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©  Hot  rolling  method. 
  A  hot  rolling  method  using  a  hot  finishing  mill  including 
a  pair  of  work  rolls  each  having  a  taper  ground  end  at  o n e  
end  of  Its  barrel  and  arranged  one  above  the  other  with  the 
taper  ground  ends  being  on  opposite  sides  so  as  to  locate 
both  edges  of  a  plate-like  material  to  be  rolled  in  respective 
zones  of  the  taper  ground  ends.  According  to  the  invention 
the  work  rolls  are  cyclically  shifted  in  their  axial  directions 
within  a  range  so  as  not  to  permit  the  both  edges  of  the 

material  to  come  out  of  the  taper  ground  ends  of  the  work 
rolls,  thereby  preventing  edge  built-ups  of  the  material  and 
simultaneously  effecting  crown-controlling  of  the  rolled 
material.  The  work  rolls  are  finely  shifted  and  simultaneously 
a  bending  action  is  applied  to  the  work  rolls  in  a  manner  to 
eliminate  a  bending  action  acting  upon  the  work  rolls  caused 
by  the  material  being  rolled  by  the  work  rolls.  The  work  rolls 

are  cyclically  shifted,  while  a  distance  from  an  edge  of  the 
material  to  a  starting  point  of  the  taper  ground  end  of  the 
work  roll  nearliest  to  the  edge  of  the  material  is  variably  set 
80  as  to  decrease  dependently  upon  increase  of  thermal 
expansion  of  the  work  rolls.  Stepwise  variation  in  shifting 
distance  of  the  work  rolls  per  unit  number  of  rolled  material 
is  varied  in  a  roiling  cycle. 



T h i s   i n v e n t i o n   r e l a t e s   to  a  h o t   r o l l i n g  

m e t h o d   f o r   a v o i d i n g   edge   b u i l t - u p   and  edge   d r o p   o f  

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

w o r k   r o l l s   of   r o l l i n g   m i l l s   s u c h   as  f o u r   or   s i x   h i g h  

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

or   p l a t e s   by  c r o w n - c o n t r o l l i n g .  

R e c e n t l y ,   i t   h a s   b e e n   r e m a r k a b l y   r e q u i r e d   t o  

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

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

y i e l d   r a t e   of   t h e   s t e e l .   To  m e e t   t h i s   r e q u i r e m e n t ,  

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

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

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

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

in   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   P u b l i c a t i o n   No.  2 0 , 0 8 1 / 8 1 .  

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

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

or   p l a t e s .   To  a v o i d   t h i s ,   a  work   r o l l  s h i f t   m e t h o d   i s  

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

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   P u b l i c a t i o n  N o .   1 5 1 , 5 5 2 / 7 8 .  

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

s t r i p s   h a v i n g   t h e   same  w i d t h   i n c r e a s e s ,   work   r o l l s   1 

p r o g r e s s i v e l y  w e a r   to  fo rm  t r a c k s   or  t r a c e s   2  f o r   s t r i p s  

or   p l a t e s ,   whose   edge   p o r t i o n s   2b  u s u a l l y   w e a r   d e e p e r  

t h a n   in   c e n t e r  p o r t i o n s   2a  as  shown  in  F i g .   1.  As  t h e  

r e s u l t s ,   t h e   r o l l e d   s t r i p   3  has   a  s e c t i o n a l   p r o f i l e  



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

p  and  p'   w h i c h   a r e   r e f e r r e d   to   as  " e d g e   b u i l t - u p "   a s  

shown  in   F i g .   2.  I t   i s   c l e a r l y   e v i d e n t   t h a t   s u c h   a n  

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

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

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

w i d e   r a n g e   o f   s i z e s   of   s t r i p s   or   p l a t e s   to  be  r o l l e d  

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

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

r o l l s .  

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

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

e d g e   b u i l t - u p   c a u s e d   by  u n e v e n   w e a r   in   w o r k   r o l l s   a t  

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

e f f e c t   t h e   c r o w n - c o n t r o l l i n g   so  as  to   do  r o l l - c h a n c e - f r e e  

r o l l i n g .  

In   o r d e r   to  a c h i e v e   t h i s   o b j e c t ,   i n   t h e   h o t  

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

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

end  of   i t s   b a r r e l   and  a r r a n g e d   one  a b o v e  t h e   o t h e r   w i t h  

t h e   t a p e r   g r o u n d   e n d s  b e i n g   on  o p p o s i t e   s i d e s   so  as  t o  

l o c a t e   b o t h   e d g e s   of   a  p l a t e - l i k e   m a t e r i a l   to   be  r o l l e d  

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

to  t h e   i n v e n t i o n   t h e   work   r o l l s `  a r e   s h i f t e d   in   t h e i r  

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

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

g r o u n d   e n d s   of   t h e   work   r o l l s ,   t h e r e b y   p r e v e n t i n g   e d g e  

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



c r o w n - c o n t r o l l i n g   of   t h e   r o l l e d   m a t e r i a l .  

In   a  p r e f e r r e d   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   work  r o l l s   a r e   c y c l i c a l l y   s h i f t e d .  

In  c a r r y i n g   o u t   t he   i n v e n t i o n ,   t h e   r a n g e   f o r  

s h i f t i n g   t h e   w o r k   r o l l s   i s   b e t w e e n   t h e   maximum  w h e r e  

s h a p e s   of  t h e   m a t e r i a l   on  an  e x i t   s i d e   of   t h e   w o r k  

r o l l s   do  n o t   e x c e e d   a  l i m i t   v a l u e   and  t h e   min imum  w h e r e  

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

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

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

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

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

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

s h i f t i n g   o f   w o r k   r o l l s ,   t h e r e b y   e s t a b l i s h i n g   t h e   r o l l -  

c h a n c e - f r e e   r o l l i n g   w i t h   t a p e r   end  work   r o l l s   b e i n g  -  

s h i f t e d .  

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

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

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

in   a  m a n n e r   to   e l i m i n a t e   a  b e n d i n g   a c t i o n   a c t i n g   u p o n  

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

t h e   work   r o l l s .  

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

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

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

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

e q u a l i z a t i o n   or   m i t i g a t i o n   of  w e a r   of   r o l l   to  r e d u c e  

t h e   c rown  of   r o l l e d   s t r i p s   and  to  s t a b i l i z e   t h e   p r o f i l e s  



of   r o l l e d   s t r i p s .  

In  o r d e r   to   a c c o m p l i s h   t h i s   o b j e c t ,   a c c o r d i n g  

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

w h i l e   a  d i s t a n c e   f rom  an  edge   of   t h e   m a t e r i a l   to  a  

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

n e a r l i e s t   to   t h e   e d g e   of   t h e   m a t e r i a l   i s   v a r i a b l y   s e t  

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

e x p a n s i o n   of   t h e   work   r o l l s .  

I t   i s   s t i l l   more   s p e c i f i c   o b j e c t   of   t h e  

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

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

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

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

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

c a u s e d   by  v a r i a t i o n   in   k i n d s   of   s t e e l ,   p e r i o d s   o f  

r o l l i n g   a l l o w e d   by  one  p a i r s   of  w o r k   r o l l s ,   and  t h e r m a l  

c r o w n s   of   w o r k   r o l l s   due  to  h e a t .  

Fo r   t h i s   e n d ,   a c c o r d i n g   to   t h e   i n v e n t i o n  

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

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

r o l l i n g   c y c l e .  

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

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

made  l a r g e r   in   a  l a t t e r   h a l f   of  t h e   c y c l e .  

The  i n v e n t i o n   w i l l   be  m o r e   f u l l y   u n d e r s t o o d  

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

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

d r a w i n g s .  



F i g .   1  i s   a  s c h e m a t i c   v i e w   of  work   r o l l s  

i l l u s t r a t i n g   t h e i r   w e a r ;  

F i g .   2  i s   an  e x p l a n a t o r y   v i e w   of   a  p r o f i l e   o f  

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

F i g .   3a  i s   a  s e c t i o n a l   v i e w   i l l u s t r a t i n g  

r o l l i n g   of  a  s t r i p   by  t a p e r   end  work   r o l l s ;  

F i g .   3b  i s   a  g r a p h   s h o w i n g   an  e f f e c t i v e   EL 

z o n e ;  

F i g .   4  i s   an  e x p l a n a t o r y   e l e v a t i o n   i l l u s t r a t i n g  

a  r o l l i n g   c o n d i t i o n   w i t h   t h e   maximum  E L ;  

F i g .   5  i s   an  e x p l a n a t o r y   e l e v a t i o n   s h o w i n g   a  

r o l l i n g   c o n d i t i o n   w i t h   t h e   m i n i m u m   E L ;  

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

r o l l   i l l u s t r a t i n g   a  d e e p   w e a r ;  

F i g .   7  i s   a  p a r t i a l   s e c t i o n a l   v i e w   of  a  w o r k  

r o l l   i l l u s t r a t i n g   an  e q u a l i z e d   or   m i t i g a t e d   wea r   t h e r e i n ;  

F i g .   8  i l l u s t r a t e s   p r o f i l e s   of  s t r i p s   r o l l e d  

in  t he   p r i o r   a r t   m e t h o d ;  

F i g .   9  i l l u s t r a t e s   p r o f i l e s   of   s t r i p s   r o l l e d  

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

F i g .   10a   i s   a  g r a p h   i l l u s t r a t i n g   u n i f o r m  

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

F i g .   10b  i s   a  g r a p h   i l l u s t r a t i n g   t h e   v a r i a t i o n  

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

work  r o l l s ;  

F i g s .   l l a   and  l l b   a r e   s c h e m a t i c   v i e w s   f o r  

e x p l a i n i n g   one  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 .   12  i l l u s t r a t e s   p r o f i l e s   of  s t r i p s   r o l l e d  



w i t h   a  c o n s t a n t   EL  v a l u e   o f   200  mm; 

F i g .   13  i l l u s t r a t e s   p r o f i l e s   of   s t r i p s   r o l l e d  

w i t h   v a r i a b l e   EL  v a l u e   w i t h   w o r k   r o l l s   s u b j e c t e d   t o  

f i n e   c y c l i c   s h i f t i n g ;  

F i g .   14  i l l u s t r a t i n g   p r o f i l e s   of   s t r i p s  

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

F i g s .   15a   and  15b  a r e   e l e v a t i o n s   of   a  w o r k  

r o l l   f o r   e x p l a i n i n g   t h e   t h e r m a l   e x p a n s i o n ;  

F i g .   16  i s   a  g r a p h   f o r   e x p l a i n i n g   how  t o  

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

e x p a n s i o n   o f   w o r k   r o l l s ;  

F i g .   17  i s  a   g r a p h   f o r   e x p l a i n i n g   t h e   s h i f t  

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

o f   t h e   r o l l s ;  

F i g s .   18a   and  18b  a r e   s c h e m a t i c   v i e w s  

i l l u s t r a t i n g   i r r e g u l a r   w e a r   i n   a  r o l l ;  

F i g .   19  i s   g r a p h s   i l l u s t r a t i n g   r e d u c e d   c r o w n  

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

F i g .   20a   i s   a  p r o f i l e   o f   a  s t r i p   r o l l e d   i n  

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

i n v e n t i o n ;  

F i g .   20b  i s   a  p r o f i l e   o f   a  r o l l e d   s t r i p  

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

w o r k   r o l l s ;  

F i g .   21  i s   a  s c h e m a t i c   v i e w   f o r   e x p l a i n i n g  

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

F i g .   22  i l l u s t r a t e s   v a r i o u s   s h i f t   p i t c h  

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



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

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

r e s p e c t i v e   s h i f t   p i t c h e s ;  

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

AS  d e p e n d e n t   upon   n u m b e r s   of   r o l l e d   s t r i p s ;  

F i g .   25  i s   a  g r a p h   i l l u s t r a t i n g   t h e   r e l a t i o n  

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

s t r i p s ;  

F i g .   26  i s   a  g r a p h   i l l u s t r a t i n g   t h e   e f f e c t   o f  

v a r i a t i o n   in   s h i f t   p i t c h   on  t h e   d i f f e r e n c e   Δ S ;  

F i g .   27  i s   a  g r a p h   i l l u s t r a t i n g   s h i f t   p i t c h  

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

i n v e n t i o n ;   a n d  

F i g .   28  i s   a  g r a p h   i l l u s t r a t i n g   t h e   s u p p r e s s i o n  

of   t h e   d i f f e r e n c e   AS  r e s u l t i n g   f rom  t h e   s h i f t   p i t c h  

p a t t e r n s   shown  in   F i g .   2 7 .  

In  c r o w n - c o n t r o l l i n g   u s i n g   a  p a i r   of   w o r k  

r o l l s   1'  w h i c h   a r e   so  c a l l e d   " t a p e r   end  r o l l s "   e a c h  

h a v i n g   a  t a p e r   g r o u n d   end  4'  a t   one  end  of   a  r o l l  

b a r r e l   4  and  a r e   a r r a n g e d   one  a b o v e   t h e   o t h e r   w i t h   t h e  

t a p e r   g r o u n d   ends   on  o p p o s i t e   s i d e s   so  as  to  l o c a t e  

b o t h   e d g e s   of  s t r i p s   o r   p l a t e s   3  to  be  r o l l e d   i n  

r e s p e c t i v e   z o n e s   of   t h e   t a p e r   ends   4'  as  shown  F i g .   3 a ,  

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

d e t e r m i n e d   by  l i m i t   v a l u e s   in   s h a p e   of  s t r i p s   d e t e r m i n e d  

by  r o l l   s t a n d s ,   w h e r e   EL  i s   a  d i s t a n c e   f rom  an  edge   o f  

t h e   s t r i p   to  a  s t a r t i n g   p o i n t   of  t he   t a p e r   g r o u n d   e n d ,  

w h i l e   a  r e l i e f  E H   of   t h e   s t r i p   3  a t   i t s   edge   r e l a t i v e  



to   t h e   t a p e r   g r o u n d   end  4'  i s   c o n s t a n t .  

I f   t h e   w o r k   r o l l s   a r e   s h i f t e d   to  an  e x c e s s i v e  

e x t e n t   b e y o n d   t h e   e f f e c t i v e   EL  v a l u e ,   a  s h a p e   of   a  

r o l l e d   s t r i p   on  an  e x i t   s i d e   of   t h e   r o l l s   e x c e e d s   i t s  

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

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

s h i f t e d   to  a  t oo   s m a l l   e x t e n t   b e y o n d   t h e   o p p o s i t e   l i m i t  

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

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

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

The  i n v e n t o r s   f u r t h e r   i n v e s t i g a t e d   t h e  

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

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

s t r i p s   o r   p l a t e s   so  as  to   e n a b l e   t h e   c r o w n - c o n t r o l l i n g  

and   r o l l - c h a n c e - f r e e   r o l l i n n g   to   be  e f f e c t e d .  

One  e m b o d i m e n t   of   t h e   i n v e n t i o n   a p p l i e d   to  a  

f o u r   h i g h   m i l l   w i l l   be  e x p l a i n e d   h e r e i n a f t e r .   F i g .   4  

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

t h e   EL  v a l u e   shown  in   F i g .   3  i s   i n c r e a s e d   to   i t s   m a x i m u m  

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

an  e x i t   s i d e   o f   t h e   r o l l s .   F i g .   5  s h o w s   a  s h i f t e d l e a s t  

p o s i t i o n   of   work   r o l l s   when  t he   EL  v a l u e   i s   d e c r e a s e d  

to   i t s   min imum  b u t   s t i l l   m a i n t a i n i n g   t h e i r   c r o w n -  

c o n t r o l l i n g   p e r f o r m a n c e .   A  r e f e r e n c e   n u m e r a l  5   d e n o t e s  

b a c k   up  r o l l s .  

In  t h e   e v e n t   t h a t   t h e   w o r k   r o l l s   1'  a r e  

c y c l i c a l l y   s h i f t e d   so  as  to   p e r m i t   t h e   EL  to  be  w i t h i n  

t h e   r a n g e   of   t h e   e f f e c t i v e   EL  v a l u e s   f rom  F i g .   4  t o  



F i g .   5,  a  l o c a l   w e a r   2b"  in   a  t r a c k   o r   t r a c e   21  f o r  

s t r i p s   can  be  e q u a l i z e d   or   m i t i g a t e d   in   an  a x i a l   d i r e c -  

t i o n   of   t he   work   r o l l   even   a f t e r   t h e   n u m b e r   of   r o l l e d  

s t r i p s   has   i n c r e a s e d   as  shown  in  F i g .   7,  i n s t e a d   of  a  

d e e p   l o c a l   w e a r   2b '   in   c a s e   of  a  c o n s t a n t   EL  v a l u e   a s  

shown  in   F i g .   6 .  

In  o r d e r   to  more   c l a r i f y   t h i s   f a c t ,   F i g s .   8 a ,  

8b  and  8c  i l l u s t r a t e   one  e x a m p l e   of  v a r i a t i o n   i n  

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

n e s s e s   of   2 . 0   mm  and  w i d t h s   of  1 , 0 4 0   mm  a c c o r d i n g   t o  

J a p a n e s e   I n d u s t r i a l   S t a n d a r d s   ( J I S )   SPHC  c o n t i n u o u s l y  

r o l l e d   by  t h e   t a p e r   end  r o l l   r o l l i n g   m e t h o d   w i t h   a  

c o n s t a n t   EL  of   200  mm.  As  can   be  s e e n   f rom  t h e s e  

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

t e n t h   s t r i p   had   b e e n   r o l l e d .   H o w e v e r ,   when  a  t w e n t y t h  

s t r i p   has   b e e n   r o l l e d ,   r e m a r k a b l e   edge   b u i l t - u p s   p  a n d  

p'  o c c u r r e d   to  t h e   maximum  h e i g h t s   of   as  much  as  2 0  p  

w h i c h   made  i t   i m p o s s i b l e   'to  c o n t i n u e   t h e   r o l l i n g   o f  

s t r i p s   h a v i n g   t h e   same  w i d t h .  

F i g s .   9 a - 9 d   i l l u s t r a t e   t h e   v a r i a t i o n   i n  

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

F i g s .   8 a - 8 c   c o n t i n u o u s l y   r o l l e d   w i t h   work   r o l l s   b e i n g  

c y c l i c a l l y   s h i f t e d   by  20  mm  p e r   two  s t r i p s   w i t h   t h e   EL 

v a l u e s   of   2 0 0 - 1 0 0   mm  a c c o r d i n g   to  t h e   i n v e n t i o n .   E v e n  

a f t e r   f o r t y - s i x   s t r i p s   h a v i n g   t he   same  w i d t h   had  b e e n  

r o l l e d ,   any  p e r c e p t i b l e   edge   b u i l t - u p s   w e r e   n o t  

r e c o g n i z e d .  

As  can   be  s e e n   f rom  t h e   a b o v e   d e s c r i p t i o n ,  



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

e q u a l i z e   o r   m i t i g a t e   l o c a l   w e a r s   i n   t r a c k s   o r   t r a c e s   i n  

work   r o l l s   f o r   s t r i p s   h a v i n g   t h e   same  w i d t h ,   to  e f f e c -  

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

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

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

c r o w n - c o n t r o l l i n g   f o r   t h e   s t r i p s .  

In  c a r r y i n g   o u t   t h e   m e t h o d   a c c o r d i n g   to  t h e  

i n v e n t i o n ,   when  work   r o l l s   a r e   f i n e l y   s h i f t e d   w i t h i n  

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

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

F i g .   1 0 b .   In  o t h e r   w o r d s ,   t h e   c r o w n s   o f   t h e   s t r i p s  

r o l l e d   by  t h e   work   r o l l s   f i n e l y   s h i f t i n g   w i t h i n   t h e  

e f f e c t i v e   EL  v a l u e   v a r y   w i t h i n   a  f a i r l y   w i d e   r a n g e .  

A n o t h e r   e m b o d i m e n t   o f   t h e   i n v e n t i o n   s o l v e s  

t h i s   p r o b l e m .   F i g .   l l a   i l l u s t r a t e s   work   r o l l s  1 1  

p o s i t i o n e d   a t   t h e   maximum  EL  v a l u e   b u t   n o t   e x c e e d i n g   a  

l i m i t   v a l u e   o f   a  s h a p e   of   s t r i p s   on  an  e x i t   s i d e   of   t h e  

w o r k   r o l l s .   When  t h e   work   r o l l s   1'  a r e   b e i n g   s h i f t e d  

to  make  t h e   EL  v a l u e   s m a l l e r ,   a c c o r d i n g   to  t h i s   e m b o d i -  

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

a p p l i e d   to   t h e   work   r o l l s   as  shown  by  a  r e f e r e n c e  

n u m e r a l   6  in   F i g .   l l b   c o m p a t i b l e   w i t h   t h e   r e d u c e d   v a l u e  

o f   t h e  E L *   F i g .   11b  i l l u s t r a t e s   t h e   w o r k   r o l l s   1 '  

p o s i t i o n e d   a t   t h e   minimum  EL  v a l u e   b u t   s t i l l   m a i n t a i n i n g  

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

t h e   work   r o l l s   a r e   s u b j e c t e d   to  t h e   maximum  b e n d i n g  

a c t i o n .  



In  t h i s   c a s e ,   t h e   b e n d i n g   a c t i o n   i s   a p p l i e d  

to  t h e   work   r o l l s   in   s u c h   a  m a n n e r   to  e l i m i n a t e   o r  

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

c a u s e d   by  the   s t r i p   b e i n g   r o l l e d   by  t h e   w o r k   r o l l s .  

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

to  t h e   work   r o l l s   i s   to  a p p l y   l o a d s   to   b o t h   j o u r n a l s   o f  

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

p e r p e n d i c u l a r   to  a x e s   o f   t h e   work  r o l l s .  

As  shown  in   F i g .   10a ,   a c c o r d i n g   to  t h i s  

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

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

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

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

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

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

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

F i g .   12  i l l u s t r a t e s   s e c t i o n a l   p r o f i l e s   o f  

s u c c e s s i v e   s t r i p s   ( J I S )   SPHC  h a v i n g   t h i c k n e s s e s   o f  

2 . 0   mm  and  w i d t h s   of   1 , 0 4 0   mm  w i t h   t h e   c o n s t a n t   EL 

v a l u e   of   200  mm  a c c o r d i n g   to  t he   p r i o r   a r t .   A  t w e n t y t h  

s t r i p   i n c l u d e d   r e m a r k a b l e   edge   b u i l t - u p s   5'  h a v i n g   a  

h e i g h t   of   2 0  p .   I t   was  c l e a r l y   i m p o s s i b l e   to   c o n t i n u e  

f u r t h e r   r o l l i n g   w i t h   t h e   same  w i d t h   s t r i p s .  

F i g .   13  i l l u s t r a t e s   s e c t i o n a l   p r o f i l e s   o f  

s t r i p s   ( J I S )   SPHC  h a v i n g   t h i c k n e s s e s   of   2 . 0   mm  a n d  

w i d t h s   of   1 , 0 4 0   mm  r o l l e d   w i t h   the   E L  v a l u e   of   1 0 0 - 2 0 0   mm. 

Work  r o l l s   were   f i n e l y   c y c l i c a l l y   s h i f t e d   so  as  t o  

r e d u c e   t he   EL  v a l u e   by  20  mm  p e r   two  r o l l e d   s t r i p s  



w i t h o u t   a p p l y i n g   any  b e n d i n g   a c t i o n   on  t h e   work   r o l l s .  

A f t e r   f i f t y   s t r i p s   h a v i n g   t h e   same  w i d t h s   had   b e e n  

r o l l e d ,   any  edge   b u i l t - u p   d i d   n o t   o c c u r .   H o w e v e r ,  

c r o w n s   v a r i e d   g r e a t l y   to   be  l a r g e r   t h a n   t h o s e   in   F i g .   1 2 .  

F i g .   14  i l l u s t r a t e s   s e c t i o n a l   p r o f i l e s   o f  

s t r i p s   ( J I S )   SPHC  h a v i n g   t h i c k n e s s e s   of   2 . 0   mm  a n d  

w i d t h s   of   1 , 0 4 0   mm  r o l l e d   w i t h   t h e   EL  v a l u e   o f  

1 0 0 - 2 0 0   mm.  Work  r o l l s   w e r e   f i n e l y   s h i f t e d   so  as  t o  

r e d u c e   t h e   EL  v a l u e   by  20  mm  p e r   two  r o l l e d   s t r i p s   a n d  

w e r e   s u b j e c t e d   to   t h e   i n c r e a s i n g   b e n d i n g   a c t i o n   of   0  t o  

200  t o n / o n e   c h o c k   as  t h e   EL  v a l u e   d e c r e a s e d .  

In  t h i s   c a s e ,   a f t e r   f i f t y   s t r i p s   had   b e e n  

r o l l e d ,   any  e d g e   b u i l t - u p   d i d   n o t   o c c u r   and  c r o w n s   o f  

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

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

t h e   r o l l i n g   c y c l e .  

T h i s   p r e f e r r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n  

can   e f f e c t i v e l y   s u p p r e s s   t h e   e d g e   b u i l t - u p   on  r o l l e d  

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

of   t h e   s t r i p s   so  as  to   e l i m i n a t e   t h e   d i s a d v a n t a g e s   i n  

t h e   r o l l - c h a n c e - f r e e   r o l l i n g ,   w h e r e b y   t h e   h o t   r o l l i n g  

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

A  f u r t h e r   e m b o d i m e n t   w i l l   be  e x p l a i n e d  

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

e x p a n s i o n   of   r o l l s .  

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

to  t h e   i n v e n t i o n   as  shown  in   F i g s .   l l a   and  l l b ,   t h e  

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



shown  in   F i g .   15a  to  t h a t   shown  in  F i g .   15b .   I f   t h e  

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

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

e x p a n s i o n ,   c e n t e r   z o n e s   of   r o l l e d   s t r i p s   a r e   r o l l e d   t o  

e x c e s s i v e   e x t e n t   in   c o m p a r i s o n   w i t h   edge   z o n e s   o f   t h e  

s t r i p s   to   f o r m   waves   t h e r e i n ,   w h i c h   make  d i f f i c u l t   t o  

p a s s   t h r o u g h   t h e   work   r o l l s .   T h i s   i s   c a u s e d   by  i n c r e a s e  

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

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

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

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

t h e   a b o v e   m e n t i o n e d   waves   in   t h e   c e n t e r   z o n e s   of   t h e  

r o l l e d   s t r i p s   and  t he   EL  v a l u e   i s   s u c c e s s i v e l y   r e d u c e d  

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

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

shown  in   a  l i n e  l  i n   F i g .   1 6 .  

T h e r m a l   e x p a n s i o n s   of   t h e   work   r o l l s   c o r r e -  

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

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

d e t e r m i n e   t h e   d a t a   of  t h e   t h e r m a l   e x p a n s i o n s ,   on  t h e  

b a s i s   o f   w h i c h   t h e   EL  v a l u e s   o f   t h e   r o l l s   a r e   p r e v i o u s l y  

d e t e r m i n e d .   The  t h e r m a l   e x p a n s i o n s   may  be  e x p e r i m e n t a l l y  

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

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

In  t h i s   c a s e ,   m o r e o v e r ,   t he   v a r i a b l e   EL  v a l u e  

shown  in  a  b r o k e n   l i n e  1   i s   s l i g h t l y   s h i f t e d ,   as  s h o w n  

in  a  c u r v e   P  in   F i g .   17  so  as  to  e q u a l i z e   or   m i t i g a t e  

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



and  t h e   s t a b i l i t y   o f   r o l l e d   s t r i p s .  

The  u p p e r   l i m i t   v a l u e   of   t h e   EL  v a l u e   i s  

d e t e r m i n e d   w i t h   t h e   a i d   of   t h e   p a t t e r n   or   c u r v e   P  s h o w n  

in   F i g .   17 .   In   t h i s   m a n n e r ,   t h e   p r o f i l e s   of  r o l l e d  

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

e x p a n s i o n   o f   t h e   r o l l s ,   and  t h e   i r r e g u l a r   w e a r s   in   t h e  

r o l l s   a r e   e q u a l i z e d   or   m i t i g a t e d   as  a  r o l l i n g   c y c l e  

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

t r a c k s   of   t h e   r o l l s   f o r   s t r i p s   as  shown  in   F i g s .   1 8 a  

and  18b .   T h i s   e f f e c t   i s   p a r t i c u l a r l y   r e m a r k a b l e   in   t h e  

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

s t r i p s .  

F i g s .   19  and   20a  and   20b  i l l u s t r a t e   r e s u l t s  

o f   t h e   r o l l i n g   a c c o r d i n g   to   t h e   i n v e n t i o n   w h e r e i n  

s t r i p s   o f   ( J I S )   SPHC  h a v i n g   t h i c k n e s s e s   of   2 . 0 - 2 . 6   mm 

and  w i d t h s   o f   7 5 0 - 9 5 0   mm  a r e   r o l l e d   w i t h   EL  v a l u e s  

1 0 0 - 3 0 0   mm  d e c r e a s i n g   d e p e n d i n g   u p o n   t h e r m a l   e x p a n s i o n  

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

m i l l ,   among  w h i c h   t h r e e   s t a n d s   F3,   F4  and  F5  i n c l u d e  

t a p e r   end   r o l l s .   In   t h e s e   e x a m p l e s ,   t h e   work   r o l l s  

w e r e   f i n e l y   s h i f t e d   by  20  mm  p e r   two  r o l l e d   s t r i p s .  

F i g .   19  shows   t h e   EL  v a l u e s   s e t   in   t h e   c y c l e  

and  c r o w n s   p  o f   t h e   r o l l e d   s t r i p s .   The  p l o t t e d   c r o w n s  

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

t h i c k n e s s e s   a t   l o c a t i o n s   25  mm  i n w a r d l y   s p a c e d   f r o m  

e d g e s   o f   t h e   s t r i p s .   As  can   be  s e e n   f rom  F i g .   19 ,   t h e  

c r o w n s   o f   t h e   r o l l e d   s t r i p s   w e r e   r e d u c e d   to  3 5  p   on  a n  

a v e r a g e .   F u r t h e r m o r e ,   by  f i n e l y   s h i f t i n g   t h e   work   r o l l s ,  



p r o f i l e s   of  t he   r o l l e d   s t r i p s   b e c a m e   s t a b l e   as  shown  i n  

F i g .   20a  to  p r e v e n t   d e f e c t i v e   p r o f i l e s   due   to  i r r e g u l a r  

w e a r   o f   r o l l s   as  shown  in   F i g .   2 0 b .  

As  can  be  s e e n   f rom  t h e   a b o v e   e m b o d i m e n t ,   i t  

i s   i m p o r t a n t   to  t a k e   i n t o   c o n s i d e r a t i o n   of   so  c a l l e d  

" t h e r m a l   c rown"   of   r o l l s   or   t h e   c r o w n   of   r o l l s   due  t o  

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

a f f e c t s   t h e   c rown   of  r o l l e d   s t r i p s .   I t   h a s   b e e n   k n o w n  

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

u p o n   p e r i o d s   of   r o l l i n g   a l l o w e d   by  one  p a i r s   of   w o r k  

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

and   o t h e r s ,   b u t   a l s o   k i n d s   of   s t e e l   to   be  r o l l e d ,   s i z e s  

of   s t r i p s   to   be  r o l l e d   and  t h e   l i k e .   M o r e o v e r ,   i t   i s  

known  t h a t   t h e   b e h a v i o r   of   i n c r e a s i n g   t h e   c r o w n   i s  

d i f f e r e n t   f rom  e a c h   o t h e r   in   f o r m e r   and  l a t t e r   h a l v e s  

of   t h e   r o l l i n g   c y c l e .  

As  a  r e s u l t   of   v a r i o u s   i n v e s t i g a t i o n   a n d  

e x p e r i m e n t s   on  t h e   r o l l i n g   w i t h   s h i f t i n g   w o r k   r o l l s   b y  

t h e   i n v e n t o r s ,   i t   has   b e e n   f o u n d   t h a t   t h e   d i s t r i b u t i o n  

of   t h e   t h e r m a l   c rown   a l o n g   t h e   r o l l   b a r r e l   v a r i e s   w i t h  

s h i f t   p a t t e r n   of   work   r o l l s ,   or   t h e   p r o f i l e   of   t h e  

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

w o r k   r o l l s .  

By  u t i l i z i n g   t h i s   d i s c o v e r y ,   t h e   i n v e n t o r s  

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

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

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

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



of   r o l l i n g   a l l o w e d   by  one   p a i r s   o f   work   r o l l s ,   and  f i r s t  

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

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

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

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

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

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

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

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

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

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

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

r e s u l t i n g   i n   d e f e c t i v e   s t r i p s .  

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

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

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

i s   o b l i g e d   to  be  s m a l l   in   o r d e r   to   a v o i d   d e f e c t i v e  

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

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

r o l l e d   s t r i p s   i s   too   l a r g e   i n   t h e   i n i t i a l   h a l f   o f  

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

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

F i g .   21  i l l u s t r a t e s   t h e   s h i f t i n g   of   w o r k  

r o l l s   11  r e l a t i v e   to  a  c e n t e r   0  of   a  t r a c k   of   s t r i p s   o r  

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

a  d i s t a n c e   x  f rom  t h e   c e n t e r   0  of   t h e   t r a c k   of   s t r i p s  

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

and   o p e r a t i o n   s i d e s .  



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

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

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

e x a m p l e ,   100  mm  and  t h e r e a f t e r   i s   s t e p w i s e   d e c r e a s e d  

p e r   t h e   p r e d e t e r m i n e d   n u m b e r   of   t h e   s t r i p s .   A  " s h i f t  

p i t c h "   i s   d e f i n e d   by  s t e p w i s e   i n c r e a s e   or   d e c r e a s e   o f  

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

s t r i p s   or   p l a t e s   in   t he   r e p e t i t i o n   of   t h e   a b o v e   s h i f t i n g  

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

In  r o l l i n g   f o r   o b t a i n i n g   ( J I S )   SPCC  s t r i p s  

h a v i n g   t h i c k n e s s e s   of   2 . 3   mm  and  w i d t h s   of   935  mm,  t h e  

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

t h r e e   r o l l   s t a n d s   F3,   F4  and  F5  of   a  f i n i s h i n g   m i l l  

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

2 0  m m / 2   c o i l ,   40  mm/2  c o i l   and  60  mm/2  c o i l   in   c y c l i c  

s y s t e m   as  shown  in  F i g .   22.   F i g .   23  i l l u s t r a t e s   r e s u l t s  

of   t h e   r o l l i n g .  

I t   i s   c l e a r   f rom  F i g .   23  t h a t   t h e   l a r g e r   t h e  

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

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

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

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

Wi th   k i n d s   of   s t r i p s   c a p a b l e   of   m a k i n g   t h e  

t h e r m a l   c rown   r e l a t i v e l y   s m a l l ,   f o r   e x a m p l e ,   s t e e l  

s t r i p s   to  be  r o l l e d   a t   r e l a t i v e l y   l o w e r   t e m p e r a t u r e s ,  

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

v a l u e   so  as  to  e n l a r g e   t h e   t h e r m a l   c rown  in  t h e   a r e a  

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



t he   c r o w n   of   r o l l e d   s t r i p s .  

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

p r o f i l e   o f   t h e   t h e r m a l   c r o w n   v a r i e s   u s u a l l y   as  shown  i n  

F i g .   24.   The  t h e r m a l   c r o w n   or   d i f f e r e n c e   in   r o l l  

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

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

i s   shown  i n   F i g .   25  w h e r e i n   t h e   r o l l i n g   i s   e f f e c t e d  

w i t h   t h e   c o n s t a n t   s h i f t   p i t c h   40  mm/2  c o i l   a c c o r d i n g   t o  

t h e   p r o c e d u r e   i n   c o n n e c t i o n   w i t h   F i g .   2 2 .  

As  c a n   be  s e e n   f r o m   F i g .   25,   t h e   d i f f e r e n c e  

AS  in   r o l l   d i a m e t e r   a t   c e n t e r s   and  e d g e s   v a r i e s   g r e a t l y  

in   f i r s t   and   l a t t e r   h a l v e s   o f   r o l l i n g .   In  r o l l i n g   w i t h  

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

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

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

l a t t e r   h a l v e s   o f   r o l l i n g   c y c l e   as  e x p l a i n e d   h e r e i n a f t e r .  

N a m e l y ,   t h e   s h i f t   p i t c h   i s   made  s m a l l e r   t o  

e n l a r g e   t h e   d i f f e r e n c e   AS  in   t h e   f i r s t   h a l f   of   t h e  

c y c l e   g e n e r a l l y   e x h i b i t i n g   s m a l l   d i f f e r e n c e s   AS,  a n d  

t h e   s h i f t   p i t c h   i s   made  l a r g e r   to   s u p p r e s s   t h e  

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

t h e   c y c l e ,   t h e r e b y   s t a b i l i z i n g   t h e   d i f f e r e n c e   AS 

t h r o u g h o u t   t h e   r o l l i n g   c y c l e .  

F i g .   26  i l l u s t r a t e s   t h e   d i f f e r e n c e   ΔS 

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

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

l i n e .   The  d i f f e r e n c e   AS  i s   s t a b i l i z e d   as  shown  in   t h e  

s o l i d   l i n e   i n   F i g .   26,   t h e   c r o w n   of   r o l l e d   s t r i p s   c a n  



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

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

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

In  o r d e r   to  o b t a i n   s t r i p s   of   ( J I S )   SPCC 

h a v i n g   t h i c k n e s s e s   of   2 . 3   mm  and  w i d t h s   of   935  mm  b y  

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

work   r o l l   s h i f t i n g   r o l l i n g   was  e f f e c t e d   w i t h   work   r o l l s  

o f   F3,   F4  and  F5  s t a n d s   b e i n g   c y c l i c a l l y   s h i f t e d ,   w h i l e  

s h i f t   p i t c h e s   were   v a i r e d   in   f i r s t   and  l a t t e r   h a l v e s   o f  

r o l l i n g   c y c l e .   The  r e s u l t s   a r e   shown  in  F i g .   2 7 .  

F i g .   28  i l l u s t r a t e s   a  v a r i a t i o n   of   t h e   d i f f e r e n c e   a S .  

F o l l o w i n g   t a b l e   1  shows  c o m p a r i s o n   of   r o l l e d   s t r i p s  

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

in   t h e   a b o v e   m a n n e r   a c c o r d i n g   to  t h e   i n v e n t i o n   on  m e a n  

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

6  of   t h e   c r o w n s .  

A c c o r d i n g   to  t h i s   e m b o d i m e n t ,   as  t h e   d i f f e r e n c e  

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

c y c l e ,   t h e   c r o w n   of  r o l l e d   s t r i p   can  be  e f f e c t i v e l y  

r e d u c e d .   P a r t i c u l a r l y ,   as  t h e   c rown   of  r o l l s   b e c o m e s  



l a r g e r   in   an  e a r l i e r   p e r i o d   in   t h e   i n i t i a l   h a l f   o f  

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

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

n o t   to  p r o d u c e   d e f e c t i v e   r o l l e d   s t r i p s   and  to  r e d u c e  

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

M o r e o v e r ,   as  t h e   t h e r m a l   c r o w n   i s   s t a b i l i z e d  

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

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

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

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

t h e   c rown   of   t h e   r o l l e d   s t r i p s .   In  t h e   p r i o r   a r t ,   s u c h  

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

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

As  to   t h e   d i f f e r e n c e   i n   t h e r m a l   c r o w n   a n d  

h e n c e   i n  Δ S   due  to   p e r i o d s   of   r o l l i n g   a l l o w e d   by  o n e  

p a i r s   of  work   r o l l s   i n   t h e   p r i o r   a r t ,   a  r o l l   i n i t i a l  

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

r o l l i n g   or   k i n d   o f   s t e e l   i s   c h a n g e d .   In  c o n t r a s t  

h e r e w i t h ,   a c c o r d i n g   to   t h e   i n v e n t i o n   t h e   d i f f e r e n c e   AS 

can   be  v a r i e d   by  c h a n g i n g   t h e   s h i f t   p i t c h .   In   t h i s  

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

f o r   t h e   d i f f e r e n c e   in   AS.  A c c o r d i n g l y ,   t h i s   e m b o d i m e n t  

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

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

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

A l t h o u g h   t h e   a b o v e   e m b o d i m e n t   has   b e e n  

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

i t   may  be  a p p l i e d   to   n o r m a l   work   r o l l s .  



W h i l e   t h e   i n v e n t i o n   has   b e e n   p a r t i c u l a r l y  

shown  and  d e s c r i b e d   w i t h   r e f e r e n c e   to   p r e f e r r e d   e m b o d i -  

m e n t s   t h e r e o f ,   i t   w i l l   be  u n d e r s t o o d   by  t h o s e   s k i l l e d  

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

and  d e t a i l s   can   be  made  t h e r e i n   w i t h o u t   d e p a r t i n g   f r o m  

t h e   s p i r i t   and  s c o p e   of   t he   i n v e n t i o n .  



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

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

g r o u n d   end  a t   one   end   of   i t s   b a r r e l   and   a r r a n g e d   o n e  

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

o p p o s i t e   s i d e s   so  as   to   l o c a t e   b o t h   e d g e s   o f   a  p l a t e - l i k e  

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

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

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

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

g r o u n d   ends   o f   t h e   w o r k   r o l l s ,   t h e r e b y   p r e v e n t i n g   e d g e  

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

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

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

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

3.  A  h o t   r o l l i n g   m e t h o d   as  s e t   f o r t h   in   c l a i m   1 ,  

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

b e t w e e n   t h e   maximum  w h e r e   s h a p e s   of   s a i d   m a t e r i a l   on  a n  

e x i t   s i d e   o f   s a i d   w o r k   r o l l s   do  n o t   e x c e e d   a  l i m i t  

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

of   s a i d   work   r o l l s   f o r   t h e   m a t e r i a l   i s   s t i l l   m a i n t a i n e d .  

4.  A  h o t   r o l l i n g   m e t h o d   as  s e t   f o r t h   in   c l a i m   1 ,  

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

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

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

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

by  s a i d   work   r o l l s .  



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

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

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

c o m p a t i b l e   w i t h   d e c r e a s e   o f   a  d i s t a n c e   f rom  an  edge   o f  

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

end  of   the   work   r o l l   n e a r l i e s t   to  s a i d   edge   of   t h e  

m a t e r i a l .  

6.  A  h o t   r o l l i n g   m e t h o d   as  s e t   f o r t h   in  c l a i m   1 ,  

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

d i s t a n c e   f rom  an  e d g e   of   t h e   m a t e r i a l   to   a  s t a r t i n g  

p o i n t   of  s a i d   t a p e r   g r o u n d   end  of  t h e   work   r o l l   n e a r l i e s t  

to   s a i d   edge  of   t h e   m a t e r i a l   i s   v a r i a b l y   s e t   so  as  t o  

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

of   t h e   work  r o l l s .  

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

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

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

t h e r m a l   e x p a n s i o n   o f   t h e   w o r k   r o l l s .  

8.  A  h o t   r o l l i n g   m e t h o d   as  s e t   f o r t h   in   c l a i m   2 ,  

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

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

in   a  r o l l i n g   c y c l e .  

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

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

f i r s t   h a l f   of  t he   r o l l i n g   c y c l e  a n d   i s   made  l a r g e r   in  a  

l a t t e r   h a l f   of  t h e   c y c l e .  
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