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(54)  Steel  strip  cooling  method. 
@  A  method  of  rapidly  cooling  steel  strips  heated  and 
soaked  in  a  continuous  heat-treatment  furnace.  The  rapidly 
cooling  is  carried  out  by  winding  a  steel  strfp  (1)  about  a 
plurality  of  cooling  rolls  in  succession  (11-15)  to  bring  the 
steel  strips  into  contact  therewith.  The  rapid  cooling  is  started 
at  a  temperature  of  a  range  of  550-720°C  and  simultaneously 
a  tensile  force  a.  (kgf/mm2)  of  the  steel  strip  is  adjusted  within 
a  range  determined  by  an  inequality  of  (1900-Ts)/ 
1670<a<(1980-Ts)/720  according  to  the  starting  temperature 

Ts(°C)  of  the  rapid  cooling.  In  another  aspect,  the  rapid  cool- 
ing  is  carried  out  by  winding  the  steel  strip  about  a  plurality  of 
cooling  rolls  in  succession  (11-15)  to  bring  the  steel  strip  into 
contact  therewith  and  at  the  same  time  by  jetting  a  gas against  a  back  surface  of  the  steel  strip  (8,9,16-20).  The  rapid 
cooling  is  started  at  a  temperature  of  a  range  of  550-720°C 
and  simultaneously  a  tensile  force  a'  (kgf/mm2)  of  the  steel 
strip  is  adjusted  within  a  range  determined  by  an  inequality  of 
(  1  570-Ts)/1  670<a'<(241  0-Ts)/630. 
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STEEL  STRIP  COOLING  METHOD 

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   of  c o o l i n g  

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

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

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

05  r o l l   c o o l i n g   p r o c e s s   to   i n c r e a s e   to  a  maximum  p o s s i b l e  

e x t e n t   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   q u a l i t y   of  s t e e l  

p r o d u c t s .  

V a r i o u s   c o o l i n g   s y s t e m s   have   b e e n   s u g g e s t e d   t o  

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

10  A  r o l l   c o o l i n g   m e t h o d   among  t h e m ,   in  w h i c h   a  s t e e l   s t r i p  

is   wound  a b o u t   c o o l i n g   r o l l s   so  as  to  be  in  c o n t a c t  

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

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

o p e r a t i o n   w i t h o u t   any  r i s k   of  o x i d a t i o n   on  a  s u r f a c e   o f  

15  t h e   s t r i p .  

In  a  c o o l i n g   p r o c e s s   of  a  s t e e l   s t r i p   by  r o l l  

c o o l i n g   a t   6 5 0 - 4 0 0 ° C   a f t e r   h e a t i n g   and  k e e p i n g   t h e   s t e e l  

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

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

20  t r a n s f e r   c o e f f i c i e n t   b e t w e e n   t he   s t e e l   s t r i p   and  t h e  

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

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

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

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

in   i t s   l o n g i t u d i n a l   d i r e c t i o n .   S u c h   an  e x c e s s i v e l y -  

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

05  f u r t h e r   r o l l   c o o l i n g ,   so  t h a t   t h e   u n e v e n n e s s   i n  

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

i n c r e a s e d .  

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

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

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

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

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

s t r i p   wound  t h e r e a b o u t   so  as  to   l o w e r   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   r o l l s .  

15  M o r e o v e r ,   t h e   u n e v e n n e s s   in   t e m p e r a t u r e   in   t h e  

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

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

s t e e l   s t r i p   in   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   w i t h  

a  r i s k   of  b u c k l i n g   of   t h e   s t e e l   s t r i p .   I f   t h e   b u c k l i n g  

20  e x c e e d s   a  c e r t a i n   v a l u e ,   t h e   s t e e l   s t r i p   may  u n d e r g o  

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

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

J a p a n e s e   L a i d - o p e n   P a t e n t   A p p l i c a t i o n  

No.  5 9 - 1 2 9 7 3 7   d i s c l o s e s   a  f e a t u r e   of   p r o v i d i n g   g a s  

25  j e t t i n g   means   in   o p p o s i t i o n   to   c o o l i n g   r o l l s ,   c a p a b l e   o f  

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

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

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

f i g u r e   of  t h e   s t e e l   s t r i p .   H o w e v e r ,   i t   d o e s   n o t   s o l v e  

05  t he   p r o b l e m   of   t h e   u n e v e n   c o o l i n g   s u f f i c i e n t l y   b e c a u s e  

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

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

t he   s t e e l   s t r i p   of  t h e   o r d e r   of  l e s s   t h a n   0 .8   kg f /mm2  i n  

o r d e r   to  p r e v e n t   t h e   b u c k l i n g   of  t h e   s t e e l   s t r i p   in   h i g h  

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

i n s t a l l a t i o n .  

M o r e o v e r ,   J a p a n e s e   L a i d - o p e n   P a t e n t   A p p l i c a t i o n  

No.  5 9 - 2 0 4 2 8   d i s c l o s e s   a  f e a t u r e   of  c o o l i n g   a  s t e e l  

s t r i p   u n d e r   t e n s i o n   of  2-5  kgf /mm2  w i t h   more   t h a n   t w o  

15  r o l l s .   I f   e v e n   a  s l i g h t   f a u l t   of  c o n t a c t   in   w i d t h  

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

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

a  p l a s t i c   d e f o r m a t i o n   of  t h e   s t e e l   s t r i p   and  an  e x c e e d -  

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

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

p r o d u c t i o n   c a p a c i t y .   M o r e o v e r ,   m o t o r   p o w e r   f o r   b r i d l e  

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

r e q u i r e d   b e c a u s e   of  a  u s u a l   r e s t r i c t i o n   of  c o e f f i c i e n t  

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

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

I t   i s   a  p r i m a r y   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  

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

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

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

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

a  min imum  p o s s i b l e   e x t e n t   to  e f f e c t i v e l y   r e s t r i c t  

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

e x h i b i t i n g   t h e   c o o l i n g   c a p a c i t y   to  a  maximum  p o s s i b l e  

10  e x t e n t .  

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

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

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

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

15  a b o u t   a  p l u r a l i t y   of   c o o l i n g   r o l l s   in   s u c c e s s i o n   t o  

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

t u r e   of  a  r a n g e   of   5 5 0 - 7 2 0 ° C   and  s i m u l t a n e o u s l y  

a  t e n s i l e   f o r c e   a  ( kg f /mm2)   of   t h e   s t e e l   s t r i p   i s  

a d j u s t e d   w i t h i n   a  r a n g e   d e t e r m i n e d   by  an  i n e q u a l i t y   o f  

20  ( 1 9 0 0 - T s ) / 1 6 7 0 < a < ( 1 9 8 0 - T s ) / 7 2 0   a c c o r d i n g   to   t h e   s t a r t i n g  

t e m p e r a t u r e   T s ( ° C )   of  s a i d   r a p i d   c o o l i n g .  

In  a n o t h e r   a s p e c t   of   t h e   i n v e n t i o n ,   a  r a p i d  

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

of  c o o l i n g   r o l l s   in   s u c c e s s i o n   t o   b r i n g   i t   i n t o   c o n t a c t  

25  t h e r e w i t h   and  a t   t h e   same  t i m e   by  j e t t i n g   a  gas   a g a i n s t  

a  b a c k   s u r f a c e   of   t h e   s t e e l   s t r i p   i s   s t a r t e d   a t  



0 2 3 0 7 8 0  
-  5  - 

a  t e m p e r a t u r e   of  a  r a n g e   of  5 5 0 - 7 2 0 ° C   and  s i m u l t a n e o u s l y  

a  t e n s i l e   f o r c e   a!  ( k g f / m m 2 )   of  t h e   s t e e l   s t r i p   i s  

a d j u s t e d   w i t h i n   a  r a n g e   d e t e r m i n e d   by  an  i n e q u a l i t y   o f  

( 1 5 7 0 - T s ) / 1 6 7 0 < a ' < ( 2 4 1 0 - T S ) / 6 3 0   a c c o r d i n g   to  t h e  

05  s t a r t i n g   t e m p e r a t u r e   T s ( ° C )   of  s a i d   r a p i d   c o o l i n g .  

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

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   a n d  

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

10  zone   in  a  c o n t i n u o u s   h e a t - t r e a t m e n t   f u r n a c e   f o r   c a r r y i n g  

ou 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 ;  

F i g .   2  is   a  g r a p h   i l l u s t r a t i n g   one  e x a m p l e   o f  

a  h e a t   c y c l e   in  a  c o n t i n u o u s   a n n e a l i n g   l i n e ;  

F i g .   3  is  a  g r a p h   i l l u s t r a t i n g   an  i n f l u e n c e   o f  

15  t e n s i l e   f o r c e   of  s t e e l   s t r i p s   in   a  c o o l i n g   zone   o n  

u n e v e n n e s s   of  t h e   s t e e l   s t r i p s ;  

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

v a r i a t i o n   in   t e n s i l e   f o r c e   of  a  s t e e l   s t r i p   due  to  h e a t  

c r o w i n g   of  a  c o o l i n g   r o l l ;  

20  F i g .   5a  is   a  v i e w   i l l u s t r a t i n g   c h a n g e   in  c o n t a c t  

a r e a   b e t w e e n   a  s t e e l   s t r i p   and  c o o l i n g   r o l l s   in   c a s e   o f  

a v e r a g e   t e n s i l e   f o r c e   of   t h e   s t e e l   s t r i p   of  2  k g f / m m 2 ;  

F i g .   5b  is   a  v i e w   s i m i l a r   to   F i g .   5a  b u t   in  c a s e  

of  a v e r a g e   t e n s i l e   f o r c e   of  3  k g f / m m 2 ;  

25  F i g .   6  is   a  g r a p h   i l l u s t r a t i n g   r e l a t i o n   b e t w e e n  

s t e e l   s t r i p   t e m p e r a t u r e   and  y i e l d   s t r e s s ; "  
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F i g .   7  i s   a  g r a p h   i l l u s t r a t i n g   an  I n f l u e n c e   o f  

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

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

F i g .   8  i s   a  g r a p h   i l l u s t r a t i n g   r e l a t i o n   b e t w e e n  

05  t e n s i l e   f o r c e   of   s t e e l   s t r i p s   in   a  r o l l   c o o l i n g   z o n e   a n d  

c o s t   of  b r i d l e   r o l l s ;  

F i g .   9  i s   a  v i e w   i l l u s t r a t i n g   t e n s i l e   f o r c e  

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

f u r n a c e ;   a n d  

10  F i g .   10  i s   a  s c h e m a t i c   v i e w   i l l u s t r a t i n g   i n f l u e n c e  

of   t e n s i l e   f o r c e   of   s t e e l   s t r i p s   on  r a t e   of  i n f e r i o r  

q u a l i t y   s t e e l   s t r i p   in   f i g u r e   and  r a t e   of  c a p a c i t y  

d e c l i n e   due  to   s t e e l   s t r i p   s e r p e n t i n e   m o v e m e n t .  

F i g .   1  s c h e m a t i c a l l y   i l l u s t r a t e s   a  c o n t i n u o u s  

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

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

c o o l i n g   a b o v e   d e s c r i b e d .   The  f u r n a c e   c o m p r i s e s   i n  

a  c o o l i n g   z o n e   2  d e f l e c t o r   r o l l s   3,  7,  10,  21  and  2 5 ,  

u p s t r e a m   b r i d l e   r o l l s   4,  5  and  6,  d o w n s t r e a m   b r i d l e  

20  r o l l s   22,   23  and  24,   gas   j e t t i n g   means   8  and  9 ,  

a  p l u r a l i t y   of   c o o l i n g   r o l l s   11,   12,   13,  14  and  15  f o r  

t h e   r o l l   c o o l i n g   p r o c e s s   and  gas   j e t t i n g   means   16,   1 7 ,  

18,   19  and  20  f o r   a s s i s t i n g   t h e   r o l l   c o o l i n g   w i t h   t h e  

c o o l i n g   r o l l s   11  - 1 5 .  

25  F i g .   2  i l l u s t r a t e s   a  t y p i c a l   h e a t   c y c l e   in   t h e  

r o l l   c o o l i n g   p r o c e s s .   In  t h i s   h e a t - t r e a t m e n t ,   a  s t e e l  
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s t r i p   i s   m a i n t a i n e d   s o a k e d   a t   7 0 0 - 8 0 0 ° C   in  a  s o a k i n g  

zone  n o t   shown  in  F i g .   1  and  t h e n   g r a d u a l l y   c o o l e d   t o  

a  t e m p e r a t u r e   b e t w e e n   a p p r o x i m a t e l y   640  °C  and  an  Ai  

t r a n s f o r m a t i o n   p o i n t   ( 7 2 3 ° C )   of  t h e   s t r i p   in   a  c o o l i n g  

05  zone  u p s t r e a m   of  t h e   r a p i d   c o o l i n g   zone   2  shown  i n  

F i g .   1.  The  s t e e l   s t r i p   1  is   t h e n   c o o l e d   by  j e t t i n g  

a  gas  f r o m   t h e   gas  j e t t i n g   means   8  and  9  shown  i n  

F i g .   1.  T h e r e a f t e r ,   t h e   s t e e l   s t r i p   1  i s   e x t e n d e d  

a r o u n d   t h e   p l u r a l i t y   of  c o o l i n g   r o l l s   1 1 - 1 5   so  as  to   b e  

10  in  c o n t a c t   t h e r e w i t h   and  i s   s i m u l t a n e o u s l y   s u b j e c t e d   t o  

t h e   j e t t i n g   c o o l i n g   gas   f r o m   t h e   gas  j e t t i n g   m e a n s  

1 6 - 2 0 ,   so  t h a t   t h e   s t e e l   s t r i p   is   r a p i d l y   c o o l e d   t o  

a b o u t   4 0 0 ° C .   A f t e r   t h e   s t e e l   s t r i p   1  is   t h e n   m a i n t a i n e d  

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

15  out   of  t h e   h e a t - t r e a t m e n t   s y s t e m .  

The  t e m p e r a t u r e   Ts  at   w h i c h   t h e   r a p i d   c o o l i n g   b y  

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

r e f e r r i n g   to   F i g .   2  in   c o n n e c t i o n   w i t h   t h e   gas   j e t t i n g  

means  8  and  9  l o c a t e d   u p s t r e a m   of  t h e   c o o l i n g   r o l l s .  

20  In  r a p i d   c o o l i n g   o n l y   by  t h e   r o l l   c o o l i n g   w i t h o u t   u s i n g  

gas  j e t t i n g   m e a n s ,   i f   t h e   s t a r t i n g   t e m p e r a t u r e   Ts  of  t h e  

r a p i d   c o o l i n g   i s   l o w e r   t h a n   6 4 0 ° C ,   d e f e c t s   in  f i g u r e   o f  

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

s i z e s   of  t h e   s t r i p s .   By  p r e v i o u s   a p p l y i n g   a  f i r s t  

25  c o o l i n g   by  means   of  t h e   gas   j e t t i n g   means   8  and  9  i n  

t h i s   c a s e ,   a  s t a r t i n g   t e m p e r a t u r e   Ts  of  t h e   r a p i d  
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c o o l i n g   l o w e r   t h a n   6 0 0 - 5 5 0 ° C   can   be  a c c e p t a b l e   w i t h o u t  

a  r i s k   of   t h e   d e f e c t s   in   f i g u r e   of  s t r i p s .   H o w e v e r ,  

an  e x c e s s i v e l y   low  s t a r t i n g   t e m p e r a t u r e   s u c h   as  l o w e r  

t h a n   550  °C  w o u l d   c a u s e   a  r e q u i r e m e n t   of   an  u n d u l y  

05  w i d e n e d   h e a t i n g   zone   of   t h e   gas   j e t t i n g   means   8  and  9  a s  

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

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

5 5 0 - 7 2 0   °C  i s   a p p l i c a b l e   f o r   t h e   s t a r t i n g   t e m p e r a t u r e   T s  

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

10  The  i n v e n t o r s   c a r r i e d   o u t   an  e x p e r i m e n t   on  t h e  

c o o l i n g   of  s t e e l   s t r i p s   h a v i n g   t h i c k n e s s e s   of   0 . 5 - 1 . 2   mm 

and  w i d t h s   of  8 0 0 - 1 2 0 0   mm  u n d e r   t e n s i o n   0 . 3 - 4   k g f / m m 2  

b e t w e e n   t h e   b r i d l e   r o l l s   4-6   and  2 2 - 2 4   w i t h   s t a r t i n g  

c o o l i n g   t e m p e r a t u r e   Ts  of   4 5 0 - 7 5 0 ° C   by  means   of   t h e   r o l l  

15  c o o l i n g   s y s t e m   shown  in   F i g .   1.  F i g .   3  i l l u s t r a t e s  

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

c o o l i n g   w i t h   t h e   s t a r t i n g   t e m p e r a t u r e   Ts  of   6 5 0 ° C  

w h e r e i n   r e s u l t s   of  o n l y   t h e   r o l l   c o o l i n g   ( c a s e   A)  a r e  

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

20  j e t t i n g   o n t o   b a c k   s u r f a c e s   of  t h e   s t r i p s   ( c a s e   B)  i n  

b r o k e n   l i n e s .  

As  c a n   be  s e e n   f r o m   t h e   r e s u l t s ,   t h e   low  t e n s i o n  

of   t h e   s t e e l   s t r i p s   in   t h e   p r o x i m i t y   of  0-5   k g f / m m 2  

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

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

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

p r e v e n t e d   w i t h   t h e   t e n s i o n   w i t h i n   0 . 8 - 2   kgf /mm2  of  t h e  

c a s e   A  and  w i t h i n   0 . 6 - 3   kg f /mm2  of  t h e   c a s e   B,  so  t h a t  

u n e v e n n e s s   of  t h e   s t e e l   s t r i p s   is   l e s s   t h a n   1%  in   b o t h  

05  c a s e s .   On  t h e   o t h e r   h a n d ,   i f   t h e   t e n s i o n   f u r t h e r  

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

s t r i p s .  

I t   is   c o n s i d e r e d   t h a t   t h e   r e a s o n   why  s u c h  

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

10  s t r i p s   i s   as  f o l l o w s .   Hea t   t r a n s m i s s i o n   f rom  t h e   s t r i p  

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

t h e   r o l l   in  t h e   c e n t e r   of  t h e   r o l l   as  shown  by  s h a d e d  

a r e a   in   F i g .   4  w h e r e   t h e   s t e e l   s t r i p   t e n d s   to   b e  

e x c e s s i v e l y   c o o l e d   r e s u l t i n g   in   l o n g i t u d i n a l   c o n t r a c t i o n  

15  of  t h e   s t r i p .   The  c o n t i n u o u s   r o l l   c o o l i n g   f u r t h e r  

i n c r e a s e s   s u c h   an  e x c e s s i v e   c o o l i n g .   F i g .   5a  i l l u s -  

t r a t e s   t h e   c h a n g e   in   c o n t a c t   a r e a   b e t w e e n   t h e   s t e e l  

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

and  F i g .   5b  i s   in  c a s e   t h a t   t h e   u n e v e n   c o o l i n g   d o e s   n o t  

20  o c c u r .   The  d e c r e a s e   in  c o n t a c t   a r e a   a t   t h e   r e s p e c t i v e  

c o o l i n g   r o l l s   1 1 - 1 5   c a u s e s   t e n s i l e   s t r e s s   c o n c e n t r a t i o n  

at  t h e   e x c e s s i v e l y   c o o l e d   p o r t i o n s   of  t h e   s t r i p ,   so  t h a t  

when  a v e r a g e   t e n s i o n   is  more  t h a n   2  kgf /mm2  in  t h e  

c a s e   A  and  3  kg f /mm2  in  t h e   c a s e   B,  i t   b e c o m e s   in   e x c e s s  

25  of  y i e l d   s t r e s s   of  t h e   s t e e l s   t r i p   ( 5 - 6   kgf /mm2)   a t  

a  t e m p e r a t u r e   of  t h e   o r d e r   of  650°C  shown  in  F i g .   6 .  
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A c c o r d i n g l y ,   s u c h   a  t e n s i l e   f o r c e   c a u s e s   p l a s t i c  

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

by  t h e   s u b s e q u e n t   r o l l   c o o l i n g .  

F i g .   7  i l l u s t r a t e s   t h r e s h o l d   v a l u e s   f o r   c a u s i n g  

d e f e c t s   in   f i g u r e   of   s t e e l   s t r i p s   (more   t h a n   1%  of   t h e  

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

Ts  of  4 0 0 - 7 5 0 ° C   in  r e l a t i o n   to  t e n s i l e   f o r c e s   of   t h e  

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

b r o k e n   l i n e s   a r e   f o r   t h e   c a s e   B.  As  t h e   s t a r t i n g  

t e m p e r a t u r e   Ts  i s   h i g h e r ,   t h e   s t r i p s   a r e   p r o n e   t o  

d e f e c t s   in   f i g u r e .   On  t h e   o t h e r   h a n d ,   as  t h e   s t a r t i n g  

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

n o t   c a u s i n g   d e f e c t s   of   f i g u r e   b e c o m e s   w i d e r .   S u c h  

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

m a n n e r   . 

A c c o r d i n g   to  t h e   t h r e s h o l d   v a l u e s   in   F i g .   7,  t h e  

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

s t a r t i n g   t e m p e r a t u r e   of   5 5 0 - 7 2 0 ° C   i s   a p p r o x i m a t e l y  

o b t a i n e d   as  f o l l o w s .  

T s - 1 9 0 0   T s - 1 9 8 0   . <  a  <  mcaseotA,  
-1670  - 7 2 0  
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Ts  -  1570  Ts  -  2410 
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In  c a s e   of  p r e v e n t i n g   c o o l i n g   b u c k l e   p a r t i c u l a r l y  

u s i n g   t h e   f i r s t   c o o l i n g   by  j e t t i n g   t h e   gas   f r o m   t h e   g a s  

j e t t i n g   means   8  and  9  as  shown  in  F i g .   1,  t h e   s t a r t i n g  

t e m p e r a t u r e   f o r   t he   r a p i d   c o o l i n g   is   w i t h i n   5 5 0 - 6 0 0 ° C .  

In  t h i s   c a s e ,   t he   zone   c a u s i n g   t h e   d e f e c t s   in   f i g u r e   i s  

s u b s t a n t i a l l y   t he   same  as  t h a t   shown  in   F i g .   7 .  

F i g .   8  i l l u s t r a t e s   t h e   r e l a t i o n   b e t w e e n   t h e  

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

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

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

t r i p s .  

T h i s   g r a p h   shows  t h e   i n c r e a s e   of   t h e   c o s t   o f  

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

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

an  i n d e x   100)  r e q u i r e d   to   c a u s e   t h e   t e n s i l e   f o r c e   o f  

1 .0   Tcgf/mm2  a c t i n g   upon   t h e   s t e e l   s t r i p s .   As  shown  i n  

F i g .   8,  t h e   c o s t   of  t h e   b r i d l e   r o l l s   i s   r a p i d l y  

i n c r e a s e d   in  o r d e r   to  i n c r e a s e   t h e   t e n s i l e   f o r c e   of  t h e  

s t e e l   s t r i p s   to  more  t h a n   3  k g f / m m 2 ,   b e c a u s e   of  n o t   o n l y  

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

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

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

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

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

l i m i t e d   to  5 5 0 - 7 2 0 ° C .   The  l o w e r   l i m i t a t i o n   of   t h e  

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

d i s a d v a n t a g e   of   i n c r e a s e   p o w e r   c o s t   due  to  u n d u e  

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

l o w e r i n g   t h e   t e m p e r a t u r e   to   550  °C.  The  u p p e r   l i m i t a t i o n  

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

10  t h e   r i s k   of  d e f e c t s   of  f i g u r e   of   s t e e l   s t r i p   a t  

a  t e m p e r a t u r e   h i g h e r   t h a n   7 2 0 ° C .  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   m o r e o v e r ,   t h e   t e n s i l e  

f o r c e   a  ( k g f / m m 2 )   of   t h e   s t e e l   s t r i p   to   be  c o o l e d   o n l y  

by  r o l l   c o o l i n g   w i t h o u t   j e t t i n g   t h e   gas  a g a i n s t   t h e   b a c k  

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

r a n g e .  

( 1 9 0 0 - T s ) / 1 6 7 0   <  a  < ( 1 9 8 0 - T s ) / 7 2 0  

A c c o r d i n g   to   t h e   i n v e n t i o n ,   f u r t h e r m o r e ,   t h e  

t e n s i l e   f o r c e   a1  ( k g f / m m 2 )   of  t h e   s t e e l   s t r i p   to   b e  

20  c o o l e d   by  r o l l   c o o l i n g   and  by  j e t t i n g   t h e   gas   a g a i n s t  

t h e   b a c k   s u r f a c e   of  t h e   s t r i p   i s   d e f i n e d   w i t h i n   t h e  

f o l l o w i n g   r a n g e .  

( 1 5 7 0 - T s ) / 1 6 7 0   <  a1  <  ( 2 4 1 0 - T s ) / 6 3 0  

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

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

t o   r e s t r a i n   t h e   u n e v e n n e s s   of  s t e e l   s t r i p   w i t h i n   1%, 
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w h i c h   is   d e f e c t   in  f i g u r e   of   t h e   s t e e l   s t r i p   as  a l r e a d y -  

e x p l a i n e d   by  r e f e r r i n g   to  F i g .   7 .  

E x a m p l e   1 

S t e e l   s t r i p s   1  h e a t e d ,   s o a k e d   and  g r a d u a l l y   c o o l e d  

05  w e r e   i n t r o d u c e d   i n t o   t h e   r a p i d   c o o l i n g   zone   2  as  s h o w n  

in  F i g .   1.  In  t h e   r a p i d   c o o l i n g   zone   2,  t h e   c o o l i n g  

r o l l s   1 1 - 1 5   were   o p e r a t e d   and  t h e   b r i d l e   r o l l s   4-6  a n d  

2 2 - 2 4   u p s t r e a m   and  d o w n s t r e a m   t h e r e o f   we re   o p e r a t e d   i n  

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

10  in  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 .   The  gas   j e t t i n g  

c h a m b e r s   1 6 - 2 0   were   i n o p e r a t i v e .   The  o p e r a t i n g  

c o n d i t i o n s   a r e   shown  in  T a b l e   1 .  

15 
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T a b l e   1 

I  I I  

T h i c k n e s s   of   s t r i p   (mm)  0 .8   1 . 0  

W i d t h   of  s t r i p   (mm)  1100  1 2 0 0  

F e e d i n g   s p e e d   of   s t r i p   ( m / m i n )   200  1 5 0  

T e n s i l e   f o r c e   of   s t e e l   s t r i p   in   1  j.  -  _ 
r a p i d   c o o l i n g   z o n e   ( k g f / m m 2 )   lmi>  • u u  

S t r i p   t e m p e r a t u r e   on  e n t r y   s i d e   fi7n  _ n n  
of   r a p i d   c o o l i n g   zone   (°C)  &/u  7UU 

S t a r t i n g   t e m p e r a t u r e   of  r a p i d   ,nn  , 7 C  
c o o l i n g   by  r o l l   c o o l i n g   C°C)  0UU  0Zb  

S t r i p   t e m p e r a t u r e   on  r a p i d   .nn  , n n  
c o o l i n g   zone   s i d e   (°C)  4UU  4UU 

Number   of  c o o l i n g   r o l l s   5  5 

D i a m e t e r   of   c o o l i n g   r o l l s   (mm)  1500  1 5 0 0  

A v e r a g e   w i n d i n g   a n g l e   (°)   90  9 0  

F i g u r e   of  c o o l e d   s t r i p   good   g o o d  

In  b o t h   t h e   c a s e s   I  and  II  ,  f i g u r e s   of  t h e   c o o l e d  

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

a  k g f / m m 2   of   s t e e l   s t r i p s   In  t h e   r o l l   c o o l i n g   zone   a s  

t h e   f o l l o w i n g   I n e q u a l i t y ,   a  r a t e   of  s t e e l   s t r i p s   o f  

i n f e r i o r   q u a l i t y   due  to   d e f e c t   of  f i g u r e   was  l o w e r e d   t o  

l e s s   t h a n   0 - 5 % .  
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M o r e o v e r ,   t h e   c a p a c i t y   d e c l i n e   of  t h e   o p e r a t i o n  

r e s u l t i n g   f r o m   s e r p e n t i n e   m o v e m e n t s   of  s t e e l   s t r i p s   d u e  

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

E x a m p l e   2 

S t e e l   s t r i p s   1  h e a t e d ,   s o a k e d   and  g r a d u a l l y   c o o l e d  

were   c h a r g e d   i n t o   t he   r a p i d   c o o l i n g   zone   2 .  

In  t h e   r a p i d   c o o l i n g   z o n e ,   t h e r e   were   p r o v i d e d   c o o l i n g  

r o l l s   1 1 - 1 5 ,   gas  j e t t i n g   c h a m b e r s   1 6 - 2 0   in  o p p o s i t i o n  

t h e r e t o   and  b r i d l e   r o l l s   4-6   and  2 2 - 2 4   u p s t r e a m   a n d  

d o w n s t r e a m   of   t h e   gas  j e t t i n g   c h a m b e r s   in   o r d e r   t o  

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

As  shown  in  F i g .   9,  t h e   s t r i p s   w e r e   f e d   in   t h e  

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

o r d e r   of  0 . 7   kg f /mm2.   The  t e n s i l e   f o r c e   was  t h e n  

i n c r e a s e d   f r o m   0 .7   kgf /mm2  to  2 .7   kg f /mm2  a c c o r d i n g   t o  

t h i c k n e s s e s   and  w i d t h s   of  t h e   s t r i p s   by  means   of  t h e  

f r o n t   and  r e a r   b r i d l e   r o l l s   4-6  and  2 2 - 2 4 .   The  s t e e l  

s t r i p s   we re   t h e n   s u b j e c t e d   to  t he   f i r s t   c o o l i n g   by  t h e  

p r e v i o u s   gas   j e t t i n g   means   8  and  9  and  t h e r e a f t e r   t h e  

s t r i p s   were   e x t e n d e d   a r o u n d   t h e   c o o l i n g   r o l l s   1 1 - 1 5   t o  
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be  c o o l e d   and  s i m u l t a n e o u s l y   c o o l e d   on  t h e i r   b a c k   s i d e s  

by  m e a n s   of   t h e   gas   j e t t i n g   c h a m b e r s   1 6 - 2 0   a r r a n g e d   i n  

o p p o s i t i o n   to   t h e   c o o l i n g   r o l l s   1 1 - 1 5 .   t h e   t e n s i l e  

f o r c e   was  l o w e r e d   to  v a l u e   of   t h e   o r d e r   of  0 .7   k g f / m m 2  

05  by  t h e   r e a r   b r i d l e   r o l l s   2 2 - 2 4 .  

In  t h i s   m a n n e r   i t   was  p o s s i b l e   to   c o o l   t h e   s t e e l  

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

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

in   T a b l e   2 .  

10 

15 

20 

25 



0 2 3 0 7 8 0  -  17  - 

T a b l e   2 

i n  

T h i c k n e s s   of  s t r i p   (mm)  0 . 8  

W i d t h   of   s t r i p   (mm)  1 1 0 0  

F e e d i n g   s p e e d   of  s t r i p   (m/min)   2 0 0  

T e n s i l e   f o r c e   of  s t e e l   s t r i p   in  r a p i d  
c o o l i n g   zone   ( k g f / m m 2 )   z - °  

S t r i p   t e m p e r a t u r e   on  e n t r y   s i d e   o f  
r a p i d   c o o l i n g   zone   (°Cj  6 7 "  

S t a r t i n g   t e m p e r a t u r e   of  r a p i d   c o o l i n g   r n n  by  r o l l   c o o l i n g   (°C)  6 0 0  

S t r i p   t e m p e r a t u r e   on  r a p i d   c o o l i n g   zone  , n n  s i d e   (°C)  4 0 0  

Number  of   c o o l i n g   r o l l s   5 

D e l i v e r y   p r e s s u r e   of  gas   j e t t i n g  
a g a i n s t   b a c k   s i d e   of  s t r i p   (mmHkO)  Z4U 

A v e r a g e   h e a t   t r a n s f e r   c o e f f i c i e n t   o f  
r o l l   c o o l i n g   and  gas   j e t t i n g   2 0 0  
( k c a l / m 2 h ° C )  

A v e r a g e   w i n d i n g   a n g l e   (°)  60  

F i g u r e   of   c o o l e d   s t r i p   g o o d  

F i g .   10  i l l u s t r a t e s   t he   e f f e c t s   of  t h e   p r e s e n t  

i n v e n t i o n   in  t h e   two  c a s e s ,   one  of  w h i c h   u s e s   o n l y   t h e  
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r o l l   c o o l i n g   and  t h e   o t h e r   of   w h i c h   u s e s   b o t h   t h e   r o l l  

c o o l i n g   and  t h e   gas   j e t t i n g .   In  t h e   E x a m p l e   2 ,  

p a r t i c u l a r l y ,   by  d e f i n i n g   t h e   t e n s i l e   f o r c e   a1  ( k g f / m m 2 )  

of   t h e   s t e e l   s t r i p s   in   t h e   r o l l   c o o l i n g   zone   as  t h e  

f o l l o w i n g   i n e q u a l i t y ,   a  r a t e   of  s t e e l   s t r i p s   o f   i n f e r i o r  

q u a l i t y   due  to  d e f e c t   of   f i g u r e   was  l o w e r e d   to   l e s s   t h a n  

0.5%  and  t h e   c a p a c i t y   d e c l i n e   of  t h e   o p e r a t i o n   r e s u l t i n g  

f r o m   s e r p e n t i n e   m o v e m e n t s   of  s t e e l   s t r i p s   due  to   d e f e c t s  

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

Ts  -  1570  Ts  -  2410 
< a ' <   :  —  

-1670  - 6 3 0  

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

c o o l i n g   c a p a c i t y   in  r o l l   c o o l i n g   of  s t e e l   s t r i p s   can   b e  

e x h i b i t e d   to   t h e   maximum  p o s s i b l e   l i m i t a t i o n   w i t h o u t  

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

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

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

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   a n d  

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 h e   i n v e n t i o n .  
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C l a i m s  

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

m a i n t a i n e d   in  a  c o n t i n u o u s   h e a t - t r e a t m e n t   f u r n a c e ,  

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

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

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

a  t e m p e r a t u r e   of   a  r a n g e   of  5 5 0 - 7 2 0 ° C   and  s i m u l t a n e o u s l y  

a  t e n s i l e   f o r c e   a  ( kg f /mm2)   of  t h e   s t e e l   s t r i p   i s  

a d j u s t e d   w i t h i n   a  r a n g e   d e t e r m i n e d   by  an  i n e q u a l i t y   o f  

( 1 9 0 0 - T s ) / 1 6 7 0 < a < ( 1 9 8 0 - T s ) / 7 2 0   a c c o r d i n g   to  t h e   s t a r t i n g  

t e m p e r a t u r e   T s ( ° C )   of  s a i d   r a p i d   c o o l i n g .  

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

r a p i d   c o o l i n g   i s   w i t h i n   a  r a n g e   of  7 2 0 - 6 4 0 ° C   and  t h e  

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

0 . 8 - 2   k g f / m m 2 .  
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3.  A  m e t h o d   o f   c o o l i n g   s t e e l   s t r i p s   h e a t e d   a n d  

m a i n t a i n e d   in   a  c o n t i n u o u s   h e a t   - t r e a t m e n t   f u r n a c e ,  

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

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

b r i n g   i t   i n t o   c o n t a c t   t h e r e w i t h   and  a t   t h e   same  t i m e   b y  

j e t t i n g   a  gas   a g a i n s t   a  b a c k   s u r f a c e   of   t h e   s t e e l   s t r i p  

i s   s t a r t e d   a t   a  t e m p e r a t u r e   of  a  r a n g e   of  5 5 0 - 7 2 0 ° C   a n d  

s i m u l t a n e o u s l y   a  t e n s i l e   f o r c e   a1  ( k g f / m m 2 )   of  t h e   s t e e l  

s t r i p   i s   a d j u s t e d   w i t h i n   a  r a n g e   d e t e r m i n e d   b y  

an  i n e q u a l i t y   of   ( 1 5 7 0 - T s ) / 1 6 7 0 < a I   < ( 2 4 1 0 - T s ) / 6 3 0  

a c c o r d i n g   to   t h e   s t a r t i n g   t e m p e r a t u r e   T s ( ° C )   of  s a i d  

r a p i d   c o o l i n g .  

4.  A  m e t h o d   of   c o o l i n g   s t e e l   s t r i p s   as  s e t   f o r t h  

in   c l a i m   3,  w h e r e i n   s a i d   s t a r t i n g   t e m p e r a t u r e   of  t h e  

r a p i d   c o o l i n g   i s   w i t h i n   a  r a n g e   of   6 0 0 - 5 5 0 ° C   and  t h e  

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

0 . 6 - 3   k g f / m m 2 .  

5.  A  m e t h o d   of   c o o l i n g   s t e e l   s t r i p s   as  s e t   f o r t h  

in   c l a i m   1  or  3,  w h e r e i n   b e f o r e   t h e   s t e e l   s t r i p   i s  

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

by  j e t t i n g   a  gas   a g a i n s t   t h e   s t e e l   s t r i p .  

6.  A  m e t h o d   of   c o o l i n g   s t e e l   s t r i p s   as  s e t   f o r t h  

in   c l a i m   1  or  3,  w h e r e i n   t h e   t e n s i l e   f o r c e   of  t h e   s t e e l  

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