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@  Horizontal  continuous  casting  machine. 

The  invention  contemplates  horizontal  continuous 
casting  of  steel  strands  (10)  using  a  relatively  short  water- 
cooled  horizontal  mold  passage  (13)  from  which  there  is 
continuously  and  horizontally  withdrawn  an  embryo  casting 
having  a  solidified  outer  shell  (25)  surrounding  a  molten 
metal  core  (26).  To  assure  continuous  flow  of  molten  steel  to 
the  cooled  mold,  a  supply  passage  (18)  is  provided  of 
refractory  material  impervious  to  liquid  steel.  This  supply 
passage  (18)  is  so  formed  that  there  is  such  a  drop  (H)  in 
elevation  between  entrance  and  exit  as  will  enable  a  head  of 
ferrostatic  pressure  to  exist,  to  maintain  a  condition  of 
peripherally  continuous  pressure  contact  with  the  cooled 
mold  (13).  i.e.  intensified  cooling  of  the  casting  shell  formed 
in  the  mold.  Immediate  water-cooling  of  the  existing  embryo 
casting  assures  against  such  reheating  of  the  shell  (after  it 
leaves  the  mold)  as  might  otherwise  give  rise  to  bulging  or 
other  deformation  of  the  casting. 



The  i n v e n t i o n   r e l a t e s   to  a  me thod   and  a p p a r a t u s  

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

b i l l e t s ,   b looms  or  s l a b s   of  s t e e l .  

In  p r o c e s s e s   fo r   the   c o n t i n u o u s   c a s t i n g   o f  

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

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

ended   mold  which   is   g e n e r a l l y   v e r t i c a l   and  in  wh ich   t h e  

m o l t e n   m e t a l   makes  on ly   b r i e f   c o n t a c t   w i t h   the   mold  a t  

t he   m e n i s c u s ,   b e i n g   c h a r a c t e r i s e d   by  a  s h r u n k e n   s h e l l  

a r o u n d   a  m o l t e n   m e t a l   co re   and  b e i n g   t h e r e f o r e   i n  

c l e a r a n c e   r e l a t i o n   w i t h   the   mold  f o r   the   g r e a t e s t  

f r a c t i o n   of  i t s   p a s s a g e   t h r o u g h   the   mold .   T h i s  

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

of  the   s t i l l   l a r g e l y   m o l t e n   s t r a n d   as  i t   i s   c a u s e d  

to  t r a v e l   an  a r c u a t e   c o u r s e   from  i t s   i n i t i a l   v e r t i c a l  

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

h o r i z o n t a l ,   to  t he   c u t - o f f   or  o t h e r   o p e r a t i o n s .  

N e c e s s a r i l y ,   most   of  t he   c o o l i n g   t a k e s   p l a c e   d u r i n g  

the   t r a v e l   from  v e r t i c a l   to  c u t - o f f ,   and  f o r   t h e .  l a r g e r  

s l a b s   a t   p r o d u c t i o n   r a t e s   which   the   i n d u s t r y   d e m a n d s  

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

the   c o u r s e ,   to  m a i n t a i n   shape   u n t i l   the   c a s t i n g   h a s  



s o l i d i f i e d .   N e c e s s a r i l y   a l s o ,   the   l a r g e r   t he   s i z e  

of  t he   c a s t i n g ,   t he   g r e a t e r   the   v e r t i c a l   h e i g h t  

and  h o r i z o n t a l   d i s t a n c e   n e e d e d   to  c o m p l e t e  

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

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

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

t he   p o i n t   of  c u t - o f f .  

V a r i o u s   s chemes   have   been   p r o p o s e d   to   r e d u c e  

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

bu t   w i t h o u t   much  s u c c e s s ,   e x c e p t   f o r   s m a l l   b i l l e t s .  

The  o b v i o u s   s o l u t i o n   would   be  a  h o r i z o n t a l   c o n t i n u o u s -  

c a s t i n g   m a c h i n e   w h i c h   would   e l i m i n a t e   t he   f e r r o s t a t i c  

p r e s s u r e .   A  h o r i z o n t a l   m a c h i n e   c o u l d   be  much  l e s s  

c o s t l y ,   and  i t   would   e n a b l e   s u b s t a n t i a l   r e d u c t i o n   i n  

t h e   c o s t   of  t h e   m e l t   shop  in  which   i t   i s   i n s t a l l e d .  

A n o t h e r   a d v a n t a g e   would   be  t h a t   t he   c a s t i n g ,   p a r t i c u l a r l y  

a  s l a b   c a s t i n g ,   c o u l d   be  r o l l e d ,   at   g r e a t   s a v i n g   o f  

e n e r g y ,   u s i n g   the   h e a t   of  t he   l i q u i d   s t e e l .  

In  t he   h o r i z o n t a l   c o n t i n u o u s   c a s t i n g   o f  

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

to   f i l l   t he   mold  f u l l y   and  to  p r e s s   a g a i n s t   t h e  

u p p e r   f a c e  o f   t he   mold .   In  p r i o r   a t t e m p t s   to  s o l v e   t h i s  

p r o b l e m ,   t he   m o l t e n   m e t a l   is   c a u s e d   to  f i l l   t h i s   u p p e r  

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

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

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



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

c a u s i n g   t he   m o l t e n   s t e e l   to  r i s e   h i g h   enough   t o  

f i l l   an  a i r   gap  j u s t b e l o w   the   u p p e r   f a c e   of  the   m o l d .  

Th i s   i n t e r m i t t e n t   t e c h n i q u e   does   no t   l end   i t s e l f   t o  

t he   c a s t i n g   of  l a r g e   heavy   c r o s s - s e c t i o n s ,   due  to  t h e  

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

s t a r t / s t o p   movemen t ;   m o r e o v e r ,   the   c a s t i n g   p r o c e s s   i s  

no t   t r u l y   c o n t i n u o u s .  

In  the   p r e s e n t   i n v e n t i o n   a  r e l a t i v e l y   s h o r t  

c o o l e d   h o r i z o n t a l   mold  p a s s a g e   or  n o z z l e   is  p r o v i d e d ,  

and  l i q u i d   m e t a l   is  c o n t i n u o u s l y   and  c o n s t a n t l y   f o r c e d  

i n t o   f i l l i n g   c o n t a c t   w i t h   the   mold;   the   c o n s t a n t   f o r c e  

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

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

the   e n t i r e   m e t a l   s u r f a c e   of  t he   c o o l e d   mold ,   to  t h e r e b y  

form  an  embryo  s h e l l .  

The  s u p p l y   of  l i q u i d   m e t a l   to  t he   c o o l e d   mold  i s  

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

a  m a t e r i a l   i m p e r v i o u s   to  l i q u i d   m e t a l .   The  p a s s a g e   i s  

so  d e f i n e d   t h a t   t he   m e t a l - i n l e t   end  is  h i g h e r   t h a n   t h e  

m e t a l - o u t l e t   end  (a t   e n t r a n c e   to  the   m o l d ) ,   and  t h i s  

d i f f e r e n c e   in  h e i g h t   b e t w e e n   the   two  ends  is   c h o s e n   s o  

t h a t   t he   f e r r o s t a t i c   head  is  o p e r a t i v e   in  the   m o l d - e n d  

of  the   p a s s a g e .  

A  p r e f e r r e d   e m b o d i m e n t   of  the   i n v e n t i o n  

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



a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g .   1  i s   a  s i m p l i f i e d   v e r t i c a l   s e c t i o n a l   v i e w  

of  a  h o r i z o n t a l   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  

i n v e n t i o n ;  

F i g s .   2  and  3  a re   s i m p l i f i e d   s e c t i o n a l   v i e w s  

t a k e n   a t   2-2  of  F i g .   1,  to   r e s p e c t i v e l y   i l l u s t r a t e   s l a b  

c a s t i n g   and  b i l l e t   c a s t i n g ;   a n d  

F i g s .   4  and  5  a re   s i m p l i f i e d   d i a g r a m s   s i m i l a r  

to   F i g .   1  to   i l l u s t r a t e   m o d i f i c a t i o n s .  

The  d r a w i n g   d e p i c t s   s t e p s   and  a p p a r a t u s  

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

p r o d u c t i o n   of  a  s o l i d i f i e d   m e t a l   s l a b   10  of  r e c t a n g u l a r  

s e c t i o n ,   h a v i n g   a  h o r i z o n t a l - w i d t h   d i m e n s i o n   W  (F ig .   2) 

wh ich   may  s u b s t a n t i a l l y   e x c e e d   i t s   t h i c k n e s s   d i m e n s i o n   T ;  

the   s o l i d i f i e d   s l a b   i s   c o n t i n u o u s l y   d e l i v e r e d   to   r o l l s  

11  f o r   h o r i z o n t a l   s u p p o r t   ( v i a   end  b e a r i n g   11 ' )   and  i s  

h o r i z o n t a l l y   w i t h d r a w n   by  d r i v e   r o l l s   1 2 - 1 2 '   to  a  

c u t - o f f   or  o t h e r   o p e r a t i n g   s t a g e   (not   s h o w n ) .   C a s t i n g  

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

mold  13  h a v i n g   a  l i n e r   14  wh ich   d e f i n e s   a  mold  p a s s a g e  

w i t h   an  e x i t   end  of  d e s i r e d - s e c t i o n   s h a p e ,   t he   l i n e r   14 

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

and  i s   e n c a s e d   by  a  c o o l i n g   j a c k e t   15  a d a p t e d   f o r  

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

the   o u t e r   s u r f a c e   of  l i n e r   1 4 .  



M o l t e n   m e t a l   16  is   c o n t i n u o u s l y   s u p p l i e d   t o  

the   u p s t r e a m   end  of  mold  13,  v i a   a  t u n d i s h   17  and  v i a  

a  b r o k e n   p a s s a g e   18  in  a  c o n d u i t   member  19  of  s u i t a b l e  

r e f r a c t o r y   m a t e r i a l ,   such  as  g r a p h i t e ,   or  o t h e r  

m a t e r i a l   i m p e r v i o u s   to  a  f low  of  l i q u i d   s t e e l .   T h e  

t e rm  " b r o k e n "   is  e m p l o y e d   to  d e s c r i b e   the   p r e f e r r e d  

d i r e c t i o n a l   change   in  the   f low  p a t h   d e t e r m i n e d   b y  

p a s s a g e   18;  p a s s a g e   18  is   i n c l i n e d   be low  the   h o r i z o n t a l ,  

to  e s t a b l i s h   a  ne t   v e r t i c a l   head   or  d r o p  H   from  i t s  

u p s t r e a m   end  to  i t s   d o w n s t r e a m   end,   the   u p s t r e a m  

end  is   c u r v e d   to  r e c e i v e   a  c o n t i n u o u s   h o r i z o n t a l  

d i s c h a r g e   of  m o l t e n   m e t a l   16  at   e x i t   from  t u n d i s h   1 7 ,  

w h i l e   the   d o w n s t r e a m   end  i s   s i m i l a r l y   but   o p p o s i t e l y  

c u r v e d ,   to  p e r m i t   the   c a s t i n g   to  form  and  to  e x i t   i n  

h o r i z o n t a l   a l i g n m e n t   w i t h   the   s u p p o r t   and  c o n v e y o r  

means  1 1 - 1 2 - 1 2 ' .   The  l e n g t h   L  of  c o n d u i t   member  19 

and  the   s t e e p n e s s   of  downward  s l o p e   of  p a s s a g e   18 

w i l l   be  u n d e r s t o o d   to  be  such  as  to  a s s u r e   f e r r o s t a t i c a l l y  

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

p e r i p h e r y   of  t he   mold  l i n e r   1 4 .  

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

is   s u p p l i e d   to   t u n d i s h   17  in  s u f f i c i e n t   q u a n t i t y ' t o   e n a b l e  

c o n t i n u o u s   f low  v i a   p a s s a g e   18  to  the   mold  l i n e r   1 4 ,  

and  the   s o l i d i f i e d   s l a b   10  is   w i t h d r a w n   by  r o l l s   1 2 - 1 2 '  

at   a  r a t e   c o m m e n s u r a t e   w i t h   t he   r a t e   at   wh ich   m o l t e n  



m e t a l   e n t e r s   t h e   mold  a t   18.  A l s o ,   o i l   or  o t h e r  

l u b r i c a n t   to  e a s e   e m b r y o - s h e l l   p a s s a g e   t h r o u g h   mold  13  

is   s u p p l i e d   v i a   c o n d u i t   means  ( s c h e m a t i c a l l y   s u g g e s t e d  

a t   151)  e x p o s e d  t o   j a c k e t e d   mold  c o o l a n t   f o r   c o o l i n g  

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

d i s t r i b u t e d   a p e r t u r e s   a t   t he   u p s t r e a m   end  of  t he   m o l d  

s u r f a c e   of  l i n e r   1 4 .  

As  the   embryo  c a s t i n g   l e a v e s   t h e   mold ,   i t  

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

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

s o l i d i f i c a t i o n   of  t he   c a s t i n g .   As  shown,   t h i s  

i n v o l v e s   f i r s t   a p p l i c a t i o n   of  p a r t i a l   vacuum  a t   2 0 ' ,  

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

soon  as  t he   c a s t   s u r f a c e   e m e r g e s   f rom  c o n t a c t   w i t h   t h e  

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

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

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

2 1 - 2 2 .   S i g n i f i c a n t l y ,   in  c a s t i n g   p a s s a g e   f rom  i n i t i a l  

c o o l i n g   c o n t a c t   w i t h   the   mold  s u r f a c e ,   (a)  t h e r e  

need   be  no  i n t e r r u p t i o n   of  c o o l i n g   a c t i o n ,   and  (b )  

t he   c a s t i n g   i s   f u l l y   e x p o s e d   to  any  g i v e n   p o i n t   i n  

t he   p a t h   of  movement   of  t he   c a s t i n g .  

To  commence  o p e r a t i o n   w i t h   t he   d e s c r i b e d  

m a c h i n e ,   a  dummy  ba r   (not   shown)  is   e n g a g e d   b y  

r o l l s   1 2 - 1 2 - 1 2 '   and  e x t e n d s   u p s t r e a m   t h r o u g h   t h e  

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



r e l a t i o n   w i t h i n   t he   e x i t   o p e n i n g   of  t he   mold .   M o l t e n  

m e t a l   is  i n t r o d u c e d   i n t o   the   mold  i n t o   f u l l   c o n t a c t  

w i t h   the   end  of  the   dummy  bar   and  i n t o   f i l l i n g   p e r i p h e r a l l y  

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

l i n e r   14.  As  soon  as  t he   mold  has  f i l l e d ,   and  w i t h  

a l l   c o o l i n g   f l ows   e s t a b l i s h e d ,   d r i v e   r o l l s   12  a r e  

s t a r t e d   at   a  r a t e   such  t h a t   t he   e x i t   of  t he   m o l d  

r e m a i n s   c o n s t a n t l y   f i l l e d ;   and  the   dummy  ba r   i s  

w i t h d r a w n   once  s o l i d   p r o d u c t   10  r e a c h e s   t he   d r i v e  

means  1 2 - 1 2 ' .   The  embryo  c a s t i n g   d e v e l o p s   as  a  

s h e l l   25  c o n f o r m i n g   to  the   s e c t i o n a l   d i m e n s i o n s   of  t h e  

mold  and,   as  seen   from  F i g .   1,  t h i s   s h e l l   b e c o m e s  

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

mold  p a s s a g e ,   bu t   a t   l e a s t   to  t he   p o i n t   w h e r e ,   a t  

e x i t   from  the   mold ,   the   s h e l l   25  has  s o l i d i f i e d  

enough   a r o u n d   a  s t i l l   m o l t e n   co re   26  to  r e t a i n  

the   c a s t - s e c t i o n   s h a p e .   In  t he   c o o l i n g   zone  o f  

j e t   s p r a y s   2 1 - 2 2 ,   s o l i d i f i c a t i o n   p r o c e e d s   to  c o m p l e t i o n ,  

p e r m i t t i n g   a  s o l i d   c a s t i n g   to  be  h a n d l e d   by  m e a n s  

1 1 - 1 2 - 1 2 ' .  

I t   w i l l  b e   s een   t h a t   in  t he   d e s c r i b e d  

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

f o r c e d   o u t w a r d   i n t o   c o n t a c t   w i t h   t he   mold  w a l l ,   t h e r e b y  

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

Whi le   the   i n v e n t i o n   has  been  p a r t i c u l a r l y  

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



s i n g l e   mold  13  and  i t s   s u p p l y   p a s s a g e   18,  i t   w i l l   b e  

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

c a s t ,   as  s u g g e s t e d   by  F i g .   3 .  

A l s o ,   by  way  of  e x a m p l e ,   F i g s .   4  and  5 

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

wh ich   embody  the   f e r r o s t a t i c - h e a d   p r i n c i p l e   d i s c u s s e d ,  

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

a p p l i c a b l e .   In  F i g .   4,  t h e   f u n c t i o n   of  t h e   r e f r a c t o r y  

c o n d u i t   member  19'  i s   to   p r o v i d e   the   head   or  d rop   H 

w i t h i n   a  s h o r t   l e n g t h   L  so  as  to   a v o i d   as  much  a s  

p o s s i b l e   any  c o o l i n g   w i t h i n   t he   r e f r a c t o r y   p a s s a g e   1 8 ' ,  

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

the   t u n d i s h   i s   h o r i z o n t a l ,   and  in  wh ich   d i s c h a r g e   to  m o l d  

13  is   on  the   h o r i z o n t a l   a l i g n m e n t   of  the   mold  l i n e r   1 4 .  

In  F i g .   5,  the   r e f r a c t o r y   c o n d u i t   member  19'  f u r t h e r  

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

f e r r o s t a t i c   head   wh ich   i s   o p e r a t i v e   w i t h i n   t h e - m o l d ,  

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

m e t a l   f rom  t he   t u n d i s h ,   p r o v i s i o n   b e i n g   made  a t   30 

f o r   f low  r e g u l a t i o n   as  may  be  n e e d e d   f o r   a c h i e v e m e n t  

of  c o r r e c t   s u p p l y   of  m e t a l   to  t he   m o l d .  

From  t he   f o r e g o i n g   d e s c r i p t i o n   and  d r a w i n g s ,  

s e v e r a l   i m p o r t a n t   f e a t u r e s   of  t he   i n v e n t i o n   w i l l   b e  

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

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

c o n t i n u o u s   s l a b   c a s t e r .   For  e x a m p l e ,   in  one  such  v e r t i c a l  

c a s t i n g   m a c h i n e   which   now  p r o d u c e s   1 0 0 - i n c h   s l a b s   a t  



t he   r a t e   of  1  m i l l i o n   t o n s   pe r   y e a r ,   i t   is  k n o w n  t h a t :  

a)  the   r e p a i r   and  m a i n t e n a n c e   c o s t   a p p l i c a b l e  

to  the   many  r o l l s   r e q u i r e d   to  s u p p o r t   the   s l a b   ( a g a i n s t  

b u l g i n g   from  f e r r o s t a t i c   p r e s s u r e )   and  to  g u i d e   t h e  

c a s t i n g ,   as  i t   p r o c e e d s   on  i t s   a r c u a t e   c o u r s e ,   f r o m  

v e r t i c a l l y   down  to  h o r i z o n t a l l y   o u t ,   amounts   to  a b o u t  

$3 .00   per   ton  of  s l a b s   c a s t ,   or  a b o u t   $3  m i l l i o n   p e r  

y e a r ;  

b)  the   c a s t i n g   l e a v e s   the   c a s t e r   at   a b o u t  

4 0 0 ° F . ,   t he   p r o d u c t   of  s low  c o o l i n g   ove r   an  e x t e n s i v e  

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

c o u r s e ;   the   s low  c o o l i n g   is  d i c a t e d   by  the   n u m b e r  

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

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

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

In  c o n t r a s t ,   the   h o r i z o n t a l   c a s t e r   of  t h e  

i n v e n t i o n   does   no t   r e q u i r e   t he   w i d e - f a c e   ( i . e . ,  

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

c o o l i n g   a c c e s s   to  as  much  as  85  p e r c e n t   of  a  v e r t i c a l l y  

c a s t   s l a b   s u r f a c e ,   so  t h a t   t h e r e f o r e   the   h o r i z o n t a l -  

c a s t e r   p r o d u c t   is   i m m e d i a t e l y   and  f u l l y   e x p o s e d   a n d  

a c c e s s i b l e .   And  q u i c k - c o o l i n g   is   no t   on ly   t o l e r a b l e  

bu t   d e s i r a b l e .   H o r i z o n t a l   c a s t i n g   t h e r e f o r e   o f f e r s  

a  m a j o r   s a v i n g   b o t h   in  number  and  s i z e   o f  r o l l s   a n d  

in  r o l l   m a i n t e n a n c e ,   as  w e l l   as  i d e a l   c o o l i n g  



c o n d i t i o n s   ( i . e .   a c c e s s i b i l i t y   f o r   c o o l i n g )   f o r   e v e r y  

g r a d e   of  s t e e l .  

The  m a c h i n e   and  method   of  t h e   i n v e n t i o n   i s  

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

and  shape   of  c a s t   s t r a n d s ,   i n c l u d i n g   s l a b s .   I n  

the   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  s u b s t a n t i a l   p a r t   o f  

the   h e a t   of  t he   m o l t e n   s t e e l   i s   a v a i l a b l e   f o r   r o l l i n g .  



1.  A  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   f o r   c o n t i n u o u s  

c a s t i n g   of  m e t a l   in  which   m o l t e n   m e t a l   (16)  is   f l o w e d  

c o n t i n u o u s l y   from  a  m o l t e n - m e t a l   s o u r c e   and  i n t o   t h e  

u p s t r e a m   end  of  a  c h i l l e d   mold  (13)  h a v i n g   a  m o l d  

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

t h e r e t h r o u g h   and  in  which   an  embryo  c a s t i n g   h a v i n g   a  

s o l i d i f i e d   o u t e r   s h e l l   (25)  s u r r o u n d i n g   a  m o l t e n   c o r e  

(26)  is  w i t h d r a w n   c o n t i n u o u s l y   from  the   d o w n s t r e a m  

end  of  the   mold  p a s s a g e ,   c h a r a c t e r i s e d   in  t h a t   a  

c o n f i n i n g   t h r o u g h - p a s s a g e   (18)  c o n n e c t s   the   s o u r c e   (16)  

w i t h   t he   d o w n s t r e a m   end  of  the   mold  ( 1 3 ) ,   t he   d i s c h a r g e  

a x i s   at  t he   d o w n s t r e a m   end  of  t he   mold  b e i n g   o r i e n t e d  

s u b s t a n t i a l l y   h o r i z o n t a l   and  at   such  e l e v a t i o n   be low  t h e  

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

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

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

the   mold  a t   s u b s t a n t i a l l y   t he   l o c a t i o n   of  c a s t i n g   e x i t  

from  the   m o l d .  

2.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1,  in  w h i c h  

s a i d   mold  (13)  is   a  r e l a t i v e l y   s h o r t   and  w a t e r - c o o l e d ,  

and  in  which   s a i d   t h r o u g h - p a s s a g e   (18)  is  a  c o n d u i t   (19)  

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

s t e e l .  



3.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   1  or  c l a i m   2 ,  

" i n   wh ich   s u b s t a n t i a l l y   t he   e n t i r e   d rop   (H)  in  e l e v a t i o n  

b e t w e e n   s a i d   s o u r c e   and  s a i d   mold  (13)  i s   in  s a i d  

c o n d u i t .  

4.  A p p a r a t u s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

in  wh ich   s a i d   mold  (13)  is   s t r a i g h t   and  h o r i z o n t a l .  

5.  A p p a r a t u s   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

in  which   s a i d  s o u r c e   is   a  t u n d i s h   (17)  c o n n e c t e d   f o r  

m o l t e n   m e t a l   d i s h c a r g e   i n t o   s a i d   t h r o u g h - p a s s a g e   ( 1 8 ) .  

6.  A p p a r a t u s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

f u r t h e r   c o m p r i s i n g   g u i d e   and  s u p p o r t   r o l l s   ( 1 1 )  

h o r i z o n t a l l y   a l i g n e d   w i t h   s a i d   mold  (13)  to  m a i n t a i n  

t he   h o r i z o n t a l   a l i g n m e n t   of  t he   embryo  c a s t i n g ,   a n d  

s e c o n d a r y - c o o l i n g  m e a n s   ( 2 1 , 2 2 )   e x t e r n a l   to  s a i d  

mold  and  o p e r a t i v e   on  the   c a s t   s h e l l   i m m e d i a t e l y  

upon  i t s   e m e r g e n c e   from  s a i d   m o l d .  

7.  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,  in  w h i c h  

s a i d   mold  (13)  i s   of  r e c t a n g u l a r   s e c t i o n   w i t h   t w o  

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

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

p l a n e   of  s a i d   s u p p o r t - r o l l   means  (11)  b e i n g   s u b s t a n t i a l l y  



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

8.  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  or  c l a i m   7 ,  

in  wh ich   in  the   r e g i o n   of  s e c o n d a r y   c o o l i n g   the   g u i d e  

and  s u p p o r t   r o l l s   (11)  a re   e n t i r e l y   b e n e a t h   t h e  

c a s t i n g ,   w h e r e b y   the   u p p e r   s u r f a c e   of  the   c a s t i n g   i s  

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

9.  A p p a r a t u s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

in  which   l u b r i c a n t - s u p p l y   means  d i p o s e d   fo r   l u b r i c a n t  

d i s c h a r g e   a t   t he   u p s t r e a m   end  of  s a i d   mold  (13)  i n c l u d e s  

a  s u p p l y   c o n d u i t   ( 15 ' )   p a s s i n g   t h r o u g h   and  e x p o s e d   t o  

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

10.  A p p a r a t u s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,  

in  which   s a i d   c o n d u i t   means  ( 1 9 ' , 1 9 " )   i n c l u d e s   a  r e g i o n  

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

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

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

w i t h   t h e   mold  p a s s a g e .  

l l .   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,  i n c l u d i n g  

s e l e c t i v e l y   o p e r a b l e   t h r o t t l i n g   means  (30)  o p e r a t i v e  

at   the   c o n n e c t i o n   of  s a i d   t u n d i s h   (17)  to  s a i d   t h r o u g h -  

p a s s a g e   f o r   so  c o n t r o l l i n g   the   f low  of  m o l t e n   m e t a l  

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



t h e   mold  ( 1 3 ) .  

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

a  g i v e n   s e c t i o n a l   s i z e   and  c o n t o u r ,   wh ich   c o m p r i s e s  

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

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

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

p a s s a g e ,   e s t a b l i s h i n g   a  s u p p l y   p a s s a g e   to  t he   i n l e t  

end  of  s a i d   mold  p a s s a g e ,   and  w i t h d r a w i n g   an  e m b r y o  

c a s t i n g   h a v i n g   a  s o l i d i f i e d   o u t e r   s h e l l   ( 2 5 )  s u r r o u n d i n g  

a  m o l t e n   c o r e   (26)  from  t he   d o w n s t r e a m   end  of  the   m o l d  

p a s s a g e ,   c h a r a c t e r i s e d   in  t h a t   the   mold  p a s s a g e   i s  

h o r i z o n t a l l y   o r i e n t a t e d ,   the   s u p p l y   p a s s a g e   (18)  i s  

of  l e n g t h   and  o r i e n t a t i o n   to  e s t a b l i s h   a  r a n g e   of  d o w n w a r d  

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

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

(16)  to  m a i n t a i n   a  f e r r o s t a t i c   l o a d i n g   head   (H)  u p o n  

s t e e l   in  t he   mold  p a s s a g e   w h i l e   w i t h d r a w i n g   c a s t   s t e e l  

from  the   o u t l e t   of  t he   mold  p a s s a g e ,   w h e r e b y   t he   c a s t  

s t e e l   e m e r g e s   f rom  t he   mold  p a s s a g e   v i r t u a l l y   as  s o o n  

as  i t s   embryo  s h e l l   (25)  f o r m s .  

13.  The  m e t h o d   of  c l a i m   12,  in  which   the   e m b r y o  

s h e l l   (25)  i s   s u b j e c t e d   to  s e c o n d a r y   c o o l i n g   i m m e d i a t e l y  

upon  i t s   e m e r g e n c e   from  the   mold  ( 1 3 ) .  



14.  The  me thod   of  c l a i m   13,  in  which   s e c o n d a r y  

c o o l i n g   p r o c e e d s   to  a  l i m i t   where   t he   maximum  h e a t  

of  t he   l i q u i d   s t e e l   is  a v a i l a b l e   fo r   r o l l i n g .  

15.  The  me thod   of  any  of  c l a i m s   12  to  14,  a n d  

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

s u p p o r t i n g   the   e m e r g i n g   c a s t i n g   ( 2 5 , 2 6 )   in  s u b s t a n t i a l l y  

the   same  h o r i z o n t a l   p l a n e   as  t h a t   in  which   the  e m b r y o  

s h e l l   is  i n i t i a l l y   d e f i n e d .  

16.  The  me thod   of  any  of  c l a i m s   12  to  15,  a n d  

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

l i q u i d   l u b r i c a n t   to  t he   u p s t r e a m   end  of  t he   mold  s u r f a c e  

v i a   h e a t - e x c h a n g e   w i t h   mold  c o o l a n t   i m m e d i a t e l y   p r i o r   t o  

l u b r i c a n t   d i s c h a r g e   at  t he   mold  s u r f a c e .  






