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©  A  curved  mold  for  continuous  casting. 
Conventionally,  in  a  continuous  casting  machine,  in 

which  a  curved  mold  is  used,  a  bent  strand  is  formed  and  is 
then  straightened  at  a  single  straightening  point  or  in  a 
multi-point  straightening  zone.  Since  the  vertical  cooling- 
water  channels  are  formed  in  the  long-sided  mold  sections  of 
a  conventional  curved  mold,  the  distance  Δf  between  the 
vertical  cooling-water  channels  and  the  curved  inner  sur- 
faces  varies  in  the  casting  direction,  with  the  result  that 
breakout  is  likely  to  occur  due  to  a  nonuniform  temperature 
distribution  over  the  curved  inner  surfaces. 

According  to  the  present  invention,  the  longitudinal 
cooling-water  channels  (19f.  19l,  26f,  and  26l)  extend 
virtually  in  accordance  with  the  curved  inner  surfaces  (9f,  9f) 
as  seen  in  the  vertical  direction  of  the  curved  mold,  thereby 
maintaining  the temperature  of the entire  inner  surface  of  the 
curved  mold  at  400°C  or  less  and  effectively  preventing 
breakout. 



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  c u r v e d   mold   f o r  

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

s e c t i o n s   and  l o n g - s i d e d   mold   s e c t i o n s ,   t h e   i n n e r   s u r f a c e   o f  

e a c h   of  t h e   l o n g - s i d e d   mold   s e c t i o n s   b e i n g   c u r v e d   as  s e e n  

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

A  c u r v e d   mo ld   f o r   c o n t i n u o u s   c a s t i n g   w h i c h   i s   i n s t a l l e d  

in  a  known  c o n t i n u o u s   c a s t i n g   m a c h i n e   (CCM)  i s   w a t e r   c o o l e d ,  

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

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

r a d i u s   (R)  o f   f rom  a p p r o x i m a t e l y   1 0 . 5   to   1 2 . 5   m e t e r s ,   t h e  

c e n t e r   of   t h e   r a d i u s   (R)  b e i n g   on  a  h o r i z o n t a l   l i n e  

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

c u r v e d   mold   as   s e e n   in   a  v e r t i c a l   d i r e c t i o n .   The  i n n e r  

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

a f t e r   r e f e r r e d   to   as  t h e   c u r v e d   i n n e r   s u r f a c e .   M o l t e n  

s t e e l   i s   s u p p l i e d   i n t o   a  c u r v e d   mold   and  i s   p r i m a r y   c o o l e d  

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

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

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

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

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

s t r a i g h t e n e d ,   or   u n b e n t ,   h o r i z o n t a l l y ,   and  d r a w s   a  q u a r t e r  
of  a  c i r c l e   h a v i n g   a  r a d i u s   d e f i n e d   by  e a c h   of  t h e   r a d i i   o f  

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

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

d i r e c t i o n .  

Known  c u r v e d - t y p e   c o n t i n u o u s   c a s t i n g   m a c h i n e s   and  a  

known  c u r v e d   mold   f o r   c o n t i n u o u s   c a s t i n g   a r e   d e s c r i b e d   w i t h  

r e f e r e n c e   t o   F i g s .   1  t h r o u g h   4 .  

In  t h e   d r a w i n g s :  

F i g u r e s   1  and  2  i l l u s t r a t e   known  c u r v e d - t y p e  

c o n t i n u o u s   c a s t i n g   m a c h i n e s ;  

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

- s i d e d   mold  s e c t i o n s   of  a  known  c u r v e d   mold  f o r   c o n t i n u o u s  

c a s t i n g ;  



F i g .   4  i s   a  c r o s s - s e c t i o n a l   v i e w   a l o n g   l i n e   IV- IV  o f  

F i g .   3 ;  

F i g .   5  i s   a  g r a p h   i n d i c a t i n g   t h e   r e l a t i o n s h i p   b e t w e e n  

t h e   r a d i u s   (R)  o f   t h e   c u r v e d   i n n e r   s u r f a c e   of   e a c h   of  t h e  

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

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

d i r e c t i o n   of  t h e   c u r v e d   m o l d ,   i . e . ,   t h e   maximum  t e m p e r a t u r e  

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

- s i d e d   mold   s e c t i o n s   m e n t i o n e d   a b o v e   as  s e e n   in   t h e   c a s t i n g  

d i r e c t i o n ;  

F i g s .   6  and   7  a r e   c r o s s - s e c t i o n a l   v i e w s   of   a  c u r v e d  

mold   f o r   c o n t i n u o u s   c a s t i n g   a c c o r d i n g   to   an  e m b o d i m e n t   o f  

t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g s .   8  and   9  a r e   d r a w i n g s   s i m i l a r   to   F i g s .   6  and  7 

r e g a r d i n g   o t h e r   e m b o d i m e n t s .  

In  F i g .   1,  a  c u r v e d   mold   f o r   c o n t i n u o u s   c a s t i n g   1 ,  

h e r e i n a f t e r   s i m p l y   r e f e r r e d   to   as  t h e   c u r v e d   mold   1,  c o m -  

p r i s e s   t he   l o n g - s i d e d   mold   s e c t i o n s   l a .   Each   of   t h e   l o n g -  

- s i d e d   mold  s e c t i o n s   la   has   a  c u r v e d   i n n e r   s u r f a c e   w i t h   a  

r a d i u s   (R)  of   f rom  a p p r o x i m a t e l y   1 0 . 5   to   12  m e t e r s .   A 

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

p o r t i o n   of  t h e   c u r v e d   mold   1  as  s e e n   in  t h e   v e r t i c a l  

d i r e c t i o n   i s   d e n o t e d   by  HL.  The  c e n t e r   (O)  of  t h e   r a d i u s  

(R)  of  e a c h   c u r v e d   i n n e r   s u r f a c e   i s   on  t h e   h o r i z o n t a l  

l i n e   HL.  S t r a n d   2  i s   g u i d e d   a l o n g   a  q u a r t e r   of   t h e   c i r c l e  

of   t h e   s t r a n d ' s   p a t h   and   i s   s u b s e q u e n t l y   s t r a i g h t e n e d   or  i s  

h o r i z o n t a l l y   u n b e n t   a t   t h e   s t r a i g h t e n i n g   p o i n t   3.  S i n c e  

t h e r e   i s   o n l y   one   s t r a i g h t e n i n g   p o i n t   3  in   known  c u r v e d -  

- t y p e   c o n t i n u o u s   c a s t i n g   m a c h i n e   4  i l l u s t r a t e d   in   F i g .   1 ,  

t h e   m a c h i n e   h e i g h t   i s   v e r y   h i g h .   C u r v e d   t y p e - c o n t i n u o u s  

c a s t i n g   m a c h i n e   4,  h e r e i n a f t e r   r e f e r r e d   to   as   a  h i g h - h e a d  

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

s l a b s .  

R e c e n t l y ,   a t t e m p t s   h a v e   b e e n   made  to  d e c r e a s e   t h e  

m a c h i n e   h e i g h t   of   a  h i g h - h e a d   CCM  4  and  t h u s   d e c r e a s e   t h e  

c o n s t r u c t i o n   c o s t s .   Such   a t t e m p t s   a r e . d i s c l o s e d   i n  

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   Nos .   5 6 - 1 4 0 6 2 ,  



5 6 - 1 4 0 6 3 ,   5 6 - 1 4 0 6 4 ,   and  5 6 - 1 4 0 6 5   ( 1 9 8 1 ) .   More  s p e c i f i c a l l y ,  

in  t h e s e   a t t e m p t s ,   l o w - h e a d   CCM  17  i l l u s t r a t e d   in  F i g .   2 

c o m p r i s e s   m u l t i - p o i n t   s t r a i g h t e n i n g   zone  15,   w h i c h   c o n s i s t s  

of  f i v e   p a i r s   of  s t r a i g h t e n i n g   r o l l s   P 1 ,   P 2 ,   P 3 ,   P 4 ,  
and  P5  d e f i n i n g   r a d i i   R 1 ,   R 2 ,   R 3 ,   R4  and  R 5 ,   r e s p e c t i v e -  

l y .   The  b a s i c   r a d i u s   (R1)  of  t h e   c u r v e   i s   5 .8   m e t e r s   a n d  

t h e   m a c h i n e   h e i g h t   (H)  w h i c h   i s   s l i g h t l y   l e s s   t h a n   6  m e t e r s .  

The  b a s i c   r a d i u s   (R1)  of  t he   c u r v e   of  s t r a n d ' s   p a t h   i s  

d e f i n e d   by  t he   l o n g - s i d e d   mold  s e c t i o n s   16a .   N a m e l y ,   t h e  

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

16a  d e f i n e s   a  s m a l l   b a s i c   r a d i u s   of  t h e   c u r v e   of  t h e  

s t r a n d ' s   p a t h ,   e . g . ,   5 .8   m e t e r s ,   t h e   c e n t e r   (0)  of  t h e  

c u r v e   b e i n g   on  h o r i z o n t a l   l i n e   HL  w h i c h   e x t e n d s   a c r o s s   a  

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

s e c t i o n s   16a  as  s e e n   in   t h e   v e r t i c a l   d i r e c t i o n   of  t h e  

c u r v e d   m o l d .  

In  F i g s .   3  and  4,  t he   l o n g - s i d e d   mold   s e c t i o n s   la  o f  

c u r v e d   mold  1  ( F i g .   1)  i n s t a l l e d   in  h i g h - h e a d   CCM  4  ( F i g .   1 )  

a r e   shown ,   b u t   t h e   s h o r t - s i d e d   mold  s e c t i o n s   of  a  c u r v e d  

mold  1  a re   no t   shown.   The  l o n g - s i d e d   mold  s e c t i o n s   a t   t h e  

f i x e d   s i d e   and  the   l o o s e   s i d e   of  t he   s t r a n d   a r e   d e n o t e d   b y  

5f  and  5 l ,   r e s p e c t i v e l y .   The  f i x e d   s i d e   and  t he   l o o s e   s i d e  

c o r r e s p o n d   to  t he   o u t e r   s i d e   and  t he   i n n e r   s i d e   of  t h e  

c u r v e   of  t he   c u r v e d   mold  1,  r e s p e c t i v e l y .   The  l o n g - s i d e d  

mold  s e c t i o n s   5f  and  5l  c o m p r i s e   c o p p e r   p l a t e s   7f  and  71 

h a v i n g   c u r v e d   i n n e r   s u r f a c e s   9l  and  9 f ,   r e s p e c t i v e l y .  

C o o l i n g   w a t e r   b o x e s   6l  and  6 f ,   w h i c h   c o n s i s t   of  u p p e r   a n d  

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

of  t he   c o p p e r   p l a t e   7f  and  c o p p e r   p l a t e   7 l ,   r e s p e c t i v e l y ,  

by  means   of  t he   b o l t s   8  ( F i g .   4)  or   t h e   l i k e .   The  c u r v e d  

i n n e r   s u r f a c e   of  t h e   l o n g - s i d e d   mold  s e c t i o n   5f  and  t h e  

c u r v e d   i n n e r   s u r f a c e   of  l o n g - s i d e d   mold  s e c t i o n   51  a r e  

d e f i n e d   by  the   c u r v e d   i n n e r   s u r f a c e   9l  and  c u r v e d   i n n e r  

s u r f a c e   9f  of  c o p p e r   p l a t e s   7f  and  7 l ,   r e s p e c t i v e l y .   T h e  

c u r v e   of  t he   c u r v e d   f r o n t   s u r f a c e   9f  and  the   c u r v e d   i n n e r  

s u r f a c e   of  9l  have   r a d i u s   Rf  and  r a d i u s   R l  ,   r e s p e c t i v e l y ,  

w h i l e   the   c u r v e   of  c u r v e d   i n n e r   s u r f a c e   9f  a t   the   f i x e d  



s i d e   o f   t h e   s t r a n d   h a s   r a d i u s   Rf .   The  c e n t e r   of  e a c h   o f  

t h e s e   c u r v e s   i s   on  a  h o r i z o n t a l   l i n e   ( n o t   shown)  w h i c h  

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

mold   1  as  s e e n   in   t h e   v e r t i c a l   d i r e c t i o n .   R a d i u s   R&  i s  

f rom  a p p r o x i m a t e l y   1 0 . 5   t o   12  m e t e r s .  

Fo r   t h e   s a k e   o f   s i m p l i c i t y ,   t h e   d e s c r i p t i o n s   h e r e -  

i n u n d e r   r e l a t e   o n l y   to   t h e   l o n g - s i d e d   mold   s e c t i o n   5f   a t  

t h e   f i x e d   s i d e   of   t h e   s t r a n d   o t h e r w i s e   s p e c i f i e d .   H o w e v e r ,  

t h e y   a l s o   c o r r e s p o n d   to   t h e   l o n g - s i d e d   mold   s e c t i o n   5 t   a t  

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

V e r t i c a l   c o o l i n g - w a t e r   c h a n n e l   10f   i s   f o r m e d   in   c o p p e r  

p l a t e   7f  w h i l e   l a t e r a l   c o o l i n g - w a t e r   c h a n n e l s   l l f ,   w h i c h  

c o n n e c t   t h e   v e r t i c a l   c o o l i n g - w a t e r   c h a n n e l s   10f  w i t h   t h e  

c o o l i n g   w a t e r   box   6 f ,   a r e   f o r m e d   in   t h e   u p p e r   and  l o w e r  

p a r t s   of   t h e   c o p p e r   p l a t e   7 f .   A  v a p o r - w i t h d r a w i n g   a p e r t u r e  
12f  e x t e n d s   b e t w e e n   t h e   t o p   s u r f a c e   of   c o p p e r   p l a t e   7f  a n d  

t h e   l a t e r a l   c o o l i n g - w a t e r   c h a n n e l s   l l f .   A l t h o u g h   n o t   s h o w n  

in   F i g .   3,  a  n u m b e r   o f   v e r t i c a l   and  l a t e r a l   c o o l i n g - w a t e r  

c h a n n e l s   10f   and  l l f   and   v a p o r - w i t h d r a w i n g   a p e r t u r e s   a r e  

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

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

In  t h e   c u r v e d   mo ld   1  of   h i g h - h e a d   CCM  4  ( F i g .   1 ) ,   t h e  

v e r t i c a l   and   l a t e r a l   c o o l i n g - w a t e r   c h a n n e l s   10f   and  l l f ,  

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

14f   and   a  s e c o n d   c o p p e r   p l a t e   s e c t i o n   1 3 f ,   s e c o n d   c o p p e r  

p l a t e   s e c t i o n   13f   b e i n g   g r o o v e d   and  h a v i n g   a  r e c e s s   i n  

w h i c h   t h e   f i r s t   c o p p e r   p l a t e   s e c t i o n   14f   i s   c a p a b l e   o f  

b e i n g   e m b e d d e d .   When  f o r m i n g   t h e   v e r t i c a l   and  l a t e r a l  

c o o l i n g - w a t e r   c h a n n e l s   10f   and  l l f ,   f i r s t   c o p p e r   p l a t e  

s e c t i o n   14f   i s   i n s e r t e d   i n t o   t h e   r e c e s s   of  t h e   s e c o n d  

c o p p e r   p l a t e   s e c t i o n   13f   and  t h e n   t h e   f i r s t   c o p p e r   p l a t e  

s e c t i o n   1 4 f   i s   e n g a g e d   w i t h   t h e   g r o o v e d   s u r f a c e   of  t h e  

s e c o n d   c o p p e r   p l a t e   s e c t i o n   1 3 f .  

In  a  h i g h - h e a d   CCM  4  ( F i g .   1)  p r o v i d e d   w i t h   a  c u r v e d  

mold  1  shown  in   F i g s .   3  and  4,   b r e a k o u t   i n t e r m i t t e n t l y  

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

i s   t h e   s t r a n d ' s   s h e l l ,   f o r m e d   in   c u r v e d   mold  1,  b r e a k s   a n d  



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

- h e a d   CCM  4  and  d e c r e a s i n g   p r o d u c t i v i t y .  

When  h i g h - s p e e d   c o n t i n u o u s   c a s t i n g   ( h i g h - s p e e d  

w i t h d r a w a l   of  t he   s t r a n d )   i s   c a r r i e d   o u t   in   l o w - h e a d   CCM  17  

( F i g .   2)  a t   a  c a s t i n g   s p e e d   of   1  m e t e r / m i n   or   h i g h e r . ,  

b r e a k o u t   i s   more  l i a b l e   to   o c c u r   t h a n   in  a  h i g h - h e a d   CCM  4 

( F i g .   1 ) .  

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

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

a  c u r v e d   mold   so  as  to   s u p p r e s s   b r e a k o u t   and  r e a l i z e   h i g h -  

- s p e e d   c o n t i n u o u s   c a s t i n g ,   e s p e c i a l l y   in   a  l o w - h e a d   CCM. 

The  p r e s e n t   i n v e n t o r s   s t u d i e d   t h e   p h e n o m e n o n   o f  

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

c a s t i n g   a t   a  c a s t i n g   s p e e d   of  1  m e t e r / m i n   or  h i g h e r .   As  a  

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

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

c o n t i n u o u s   c a s t i n g   o c c u r s   due  t o   t h e   s t r a n d ' s   s h e l l  

s t i c k i n g   t o   t h e   i n n e r   s u r f a c e   of   c u r v e d   mold   1  or  1 6 .  

A l s o ,   t h e   p r e s e n t   i n v e n t o r s   d i s c o v e r e d   t h a t   in   o r d e r   t o  

p r e v e n t   t h e   s t r a n d ' s   s h e l l   f rom  s t i c k i n g   to   t he   i n n e r  

s u r f a c e   of   t h e   c u r v e d   mold  1  or   16 ,   c u r v e d   mold  1  or  1 6  

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

t h e   e n t i r e   i n n e r   s u r f a c e   of  c u r v e d   mold   1  or  16  i s  

m a i n t a i n e d   a t   400°C  or   l e s s .  

A  c u r v e d   mold   f o r   c o n t i n u o u s   c a s t i n g   c o m p r i s i n g   s h o r t -  

- s i d e d   mold   s e c t i o n s   and  l o n g - s i d e d   mold   s e c t i o n s   e a c h  

h a v i n g   a  c u r v e d   i n n e r   s u r f a c e   as  s e e n   in   t h e   v e r t i c a l  

d i r e c t i o n   t h e r e o f   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   i s  

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

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

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

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

d i r e c t i o n   t h e r e o f .  

The  s t u d i e s   of  t h e   p r e s e n t   i n v e n t o r s ,   w h i c h   w e r e  

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

t h e   p r e s e n t   i n v e n t i o n ,   a r e   now  d e s c r i b e d .  

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



of  t h e   c o p p e r   p l a t e   f o r   a  c u r v e d   mold   1  ( F i g s .   1  and  3 ) ,  

w h i c h   i s   e m p l o y e d   in   a  h i g h - h e a d   CCM  4  ( F i g .   1 ) ,   a n d  

c o n c l u d e d   t h e   f o l l o w i n g :  

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

mo ld   s e c t i o n   5 f ,   n a m e l y   c u r v e d   i n n e r   s u r f a c e   9f  of   c u r v e d  

mold   1,  i s   a  c o n c a v e l y   c u r v e d   s u r f a c e   h a v i n g   t h e   r a d i u s   R f  
w h i l e   t h e   c u r v e d   i n n e r   s u r f a c e   of   l o n g - s i d e d   m o l d  

s e c t i o n   5 l ,   n a m e l y   c u r v e d   i n n e r   s u r f a c e   9 l   o f   t h e   c u r v e d  

mold   1,  i s   a  c o n v e x l y   c u r v e d   s u r f a c e   h a v i n g   t h e   r a d i u s   R 1 .  
S i n c e   t h e   v e r t i c a l   c o o l i n g - w a t e r   c h a n n e l s   10f   and  1 0 l  

e x t e n d   t h r o u g h   t h e   l o n g - s i d e d   mo ld   s e c t i o n s   5f  and  5 1 ,  

r e s p e c t i v e l y ,   in   t h e   v e r t i c a l   d i r e c t i o n   of   c u r v e d   mold  1 

d i s t a n c e   Δl  ( h e r e i n a f t e r   s i m p l y   r e f e r r e d   to   as   d i s t a n c e   Δ l ) ,  

b e t w e e n   t h e   v e r t i c a l   w a t e r - c o o l i n g   c h a n n e l s   10f   and  1 0 l  a n d  

t h e   c u r v e d   i n n e r   s u r f a c e s   9f  and  91,   r e s p e c t i v e l y ,   v a r i e s  

in   t h e   v e r t i c a l   d i r e c t i o n   of   t h e   c u r v e d   mold  1.  F o r  

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

r a d i u s   Rf  of   t h e   c u r v e d   i n n e r   s u r f a c e   9f  i s   s p e c i f i c a l l y  

1 0 . 5   m e t e r s ,   t h e   h e i g h t   of   t h e   c u r v e d   mold   i s   700  mm,  a n d  

t h e   c e n t e r   of   t h e   c u r v e   h a v i n g   r a d i u s   Rf  i s   on  a  h o r i z o n t a l  

l i n e   e x t e n d i n g   a c r o s s   a  p o r t i o n   of   t h e   c u r v e d   mold   350  mm 

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

d e t e r m i n e d   as   b e i n g   30  mm  i n  t h e   l i g h t   of   t h e   l i f e   of   t h e  

c u r v e d   m o l d .   In  t h i s   c a s e ,   t h e   maximum  v a l u e   of   d i s t a n c e   Δ l  

a m o u n t s   t o   36  mm,  w i t h   t h e   r e s u l t   t h a t   d i s t a n c e   Δl  v a r i e s  

by  6  mm.  In  o t h e r   w o r d s ,   t h e   t h i c k n e s s   of   t h e   s e c o n d  

c o p p e r   p l a t e   s e c t i o n   13f   v a r i e s   by  6  mm  in   t h e   v e r t i c a l  

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

d i f f e r e n c e   b e t w e e n   t h e   maximum  and  min imum  v a l u e s   o f  

d i s t a n c e  Δ l   ( Δ l m a x  -   Δ l m i n )   i n   t h e   v e r t i c a l   d i r e c t i o n   o f  

t h e   c u r v e d   mold   i s   6  mm,  s u c h   d i f f e r e n c e   Δ l m a x  -   Δlmin 

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

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

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

t h e   t h e r m a l   c o n d u c t i v i t y   of  t h e   s t r a n d ' s   s h e l l ,   t h e   s e c o n d  

c o p p e r   p l a t e   s e c t i o n   1 3 f ,   and  t h e   v e r t i c a l   c o o l i n g - w a t e r  

c h a n n e l   1 0 f ,   v a r i e s   in   t h e   v e r t i c a l   d i r e c t i o n   of   t h e   c u r v e d  



m o l d ,   and  t h e   d i f f e r e n c e   in  t h e   o v e r a l l   t h e r m a l   c o n d u c t i v i t y  

c o r r e s p o n d s   to  f rom  1%  to   5%,  w i t h   t h e   r e s u l t   t h a t   t h e  

t e m p e r a t u r e   of  t h e   c u r v e d   i n n e r   s u r f a c e   9f  v a r i e s   by  2 5 ° C  

a t   t h e   maximum  as  s e e n   in   t h e   v e r t i c a l   d i r e c t i o n   of  t h e  

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

of   t h e   c u r v e d   i n n e r   s u r f a c e   9f  i s   n o n u n i f o r m   in  t h e   c a s t i n g  

d i r e c t i o n .  

2.  In  a  c o n v e n t i o n a l   c u r v e d   mold   h a v i n g  

r a d i u s   R f  ,   d i s t a n c e   Δ£,  and  t he   h e i g h t   s p e c i f i e d   in  i t e m   1 

a b o v e ,   t h e   t e m p e r a t u r e   of   t h e   c u r v e d   i n n e r   s u r f a c e   9 f  

v a r i e s   d u r i n g   c o n t i n u o u s   c a s t i n g   b u t   d i f f e r e n c e   Δ l m a x  
-  Δlmin  m e n t i o n e d   a b o v e   i s   m a i n t a i n e d .   In  t h e   c a s e   o f  

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

b e t w e e n   350°C  and  4 2 0 ° C   s p e c i f i c a l l y   a t   a  p o r t i o n   of  l o n g -  
- s i d e d   mold   s e c t i o n   51  w h e r e   d i f f e r e n c e   Δ£  i s   m a x i m a l .  

I n c i d e n t a l l y ,   t h e   h e a t   r e s i s t a n c e   of   t h e   v e r t i c a l   c o o l i n g -  

- w a t e r   c h a n n e l   10f   i s   a p p r o x i m a t e l y   5%  of   t h e   o v e r a l l   h e a t  

r e s i s t a n c e   of  t h e   s t r a n d ' s   s h e l l ,   c o p p e r   p l a t e   s e c t i o n ,   a n d  

v e r t i c a l   c o o l i n g - w a t e r   c h a n n e l   1 0 f ,   w i t h   t h e   r e s u l t   t h a t  

e v e n   by  e n h a n c i n g   t h e   c o o l i n g   w a t e r   f l o w   r a t e   in  t h e  

v e r t i c a l   c o o l i n g - w a t e r   c h a n n e l   1 0 f ,   t h e   t e m p e r a t u r e   of  t h e  

c u r v e d   i n n e r   s u r f a c e   9f   c a n n o t   be  l o w e r e d .   When  t h i s  

t e m p e r a t u r e   e x c e e d s   4 0 0 ° C ,   b r e a k o u t   may  o c c u r .  

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

l o w - h e a d   CCM  17  in   r e g a r d   to   how  t h e   r a d i u s   of  t h e   c u r v e d  

i n n e r   s u r f a c e   of  t h e   mold   e x e r t s   an  i n f l u e n c e   on  t h e   n o n -  

u n i f o r m   t e m p e r a t u r e   d i s t r i b u t i o n   c u r v e d   i n n e r   s u r f a c e   9 f .  

The  p r e s e n t   a p p l i c a n t   has   a l r e a d y   p r o p o s e d   a  l o w - h e a d   CCM 

s u c h   as  t h a t   shown  in   F i g .   2  so  as  to   o b t a i n   s t r a n d s   h a v i n g  

a  h i g h   t e m p e r a t u r e   and  b e i n g   f r e e   of  d e f e c t s .   In  a c -  
c o r d a n c e   w i t h   a  d e c r e a s e   in   m a c h i n e   h e i g h t ,   t h e   r a d i u s   o f  

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

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

s e r i o u s .   More  s p e c i f i c a l l y ,   as  shown  in   F i g .   5 ,   w h i c h   i n d i -  

c a t e s   t h e   r e l a t i o n s h i p   b e t w e e n   t h e   b a s i c   r a d i u s   (R)  of   t h e  
s t r a n d ' s   p a t h   and  t h e   n o n u n i f o r m   t e m p e r a t u r e   d i s t r i b u t i o n  



i n   t h e   v e r t i c a l   d i r e c t i o n   of   t he   c u r v e d   mold   in  c e n t i g r a d e  

( t h a t   i s ,   t h e   maximum  t e m p e r a t u r e   d i f f e r e n c e   of   t h e   c u r v e d  

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

s i m p l y   r e f e r r e d   to   as  t h e   maximum  t e m p e r a t u r e   d i f f e r e n c e ) ,  

s u c h   n o n u n i f o r m   t e m p e r a t u r e   or  t h e   maximum  t e m p e r a t u r e  

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

r a d i u s   (R)  of   t h e   c u r v e   of  t h e   s t r a n d ' s   p a t h .   E s p e c i a l l y ,  

when  t h e   b a s i c   r a d i u s   (R)  of   t h e   c u r v e   of   t h e   s t r a n d ' s   p a t h  

i s   6  m e t e r s   or  l e s s ,   s a i d   n o n u n i f o r m   t e m p e r a t u r e   d i s t r i b u -  

t i o n   or   t h e   maximum  t e m p e r a t u r e   d i f f e r e n c e   a m o u n t s   to   4 0 ° C  

o r   m o r e .  

The  p r e s e n t   i n v e n t o r s   f u r t h e r   e x a m i n e d   w h e t h e r   a  

d e c r e a s e   in  t h e   t h i c k n e s s   of  c o p p e r   p l a t e   7 f ,   t h a t   i s ,   a  

d e c r e a s e   in   t h e   h e a t   r e s i s t a n c e   of  t h e   c o p p e r   p l a t e   7 f ,  

w o u l d   make  i t   p o s s i b l e   to   d e c r e a s e   t h e   t e m p e r a t u r e   of  a  

p o r t i o n   of  t h e   c u r v e d   i n n e r   s u r f a c e   9f  w h e r e   t h e   t h i c k n e s s  

of   c o p p e r   p l a t e   7f  i s   t h e   g r e a t e s t   to   a  v a l u e   o f   400°C  o r  

l e s s   and  t h u s   e f f e c t i v e l y   p r e v e n t   b r e a k o u t .   In  s u c h   a  

c a s e ,   minimum  d i s t a n c e   At min  b e c o m e s   30  mm  or   l e s s ,   t h e r e b y  

c r e a t i n g   p r o b l e m   in   t h e   l i g h t   of   t h e   l i f e   of  c u r v e d   mold  1 .  

When  t h e   l i f e   of   a  c u r v e d   mold   i s   s h o r t   in   c o n t i n u o u s  

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

s t r a n d s   i s   i n c r e a s e d .  

A f t e r   c o n s i d e r i n g   t h e   a b o v e - m e n t i o n e d   p o i n t s ,   t h e  

p r e s e n t   i n v e n t i o n   was  c o m p l e t e d .   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 ,   v e r t i c a l   c o o l i n g - w a t e r   c h a n n e l s   in   t h e   l o n g -  

- s i d e d   mold  s e c t i o n s   e x t e n d   in  a  l o n g i t u d i n a l   d i r e c t i o n  

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

of   e a c h   of  t h e   l o n g - s i d e d   mold  s e c t i o n s   as  s e e n   in  t h e  

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

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

m o l d   a t   400°C  or   l e s s   and  e f f e c t i v e l y   p r e v e n t i n g   b r e a k o u t  

due   to   t he   s t r a n d ' s   s h e l l   s t i c k i n g   to   t h e   i n n e r   s u r f a c e   o f  

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

l i f e   of   t h e   c u r v e d   m o l d .   T h e r e f o r e ,   a c c o r d i n g   to  t h e  

c u r v e d   mold  of  t h e   p r e s e n t   i n v e n t i o n ,   h i g h - s p e e d   c o n t i n u o u s  

c a s t i n g   a t   a  c a s t i n g   s p e e d   of   e s p e c i a l l y   f rom  1 .4   t o  



2 . 0   m e t e r s / m i n   i s   p o s s i b l e   w h i l e   e f f e c t i v e l y   p r e v e n t i n g  

b r e a k o u t   and  p r o l o n g i n g   t h e   l i f e   of  t h e   c u r v e d   mold  so  t h a t  

i t   i s   e q u i v a l e n t   to   or   l o n g e r   t h a n   t h a t   of   a  c o n v e n t i o n a l  

c u r v e d   m o l d .  

In  F i g .   6,  an  e m b o d i m e n t   of   t h e   c u r v e d   mold  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   i s   i l l u s t r a t e d .   In  t h e   f i g u r e ,  

t h e   c u r v e d   mold   i s   d e n o t e d   by  18,   and  t h e   v e r t i c a l   c r o s s -  

- s e c t i o n a l   s t r u c t u r e   of   t h e   l o n g - s i d e d   mold   s e c t i o n s   5 l  a n d  

5f  h a v i n g   t h e   c u r v e d   i n n e r   s u r f a c e s   9l  and  9 f ,   r e s p e c t i v e l y ,  

i s   shown  b u t   t h e   known  v e r t i c a l   c r o s s - s e c t i o n a l   s t r u c t u r e  

of   t h e   s h o r t - s i d e d   m o l d   s e c t i o n s   i s   n o t   s h o w n .   C u r v e d  

c o o l i n g - w a t e r   c h a n n e l s   19f   and  191  a r e   f o r m e d   in   t he   l o n g -  

- s i d e d   mold   s e c t i o n s   5f  and  51,   r e s p e c t i v e l y ,   in   s u c h   a  

m a n n e r   t h a t   t h e y   a r e   d e l i n e a t e d   by  a  s i n g l e   c u r v e .   M o r e  

s p e c i f i c a l l y ,   in   t h e   c u r v e d   c o o l i n g - w a t e r   c h a n n e l   1 9 f ,  

w h i c h   i s   f o r m e d   in   t h e   l o n g - s i d e d   mold   s e c t i o n   5 f ,   t h e  

r a d i u s   of  t he   c u r v e   i s   Rf  +  Δl,  w h i l e   in   t h e   c u r v e d   c o o l i n g -  

- w a t e r   c h a n n e l   1 9 l ,   w h i c h   i s   f o r m e d   in   t h e   l o n g - s i d e d   m o l d  

s e c t i o n   5 l,  t h e   r a d i u s   of   t h e   c u r v e   i s   Rl  +  Δ l .   D i s -  

t a n c e   Δ l ,   w h i c h   i n d i c a t e s   t h e   d i s t a n c e   b e t w e e n   t h e   c o o l i n g -  

- w a t e r   c h a n n e l s   19f   and  191  and  t h e   c u r v e d   i n n e r   s u r f a c e s  

9 f ,   91 ,   r e s p e c t i v e l y ,   and  i s   a d j u s t e d   to   30  mm  when  t h e  

r a d i u s   Rf  of  c u r v e d   i n n e r   s u r f a c e   9f  i s   1 0 . 5   m e t e r s .   S i n c e  

d i s t a n c e   Δl,  i s   c o n s t a n t   in  t h e   c a s t i n g   d i r e c t i o n ,   a n  

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

t r i b u t i o n   on  t h e   c u r v e d   i n n e r   s u r f a c e   9f  as   s e e n   in  t h e  

c u r v e d   d i r e c t i o n   of  c u r v e d   mold   18  i s   e l i m i n a t e d ,   e s p e c i a l l y  

in  t h e   u p p e r   p o r t i o n   of  t h e   c u r v e d   mold   18  w h e r e   t he   t e m -  

p e r a t u r e   i s   h i g h .   In  c u r v e d   mold   18  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 ,   in   w h i c h   d i s t a n c e   Δl  i s   a d j u s t e d   t o  

30  mm  and  r a d i u s   Rf  of  c u r v e d   i n n e r   s u r f a c e   9 f ,   s p e c i f i -  

c a l l y ,   i s   1 0 . 5   m e t e r s ,   t h e   t h i c k n e s s   of  t h e   s e c o n d   c o p p e r  

p l a t e   s e c t i o n   13f  i s   l e s s   t h a n   t h a t   of  a  c o n v e n t i o n a l  

c u r v e d   mold  1  ( F i g .   3)  when  t he   t h i c k n e s s   of  c o n v e n t i o n a l  

c u r v e d   mold  1  ( F i g .   3)  i s   m e a s u r e d   a t   t h e   u p p e r   and  l o w e r  

p o r t i o n s   t h e r e o f   and  b e t w e e n   t he   c u r v e d   i n n e r   s u r f a c e   9 f  

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



- w a t e r   c h a n n e l   10f   ( F i g .   3)  and  t h e   c u r v e d   c o o l i n g - w a t e r  

c h a n n e l   19  ( F i g .   6 ) .   T h a t   i s ,   no  l o c a l l y   t h i c k   p o r t i o n   o f  

t h e   s e c o n d   c o p p e r   p l a t e   s e c t i o n   13f   w h e r e   Δl  -  Δ l .  max  m i n  
=  6  mm  i s   p r e s e n t   in   c u r v e d   mold   18  ( F i g .   6)  of   t h e   p r e s e n t  
i n v e n t i o n .   As  a  r e s u l t ,   n o t   o n l y   i t   i s   p o s s i b l e   to   m a i n t a i n  

t h e   e n t i r e   i n n e r   s u r f a c e   of   t h e   c u r v e d   mold   18  a t   a  t e m -  

p e r a t u r e   of  4 0 0 ° C   or   l e s s   and   t h u s   e f f e c t i v e l y   p r e v e n t  

b r e a k o u t   due  to   t h e   s t r a n d ' s   s h e l l   s t i c k i n g   to  t h e   i n n e r  

s u r f a c e   of  c u r v e d   m o l d   18  b u t   i t   i s   a l s o   p o s s i b l e   t h a t   t h e  

l i f e   of   t h e   c u r v e d   mo ld   18  may  n o t   b e  s h o r t e n e d   to   l e s s  

t h a n   t h a t   of   a  c o n v e n t i o n a l   c u r v e d   m o l d   1  ( F i g .   3)  s i n c e  

t h e   t h i c k n e s s   of   t h e   s e c o n d   c o p p e r   p l a t e   s e c t i o n   1 3 f  

m e a s u r e d   b e t w e e n   c u r v e d   c o o l i n g - w a t e r   c h a n n e l   19f   and  t h e  

c u r v e d   i n n e r   s u r f a c e   9f  i s   t h e   same  as   t h e   m i n i m u m  

t h i c k n e s s ,   i . e .   30  mm,  of   t h e   s e c o n d   c o p p e r   p l a t e   s e c t i o n  

in   c o n v e n t i o n a l   c u r v e d   mold   1  ( F i g .   1 ) .  

In   t h e   c u r v e d   mo ld   18  ( F i g .   6 ) ,   t h e   c u r v e d   c o o l i n g -  

- w a t e r   c h a n n e l   1 9 f   i s   d e f i n e d   and  f o r m e d   in  a  m a n n e r  

s i m i l a r   to   t h a t   of   v e r t i c a l   c o o l i n g - w a t e r   c h a n n e l   1 0 f  

( F i g .   3 ) ,   t h a t   i s ,   by  means   of  t h e   f i r s t   c o p p e r   p l a t e  

s e c t i o n   14f   and  t h e   s e c o n d   c o p p e r   p l a t e   s e c t i o n   1 3 f ,   w h i c h  

i s   g r o o v e d .  

In  l o w - h e a d   CCM  17  ( F i g .   2 ) ,   in   w h i c h   t h e   r a d i u s   R   i s  

l e s s   t h a n   1 0 . 5   m e t e r s   (Rf  <  1 0 . 5   m),   t h e   d i s t a n c e   Δl,  of  a  

c u r v e d   mold   18 ,   w h i c h   h a s   a  s m a l l   r a d i u s ,   i s   p r e f e r a b l y   a  

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

e n t i r e   i n n e r   s u r f a c e   of   a  c u r v e d   mold   16  i s   m a i n t a i n e d   a t  

4 0 0 ° C   or   l e s s   in   t h e   l i g h t   of   t h e   l i f e   of   t h e   c u r v e d  

m o l d   1 8 .  

In  F i g .   7,  t h e   s t r u c t u r e   of  t h e   l o n g - s i d e d   m o l d  

s e c t i o n   201  a c c o r d i n g   to   an  e m b o d i m e n t   of  t h e   p r e s e n t  

i n v e n t i o n   i s   s h o w n ,   and  a  l o n g - s i d e d   mold   s e c t i o n   h a v i n g  

t h e   same  s t r u c t u r e   can   be  u s e d   a t   t h e   f i x e d   s i d e   of  t h e  

s t r a n d   ( n o t   s h o w n ) .   In  t h i s  e m b o d i m e n t ,   t h e   c u r v e d  

c o o l i n g - w a t e r   c h a n n e l   191  can   be  e a s i l y   f a b r i c a t e d .   T h e  

l o n g - s i d e d   mold   s e c t i o n   20Δl  c o m p r i s e s :   a  c u r v e d   c o p p e r  

p l a t e   s e c t i o n   2 1 l  h a v i n g   a  c u r v e d   g r o o v e   on  one  s u r f a c e  



t h e r e o f ;   and  a  c o o l i n g - w a t e r   box  22k  c o m p r i s i n g   a  c u r v e d  

c o p p e r   p l a t e   s e c t i o n   2 2 a l ,   w h i c h   i s   p r o v i d e d   w i t h   a  c o o l i n g  

w a t e r   i n l e t   and  o u t l e t .   The  c u r v e d   c o p p e r   p l a t e   s e c t i o n   2 1  l  

i s   s e c u r e d   to   t h e   c u r v e d   c o p p e r   p l a t e   s e c t i o n   22a1  so  as  t o  

form  t h e   c u r v e d   c o o l i n g - w a t e r   c h a n n e l   1 9 l ,   w h i c h   i s   p a r a l l e l  

to  t he   c u r v e d   i n n e r   s u r f a c e   23l   as  s e e n   in   t h e   v e r t i c a l  

d i r e c t i o n   of   t h e   c u r v e d   m o l d .  

In  F i g s .   8  and  9,  e m b o d i m e n t s   of  t h e   c u r v e d   m o l d  

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   a r e   i l l u s t r a t e d .   I n  

t h e s e   f i g u r e s ,   t h e   c u r v e d   mold  i s   d e n o t e d   by  24  and  2 7 ,  

r e s p e c t i v e l y ,   and  t h e   v e r t i c a l   c r o s s - s e c t i o n a l   s t r u c t u r e   o f  

t h e   l o n g - s i d e d   mold   s e c t i o n s   5f  and  5l  h a v i n g   t h e   c u r v e d  

i n n e r   s u r f a c e s   9f  and  91,   r e s p e c t i v e l y ,   i s   shown  b u t   t h e  

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

mold  s e c t i o n s   i s   n o t   s h o w n .  

In  F i g .   8,  l o n g i t u d i n a l   c o o l i n g - w a t e r   c h a n n e l s   2 6 f  

and  26l  of  t h e   l o n g - s i d e   mold  s e c t i o n s   5f  and  5 l ,   r e s -  

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

c o o l i n g - w a t e r   c h a n n e l s   2 5 f ( 1 )  ,   2 5 f ( 2 )  ,   and  2 5 f ( 3 )   a n d  

t h r e e   c o m m u n i c a t i n g   l i n e a r   c o o l i n g - w a t e r   c h a n n e l s   2 5 l ( 1 )  ,  

2 5 l  ( 2 )  ,   and   2 5 l ( 3 )  ,   r e s p e c t i v e l y ,   and  e x t e n d   v i r t u a l l y   i n  

a c c o r d a n c e   w i t h   t h e   c u r v e   of  t h e   c u r v e d   i n n e r   s u r f a c e s   9 f  

and  9l  as  s e e n   in  t h e   v e r t i c a l   d i r e c t i o n   of  t h e   m o l d .   N o t  

o n l y   t h r e e   b u t   two  or  more  t h a n   t h r e e   c o m m u n i c a t i n g   l i n e a r  

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

- w a t e r   c h a n n e l s   26f   and  2 l .  

In  F i g .   9,  l o n g i t u d i n a l   c o o l i n g - w a t e r   c h a n n e l s   2 6 f  

and  26l  of  t h e   l o n g - s i d e d   mold  s e c t i o n s   5f  and  5k  a r e  

s e p a r a t e d   i n t o   u p p e r ,   m i d d l e ,   and  l o w e r   c h a n n e l s   2 5 f ( 1 ) ,  

2 5 f ( 2 )  ,   2 5 f ( 3 )   and  2 5 l ( 1 )  ,   2 5 l ( 2 )  ,   2 5 f ( 3 )  ,   r e s -  

p e c t i v e l y .   So  t h a t   c o o l i n g   w a t e r   can   be  s e p a r a t e l y  

s u p p l i e d   i n t o   and  s e p a r a t e l y   w i t h d r a w n   from  t h e   u p p e r ,  

m i d d l e ,   and  l o w e r   c h a n n e l s   2 5 f ( 1 ) ,   2 5 f ( 2 ) ,   and  2 5 f ( 3 )   i n  

the   c a s e   of  t h e   l o n g - s i d e d   mold  s e c t i o n   5 f ,   t h e   c o o l i n g -  

- w a t e r   box  6  i s   s e p a r a t e d   i n t o   t h e   u p p e r ,   m i d d l e ,   and  l o w e r  

s e c t i o n s   6 f  ( 1 )   6 f ( 2 ) ,   and  6 f ( 3 ) ,   t h e s e   s e c t i o n s   b e i n g  

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



1 1 f ( 1 ) ,   1 1 f ( 2 ) ,   and   1 1 f ( 3 ) ,   r e s p e c t i v e l y .   Not   o n l y  
t h r e e   b u t   a l s o   two  o r   more  t h a n   t h r e e   s e p a r a t e d   l o n g i t u d i n a l  

c h a n n e l s   may  be  u s e d   so  as  to  d e f i n e ,   by  t h e   a r r a n g e m e n t   o f  

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

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

i n n e r   s u r f a c e   9f   as   s e e n   in  t h e   v e r t i c a l   d i r e c t i o n   o f  

c u r v e d   mold   2 7 .  



1.  A  c u r v e d   mold   f o r   c o n t i n u o u s   c a s t i n g   c o m p r i s i n g  

s h o r t - s i d e d   mold   s e c t i o n s   and  l o n g - s i d e d   mold   s e c t i o n s   e a c h  

h a v i n g   a  c u r v e d   i n n e r   s u r f a c e   w h i c h   i s   c u r v e d   as  s e e n   i n  

t h e   v e r t i c a l   d i r e c t i o n   of  t h e   m o l d ,   c h a r a c t e r i z e d   in  t h a t  

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

( 1 9 f ,   1 9 t ,   2 6 f ,   and  2 6 t ) ,   e x t e n d   v i r t u a l l y   in  a c c o r d a n c e  

w i t h   t h e   c u r v e   of   t h e   c u r v e d   i n n e r   s u r f a c e   ( 9 f ,   9 l )  of  e a c h  

of  t he   l o n g - s i d e   mold   s e c t i o n s   ( 5 f ,   5 l )   as  s een   in  t h e  

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

2.  A  c u r v e d   mold   f o r   c o n t i n u o u s   c a s t i n g   a c c o r d i n g   t o  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

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

( 1 9 f   and  1 9 l )   a r e   d e l i n e a t e d   by  a  s i n g l e   c u r v e .  

3.  A  c u r v e d   mold   f o r   c o n t i n u o u s   c a s t i n g   a c c o r d i n g   t o  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

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

( 2 6 f   and  2 6 l )   i s   d e f i n e d   a  p l u r a l i t y   of  c o m m u n i c a t i n g  

l i n e a r   c o o l i n g - w a t e r   c h a n n e l s   ( 2 5 f ( 1 )  ,   2 5 f ( 2 )  ,   2 5 f ( 3 ) ,  

2 5 l ( 1 )  ,   2 5 l ( 2 )  ,   and  2 5 l ( 3 ) ) .  
4.  A  c u r v e d   mold   f o r   c o n t i n u o u s   c a s t i n g   a c c o r d i n g   t o  

c l a i m   1,  c h a r a c t e r i z e d   in  t h a t  

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

c h a n n e l s   ( 2 6 f   and   2 6 l ) ,   i s   d i v i d e d   i n t o   a  p l u r a l i t y   o f  

c h a n n e l s   ( 2 5 f ( 1 )  ,   2 5 f ( 2 ) ,   2 5 f ( 3 )  ,   2 6 f ( 1 ) ,   2 6 f ( 2 ) ,  
and  2 6 f ( 3 ) ) ,   e a c h   o f  s a i d   c h a n n e l s   b e i n g   p r o v i d e d   w i t h  

l a t e r a l   c o o l i n g - w a t e r   c h a n n e l s   ( 1 1 f ( 1 ) ,   l l f ( 2 )  ,   1 1 f ( 3 ) ,  

1 1 l (  1  ) ,   1 1 l  (  2  )   and  11f ( 3 ) ) ,  t h e r e b y   a l l o w i n g   s e p a r a t e  

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