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@  A  bow-type  continuous-casting  method  and  apparatus. 

The  apparatus  has  a  low  height,  a  curved  mold  (6),  and  a 
multi-point  straightening  zone  (10). 

The  prior  art  involves  a  problem  in  that  the  straightening 
rolls  (7)  are  not  reliable  due  to  a  high  load  which  is  generated 
during  a  non-stationary  casting  period  during  which  the  top  or 
bottom  section  of  a  strand  (3)  is  conveyed  through  a  multi- 
point  straightening  zone  (10).  One  selected  pair  of  straighten- 
ing  rolls  (11)  is  shunted  from  the  defined  radius  (Rn)  of  the 
curve  by  means  of  cone-shaped  springs  (28)  or  hydraulic  cylin- 
ders  so  that  the  distance  between  the  two  pairs  of  straighten- 
ing  rolls  (11)  which  are  engaged  in  straightening  during  a  non- 
stationary  casting  period  is  increased.  The  reliability  of  the 
straightening  rolls  (11)  is  so  enhanced  that  high-speed  and 
moderate-cooling  casting  in  a  low-head  CCM  can  be  directly 
combined  with  hot-rolling  of  the  strands  (3). 



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  m e t h o d   f o r   t h e  

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

p r o d u c t i o n   e f f i c i e n c y ,   as  w e l l   as  to  an  a p p a r a t u s   f o r  

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

t h e   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  b o w - t y p e   c o n t i n u o u s -  

- c a s t i n g   m e t h o d   and  a p p a r a t u s   in  w h i c h   a  s t r a n d   i s   s t r a i g h t -  
e n e d   in  a  m u l t i - p o i n t   s t r a i g h t e n i n g   zone   by  means   of  a  

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

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

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

in  t h e   b o w - t y p e   c o n t i n u o u s - c a s t i n g   m e t h o d   and  in   t h e  

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

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

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

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

c o m b i n e d   c o n t i n u o u s - c a s t i n g   and  r o l l i n g   p r o c e s 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   CD  p r o c e s s ) .  

R e c e n t l y ,   t h e   CD  p r o c e s s   h a s   a t t r a c t e d   a t t e n t i o n  

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

p r o c e s s   and  b e c a u s e   t h e   CD  p r o c e s s   e n a b l e s   s t r a n d s   f o r m e d  

in  a  c o n t i n u o u s - c a s t i n g   m a c h i n e   and  h a v i n g   a  h i g h   s e n s i b l e  

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

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

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

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

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

(1)  t h e   t e m p e r a t u r e   of  t h e   s t r a n d s   m u s t   be  h i g h   e n o u g h   t o  

a l l o w   d i r e c t   h o t - r o l l i n g ;   (2)  t h e   q u a l i t y   of  t h e   s t r a n d s  

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

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

n o t   t h e   s t r a n d s   a r e   c o n d i t i o n e d ;   and  (3)  t he   s t r a n d   p r o -  

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



so  as  to  c o m p e t e   w i t h   t h e   h i g h   p r o d u c t i v i t y   of   a  h o t - r o l l i n g  

m i l l .  

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   new  c o n -  

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

a b o v e - m e n t i o n e d   ( 1 ) ,   ( 2 ) ,   and  (3)  can   be  e f f e c t i v e l y  

a c h i e v e d .   The  b a s i c   c o n c e p t   of   t h e   a p p l i c a n t ' s   p r o p o s a l s  

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

o u t   in   a  b o w - 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   h a v i n g   a  l o w  

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

More  in   d e t a i l ,   in   t h 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   a c c o r d i n g  

to   t h e   a p p l i c a n t ' s   p r o p o s a l s ,   c a s t i n g   i s   c a r r i e d   o u t   a t   a  

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

v e n t i o n a l ,   w i d e l y   u s e d ,   b o w - 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 ,  

in   w h i c h   m a c h i n e   t h e   m a c h i n e   h e i g h t   i s   12  m  or   m o r e ,   t h e  

r a d i u s   of  t h e   c u r v e   i s   f rom  10  to   13  m,  and  t h e   s t r a i g h t e n -  

i ng   of   a  s t r a n d   i s   c a r r i e d   o u t   by  means   of   s i n g l e   u n b e n d i n g  

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

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

s t r a n d s   to   be  p r e v e n t e d   a n d ,   f u r t h e r ,   e n a b l e   h i g h - t e m p e r a t u r e  

s t r a n d s   to   be  p r o d u c e d   w i t h   a  h i g h   p r o d u c t i v i t y .   T h e  

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

to  as  a  b o w - t y p e   CCM.  B o w - t y p e   CCMs  h a v i n g   h i g h   and  l o w  

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

and  l o w - h e a d   CCMs,  r e s p e c t i v e l y .   The  c o n v e n t i o n a l   b o w - 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   m e n t i o n e d   a b o v e   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 o n v e n t i o n a l   b o w - t y p e   CCM. 

The  p r o b l e m s   i n v o l v e d   in   a  h i g h - h e a d   CCM  a r e   n o w  

s p e c i f i c a l l y   d e s c r i b e d .  

I f   c a s t i n g   i s   c a r r i e d   o u t   in   t he   h i g h - h e a d   CCM  a t   a  

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

s t r a n d   h a s   s u c h   a  s m a l l   t h i c k n e s s   t h a t   i t s   r i g i d i t y   i s  

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   a  t h i n   s o l i d i f i e d   s h e l l   i s  

s u b j e c t e d   to   a  h i g h   f e r r o s t a t i c   p r e s s u r e   due   to  t he   h i g h  

m a c h i n e   h e i g h t   of   t h e   h i g h - h e a d   CCM.  C o n s e q u e n t l y ,   t h e  

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

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

s t r a n d   i s   made  s m a l l   and  i f   t h e   d i s t a n c e   b e t w e e n   t h e s e  



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

be  p r e v e n t e d .   H o w e v e r ,   such   a  m e t h o d   f o r   p r e v e n t i n g   a n  

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

c a s e   of  t h e   h i g h - h e a d   CCM  b e c a u s e   i t   i s   d i f f i c u l t   t o  

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

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

a p p l i e d .  

In  an  a t t e m p t   to  r e d u c e   t h e   f e r r o s t a t i c   p r e s s u r e ,   s u c h  

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

b o w - t y p e   CCM  i s   r e d u c e d   by  one  h a l f   or  l e s s   t h a n   one  h a l f  

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

d e c r e a s e d   by ,   f o r   e x a m p l e ,   one  h a l f   or   l e s s   t h a n   one  h a l f ,  

a c c o r d i n g   to  t h e   a p p l i c a n t ' s   p r o p o s a l s .   In  t h i s   c a s e ,   t h e  

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

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

s t r a i g h t e n i n g   we re   c a r r i e d   o u t   in   t h e   c a s e   of   a  s t r a n d  

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

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

t h u s   i n n e r   d e f e c t s   w o u l d   f r e q u e n t l y   o c c u r .   In  o t h e r   w o r d s ,  

c o n c e n t r a t i o n   of  t h e   s t r a i g h t e n i n g   s t r a i n   on  one  p o i n t   o f  

t he   s t r a n d   i s   a v o i d e d   and  i n s t e a d   t h e   s t r a i g h t e n i n g   s t r a i n  

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

t h e   s t r a n d   w h e r e   t h e   s t r a i g h t e n i n g   s t r a i n   i s   made  l o w e r  

t h a n   t h e   p e r m i s s i b l e   v a l u e .  

In  a d d i t i o n   to  t h e   p r e s e n t   a p p l i c a n t ,   S u m i t o m o   M e t a l s  

C o . ,   L t d .   has   r e c e n t l y   p r o p o s e d   a  l o w - h e a d   CCM  in  w h i c h  

s t r a n d s   h a v i n g   a  h i g h   m a t e r i a l   q u a l i t y   can   be  e f f i c i e n t l y  

p r o d u c e d   due  to   a  low  m a c h i n e   h e i g h t .  

The  p r i o r   a r t   i s   now  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 .   1 .  

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

F i g u r e   1  i s   a  s c h e m a t i c   v i e w   of  a  known  l o w - h e a d   CCM 

c o m p r i s i n g   a  f i v e - p o i n t   s t r a i g h t e n i n g   z o n e ;  

F i g s .   2  t h r o u g h   5  a r e   s c h e m a t i c   v i e w s   of   a  l o w - h e a d   CCM 

c o m p r i s i n g   a  f i f t e e n - p o i n t   s t r a i g h t e n i n g   zone   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 ;  

F i g s .   6  and  7  a r e   v i e w s   of  s t r a i g h t e n i n g - r o l l   a s s e m b l i e s  



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

F i g .   8  i s   a  g r a p h   s h o w i n g   a  l o a d   by  one  p a i r   of  t h e  

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

in  t h e   t h r e e   s u c c e s s i v e   c o n t i n u o u s   c a s t i n g   (CC)  o p e r a t i o n s ;  

a n d  

F i g .   9  i s   a  g r a p h   s h o w i n g   t h e   S-N  c u r v e   in  a  m u l t i -  

- p o i n t   s t r a i g h t e n i n g   z o n e .  

In  F i g .   1,  t h e   l o w - h e a d   CCM  p r o d u c e d   by  S u m i t o m o  

M e t a l s   C o . ,   L t d .   (TRANS.  IRON  &  STEEL  INSTITUTE  OF  JAPAN 

Vol  20.  NO.  1 2 . 1 9 8 0   p a g e   B - 5 6 5 )   and  d e s c r i b e d   in   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   t h r o u g h   1 4 0 6 5  

( 1 9 8 1 )   i s   s c h e m a t i c a l l y   i l l u s t r a t e d .   The  m a c h i n e   h e i g h t   H 

of  t h i s   l o w - h e a d   CCM,  w h i c h   i s   c o l l e c t i v e l y   d e n o t e d   by  1 ,  

i s   a  l i t t l e   l e s s   t h a n   6  m,  and  in  t h e   f i v e - p o i n t   s t r a i g h t -  

e n i n g   zone   2,  s i x   s t r a i g h t e n i n g   r o l l s   7  a r e   s u c c c e s s i v e l y  

a r r a n g e d   in   t h i s   zone   2  and  d e f i n e   c u r v e s   h a v i n g   s u c c e s -  

s i v e l y   i n c r e a s i n g   r a d i i   R1  t h r o u g h   R5,  r e s p e c t i v e l y ,   R1  i s  

t h e   b a s i c   r a d i u s   of  t h e   c u r v e   and  i s   5800  mm  and  R2  i s  

7100  mm.  A  c u r v e d   mold   i s   d e n o t e d   by  6.  In  s u c h   a  l o w - h e a d  

CCM,  l o w - s p e e d   ( f r o m   0 .7   to  0 . 8 5   m / m i n )   and  m o d e r a t e - c o o l i n g  

c a s t i n g   i s   c a r r i e d   o u t .   A l s o ,   in   t h e   f i v e - p o i n t   s t r a i g h t e n -  

i n g   zone   2  i n   w h i c h   s i x   s t r a i g h t e n i n g   r o l l s   7  a r e   s u c c e s -  

s i v e l y   a r r a n g e d ,   a  s e c t i o n   of  t h e   s t r a n d   3,  in  w h i c h   t h e  

m o l t e n   s t e e l   has   n o t   y e t   b e e n   s o l i d i f i e d   and  t h e   t h i c k n e s s  

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

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

Pn  ( n = 1  ~   5 ) ,   so  t h a t   t he   s t r a i g h t e n i n g   s t r a i n   i s   0 .35%  o r  

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

in  s a i d   s e c t i o n   b e i n g   s t r a i g h t e n e d   in   t he   f i v e - p o i n t  

s t r a i g h t e n i n g   zone   2  i s   f rom  40  to   70%,  t h e   f e r r o s t a t i c  

p r e s s u r e   a p p l i e d   to  s a i d   s e c t i o n   i s   l ow,   and  t h e   s u r f a c e  

t e m p e r a t u r e   of  s a i d   s e c t i o n   i s   f rom  900  to   1 0 0 0 ° C .  

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

q u a l i t y   of  t h e   s t r a n d   i s   n o t   i n f e r i o r   to   b u t   i n s t e a d   i s  

i m p r o v e d   o v e r   t h a t   of   a  s t r a n d   o b t a i n e d   by  means   of   a  h i g h -  

- h e a d   CCM. 

The  l o w - h e a d   CCM  i l l u s t r a t e d   in   F i g .   1  and  d e s c r i b e d  



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

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

m a c h i n e   h e i g h t   of  a  l i t t l e   l e s s   t h a n   6  m,  t h e   b a s i c   r a d i u s  

(R1)  of  t he   c u r v e   b e i n g   5 .8   m,  and  c o m p r i s e s   a  f i v e - p o i n t  

s t r a i g h t e n i n g   zone   in   w h i c h   s i x   s t r a i g h t e n i n g   r o l l s   7  a r e  

s u c c e s s i v e l y   a r r a n g e d .   T h i s   l o w - h e a d   CCM  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   SH-CCM. 

When  t h e   a p p l i c a n t ' s   p r o p o s e d   CCM  d e s c r i b e d   h e r e i n a b o v e  

i s   c o m p a r e d   w i t h   t h e   SH-CCM,  t h e   f o r m e r   i s   d i s t i n c t   f r o m  

t h e   l a t t e r   in  r e s p e c t   to  t he   f o l l o w i n g :   (a)  h i g h - s p e e d   a n d  

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

in  w h i c h   t h e   m a c h i n e   h e i g h t   and  t h e   b a s i c   r a d i u s   of   t h e  

c u r v e   a r e   as  s m a l l   as  p o s s i b l e   and  in  w h i c h   t h e   s t r a i g h t e n -  

ing   p o i n t s   a r e   i n c r e a s e d ;   (b)  w i t h   a  d e c r e a s e   in  t h e  

m a c h i n e   h e i g h t   and  t he   b a s i c   r a d i u s   of  t he   c u r v e ,   as  w e l l  

as  an  i n c r e a s e   in   t h e   s t r a i g h t e n i n g   p o i n t s ,   t h e   s t r a i g h t e n -  

ing  s t r a i n   can   be  b e t t e r   d i s t r i b u t e d   in  t h e   s t r a n d   a n d  

t h e r e f o r e   can   be  d e c r e a s e d   m o r e ;   and  (c)  c o n s e q u e n t l y ,   t h e  

a b o v e   m e n t i o n e d   ( 1 ) ,   ( 2 ) ,   and  (3)  r e q u i r e d   f o r   r e a l i z i n g  

t h e   CD  p r o c e s s   can   be  r e l i a b l y   and  s i m u l t a n e o u s l y   a c h i e v e d .  

On  t h e   o t h e r   h a n d ,   t h e   SH-CCM  i s   d i s t i n c t   f rom  t h e  

a p p l i c a n t ' s   p r o p o s e d   CCM  in  r e s p e c t   to  t h e   f o l l o w i n g :   ( a )  

t h e   SH-CCM  i s   c o n s t r u c t e d   so  as  to   c o n t i n u o u s l y   c a s t   s t e e l s  

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

of  mass   p r o d u c e d   s t e e l s   i s   c a r r i e d   o u t   in  an  e x i s t i n g  

c o n t i n u o u s - c a s t i n g   m a c h i n e   in  w h i c h   t h e   r a d i u s   (R)  of  t h e  

c u r v e   i s   1 2 . 5   m;  (b)  t h e   m a c h i n e   h e i g h t   of  t h e   SH-CCM  i s  

s u c h   t h a t   i t   can   be  i n s t a l l e d   in   a  s t e e l - r e f i n i n g   m i l l  

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

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

o u s l y   t he   i n g o t - m a k i n g   y a r d   and  t h e   l a d l e   c r a n e s   of  t h e  

s t e e l - r e f i n i n g   m i l l   of  t he   SH-CCM  p r o d u c e r   were   i d l e   due  t o  

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

(c)  as  a  r e s u l t   of  ( b ) ,   t h e   c o s t s   of   t h e   SH-CCM,  i n c l u d i n g  

t he   i n s t a l l a t i o n   and  c o n s t r u c t i o n   c o s t s   a r e   v e r y   l o w ;  

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

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



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  i m p r o v e  

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

a p p a r a t u s   so  t h a t   t h e   CD  p r o c e s s   can  be  r e a l i z e d .  

I t   i s   a n o t h e r   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   t o  

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

l o w - h e a d   CCM  so  t h a t   t h e   a b o v e   m e n t i o n e d   ( 1 ) ,   ( 2 ) ,   and  ( 3 )  

can   be  r e l i a b l y   and  s i m u l t n a e o u s l y   a c h i e v e d .  

In  a c c o r d a n c e   w i t h   t h e   o b j e c t s   of  t h e   p r e s e n t   i n -  

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

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

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

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

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

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

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

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

s e c t i o n  o r   b o t t o m   s e c t i o n   of  s a i d   s t r a n d   i s   c o n v e y e d  

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

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

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

d i s t a n c e   b e t w e e n   t h 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 ,   w h i c h  

p a i r s   e x e r t   a  s t r a i g h t e n i n g   e f f e c t   on  s a i d   s t r a n d ,   a n d  

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

s t r a i g h t e n i n g   z o n e .   S a i d   d i s t a n c e   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   s t r a i g h t e n i n g   r o l l   p i t c h .  

In  a c c o r d a n c e   w i t h   t h e   o b j e c t s   of  t h e   p r e s e n t   i n -  

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

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

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

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

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

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

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

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

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

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

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



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

s t r a i g h t e n i n g   z o n e .  

In  an  e m b o d i m e n t   of  t h e   b o w - t y p e   c o n t i n u o u s - c a s t i n g  

m e t h o 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 ,   t h e   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   i s   f rom  3  to   5  m  and  t h e   n u m b e r  

of   s t r a i g h t e n i n g   p o i n t s   i s   f rom  f i v e   to   f i f t e e n .   So  t h a t  

t h 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   of   t h e   p r e s e n t   i n v e n t i o n   h a s  

a  low  m a c h i n e   h e i g h t ,   t h e   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 ,   i . e . ,   t h e   r a d i u s   of   t h e   c u r v e d   m o l d ,   m u s t   be  s m a l l  

or   i s   p r e f e r a b l y   5  m  a t   t h e   maximum.   The  b a s i c   r a d i u s   o f  

t h e   c u r v e   i s ,   h o w e v e r ,   d e s i r a b l y   a t   l e a s t   3  m  a c c o r d i n g   t o  

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

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

i n t o   a  c u r v e d   m o l d .   A  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   of  a t   l e a s t   3  m  i s   d e e m e d   to   be  n e c e s s a r y   f o r  

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

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

h a v i n g   a  t h i c k n e s s   of  200  mm  or   m o r e ,   p a r t i c u l a r l y   f rom  2 0 0  

to   300  mm,  i s   to   be  f o r m e d   a t   a  h i g h   c a s t i n g   s p e e d   o f  

1 . 2   m / m i n   or   m o r e ,   p a r t i c u l a r l y   a p p r o x i m a t e l y   1 .7   m / m i n u t e .  

When  t h e   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  

i s   3  m  and  i s   f o r m e d   by  means   of  h i g h - s p e e d   and  m o d e r a t e -  

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

c a s t i n g   s p e e d   i s   1 . 7   m / m i n u t e ,   t h e   s e c t i o n   of  t h e   s t r a n d  

s u b j e c t e d   to   s t r a i g h t e n i n g   has   a  s u r f a c e   t e m p e r a t u r e   o f  

9 0 0 ° C   or   more   and  a l s o   has   a  s o l i d i f i e d   s h e l l   60  mm  t h i c k  

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

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

s e c t i o n   m u s t   be  t h r e e   or   more  so  as  to   k e e p   t h e   s t r a i g h t e n -  

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

e n i n g   p o i n t s .  

In  t h e   l o w - h e a d   CCM  of  t h e   p r e s e n t   i n v e n t i o n ,   t h e  

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

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

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



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

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

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

a b l e   a m o u n t   of   m o l t e n   m e t a l ,   and  b e i n g   s u b j e c t e d   to  a  l o w  

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

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

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

r o l l   l o a d   i s   t h e   sum  of  t h e   r e a c t i o n   f o r c e   due   to  s t r a i g h t -  

e n i n g   PUB  (M)  and  t h e   r e a c t i o n   f o r c e   due  to  b u l g i n g   PB  (M) 

(P uB  (M)+PB  ( M ) ) .   In  a  n o n - s t a t i o n a r y   c a s t i n g   p e r i o d ,   a  

s e c t i o n   of   t h e   s t r a n d ,   or  t he   s o - c a l l e d   t o p   or  b o t t o m  

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

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

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

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

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

c a s t i n g   p e r i o d   i s   v e r y   l ow,   t h e   l o a d   a p p l i e d   to  t h e   top   o r  

b o t t o m   s e c t i o n ,   h e r e i n a f t e r   r e f e r r e d   to  as  t h e   n o n - s t a t i o n a r y  

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

to   s t r a i g h t e n i n g   P uB  (T)  or   PuB  ( B ) .  

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

s t a t i o n a r y   and  n o n - s t a t i o n a r y   r o l l   l o a d s   in   a  l o w - h e a d   CCM 

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

of   t h e   s t r a n d   was  f rom  3  to   5  m;  t h e   n u m b e r   of   s t r a i g h t e n -  

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

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

f r o m   5  to  15;  t h e   c r o s s   s e c t i o n   of  t h e   s t r a n d   was  f rom  2 0 0  

to  300  mm  in   t h i c k n e s s   and  a p p r o x i m a t e l y   2000  mm  in  w i d t h ;  

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

o u t .   The  s t a t i o n a r y   r o l l   l o a d   was  f rom  30  to   45  t o n s   ( t h e  

r e a c t i o n   f o r c e   due  to  b u l g i n g   was  f rom  10  to  15  t o n s   a n d  

t h e   r e a c t i o n   f o r c e   due   to  s t r a i g h t e n i n g   was  f rom  20  t o  

30  t o n s ) .   The  n o n - s t a t i o n a r y   r o l l   l o a d   was  f rom  200  t o  

240  t o n s ,   b e i n g   f rom  f i v e   to   s e v e n   t i m e s   as  g r e a t   as  t h e  

s t a t i o n a r y   r o l l   l o a d .   C o n t r a r y   to  t h i s ,   in  t h e   c o n v e n -  

t i o n a l   b o w - t y p e   CCM,  t h e   n o n - s t a t i o n a r y   r o l l   l o a d   i s   o n l y  



a p p r o x i m a t e l y   t h r e e   t i m e s   as  g r e a t   as  t h e   s t a t i o n a r y   r o l l  

l o a d .   N a m e l y ,   when  l o w - s p e e d   and  s t r o n g - c o o l i n g   c a s t i n g   i s  

c a r r i e d   o u t   in  t h e   c o n v e n t i o n a l   b o w - t y p e   CCM  in   w h i c h   t h e  

b a s i c   r a d i u s   (R1)  of  t h e   c u r v e   i s   1 0 . 5   m,  t h e   s t a t i o n a r y  

and  n o n - s t a t i o n a r y   r o l l   l o a d s   a p p l i e d   to   a  2 0 0 - 3 0 0   mm  t h i c k  

and  a p p r o x i m a t e l y   2000  mm  wide   s t r a n d   d u r i n g   i t s   c o n v e y a n c e  

t h r o u g h   a  s i n g l e - p o i n t   s t r a i g h t e n i n g   zone   a r e   f rom  6 0  

to  70  t o n s   and  f rom  200  to   240  t o n s ,   r e s p e c t i v e l y .  

A c c o r d i n g l y ,   in   t h e   l o w - h e a d   CCM  t h a t   t h e   s t r a i g h t e n i n g  

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

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

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

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

B e f o r e   c o m p l e t i n g   t h e   p r e s e n t   i n v e n t i o n ,   t h e   i n v e n t o r s  

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

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

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

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

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

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

n o n - s t a t i o n a r y   r o l l   l o a d .   T h i s   was  f o u n d   to   be  p o s s i b l e  

b u t   i s   n o t   r e l i a b l e   e n o u g h   to  r e a l i z e   t h e   CD  p r o c e s s .   M o r e  

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

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

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

o d i c a l l y   s u b j e c t e d   to  s t a t i o n a r y   and  n o n - s t a t i o n a r y   r o l l  

l o a d s ,   t he   n o n - s t a t i o n a r y   r o l l   l o a d   b e i n g   f rom  f i v e   t o  

s e v e n   t i m e s   as  g r e a t   as  the   s t a t i o n a r y   r o l l   l o a d .   As  a  

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

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

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

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

l a r g e ,   t h e   CD  p r o c e s s   c a n n o t   be  r e l i a b l y   r e a l i z e d .  

A  m u l t i - p o i n t   s t r a i g h t e n i n g   zone   in  w h i c h   a  p l u r a l i t y  

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

t a n e o u s l y   s a t i s f y   two  r e q u i r e m e n t s   w h i c h   a r e   c o n t r a d i c t o r y .  

One  of  t he   r e q u i r e m e n t s   i s   t h a t   t h e   s t r a i g h t e n i n g   r o l l s   b e  



u n l i k e l y   to   u n d e r g o   d e s t r u c t i o n .   The  o t h e r   r e q u i r e m e n t  

is   t h a t   t h e   s t r a i g h t e n i n g   r o l l s   be  r e l i a b l e .   When  t h e  

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

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

in   t h e   o r d i n a t e   of   F i g .   8,  i s   s m a l l ,   w h i c h   n u m b e r   i s  

r e p r e s e n t e d   in   t h e   a b s c i s s a   of  F i g .   9  by  " N a " .   The  d e -  

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

a f t e r   a  g i v e n   n u m b e r   (Na)  of  r e p e a t e d   a p p l i c a t i o n s   o f  

p e r m i s s i b l e   s t r e s s   (σa)   i s   d e t e r m i n e d   by  t h e   w e l l - k n o w n   S - N  

c u r v e   or   W ö h l e r   c u r v e .   T h e r e f o r e ,   when  s t r e s s   a p p l i e d   t o  

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

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

in   t h e   l i g h t   of   l i f e   of  t he   s t r a i g h t e n i n g   r o l l s ,   i s   g r e a t .  

In  a d d i t i o n ,   when  t h e   number   of  s t r a i g h t e n i n g   p o i n t s   i s  

s m a l l ,   t h e   p e r m i s s i b l e   s t r e s s   (σa)   i s   h i g h .   C o n t r a r y   t o  

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

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

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

in   t h e   a m p l i t u d e   of  s t r e s s   ( σ ) ,   shown  in  t h e   o r d i n a t e   o f  

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

a r y   and  n o n - s t a t i o n a r y   r o l l   l o a d s   i s   d r a s t i c a l l y   i n c r e a s e d .  

T h i s   in  t u r n   l e a d s   to  a  r e d u c t i o n   in  t h e   r e l i a b i l i t y   of  t h e  

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

e n i n g   p o i n t s   w h i c h   can   makes   p o s s i b l e   f u l f i l l m e n t   of  one  o f  

t h e   a b o v e - m e n t i o n e d   r e q u i r e m e n t s   d o e s   n o t   make  p o s s i b l e  

f u l f i l l m e n t   of  t h e   o t h e r   r e q u i r e m e n t .   T h e s e   two  r e q u i r e -  

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

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

s t r a i g h t e n i n g   s t r a i n s ,   t h e   s t r a i g h t e n i n g   s t r a i n   of   t h e  

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

t he   s t r a n d   i s   e n s u r e d ,   and  in  w h i c h   t h e   s t r a i g h t e n i n g  

s t r a i n   in   t h e   t op   or  b o t t o m   s e c t i o n   may  be  h i g h e r   t h a n   t h e  

p e r m i s s i b l e   v a l u e   in  t h e   l i g h t   of  t h e   q u a l i t y   of  t h e   s t r a n d  

s i n c e   a  p a r t   of  t h e   top   or  b o t t o m   s e c t i o n   b e c o m e s   a  c r o p ,  
and  t h e   r e l i a b i l i t y   of  t h e   l o w - h e a d   CCM  i s   s p e c i f i c a l l y  

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



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

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

s t r a i g h t e n i n g   s t r a i n   and  can  d e c r e a s e   t h e   n o n - s t a t i o n a r y  

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

c a t i o n   of  a  p e r m i s s i b l e   s t r e s s   (6a)   a p p l i e d   to   t h e   s t r a i g h t -  

e n i n g   r o l l s .   S i n c e   t h e   n o n - s t a t i o n a r y   r o l l   l o a d   can   b e  

d e c r e a s e d   by  means   of  t h e   s h u n t i n g   m e t h o d   a n d ,   f u r t h e r ,  

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

s t r a i g h t e n i n g   zone   of  t h e   p r e s e n t   i n v e n t i o n   i s   l a r g e ,   t h e  

r e l i a b i l i t y   of  t h e   b o w - t y p e   CCM  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   e n h a n c e d .  

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

the   p r e s e n t   i n v e n t i o n ,   s a i d   a t   l e a s t   one  s e l e c t e d   p a i r   o f  

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

c u r v e   i s   e i t h e r   an  e v e n   or  an  u n e v e n   n u m b e r e d   p a i r   o f  

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

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

p i t c h   and  t h e   n o n - s t a t i o n a r y   r o l l   l o a d   can   be  d e c r e a s e d   b y  

a p p r o x i m a t e l y   one  h a l f .  

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

to  t he   p r e s e n t   i n v e n t i o n ,   a  p l u r a l i t y   of  p a i r s   of   s t r a i g h t -  

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

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

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

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

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

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

p i t c h   in  e a c h   g r o u p   and  the   n o n - s t a t i o n a r y   r o l l   l o a d   can   b e  

d e c r e a s e d   a p p r o x i m a t e l y   l / ( n + l )   t i m e s ,   w h e r e i n   n  i n d i c a t e s  

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

g r o u p .  

In  F i g .   2,  an  e m b o d i m e n t   of  a  l o w - h e a d   CCM  a c c o r d i n g  

to  t he   p r e s e n t   i n v e n t i o n   i s   s c h e m a t i c a l l y   i l l u s t r a t e d .  

N a m e l y ,   t h e   m u l t i - p o i n t   s t r a i g h t e n i n g   zone   10  c o m p r i s e s  

s i x t e e n   p a i r s   of  s t r a i g h t e n i n g   r o l l s   11  s u c e s s i v e l y   a r r a n g e d .  

The  r a d i i   of  t he   c u r v e s   Rn  d e f i n e d   by  t h e   s i x t e e n   p a i r s   o f  



s t r a i g h t e n i n g   r o l l s   11  s u c c e s s i v e l y   i n c r e a s e   f rom  R1  t o  

R16=∞  in   t h e   w i t h d r a w a l   d i r e c t i o n   of  t h e   s t r a n d   3.  S i n c e  

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

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

f i f t e e n .   The  m a c h i n e   h e i g h t   H  i s   p r e f e r a b l y   f rom  3 . 4   t o  

5 .2   m,  and  t h e   b a s i c   r a d i u s   R  o f   t h e   c u r v e   d e f i n e d   by  t h e  

c u r v e d   mold  i s   f rom  3  to   5  m.  When  a  t o p   or   b o t t o m   s e c t i o n  

( n o t   shown)   h a v i n g   a  l e n g t h   of  f rom  500  to   1000  mm  f r o m  

e i t h e r   of  t h e   e n d s   of   t h e   s t r a n d   and  a  low  t e m p e r a t u r e   d u e  

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

c o n v e y e d   t h r o u g h   t h e   m u l t i - p o i n t   s t r a i g h t e n i n g   zone   10,  t h e  

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

r a d i i   R2,  R4,  R6,  R8,  R10,   R12,   R14,   and  R16  a r e   s h u n t e d  

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

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

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

r o l l s   i s   a l s o   a p p r o x i m a t e l y   d o u b l e d .   T h i s   l e n g t h   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   u n b e n d i n g - a r m   l e n g t h .  

In  F i g .   3,  when  a  t op   or  b o t t o m   s e c t i o n   ( n o t   s h o w n )  

h a v i n g   a  l e n g t h   of  f rom  500  to  1000  mm  f rom  e i t h e r   of  t h e  

e n d s   of  t h e   s t r a n d   3  and  h a v i n g   a  low  t e m p e r a t u r e   due  t o  

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

c o n v e y e d   t h r o u g h   t h e   m u l t i - p o i n t   s t r a i g h t e n i n g   zone   10,   t h e  

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

r a d i i   R1,  R2,  R3,  R5,  R7,  R9,  R11,   R13,   and  R15  a r e   s h u n t e d  

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

x i m a t e l y   d o u b l e d .  

In  F i g .   4,  an  e m b o d i m e n t   of  t h e   s h u n t i n g   m e t h o d ,   w h i c h  

e m b o d i m e n t   i s   a p p r o p r i a t e   f o r   a  l o w - h e a d   CCM  h a v i n g   a  

m a c h i n e   h e i g h t   o f ,   f o r   e x a m p l e ,   3  m,  i s   s c h e m a t i c a l l y  

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

s t r a i g h t e n i n g   r o l l s   11  as  c a l c u l a t e d   in   t he   w i t h d r a w a l  

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

t h e   m u l t i - p o i n t   s t r a i g h t e n i n g   zone   10  h a s   f i v e   g r o u p s   o f  

s t r a i g h t e n i n g   r o l l s ,   t h e   t h r e 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   11  in   e a c h   g r o u p   b e i n g   s u c c e s s i v e l y   a r r a n g e d .   T h e  

s e c o n d   and  t h i r d   p a i r s   of  s t r a i g h t e n i n g   r o l l s   11  in   t h e  



f i v e   g r o u p s   a r e   s h u n t e d   f rom  t h e   d e f i n e d   r a d i i   R2,  R3,  R51 

R6,  R8,  R9,  R11,   R12 '   R14'   and  R15.  In  t h i s   e m b o d i m e n t ,  

t h e   b a s i c   r a d i u s   R1  of  t h e   c u r v e   may  be  3  m ,   and  t h e  

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

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

In  F i g .   5,  an  e m b o d i m e n t   of   t h e   s h u n t i n g   m e t h o d ,   w h i c h  

e m b o d i m e n t   i s   a p p r o p r i a t e   f o r   a  l o w - h e a d   CCM  h a v i n g   a  

h e i g h t   o f ,   f o r   e x a m p l e ,   3  m,  i s   s c h e m a t i c a l l y   i l l u s t r a t e d .  

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

r o l l s   11  as  c a l c u l a t e d   in  t h e   w i t h d r a w a l   d i r e c t i o n   of  t h e  

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

s t r a i g h t e n i n g   zone   10  has   f o u r   g r o u p s ,   t h e   f o u r   p a i r s   o f  

s t r a i g h t e n i n g   r o l l s   11  e a c h   in  g r o u p   b e i n g   s u c c e s s i v e l y  

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

e n i n g   r o l l s   11  in  t h e   f o u r   g r o u p s   a r e   s h u n t e d   f rom  t h e  

d e f i n e d   r a d i i   R2,  R3,  R4,   R6,  R7,  R8,  R10,  R11,   R12,  R 1 4 ,  

R15,  and  R16  (=∞).   In  t h i s   e m b o d i m e n t ,   t h e   b a s i c   r a d i u s   R1 
of  t he   c u r v e   may  be  3  m,  and  t h e   s t r a i g h t e n i n g   r o l l   p i t c h  

and  t h e   u n b e n d i n g - a r m   l e n g t h   a r e   a p p r o x i m a t e l y   q u a d r u p l e d .  

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

p e r i o d   when  t h e   top   or  b o t t o m   s e c t i o n   of  a  s t r a n d ,   w h e r e  

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

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

zone   in  w h i c h   t he   s t r a i g h t e n i n g   r o l l s   a r e   s u c c e s s i v e l y  

a r r a n g e d .   S h u n t i n g   d u r i n g   t h i s   p e r i o d   i s   a c h i e v e d   b y  

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

t he   m u l t i - p o i n t   s t r a i g h t e n i n g   zone   m e n t i o n e d   a b o v e   a n d  

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

and  t h e   t op   or  b o t t o m   s e c t i o n   of  t h e   s t r a n d ,   s u c c e s s i v e l y  

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

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

In  F i g .   6,  s t r a i g h t e n i n g - r o l l   a s s e m b l i e s   w h i c h   a r e  

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

The  two  s t r a i g h t e n i n g - r o l l   a s s e m b l i e s   a t   e i t h e r   t h e   i n n e r  

or  o u t e r   s i d e   of  t h e   s t r a n d   a r e   shown  w h i l e   t h e   t w o  

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

s t r a n d   a r e   n o t   shown .   One  s t r a i g h t e n i n g - r o l l   a s s e m b l y ,  



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

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

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

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

s t r a i g h t e n i n g - r o l l   a s s e m b l y   l l s   i s   h e r e i n a f t e r   r e f e r r e d   t o  

as  t h e   s t a t i o n a r y   s t r a i g h t e n i n g - r o l l   a s s e m b l y   l l s .   T h e  

s t r a i g h t e n i n g   r o l l   11  of  t h e   s t a t i o n a r y   s t r a i g h t e n i n g - r o l l  

a s s e m b l y   l l s   i s   m o u n t e d   on  a  b e a r i n g   box  16  w h i c h   i s   r i g i d l y  

s e c u r e d   to  a  s u p p o r t i n g   f r a m e   17.  The  s u p p o r t i n g   f r a m e   17  

i s   r i g i d l y   s e c u r e d   by  means   of  b o l t s   and  muts   18  to   t h e   t o p  

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

to  a  s t a t i o n a r y   f r a m e   14  of  a  l o w - h e a d   CCM  by  means   o f  

b o l t s   and  n u t s   13.   T h e r e f o r e ,   t h e   s t a t i o n a r y   s t r a i g h t e n i n g -  

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

- p o i n t   s t r a i g h t e n i n g   zone   d u r i n g   b o t h   t h e   s t a t i o n a r y   a n d  

n o n - s t a t i o n a r y   c a s t i n g   p e r i o d s .  

In  t h e   s t r a i g h t e n i n g - r o l l   a s s e m b l y   l l m ,   h e r e i n a f t e r  

r e f e r r e d   to   as  t h e   m o v a b l e   s t r a i g h t e n i n g - r o l l   a s s e m b l y   l l m ,  

i t   i s   now  d e s c r i b e d   how  one  s t r a i g h t e n i n g   r o l l   in  e a c h   p a i r  

of   s t r a i g h t e n i n g   r o l l s   i s   a u t o m a t i c a l l y   moved  so  as  t o  

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

s p e a k i n g ,   t h e   m o v a b l e   s t r a i g h t e n i n g - r o l l   a s s e m b l y   11m 

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

t h e   s t r a i g h t e n i n g   r o l l   11  so  t h a t   t h e   s t r a i g h t e n i n g   r o l l   11  

r o t a t a b l y   e n g a g e s   w i t h   t h e   s t r a n d   ( n o t   shown)   and  w h i c h   i s  

r e s p o n s i v e   to  t h e   s t a t i o n a r y   and  n o n - s t a t i o n a r y   r o l l   l o a d s  

as  a  r i g i d   body   and  an  e l a s t i c   b o d y ,   r e s p e c t i v e l y .   T h e  

e l a s t i c   means   p r e f e r a b l y   c o m p r i s e s   c o n e - s h a p e d   s p r i n g s   28 

or   a  h y d r a u l i c   c y l i n d e r   ( n o t   s h o w n ) .   The  c o n e - s h a p e d  

s p r i n g s   28  a r e   s e c u r e d   b e t w e e n   t h e   s u p p o r t i n g   f r a m e   17  a n d  

t h e   s u p p o r t i n g   b a s e   15.  The  s u p p o r t i n g   f r a m e   17  i s   p r e -  

f e r a b l y   s l i d a b l y   m o u n t e d   on  t he   s u p p o r t i n g   b a s e   15  so  t h a t  

t h e   s u p p o r t i n g   f r a m e   17  i s   s l i d a b l y   r e t r a c t e d   t o w a r d s   a  

s p a c e   24  w i t h i n   t h e   s u p p o r t i n g   b a s e   15  d u r i n g   a  n o n -  

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

r e t r a c t i o n ,   t h e   s u p p o r t i n g   b a s e   15  has   a  l a r g e - d i a m e t e r  

b a s e   p a r t   20,   w h i c h   d e f i n e s   t h e   s p a c e   24  t h e r e i n ,   and  a  



m e d i u m - d i a m e t e r   c y l i n d r i c a l   p a r t   21 ,   w h i c h   d e f i n e s   a  

v e r t i c a l   s l o t   23  t h e r e i n .   In  a d d i t i o n ,   t h e   s u p p o r t i n g  

f r a m e   17  has   a  f r a m e   25  f o r   s u p p o r t i n g   t h e   b e a r i n g   box  16  

and  a  f l a n g e   26,   w h i c h   c o m p r i s e s   a  d o w n w a r d l y   p r o t r u d i n g  

r o d   27.  The  d o w n w a r d l y   p r o t r u d i n g   rod   27  i s   i n s e r t e d   i n  

and  i s   v e r t i c a l l y   s l i d a b l e   a l o n g   t h e   v e r t i c a l   s l o t   2 3 .  

The  c o n e - s h a p e d   s p r i n g s   28  a r e   p r e f e r a b l y   s u r r o u n d e d  

by  t h e   i n n e r   w a l l   of  a  c y l i n d r i c a l   s l e e v e   29  w h i c h   i s  

s e c u r e d   to  t h e   f l a n g e   26  b u t   w h i c h   i s   s l i d a b l y   d i s p l a c e d  

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

p a r t   21  u n t i l   t h e   c y l i n d r i c a l   s l e e v e   29  e n g a g e s   w i t h   t h e  

t op   s u r f a c e   of  t h e   l a r g e - d i a m e t e r   b a s e   p a r t   20.  The  l e n g t h  

of  t h e   c y l i n d r i c a l   s l e e v e   29  i s   d e t e r m i n e d   so  t h a t   t h e  

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

f r a m e   17  i s   r e s t r i c t e d   by  t h e   d i s t a n c e   b e t w e e n   t h e   t o p  

s u r f a c e   of  t h e  m e d i u m - d i a m e t e r   c y l i n d r i c a l   p a r t   21  and  t h e  

l o w e r   end  of  t h e   c y l i n d r i c a l   s l e e v e   29  d u r i n g   t h e   s t a t i o n a r y  

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

Due  to  t h e   s p r i n g   a c t i o n   of  t h e   c o n e - s h a p e d   s p r i n g s  

28,  t h e   s u p p o r t i n g   f r a m e   17  i s   c a p a b l e   of  s l i d a b l y   r e t r a c t -  

ing   due  to  t h e   f o r c e   of  t h e   s t r a n d   ( n o t   shown)   d u r i n g   a  

n o n - s t a t i o n a r y   c a s t i n g   p e r i o d .   A  s l i d a b l e   a d v a n c i n g   of  t h e  

s u p p o r t i n g   f r a m e   17  i s   p r e f e r a b l y   r e s t r i c t e d   by  a  s t o p p e r  

d i s c   30  w h i c h   i s   s e c u r e d   to  t h e   l o w e r   end  of  t h e   r o d   27  b y  

means   of  a  b o l t   31  and  w h i c h   can   e n g a g e   w i t h   t h e   l o w e r   e n d  

of  t h e   m e d i u m - d i a m e t e r   c y l i n d r i c a l   p a r t   21.  The  v e r t i c a l  

p o s i t i o n   of  t h e   s u p p o r t i n g   f r a m e   17  r e l a t i v e   to   t h e   s u p -  
p o r t i n g   b a s e   15  can  t h e r e f o r e   be  m a i n t a i n e d   w i t h i n   a  

p r e d e t e r m i n e d   r a n g e   due  to  t h e   c y l i n d r i c a l   s l e e v e   29  a n d  

t h e   s t o p p e r   d i s c  3 0 ,   t he   s t o p p e r   d i s c   30  p r e v e n t i n g   t h e  

s u p p o r t i n g   f r a m e   17  f rom  m o v i n g   away  f rom  t h e   s u p p o r t i n g  

b a s e   1 5 .  

The  s t r a i g h t e n i n g   r o l l   11  of  t h e   m o v a b l e   s t r a i g h t e n i n g -  

- r o l l   a s s e m b l y   l lm  can  be  a u t o m a t i c a l l y   r e t r a c t e d   or  d i s -  

p l a c e d   in  a  d o w n w a r d   d i r e c t i o n ,   as  shown  in  t he   d r a w i n g ;  

when  t he   s t r a n d   ( n o t   shown)  e x e r t s   on  s a i d   r o l l   a  c r i t i c a l  

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



c o n e - s h a p e d   s p r i n g s   28.  T h i s   c r i t i c a l   f o r c e   i s   one  h a l f   o f  

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

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

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

v a r i e s .  

A l t h o u g h   in   t h e   f o l l o w i n g   d e s c r i p t i o n   s h u n t i n g   of   o n l y  

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

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

can  be  c a r r i e d   o u t   a c c o r d i n g l y .   In  t h e   a b o v e - m e n t i o n e d  

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

on  t h e   i n n e r   s i d e   of  a  s t r a n d   i s   r e t r a c t e d   or  d i s p l a c e d  

t o w a r d   t h e   i n t e r i o r   of  t h e   s t r a n d   or  in   an  u p w a r d   d i r e c t i o n  

d u r i n g   s h u n t i n g .   In  a d d i t i o n   to   or   i n s t e a d   of   t h i s   d i s -  

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

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

t o w a r d   t h e   e x t e r i o r   of   t h e   s t r a n d   or   in   a  d o w n w a r d   d i r e c t i o n  

d u r i n g   s h u n t i n g .   T h e s e   two  s t r a i g h t e n i n g   r o l l s   a r e   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   i n n e r   r o l l   and  t h e   o u t e r  

r o l l ,   r e s p e c t i v e l y .   The  i n n e r   r o l l   d i s p l a c e d   as  d e s c r i b e d  

a b o v e   t e n d s   to  d e c r e a s e   t h e   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   as  c o m p a r e d   w i t h   t h e   r a d i u s   (Rn)  of   t h e   c u r v e  

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

or  d u r i n g   t h e   s t a t i o n a r y   c a s t i n g   p e r i o d .   T h i s   r a d i u s   i s  

s i m p l y   r e f e r r e d   to   as  t h e   t h e o r e t i c a l   r a d i u s   ( R n ) .   T h e  

o u t e r   r o l l   d i s p l a c e d   as  d e s c r i b e d   a b o v e   t e n d s   to  i n c r e a s e  

r e g a r d i n g   t h e   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   as  c o m p a r e d  

w i t h   t h e   t h e o r e t i c a l   r a d i u s   ( R n ) .  

When  t h e   i n n e r   and  o u t e r   r o l l s   a r e   c o n n e c t e d   to  t h e  

two  h y d r a u l i c   c y l i n d e r s ,   r e s p e c t i v e l y ,   a  d e c r e a s e   in   t h e  

r a d i u s   of  t h e   c u r v e   and  an  i n c r e a s e   in   t he   r a d i u s   of  t h e  

c u r v e   as  c o m p a r e d   w i t h   t he   t h e o r e t i c a l   r a d i u s   (Rn)  s i m u l -  

t a n e o u s l y  r e s u l t   so  t h a t   t h e   i n n e r   and  o u t e r   r o l l s   can   n o  

l o n g e r   e x e r t   a  s t r a i g h t e n i n g   f o r c e   on  a  s t r a n d   or  e n g a g e   i n  

t h e   s t r a i g h t e n i n g   of  a  s t r a n d .   On  t h e   o t h e r   h a n d ,   when  t h e  

i n n e r   and  o u t e r   r o l l s   a r e   o p e r a b l y   c o n n e c t e d   to  two  c o n e -  

- s h a p e d   s p r i n g s ,   r e s p e c t i v e l y ,   e i t h e r   a  d e c r e a s e   in  t h e  



r a d i u s   of  t h e   c u r v e   d e f i n e d   by  t h e   i n n e r   r o l l   or  an  i n c r e a s e  

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

so  t h a t   e i t h e r   t h e   i n n e r   r o l l   or  t h e   o u t e r   r o l l   can   e s s e n -  

t i a l l y   no  l o n g e r   e n g a g e   in  t h e   s t r a i g h t e n i n g   of   t h e   s t r a n d .  

I .   S h u n t i n g   in  w h i c h   t h e   e l a s t i c   m e a n s   i s   a  c o n e -  

- s h a p e d   s p r i n g   and  in  w h i c h   an  i n c r e a s e   in  t h e   r a d i u s   o f  

t h e   c u r v e   d e f i n e d   by  t h e   o u t e r   r o l l   t a k e s   p l a c e   i s   now 

d e s c r i b e d .   In  t h i s   t y p e   of  s h u n t i n g ,   t he   f i r s t   and  t h i r d  

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

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

A.  C o n v e y a n c e   of  t h e   Top  S e c t i o n   of  a  S t r a n d  

T h r o u g h   t he   M u l t i - p o i n t   S t r a i g h t e n i n g   Z o n e  

When  t he   top   end  of  a  s t r a n d   a r r i v e s   a t   t h e  

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

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

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

j e c t e d   to  a  l o a d   w h i c h   i s   d e t e r m i n e d   by  t h e   c o n e - s h a p e d  

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

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

s t r a n d   s i n c e   t h e   o u t e r   r o l l   e x e r t s   on  t h e   s t r a n d   a  f o r c e  

w h i c h   is   d e t e r m i n e d   by  t he   c o n e - s h a p e d   s p r i n g   and  w h i c h   i s  

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

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

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

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

e s s e n t i a l l y   by  t he   i n n e r   r o l l   of  t h e   s e c o n d   p a i r   of  r o l l s .  

An  i n c r e a s e   in  t he   s t r a i g h t e n i n g   r o l l   p i t c h   and  in   t h e  

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

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

i . e . ,   t he   i n n e r   and  o u t e r   r o l l s ,   a r e   t h e   f i r s t   and  t h i r d  

p a i r s   of  r o l l s .  

B.  C o n v e y a n c e   of  t h e   B o t t o m   S e c t i o n   of  a  S t r a n d  

T h r o u g h   t h e   M u l t i - P o i n t   S t r a i g h t e n i n g   Z o n e  

When  t h e   b o t t o m   s e c t i o n   of  a  s t r a n d   a r r i v e s  

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

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

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



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

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

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

t h e   u n b e n d i n g - a r m   l e n g t h   r e s u l t s   s i n c e ,   as  in   A  a b o v e ,   t h e  

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

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

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

I I .   S h u n t i n g   in   w h i c h   t h e   e l a s t i c   means   i s   a  h y d r a u l i c  

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

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

d u r i n g   a  n o n - s t a t i o n a r y   c a s t i n g   p e r i o d   i s   now  d e s c r i b e d .  

A.  C o n v e y a n c e   of  t h e   Top  S e c t i o n   of  a  S t r a n d  

When  t he   b o r d e r   b e t w e e n   t h e   t o p   and  m i d d l e  

s e c t i o n s   of  a  s t r a n d   i s   d e t e c t e d   by  means   of  t r a c k i n g   a s  

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

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

A f t e r   t h e   t o p   end  of  t h e   s t r a n d   has   p a s s e d   t h r o u g h   t h e  

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

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

p o s i t i o n s .   As  a  r e s u l t   of   r e t r a c t i o n ,   t h e   f o r c e   to  w h i c h  

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

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

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

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

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

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

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

and  in  t h e   u n b e n d i n g - a r m   l e n g t h   r e s u l t s   due  to  b o t h   a  

d e c r e a s e   in   and  an  i n c r e a s e   in  t h e   r a d i i   of   t h e   c u r v e s  

d e f i n e d   by  t h e   i n n e r   and  o u t e r   r o l l s ,   r e s p e c t i v e l y .  

B.  C o n v e y a n c e   of  t h e   B o t t o m   S e c t i o n   of   a  S t r a n d  

When  t h e   b o t t o m   end  of  a  s t r a n d   i s   d e t e r -  

m i n e d   by  means   of  t r a c k i n g   as  h a v i n g   a r r i v e d   a t   t h e   f i r s t  

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

of  r o l l s   a r e   r e t r a c t e d .   When  t h e   b o r d e r   b e t w e e n   t h e   b o t t o m  

and  m i d d l e   s e c t i o n s   i s   d e t e c t e d   by  means   of  t r a c k i n g   a s  



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

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

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

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

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

l o a d .   In  a d d i t i o n ,   t he   f o r c e   to  w h i c h   t h e   n o n - s h u n t e d  

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

n o n - s t a t i o n a r y   c a s t i n g   p e r i o d   i s   o n l y   a p p r o x i m a t e l y   o n e  

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

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

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

r e s u l t s   due  t o ,   as  in  A  a b o v e ,   b o t h   a  d e c r e a s e   in  and  a n  

i n c r e a s e   in  t h e   r a d i i   of  t he   c u r v e s   d e f i n e d   by  t h e   i n n e r  

and  o u t e r   r o l l s ,   r e s p e c t i v e l y .  

In  t he   a b o v e   d e s c r i p t i o n   of  t h e   two  t y p e s   of  s h u n t i n g ,  

i t   i s   p r e s u m e d - t h a t   b o t h   t he   t o p   and  b o t t o m   s e c t i o n s   a r e  

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

B o w - t y p e   c o n t i n u o u s   c a s t i n g   m e t h o d s   a c c o r d i n g   to  t h e  

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

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

e x a m p l e .  

E x a m p l e  

The  e s s e n t i a l   p a r t s   of  t h e   l o w - h e a d   CCM  of  t h e   e x a m p l e  

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

in  F i g .   2.  The  c o n t i n u o u s   c a s t i n g   m e t h o d   of  t he   p r e s e n t  
i n v e n t i o n   was  c a r r i e d   o u t   by  means   of  a  l o w - h e a d   CCM  u n d e r  

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

l o w - h e a d   CCM  were   as  f o l l o w s :  

A.  B a s i c   r a d i u s   (R1)  of  t he   c u r v e :   3  m 

B.  M u l t i - p o i n t   s t r a i g h t e n i n g   zone   1 0 :  

(1)  S t r a i g h t e n i n g   p o i n t s :   15  

(2)  R a d i i   of  p a i r s   of  s t a t i o n a r y   s t r a i g h t e n i n g  

r o l l s   1 1 :  



R 2 :   3100  mm 

R 4 :   3650  mm 

R 6 :   4400  mm 

R 8 :   5500  mm 

R10:   7500  mm 

R12:  11650  mm 

R14:  26000  mm 

(3)  T h e o r e t i c   r a d i i   of  p a i r s   of   s t r a i g h t e n i n g  

r o l l s   11  to  be  s h u n t e d   d u r i n g   n o n - s t a t i o n a r y  

c a s t i n g  

p e r i o d :  

R 1 :   3000  mm 

R 3 :   3350  mm 

R 5 :   4000  mm 

R 7 :   4900  mm 

R 9 :   6400  mm 

R11:  9150  mm 

R13:  16100   mm 

R15:  67100  mm 

(4)  D i a m e t e r   (r)   of   s t r a i g h t e n i n g   r o l l s   11 

and  s t r a i g h t e n i n g   r o l l   p i t c h   ( p ) :  

r  =  230  mm 

p  =  300  mm 

(5)  C o n s t r u c t i o n   of  s t a t i o n a r y   s t r a i g h t e n i n g -  

- r o l l   a s s e m b l i e s :   shown  in  F i g .   6 .  

(6)  C o n s t r u c t i o n   of  m o v a b l e   s t r a i g h t e n i n g - r o l l  

a s s e m b l i e s :  

(a)  As  shown  in  F i g .   7 .  

(b)  C h a r a c t e r i s t i c   of  c o n e - s h a p e d  

s p r i n g s   28:  d e f l e c t i o n   of  t h e  

s p r i n g s   28  was  z e r o   u n d e r   a  l o a d   o f  

up  to  70  t o n s ,   e n a b l i n g   t h e   s p r i n g s   28 

to  b e h a v e   as  a  r i g i d   body   u n d e r   a  l o a d  

of   up  to  70  t o n s ;   d e f l e c t i o n   was  1  mm 

u n d e r   a  l o a d   of  100  t o n s .  

C.  M a c h i n e   h e i g h t   H:  3 .5   m 



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

- c a s t i n g   p e r i o d   were   as  f o l l o w s :  

A.  C a s t i n g   s p e e d :   1 .7   m / m i n .  

( h i g h   c a s t i n g   s p e e d )  

B.  C o o l i n g   c o n d i t i o n :   m o d e r a t e   c o o l i n g   so  t h a t  

t h e   s u r f a c e   t e m p e r a t u r e   and  t h e   t h i c k n e s s   o f  

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

m u l t i - p o i n t   c o o l i n g   zone   were   900°C  or  m o r e  

and  60  mm  or  l e s s   ( a t   e a c h   s i d e   of  t h e  

s t r a n d ) ,   r e s p e c t i v e l y .  

The  s t a t i o n a r y   and  n o n - s t a t i o n a r y   r o l l   l o a d s   w e r e  

f rom  28  to  33  t o n s   and  from  55  to   116  t o n s ,   r e s p e c t i v e l y .  

P r o d u c e d   s t r a n d s   h a v i n g   a  c r o s s   s e c t i o n   250  mm  t h i c k  

and  2000  mm  wide   were   f r e e   of  i n t e r n a l   and  e x t e r n a l   d e f e c t s  

and  had  a  h i g h   t e m p e r a t u r e .   The  l i f e   of  t h e   s t r a i g h t e n i n g  

r o l l s ,   w h i c h   was  c a l c u l a t e d   on  t h e   b a s i s   o f . . . t h e   n o n -  

- s t a t i o n a r y   r o l l   l o a d ,   was  s u c h   t h a t  t h e   r o l l s   c o u l d  

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

l o a d   of  1 .5   x  106  t i m e s .  

C o m p a r a t i v e   E x a m p l e  

C o n t i n u o u s   c a s t i n g   in  a c c o r d a n c e   w i t h   t h e   m e t h o d  

d e s c r i b e d   in  t he   a b o v e   e x a m p l e   was  r e p e a t e d   e x c e p t   t h a t   a l l  

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

s t a t i o n a r y   and  n o n - s t a t i o n a r y   c a s t i n g   p e r i o d s .   T h e  

s t a t i o n a r y   and  n o n - s t a t i o n a r y   r o l l   l o a d s   we re   f rom  2 8  

to  33  t o n s   and  f rom  108  to  231  t o n s ,   r e s p e c t i v e l y .   S t r a n d s  

p r o d u c e d   were   f r e e   of  i n t e r n a l   and  e x t e r n a l   d e f e c t s ,   b u t  

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

h i g h   as  t h a t   of  t h e   a b o v e   e x a m p l e .   A c c o r d i n g   to  t h e  

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

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

n o n - s t a t i o n a r y   r o l l   l o a d   of  2  x  104  t i m e s .   T h i s   v a l u e   w a s  

a p p r o x i m a t e l y   1 /75   t i m e s   as  low  as  t h a t   of  t h e   a b o v e  

e x a m p l e .   T h a t   i s ,   a c c o r d i n g   to  t h e   s h u n t i n g   m e t h o d ,   t h e  

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

x i m a t e l y   75  t i m e s   as  l ong   as  in  t h e   c a s e   of  c o n v e n t i o n a l  

c o n t i n u o u s   c a s t i n g .  



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

p o i n t s ,   by  means   of  a  p l u r a l i t y   of  p a i r s   of  s t r a i g h t e n i n g  

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

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

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

- s t a t i o n a r y   c a s t i n g   p e r i o d   in  w h i c h   t h e   t o p   s e c t i o n   o r  

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

m u l t i - p o i n t   s t r a i g h t e n i n g   zone  ( 1 0 ) ,   a t   l e a s t   one  s e l e c t e d  

p a i r   of  s a i d   s t r a i g h t e n i n g   r o l l s   (11)  i s   s h u n t e d   f rom  t h e  

d e f i n e d   r a d i u s   (Rn)  of   t h e   c u r v e ,   t h e r e b y   i n c r e a s i n g   t h e  

d i s t a n c e   b e t w e e n   t h 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   ( 1 0 ) ,  

w h i c h   p a i r s   e x e r t   a  s t r a i g h t e n i n g   e f f e c t   on  s a i d   s t r a n d   ( 3 ) ,  

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

s t r a i g h t e n i n g   zone   ( 1 0 ) .  

2.  A  b o w - t y p e   c o n t i n u o u s - c a s t i n g   m e t h o d   a c c o r d i n g   t o  

c l a i m   1,  w h e r e i n   t h e   b a s i c   r a d i u s   of   t h e   c u r v e   of  s a i d  

s t r a n d   (3)  i s   f rom  3  to  5  m  and  t h e   n u m b e r   of  s t r a i g h t e n i n g  

p o i n t s   i s   f rom  f i v e   to  f i f t e e n .  

3.  A  b o w - t y p e   c o n t i n u o u s - c a s t i n g   m e t h o d   a c c o r d i n g   t o  

c l a i m   1  or   2,  w h e r e i n   s a i d   a t   l e a s t   one  s e l e c t e d   p a i r   o f  

t h e   s t r a i g h t e n i n g   r o l l s   (11)  s h u n t e d   f rom  t he   d e f i n e d  

r a d i u s   (Rn)  of  t h e   c u r v e   i s   e i t h e r   an  e v e n   or  an  u n e v e n  

n u m b e r e d   p a i r   or  p a i r s   of  s t r a i g h t e n i n g   r o l l s   (11)  as  s e e n  

in  t h e   w i t h d r a w a l   d i r e c t i o n   of  s a i d   s t r a n d   ( 3 ) .  

4.  A  b o w - t y p e   c o n t i n u o u s - c a s t i n g   m e t h o d   a c c o r d i n g   t o  

a n y  o n e   of  c l a i m s   1  t h r o u g h   3,  w h e r e i n   s a i d   a t   l e a s t   o n e  

p a i r   o f  s t r a i g h t e n i n g   r o l l s   (11)  c o m p r i s e   a  p l u r a l i t y   o f  

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

s t r a i g h t e n i n g   r o l l s   ( 1 1 ) ,   and  s a i d   a t   l e a s t   one  s e l e c t e d  

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

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

s e e n   in   t h e   w i t h d r a w a l   d i r e c t i o n   of  t h e   s t r a n d   ( 3 ) .  

5.  A  b o w - t y p e   c o n t i n u o u s - c a s t i n g   m e t h o d   a c c o r d i n g   t o  

a n y  o n e   of  c l a i m s   1  t h r o u g h   4,  w h e r e i n   s a i d   s t r a n d   (3)  h a s  



a  t e m p e r a t u r e   of  a t   l e a s t   900°C  a t   t h e   c o m p l e t i o n   of  m u l t i -  

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

6.  A  b o w - t y p e   c o n t i n u o u s - c a s t i n g   a p p a r a t u s   h a v i n g   a  

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

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

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

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

r a d i i ,   c h a r a c t e r i z e d   in  t h a t   a t   l e a s t   one  s e l e c t e d   p a i r   o f  

s a i d   s t r a i g h t e n i n g   r o l l s   (11)  i s   o p e r a b l y   c o n n e c t e d   to  a n  

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

s e l e c t e d   p a i r   of  s t r a i g h t e n i n g   r o l l s   (11)   f rom  t he   d e f i n e d  

r a d i u s   (Rn)  of  t h e   c u r v e   d u r i n g   a  n o n - s t a t i o n a r y   c a s t i n g  

p e r i o d   in  w h i c h   t he   t o p   s e c t i o n   or  t h e   b o t t o m   s e c t i o n   o f  

s a i d   s t r a n d   (3)  i s   c o n v e y e d   t h r o u g h   s a i d   m u l t i - p o i n t  

s t r a i g h t e n i n g   z o n e .  

7.  A  b o w - t y p e   c o n t i n u o u s - c a s t i n g   a p p a r a t u s   a c c o r d i n g  

to  c l a i m   6,  w h e r e i n   s a i d   e l a s t i c   means   c o m p r i s e s   a  h y d r a u l i c  

c y l i n d e r .  

8.  A  b o w - t y p e   c o n t i n u o u s - c a s t i n g   a p p a r a t u s   a c c o r d i n g  

to  c l a i m   7,  w h e r e i n   s a i d   e l a s t i c   means   c o m p r i s e s   a  c o n e -  

- s h a p e d   s p r i n g   ( 2 8 ) .  

9.  A  b o w - t y p e   c o n t i n u o u s - c a s t i n g   a p p a r a t u s   a c c o r d i n g  

to  c l a i m   8,  w h e r e i n   s a i d   c o n e - s h a p e d   s p r i n g   (28)  i s   s e c u r e d  

b e t w e e n   a  s u p p o r t i n g   b a s e   (15)  and  s u p p o r t i n g   f r a m e   ( 1 7 )  

w h i c h   i s   s l i d a b l y   m o u n t e d   on  s a i d   s u p p o r t i n g   b a s e   (15)  s o  

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

s p a c e   (24)  w i t h i n   s a i d   s u p p o r t i n g   b a s e   ( 1 5 ) .  

10.  A  b o w - t y p e   c o n t i n u o u s - c a s t i n g   a p p a r a t u s   a c c o r d i n g  

to  c l a i m   9,  w h e r e i n   s a i d   s u p p o r t i n g   b a s e   (15)  has   a  l a r g e -  

- d i a m e t e r   b a s e   p a r t   (20)   w h i c h   d e f i n e s   s a i d   s p a c e   ( 2 4 )  

t h e r e i n   and  m e d i u m - d i a m e t e r   c y l i n d r i c a l   p a r t   (21)   w h i c h  

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

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

and  has   a  f l a n g e   (26)  w h i c h   c o m p r i s e s   a  d o w n w a r d l y   p r o -  

t r u d i n g   rod   (27)  i n s e r t e d   in  and  v e r t i c a l l y   s l i d a b l e   a l o n g  

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

11.  A  b o w - t y p e   c o n t i n u o u s - c a s t i n g   a p p a r a t u s   a c c o r d i n g  



to   c l a i m   10,  w h e r e i n   s a i d   c o n e - s h a p e d   s p r i n g   (28)   i s   s u r -  

r o u n d e d   by  t h e   i n n e r   w a l l   of  a  c y l i n d r i c a l   s l e e v e   ( 2 9 )  

w h i c h   i s   s e c u r e d   to  t h e   f l a n g e   of  s a i d   s u p p o r t i n g   f r a m e   ( 1 7 )  

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

m e d i u m - d i a m e t e r   c y l i n d r i c a l   p a r t   (21)  u n t i l   s a i d   c y l i n d r i c a l  

s l e e v e   (29)  e n g a g e s   w i t h   t he   t op   s u r f a c e   of  s a i d   l a r g e -  

- d i a m e t e r   b a s e   p a r t   ( 2 0 ) ,   t he   l e n g t h   of  s a i d   c y l i n d r i c a l  

s l e e v e   b e i n g   d e t e r m i n e d   so  t h a t   t h e   maximum  s t r o k e   d u r i n g  

t h e   s l i d a b l e   r e t r a c t i o n   of  s a i d   s u p p o r t i n g   f r a m e   (17)  i s  

r e s t r i c t e d   by  t he   d i s t a n c e   b e t w e e n   t h e   top   s u r f a c e   of  s a i d  

m e d i u m - d i a m e t e r   c y l i n d r i c a l   p a r t   (21)  and  t h e   l o w e r   end  o f  

s a i d   c y l i n d r i c a l   s l e e v e   (29)  d u r i n g   a  s t a t i o n a r y   c a s t i n g  

p e r i o d .  
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