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@@  The  invention  relates  to  a  method  of  controlling  the  tem- 
perature  of  a  steel  strip  (1)  in  the  cooling  zone  of  a  continu- 
ous  annealing  furnace  which  is  provided  with  a  pluralityof 
cooling  rolls  (2  to  5)  in  which  a  coolant  is  circulated  via  a  cir- 
cuit  (14  to  18)  for  cooling  the  strip  as  it  is  brought  into  contact 
with  the  outer  peripheral  surfaces  of  the  rolls,  the  coolant 
temperature  being  controlled  via  temperature  control 
means  (19  to  21),  and  a  plurality  of  gas  jet  coolers  (6  to  9)  for 
blowing  cooling  gas  against  the  strip. 

In  accordance  with  the  invention,  the  flow  rate  of  the 
cooling  gas,  the  angle  at  which  the  strip  is  brought  into  con- 
tact  with  the  surfaces  of  the  rolls  and  the  coolant  tempera- 
ture  are  controlled  selectively  in  the  order  of,  first,  at  least 
one  of  either  the  flow  rate  of  coolant,  or  the  angle,  and  then 
the  coolant  temperature,  so  that  the  strip  may  be  cooled 
quickly  and  efficiently  to  a  predetermined  temperature  ir- 
respective  of  any  change  in  strip  gauge  during  the  continu- 
ous  annealing  of  a  plurality  of  strips  which  are  different 
gauge. 
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 T h e   invention  relates  to  a  method  of  controlling  the  tem- 
perature  of  a  steel  strip  (1)  in  the  cooling  zone  of  a  continu- 
ous  annealing  furnace  which  is  provided  with  a  plurality-of 
cooling  rolls  (2  to  5)  in  which  a  coolant  is  circulated  via  a  cir- 
cuit  (14  to  18)  for  cooling  the  strip  as  it  is  brought  into  contact 
with  the  outer  peripheral  surfaces  of  the  rolls,  the  coolant 
temperature  being  controlled  via  temperature  control 
means  (19  to  21),  and  a  plurality  of  gas  jet  coolers  (6  to  9)  for 
blowing  cooling  gas  against  the  strip. 

In  accordance  with  the  invention,  the  flow  rate  of  the 
cooling  gas,  the  angle  at  which  the  strip  is  brought  into  con- 
tact  with  the  surfaces  of  the  rolls  and  the  coolant  tempera- 
ture  are  controlled  selectively  in  the  order  of,  first,  at  least 
one  of  either  the  flow  rate  of  coolant,  or  the  angle,  and  then 
the  coolant  temperature,  so  that  the  strip  may  be  cooled 
quickly  and  efficiently  to  a  predetermined  temperature  ir- 
respective  of  any  change  in  strip  gauge  during  the  continu- 
ous  annealing  of  a  plurality  of  strips  which  are  different 
gauge. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   o f   t h e   I n v e n t i o n :  

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

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

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

2.  D e s c r i p t i o n   o f   t h e   P r i o r   A r t :  

A  c o n t i n u o u s   a n n e a l i n g   f u r n a c e   i s   an  a p p a r a t u s  

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

s t r i p   in   a c c o r d a n c e   w i t h   a  h e a t   c y c l e   as  s h o w n   by  way  o f  

e x a m p l e   in   FIGURE  1  in   o r d e r   to   i m p r o v e   i t s   w o r k a b i l i t y .  

The  h e a t   t r e a t m e n t   a c c o r d i n g   to   t h e   h e a t   c y c l e   of   F IGURE 

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

a  f i n a l   c o o l i n g   z o n e .  

T h e r e   i s   known  a  s y s t e m   f o r   c o o l i n g   a  s t e e l   s t r i p  

in   t h e   c o o l i n g   z o n e   of   a  c o n t i n u o u s   a n n e a l i n g   f u r n a c e   b y  

a  c o m b i n a t i o n   o f   r o l l   c o o l i n g   and  g a s   j e t   c o o l i n g .   FIGURE 

2  s h o w s   t h e   c o o l i n g   s y s t e m   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  

P u b l i c a t i o n   No.  1 0 9 7 3 / 1 9 8 1 .   A  s t e e l   s t r i p   1  t r a v e l s   i n  

c o n t a c t   w i t h   f o u r   c o o l i n g   r o l l s   2  to   5  i n   w h i c h   a  c o o l a n t  

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

F o u r   p l e n u m   c h a m b e r s   6  to  9  a r e   p r o v i d e d   i n   f r o n t   of  t h e  

c o o l i n g   r o l l s   2  t o  5 ,   r e s p e c t i v e l y ,   f o r   b l o w i n g   j e t s   o f  



c o o l i n g   g a s   a g a i n s t   t h e   s t r i p   1.  E a c h   p l e n u m   c h a m b e r  

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

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

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

12  and   13  a n d   b l o w n   a g a i n s t   t h e   s t r i p   1  t h r o u g h   t h e   p l e n u m  

c h a m b e r s   6  to   9  n o t   o n l y   f o r   c o o l i n g   t h e   s t r i p   1,  b u t   a l s o  

f o r   b r i n g i n g   i t   i n t o   i n t i m a t e   c o n t a c t   w i t h   t h e   c o o l i n g  

r o l l s   2  to   5,  as  t h e   f a i l u r e   of   t h e   s t r i p   to   c o n t a c t   t h e  

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

o r   c e n t r a l   p o r t i o n   r e s u l t s   in   t h e   l a c k   o f   c o o l i n g   u n i f o r -  

m i t y .   FIGURE  2  a l s o   s h o w s   a  p a i r   of   d e f l e c t o r   r o l l s   1 0  

and  11,   d e v i c e s   22  f o r   m o v i n g   t h e   c o o l i n g   r o l l s   to   c o n t r o l  

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

t h e   c o o l i n g   r o l l s ,   p r e s s u r e   c o n t r o l l e r s   23  f o r   c o n t r o l l i n g  

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

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

in  t h e   p l e n u m   c h a m b e r s   and  d a m p e r s   2 5 .  

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

2  t o   5  by  a  c i r c u i t  w h i c h   i s  s h o w n - b y   way  of   e x a m p l e   i n  

FIGURE  3  as  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   N o .  

1 2 9 0 6 9 / 1 9 8 2 .   FIGURE  3  shows   o n l y   one  o f . t h e   c o o l i n g   r o l l s  

a t   2  f o r   t h e   s a k e   o f   s i m p l i c i t y .   The  c o o l a n t   i s   r e t u r n e d  

f rom  t h e   c o o l i n g   r o l l   2  to   a  c o o l a n t   t a n k   15  t h r o u g h   a  d i s -  

c h a r g e   l i n e   14 .   I t   i s   d e l i v e r e d   by  a  pump  16  f rom  t h e  

t a n k   15  t o   a  h e a t   e x c h a n g e r   17  in   w h i c h   i t   i s   c o o l e d ,   a n d  

s u p p l i e d   to   t h e   c o o l i n g   r o l l   2  by  a  s u p p l y   l i n e   18.  T h e  



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

c o n t r o l l e d   by  a  c o o l a n t   t e m p e r a t u r e   c o n t r o l l e r   19.  M o r e  

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

s e n s o r   20  and  t h e   f l o w   of   c o o l i n g   w a t e r   e n t e r i n g   t h e   h e a t  

e x c h a n g e r   17  i s   c o n t r o l l e d   by  a  c o n t r o l   v a l v e   21  to   o b t a i n  

an  a p p r o p r i a t e   c o o l a n t   t e m p e r a t u r e   s e t   by  t h e   t e m p e r a t u r e  

c o n t r o l l e r   1 9 .  

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

r o l l   c o o l i n g   and  gas   j e t   c o o l i n g   as  h e r e i n a b o v e   d e s c r i b e d  

e f f e c t s   t h e   c o n t r o l   of  t h e   t e m p e r a t u r e   of   t h e   s t r i p   1  b y  

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

a  s t r i p   p o r t i o n   c o n t a c t i n g   e a c h   c o o l i n g   r o l l   or   in   o t h e r  

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

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

f l o w   r a t e   o f   t h e   c o o l i n g   gas   b l o w n   a g a i n s t   t h e   s t r i p .   T h e  

c o n t r o l   of   t h e   c o o l a n t   t e m p e r a t u r e   has   a l r e a d y   b e e n   d e -  

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

i ng   r o l l s   i s   c o n t r o l l e d   by  t h e   r o l l   m o v i n g   d e v i c e s   2 2 .  

The  f l o w   r a t e   o f   t h e   c o o l i n g   gas   i s   c o n t r o l l e d   by  a d j u s t -  

i ng   t h e   p o s i t i o n   of   e a c h   d a m p e r   25  so  t h a t   t h e   p r e s s u r e   o f  

t h e   c o o l i n g   g a s   d e t e c t e d   by  t h e   p r e s s u r e   s e n s o r s   24  m a y  

r e a c h   a  p r e d e t e r m i n e d   l e v e l .  

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

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

i . e . ,   (1)  t h e   f l o w   r a t e   of  t h e   c o o l i n g   g a s ,   (2)  t h e   a n g l e  

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



r o l l s   and  (3)  t h e   c o o l a n t   t e m p e r a t u r e ,   by  t a k i n g   i n t o  

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

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

d i m e n s i o n s   of   t h e   s t r i p   and  t h e   s p e e d   of   i t s   t r a v e l .   I n -  

s o f a r   as  t h e r e   e x i s t   a  p l u r a l i t y   of   f a c t o r s   to   be  c o n -  

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

v i d u a l   f a c t o r   in   a  d e f i n i t e   f a s h i o n .   I t   i s   n e c e s s a r y   t o  

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

of  t h o s e   f a c t o r s .  

SUMMARY  OF  THE  INVENTION 

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

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

t h e   c o o l i n g   z o n e   o f   a  c o n t i n u o u s   a n n e a l i n g   f u r n a c e   so  t h a t  

a  h i g h   y i e l d   o f   p r o d u c t i o n   may  be  a c h i e v e d .  

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

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

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

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

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

m e n t i o n e d .  

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

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

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

o u s l y   and   t h e   c o o l a n t   t e m p e r a t u r e   t h e r e a f t e r .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIGURE  1  i s   a  g r a p h   s h o w i n g   by  way  of  e x a m p l e   a  



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

a n n e a l i n g   f u r n a c e ;  

FIGURE  2  i s   a  s c h e m a t i c   d i a g r a m   of  a  s y s t e m   f o r  

c o o l i n g   s t r i p   by  a  c o m b i n a t i o n   of   r o l l   c o o l i n g   and  gas   j e t  

c o o l i n g ;  

FIGURE  3  i s   a  s c h e m a t i c   d i a g r a m   of  a  c i r c u i t   f o r  

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

F IGURE 4   i s   a  g r a p h i c a l   r e p r e s e n t a t i o n   o f   t h e  

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

i n g   a  g r a d u a l l y   i n c r e a s i n g   g a u g e ;  

FIGURE  5  i s   a  g r a p h i c a l   r e p r e s e n t a t i o n   of   t h e  

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

h a v i n g   a  g r a d u a l l y   d e c r e a s i n g   g a u g e ;  

FIGURE  6  i s   a  g r a p h i c a l   r e p r e s e n t a t i o n   of   t h e  

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

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

i ng   g a u g e ;  

FIGURE  7  i s   a  f l o w   c h a r t   s h o w i n g   by  way  of   e x a m p l e  

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

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

FIGURE  8  i s   a  s c h e m a t i c   d i a g r a m   s h o w i n g   a n o t h e r  

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

r o l l   c o o l i n g   and  gas   j e t   c o o l i n g .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

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



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

o r d e r   of  p r e f e r e n c e .   T h i s   o r d e r   of  p r e f e r e n c e   i s   d e t e r -  

m i n e d   by  t h e   q u i c k n e s s   in   t h e   r e s p o n s e   of   c o n t r o l .   I n s o -  

f a r   as  t h e   s t r i p   t a k e s   o n l y   s e v e r a l   s e c o n d s   to   p a s s   t h r o u g h  

t h e   c o o l i n g   z o n e ,   t h e   q u i c k n e s s   in   t h e   r e s p o n s e   of   c o n t r o l  

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

p r o d u c t i o n   in   t h e   e v e n t   t h e r e   i s   any  c h a n g e   in  t h e   c o n d i -  

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

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

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

m e t e r s   d i f f e r   f r o m   one   a n o t h e r   in   r e s p o n s e   t i m e ,   as  f o l l o w s :  

(1)  F low  r a t e   of  c o o l i n g   g a s  -   A b o u t   10  s e c o n d s ;  

(2)  A n g l e   o f   s t r i p   r e l a t i v e   to   t h e   c o o l i n g   r o l l s  -  

A b o u t   two  m i n u t e s ;   a n d  

(3)  C o o l a n t   t e m p e r a t u r e  -   A b o u t   10  m i n u t e s .  

The  i n v e n t o r s   of   t h i s   i n v e n t i o n   h a v e ,   t h e r e f o r e ,  

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

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

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

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

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

t i o n ,   p r i o r i t y   i s   in   t h e   o r d e r   of   (1)  f l o w   r a t e   of  c o o l i n g  

g a s ,   (2)  a n g l e   of   t h e   s t r i p   r e l a t i v e   to   t h e   c o o l i n g   r o l l s  

and  (3)  c o o l a n t   t e m p e r a t u r e .   T h i s   i s   e x a c t l y   t h e   o r d e r  

of  q u i c k n e s s   in  r e s p o n s e   and  e n a b l e s   a  h i g h   y i e l d   of   p r o d u c -  

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



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

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

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

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

r e s p o n s e   t i m e   i s   d e l a y e d .   T h i s   d e l a y   e n s u r e s   an  i m p r o v e d  

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

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

has   t h e   a d v a n t a g e   of   a c h i e v i n g   a  l a r g e   c h a n g e   in   t h e   c o o l -  

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

of   t i m e .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  o f  

e x a m p l e   w i t h   r e f e r e n c e   to  FIGURES  4  to   7  of  t h e   d r a w i n g s .  

FIGURE  4  i s   a  g r a p h i c a l   i l l u s t r a t i o n   of   t h e   c o n t r o l   of  t h e  

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

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

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

s t r i p s .   The  p o i n t s   m a r k e d   o  in   FIGURE  4  a r e   t h e   s t a r t i n g  

p o i n t s .   As  l o n g   as  t h e r e   i s   any  room  f o r   an  i n c r e a s e   i n  

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

c r e a s e   i n   s t r i p   g a u g e   as  shown  a t   A  in   FIGURE  4,  s i n c e   i t s  

c o n t r o l   has   a  f a s t e r   r e s p o n s e   t h a n   t h e   c o n t r o l   of  t h e   o t h e r  

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

i t s   maximum  l e v e l ,   t h e   a n g l e   of  t h e   s t r i p   r e l a t i v e   to   t h e  

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

s t r i p   g a u g e   as  shown  a t   B  in  FIGURE  4,  as  l o n g   as  t h e r e   i s  

any  room  f o r   s u c h   i n c r e a s e   in   t h e   a n g l e .   I f   i t   h a s ,   t h e n ,  



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

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

C  in   FIGURE  4,  in   o r d e r   to   i n c r e a s e   t h e   c o o l i n g   c a p a c i t y  

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

to   c o n t r o l   t h a n   t h e   o t h e r   two  f a c t o r s .  

FIGURE  5  i s   a  g r a p h i c a l   i l l u s t r a t i o n   of   t h e   c o n t r o l  

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

p l u r a l i t y   of   s t r i p s   w h i c h   g r a d u a l l y   d e c r e a s e   in   g a u g e .  

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

c o o l i n g   g a s   i s   f i r s t   d e c r e a s e d   as  shown  a t   A'  i n   FIGURE  5 ,  

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

i s   d e c r e a s e d   as  shown  a t   B ' ,   and  f i n a l l y   t h e   c o o l a n t   t e m -  

p e r a t u r e   i s   r a i s e d   as   shown  a t   C ' .  

FIGURE  6  i s   a  g r a p h i c a l   i l l u s t r a t i o n   o f   t h e   c o n t r o l  

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

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

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

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

t h e   p r o c e d u r e s   shown  in   FIGURES  4  a n d   5.  I t   w i l l ,   h o w e v e r ,  

be  n o t e d   t h a t   FIGURE  6  shows  an  e x a m p l e   of   o p e r a t i o n   i n  

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

of   t h e   c h a n g e   in   s t r i p   g a u g e .  

In  o r d e r   to   e n s u r e   s t a b i l i z e d   or   r e l i a b l e   c o n t r o l  

of   s t r i p   t e m p e r a t u r e ,   i t   i s   i m p o r t a n t   to   l e a v e   some  a l l o w -  

a n c e   f o r   e a c h   of   t h e   maximum  and  min imum  v a l u e s   to   be  s e t  

f o r   e a c h   o f   t h e   t h r e e   f a c t o r s .   R e f e r r i n g ,   f o r   e x a m p l e ,  



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

be  90%  of   t h e   b l o w e r   c a p a c i t y   and  i t s   min imum  v a l u e   m a y  

be  t h e   m in imum  r e q u i r e d   f o r   a v o i d i n g   n o n u n i f o r m   c o o l i n g  

p l u s ,   s a y ,   10%  of   t h e   b l o w e r   c a p a c i t y .   The  min imum  f l o w  

r a t e   r e q u i r e d   f o r   a v o i d i n g   n o n u n i f o r m   c o o l i n g   can  be  o b -  

t a i n e d   e x p e r i m e n t a l l y .  

FIGURE  7  i s   a  f l o w   c h a r t   s h o w i n g   by  way  o f   e x a m p l e  

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

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

In  FIGURE  7,  t h e   f o l l o w i n g   s y m b o l s   h a v e   t h e   f o l l o w i n g  

m e a n i n g s :  

TS∅  :   F i n a l   s t r i p   t e m p e r a t u r e   as  m e a s u r e d ;  
* 

TSØ :   T a r g e t   v a l u e   o f   f i n a l   s t r i p   t e m p e r a t u r e ;  

TSøU:  U p p e r   l i m i t   of   f i n a l   s t r i p   t e m p e r a t u r e  

( e . g . ,   TS∅U =  TS∅*+  2 0 ) ;  

TSØL:  L o w e r   l i m i t   of   f i n a l   s t r i p   t e m p e r a t u r e  

( e . g . ,   TSØL =  TS∅* -  2 0 ) ;  

P  :  P r e s s u r e   of  c o o l i n g   gas   in   t h e   p l e n u m   c h a m b e r s ;  

8  :  A n g l e   of   s t r i p   r e l a t i v e   to   t h e   c o o l i n g   r o l l s .  

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

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

t u r e   may  be  c a l c u l a t e d   as  w i l l   h e r e i n a f t e r   be  d e s c r i b e d .  

( i )   C a l c u l a t i o n   f o r   t h e   C o o l i n g   C u r v e :  

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

shown  in   FIGURE  2  may  be  e x p r e s s e d   by  t h e   f o l l o w i n g   e q u a -  

t i o n :  



w h e r e   Ts:   s t r i p   t e m p e r a t u r e   ( ° C ) ;  

T  :   t e m p e r a t u r e   of   c o o l i n g   gas   a t   t h e   n o z z l e s   ( ° C ) ;  

Tw:  a v e r a g e   t e m p e r a t u r e   of   t h e   c o o l a n t   in   t h e   c o o l -  

ing   r o l l s   ( ° C ) ;  

@ :  c o e f f i c i e n t   of   h e a t   t r a n s f e r   b e t w e e n   s t r i p   a n d  

c o o l i n g   g a s   ( K c a l / m 2 h ° C ) ;  

K :   c o e f f i c i e n t   of   h e a t   t r a n s f e r   b e t w e e n   s t r i p   a n d  

c o o l a n t   in   t h e   c o o l i n g   r o l l s   ( K c a l / m 2 h ° C ) ;  

c  :   s p e c i f i c   h e a t   of   s t r i p   ( K c a l / k g ° C ) ;  

y :  s p e c i f i c   g r a v i t y   of   s t r i p   ( k g / m 2 ) ;  

v  :   v e l o c i t y   o f   t r a v e l   of  s t r i p   ( m / h ) ;  

d  :   s t r i p   g a u g e   (m  ) ;  

x  :   s t r i p   l e n g t h   ( m ) .  

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

t i o n   of  e q u a t i o n   (1 )   by  t h e   l e n g t h   of  t h e   s t r i p   p o r t i o n   c o o l e d   b y  

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

b e t w e e n   t h e   c o e f f i c i e n t   a  o f   h e a t   t r a n s f e r   to   t h e   c o o l i n g  

gas   and  t h e   f l o w   r a t e   of   t h e   c o o l i n g   g a s   ( i n   t h e   c a s e   o f  

c o o l i n g   by  t h e   s y s t e m   of   FIGURE  2,  t h e   p r e s s u r e   P  of   t h e  

c o o l i n g   g a s   in  t h e   p l e n u m   c h a m b e r s )   may  be  d e t e r m i n e d  

e x p e r i m e n t a l l y   as  e x p r e s s e d ,   f o r   e x a m p l e ,   by  t h e   f o l l o w i n g  

e q u a t i o n :  

w h e r e   P:  p r e s s u r e   of  t h e   c o o l i n g   gas   in  t h e   p l e n u m   c h a m b e r s ;  

a l ,   a2  and  a3:  c o n s t a n t s .  



( i i )   C a l c u l a t i o n   o f   t h e   F low  R a t e   of   C o o l i n g   G a s :  

The  p r e s s u r e   P  of  t h e   c o o l i n g   gas   in   t h e   p l e n u m  

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

of   t h e   f i n a l   s t r i p   t e m p e r a t u r e   may  be  d e t e r m i n e d   i n  

a c c o r d a n c e   w i t h   e q u a t i o n s   (1)  and  (2)  by  t a k i n g   i n t o   a c c o u n t  

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

t h e   c o o l i n g   r o l l s   and  t h e   c o o l a n t   t e m p e r a t u r e   T   w h i c h ' a r e  

k n o w n .  

( i i i )   C a l c u l a t i o n   of  t h e   A n g l e   of   S t r i p   R e l a t i v e   t o  

t h e   C o o l i n g   R o l l s :  

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

t a r g e t   v a l u e   of   t h e   f i n a l   s t r i p   t e m p e r a t u r e   may  be  d e t e r -  

m i n e d   in   a c c o r d a n c e   w i t h   e q u a t i o n s   (1)  and  (2)  by  t a k i n g  

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

c o o l i n g   gas   o r   t h e   p r e s s u r e   P  of   t h e   c o o l i n g   gas   in   t h e  

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

k n o w n .   The  a n g l e   may  be  e x p r e s s e d   by  t h e   f o l l o w i n g   e q u a -  

t i o n :  

( i v )   C a l c u l a t i o n   of  t h e   C o o l a n t   T e m p e r a t u r e :  

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

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

may  be  d e t e r m i n e d   in  a c c o r d a n c e   w i t h   e q u a t i o n s   (1)  and  ( 2 )  

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

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



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

w h i c h   a r e   k n o w n .  

The  c a l c u l a t i o n s   s e t   f o r t h   a t   (i)  to   ( iv )   a b o v e  

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

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

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

c y c l e .  

The  f o r e g o i n g   d e s c r i p t i o n   has   b e e n   b a s e d   on  t h e  

u s e   of   t h e   c o o l i n g   s y s t e m   shown  in   FIGURE  2.  T h i s   i n v e n -  

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

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

way  of  e x a m p l e   in   FIGURE  8.  I t   i n c l u d e s   gas   j e t   c o o l e r s  

26  and  27  by  w h i c h   t h e   s t r i p   i s   c o o l e d   b e f o r e   i t   i s   c o o l e d  

by  t h e   c o o l i n g   r o l l s   2  to   5.  The  gas   j e t   c o o l e r s   c a n  

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

I t   i s   a l s o   p o s s i b l e   to   c o m b i n e   t h e   c o o l i n g   s y s t e m s   o f  

FIGURES  2  and  8  by ,   f o r   e x a m p l e ,   d i s p o s i n g   t h e   gas   j e t  

c o o l e r s   of   FIGURE  8  u p s t r e a m  o f   t h e   c o o l i n g   s y s t e m   o f  

FIGURE  2.  In  t h e   e v e n t   t h e   c o m b i n e d   c o o l i n g   s y s t e m   o f  

FIGURES  2  and  8  i s   u t i l i z e d ,   i t   w i l l   be  a p p r o p r i a t e   t o  

e m p l o y   f o u r   c o n t r o l   f a c t o r s ,   n a m e l y :  

(1)  F low  r a t e   o f   t h e   c o o l i n g   gas   b l o w n   by  t h e   gas   j e t  

c o o l e r s   of   FIGURE  8 ;  

(2)  F low  r a t e   of  t h e   c o o l i n g   g a s   b l o w n   by  t h e  g a s   j e t  

c o o l e r s   f a c i n g   t h e   c o o l i n g   r o l l s   as  shown  in  FIGURE 

2 ;  



(3)  A n g l e   o f   t h e   s t r i p   r e l a t i v e   to   t h e   c o o l i n g   r o l l s ;  

a n d  

(4)  C o o l a n t   t e m p e r a t u r e .  

The  f o r e g o i n g   d e s c r i p t i o n   of   FIGURES  4  to   8  h a s  

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

in   a c c o r d a n c e   w i t h   t h e   o r d e r   of   p r i o r i t y .   A c c o r d i n g   t o  

t h i s   i n v e n t i o n ,   i t   i s   a l s o   p o s s i b l e   to   c o n t r o l   t h e   f l o w  

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

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

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

t h e   p r o p o r t i o n s   of   t h e   c o n t r i b u t i o n s   w h i c h   t h o s e   two  f a c t o r s  

make  to   t h e   c o o l i n g   of  t h e   s t r i p ,   and  i t   i s ,   t h e n ,   p o s s i b l e  

to   d e t e r m i n e   t h e   v a l u e s   in   a c c o r d a n c e   w i t h   e q u a t i o n s   ( 1 )  

and  ( 2 ) .  

As  i s   o b v i o u s   f rom  t h e   f o r e g o i n g   d e s c r i p t i o n ,   t h i s  

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

p r e f e r e n t i a l   c o n t r o l   o f   one   or   two  f a c t o r s   or   p a r a m e t e r s  

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

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

t a c t   as  f a r   as  p r a c t i c a l l y   f e a s i b l e .   T h u s ,   t h e   m e t h o d   o f  

t h i s   i n v e n t i o n   m a k e s   i t   p o s s i b l e   to  a c h i e v e   t h e   b e s t   p o s -  

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

t h e   a n n e a l i n g   c o n d i t i o n s .  



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

s t r i p   (1)  in  t h e   c o o l i n g   zone   of  a  c o n t i n u o u s   a n n e a l i n g  

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

of  c o o l i n g   r o l l s   (2  to   5)  in  w h i c h   a  c o o l a n t   i s   c i r c u l a t e d  

v i a   a  c o o l i n g   c i r c u i t   (14  to   18)  f o r   c o o l i n g   s a i d   s t r i p   a s  

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

f a c e s   of  s a i d   r o l l s ,  s a i d   c i r c u i t   h a v i n g   means   (19  to   2 1 )  

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

p l u r a l i t y   of  gas   j e t   c o o l e r s   (6  to   9)  f o r   b l o w i n g   c o o l i n g  

gas  a g a i n s t   s a i d   s t r i p ,   c h a r a c t e r i s e d   by  c o n t r o l l i n g   t h e  

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

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

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

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

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

s a i d   s t r i p   to   a  p r e d e t e r m i n e d   t e m p e r a t u r e   i s   e n h a n c e d .  

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

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

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

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

4.  A  m e t h o d   as  c l a i m e d   in   C l a i m   2  or   3,  c h a r a c t e r i s e d  

in  t h a t   e a c h   of  s a i d   gas   j e t   c o o l e r s   (6  to   9 )  f a c e s   s a i d  

o u t e r   p e r i p h e r a l   s u r f a c e   of  one  of  s a i d   c o o l i n g   r o l l s  ( 2   t o 5 ) .  



5.  A  m e t h o d   as  c l a i m e d   in  C l a i m   2  or  3,  c h a r a c t e r i s e d  

in  t h a t   s a i d   gas  j e t   c o o l e r s   (6  to  9)  a r e   l o c a t e d   u p s t r e a m  

of  r e s p e c t i v e   s a i d   c o o l i n g   r o l l s   (2  to   5)  in  t h e   d i r e c t i o n  

of  s t r i p   t r a v e l .  

6.  A  m e t h o d   as  c l a i m e d   in  C l a i m   2  or  3,  c h a r a c t e r i s e d  

in  t h a t   s a i d   gas  j e t   c o o l e r s   (6  to   9)  a r e   l o c a t e d   d o w n s t r e a m  

of  r e s p e c t i v e   s a i d   c o o l i n g   r o l l s   (2  to  5)  in  t h e   d i r e c t i o n  

of  s t r i p   t r a v e l .  

7.  A  m e t h o d   as  c l a i m e d   in  C l a i m   2  or  3,  c h a r a c t e r i s e d  

in  t h a t   e a c h   of  s a i d   of  s a i d   gas   j e t   c o o l e r s   (6  to   9)  f a c e s  

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

c o o l i n g   r o l l s   (2  to   5 ) ,   w h i l e   t h e   o t h e r   gas  j e t   c o o l e r s   a r e  

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

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

8.  A  m e t h o d   as  c l a i m e d   in  C l a i m   7,  c h a r a c t e r i s e d   i n  

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

gas  j e t   c o o l e r s   i s   c o n t r o l l e d   b e f o r e   s a i d   f l o w   r a t e   of  s a i d  

c o o l i n g   gas   t h r o u g h   s a i d   some  gas   j e t   c o o l e r s   i s   c o n t r o l l e d .  
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