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©  This  invention  relates  to  rolling  equipment  suit- 
ably  used  to  roll  a  strip  coil  made  of  fragile  material 
such  as  high-silicon  steel.  This  equipment  is  pro- 
vided  with  a  rolling  mill,  tension  reels  disposed  at 
the  inlet  and  outlet  sides  of  the  rolling  mill,  and 
deflector  rolls  disposed  between  the  tension  reels 
and  rolling  mill.  The  tension  reels  are  provided  in 
heat  retaining  furnaces  having  heating  means.  The 
rolling  rolls  and  deflector  rolls  are  provided  with 
means  for  heating  these  rolls.  Strip  heating  units  are 
provided  at  the  inlet  and  outlet  of  the  rolling  mill. 
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A  WARM  ROLLING  FACILITY  FOR  STEEL  STRIP  COILS 

TECHNICAL  F I E L D  

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   f a c i l i t y  

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

BACKGROUND  OF  THE  INVENTION 

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

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

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

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

a l s o   r e q u i r e d .   I t   i s   known  t h a t   s o f t   m a g n e t i c   p r o p e r t i e s   of  S i  

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

e x h i b i t   t he   maximum  p e r m e a b i l i t y   a t   a b o u t   6 .5   wt%,  and  s i n c e  

n a t u r a l   e l e c t r i c   r e s i s t a n c e   i s   h i g h ,   t h e   i r o n   l o s s   is   made  s m a l l .  

In  t h i s   k i n d   of  s t e e l   s h e e t s ,   i f   t h e   Si  c o n t e n t   i s   l e s s   t h a n   4 . 0  

wt%,  w o r k a b i l i t y   i s   a b r u p t l y   w o r s e n e d ,   and  t h e r e f o r e   i t   has   b e e n  

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

by  t h e   r o l l i n g   p r o c e s s ,   b u t   i t   has   b e e n   f o u n d   t h a t   t he   warm  r o l l -  

i ng   c o u l d   be  p e r f o r m e d   on  t h e   t h i n   s t e e l   s h e e t s   t h r o u g h   s t u d i e s .  

H o w e v e r ,   o r d i n a r i l y   u s e d   r o l l i n g   f a c i l i t i e s   c o u l d   no t   s e c u r e  

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

and  a r e   d i f f i c u l t   to  r o l l   t h e   h i g h   Si  s t e e l   s h e e t s .   For   e x a m p l e ,  

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   L a i d - O p e n   No  .  135  ,  4 0 7 / 8 6   p r o p o s e d   a  

f a c i l i t y   p r o t e c t i n g   f rom  an  u n c o i l i n g   r e e l   to  f i r s t   r o l l i n g  

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

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

T h i s   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 -  
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id  w i t h   t h e   p r i o r   a r t ,   and  i s   to  p r o v i d e   a  warm  r o l l i n g   f a c i l i t y  

r h i c h   may  c a r r y   ou t   t h e   r o l l i n g   e f f i c i e n t l y   w i t h o u t   c a u s i n g  

: r a c k s   in  t h i n   s t e e l   s h e e t s   w i t h   l e s s   w o r k a b i l i t y .  

JISCLOSURE  OF  OF  THE  INVENTION 

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

s u b j e c t e d   to  r e v e r s e   r o l l i n g s   b e t w e e n   t e n s i o n   r e e l s ,   w h i l e   i t   i s  

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

:y  c o u l d   p r e v e n t   c r a c k s   or   b r e a k a g e s   by  b e n d i n g   and  w o r k i n g   T h e  

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

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

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

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

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

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

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

D u t l e t   w i t h   h e a t i n g   a p p a r a t u s e s   f o r   t h e   s t r i p .  

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

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

r o l l e d   c o i l   of  2  mm  t h i c k n e s s   i s   o r d i n a r i l y   r o l l e d   to  t h i c k n e s s  

of  a b o u t   0 .5   mm.  The  r o l l s   a r e   p r e h e a t e d   a b o u t   200  °C  ( s u r f a c e  

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

a l w a y s   p r e h e a t e d   a t   a b o u t   200  °C  ( s u r f a c e   t e m p e r a t u r e )   by  h e a t i n g  

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

300  and  600  °C  in   t h e   w a r m i n g   f u r n a c e .   The  s t r i p   w h i c h   i s   u n c o i l -  

ed  f rom  one  of  t h e   t e n s i o n   r e e l s   and  s e n t   f r o m   t h e   w a r m i n g   f u r n -  

a c e ,   p a s s e s   t h e   d e f l e c t o r   r o l l s   and  i s   r o l l e d .   S i n c e   t h e   d e f l e c t -  

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

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

i n g   or  b r e a k a g e   a t   t h e   d e f l e c t o r   r o l l s .   The  s t r i p   p a s s i n g   t h e  
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d e f l e c t o r   r o l l s   i s   h e a t e d   f o r   s e c u r i n g   t he   t e m p e r a t u r e   of  t h e  

s t r i p   to  be  r o l l e d   and  goes   i n t o   t h e   r o l l i n g   m a c h i n e .   S i n c e   t h e  

r o l l s   a r e   p r e h e a t e d ,   t h e   s t r i p   i s   c o n t r o l l e d   to  t h e   min imum  f r o m  

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

r o l l s   is   h e a t e d   by  t h e   h e a t i n g   means   d i s p o s e d   a t   t h e   o u t l e t   o f  

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

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

h e a t e d   and  m a i n t a i n e d   a t   t he   t e m p e r a t u r e s   a b o u t   f rom  200  t o  

600  °C,  and  t h u s   t h e   r o l l i n g   is   r e p e a t e d   on  t h e   s t r i p   to  r e d u c e   i t  

to  a  t h i n   s h e e t .  

The  s t r i p   i s   a l w a y s   m a i n t a i n e d   a b o v e   t h e   d e t e r m i n e d   t e m p e r -  

a t u r e   ( f o r   e x a m p l e ,   more   t h a n   200  °C)  d u r i n g   t h e   r e v e r s e   r o l l i n g ,  

and  t h e   r o l l i n g   i s   c a r r i e d   ou t   as  e x a c t l y   a v o i d i n g   c r a c k i n g s   , 

b r e a k a g e s   by  t h e   b e n d i n g   or   t he   w o r k i n g   at   t h e   t e n s i o n   r e e l s ,   t h e  

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

In  t he   r o l l i n g   of  t h e   h i g h   Si  s t e e l   s h e e t ,   t h e   s t r i p   i s   k e p t  

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

f u r n a c e ,   so  t h a t   r e c o v e r y   t r e a t m e n t   is   made  b e t w e e n   t h e   p a s s e s  

and  t h e   maximum  p e r m e a b i l i t y   i s   i m p r o v e d .   T h a t   i s ,   s t r a i n   c a u s e d  

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

by  t h e   h e a t i n g   t r e a t m e n t   a t   low  t e m p e r a t u r e s   in  t h a t   t h e   s t r i p   i s  

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

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

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

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

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

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

i n v e n t i o n ;   F i g .   2  i s   a  d i a g r a m   s h o w i n g   a i r   c o o l i n g   of  t e m p e r a -  

t u r e   in  a c c o r d a n c e   w i t h   t h i c k n e s s   of  a  s t r i p ;   and  F i g .   3  i s   a  
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d i a g r a m   s h o w i n g   d e c r e a s i n g   of  t e m p e r a t u r e   or  t h e   s t r i p   Dy 

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

t e m p e r a t u r e   of  t h e   s u r f a c e s   of  t h e   r o l l s   and  t h e   t e m p e r a t u r e  

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

MOST  PREFERRED  EMBODIMENT  FOR  PRACTISING  THE  INVENTION 

The  i n v e n t i o n   w i l l   be  e x p l a i n e d   w i t h   r e f e r e n c e   to  e m b o d i m e n t  

shown  in  t he   a t t a c h e d   d r a w i n g s .  

F i g . l   shows  one  e m b o d i m e n t   of  t he   i n v e n t i o n   w h e r e   a  r o l l i n g  

f a c i l i t y   is   p r o v i d e d   w i t h   a  r o l l i n g   m a c h i n e   1,  t e n s i o n   r e e l s  

2a,   2b  d i s p o s e d   a t   an  i n l e t   and  an  o u t l e t   t h e r e o f ,   and  d e f l e c t o r  

r o l l s   3  p o s i t i o n e d   b e t w e e n   e a c h   of  t h e   t e n s i o n   r e e l s   and  t h e   r o l l  

i n g   m a c h i n e .  

The  t e n s i o n   r e e l s   2a ,   2b  a r e   p o s i t i o n e d   in  w a r m i n g   f u r n a c e s  

4a,   4b  h a v i n g   h e a t i n g   m e a n s .   Each   of  t h e   w a r m i n g   f u r n a c e s   4  i s  

c o n s t r u c t e d   as  a  gas   f u r n a c e   h a v i n g   a  h e a t i n g   b u r n e r   5.  As  t h e  

h e a t i n g   m e a n s ,   a p p r o p r i a t e   o n e s   may  be  u s e d .  

H e a t i n g   a p p a r a t u s e s   6a,   6b  a r e   p r o v i d e d   a t   t h e   i n l e t   and  t h e  

o u t l e t   of  t h e   r o l l i n g   m a c h i n e   1  f o r   h e a t i n g   a  r u n n i n g   s t r i p .   As  

t h e   h e a t i n g   a p p a r a t u s ,   a  h e a t i n g   f u r n a c e   may  be  u s e d   w h i c h   has   a  

gas   f u r n a c e   ( e . g . ,   C  gas   f u r n a c e ) ,   an  e l e c t r i c   r a d i a n t   h e a t e r   o r  

r a d i a n t   t u b e s   . 

The  d e f l e c t o r   r o l l s   3  a r e   p o s i t i o n e d   by  two  a t   t h e   i n l e t   a n d  

t h e   o u t l e t   of  t he   r o l l i n g   m a c h i n e .   Each   of  t h e   d e f l e c t o r   r o l l s   3 

i s   p r o v i d e d   w i t h   a  h e a t i n g   m e a n s ,   and  in   t h e   p r e s e n t   e m b o d i m e n t ,  

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

t e m p e r a t u r e .   As  o t h e r   h e a t i n g   m e a n s ,   s u c h   may  be  e m p l o y e d   w h i c h  

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

r o l l ,   or   h o u s e d   w i t h   an  e l e c t r i c   h e a t e r   w i t h i n   t h e   r o l l .   N u m b e r  

of  t he   d e f l e c t o r   r o l l s   g i v e s   i n f l u e n c e s   to  b e n d i n g   d e g r e e   of  t h e  
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s t r i p ,   and  more  t h a n   one  a r e   d i s p o s e d   in  a c c o r d a n c e   w i t h   d i a m e t -  

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

The  r o l l s   7  a r e   p r o v i d e d   w i t h   h e a t i n g   a p p a r a t u s e s   f o r   p r e -  

h e a t i n g   t he   r o l l s ,   and  in  t h i s   e m b o d i m e n t ,   h e a t i n g   b u r n e r s   9 

s t a n d   a g a i n s t   t h e   v e r t i c a l   r o l l s   7.  I t   is   p o s s i b l e   to  c o m p o s e   a  

s t r u c t u r e ,   as  t h e   h e a t i n g   means   t h e r e f o r ,   n o z z l e s   f o r   s u p p l y i n g  

t he   o i l   at   h i g h   t e m p e r a t u r e   s t a n d   a g a i n s t   b a c k - u p   r o l l s   8  f o r  

p r e h e a t i n g   r o l l s   7  v i a   t h e   b a c k - u p   r o l l s   8 .  

The  n u m e r a l   10  d e s i g n a t e s   a  t h i c k n e s s   m e a s u r i n g   i n s t r u m e n t ,  

11  d e s i g n a t e s   t h e r m o m e t e r s ,   and  12  a  l u b r i c a t i n g   g r e a s e   s u p p l y .  

The  r o l l i n g   m a c h i n e   1  of  t h i s   e m b o d i m e n t   has   f o u r   r o l l s   , 

and  o t h e r s   may  be  u s e d   as  f i v e ,   s i x   r o l l s   or   p l a n e t a r y   r o l l i n g  

m a c h i n e ,   and  a  r e v e r s e   r o l l i n g   m a c h i n e   is   no t   o n l y   one  s t a n d   b u t  

a l s o   p l u r a l   s t a n d s .   In  t h e   p l u r a l   s t a n d s ,   t he   h e a t i n g   a p p a r a t u s -  

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

i n g   m a c h i n e s ,   t h e r e b y   to  c a r r y   ou t   t h e   r o l l i n g   o p e r a t i o n   e f f i c i -  

e n t l y .  

A c c o r d i n g   to  t h e   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 h e   s t r i p  

c o i l   (A)  w i t h i n   t h e   b o t h   w a r m i n g   f u r n a c e s   4a,   4b  i s   n o r m a l l y  

m a i n t a i n t e d   a t   t h e   t e m p e r a t u r e s   of  200  to  600  °C,  and  e a c h   of  t h e  

d e f l e c t o r   r o l l s   3  i s   a l w a y s   h e a t e d   to  keep   t h e   t e m p e r a t u r e s   o f  

a r o u n d   2  00  °C  on  t h e   s u r f a c e .   The  r o l l s   7  i s   p r e h e a t e d   or   h e a t e d  

to  be  a r o u n d   200  °C  on  t h e   s u r f a c e .  

The  s t r i p   (S)  a t   a b o u t   200  to  600  °C  u n c o i l e d   f rom  one  of  t h e  

t e n s i o n   r e e l s   2  i s   b e n t   by  t h e   d e f l e c t o r   r o l l s   3  and  s e n t   to  t h e  

r o l l s   7.  S i n c e   t h e   d e f l e c t o r   r o l l s   3  a r e   h e a t e d   a t   a b o u t   200  ° C ,  

t h e   s t r i p   (S)  r u n s   as  k e p t   a t   l e a s t   t h i s   t e m p e r a t u r e   w i t h o u t  

c a u s i n g   b r e a k a g e .   The  s t r i p   (S)  i s   i n t r o d u c e d   i n s t a n t l y   i n t o   t h e  

h e a t i n g   a p p a r a t u s   6a  and  h e a t e d   to  t h e   r o l l i n g   t e m p e r a t u r e ,   a n d  
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r e d u c e d   in  t h i c k n e s s   by  t h e   r o l l i n g   m a c h i n e   1.  S i n c e   t h e   r o l l s  

a r e   h e a t e d   or   p r e h e a t e d ,   t h e   s t r i p   is   a l s o   h e r e   p r e v e n t e d   f r o m  

e s c a p i n g   of  t h e   t e m p e r a t u r e .   The  r o l l s   a r e   no t   n e c e s s a r i l y  

h e a t e d   a l w a y s ,   and  f o r   e x a m p l e ,   i t   i s   p o s s i b l e   to  p r e h e a t   t h e  

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

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

d e t e r m i n e d   t e m p e r a t u r e   by  h e a t   c o n d u c t i v i t y   f rom  t h e   s t r i p .  

The  r o l l e d   s t r i p   (S)  i s   i n t r o d u c e d   i n s t a n t l y   i n t o   t h e  

h e a t i n g   a p p a r a t u s   6b  of  t h e   o u t l e t   and  h e a t e d ,   and  p a s s e s   t h e  

d e f l e c t o r   r o l l s   3  h e a t e d   on  t h e   s u r f a c e   a t   a b o u t   200  °C  as  s t a t e d  

a b o v e ,   and  c o i l e d   to  t h e   t e n s i o n   r e e l   2b  in  t h e   w a r m i n g   f u r n a c e  

4b.   The  s t r i p   (S)  i s   r o l l e d   r e v e r s e l y   b e t w e e n   t h e   t e n s i o n   r e e l s  

2a,   2b  to  a  d e t e r m i n e d   t h i c k n e s s .  

F i g .   2  shows   t h e   d e c r e a s i n g   of  t h e   t e m p e r a t u r e   by  t he   a i r  

c o o l i n g   ( d e c r e a s i n g   f rom  t h e   t e m p e r a t u r e   of  400  °C  of  t h e   s t r i p   i n  

t h e   a t m o s p h e r e   of  25  °C)  in  r e s p o n s e   to  t h e   s t r i p   t h i c k n e s s .   T h e  

t e m p e r a t u r e   l a r g e l y   d e c r e a s e s   in  t h e   t h i n   s t r i p .   I f   t h e   s t r i p  

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

t h e   w a r m i n g   c o n d i t i o n   c o u l d   n o t   be  k e p t .   F i g .   3  i s   a  d i a g r a m  

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

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

t u r e   of  t h e   s u r f a c e s   of  t h e   r o l l s   and  t h e   t e m p e r a t u r e   a f t e r   r o l l -  

i n g   t he   s t r i p .   The  s t r i p   i s   p r e v e n t e d   f rom  d e c r e a s i n g   of  t h e  

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

d e t e r m i n e d   t e m p e r a t u r e .  

When  t he   h i g h   Si  s t e e l   s t r i p   i s   s u b j e c t e d   to  t h e   r e v e r s e  

r o l l i n g   and  i f   t h e   s t r i p   (S)  i s   m a i n t a i n e d   f o r   a  d e t e r m i n e d   t i m e  

( n o r m a l l y   1  to  10  m i n . )   in  t h e   w a r m i n g   f u r n a c e s   4a ,   4b  b e t w e e n  

e a c h   p a s s e s ,   t h e   r e c o v e r y   t r e a t m e n t   b e t w e e n   t h e   p a s s e s   i s   c a r r i e d  
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ou t   ( t h e   h e a t i n g   t r e a t m e n t   a t   low  t e m p e r a t u r e s   of  300  to  600  ° C ) .  

S t r a i n   c a u s e d   in  t h e   s t e e l   s t r u c t u r e   d u r i n g   t he   r o l l i n g   by  t h e  

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

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

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

s t e e l   s t r u c t u r e   and  r e l e a s i n g   of  t he   s t r a i n s .  

Each  of  t h e   r o l l s   7  i s   s u p p l i e d   w i t h   a  h e a t   r e s i s t a n t  

l u b r i c a t i n g   g r e a s e   ( f o r   e x a m p l e ,   t he   g r e a s e   h a v i n g   an  i g n i t i o n  

p o i n t   of  more  t h a n   300  °C)  f rom  a  l u b r i c a t i n g   g r e a s e   s u p p l y   1 2 .  

When  a  s u p p l y   d e v i c e   of  an  o i l   at   h i g h   t e m p e r a t u r e   i s  

p r o v i d e d   as  a  h e a t i n g   means   of  t he   r o l l s ,   t he   b a c k - u p   r o l l s   8  a r e  

a p p l i e d   w i t h   t h e   o i l   of  more   t h a n   200  °C  f o r   p r e h e a t i n g   t he   r o l l s  

7  v i a   p r e h e a t i n g   of   t h e   b a c k - u p   r o l l s   . 

A c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ,   s i n c e   t he   r e v e r s e  

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

a b o v e   200  °C  a t   w h i c h   t h e   b e n d i n g   or   r o l i n g   r e d u c t i o n   i s   l o a d e d   t o  

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

w i t h   l e s s   w o r k a b i l i t y   c o n t a i n i n g   more  t h a n   4 .0   w t % S i ,   w i t h o u t  

c a u s i n g   c r a c k s   or   b r e a k a g e   in  t h e   s t r i p .  

In  t he   c a s e   of  t h e   h i g h   Si  s t e e l ,   t he   s t r i p   i s   s u b j e c t e d   t o  

t h e   r e c o v e r y   t r e a t m e n t   b e t w e e n   t he   p a s s e s   by  k e e p i n g   w a r m e d  

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

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

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

The  p r e s e n t   r o l l i n g   f a c i l i t y   may  be  a p p l i e d   to  to  r o l l i n g   o f  

t h i n   p l a t e s   w i t h   l e s s   w o r k a b i l i t y   s u c h   as  h i g h   Si  s t e e l s .  
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L.  A  warm  r o l l i n g   f a c i l i t y   f o r   s t e e l   s t r i p   c o i l s ,   p r o v i d e d   w i t h   a  

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

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

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

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

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

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

ed  a t   t h e   i n l e t   and  o u t l e t   t h e r e o f   w i t h   h e a t i n g   means   f o r   t h e  

s t r i p   . 

2.  The  f a c i l i t y   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   h e a t i n g  

means  d i r e c t l y   h e a t   t h e   r o l l s .  

3.  The  f a c i l i t y   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   h e a t i n g  

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

4.  The  f a c i l i t y   as  c l a i m e d   in  c l a i m   3,  w h e r e i n   t h e   h e a t i n g  

means   a r e   n o z z l e s   means   f o r   s u p p l y i n g   o i l   at   h i g h   t e m p e r a t u r e ,  

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

5.  The  f a c i l i t y   as  c l a i m e d   in  c l a i m   1,  2,  3  or   4,  p r o v i d e d   w i t h  

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

h e a t i n g   a p p a r a t u s e s   a t   t h e   i n l e t   and  t h e   o u t l e t   of  t h e   r o l l i n g  

m a c h i n e   . 

6.  The  f a c i l i t y   as  c l a i m e d   in  c l a i m   1,  2,  3,  4  or   5,  w h e r e i n  

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

f l o w i n g   h e a t i n g   med ium  w i t h i n   t h e   r o l l s .  



EP  0  381  756  A1 

-  9  -  

7  .  The  f a c i l i t y   as  c l a i m e d   in  c l a i m   1  ,  2  ,  3  ,  4  or   5  ,  w h e r e i n  

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

t h e r e o f   . 

8.  The  f a c i l i t y   as  c l a i m e d   in  c l a i m   1,  2,  3,  4,  5  or   6 ,  

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