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@  HOT  ROLLING  METHOD  AND  EQUIPMENT  FOR  FRAGILE  STRIP. 

©  This  invention  relates  to  a  method  of  hot  rolling  a  fragile 
strip,  and  equipment  for  practicing  the  method.  During  a  hot 
rolling  operation  according  to  this  method,  both  side  portions  of 
a  roll  body  including  the  portions  of  the  same  which  are  in  the 
vicinity  of  the  strip  edge-contacting  portions  thereof  are  heated 
so  as  to  control  the  heat  crown  of  the  roll.  The  rolling  equipment  jj 
has  a  heating  unit  capable  of  varying  a  heating  range  in  the  i 
lengthwise  direction  of  a  rolling  roll,  and  a  plurality  of  tempera- 
ture  sensors  arranged  in  the  lengthwise  direction  of  the  roll,  and 
is  capable  of  controlling  the  heating  range  of  the  heating  unit  ^j 
according  to  temperature  information  from  the  temperature  y 
sensors.  S  
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?-\,V'  ^\,V  WARM  ROLLING  METHOD  OF  BRITTLE 

*V^  d£&  STEEL  BAND  AND  FACILITY  THEREFOR 

TECHNICAL  F IELD 

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  warm  r o l l i n g   m e t h o d   o f  

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

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

BACKGROUND  OF  THE  INVENTION 

B r i t t l e   m a t e r i a l s   s u c h   as  h i g h   Si  s t e e l   a r e   known  in  d i f f i -  

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

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

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

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

w o r k i n g   p a r t   of  t he   r o l l   is  h e a t e d   by  the   h e a t e d   s t r i p   so  t h a t  

t h e r m a l   e x p a n s i o n   is  r e p e a t e d ,   and  the   r o l l   is  g e n e r a t e d   w i t h   a  

l a r g e   c o n v e x   c r o w n .   Due  to  s u c h   a  c r o w n ,   the   r o l l   is   s h a p e d   l i k e  

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

s t r i p .   T h e r e f o r e ,   t he   s t r i p   u n d e r   r o l l i n g   is  e f f e c t e d   w i t h  

e x t r e m e   e l o n g a t i o n   at   i t s   c e n t e r   and  w i t h   l a r g e   t e n s i o n   s t r e s s   a t  

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

t e n s i o n   s t r e s s   a t   t he   s t r i p   e d g e s .  

As  a  m e t h o d   of  p r e v e n t i n g   the   h e a t   c r o w n ,   t he   p r i o r   a r t  

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

m a t e r i a l ,   t h i s   m e t h o d   c o u l d   no t   be  e m p l o y e d   b e c a u s e   t he   t e m p e r a -  

t u r e   of  t he   s t r i p   s h o u l d   no t   be  d e c r e a s e d .  

F u r t h e r ,   in  t he   warm  r o l l i n g   of  t he   s t e e l   b a n d ,   t h e   t e m p e r a -  
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t u r e   of  t h e   r o l l   s h o u l d   be  n e c e s s a r i l y   h i g h   to  a  c e r t a i n   e x t e n t ,  

o t h e r w i s e   t h e   h e a t   of  t h e   s t e e l   band   wou ld   t r a n s f e r   to  the   r o l l  

and  t h e   s t e e l   b a n d   c o u l d   no t   be  p e r f o r m e d   w i t h   p r o p e r   p r o c e s s i n g .  

T h e r e f o r e ,   t h e   r o l l   mus t   be  p r e h e a t e d   f o r   e n t e r i n g   t he   r o l l i n g   o f  

t h e   s t e e l   b a n d .  

The  p r e s e n t   i n v e n t i o n   has   b e e n   d e v e l o p e d   in  v i e w   of  p r o b l e m s  

i n v o l v e d   w i t h   t h e   p r i o r   a r t ,   and  i t   is   an  o b j e c t   of  t he   i n v e n t i o n  

to  p r o v i d e   a  m e t h o d   of  p r e v e n t i n g   t he   h e a t   c rown  c a u s e d   in  t h e  

r o l l   and  c a r r y   ou t   t h e   w a r m i n g   r o l l   w i t h o u t   c a u s i n g   b r e a k a g e   o f  

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

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

a b o v e   s t a t e d   m e t h o d .  

DISCLOSURE  OF  THE  INVENTION 

For  a c c o m p l i s h i n g   t h e   o b j e c t s   of  t he   i n v e n t i o n ,   d u r i n g   w a r m  

r o l l i n g   of  t h e   b r i t t l e   s t e e l   b a n d ,   t he   i n v e n t i v e   m e t h o d   h e a t s  

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

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

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

By  c o n t r o l l i n g   t he   h e a t   c r o w n ,   t he   t h e r m a l   e x p a n s i o n   may  b e  

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

may  be  e x a c t l y   p r e v e n t e d   f rom  e l o n g a t i o n   a t   i t s   c e n t e r .  

The  b o t h   s i d e s   of  t h e   r o l l   is   d i r e c t l y   h e a t e d   by  means  o f  

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

as  b a c k - u p   r o l l s   . 

The  i n v e n t i v e   r o l l i n g   f a c i l i t y   has  a  h e a t i n g   a p p a r a t u s   w h i c h  

may  c h a n g e   h e a t i n g   r a n g e s   in  t he   l e n g t h   of  t he   r o l l   b o d y ,   and  a  

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



0 0 3 1 5 6 9 4  
—  "3  -• 

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

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

t h e   t e m p e r a t u r e   s e n s o r s .  

D u r i n g   h e a t i n g   by  t h e   a b o v e   h e a t i n g   a p p a r a t u s ,   t h e   t e m p e r a -  

t u r e   on  t he   r o l l   s u r f a c e   is  m e a s u r e d   by  the   t e m p e r a t u r e   s e n s o r s   , 

and  in  a c c o r d a n c e   w i t h   t h e   t e m p e r t a u r e   i n f o r m a t i o n   t h e r e f r o m ,   t h e  

h e a t i n g   r a n g e ,   i . e . ,   t he   h e a t i n g   w i d t h e s   at   t he   b o t h   ends   of  t h e  

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

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

The  r o l l   i s   p r e h e a t e d   by  h e a t i n g   the   f u l l   l e n g t h   of  t he   r o l l  

b o d y .  

As  t h e   h e a t i n g   a p p a r a t u s ,   the   h e a t i n g   b u r n e r s   or   o t h e r   s u i t -  

a b l e   means   may  be  e m p l o y e d .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

F i g . l   is   a  v i e w   s h o w i n g   an  e m b o d i m e n t   of  t h e   i n v e n t i v e  

m e t h o d ;  

F i g .   2  i s   a  v i e w   s e e n   f rom  I I   -  II   of  F i g . l ;  

F i g .   3  is   a  g r a p h   s h o w i n g   i n f l u e n c e s   of  t he   h e a t i n g   w i d t h e s  

a t   t he   b o t h   s i d e s   of  of  t he   r o l l   b o d i e s   to  an  a m o u n t   of  h e a t  

c r o w n   in  t h e   warm  r o l l i n g ;  

F i g .   4  i s   a  g r a p h   s h o w i n g   c h a n g e s   as  t i m e   p a s s e s ,   of  t he   h e a t  

c rown   a m o u n t s   of  t he   i n v e n t i v e   and  the   c o m p a r a t i v e   e x a m p l e s   i n  

t he   e m b o d i m e n t ;  

F i g .   5  is   a  s i d e   v i e w   s h o w i n g   an  e m b o d i m e n t   of  t h e   i n v e n t i v e  

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

F i g .   6  is   a  v i e w   s e e n   f rom  VI  -  VI  of  F i g .   5;  a n d  

F i g .   7  is   a  g r a p h   s h o w i n g   an  amoun t   of  h e a t   e x p a n s i o n   in  t h e  

l e n g t h   of  t h e   r o l l   body   in  t h e   warm  r o l l i n g   of  t he   s t e e l   b a n d .  
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MOST  PREFERRED  EMBODIMENTS  FOR  PRACTISING  THE  INVENTION 

F i g s . l   and  2  show  one  e m b o d i m e n t   of  the   i n v e n t i o n ,   w h e r e   t h e  

r o l l s   a r e   d i r e c t l y   h e a t e d   by  means   of  b u r n e r s   . 

In  t h e   d r a w i n g s ,   n u m e r a l s   la   ,1b  a r e   u p p e r   and  l o w e r   r o l l s ,   2 

is   b a c k - u p   r o l l s ,   3  i s   a  b u r n e r ,   4  i s   s t a n d s ,   5  is  a  t h e r m o m e t e r  

( c o n t a c t   t y p e )   f o r   m e a s u r i n g   t e m p e r a t u r e s   of  t he   r o l l ,   and  (S)  i s  

a  s t e e l   b a n d .  

The  b u r n e r   3  is   d i s p o s e d   a g a i n s t   t he   r o l l s   l a , l b   s u c h   t h a t  

t h e   b o t h   s i d e s   of  t h e   r o l l   body   may  be  h e a t e d ,   and  has   a  p l u r a l -  

i t y   of  b u r n e r   p o r t i o n s   ( b u r n e r   n o z z l e s )   a l o n g   t h e   l e n g t h   of  t h e  

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

b o t h   s i d e s   of  t h e   r o l l   b o d y .  

In  t he   f a c i l i t y ,   t h e   b u r n e r   3  d i r e c t l y   h e a t s   t h e   b o t h   s i d e s  

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

w h i c h   t h e   edge   p a r t s   of  t h e   s t e e l   band   (S)  c o n t a c t ,   so  as  t o  

c o n t r o l   t h e   h e a t   c rown   t h e r e a t   . 

A c t u a l l y ,   t h e   t h e r m o m e t e r   5  m e a s u r e s   t he   t e m p e r a t u r e   in  t h e  

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

by  t h e   o n - o f f   c o n t r o l   of  t h e   h e a t i n g   e l e m e n t s   of  t he   b u r n e r .  

By  p r e v e n t i n g   t h e   h e a t   c r o w n ,   t h e   h e a t   e x p a n s i o n   i s   m a d e  

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

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

The  b o t h   s i d e s   of  t h e   r o l l   body   may  be  d i r e c t l y   h e a t e d   b y  

t he   b u r n e r s   or   o t h e r   h e a t i n g   i n s t r u m e n t s ,   or  may  be  i n d i r e c t l y  

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

F i g .   3  i s   a  g r a p h   s h o w i n g   i n f l u e n c e s   of  t he   h e a t i n g   w i d t h e s  

to  an  a m o u n t   of  h e a t   c r o w n   in  t he   warm  r o l l i n g   by  t he   f a c i l i t y   a s  

s e e n   in  F i g . l ,   and  i t   i s   s e e n   t h a t   t he   c rown  may  be  c o n t r o l l e d   b y  

t h e   h e a t i n g   w i d t h ,   and  e s p e c i a l l y   i f   t he   h e a t i n g   w i d t h   is   b r o a d -  
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e n e d   g r a d u a l l y   as  t i m e   p a s s e s ,   JH  can  be  c h e c k e d   e x a c t l y .  

EXAMPLE 

The  same  f a c i l i t y   as  shown  in  F i g s . l   and  2  was  u s e d ,   and  t h e  

r o l l s   w e r e ,   b e f o r e   r o l l i n g ,   p r e h e a t e d   ( 200cC)   by  means   of  a l l   o f  

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

t he   h e a t i n g   was  made  on  a  p r e d e t e r m i n e d   w i d t h   in  t h e   r o l l   f r o m  

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

t he   r o l l ,   and  t h e   warm  r o l l i n g   was  c a r r i e d   ou t   on  t he   s t e e l   b a n d .  

For   c o m p a r i s o n ,   t he   warm  r o l l i n g   was  d o n e ,   bu t   t h e   r o l l   was  n o t  

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

f o l l o w s   . 

S t e e l   b a n d :   6.5%  Si  s t e e l  

H e a t i n g   t e m p e r a t u r e  

of  s t e e l   b a n d :   350  °C 

D i a m e t e r   of  r o l l :   2  00  mm<? 

L e n g t h   of  r o l l   b o d y :   500  mm 

W i d t h   of  s t e e l   b a n d   200  mm 

R o l l   h e a t i n g   c o n d i t i o n s   ( t h e   i n v e n t i o n )  

H e a t i n g   w i d t h :   30  mm 

T e m p e r a t u r e   of  b u r n e r :   1000  °C 

T e m p e r a t u r e   of  r o l l s :   200  to  250  °C 

F i g .   4  i s   a  g r a p h   s h o w i n g   c h a n g e s   as  t i m e   p a s s e s ,   of  t he   h e a t  

c rown   a m o u n t s   <*H  ( r e f e r   to  F i g .   3)  d u r i n g   r o l l i n g   in  t h e   i n v e n t i v e  

and  the   c o m p a r a t i v e   e x a m p l e s .   The  c o m p a r a t i v e   e x a m p l e   d i d   n o t  

h e a t   t he   r o l l s   ,  and  a  l a r g e   c rown  was  c a u s e d   as  t he   r o l l i n g   p r o g -  

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

a m o u n t .   The  i n v e n t i o n   c o u l d   r o l l   t he   s t e e l   band   in  t h i c k n e s s  

f rom  2 .0   mm  to  0 .5   mm  w i t h o u t   c a u s i n g   b r e a k a g e s   a t   t h e   edge   p o r t -  
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i o n s .   H o w e v e r ,   t h e   c o m p a r a t i v e   e x a m p l e   g e n e r a t e d   b r e a k a g e s   at  t h e  

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

r o l l s   were   no t   p r e h e a t e d .   F u r t h e r ,   i f   the   v i c i n i t i e s   of  t he   e d g e  

p o r t i o n s   of  t h e   s t r i p   we re   no t   h e a t e d   f o r   r o l l i n g ,   t he   l a r g e  

e l o n g a t i o n   was  g e n e r a t e d   a t   t he   c e n t e r   of  t he   s t e e l   b a n d ,   and  t h e  

s t e e l   band   was  b r o k e n   a t   l a s t .  

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

m a i n t a i n e d   a t   t h e   t e m p e r a t u r e   b e t w e e n   200  °C  and  250  CC,  a n o t h e r  

e x a m p l e   was  c a r r i e d   ou t   u n d e r   a  c o n d i t i o n   t h a t   t he   t e m p e r a t u r e  

was  no t   b e l o w   t h e   a b o v e   m e n t i o n e d   t e m p e r a t u r e ,   in  t h a t   t he   h e a t  

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

t h e   r o l l s   g e n e r a t i n g   l a r g e   h e a t   e x p a n s i o n .   T h u s ,   as  a  r e s u l t   o f  

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

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

t he   h e a t   c rown  c o u l d   be  c o n t r o l l e d   s a t i s f a c t o r i l y   u n t i l   t he   s t r i p  

was  r o l l e d   to  a  d e s i r e d   t h i c k n e s s   w i t h o u t   c a u s i n g   e x t r e m e   i n c r e a s -  

i ng   of  t he   t e m p e r a t u r e   in  t he   r o l l s   . 

The  r o l l i n g   f a c i l i t y   of  t he   i n v e n t i o n   w i l l   be  r e f e r r e d   t o .  

F i g s .   5  and  6  show  one  e m b o d i m e n t   of  t he   p r e s e n t   f a c i l i t y .  

N u m e r a l s   l a , l b   a r e   u p p e r   and  l o w e r   r o l l s ,   2  is  b a c k - u p   r o l l s ,   3 

i s   a  b u r n e r ,   4  i s   s t a n d s ,   5  is   a  t h e r m o m e t e r ,   6  is   a  h e a t   c o n t r o l  

a p p a r a t u s ,   and  7  i s   a  v a l v e   o p e r a t i n g   d e v i c e .  

The  b u r n e r   3  i s   d i s p o s e d   a g a i n s t   the   r o l l s   l a , l b ,   and  has  a  

p l u r a l i t y   of  b u r n e r   p o r t i o n s   31  ( b u r n e r   n o z z l e s )   a l o n g   t he   l e n g t h  

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

t he   b o t h   s i d e s   of  t he   r o l l   body   by  the   o n - o f f   of  t he   b u r n e r   p o r t -  

i o n s   31.  Gas  s u p p l y   p i p e s   8  to  b u r n e r   p o r t i o n s   31  of  t he   b u r n e r  

3  a r e   p r o v i d e d   w i t h   v a l v e s   9  w h i c h   a r e   o p e r a t e d   by  t he   v a l v e  

o p e r a t i n g   d e v i c e   7 .  
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The  t e m p e r a t u r e   s e n s o r s   5  a r e   p r o v i d e d   w i t h   s p a c e s   a l o n g   t h e  

l e n g t h   of  t he   r o l l   b o d y .   The  t e m p e r a t u r e   i n f o r m a t i o n   f rom  t h e  

t e m p e r a t u r e   s e n s o r   5  is   s e n t   to  t he   h e a t   c o n t r o l   a p p a r a t u s   6,  a n d  

in  a c c o r d a n c e   w i t h   t he   t e m p e r a t u r e   i n f o r m a t i o n ,   t he   h e a t i n g   r a n g e  

of  t he   b u r n e r   3  is  c o n t r o l l e d .   A c t u a l l y ,   t he   o n - o f f   c o n t r o l   i s  

made  to  e a c h   of  t he   b u r n e r   p o r t i o n s   31  by  o p e r a t i n g   t h e   v a l v e .  

The  n u m e r a l   10  d e s i g n a t e s   t he   a i r   n o z z l e s   d i s p o s e d   a g a i n s t  

t he   c e n t e r   p a r t s   of  t he   r o l l   b o d i e s ,   and  e a c h   of  them  is   s u p p l i e d  

w i t h   t he   a i r   f rom  an  a i r   p i p e   1 1 .  

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

h e a t e d   o v e r   a l m o s t   t he   f u l l   l e n g t h e s   of  the   r o l l s   l a , l b   by  m e a n s  

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

b o d y .   F u r t h e r ,   d u r i n g   r o l l i n g   t he   b r i t t l e   s t e e l   band   ( S ) ,   t h e  

b u r n e r   3  h e a t s   o n l y   t h e   b o t h   s i d e s   of  the   r o l l   i n c l u d i n g   t h e  

v i c i n i t y   of  i t s   p a r t   to  w h i c h   the   e d g e s   of  t h e   s t e e l   band   ( S )  

c o n t a c t ,   d u r i n g   w h i c h   t he   t e m p e r a t u r e   s e n s o r s   5  m e a s u r e   t h e  

t e m p e r a t u r e   on  the   r o l l   s u r f a c e   in  t he   l e n g t h   of  t he   r o l l   b o d y .  

The  h e a t i n g   p o s i t i o n   and  w i d t h   of  t he   r o l l   a r e   a d j u s t e d   by  t h e  

o n - o f f   c o n t r o l   of  e a c h   of  t he   b u r n e r   p o r t i o n s   31  s u c h   t h a t   t h e  

t h e r m a l   e x p a n s i o n   is  made  u n i f o r m   in  the   w o r k i n g   p a r t   of  the   r o l l  

in   a c c o r d a n c e   w i t h   t h e   t e m p e r a t u r e   i n f o r m a t i o n .  

The  b o t h   s i d e s   of  t he   r o l l   b o d i e s   a r e   h e a t e d   by  the   b u r n e r s  

as  m e n t i o n e d   a b o v e ,   w h i l e   t h e   c e n t e r   p a r t s   of  t he   r o l l   b o d i e s   a r e  

f o r c i b l y   c o o l e d   w i t h   t he   a i r   s u p p l i e d   f rom  t he   a i r   n o z z l e s   1 0 ,  

w h e r e b y   t he   h e a t   c rown  is  p o s i t i v e l y   p r e v e n t e d .  

INDUSTRIAL  A P P L I C A B I L I T Y  

The  m e t h o d   and  f a c i l i t y   of  t he   i n v e n t i o n   may  be  a p p l i e d   t o  

t he   r o l l i n g   of  t he   b r i t t l e   s t e e l   b a n d s   such  as  h i g h   Si  s t e e l s .  
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WHAT  IS  CLAIMED  I S  

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

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

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

s t e e l   band   c o n t a c t ,   t h e r e b y   to  p r e v e n t   h e a t   c rown  c a u s e d   in  t h e  

r o l l s   . 

2.  The  m e t h o d   as  c l a i m e d   in  c l a i m   1,  d i r e c t l y   h e a t i n g   b o t h  

s i d e s   of  t h e   r o l l   b o d y   by  means   of  h e a t i n g   m e a n s .  

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

t h e   r o l l   b o d i e s   of  b a c k - u p   r o l l s   by  measn   of  t he   h e a t i n g   m e a n s ,  

and  h e a t i n g   b o t h   s i d e s   of  t he   r o l l   b o d i e s   by  h e a t   c o n d u c t i v i t y  

f rom  t he   b a c k - u p   r o l l s   . 

4.  The  m e t h o d   as  c l a i m e d   in  c l a i m   1,  2  or  3,  w h e r e i n   t he   h e a t -  

i ng   means   i s   a  b u r n e r .  

5.  The  m e t h o d   as  c l a i m e d   in  c l a i m   1,  2  or  3  ,  w h e r e i n   t he   h e a t -  

i ng   means   i s   o t h e r   t h a n   t h e   b u r n e r .  

6.  The  m e t h o d   as  c l a i m e d   in  c l a i m   1,  2  or  3,  w h e r e i n   t he   h e a t -  

i n g   r a n g e s   a t   t h e   b o t h   s i d e s   of  t he   r o l l   b o d i e s   a r e   b r o a d e n e d   a s  

t i m e   p a s s e s .  

7.  A  warm  r o l l i n g   f a c i l i t y   f o r   b r i t t l e   s t e e l   b a n d s ,   p r o v i d e d  

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

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

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

i n f o r m a t i o n s   i s s u e d   f rom  t he   t e m p e r a t u r e   s e n s o r s .  

8.  The  f a c i l i t y   as  c l a i m e d   in  c l a i m   7,  w h e r e i n   t he   h e a t i n g  

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

l e n g t h   of  t h e   r o l l   b o d i e s .  

9.  The  f a c i l i t y   as  c l a i m e d   in  c l a i m   8,  w h e r e i n   t he   h e a t i n g  

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