

the   a p p l i c a t i o n   of  r o l l i n g   l o a d ,   even  when  c o n v e n t i o n a l  

l e s s - e x p e n s i v e   m a t e r i a l   such  as  f o r g e d   s t e e l ,   c a s t   s t e e l  

or  the   l i k e   is   used  as  the   m a t e r i a l   of  the  r o l l   t h e r e b y  

to  make  i t   p o s s i b l e   to  o v e r c o m e   t he   p r o b l e m s   of  t h e  

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

I t   is  a  f u r t h e r   o b j e c t   of  t he   i n v e n t i o n   t o  

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

to  make  a  shape   c o n t r o l   of  t he   r o l l e d   p r o d u c t   by  a n  

a x i a l   a d j u s t m e n t   of  a x i a l l y   d i s p l a c e a b l e   r o l l   or  b y  

a  c o m b i n a t i o n   of  such  an  a x i a l   a d j u s t m e n t   and  a n  

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

h igh   f l e x u r a l   r i g i d i t y ,   the   r o l l   h a v i n g   a x i a l   e n d  

p o r t i o n s   s h a p e d   and  s i z e d   to  p e r m i t   the   r o l l   to  b e  

a p p l i e d   to  a  wide  v a r i e t y   of  s i z e   and  use  of  the   r o l l i n g  

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

and  so  f o r t h .  

To  t h i s   end,   a c c o r d i n g   to  the   i n v e n t i o n ,  

t h e r e   is   p r o v i d e d   a  r o l l   f o r   use  in  a  r o l l i n g   m i l l  

h a v i n g   u p p e r   and  lower   work  r o l l s   a r r a n g e d   in  p a i r   a n d  

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

to  r o l l   t he   l a t t e r ,   each  work  r o l l   h a v i n g   a  d i a m e t e r  

at  l e a s t   15%  of  the  r o l l   b a r r e l   l e n g t h   t h e r e o f   and  a  

h i g h   f l e x u r a l   r i g i d i t y ,   and  a  p a i r   of  d i s p l a c e a b l e  

r o l l s   d i s p o s e d   at  one  s i d e   o r  u p p e r   and  lower   s i d e s  

of  s a i d   p a i r   of  work  r o l l s   in  such  a  manner   t h a t   a  

p l a n e   d e f i n e d   by  the  axes   of  s a i d   d i s p l a c e a b l e   r o l l s  



s u b s t a n t i a l l y   or  e x a c t l y   c o i n c i d e s   wi th   a  p l a n e   d e f i n e d  

by  the  axes   of  s a i d   work  r o l l s   and  t h a t   s a i d   d i s p l a c e -  

a b l e   r o l l s   can  be  d i s p l a c e d   in  the   a x i a l   d i r e c t i o n   i n  

a c c o r d a n c e   w i th   the  w i d t h   of  the   r o l l e d   s h e e t   t h e r e b y  

to  p e r m i t   a  shape  c o n t r o l   to  c o n t r o l   the  shape   of  t h e  

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

r o l l   has  an  a x i a l   end  p o r t i o n   h a v i n g  a   d i a m e t e r  

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

t h a t   the   r e d u c t i o n   in  the   r a d i u s   of  the  a x i a l   e n d  

p o r t i o n   w i t h i n   the   a x i a l   r e g i o n   of  100  mm  as  m e a s u r e d  

from  the   s t a r t i n g   p o i n t   of  the   a x i a l   end  p o r t i o n   is  a t  

l e a s t   0 .3   mm. 

In  the  r o l l i n g   m i l l   of  the  i n v e n t i o n ,   t h e  

end  p o r t i o n   of  the  d i s p l a c e a b l e   r o l l   is  s u i t a b l y  

l o c a t e d   in  r e l a t i o n   to  t h e   w i d t h w i s e   end  of  the  r o l l e d  

m a t e r i a l   to  p e r f o r m   a  good  shape   c o n t r o l .   U n f o r t u n a t e l y ,  

h o w e v e r ,   t h e r e   is  a  p r o b l e m   t h a t   the  b o u n d a r y   b e t w e e n  

the  c o n t a c t i n g   r e g i o n   and  n o n - c o n t a c t i n g   r e g i o n   of  t h e  

d i s p l a c e a b l e   r o l l   w i t h   the   a d j a c e n t   r o l l   is  moved  d u e  

to  a  H e r t z   f l a t t e n i n g   of  t he   r o l l s   when  the   r o l l i n g  

load   is  a c t u a l l y   a p p l i e d .   A c c o r d i n g   to  the  i n v e n t i o n ,  

even  i f   the   a b o v e - m e n t i o n e d   b o u n d a r y   is  s h i f t e d   t h i s  

p rob lem  is   f a i r l y   ove rcome   to  e n s u r e   a  good  s h a p e  

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

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

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

d i s p l a c e a b l e   r o l l   has  an  a x i a l   end  p o r t i o n   which  i s  

shaped   in  such  a  manner   t h a t   a  d i a m e t e r   g r a d u a l l y  



r e d u c e s   t o w a r d   the  a x i a l   o u t e r   e x t r e m i t y   and  t h a t   t h e  

r e d u c t i o n   in  r a d i u s   in  each  a x i a l   end  p o r t i o n   w i t h i n  

the  a x i a l   r e g i o n   of  100  mm  as  m e a s u r e d   from  t h e  

s t a r t i n g   p o i n t   of  the  a x i a l   end  p o r t i o n   is  at  l e a s t  

0 .3   mm. 

These   and  o t h e r   o b j e c t s ,   as  wel l   as  a d v a n -  

t a g e o u s   f e a t u r e s   of  the   i n v e n t i o n   w i l l   become  c l e a r  

f rom  the   f o l l o w i n g   d e s c r i p t i o n   of  the   p r e f e r r e d  

e m b o d i m e n t s   t a k e n   in  c o n j u n c t i o n   w i t h   the  a c c o m p a n y i n g  

d r a w i n g s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g .   1  is   a  s e c t i o n a l   view  of  a  r o l l i n g   m i l l  

h a v i n g   a x i a l l y   d i s p l a c e a b l e   r o l l s   t he   a x i a l   end  p o r t i o n s  

of  which  b e i n g   s p e c i f i c a l l y   s h a p e d   and  s i z e d   i n  

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

F i g .   2  is  a  s i d e   e l e v a t i o n a l   view  of  t h e  

r o l l i n g   m i l l   as  shown  in  F i g .   1 ;  

F i g .   3  is  an  e n l a r g e d   view  of  a x i a l   e n d  

p o r t i o n   of  the   a x i a l l y   d i s p l a c e a b l e   r o l l ;  

F i g s .   4A,  4B  and  4C  a re   i l l u s t r a t i o n s   o f  

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

the   r o l l i n g   m i l l ;  

F i g .   5  is  a  c h a r t   s h o w i n g   the   r e l a t i o n s h i p  

b e t w e e n   t h e   amount  of  H e r t z   f l a t t e n i n g   of  r o l l s   a n d  

r o l l   l i n e   l o a d ;  

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

a  r o l l   of  s m a l l   d i a m e t e r ;  



Fig .   7  is   a  c h a r t   showing  the  r e l a t i o n s h i p  

b e t w e e n   the  s h e e t   w i d t h   and  the  r o l l e d   s h e e t   and  t h e  

d i a m e t e r   of  s m a l l   work  r o l l ;  

F i g s .   8  and  9  a re   i l l u s t r a t i o n s   of  o t h e r  

s h a p e s   of  the   a x i a l   end  p o r t i o n   of  t he   a x i a l l y  

d i s p l a c e a b l e   r o l l ;  

F i g .   10  is  an  i l l u s t r a t i o n   of  l oad   d i s t r i b u -  

t i o n   on  the  r o l l ;  

a n d  

F i g s .   11  and  12  show  d i f f e r e n t   r o l l i n g   m i l l s  

in  which  the  a x i a l l y   d i s p l a c e a b l e   r o l l s   h a v i n g   a x i a l  

end  p o r t i o n s   s p e c i f i c a l l y   s i z e d   and  s h a p e d   in  a c c o r d a n c e  

w i th   the  i n v e n t i o n   are   i n c o r p o r a t e d .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

P r e f e r r e d   embodimen t s   of  the   i n v e n t i o n   w i l l  

be  d e s c r i b e d   h e r e i n u n d e r .  

F i g s .   1  and  2  show  a  s i x   h i g h   m i l l   e m b o d y i n g  

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

a x i a l   end  p o r t i o n s   of  which  are   s h a p e d   and  s i z e d   i n  

a c c o r d a n c e   wi th   the   i n v e n t i o n .   More  s p e c i f i c a l l y ,   F i g .  

1  is  a  s e c t i o n a l   view  of  the  r o l l i n g   m i l l ,   w h i l e   F ig .   2 

is  a  s i d e   e l e v a t i o n a l   v i e w .  

Upper  and  lower   work  r o l l s   2,  3  f o r   r o l l i n g  

the  m a t e r i a l   1  to  be  r o l l e d   in  d i r e c t   c o n t a c t   w i th   t h e  

l a t t e r   a re   s u p p o r t e d   by  me ta l   c h o c k s   5,  6  h e l d   in  t h e  

r o l l   h o u s i n g   4  at  t h e i r   bo th   ends .   The  me ta l   c h o c k s  

5,  6  in  t u r n   are   c a r r i e d   by  the  i n s i d e   of  the   l e f t   a n d  



r i g h t   p r o j e c t i o n s   7,  8  p r o v i d e d   on  the  r o l l   h o u s i n g   4 

for   f r e e   v e r t i c a l   a d j u s t m e n t .   The  p r o j e c t i o n s   7,  8 

I n c o r p o r a t e   h y d r a u l i c   rams  9,  10  fo r   e f f e c t i n g   b e n d i n g  

of  the  u p p e r   and  l ower   work  r o l l s .  

Upper  and  l ower   i n t e r m e d i a t e   r o l l s   11,  12  

a r r a n g e d   in  p a i r   and  c o n t a c t i n g   the   work  r o l l s   2,  3 ,  

r e s p e c t i v e l y ,   a re   d i s p o s e d   such  t h a t   t h e i r   axes   a r e  

s u b s t a n t i a l l y   in  the  same  p l a n e   as  t hose   of  the   u p p e r  

and  l ower   work  r o l l s   2,  3;  and  a re   s u p p o r t e d   at  t h e i r  

both   ends   by  m e t a l   chocks   13,  14.  Each  i n t e r m e d i a t e  

r o l l   has  an  a x i a l   end  p o r t i o n   h a v i n g   an  a r c u a t e   p r o f i l e  

and  of  a  d i a m e t e r   g r a d u a l l y   d e c r e a s i n g   toward   the  a x i a l  

o u t e r   e x t r e m i t y .   More  s p e c i f i c a l l y ,   the   i n t e r m e d i a t e  

r o l l s   a re   a r r a n g e d   such  t h a t   t h e i r   a r c u a t e   a x i a l   e n d  

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

m i l l .   In  o t h e r   words ,   t he   a r c u a t e   a x i a l   end  p o r t i o n  

of  one  i n t e r m e d i a t e   r o l l   is  l o c a t e d   at   l e f t   s i d e   of  t h e  

pa th   of  t he   r o l l e d   m a t e r i a l ,   w h i l e   the   a r c u a t e   a x i a l  

end  p o r t i o n   of  t h e   o t h e r   i n t e r m e d i a t e   r o l l   is  l o c a t e d  

at   the  r i g h t   s i d e   of  the   s a m e .  

Upper  and  l o w e r   b a c k u p   r o l l s   15,  16  a r e  

a r r a n g e d   in   a  p a i r ,   in  c o n t a c t   w i th   the  upper   s i d e   o f  

the  upper   i n t e r m e d i a t e   r o l l   11  and  the  lower  s i d e   o f  

the  lower   i n t e r m e d i a t e   r o l l   12,  r e s p e c t i v e l y ,   s u c h  

t h a t   the   axes   of  t h e s e   b a c k u p   r o l l s   are  in  the   s ame  

p l a n e   as  t he   axes   of  t he   i n t e r m e d i a t e   and  work  r o l l s .  

These  b a c k u p   r o l l s   15,  16  a re   s u p p o r t e d   at  t h e i r   b o t h  

ends  by  m e t a l   chocks   17,  18  p r o v i d e d   in  the   r o l l  



h o u s i n g   4.  A  h y d r a u l i c   ram  19  f o r   e f f e c t i n g   the  r o l l  

r e d u c t i o n   is  c o n n e c t e d   to  t he   l o w e r   s i d e   of  the   m e t a l  

chock  18  and  is  r e c e i v e d   by  a  c y l i n d e r   20.  The  m e t a l  

chocks   13,  14  for   the   i n t e r m e d i a t e   r o l l s   a re   r e c e i v e d  

by  r e c e s s e s   21,  22  of  the   m e t a l   chocks   17,  18  f o r   b a c k u p  

r o l l s ,   so  as  to  p e r m i t   the   i n t e r m e d i a t e   r o l l s   11,  12  t o  

be  d i s p l a c e d   in   the  upward  and  downward  d i r e c t i o n ,   a s  

we l l   as  in  the   a x i a l   d i r e c t i o n .  

The  i n t e r m e d i a t e   r o l l s   11,  12  a re   c o u p l e d ,  

t h r o u g h   s h a f t s   23,  24  c o n n e c t e d   to  t h e i r   one  e n d s ,   w i t h  

means  (not   shown)  fo r   a x i a l l y   d i s p l a c i n g   the   i n t e r -  

m e d i a t e   r o l l s   in  o p p o s i t e   a x i a l   d i r e c t i o n s .   The  w o r k  

r o l l s   2,  3  a re   d r i v i n g l y   c o u p l e d   wi th   d r i v i n g   m e a n s  

(not   shown)  t h r o u g h   r e s p e c t i v e   u n i v e r s a l   j o i n t s   25,  26 

and  d r i v e   s h a f t s   27,  2 8 .  

In  the   r o l l i n g   m i l l   h a v i n g   the  d e s c r i b e d  

c o n s t r u c t i o n ,   the   a x i a l   end  p o r t i o n   of  each  i n t e r m e d i a t e  

r o l l   is   a x i a l l y   a d j u s t e d   in  a c c o r d a n c e   wi th   the  w i d t h  

of  the  s h e e t   b e i n g   r o l l e d   in  such  a  manner  t h a t ,   f o r  

e x a m p l e ,   the   s t a r t i n g   p o i n t   of  the   a x i a l   end  p o r t i o n  

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

s p o n d i n g   to  t he   w i d t h w i s e   end  of  the   r o l l e d   s h e e t   o r  

i t s   v i c i n i t y .   In  c o n s e q u e n c e ,   t he   u n d e s i r a b l e   d e f l e c t i o n  

of  the  work  r o l l ,   due  to  t he   l oad   imposed  by  the  b a c k u p  

r o l l   c o n t a c t i n g   t h e r e w i t h ,   is  a v o i d e d   to  p r e v e n t  

e x c e s s i v e   r o l l i n g   of  t he   r o l l e d   s h e e t   ac  both   a x i a l  

ends  of  the   work  r o l l .   In  a d d i t i o n ,   the   r o l l   b e n d i n g  

e f f e c t   is  we l l   p e r f o r m e d   by  the   h y d r a u l i c   ram  f o r  



b e n d i n g ,   b e c a u s e   each  work  r o l l   is  f r e e d   at  i t s   o n e  

a x i a l   end  f rom  c o n t a c t   w i t h   t he   backup   r o l l .  

H e r e i n a f t e r ,   a  d e s c r i p t i o n   w i l l   be  made  a s  

to  the  shape   and  s i z e   of  t he   a x i a l   end  p o r t i o n   of  t h e  

a x i a l l y   d i s p l a c e a b l e   r o l l .  

F i g .   3  is  an  e n l a r g e d   view  of  the   a x i a l   e n d  

p o r t i o n   of  t he   i n t e r m e d i a t e   r o l l ,   in  which  x l ,   R  a n d  

y   r e p r e s e n t ,   r e s p e c t i v e l y ,   t he   a x i a l   l e n g t h ,   r a d i u s  

of  c u r v a t u r e   and  r a d i u s   r e d u c t i o n ( r e l i e f )   of  the   a x i a l  

end  p o r t i o n   of  the   i n t e r m e d i a t e   r o l l .   A l so ,   t h e  

d i a m e t e r   of  t he   c y l i n d r i c a l   body  p o r t i o n   and  the  p o i n t  

at  which  the   a x i a l   end  p o r t i o n   s t a r t s   are   d e s i g n a t e d  

w i th   D  and  S,  r e s p e c t i v e l y .   The  d i r e c t i o n   of  r o l l  

a x i s   is  r e p r e s e n t e d   by  x - a x i s ,   w h i l e   the   upward  a n d  

downward  d i r e c t i o n   as  v i ewed   in  t h i s   F i g u r e   i s  

r e p r e s e n t e d   by  y - a x i s ,   w i th   t h e   c r o s s i n g   p o i n t   of  t h e  

v e r t i c a l   l i n e   p a s s i n g   the   s t a r t i n g   p o i n t   S  and  t h e  

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

s u r f a c e   c o n s t i t u t i n g   the   o r i g i n   of  the   c o o r d i n a t e .  

F i g s .   4A  to  4C  show  the   p o s i t i o n a l   r e l a t i o n -  

s h i p   of  r o l l s .   More  s p e c i f i c a l l y ,   F i g .   4A  shows  t h e  

s t a t e   in  which  no  r o l l i n g   load   is   i m p o s e d ,   F i g .   4B 

shows  the   s t a t e   in  which  the  r o l l   end  p o r t i o n   is  i n  

c o n t a c t   w i th   the  c o o p e r a t i n g   r o l l   o v e r   the   e n t i r e  

a x i a l   l e n g t h   t h e r e o f   due  to  a  r o l l i n g   load   i m p o s e d  

t h e r e o n   and  F i g .   4C  shows  the   s t a t e   in   which  t h e  

r o l l i n g   load   is  imposed   but   t he   a x i a l   end  p o r t i o n   makes  

c o n t a c t   w i t h   the  c o o p e r a t i n g   r o l l   on ly   at  a  pa r t   o f  



a x i a l   l e n g t h   t h e r e o f .  

In  o r d e r   to  a c h i e v e   the   o b j e c t   of  t h e  

i n v e n t i o n ,   i t   is   n e c e s s a r y   to  s a t i s f y   the  f o l l o w i n g  

t h r e e   r e q u i r e m e n t s :  

(1)  To  make  su re   t h a t   the   a x i a l   end  p o r t i o n   o f  

the  a x i a l l y   d i s p l a c e a b l e   r o l l   does   not   make  c o n t a c t  

over   i t s   e n t i r e   a x i a l   l e n g t h   w i t h   the   c o o p e r a t i n g   r o l l  

even  when  unde r   the   p r e s e n c e   of  t he   r o l l i n g   load   a s  

shown  in  F i g .   4C,  i . e .   to  have  t he   minimum  r e q u i r e d  

r e l i e f   y t .  

(2)  To  p r o v i d e   the  a x i a l   end  p o r t i o n   wi th   a  s h a p e  

and  s i z e   which  e l i m i n a t e   t he   p r o b l e m s   c o n c e r n i n g   t h e  

r o l l   s t r e n g t h   and  s c o r i n g   of  the   r o l l   even  when  t h e  

bounda ry   b e t w e e n   the   c o n t a c t i n g   and  n o n - c o n t a c t i n g  

a x i a l   r e g i o n s   of  t he   a x i a l   end  p o r t i o n   of  the   d i s p l a c e -  

ab le   r o l l   is   s h i f t e d   due  to  the   a p p l i c a t i o n   of  r o l l i n g  

l o a d .  

(3)  To  p r o v i d e   the   a x i a l   end  p o r t i o n   with  a  

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

l a b i l i t y   of  the   r o l l i n g   m i l l ,   as  w i l l   be  d e s c r i b e d  

l a t e r   in  more  d e t a i l .  

In  o r d e r   to  d e t e r m i n e   t h e   r e l i e f   amount  y t  

as  s t a t e d   in  i t em  (1)  a b o v e ,   i t   is   n e c e s s a r y   to  o b t a i n  

the  amount  of  d e f o r m a t i o n   of  r o l l s   due  to  c o n t a c t   u n d e r  

the  p r e s e n c e   of  the   l o a d .  

There   a re   two  k i n d s   of  d e f o r m a t i o n ,   one  o f  

which  is  u s u a l l y   r e f e r r e d   to  as  H e r t z   f l a t t e n i n g .  

F ig .   5  shows  the   t h e o r e t i c a l l y   o b t a i n e d  



r e l a t i o n s h i p   b e t w e e n   the   amount   6  of  He r t z   f l a t t e n i n g  

g e n e r a t e d   b e t w e e n   two  r o l l s   29,  30  and  the   l i n e   l oad   p  

( l o a d   per   u n i t   a x i a l   l e n g t h   of  r o l l )   imposed   on  t h e  

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

the  f o l l o w i n g   e q u a t i o n .  

a n d  

w h e r e ,  

E:  Y o u n g ' s   m o d u l u s  

v:  P o i s s o n ' s   r a t i o  

Thus,   the   H e r t z   f l a t t e n i n g   amount  can  b e  

e x p r e s s e d   by  the  f o l l o w i n g   e q u a t i o n ,   i f   the   sum  (d l   +  d 2 )  

of  d i a m e t e r s   of  two  r o l l s   29,  30  f a l l   w i t h i n   t h e  

p r a c t i c a l   r a n g e .  

w h e r e ,  

6:  mm 

p:  Kg/mm 

The  r o l l   l i n e   l o a d   a d o p t e d   in  a c t u a l   r o l l i n g  

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

(a)  p =  2 0 0  t o   500  Kg/mm:  s m a l l - s i z e d   r o l l i n g   m i l l ,  

r o l l i n g   m i l l   f o r   a luminum,   s k i n   p a s s   r o l l i n g  

m i l l   fo r   i r o n  



(b)  p =  800  to  1000  Kg/mm:  l a r g e - s i z e d   r o l l i n g   m i l l ,  

r o l l i n g   m i l l   fo r   ha rd   m a t e r i a l  

Thus ,   the   amount  of  H e r t z   f l a t t e n i n g   6  i s  

c a l c u l a t e d   to  be  0 .06  to  0 .15   mm  and  0.24  to  0.3  mm 

f o r   the  r o l l i n g   m i l l s   b e l o n g i n g   to  the   c a t e g o r i e s   ( a )  

and  ( b ) .   T h e r e f o r e ,   in  o r d e r   to  e n s u r e   t h a t   the  c o n t a c t  

b e t w e e n   the  a x i a l   end  p o r t i o n   of  the   d i s p l a c e a b l e   r o l l  

and  the  c o o p e r a t i n g   r o l l   t a k e s   p l a c e   on ly   over   a  

p o r t i o n   of  the   a x i a l   end  p o r t i o n   of  the   d i s p l a c e a b l e  

r o l l   by  p r o v i d i n g   the  r e l i e f   amount   y e  i n   only   one  o f  

t h e s e   r o l l s ,   the   r e l i e f   amount   y   s h o u l d   be  at  l e a s t  

0.3  m m .  

A n o t h e r   f a c t o r   which   i n f l u e n c e s   the   r o l l  

r e l i e f   amount  ye  i s   an  i n c r e a s e   in  the  l e n g t h   o f  

c o n t a c t   r e g i o n   b e t w e e n   the   r o l l s   owing  to  the   d e f l e c t i o n  

of  r o l l s .  

Namely,   r e f e r r i n g   to  F ig .   6,  i f   the  c o o p e r a t -  

ing  work  r o l l   2  h a s  a   s m a l l   d i a m e t e r   and  low  r i g i d i t y ,  

such  a  work  r o l l   makes  a  l a r g e   d e f l e c t i o n   so  t h a t   i t  

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

of  r e l i e f .   I n  t h e   case   where  t he   p o r t i o n   at  which  t h e  

c o n t a c t   be tween   two  r o l l s   i s   t e r m i n a t e d   is  c r e a t e d   b y  

the  a x i a l   d i s p l a c e m e n t   of  the   d i s p l a c e a b l e   r o l l   as  i n  

the  case  of  the  r o l l i n g   m i l l   of  the   i n v e n t i o n ,   t h e r e  

is  a  p r a c t i c a l   l i m i t   in  I n c r e a s i n g  t h e   r e l i e f   amoun t  

when  the   c o o p e r a t i n g   r o l l   has  a  s m a l l   d i a m e t e r   as  i n  

the  case   of  work  r o l l .   -  

F i g .  7   shows  a  r e l a t i o n s h i p   b e t w e e n   the  r o l l e d  



s h e e t   w i d t h   and  the   minimum  d i a m e t e r   of  work  r o l l   a s  

o b t a i n e d   t h r o u g h   a  t h e o r e t i c a l   c a l c u l a t i o n   on  a n  

a s s u m p t i o n   t h a t   the   d i a m a t e r s   of   the   backup  r o l l   a n d  

t h e  i n t e r m e d i a t e  r o l l   a r e   1400  mm  and  650  mm,  r e s p e c -  

t i v e l y ,   and  t h a t   the   r o l l   b a r r e l   l e n g t h   of  the   i n t e r -  

m e d i a t e   r o l l   is  1420  mm.  I t   i s   n e c e s s a r y   t h a t   t h e  

work  r o l l   d i a m e t e r   D'  has  to  be  d e t e r m i n e d   in  r e l a t i o n  

to  t h e   r o l l e d   s h e e t   w i d t h   B  to  s a t i s f y   t h e  r e l a t i o n s h i p  

e x p r e s s e d   by  D '  >   0 .2B.   Th i s   c o n d i t i o n   is  g e n e r a l l y  

met  by  p r a c t i c a l   s i z e s   of  r o l l s .   Th is   r e l a t i o n s h i p  

e x p r e s s e s   the  l i m i t   fo r   a v o i d i n g   the   s o - c a l l e d   c o m p o s i t e  

e l o n g a t i o n   of  the   r o l l e d   m a t e r i a l .   In  o t h e r   w o r d s ,  

t h i s   r e l a t i o n   d e t e r m i n e s   t he   t h r e s h o l d   v a l u e   f o r  

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

at   a  p o r t i o n   of  the   l a t t e r   where  the   s u p p o r t   by  t h e  

d i s p l a c e a b l e   r o l l   is  l o s t   due  to  the   a x i a l   d i s p l a c e m e n t  

of   t h e   l a t t e r .  

T a k i n g   a c c o u n t   of  the   m e a n d e r i n g   of  t he   r o l l e d  

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

t h e   r o l l s   h a v i n g   r o l l   b a r r e l   l e n g t h   100  to  150  mm 

g r e a t e r   t h a n   the   r o l l e d   s h e e t   w i d t h   a re   e m p l o y e d .   F o r  

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

maximum  w i d t h   of  800  mm,  the   minimum  r e q u i r e d   d i a m e t e r  

of  t h e   work  r o l l   is  160  mm  and  the   r o l l   b a r r e l   l e n g t h  

i s   s e l e c t e d   to  be  900  to  950  mm.  Thus ,   the   r a t i o   o f  

work  r o l l   d i a m e t e r   to  the   r o l l   b a r r e l   l e n g t h   i s   17  t o  

18%.  S i n c e   the   i n v e n t i o n   is   a p p l i e d   to  the  r o l l i n g  

m i l l   h a v i n g   work  r o l l   of  a  h igh   f l e x u r a l   r i g i d i t y   a n d  



the   r a t i o   of  d i a m e t e r   to  r o l l   b a r r e l   l e n g t h   of  w o r k  

r o l l   e x c e e d i n g   at  l e a s t   15%,  each  work  r o l l   can  b e  

s u p p o r t e d   by  on ly   one  r o l l   which   i s ,   in  the  a r r a n g e m e n t  

shown  in  F i g .   1,  the   i n t e r m e d i a t e   r o l l   which  i s  

d i s p o s e d   at  each  of  upper   and  l o w e r   s i d e s   of  the   p a i r  

of  work  r o l l s .  

T h e r e f o r e ,   p r o v i d e d   t h a t   the   d i a m e t e r   of  t h e  

c o o p e r a t i n g   r o l l   is  s e l e c t e d   to  be  g r e a t e r   t han   t h e  

a b o v e - m e n t i o n e d   minimum  l i m i t   or  t h r e s h o l d   v a l u e ,   i t  

is   not  n e c e s s a r y   to  t ake   i n t o   c o n s i d e r a t i o n   t h e  

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

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

To  sum  up,  i t   is  r e q u i r e d   t h a t   the   amount  o f  

r e l i e f   at  the   a x i a l   e x t r e m i t y   or  edge  of  the  a x i a l l y  

d i s p l a c e a b l e   r o l l   is  at  l e a s t   0 .3   mm  in  r a d i u s .  

An  e x p l a n a t i o n   w i l l   be  made  h e r e i n u n d e r   a s  

to  the   i t em  (2)  of  the  a f o r e m e n t i o n e d   r e q u i r e m e n t s .  

I t   is   p o s s i b l e   to  p r e s e r v e   a  n o n - c o n t a c t i n g   p o r t i o n   i n  

the   a x i a l   end  p o r t i o n   of  the   d i s p l a c e a b l e   r o l l ,   i f   t h e  

a x i a l   end  p o r t i o n   has  a  r e l i e f   amount   in  e x c e s s   of  0 . 3  

mm  as  s t a t e d   above .   In  o r d e r   to  a v o i d   the   c o n c e n t r a t i o n  

of  s t r e s s   to  the  bounda ry   b e t w e e n   t he   c o n t a c t i n g   a n d  

n o n - c o n t a c t i n g   r e g i o n s   in  the   a x i a l   end  p o r t i o n   of  t h e  

d i s p l a c e a b l e   r o l l ,   as  wel l   as  s c o r i n g   in  the  c o o p e r a t i n g  

r o l l   at  the  p o s i t i o n   of  such  a  b o u n d a r y ,   i t   is  p r e f e r r e d  

t h a t   the  r o l l   d i a m e t e r   of  t he   a x i a l   end  p o r t i o n   i s  

d e c r e a s e d   t oward   the  a x i a l   e x t r e m i t y   or  edge  a s  

g r a d u a l l y   as  p o s s i b l e .   When  t h e   a x i a l   end  p o r t i o n   i s  



formed  in  an  a r c u a t e   s h a p e ,   i t   is  p r e f e r r e d   t h a t   s u c h  ,  

an  a r c u a t e   a x i a l   end  p o r t i o n   has  a  r a d i u s   of  c u r v a t u r e  

in  e x c e s s   of  200  mm.  S i n c e   a  s t r e s s   c o n c e n t r a t i o n  

t e n d s   to  o c c u r   at   the   s t a r t i n g   p o i n t   of  the   a x i a l   e n d  

p o r t i o n ,   i . e .   at   t he   b o u n d a r y   b e t w e e n   the   c y l i n d r i c a l  

body  p o r t i o n   and  a x i a l   end  p o r t i o n   of  the   d i s p l a c e a b l e  

r o l l ,   i t   i s   p r e f e r r e d   t h a t   the   a x i a l   end  p o r t i o n   h a s  

an  a r c u a t e   p r o f i l e   of  a  r a d i u s   of  c u r v a t u r e   of  a t  

l e a s t   200  mm,  more  p r e f e r a b l y   b e t w e e n   300  and  4000  mm 

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

a x i a l   end  p o r t i o n .  

R e f e r r i n g   now  to  the  i t em  (3)  of  the   a f o r e -  

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

r e d u c e   the   d i a m e t e r   of  a x i a l   end  p o r t i o n   of  t h e  

d i s p l a c e a b l e   r o l l   as  g r a d u a l l y   as  p o s s i b l e   to  a v o i d  

the   s t r e s s   c o n c e n t r a t i o n   and  s c o r i n g ,   a  too  s m a l l   r a t e  

of  d e c r e a s e   in  the   r o l l   d i a m e t e r   w i l l   c ause   a  l a r g e  

change  of  c o n t a c t   l e n g t h   b e t w e e n   the   a x i a l l y   d i s p l a c e -  

a b l e   r o l l   and  t h e   a d j a c e n t   r o l l   due  to  the   a c t i o n   o f  

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

l o c a t i o n   of  the   a x i a l   end  p o r t i o n   of  d i s p l a c e a b l e   r o l l  

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

i n s u f f i c i e n t   shape   c o n t r o l l a b i l i t y .  

A c c o r d i n g   to  t h e   r e s u l t s   of  s t u d i e s   made  b y  

the   p r e s e n t   i n v e n t o r s ,   i t   has  been  made  c l e a r   t h a t ,   i n  

the   l a r g e - s i z e   r o l l i n g   m i l l   h a v i n g   a  r o l l   l i n e   p r e s s u r e  

p  of  800  to  1000  Kg/mm,  t h e   a x i a l   d i s p l a c e m e n t   o f  

the  b o u n d a r y   b e t w e e n   the   c o n t a c t i n g   r e g i o n   a n d  



n o n - c o n t a c t i n g   r e g i o n   is  p r e f e r a b l y   s m a l l e r   than   10  mm. 

A  d i s c u s s i o n   w i l l   be  made  h e r e i n u n d e r   as  to  the  c o n d i t i o n  

for   m a i n t a i n i n g   the   a x i a l   d i s p l a c e m e n t   w i t h i n   t he   r a n g e  

below  the  a b o v e - s p e c i f i e d   l i m i t   v a l u e .  

R e p r e s e n t i n g   the  a x i a l   d i s p l a c e m e n t s   when  t h e  

r o l l   l i n e   l o a d   p  is   800  Kg/mm  and  1000  Kg/mm,  r e s p e c -  

t i v e l y ,   by  X2  and  X1,  and  a s s u m i n g   t h a t   the  a x i a l   e n d  

p o r t i o n   of  the   d i s p l a c e a b l e   r o l l   has  an  a r c u a t e   p r o f i l e  

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

t i o n ,   t h e r e   e x i s t   the   r e l a t i o n s h i p s   e x p r e s s e d   by  t h e  

f o l l o w i n g   e q u a t i o n s .   As  s t a t e d   a l r e a d y ,   the   a m o u n t s  

of  Her t z   f l a t t e n i n g   6  are   0 .24  mm  and  0 .3  mm,  r e s p e c -  

t i v e l y ,   when  the   r o l l   l i n e   l oad   p  is  800 Kg/mm  a n d  

1000  Kg/mm. 

From  the  above  e q u a t i o n s ,   i t   is  d e r i v e d   t h a t  

the  a x i a l   d i s p l a c e m e n t   X1  is  94 .7   mm.  Thus,   as  a  

s t a n d a r d ,   i t   i s   r e q u i r e d   to  p r o v i d e   a  r e l i e f   amount  y e 

in  a x i a l   end  p o r t i o n   of  at.  l e a s t   0 .3   mm  in  r a d i u s  

w i t h i n   the   r e g i o n   of  100  mm  as  m e a s u r e d   from  the  s t a r -  

r i ng   p o i n t   of  the   a x i a l   end  p o r t i o n   t o w a r d   the  a x i a l  

e x t r e m i t y   or  edge  of  the   d i s p l a c e a b l e   r o l l .   Under  t h e  

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

c o n t a c t i n g   and  n o n - c o n t a c t i n g   r e g i o n s   e x i s t   b e t w e e n  

the  s t a r t i n g   p o i n t   S  of  t he   a x i a l   end  p o r t i o n   and  t h e  



a x i a l   e x t r e m i t y   or  edge  of  the  d i s p l a c e a b l e   r o l l .   T h e  

r o l l   l i n e   l oad   is  d e c r e a s e d   as  such  b o u n d a r y   is  s h i f t e d  

t o w a r d   the   a x i a l   e x t r e m i t y .   I t   i s ,   t h e r e f o r e ,   p o s s i b l e  

to  make  the   a x i a l   o u t e r   p a r t   of  the   a x i a l   end  p o r t i o n  

have  a  r a d i u s   R  of  c u r v a t u r e   s m a l l e r   t h a n   t h a t   at  t h e  

s t a r t i n g   p o i n t   of  t he   a x i a l   end  p o r t i o n   or  to  form  s u c h  

an  a x i a l   o u t e r   p a r t   by  a  s t r a i g h t   l i n e   of  a  l a r g e  

g r a d i e n t .   By  so  d o i n g ,   i t   is  p o s s i b l e   to  o b t a i n   t h e  

s m a l l e r   l e n g t h   b e t w e e n   the   s t a r t i n g   p o i n t   S  of  the   a x i a l  

end  p o r t i o n   and  t he   p o i n t   at  which   the   r a d i u s   r e d u c t i o n  

of  0 .3  mm  i s   a c h i e v e d .  

For  m i n i m i z i n g   the   a x i a l   l e n g t h   of  the  a x i a l  

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

the  i n c o n v e n i e n c e s   such  as  l a c k   of  s t r e n g t h   at  t h e  

s t a r t i n g   p o i n t   S  of  the  a x i a l   end  p o r t i o n ,   i t   i s  

s u g g e s t e d   as  a  p r e f e r r e d   embod imen t   t h a t   the   a r c u a t e  

a x i a l   end  p o r t i o n   of  the   d i s p l a c e a b l e   r o l l   has  a  r a d i u s  

of  c u r v a t u r e   b e t w e e n   300  a n d  4 0 0 0   mm.  A l t h o u g h   t h e  

s i m i l a r   c a l c u l a t i o n   is  o m i t t e d ,   s i n c e   t he   change   o f  

r o l l i n g   l oad   f o r   t he   same  r o l l i n g   m i l l   is   r e d u c e d ,   i t  

i s   d e s i r a b l e   t h a t   t he   l e n g t h   b e t w e e n   the  s t a r t i n g   p o i n t  

S  of  the   a x i a l   end  p o r t i o n   of  the   d i s p l a c e a b l e   r o l l   a n d  

t he   p o i n t   at   which  the  r a d i u s   r e d u c t i o n   of  0 .3   mm  o r  

g r e a t e r   is  r e a c h e d   is  s e l e c t e d   to  be  s m a l l e r   t h a n  

100  mm. 

F i g s .   8  and  9  show  d i f f e r e n t   forms  of  t h e  

a x i a l   end  p o r t i o n   of  the  d i s p l a c e a b l e   r o l l .   More  

s p e c i f i c a l l y ,   in  the   a r r a n g e m e n t   shown  in  F i g .   8 ,  



the   p a r t   of  the  a x i a l   end  p o r t i o n   b e t w e e r   the  s t a r t i n g  

p o i n t   and  the  p o i n t   at  which   the  r e l i e f   amount  of  0.5  mm 
is  a c h i e v e d   has  a  r a d i u s   of  c u r v a t u r e   of  50UO  mmR  a n d  

the  p a r t   of  the  a x i a l   end  p o r t i o n   beyond  the   a b o v e -  

m e n t i o n e d   p o i n t   is  f o rmed   w i t h   a  r a d i u s   of  c u r v a t u r e  

of  500  mmR,  the  p a r t s   of  500  mmR  and  5000  mmR  b e i n g  
c o n n e c t e d   s m o o t h l y .  

On  the  o t h e r  h a n d ,   F ig .   9  shows  the   form  o f  

the   a x i a l   end  p o r t i o n   in  which   the  a x i a l   o u t e r   p a r t   o f  
the   a x i a l   end  p o r t i o n   is  r e l i e v e d   by  a  s t r a i g h t   l i n e .  

The  forms  of  r o l l   end  p o r t i o n   as  shown  in  F i g s .   8  a n d  

9  o f f e r   an  a d v a n t a g e   t h a t   t he   a x i a l   l e n g t h   b e t w e e n   t h e  

s t a r t i n g   po in t   of  the   a x i a l   end  p o r t i o n   and  the  a x i a l  

e x t r e m i t y   or  edge  of  the   d i s p l a c e a b l e   r o l l   is  d i m i n i s h e d  
to  s h o r t e n   the  time  r e q u i r e d   fo r   g r i n d i n g   the   a x i a l   e n d  
p o r t i o n   of  the  d i s p l a c e a b l e   r o l l ,   which  is  u s u a l l y  
t r o u b l e s o m e   and  t ime  c o n s u m i n g .   I n  a d d i t i o n ,   i t   i s  
p o s s i b l e   to  o b t a i n   the  l a r g e   r e l i e f   amount  in  r a d i u s  
w i t h   a  smal l   a x i a l   l e n g t h   of  the   a x i a l   end  p o r t i o n ,  
e . g .   an  amount  of  H e r t z   f l a t t e n i n g   of  1  mm  or  so  
g e n e r a t e d   in  the  wors t   c a s e   such  as  a  r o l l i n g   a c c i d e n t .  

In  the  f o r e g o i n g   d e s c r i p t i o n ,   the   e x p l a n a t i o n  
is   f o c u s s e d   only  s p e c i f i c a l l y   on  the   a x i a l   end  p o r t i o n  
of  the  d i s p l a c e a b l e   i n t e r m e d i a t e   r o l l .   I t   is  c l e a r ,  
h o w e v e r ,   tha t   the  a x i a l   end  p o r t i o n   of  the  work  r o l l  
c o o p e r a t i n g   with  the  d i s p l a c e a b l e   i n t e r m e d i a t e   r o l l  
makes  a  c o n t a c t   wi th   the   c y l i n d r i c a l   body  p o r t i o n   o f  
the   l a t t e r ,   as  a  r e s u l t   of  the   a x i a l   a d j u s t m e n t   o f  



the  d i s p l a c e a b l e   r o l l ,   as  shown  in  F i g .   10.  In  t h e  

p o i n t   of  such  a  c o n t a c t ,   t he   l oad   d i s t r i b u t i o n   of  r o l l -  

c o n t a c t   b e t w e e n   the   r o l l s   i s   so  s m a l l ,   as  shown  in  F i g .  

10,  t h a t   no  s u b s t a n t i a l   p r o b l e m   is  imposed   c o n c e r n i n g  

the   s t r e n g t h .   However ,   in  o r d e r   to  a v o i d   the  s c o r i n g  

in  the  d i s p l a c e a b l e   r o l l   c a u s e d   by  the   a x i a l   end  p o r t i o n  

of  the  work  r o l l ,   i t   :s  s u g g e s t e d   t h a t   the  work  r o l l  

has  an  a x i a l   end  p o r t i o n   the   d i a m e t e r   of  which  i s  

g r a d u a l l y   d e c r e a s e d   t o w a r d   the   a x i a l   e x t r e m i t y ,   e . g .  

in  an  a r c u a t e   p r o f i l e   as  shown  in   F i g .   10.  I n c i d e n t a l l y ,  

in  F ig .   10  the  mark  P  r e p r e s e n t s   the   r o l l i n g   l o a d .  

F u r t h e r m o r e ,   a l t h o u g h   the  i n v e n t i o n   has  b e e n  

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

two  i n t e r m e d i a t e   r o l l s   d i s p l a c e a b l e   in  o p p o s i t e   a x i a l  

d i r e c t i o n s   and  d i s p o s e d   b e t w e e n   the  upper   work  r o l l   a n d  

upper   backup  r o l l   and  b e t w e e n   t h e   l ower   work  r o l l   a n d  

lower   backup  r o l l ,   t h i s   i s   not   e x c l u s i v e   and  t h e  

i n v e n t i o n   is  a p p l i c a b l e   to  a  f o u r   h i g h   m i l l   as  shown 

in  F ig .   11  in   which  b a c k u p   r o l l s   a re   a x i a l l y   d i s p l a c e -  

a b l e ,   a  m u l t i - s t a g e   m i l l   as  shown  in  F ig .   12  h a v i n g  

two  i n t e r m e d i a t e   r o l l s   a x i a l l y   d i s p l a c e a b l e   in  o p p o s i t e  

d i r e c t i o n s   and  d i s p o s e d   b e t w e e n   the   uppe r   work  r o l l   a n d  

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

m i l l .  

The  i n v e n t i o n   can  be  a p p l i e d   a l so   to  a  

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

t h e i r   e n t i r e   a x i a l   l e n g t h .   In  such  a  c a se ,   the  p o i n t  

at   which  the  c u r v a t u r e   of   the   crown  or  the  t a p e r  



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

p o i n t   of  the   a x i a l   end  p o r t i o n   of  r o l l .  



1.  A  r o l l   f o r   use  in  a  r o l l i n g   m i l l   of  a  t y p e  

h a v i n g   u p p e r   and  l ower   work  r o l l s   a r r a n g e d   in  a  p a i r  

and  a d a p t e d   to  r o l l   the   m a t e r i a l   to  be  r o l l e d   i n  

d i r e c t   c o n t a c t   w i th   t he   l a t t e r ,   each  of  s a i d   work  r o l l s  

h a v i n g   d i a m e t e r   of  at  l e a s t   15%  of  the  r o l l   b a r r e l  

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

r i g i d i t y ,   and  a  p a i r   of  a x i a l l y   d i s p l a c e a b l e   r o l l s  

a r r a n g e d   at   uppe r   and  l o w e r   s i d e s   or  on ly   at   one  s i d e  

of  s a i d   p a i r   of  work  r o l l s   in  such  a  manner   t h a t   a  p l a n e  

d e f i n e d   by  the  axes   of  s a i d   a x i a l l y   d i s p l a c e a b l e   r o l l s  

s u b s t a n t i a l l y   or  e x a c t l y   c o i n c i d e s   w i th   a  p l a n e  

d e f i n e d   by  the   axes  of  s a i d   work  r o l l s ,   s a i d   a x i a l l y  

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

the   a x i a l   d i r e c t i o n   in  a c c o r d a n c e   w i t h   the  w i d t h   o f  

the  r o l l e d   s h e e t   to  p e r m i t   the   shape   c o n t r o l   of  s a i d  

r o l l e d   s h e e t ,   c h a r a c t e r i z e d   i n  t h a t   each  of  s a i d  

a x i a l l y   d i s p l a c e a b l e   r o l l s   has   an  a x i a l   end  p o r t i o n  

the   d i a m e t e r   of  which   i s   g r a d u a l l y   d e c r e a s e d   t o w a r d  

the  a x i a l   o u t e r   e x t r e m i t y   or  edge  and  t h a t   the   r e d u c t i o n  

in  r a d i u s   of  s a i d   a x i a l   end  p o r t i o n   w i t h i n   t he   r a n g e  

of  100  mm  as  m e a s u r e d   f rom  t he   s t a r t i n g   p o i n t   of  s a i d  

a x i a l   end  p o r t i o n   t o w a r d   s a i d   a x i a l   o u t e r   e x t r e m i t y   i s  

at  l e a s t   0 .3   mm. 

2.  A  r o l l   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e  

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

is   commenced  at  s a i d   s t a r t i n g   p o i n t   wi th   a  r a d i u s   o f  

c u r b a t u r e   of  200  mm  or  g r e a t e r .  



3.  A  r o l l   as  c l a i m e d   in  c l a i m   2,  w h e r e i n   s a i d  

r a d i u s   of  c u r v a t u r e   f a l l s   b e t w e e n   300  mm  and  4000  mm. 

4 .   A  r o l l   f o r   use  in  a  r o l l i n g   m i l l   of  a  t y p e  

h a v i n g   upper   and  l ower   work  r o l l s   a r r a n g e d   in  a  p a i r  

and  a d a p t e d   to  r o l l   the   m a t e r i a l   to  be  r o l l e d   in  d i r e c t  

c o n t a c t   wi th   the   l a t t e r ,   each   of  s a i d   work  r o l l s   h a v i n g  

a  d i a m e t e r   of  at  l e a s t   15%  of  the  r o l l   b a r r e l   l e n g t h  

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

p a i r   of  i n t e r m e d i a t e   r o l l s   a r r a n g e d   at  t he   upper   a n d  

lower   s i d e s   of  s a i d   p a i r   of  work  w o l l s   in  c o n t a c t   w i t h  

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

in  the  a x i a l   d i r e c t i o n s   in  a c c o r d a n c e   w i th   the  w i d t h  

of  the  r o l l e d   s h e e t ,   backup   r o l l s   a r r a n g e d   at  t h e  

upper   and  lower   s i d e   of  s a i d   p a i r   of  i n t e r m e d i a t e   r o l l s  

in  c o n t a c t   wi th   the  l a t t e r ,   and  means  for   e f f e c t i n g   a  

r o l l   b e n d i n g   on  s a i d   work  r o l l s ,   t h e r e b y   to  e f f e  ,   a  

shape   c o n t r o l   of  the   r o l l e d   s h e e t   by  a  c o m b i n a t i o n   o f  

the  a x i a l   a d j u s t m e n t   of  s a i d   i n t e r m e d i a t e   r o l l s   a n d  

the  work  r o l l   b e n d i n g   a c t i o n ,   c h a r a c t e r i z e d   in  t h a t   e a c h  

of  s a i d   i n t e r m e d i a t e   r o l l s   has  an  a x i a l   end  p o r t i o n  

the   d i a m e t e r   of  which  i s   g r a d u a l l y   d e c r e a s e d   t oward   t h e  

a x i a l   o u t e r   e x t r e m i t y   or  edge  and  t h a t   the  r e d u c t i o n   i n  

r a d i u s   of  s a id   a x i a l   end  p o r t i o n   w i t h i n   the  r e g i o n   o f  

100  mm  as  measured   from  the  s t a r t i n g   p o i n t   of  s a i d  

a x i a l   end  p o r t i o n   t oward   s a i d   a x i a l   o u t e r   e x t r e m i t y   i s  

at  l e a s t   0.3  mm. 

5.  A  r o l l   as  c l a i m e d   in  c l a i m   4,  w h e r e i n   t h e  

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



is  commenced  at  s a i d  s t a r t i n g   p o i n t   wi th   a  r a d i u s   o f  

c u r v a t u r e   of  200  mm or  g r e a t e r .  

6.  A  r o l l   fo r   use  in  a  r o l l i n g   m i l l   of  a  t y p e  

h a v i n g   upper   and  l ower   work  r o l l s   a r r a n g e d   in  a  p a i r  

and  a d a p t e d   to  r o l l   the  m a t e r i a l   to  be  r o l l e d   i n  

d i r e c t   c o n t a c t   w i t h   the   l a t t e r ,   each  of  s a i d   work  r o l l s  

h a v i n g   a  d i a m e t e r   of  at   l e a s t   15%  of  the  r o l l   b a r r e l  

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

r i g i d i t y ,   a  p a i r   of  backup   r o l l s   d i s p o s e d   at  the  u p p e r  

dlnd  l ower   s i d e s   of  s a i d   p a i r   of  work  r o l l s   and  d i s p a c e -  

a b l e   in  the  a x i a l   d i r e c t i o n   in  a c c o r d a n c e   w i th   t h e  

wid th   of  the  r o l l e d   s h e e t ,   and  means  fo r   e f f e c t i n g   a  

r o l l   b e n d i n g   on  s a i d   work  r o l l s ,   t h e r e b y   to  make  t h e  

shape   c o n t r o l   of  the  r o l l e d   s h e e t   by  the   a x i a l   a d j u s t m e n t  

of  s a i d   backup   r o l l s ,   c h a r a c t e r i z e d   in  t h a t   each  o f  

s a i d   backup   r o l l s   has  an  a x i a l   end  p o r t i o n   the  d i a m e t e r  

of  which  i s   g r a d u a l l y   d e c r e a s e d   t o w a r d   the   a x i a l   o u t e r  

e x t r e m i t y   or  edge  and  t h a t   the   r e d u c t i o n   in  r a d i u s   o f  

s a i d   a x i a l   end  p o r t i o n   w i t h i n   t he   r e g i o n   of  100  mm  a s  

m e a s u r e d   from  the   s t a r t i n g   p o i n t   of  s a i d   a x i a l   e n d  

p o r t i o n   t o w a r d   s a i d   a x i a l   o u t e r   e x t r e m i t y   i s   at   l e a s t  

0 .3  mm. 

7.  A  r o l l   as  c l a i m e d   in  c l a i m   6,  w h e r e i n   t h e  

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

is  commenced  at   s a i d   s t a r t i n g   p o i n t   w i t h   a  r a d i u s   o f  

c u r v a t u r e   of  200  mm  or  g r e a t e r .  

8.  A  r o l l   f o r   use  in  a  r o l l i n g   m i l l   of  a  t y p e  

h a v i n g   uppe r   and  lower   work  r o l l s   a r r a n g e d   in  a  p a i r  



and  a d a p t e d   to  r o l l   the  m a t e r i a l   to  be  r o l l e d   in  d i r e c t  

c o n t a c t   w i t h   the   l a t t e r ,   each  of  s a i d   work  r o l l s   h a v i n g  

a  d i a m e t e r   of  a t   l e a s t   15%  of  the  r o l l   b a r r e l   l e n g t h  

and ,   h e n c e ,   a  s u f f i c i e n t l y   h igh   f l e x u r a l   r i g i d i t y ,  

backup   r o l l s   b a c k i n g   up  s a i d   work  r o l l s   and  a  p a i r   o f  

i n t e r m e d i a t e   r o l l s   d i s p o s e d   at  l e a s t   b e t w e e n   one  w o r k  

r o l l   and  the   a s s o c i a t e d   backup  r o l l ,   s a i d   i n t e r m e d i a t e  

r o l l s   b e i n g   d i s p l a c e a b l e   in  t he   a x i a l   d i r e c t i o n   t o  

p e r m i t   a  shape   c o n t r o l   of  t he   r o l l e d   s h e e t ,   c h a r a c t e r i z e d  

i n   t h a t   each  of  s a i d   i n t e r m e d i a t e   r o l l s   has  an  a x i a l  

end  p o r t i o n   the   d i a m e t e r   of  which   is  g r a d u a l l y   d e c r e a s e d  

t o w a r d   the   a x i a l   o u t e r   e x t r e m i t y   or  edge  and  t h a t   t h e  

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

the  r e g i o n   of  100  mn  as  m e a s u r e d   f rom  the  s t a r t i n g  

p o i n t   of  s a i d   a x i a l   end  p o r t i o n   t o w a r d   s a i d   a x i a l   o u t e r  

e x t r e m i t y   is   at   l e a s t   0.3  mm. 

9.  A  r o l l   as  c l a i m e d   in  c l a i m   8,  w h e r e i n   t h e  

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

is  commenced  at   s a i d   s t a r t i n g   p o i n t   w i th   a  r a d i u s   o f  

c u r v a t u r e   of  200  mm  or  g r e a t e r .  
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