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©  Apparatus  for  strip  casting  having  a  heated  orifice. 
A  strip  casting  apparatus  is  disclosed  comprising  a 

tundish  (10)  for  receiving  and  holding  molten  metal  and  an 
orifice  passage  (14)  defined  between  two  spaced  lips  (18,19) 
through  which  the  molten  metal  is  delivered  to  a  casting 
surface  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  apparatus  of the  present  invention  at  least  one 
lance  (42,72)  is  disposed  with  a  tip  (44,74)  of  the  lance  (42,72) 
directed  toward  a  cavity  in  the  tundish  adjacent  at  least  a 
portion  of the  material  defining  at  least  one  of the  lips  (18,19) 
of  the  orifice  passage  (14).  Equipment  is  provided  for 
delivering  reactive  gases  through  the  lance  (42,72)  and  into 
the  cavity,  and  at  least  one  aperture  (46,76)  is  provided 
through  which  combustion  products  from  the  reactive  gases 
escape  the  cavity  in  the  tundish  (10).  One  lip  (18,19)  defining 
the  orifice  passage  (14)  of  this  invention  may  comprise  a 
molten  metal  resistent  plate  (40,70).  The  improvement  of this 
invention  comprises  a  heat  conductive  layer  (48,78)  in  the 
cavity  in  the  tundish  (10)  at  least  at  a  location  where  the 
reactive  gases  from  the  lance  (42,72)  impinge  against  the 
tundish  material. 



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

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

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

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

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

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

has   b e c o m e   i n c r e a s i n g l y   a p p a r e n t   t h a t   t h e   n o z z l e   or   o r i f i c e  

p a s s a g e   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   p a s s e s   t o   a  c a s t i n g  

s u r f a c e ,   i s   a  c r i t i c a l   f e a t u r e .   In  p a r t i c u l a r ,   t h e   s l o t  

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

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

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

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

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

c r i t i c a l   c o n s i d e r a t i o n s   as  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 ,  

and  l i k e w i s e   t h e   o v e r a l l   w i d t h   of  t h e   o r i f i c e   p a s s a g e ,  .  



i n c r e a s e s .  

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

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

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

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

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

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

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

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

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

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

i m p i n g i n g   g a s e s   may  c a u s e   f l a m e   a b u s e   and  c h e m i c a l   a t t a c k  

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

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

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

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

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

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

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

Among  t h e   o b j e c t s   of  t he   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  a  s t r i p   c a s t i n g   a p p a r a t u s   a b l e   to   h e a t   t h e  

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

m a t e r i a l   d u r i n g   h e a t i n g .  

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

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

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



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

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

m a t e r i a l .  

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

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

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

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

e f f e c t s   and  c h e m i c a l   a t t a c k ,   and   y e t   p r o m o t e s   h e a t  

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

h e a t e d   c o n d i t i o n .  

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   in   w h i c h   t h e   d i m e n s i o n s   of  t h e   s l o t  

d e f i n i n g   t h e   o r i f i b e -   p a s s a g e   in   t he   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   can  be  a d e q u a t e l y   m a i n t a i n e d   even   when  r e l a t i v e l y  

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

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   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  

in  t h e   t u n d i s h   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   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 )  

.  o f   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  r a t e   of  f rom  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 ,   a t   l e a s t   one  c a v i t y   in   t h e  

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

a t   l e a s t   one  of  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 t   l e a s t  

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

F i g u r e   2  i s   a  f r o n t   e l e v a t i o n   v i e w   of  t h e   t u n d i s h   s h o w n  

in  F i g u r e   1 .  

F i g u r e   3  i s   a  s i d e   e l e v a t i o n   v i e w ,   p a r t l y   in   s e c t i o n ,  

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

shown  in  F i g u r e   3 .  

F i g u r e   5  i s   a  f r o n t   e l e v a t i o n   v i e w   of  an  a l t e r n a t i v e  

t u n d i s h   f o r   use   in  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 .  

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 ,   t h e   F i g u r e s  

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   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  F i g u r e s   1  t h r o u g h   4 , 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   10.  The  t u n d i s h   10  has   an  i n t e r n a l   c a v i t y   12  

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

12  i s   i d e n t i f i e d   by  b r o k e n   l i n e s   in  t he   s i d e   e l e v a t i o n  

p o r t i o n   of  F i g u r e s   1  and  3.  The  i n t e r n a l   c a v i t y ,   o r  

p a s s a g e   12  i s   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   10  f u r t h e r   i n c l u d e s   a  n o z z l e   or  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   t he   m o l t e n   m e t a l   in  t he   t u n d i s h   10  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  t h e   p r e s e n t   i n v e n t i o n ,   t h e   o r i f i c e   p a s s a g e   14  i s  

d e f i n e d   b e t w e e n   two  l i p s ;   an  u p p e r   l i p   18  and  a  l o w e r   l i p  

19.  As  b e s t   shown  in  F i g u r e   2,  t h e   l i p s   18  and  19  a r e  

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

the   l o n g i t u 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   a t   a  w i d t h  

of  a t   l e a s t   0 .254mm  ( 0 . 0 1 0   i n c h ) .  

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  t h e   o r i f i c e   p a s s a g 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  wea 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   a t   a  s p e e d   of  from  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 .  

As  shown  in  t h e   d r a w i n g s ,   t h e   t u n d i s h   10  m a y  

c o n s i s t   of  a t   l e a s t   one  u p p e r   b l o c k   20  and  a t   l e a s t   o n e  

l o w e r   b l o c k   30.  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   t o  

l o c a t i o n s   away  f r o m   t h e   c a s t i n g   s u r f a c e   16.  The  u p p e r   a n d  

l o w e r   b l o c k s   20  and   30  of  a  p r e f e r r e d   t u n d i s h   10  of  t h e  

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

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

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

a p p l i c a n t s   e n t i t l e d   " A p p a r a t u s   For   S t r i p   C a s t i n g " .   I t  

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

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

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

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   a n  

i n t e r f a c e ,   as  shown  in  F i g u r e   2,  m o l t e n   m e t a l   i s   i n t e n d e d   t o  

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 s   t h r o u g h  

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

i n t e n d e d   to   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   1 0 .  

Any  number   of   i n t e r m e d i a t e   b l o c k s ,   s u c h   as  b l o c k s  

22  and  24  may  be  d i s p o s e d   b e t w e e n   t h e   u p p e r   b l o c k   20  a n d  

t h e   l o w e r   b l o c k   30  when  a  v e r t i c a l l y   a l i g n e d   t u n d i s h   i s  

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

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

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

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

The  b l o c k s   u t i l i z e d   i n . a   p r e f e r r e d   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  of  a  m a t e r i a l   w h i c h   i s   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 .   In  t h i s   r e g a r d ,   i t   ha 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   as  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 ,   c l a y   g r a p h i t e ,   f i r e  

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

of   v e r t i c a l l y   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  

u p o n   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  a  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   of  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 ,   s u c h  

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   d e s i r e d  

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   such   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  be  c a s t   i n s t e a d   of  c a r v e d   i n t o   a n y  

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

The  t u n d i s h   10  t y p i c a l l y   i n c l u d e s   a  m o l t e n   m e t a l  

p o u r i n g   p a s s a g e   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  

p a s s a g e   p o r t i o n   32.  The  i n t r o d u c t o r y   p a s s a g e   p o r t i o n   32  

e x t e n d s   t h r o u g h   t h e   t u n d i s h   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   p a s s a g e   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.  The  o p e n i n g   f o r   t h e  

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

s u r f a c e   of  t he   t u n d i s h   as  shown  in  F i g u r e s   l a n d   3 .  



H o w e v e r ,   such   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 .   A l s o   a s  

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   t h e   o p e n i n g   b e  

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   t o  

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

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

or  c a s t   in  t h e   b o t t o m   p o r t i o n   o f   t h e   t u n d i s h   10.  T h o u g h   n o t  

r e q u i r e d ,   t h e   m a j o r i t y   of  a  b o t t o m   s u r f a c e   38  of   t h e   b a s e  

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

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   p a s s a g e   34  i s  

d i s p o s e d   a t   l e a s t   7 .62mm  ( 0 . 3   i n c h )   b e l o w   t h e   n o z z l e   1 4 .  

F u r t h e r m o r e ,   i t   i s   d e s i r a b l e   t h a 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   p a s s a g e   34  e x t e n d   t o w a r d   or  a p p r o a c h   t h e   n o z z l e   a t   a n  

a n g l e   of  a t   l e a s t   300  f rom  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   a  c a s t i n g   s u r f a c e   16  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 ,   W,  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 ,   W,  i s   a t   l e a s t   0 . 2 5 4 m m  

( 0 . 0 1 0   i n c h ) a n d   i s   l e s s   t h a n   3 .048mm  ( . 1 2 0   i n c h ) ,   or   m o r e  

p r e f e r a b l y   l e s s   t h a n   2 .032mm  ( . 0 8 0   i n c h ) .   In  a  m o s t  

p r e f e r r e d   e m b o d i m e n t   s u c h   w i d t h   d i m e n s i o n ,   W,  i s   w i t h i n   t h e  

r a n g e   of  f rom  0 .508mm  to   1 .524mm  ( 0 . 0 2 0   to  0 . 0 6 0   i n c h ) ,   a n d  

even   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  



of  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  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 i p   d e f i n i n g   t h e  

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

s h e e t   or  p l a t e .   For   e x a m p l e ,   as  i l l u s t r a t e d   in  F i g u r e   2 ,  

t h e   o r i f i c e   p a s s a g e   14  may  be  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   of   a  p l a t e   4 0 ' d e f i n i n g   t h e   u p p e r   l i p   18  of  t h e  

n o z z l e   14,  and  a  p o r t i o n   of  t h e   f r o n t   w a l l   of  t h e   t u n d i s h  

10,  d e f i n i n g   t h e   l o w e r   l i p   19  of  t h e   n o z z l e   14.  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   o r i f i c e   p a s s a g e   14  c o u l d  

a l t e r n a t i v e l y   be  f o r m e d   b e t w e e n   a  l o w e r   p l a t e   and  t h e  

t u n d i s h   10,   or  b e t w e e n   two  f a c i n g   p l a t e s .   R e g a r d l e s s   o f  

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   14  

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   m u s t   b e  

m a i n t a i n e d .  

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

p r o v i d e d   in  t h e   t u n d i s h   10  a d j a c e n t   a t   l e a s t   a  p o r t i o n  

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

t h e   o r i f i c e   p a s s a g e   14.  Such   c a v i t y   may  c o n s i s t   of   t h e  

b o t t o m   p o r t i o n   of   a  c h i m n e y   or   a p e r t u r e   46  w h i c h   i s  

d i s c u s s e d   b e l o w .   A l s o ,   s u c h   c a v i t y   may  be  p r o v i d e d   t o  

e x t e n d   b e t w e e n   m u l t i p l e   a p e r t u r e s   as  shown  in  F i g u r e s   2 

and  4.  A l t e r n a t i v e l y ,   s u c h   c a v i t y   may  b e  p r o v i d e d   in   t h e  

t u n d i s h   10  a c r o s s   s u b s t a n t i a l l y   t h e   c o m p l e t e   e x t e n t - o f   t h e  

m a t e r i a l   d e f i n i n g   one  of  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 s  

s h o w n  i n   F i g u r e   5.  P r e f e r a b l y , a   p l a t e   40  a n d / o r   70  d e f i n e s  

at   l e a s t   one  of  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 .   In  s u c h  

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

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



t h e   o r i f i c e   p a s s a g e   1 4 . m a y   be  r e m o v e d   to   p r o v i d e   t h e   r e q u i r e d  

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

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

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   to   h e a t   t h e   o r i f i c e   p a s s a g e   1 4 .  

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

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

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

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

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

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

40.  When  e m p l o y e d ,   s u c h   p l a t e   40  i s   i n t e g r a l l y   m o u n t e d   o r  

o t h e r w i s e   d i s p o s e d   in   t h e   t u n d i s h   10.  As  s h o w n ,   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   l i p   18,  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  l o w e r   s u r f a c e   of  a  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 . b e   u n d e r s t o o d   t h a t   i t   i s   m o r e  

c r i t i c a l   to   m a i n t a i n   t h e   s u r f a c e   of  t he   u p p e r   l i p   18  of   t h e  

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

of  t h e   l o w e r   l i p   19,   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  m o l t e n   m e t a l   r e s i s t a n t   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   l i p   19  or  a l t e r n a t i v e l y   b o t h   l i p s   18  and  19  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,  s u c h   as  shown  in  F i g u r e s   3  and  4,  may  

c o n s i s t   of  p l a t e s   40  a n d / o r   70.  The  p l a t e   40  a n d / o r   7 0  

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  i s   t h e  

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

c o m p r i s e s   a  m a t e r i a l   w h i c h   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   r e m a i n d e r   of  t he   t u n d i s h   10.  As  shown  i n  

F i g u r e   2  t h e   p l a t e   40  may  be  f i t t e d   i n t o   an  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   of  an  i n t e r m e d i a t e   b l o c k   24  of  a  



t u n d i s h   10.  A l t e r n a t i v e l y ,   t h e   p l a t e   40  may  c o m p r i s e   a  b l o c k  

or   p o r t i o n   of  a  b l o c k   of  t h e   t u n d i s h   10.  The  p l a t e   40  s h o u l d  

h a v e   a  g r e a t e r   l e n g t h   t h a n   t h e   l o n g i t u 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   24  and  30  i n  

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 s   1  and  2 .  

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

c o n s t r u c t e d   of  f i b e r i z e d   k a o l i n   and  has   an  o r i f i c e   p a s s a g e   14 

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

may  be  e m p l o y e d   f o r   t h e   t u n d i s h   and  p l a t e   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 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 .  

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

a r e   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   10  w i t h   t h e i r   t i p s   44 

e x t e n d i n g   i n t o   t h e   c a v i t y   a d j a c e n t   t h e   o r i f i c e   p a s s a g e   1 4 .  

As  shown  in  F i g u r e s   1,  2  and  5  a p p r o p r i a t e   l a n c e s   42  e x t e n d  

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

18  of   t h e   o r i f i c e   p a s s a g e   14.  In  t h e   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   42  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   44  

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

s u r f a c e   of  t h e   p l a t e   40.  A l s o ,   as  i l l u s t r a t e d   in   F i g u r e s   1 

and  2,  a  c o r r e s p o n d i n g   a p e r t u r e   or  c h i m n e y   i s   p r o v i d e d   in  t h e  

t u n d i s h   10  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   a r e   d e l i v e r e d  

f rom  t h e   l a n c e   42  may  e s c a p e   t h e   c a v i t y   in  t h e   t u n d i s h  



In  an  a l t e r n a t i v e   e m b o d i m e n t   i l l u s t r a t e d   i n  

F i g u r e s   3  and  4  means   may  be  p r o v i d e d   to   h e a t   a  c a v i t y  

p r o v i d e d   a d j a c e n t   e a c h   of   a  p a i r   of  p l a t e s   40  and  70  f o r m i n g  

b o t h   t h e   u p p e r   l i p   18  and   t h e   l o w e r   l i p   19,  of  t h e  

o r i f i c e   p a s s a g e   14.  In  a d d i t i o n   to   t h e   l a n c e s   42  

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

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

l a n c e   72  d i s p o s e d   in  t h e   t u n d i s h   10  w i t h   t h e   t i p   74  

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

70  to   h e a t   t h e   l o w e r   l i p   19  of  t h e   o r i f i c e   p a s s a g e   14.   A l s o ,  

a  c o r r e s p o n d i n g   a p e r t u r e   or   c h i m n e y   76  may  be  p r o v i d e d   i n  

t h e   t u n d i s h   10  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   f r o m   t h e   l a n c e   72  to   t h e   c a v i t y   a d j a c e n t  

t h e   p l a t e   70  may  e s c a p e   t h e   c a v i t y   in  t h e   t u n d i s h   1 0 .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   any  n u m b e r   of   l a n c e s   o r  

l a n c e s   w i t h   any  n u m b e r   of   m u l t i p l e   t i p s ,   as  shown  i n  

F i g u r e   5,  may  be  e m p l o y e d   u s u a l l y   d e p e n d e n t   u p o n   t h e   w i d t h .  

of  t h e   s t r i p   to   be  c a s t   f r om  t h e   t u n d i s h   10.  By  u t i l i z i n g  

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

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

p a s s a g e   14  to   keep   t h e   n o z z l e   h o t   b e f o r e   and  d u r i n g   s t r i p  

c a s t i n g .   When  a  p l a t e   40  a n d / o r   70  is   u t i l i z e d   t h e  

t e m p e r a t u r e   of  t he   e n t i r e   p l a t e   40  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 .   In  a  p r e f e r r e d   e m b o d i m e n t   a  l a n c e   i s   p r o v i d e d  

f o r   e v e r y   50  to  76mm  (  2 . 0   t o - 3 . 0   i n c h e s )   of  w i d t h   of   t h e  

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



a b o u t   10%  of  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   t o  

be  c a s t ,   t y p i c a l l y   p r e v e n t s   m e t a l   f r e e z i n g   in  t h e  

o r i f i c e   p a s s a g e   14  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 . . A l s o ,  

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

t e m p e r a t u r e   a l l o w s   a n y  e x p a n s i o n   or  c o n t r a c t i o n   e f f e c t s   t o  

o c c u r   and  a p p r o p r i a t e   c o m p e n s a t i o n   to   be  made  b e f o r e  

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

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

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

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

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

the   o r i f i c e   p a s s a g e   14.  P r e f e r r e d   r e a c t i v e   g a s e s   i n c l u d e  

a c e t y l e n e - a i r ,   a c e t y l e n e - o x y g e n   and  n a t u r a l   g a s - o x y g e n  

m i x t u r e s .   To  r e d u c e   t he   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   m a t e r i a l ,   s u c h   as  t h e   p l a t e   40,  or   p l a t e s  

40  and  70  i l l u s t r a t e d   in  t h e   d r a w i n g s ,   a  more  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   48  a n d / o r   7&  i s   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   u p p e r   p l a t e   40  a n d  

t h e   l o w e r   s u r f a c e   of   t h e   l o w e r   p l a t e   70  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  a n d / o r  

70.  Such  l a y e r   48  s e r v e s   to   a b s o r b   t he   f l a m e   a b u s e ,  

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

t r a n s f e r   t h e   h e a t   to   and  t h r o u g h   t he   p l a t e   40  a n d / o r   7 0 .  

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   l a y e r   48  i s   f rom  4 . 7 6   t o  

6.35mm  ( 0 . 1 8 7 5   to   0 . 2 5   i n c h )   t h i c k   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 .   A  p r o t e c t i v e   l a y e r ,   o r  



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

by  u s i n g   g r a p h i t e   b e a r i n g   c e m e n t s   or  o t h e r   r e f r a c t o r y  

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

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

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

t r a n s f e r   h e a t   t h e r e t h r o u g h   as  d i s c u s s e d   a b o v e .  

As  shown  in  F i g u r e s   1  and  3  a   d r a i n   p l u g   62  may  b e  

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

p l u g   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   o r i f i c e  

p a s s a g e   or  n o z z l e   14  w i t h   r e s p e c t   to   t h e   f o r c e   o f  

g r a v i t y .   The  p u r p o s e   of   t h e   d r a i n   p l u g   62  i s . t o   q u i c k 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   f r o m   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   to  s t o p   a  c a s t i n g   o p e r a t i o n .  

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   a s  

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   may  f l o w   t h r o u g h   t h e   n o z z l e   14  a t   t he   e n d  

of   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   m a y  

i m p i n g e   o n t o   t h e   f 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   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   t o   make  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   n o z z l e  

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  may  r u i n   t h e   s t r i p   and  p e r h a p s  

d a m a g e   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 he   t u n d i s h   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  be  d r a i n e d   f rom  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   o r i f i c e   and  t h e r e f o r e   t h e  

t u n d i s h   10  and  t h e   p l a t e s   40  a n d / o r   70  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  may  be  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 .   I t   s h o u l d   be  u n d e r s t o o d   t h a t   p r o p e r   r e c e p t a c l e s  

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

t h r o u g h   t h e   p l u g   o r i f i c e   f rom  t h e   t u n d i s h   a s  t h e   p l u g   62 

i s   r e m o v e d .  



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   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   in  t h e   t u n d i s h   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   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  r a t e   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 ,  

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

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

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

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

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

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

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

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

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

t u n d i s h  ,   a n d  

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

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

a g a i n s t   t h e   t u n d i s h   m a t e r i a l .  

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   h e a t  

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

f o r m i n g   a t   l e a s t   one  of  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 .  

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  2,  w h e r e i n   t h e  

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 ,   q u a r t z ,   g r a p h i t e ,   c l a y   g r a p h i t e ,  

f i r e   c l a y ,   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 ,  

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   t h e r e o f .  

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   2,  w h e r e i n   t h e   p l a t e   i s  

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 ,   q u a r t z ,   g r a p h i t e ,   c l a y   g r a p h i t e ,   f i r e   c l a y ,   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 ,   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   t h e r e o f .  

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

i s   b o r o n   n i t r i d e .  

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

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

f rom  4 . 7 6   to   6.35mm  ( 0 . 1 8 7 5   to   0 . 2 5   i n c h ) .  

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,  w h e r e i n   s a i d   l a y e r  

i s   a d h e r e d   to  t h e   t u n d i s h   m a t e r i a l   by  means   of  a  g r a p h i t e  

b e a r i n g   r e f r a c t o r y   c e m e n t .  
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