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©  Method  and  apparatus  for  strip  casting. 
©  Apparatus  for  continuously  casting  strip  material  is 
disclosed  comprising  a  tundish  (10)  having  an  internal  cavity 
(12)  for  receiving  and  holding  molten  metal  and  an  orifice 
passage  (14)  defined  between  two  spaced  lips  in  the  tundish 
through  which  the  molten  metal  is  delivered  from  the  cavity 
to  a  casting  surface  (16)  located  within  3.048mm  (0.120  inch) 
of  the  orifice  passage  and  movable  past  the  orifice  passage 
at  a  speed  of  from  61  to  3048  metres  (200  to  10,000  linear 
surface  feet)  per  minute.  In  the  present  invention  at  least  one 
aperture  (60)  is  provided  through  the  tundish  (10)  to  a 
portion  of  the  internal  cavity  (12)  of  the  tundish  (10)  and  a 
removable  plug  (62)  is  disposed  in  the  aperture  (60).  The 
aperture  (60)  must  be  large  enough  to  divert  molten  metal  in 
the  internal  cavity  (12)  therethrough,  and  thereby  reduce  the 
metallostatic  head  pressure  at  the  orifice  passage  (14)  below 
that  pressure  necessary  to  cast  strip  material.  A  method  of 
substantially  instantaneously  stopping  a  casting  operation  is 
also  disclosed  comprising  the  step  of  selectively  removing  a 
plug  (62)  from  an  appropriately  sized  aperture  (60)  in 
communication  with  a  tundish  cavity  (12). 
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Apparatus  for  continuously  casting  strip  material  is 
disclosed  comprising  a  tundish  (10)  having  an  internal  cavity 
(12)  for  receiving  and  holding  molten  metal  and  an  orifice 
passage  (14)  defined  between  two  spaced  lips  in  the  tundish 
through  which  the  molten  metal is  delivered  from  the  cavity 
to  a  casting  surface  (16) located  within  3.048mm  (0.120  inch) 
of  the  orifice  passage  and  movable  past  the  orifice  passage 
at  a  speed  of  from  61  to  3048  metres  (200  to  10,000  linear 
surface  feet)  per  minute. In  the  present invention  at least  one 
aperture  (60)  is  provided  through  the  tundish  (10)  to  a 
portion  of the  internal  cavity  (12)  of  the  tundish  (10)  and  a 
removable  plug  (62)  is  disposed  in  the  aperture  (60).  The 
aperture  (60)  must  be  large  enough  to  divert  molten  metal in 
the  internal  cavity  (12) therethrough,  and  thereby  reduce  the 
metallostatic  head  pressure  at  the  orifice  passage  (14)  below 
that  pressure  necessary  to  cast  strip  material.  A  method  of 
substantially  instantaneously  stopping  a  casting  operation  is 
also  disclosed  comprising  the  step  of  selectively  removing  a 
plug  (62)  from  an  appropriately  sized  aperture  (60)  in 
communication  with  a  tundish  cavity  (12). 



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   a n d  

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

m a t e r i a l .  

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

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

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

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

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

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

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

f rom  a  l a d l e ,   d i r e c t l y   f rom  a  f u r n a c e ,   or   t h e   l i k e .   S t r i p  

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

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

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

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

H o w e v e r ,   even   t h o u g h   a d d i t i o n a l   m o l t e n   m e t a l   i s   no  l o n g e r  

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

in  t he   t u n d i s h   c o n t i n u e s   to   f l o w   to   and  t h r o u g h   t h e   n o z z l e  

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

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

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



upon  s t r i c t   m a i n t e n a n c e   of   s t e a d y - s t a t e   c o n d i t i o n s .  

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

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

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

q u a l i t y   s t r i p   m a t e r i a l ,   s c r a p   m a t e r i a l ,   or  p e r h a p s   s p u r t s  

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

t h e   o r i f i c e   p a s s a g e   b e c o m e s   f r o z e n   s h u t .  

P o o r   q u a l i t y   s t r i p   o r   s c r a p   m a t e r i a l   w h i c h   i s   f o r m e d   a t  

t h e   end   of  a  c a s t i n g   o p e r a t i o n   may  damage  t h e   h i g h   q u a l i t y  

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

A l s o ,   s p u r t s   of  m o l t e n   m e t a l   f r om  t h e   t u n d i s h   may  l a n d   o n  

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

c o u l d   b u r n ,   t e a r   or   o t h e r w i s e   mar  t h e   good  s t r i p   m a t e r i a l .  

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

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

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

o p e r a t i o n   when  r e q u i r e d   or   d e s i r e d .  

Among  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   i s   t h e  

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

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

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

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

m e t a l   f l o w   i m p e r a t i v e .  

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

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

to  a  c a s t i n g   s u r f a c e   as  d e s i r e d   and  t h e r e b y   m i n i m i z e   t h e  

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

p r e v i o u s l y   c a s t .   I t   f o l l o w s   t h a t   q u i c k l y   s t o p p i n g   t h e  



m e t a l   f l o w   may  a l s o   r e d u c e   p o s s i b l e   d a m a g e   to   c a s t   s t r i p  

m a t e r i a l   and  r e l a t e d   e q u i p m e n t .  

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

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

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

t u n d i s h   to   be  r e u s e d   in  s u b s e q u e n t   c a s t i n g   o p e r a t i o n s .  

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

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

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

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

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

3 .048mm  ( 0 . 1 2 0   i n c h )   of  t h e   o r i f i c e   p a s s a g e ,   and  m o v a b l e   p a s t  

t h e   o r i f i c e   p a s s a g e   a t   a  s p e e d   of   f r o m   61  to   3048  m e t r e s  

(200  to   1 0 , 0 0 0   l i n e a r   s u r f a c e   f e e t )   p e r   m i n u t e ,   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  a p e r t u r e   i s   p r o v i d e d   t h r o u g h   t he   t u n d i s h   i n  

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

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

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

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

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

a t   l e a s t   one   p l u g   i s   d i s p o s e d   in   s a i d   a p e r t u r e   t o  

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

means   i s   p r o v i d e d   f o r   r e m o v i n g   s a i d   p l u g   f rom  s a i d  

a p e r t u r e .  

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

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

o p e r a t i o n   c o m p r i s i n g   t h e   s t e p   o f :  



r e m o v i n g   a  p l u g   f r o m   an  a p e r t u r e   in  c o m m u n i c a t i o n  

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

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

a  c a s t i n g   s u r f a c e   l o c a t e d   w i t h i n   3 .048mm  ( 0 . 1 2 0   i n c h )   o f  

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

a  s p e e d   of  61  to   3048  m e t r e s   (200  to   1 0 , 0 0 0   l i n e a r   s u r f a c e  

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

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

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

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

to   c a s t   s t r i p   m a t e r i a l .  

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

r e f e r e n c e   to   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 u r e   1  i s   a  c r o s s - s e c t i o n a l   v i e w   i l l u s t r a t i n g   a  s t r i p  

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

F i g u r e s   2  and  3  a r e   c r o s s - s e c t i o n a l   v i e w s   i l l u s t r a t i n g  

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

F i g u r e   4  i s   a  c r o s s - s e c t i o n a l   v i e w   of  t h e   a p p a r a t u s   o f  

F i g u r e   3  s h o w i n g   a  p l u g   r e m o v e d   f rom  an  a p e r t u r e   t h e r e o f .  

R e f e r r i n g   p a r t i c u l a r l y   to   t h e   d r a w i n g s ,   F i g u r e s   1 - 4  

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

p r e s e n t   i n v e n t i o n .   As  shown  in  t h e   d r a w i n g s ,   t h e   a p p a r a t u s  

i n c l u d e s   a  t u n d i s h   g e n e r a l l y   d e s i g n a t e d   by  r e f e r e n c e   n u m e r a l   1 0 .  

The  t u n d i s h   10  n e c e s s a r i l y   has   an  i n t e r n a l   c a v i t y   12  d e s i g n e d  

to   r e c e i v e   and  h o l d   m o l t e n   m e t a l .   The  t u n d i s h   lO  f u r t h e r  

i n c l u d e s   an  o r i f i c e   p a s s a g e   or  n o z z l e   14,  t h r o u g h   w h i c h   t h e  

m o l t e n   m e t a l   in  t h e   c a v i t y   i s   d e l i v e r e d   to   a  c a s t i n g   s u r f a c e   1 6 .  

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

f rom  the   n o z z l e   14  o n t o   t h e   o u t e r   p e r i p h e r a l   s u r f a c e   16  of  a  



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

c o n t a i n i n g   a b o u t   99%  c o p p e r .   C o p p e r   and  c o p p e r   a l l o y s   a r e  

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

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

c a s t i n g   s u r f a c e   16.  In  t h e   o p e r a t i o n   of   t h e   a p p a r a t u s   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   s u r f a c e   16,  w h e t h e r   r o u n d ,  

f l a t   or   o v u l a r ,   i s   m o v a b l e   p a s t   t h e   n o z z l e   14  a t   a  s p e e d   o f  

f rom  61  to   3048  m e t r e s   ( 2 0 0 . t o   a b o u t   1 0 , 0 0 0   l i n e a r   s u r f a c e  

f e e t )   p e r   m i n u t e .  

As  shown  in  F i g u r e   1,  t h e   t u n d i s h   lO  may  be  c o m p r i s e d  

of  a t   l e a s t   one  u p p e r   b l o c k   20,  a t   l e a s t   one  l o w e r   b l o c k   3 0 ,  

_  and ,   p e r h a p s ,   i n t e r m e d i a t e   b l o c k s   22.  As  u s e d   in   t h e   p r e s e n t  

i n v e n t i o n ,   t h e   t e r m s   u p p e r   and  l o w e r ,   as  w e l l   as  t h e   t e r m s  

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

to   t h e   c a s t i n g   s u r f a c e   16  w i t h   t h e   t e r m s   u p p e r   and  r e a r  

r e f e r r i n g   to   l o c a t i o n s   away  f rom  t h e   c a s t i n g   s u r f a c e   1 6 .  

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

and  r e f e r e n c e   to   t h e   f o r c e   of  g r a v i t y .   The  u p p e r   and  l o w e r  

b l o c k s   20  and  30  of  t h e   t u n d i s h   10  i l l u s t r a t e d   in   F i g u r e   1 

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

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

a p p l i c a t i o n   e n t i t l e d   S t r i p   C a s t i n g   A p p a r a t u s .   In  s u c h  

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

m e t a l   in  t h e   c a v i t y   12  to  p a s s   t h r o u g h   any  i n t e r f a c e   of  t h e  

a s s e m b l y .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   in  i n s t a n c e s   w h e r e  

t h e   o r i f i c e   p a s s a g e   14  i s   l o c a t e d   a t   an  i n t e r f a c e ,   as  s h o w n  

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

T h e r e f o r e ,   t h e   i n t e r f a c e   d i s c u s s e d   a b o v e   i s   n o t   i n t e n d e d   t o  

i n c l u d e   an  o r i f i c e   p a s s a g e   14  of  t h e   t u n d i s h   10.  In  a d d i t i o n  



to   t h e   v e r t i c a l l y   s t a c k e d   b l o c k   c o n s t r u c t i o n   shown  i n   F i g u r e   1 ,  

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

.  c o n s i s t   of   h o r i z o n t a l l y   a l i g n e d   b l o c k s ,   or  may  be  a  m o n o l i t h i c  

s t r u c t u r e .  

The  c a v i t y   12  d e f i n e d   i n s i d e   t h e   t u n d i s h   a s s e m b l y   s h o u l d  

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

c a v i t y   o p e n i n g   t h r o u g h   t h e   c a v i t y   12  to   t h e  o r i f i c e   p a s s a g e   14  

and  o n t o   t h e   c a s t i n g   s u r f a c e   16.  I t   s h o u l d   a l s o   be  n o t e d   t h a t  

t h e   t u n d i s h   10  n e e d   n o t   h a v e   a  g e n e r a l l y   r e c t a n g u l a r  

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

The  t u n d i s h   m a t e r i a l s   u t i l i z e d   in  t h e   a p p a r a t u s   of  t h e  

p r e s e n t   i n v e n t i o n   m u s t   be  r e s i s t a n t   to   m o l t e n   m e t a l   a t t a c k .   I n  

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

i n s u l a t i n g   b o a r d s   made  f r o m   f i b e r i z e d   k a o l i n   a r e   s u i t a b l e .  

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

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

s i l i c o n   c a r b i d e ,   b o r o n   c a r b i d e ,   a l u m i n a ,   s i l i c a ,   z i r c o n i a ,  

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

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

s u c h   b l o c k s .  

In  a  p r e f e r r e d   e m b o d i m e n t ,   s u c h   t u n d i s h   10  i s   c o n s t r u c t e d  

of  v e r t i c a l l y   a l i g n e d   or   h o r i z o n t a l l y   s t a c k e d   s e c t i o n s   of  38mm 

( 1 . 5   i n c h )   t h i c k   K a o w o o l   f i b e r b o a r d .   I t   s h o u l d   be  n o t e d   t h a t  

t h i c k e r   or   t h i n n e r   b l o c k s   may  be  e m p l o y e d   d e p e n d i n g   upon   t h e  

d e s i r a b l e   s t r i p   c a s t i n g   c o n d i t i o n s .   The  38mm  ( 1 . 5   i n c h )   t h i c k  

b l o c k s   a r e   u t i l i z e d   in  t h i s   p r e f e r r e d   e m b o d i m e n t   b e c a u s e   o f  

t h e i r   c o m m e r c i a l   a v a i l a b i l i t y .  



F u r t h e r m o r e ,   such   f i b e r i z e d   k a o l i n   b l o c k s   a r e   p r e f e r r e d   b e c a u s e  

of  t h e i r   r e l a t i v e l y   low  c o s t   and  b e c a u s e   of  t h e   r e l a t i v e   e a s e  

w i t h   w h i c h   t h e y   can   be  d r i l l e d   and  c a r v e d   i n t o   t h e   d e s i r e d  

c a v i t y   12  and  o r i f i c e   p a s s a g e   14  c o n f i g u r a t i o n s .   H o w e v e r ,   i t  

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

e n u m e r a t e d   a b o v e ,   may  p e r f o r m   e q u a l l y   w e l l   and  may  w e l l   b e  

w o r k e d   i n t o   any  d e s i r e d   c o n f i g u r a t i o n .  

The  t u n d i s h   10  i n c l u d e s   a  c a v i t y   12  c o n s i s t i n g   of  a t   l e a s t  

one  i n t r o d u c t o r y   c a v i t y   p o r t i o n   32.  The  i n t r o d u c t o r y   c a v i t y  

p o r t i o n   32  p r e f e r a b l y   e x t e n d s   f rom  an  u p p e r   s u r f a c e   of  t h e  

t u n d i s h   10  t h r o u g h   an  u p p e r   p o r t i o n   of  t h e   t u n d i s h   10  and  i s  

in  c o m m u n i c a t i o n   w i t h   a  b a s e   c a v i t y   p o r t i o n   34  f o r m e d   in  a  

h o l l o w   s e c t i o n   a t   -a  l o w e r   p o r t i o n   of  t h e   t u n d i s h   10.  T h e  

o p e n i n g   f o r   t he   i n t r o d u c t o r y   c a v i t y   p o r t i o n   32  i s   p r e f e r a b l y  

l o c a t e d   in  t he   u p p e r   s u r f a c e   of  t h e   t u n d i s h   10  as  shown  in  t h e  

d r a w i n g s .   H o w e v e r ,   s u c h   o p e n i n g   may  be  d i s p o s e d   e l s e w h e r e  

s u c h   as  in  a  s i d e w a l l   of  t h e   t u n d i s h   10.  A l s o ,   as  shown  i n  

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

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

t r a n s f e r   t h e r e t h r o u g h .  

The  f o r m a t i o n   of   t h e   b a s e   c a v i t y   p o r t i o n   34  and  t h e  

o r i f i c e   p a s s a g e   14  a r e   c r i t i c a l   in  t h e   a p p a r a t u s   of  t h e  

p r e s e n t   i n v e n t i o n .   The  b a s e   c a v i t y   p o r t i o n   34  i s   t y p i c a l l y  

c a r v e d   or  c a s t   in  a  b o t t o m   p o r t i o n   of  t h e   t u n d i s h   and  may  b e  

f o r m e d   b e t w e e n   a  b o t t o m   s u r f a c e   36  of  an  i n t e r m e d i a t e   b l o c k   22  

and  t h e   c a r v e d   s u r f a c e   38  of  a  b o t t o m   b l o c k   30  of  a  v e r t i c a l l y  

s t a c k e d   t u n d i s h   10,  as  shown  in  F i g u r e   1 .  



P r e f e r a b l y ,   t h o u g h   n o t   r e q u i r e d ,   a t   l e a s t   a  p o r t i o n ,  

and  p e r h a p s   t h e   m a j o r i t y   of  t h e   b o t t o m   s u r f a c e   38  of  t h e  

b a s e   c a v i t y   34  i s   d i s p o s e d   b e l o w   t h e   h e i g h t   of  t h e   o r i f i c e  

p a s s a g e   14.  In  s u c h   p r e f e r r e d   e m b o d i m e n t   a t   l e a s t   a  p o r t i o n  

of  t h e   b o t t o m   s u r f a c e   38  of  t h e   b a s e   c a v i t y   34  i s   d i s p o s e d  

a t   l e a s t   6 .35mm  ( 0 . 2 5   i n c h )   b e l o w   t h e   h e i g h t   of  t h e   o r i f i c e  

p a s s a g e   14.  F u r t h e r m o r e ,   i t   i s   d e s i r a b l e   in  s u c h   p r e f e r r e d  

e m b o d i m e n t   t h a t   t h e   b o t t o m   s u r f a c e   38  of  t he   b a s e   c a v i t y   34  

e x t e n d   u p w a r d l y   t o w a r d   t h e   o r i f i c e   p a s s a g e   14  a t   an  a n g l e   o f  

a t   l e a s t   30°  f r o m   h o r i z o n t a l .  

The  o r i f i c e   p a s s a g e   14  t h r o u g h   w h i c h   m o l t e n . m e t a l   i s   f e d  

o n t o   t h e   c a s t i n g   s u r f a c e   16  p r e f e r a b l y   has   a  s u b s t a n t i a l l y  

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

t h e r e o f .   Such   w i d t h   d i m e n s i o n   i s   a t   l e a s t   0 .254mm  ( 0 . 0 1 0   i n c h )  

and  p r e f e r a b l y   l e s s   t h a n   3 .048mm  ( . 1 2 0   i n c h ) .   More  p r e f e r a b l y ,  

s u c h   w i d t h   d i m e n s i o n   fo r   t h e   o r i f i c e   p a s s a g e   14  i's  w i t h i n   t h e  

r a n g e   o f   f rom  0 . 5 0 8   to  1 .524mm  ( 0 . 0 2 0   to   0 . 0 6 0   i n c h ) ,   a n d  

e v e n   more   p r e f e r a b l y   f rom  0 . 7 6 2   to   1.27mm  ( 0 . 0 3 0   to   0 . 0 5 0   i n c h ) .  

The  o r i f i c e   p a s s a g e   14  may  be  c o n s t r u c t e d   in  a  n u m b e r   o f  

ways   in   t h e   a p p a r a t u s   of  t h e   p r e s e n t   i n v e n t i o n .   In  o n e  

e m b o d i m e n t ,   a s . i l l u s t r a t e d   in   F i g u r e   1,  t h e   o r i f i c e   p a s s a g e   14  

i s   f o r m e d   b e t w e e n   t h e   b o t t o m   s u r f a c e   36  of  an  i n t e r m e d i a t e  

b l o c k   22,   and  a  c u t - o u t   p o r t i o n   e x t e n d i n g   a c r o s s   a  f r o n t   w a l l  

of  t h e   b o t t o m   b l o c k   30.  As  a l s o   shown  in  t h e   F i g u r e s ,   i t   i s  

p r e f e r r e d   t h a t   a  m o l t e n   m e t a l   r e s i s t e n t   p l a t e   40  be  d i s p o s e d  

in  s u c h   i n t e r m e d i a t e   b l o c k   22.  R e g a r d l e s s   of  w h i c h   m e t h o d  

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

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



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

t h e   o r i f i c e   p a s s a g e   14  c o m p r i s e s   t h e   s u r f a c e   of  t h e   p l a t e   4 0 .  

As  shown ,   i t   i s   p r e f e r a b l e   t h a t   t h e   u p p e r   s u r f a c e   of  t h e  - - -  ;  

o r i f i c e   p a s s a g e   14  c o m p r i s e   a  s u r f a c e   of  t h e   p l a t e   40  of  m o l t e n  

m e t a l   r e s i s t a n t   m a t e r i a l .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   i t   i s  

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

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

a  p l a t e   40  a t   s u c h   l o c a t i o n .   H o w e v e r ,   t h e   b o t t o m   s u r f a c e   o r  

a l t e r n a t i v e l y   b o t h   s u r f a c e s   of  t h e   o r i f i c e   p a s s a g e   14  m a y  

c o n s i s t   of  a  s u r f a c e   of  a  p l a t e   40.  The  p l a t e   40  s h o u l d   be  a t  

l e a s t   as  r e s i s t a n t   to   t h e   m o l t e n   m e t a l   as  a r e   t h e   b l o c k s ,   a n d  

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

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

10.   As  shown  in  F i g u r e   1  t h e   p l a t e   40  may  be  f i t t e d   i n t o   a n  

a p p r o p r i a t e   s l o t   c u t   in  t h e   b o t t o m   s u r f a c e   36  of  an  i n t e r -  

m e d i a t e   b l o c k   22.  The  p l a t e   40  s h o u l d   h a v e   a  l e n g t h   g r e a t e r  

t h a n   t h e   l o n g i t u n d i n a l   e x t e n t   of  t h e   o r i f i c e   p a s s a g e   14.  T h u s ,  

t h e   p e r i p h e r a l   end  p o r t i o n s   of  t h e   p l a t e   40  a r e   s a n d w i c h e d  

b e t w e e n   a d j a c e n t   b l o c k s   22  and  30  in   t h e   a s s e m b l y   i l l u s t r a t e d  

in  F i g u r e   1.  Such  s t r u c t u r e   i s   f u r t h e r   i l l u s t r a t e d   in   o u r  

s a i d   c o f i l e d   p a t e n t   a p p l i c a t i o n   m e n t i o n e d   a b o v e .  

In  a  p r e f e r r e d   e m b o d i m e n t   t h e   p l a t e   40  i s   f o r m e d   of  b o r o n  

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

s i l i c o n   c a r b i d e ,   b o r o n   c a r b i d e ,   s i l i c a ,   a l u m i n a ,   z i r c o n i a ,  

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

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

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

t h e   p l a t e   4 0 .  



As  m e n t i o n e d   a b o v e ,   t h e   i n t r o d u c t o r y   c a v i t y   p o r t i o n   32  

i s   in   c o m m u n i c a t i o n   w i t h   t h e   b a s e   c a v i t y   p o r t i o n   34.  In  a  

p r e f e r r e d   e m b o d i m e n t   t h e   i n t r o d u c t o r y   c a v i t y   p o r t i o n   32  

c o m p r i s e s   a  t u b u l a r   p a s s a g e w a y   t h r o u g h   t h e   t u n d i s h   10.  T h e  

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

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

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

p a s s a g e   14  of  t h e   t u n d i s h   10.  I t   has   b e e n   f o u n d   t h a t  

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

50.8mm  ( two  i n c h e s )   a b o v e   any   o r i f i c e   p a s s a g e   p r o v i d e s   a  

m e t a l l o s t a t i c   h e a d   p r e s s u r e   of   a b o u t   35  g r a m s   p e r   s q u a r e  

c e n t i m e t r e   ( 0 . 5   p s i )   w h i c h   i s   t y p i c a l l y   a d e q u a t e   f o r  

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

Means   may  a l s o   be  p r o v i d e d   to   h e a t   t h e   p l a t e s   4 0  

f o r m i n g   one  or  b o t h   l i p s   of  t h e   o r i f i c e   p a s s a g e   14.  In  a  

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

t u n d i s h   w i t h   t h e   t i p   t h e r e o f   d i r e c t e d   t o w a r d   t h e   p l a t e   4 0 .  

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

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

a g a i n s t   t h e   p l a t e   40  f r o m   s u c h   l a n c e   may  e s c a p e   t h e  

t u n d i s h .   By  t h i s   e m b o d i m e n t   t h e   t e m p e r a t u r e   of  t h e   p l a t e s   4 0  

can  be  r a i s e d   to   t h e   d e s i r e d   l e v e l   p r i o r   to   t h e   i n i t i a t i o n  

of  a  s t r i p   c a s t i n g   o p e r a t i o n .   I t   has   been   f o u n d   t h a t  

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

to  be  c a s t   p r e v e n t s   m e t a l   f r o m   f r e e z i n g   in   s u c h   c a v i t y   w h i c h  

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

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

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



p l u r a l i t y   of  l a n c e s   t o w a r d s   t h e   p l a t e   40.  To  r e d u c e   t h e  

p o s s i b i l i t y   of   u n d e s i r e d   f l a m e   e f f e c t s   on  s u c h   p l a t e   4 0  

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

on  a t   l e a s t   a  p o r t i o n   of  t h e   u p p e r   s u r f a c e   of  t h e   p l a t e   4 0  

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

t h e   p l a t e   40.  Such  l a y e r   s e r v e s   to   a b s o r b   f l a m e   a b u s e   a n d  

s t i l l   to   t r a n s f e r   t h e   h e a t   to   t h e   p l a t e   40  t h e r e b e l o w .   I n  

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

o t h e r   m a t e r i a l s   may  be  e m p l o y e d .   Such  h e a t i n g   l a n c e  

s t r u c t u r e   i s   d e s c r i b e d   in  our   c o - f i l e d   p a t e n t   a p p l i c a t i o n  

e n t i t l e d   S t r i p   C a s t i n g   A p p a r a t u s   Wi th   H e a t e d   O r i f i c e .  

As  shown  in  t h e   d r a w i n g s   a t   l e a s t   one  a p e r t u r e   6 0  

is   p r o v i d e d   t h r o u g h   a  l o w e r   p o r t i o n   of  t he   t u n d i s h   lO.  I n  

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

of  t h e   b a s e   c a v i t y   34  w h i c h   i s   p r e f e r a b l y   l o c a t e d   v e r t i c a l l y  

b e l o w   t h e   h e i g h t   of  t h e   o r i f i c e   p a s s a g e   14.  A  p l u g   62 

d i s p o s e d   in  t h e   a p e r t u r e   60.  I t   s h o u l d   be  u n d e r s t o o d   t h a t  

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

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

w h i c h   can   be  o p e n e d   as  d e s i r e d .   The  p u r p o s e   of  t h e   a p e r t u r e  

60  and  t h e   c o r r e s p o n d i n g   p l u g   62  i s   to  p r o v i d e   a  d r a i n   t h r o u g h  

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

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

d e l i v e r e d   t h r o u g h   t h e   o r i f i c e   p a s s a g e   14  when  i t   i s   d e s i r e d  

or  r e q u i r e d   to   s t o p   a  c a s t i n g   o p e r a t i o n .  

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

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

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

c o u l d   r e s u l t   i f   t h e   o r i f i c e   14  c o n t i n u e d   to   d e l i v e r   m o l t e n  



m e t a l   to   a  c a s t i n g   s u r f a c e   16  in  an  u n c o n t r o l l e d   f a s h i o n .  

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

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

to   e n s u r e   t h a t   t h e   s u p p l y   of  m e t a l   to   t h e   o r i f i c e   p a s s a g e   14  

s t o p s   s u b s t a n t i a l l y   i n s t a n t a n e o u s l y ,   t h e   s i z e   of  t h e   a p e r t u r e  

60  mus t   be  a t   l e a s t   l a r g e   e n o u g h   to   d i v e r t   s u f f i c i e n t  

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

when  t h e   p l u g   i s   r e m o v e d .   Such  d i v e r t e d   m o l t e n   m e t a l   f l o w  

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

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

n e c e s s a r y   to  c a s t   s t r i p   m a t e r i a l .  

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

d r a w i n g s   t h e   o r i f i c e   p a s s a g e   14  i s   l o c a t e d   v e r t i c a l l y  

a b o v e ,   w i t h   r e s p e c t   to   t h e   d i r e c t i o n   of  p r e s s u r e   in   t h e  

t u n d i s h   10',  a t   l e a s t   a  p o r t i o n   of  t h e   b a s e   c a v i t y   3 4 .  

P r e f e r a b l y ,   t h e   i n t e r n a l   c a v i t y   i s   d i s p o s e d   a t   l e a s t   6 . 3 5 m m  

( 0 . 2 5   i n c h )   b e l o w   t h e   o r i f i c e   p a s s a g e   14.  I t   s h o u l d   be  n o t e d  

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

g r a v i t a t i o n a l   f o r c e .   H o w e v e r ,   t h e   t u n d i s h   10  may  b e  

d i s p o s e d   a t   any  l o c a t i o n   a b o u t   t h e   c a s t i n g   s u r f a c e   16  a n d  

c a s t i n g   p r e s s u r e   may  be  o b t a i n e d   by  a u x i l i a r y   d e v i c e s .  

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

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

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

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

o r i f i c e   p a s s a g e .  

As  is   u n d e r s t a n d a b l e ,   t h e   s i z e   of   t h e   a p e r t u r e ,   o r  

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



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

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

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

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

14  b e l o w   t h a t   p r e s s u r e   n e c e s s a r y   t o   c a s t   s t r i p   m a t e r i a l .  

In  t h i s   s p e c i f i c ,   e x e m p l a r y   c a s e   w h e r e i n   t h e   l i p s   of  t h e  

o r i f i c e   p a s s a g e   14  a r e   s p a c e d   f rom  e a c h   o t h e r   a t   a  d i s t a n c e  

of   0 . 5 0 8   to   1 . 5 2 4 m m ( 0 . 0 2 0   to   0 . 0 6 0   i n c h ) ,   and  t h e   o r i f i c e  

p a s s a g e   14  i s   d i s p o s e d   w i t h i b   0 . 2 5 4   to   0 .508mm  ( 0 : 0 1 0   t o  

0 . 0 2 0   i n c h )   of   t h e   c a s t i n g   s u r f a c e   16,   t h e   a p e r t u r e   s h o u l d  

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

t h e   o r i f i c e   p a s s a g e   14  to   d r o p   b e l o w   3 5 g / c m 2   (0 .5   p s i . ) .  

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

p a s s a g e   14,  s u c h   as  1 . 5 2 4   to   2 .54mm  ( 0 . 0 6 0   to   0 . 1 0 0   i n c h ) ,  

and  w i t h   t h e   same  s t a n d o f f   d i s t a n c e   of  0 . 2 5 4   to  0 . 5 0 8 m m  

( 0 . 0 1 0   to   0 . 0 2 0   i n c h ) ,   t h e   a p e r t u r e   s h o u l d   be  l a r g e   e n o u g h  

to   c a u s e   t h e   m e t a l l o s t a t i c   head   p r e s s u r e   a t   t h e   o r i f i c e  

p a s s a g e   to   d r o p   b e l o w   1 7 . 5 8 g / c m 2   ( 0 . 2 5   p s i ) .   S u c h  

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

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

In  a  p r e f e r r e d   e m b o d i m e n t   t h e   p l u g   62  i s   a  m o l t e n   m e t a l  

r e s i s t a n t ,   and  h e a t   r e s i s t a n t   m a t e r i a l ,   s u c h   as  f i b e r i z e d  

k a o l i n .   N e c e s s a r y   p r e c a u t i o n s   s h o u l d   be  t a k e n   to   f a c i l i t a t e  

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

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

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

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

d e v i c e   can  o v e r c o m e   t h e   c e m e n t   s e a l   when  d e s i r e d .  



I t   has   b e e n   f o u n d   t h a t   a  p r e s s u r e   of  a b o u t   140  t o  

3 5 1 g / c m   (2  to  5  p o u n d s   p e r   s q u a r e   i n c h i   i s   t y p i c a l l y   r e q u i r e d  

to   r e m o v e   t h e   p l u g   62  f r o m   t h e   a p e r t u r e   60  of  a  r e f r a c t o r y  

t u n d i s h   of  t he   p r e s e n t   i n v e n t i o n .   T h u s ,   a  p n e u m a t i c  

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

r e m o v e   t h e   p l u g   62  when  r e q u i r e d .   O t h e r   d e v i c e s   w h i c h   c o u l d  

be  e m p l o y e d   to  move  t h e   p l u g   62,  or  to   s l i d e   a  g a t e   o r  

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

h y d r a u l i c s ,   s c r e w - j a c k s ,   and   o t h e r   s i m i l a r   d e v i c e s .   H o w e v e r ,  

i t   s h o u l d   be  u n d e r s t o o d   t h a t   m a n u a l   r e m o v a l   of  t h e   p l u g   62  

may  a l s o   be  r e a d i l y   a c c o m p l i s h e d   when  d e s i r e d .  

Upon  r e m o v a l   of  t h e   p l u g   62,   as  i l l u s t r a t e d   in   F i g u r e   4 ,  

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

a p e r t u r e ,   or  a p e r t u r e s ,   s h o u l d   be  l a r g e   e n o u g h   to   a c c o m o d a t e  

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

a t   t h e   r a t e   t h a t   t h e   m e t a l   i s   d e l i v e r e d   to   t h e   c a v i t y .   In  a  

p r e f e r r e d   e m b o d i m e n t ,   as  i l l u s t r a t e d   in  F i g u r e s   3  and  4,  a  

r u n n e r   70  may  be  p r o v i d e d   t h r o u g h   w h i c h   t h e   d i v e r t e d   m e t a l   m a y  

f l o w   to   a n o t h e r   r e c e p t a c l e   72,   or   t h e   l i k e .  

I t   w i l l   be  a p p r e c i a t e d   by  t h o s e   s k i l l e d   in  t h i s   a r t  

t h a t   i t   i s   i m p o r t a n t   to   s t o p   a  c a s t i n g   o p e r a t i o n   as  q u i c k l y  

as  p o s s i b l e .   O t h e r w i s e ,   u n e v e n   and  o f t e n   i n t e r m i t t e n t  

s t r e a m s   of  m o l t e n   m e t a l   f l o w   t h r o u g h   t h e   n o z z l e   a t   t h e   end  o f  

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

o n t o   t h e   r a p i d l y   m o v i n g   c a s t i n g   s u r f a c e   16  w i t h o u t   t h e  

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

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

o r i f i c e   p a s s a g e   14,  p a r t i c u l a r l y   a t   t h e   end  of   a  c a s t i n g  

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



and  can  damage   t h e   p r e v i o u s l y   c a s t   s t r i p   and ,   p e r h a p s ,  

damage   some  of  t h e   s t r i p   c a s t i n g   e q u i p m e n t .  

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

10  i t   i s   i m p o r t a n t   t h a t   t h e   m o l t e n   m e t a l   in  t h e   c a v i t y   12  b e  

d r a i n e d   f r o m   t h e   t u n d i s h   10  a t   t h e   end  of  a  c a s t i n g   o p e r a t i o n .  

By  r e m o v i n g   s u c h   p l u g   62  s u b s t a n t i a l l y   a l l   of  t h e   m o l t e n   m e t a l  

in  t h e   t u n d i s h   p a s s e s   t h r o u g h   t h e   p l u g   a p e r t u r e   60  a n d  

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

c a s t i n g   o p e r a t i o n s   w i t h   l i t t l e   or   no  c l e a n i n g   or  m a c h i n i n g .  

I t   has   b e e n   f o u n d   t h a t   t h e   i n t e r n a l   g e o m e t r y   of  t h e  

c a s t i n g   c a v i t y   may  be  of  i m p o r t a n c e   w i t h   r e s p e c t   to   t h e  

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

t h e r e b y .   Such   g e o m e t r y   f a c t o r s   seem  to  be  s i g n i f i c a n t l y  

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

i n c r e a s e s .   I t   has   been   f o u n d   t h a t   f o r   a  g i v e n   s e t   o f  

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

h e i g h t ,   o r i f i c e   o p e n i n g ,   p l a t e   40  t e m p e r a t u r e ,   c a s t i n g  

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

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

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

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

no t   e m p l o y e d .   T h e s e   p r e f e r r e d   f e a t u r e s   i n c l u d e   two  s p e c i f i c  

a r e a s ;   c a v i t y   s l o p e ,   and  c r o s s   c a v i t y   p r o f i l e .   In  a  

p r e f e r r e d   e m b o d i m e n t   t h e   b o t t o m   s u r f a c e   38  of  t h e   b a s e   c a v i t y  

34  e x t e n d s   u p w a r d l y   t o w a r d   t h e   o r i f i c e   p a s s a g e   14  a t   an  a n g l e  

of  a t   l e a s t   3 0  f r o m   h o r i z o n t a l .   A l s o ,   t h e   c r o s s   p r o f i l e  

of  t h e   b o t t o m   s u r f a c e   38  of  t h e   b a s e   c a v i t y   34  s h o u l d   h a v e   a  

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



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

2.54mm  ( 0 . 1 0   i n c h )   g r e a t e r   t h a n   t h e   h e i g h t   of  t h e   b a s e  

c a v i t y   34  as  m e a s u r e d   a t   b o t h   l a t e r a l   e d g e s   of   t h e  b a s e  

c a v i t y   34.  The  i n t r o d u c t o r y   c a v i t y   32  in   a  t u n d i s h   of  t h e  

p r e s e n t   i n v e n t i o n   may  be  p r o v i d e d   by  d r i l l i n g   one  or  m o r e  

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

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

an  o u t w a r d l y   e x t e n d i n g ' f a n   s h a p e d   s t r u c t u r e   d i v e r g i n g  

o u t w a r d l y   f rom  t h e   b o t t o m   of  t h e   t u b u l a r   i n t r o d u c t o r y   c a v i t y   3 2 ,  

in  t h e   d i r e c t i o n   of   t h e   o r i f i c e   p a s s a g e   14  a p p r o x i m a t e l y   t o  

t h e   w i d t h   of  t h e   s t r i p   to   be  c a s t .   I t   s h o u l d   a l s o   b e  

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

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

c a v i t y   32,  u s u a l l y   d e p e n d s   upon  t h e   w i d t h   of   t h e   s t r i p   m a t e r i a l  

to   be  c a s t ,   and  t h u s   t h e   w i d t h   of  t h e   o r i f i c e   p a s s a g e   1 4 .  

As  m e n t i o n e d   a b o v e ,   t h e   o r i f i c e   p a s s a g e   14  s h o u l d  

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

l o n g i t u d i n a l   e x t e n t   t h e r e o f .   Such  w i d t h   d i m e n s i o n   may  b e  

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

In  p a r t i c u l a r ,   t h e   e d g e   q u a l i t y   of  t h e   m e t a l l i c   s t r i p  

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

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

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

p o r t i o n s   may  be  f a n n e d   s h o u l d   n o t   e x c e e d   1 .5   t i m e s  t h e   u n i f o r m  

w i d t h   of  t h e   o r i f i c e   p a s s a g e   14.  A d d i t i o n a l l y ,   t h e   l e n g t h   a t  

t h e   l a t e r a l   end  p o r t i o n s   of  t h e   o r i f i c e   p a s s a g e   14  w h i c h  

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

t h e   o r i f i c e   p a s s a g e   14.  What  i s   c r i t i c a l   a b o u t   s u c h   f a n n i n g  



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

a v a i l a b l e   a t   t h e   l a t e r a l   edge   p o r t i o n s   t h a n   i s   a v a i l a b l e  

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

f a n n i n g   m u s t   c o n t i n u o u s l y   i n c r e a s e   t h e   o r i f i c e   p a s s a g e   14  

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

o r i f i c e   p a s s a g e   14  and  s u c h   h e i g h t   d i m e n s i o n   mus t   n o t   d e c r e a s e  

in  such   l a t e r a l   d i r e c t i o n .  



1.  S t r i p   c a s t i n g   a p p a r a t u s   c o m p r i s i n g   a  t u n d i s h   h a v i n g  

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

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

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

l o c a t e d   w i t h i n   3 .048mm  ( 0 . 1 2 0   i n c h )   of  t h e   o r i f i c e   p a s s a g e ,   a n d  

m o v a b l e   p a s t   t h e   o r i f i c e   p a s s a g e   a t   a  s p e e d   of   f r o m   61  to   3 0 4 8  

m e t r e s   (200  to   1 0 , 0 0 0   l i n e a r   s u r f a c e   f e e t )   p e r   m i n u t e ,  

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

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

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

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

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

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

a t   l e a s t   one  p l u g   i s   d i s p o s e d   in  s a i d   a p e r t u r e   t o  

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

means   is   p r o v i d e d   f o r   r e m o v i n g  s a i d   p l u g   f r o m ' s a i d  

a p e r t u r e .  

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,  w h e r e i n   t h e   o r i f i c e  

p a s s a g e   i s   l o c a t e d   v e r t i c a l l y   a b o v e ,   w i t h   r e s p e c t   to   t h e  

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

c a v i t y .  

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  o r   2,  w h e r e i n   s a i d   a t  

l e a s t   one  a p e r t u r e   i s   d i s p o s e d   v e r t i c a l l y   b e l o w   a t   l e a s t   a  

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

4.  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,  2  o r   3,  w h e r e i n   t h e  

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

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



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

5.  A p p a r a t u s   a c c o r d i n g   to  a n y  o n e   of  t h e   p r e c e d i n g  

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

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

of  0 . 5 0 8   to   1 .524mm  ( 0 . 0 2 0   to   0 . 0 6 0   i n c h ) ,   t h e   o r i f i c e  

p a s s a g e   i s   s p a c e d   w i t h i n   0 .508mm  ( . 1 2 0   i n c h )   of   t h e   c a s t i n g  

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

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

t h e   o r i f i c e   p a s s a g e   to   d r o p   b e l o w   35  g r a m s   p e r   s q u a r e  

c e n t i m e t r e   (0 .5   p o u n d s   p e r   s q u a r e   i n c h ) .  

6.  A p p a r a t u s   a c c o r d i n g   to   a n y  o n e   of  t h e   p r e c e d i n g  

c l a i m s ,   1  to   4,  w h e r e i n   t h e   l i p s   of  t h e   o r i f i c e   p a s s a g e   a r e  

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

of  1 . 5 2 4   to   2.54mm  ( 0 . 0 6 0   to   0 . 1 0 0   i n c h ) ,   t h e   o r i f i c e   p a s s a g e  

i s   s p a c e d   w i t h i n   0 . 2 5 4   to   0 .508mm  ( . 0 1 0   to   .02)   i n c h )   of  t h e  

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

m o l t e n   m e t a l   s u f f i c i e n t   to   c a u s e   t h e   m e t a l l o s t a t i c   h e a d  

p r e s s u r e   a t   t h e   o r i f i c e   p a s s a g e   to   d r o p   b e l o w   1 7 . 5 8   g r a n s   p e r  

s q u a r e   c e n t i m e t r e   ( 0 . 2 5   p o u n d s   p e r   s q u a r e   i n c h ) .  

7.  A p p a r a t u s   a c c o r d i n g   to   a n y  o n e   of   t h e   p r e c e d i n g  

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

r e s i s t a n t   m a t e r i a l   s e l e c t e d   f r o m   b o r o n   n i t r i d e ,   s i l i c o n   n i t r i d e ,  

s i l i c o n   c a r b i d e ,   b o r o n   c a r b i d e ,   s i l i c a ,   a l u m i n a ,   z i r c o n i a ,  

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

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

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

8.  A  m e t h o d   f o r   s u b s t a n t i a l l y   i n s t a n t a n e o u s l y   s t o p p i n g  

a  s t r i p   c a s t i n g   o p e r a t i o n   c o m p r i s i n g   t h e   s t e p   o f :  

r e m o v i n g   a  p l u g   f rom  an  a p e r t u r e   in  c o m m u n i c a t i o n   w i t h  



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

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

s u r f a c e   l o c a t e d   w i t h i n   3 .048mm  ( 0 . 1 2 0   i n c h )   o f   t h e   o r i f i c e  

p a s s a g e   and  m o v i n g   p a s t   s a i d   o r i f i c e   p a s s a g e   a t   a  s p e e d   o f  

61  to   3048  m e t r e s   (200  t o   1 0 , 0 0 0   l i n e a r   s u r f a c e   f e e t )   p e r  

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

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

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

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

to   c a s t   s t r i p   m a t e r i a l .  
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